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Abstract:
This paper is presenting the historical record of two Natural Gas reciprocating compressors (1-stage, 
2-throw), feeding a Steam Methane reformer Unit, since start-up in 2006. These compressors have 
suffered numerous stud fractures on all four heads, went through various stud upgrades implemented 
without success. Finally, an FEA analysis revealed the root cause of the failure, the failure mechanism, 
and the final design upgrade to solve the problem will be presented.
The compressors have been running without further stud fracture since June ’16.
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Abstract:
In literature, the Electromagnetic Spring (EM) effect on induction motors driving Reciprocating 
Compressors is well known. This influence has been studied on trains with torsionally-soft couplings 
that led to the shift of the 1st Torsional Natural Frequency (TNF) and the growth of a new rigid mode, i.e. 
TNF-0, with a very low frequency value. Usually, in rigidly coupled trains, the latter effect is considered 
negligible. 
This paper is aimed at presenting a practical example where the rigid mode growth, due to EM effects, 
generates electro-mechanical resonance that implied unacceptable current pulsation fluctuations.
The train had been originally designed according to API 618 criteria using a purely mechanical lumped 
masses model. To understand the impact of the rigid mode, i.e. TNF-0, a new model, which includes the 
Electromagnetic Spring effect influence, has been developed. To validate the study two sets of Torsional 
Natural Frequencies measurements have been recorded, i.e. before and after the corrective actions had 
been implemented. 
On rigidly flanged single bearing induction motors the EM effects can be neglected if the driver and 
driven Inertia ratio (Ir) is high. The field data collected on a refinery application driving a Reciprocating 
Compressor (RC) have shown that the influence of EM effects is affected by the accuracy of driver’s 
mechanical parameters. To properly design a new unit or develop adequate corrective actions, the mode 
shapes and their variations, according to Inertia ratio, must be considered fitly. Moreover, the position 
of the 1st TNF node influences the dynamic response of the train if in correspondence of the driver’s 
spider shaft section. 
The aim of this paper is to provide guidelines for additional checks, required during Torsional Vibration 
Analysis (TVA) when dealing with the above-mentioned configurations particularly when the driven 
equipment inertia is much lower than the driver inertia.
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Abstract:
The consideration of transient flow behavior in reciprocating compressors is getting more and more 
important. This applies to piston rod packings and piston rings as well as to other design elements 
of the compressor system. The numerical calculation of dynamic pressure effects at the compressor 
sealing elements was already presented in numerous papers. The main focus had been on unsteady flow 
behavior in labyrinth packings or on leakage rates over labyrinth pistons. By using measurement results 
of the compressor testbed, the theoretical model can be adjusted to calculate the non-steady behavior of 
standard contacting packing rings as well as to calculate the flow through contacting piston rings. The 
calculation results are used to define design criteria for rings and packings such as:

 Use of pressure breaker rings depending on application parameters
 Pressure breaker ring design depending on application parameters
 Number and design of pressure relief grooves for rider rings

In addition to the utilization during the design phase, the calculation method can be used for failure 
diagnostics of sealing elements in reciprocating compressors.
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Abstract:
This paper presents a novel poppet valve design for reciprocating compressors. In comparison to other 
valve types, poppet valves offer advantages due to their easy reconditioning. In order to extend the area 
of application of poppet valves, a new poppet valve type, the Arrowpoppet, will be introduced. After 
illustrating the main conceptual design considerations and providing a comparison with the existing 
design, this paper traces the project development from the conceptual design stage through preliminary 
assessment procedures to the selection of a prototype design. CFD has been used to provide a detailed 
insights into the flow and forces acting on the poppets. Details of the design, initial operating experiences 
with the prototype under laboratory conditions as well as results from field tests are cited. The paper 
concludes with a comparison of the potential performance differences by comparing the equivalent flow 
area of different valve types.
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Abstract:
Most reciprocating compressors in the process industry are horizontal units and have drop lubrication 
into the cylinder. Some processes require oil-free compression. Since this is challenging with respect 
to tribology, sometimes this is done with limited success only.. In contrast to vertical units, horizontal 
cylinders require rider bands and sealing rings in various arrangements to perform, while still maintaining 
low friction and a long service life. In addition to different piston, ring, and running surface designs, 
factors that have an effect are the material pairings, geometry, fixed speed, stroke and liner contact length, 
as well as temperature and pressure levels. Non-lube operation requires not only wear elements, but also 
counter-faces to withstand operation, while operators are still seeking to achieve similar lifetimes in 
continuous operation.
What does a design have to look like, not only to save short term costs, but also to ensure long lasting 
operation? This should be possible with the right combination of all parameters and following a few 
basic rules. If that is not already adequately considered in the design of the compressor, it is often 
possible to achieve significant improvement by making modifications. 
Still, operators should know that there is no simple solution, if oil lubrication is to be entirely eliminated. 
Short strokes, high speed, high pressures and wrong friction partners lead to dissatisfied operators. 
After installation, a significant improvement can often not be achieved by material changes only. The 
piston design may have a big influence, not only on the lifetime but also on temperatures, as the examples 
in this presentation will show. This paper shall give hands-on best practices and examples on potential 
modification to achieve better non-lube operation.
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Abstract:
In compressor applications, the sealing elements of piston rod packings are mostly manufactured 
out of optimized PTFE and PEEK compounds with additives for reinforcement and self-lubrication. 
The lifetime of the sealing elements is sometimes the bottleneck towards a sufficient service time 
between two routine maintenances and choosing the right material is a crucial task for the reliability 
of compressor systems. In industrial process applications the wear behavior of sealing materials can be 
strongly influenced by the characteristics of the application.
Even the most suitable sealing materials are sometimes failing due to variations at the process parameters 
as well as due to impurities in the gas that might suddenly occur. In some field cases the compressor fails 
within short times while material & design of the sealing elements are the same that did run sufficiently 
for several years. Additionally, sometimes A and B machines that are compressing the same gas at the 
same conditions with the same material and design are showing a significantly different performance.
In summary, even the best combination of sealing material and sealing ring design can only reduce the 
risk of failure to a minimum but it never can ensure 100 % of reliability.
Very often, the packing condition is monitored by measuring either the leakage rate or the temperature 
of the leakage gas at the vent-line. A temperature increase or a leakage gas flow increase above a critical 
value gives an indication about the wear status of the internals of the piston rod packing. However, 
modern sealing ring designs are very tight and the leakage rate stays at a low level until the end of the 
lifetime of the sealing elements is reached. At this point the leakage rate dramatically increases and the 
compressor has to be immediately serviced which sometimes causes unexpected downtimes and high 
costs especially at non-redundant critical compressor applications.
STASSKOL has developed a “Smart Packing solution” that is able to online monitor the wear status 
of the sealing elements within a piston rod packing. The wear of each sealing ring can be visualized 
and so the wear behavior of the whole piston rod packing can be characterized. Most important, the 
maintenance of the compressor system can be scheduled according to the predicted remaining lifetime 
of the sealing elements.
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Abstract:
The digitalisation within the Industry 4.0 brings a new vision of the systems management and life cycle. 
In System Engineering applications such change is based on Internet of Things (IoT) and real time 
communication. Nowadays the continuous development of the communication technologies enables a 
disruptive improvement of the life cycle processes and its management. In particular, the technological 
development allows the outsourcing of processes and brings great advantages to the plant managers 
and suppliers, working in an integrated way. The article shows some cases of remote management 
applied to the electric capacity regulation systems for reciprocating compressors. This article describes 
the advantages of the major IoT applications for customers and end-users, throughout the entire product 
life cycle: from commissioning and start-up, management of warnings and deviations, predictive and 
planned maintenance; in addition to that, the article shows the benefits that users experience from these 
advanced technologies, energy saving at first.
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Abstract:
Several root-cause analyses (RCA) are executed every year that target fluid-structure interaction 
problems in production and process installations. Within the workflow of these projects, field surveys 
go hand in hand with computer simulations where, a simulation model is calibrated with measurement 
results on which the effect of possible improvements can be explored digitally. 
The success of RCA is dependent on every step of the workflow, with several open to discussion, e.g. 
the optimal quantity and position of sensors (observability), the selection of to-be calibrated simulation 
model parameters and their respective uncertainties. Current approaches are in general focused to an 
individual step (observability, or model calibration) and fall short in providing a complete workflow. 
Furthermore, the available methods are mostly deterministic and lack insight into the uncertain aspects 
of these systems. 
Over the years, TNO has developed a cost effective RCA approach, which diligently covers the process 
from top to bottom and from both deterministic and uncertainty quantification perspectives. In this paper, 
the theoretical foundations of this approach are explained on a case study. PitPoint B.V. operates several 
compact, high-speed CNG compressor installations which supply grid gas to a variety of transportation 
vehicles. Some installations required unplanned maintenance due to vibration problems, e.g. failures in 
the piping and the supporting layout.
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Abstract:
Although popular in the U.S. natural gas market for over 60 years, the modularization, or 
packaging, of reciprocating compressors is relatively new in other industries and elsewhere in 
the world. Unlike the traditional block mounted compressor system which generally requires a 
significant amount of field fabrication and assembly; a modularized compressor system results 
in an almost “plug and play“ scenario. This offers significant benefits in both overall project cost 
and installation / commissioning time. 

Identifying the application and selecting the appropriate compressor is just the beginning. The 
design of the compressor package is determined by a number of factors, including customer 
specifications, industry standards, the compressor manufacturer requirements, third party 
engineering studies and the installation location. 

This paper will briefly describe the history of the compressor package, what makes up a 
compressor package, some of the factors that influence the design and will point out some of the 
things the Purchaser should look for when purchasing a compressor package. It will also briefly 
discuss the advantages and disadvantages of modularization.
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Abstract:
New design of a completely oil-free high-pressure compressor series with a power up to 110 kW and a 
maximum pressure of 450 barg. 
The compressor series is designed as an absolutely non-lubricated, dry running machine, without any 
oil inside the crankcase and the cylinders. The gas industry has high demands for the gas quality, oil-
free compressors can reduce operating costs and significantly reduce risks, because gas treatment 
and filtration downstream of the compressor is simple or, in some cases, not required at all. Oil-free 
compressors are therefore ideal for processes and applications which have high demands on the absence 
oil and on gas purity. 
This special design includes gas tight crankcases up to a pressure of 20 barg. This crankcase eliminates 
the risk of environmental contamination due to gas leaks. The new design increases the delivery rate and 
discharge pressure of the existing series with 50 years of experience of completely oil-free and technical 
gas-tight process gas compressors. 
This paper will describe the design and the technical solutions for this compressor series and also explain 
and show the running experience with the help of a new big data monitoring system.
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Abstract:
For a large new refinery project in the Middle East, the design and construction of a very large hydrogen 
compression unit was required. The compression unit design resulted in the requirement for six large 
reciprocating compressors operating in parallel, with a total installed electrical power close to 100 MW. 
The compressors have common suction and discharge headers and common headers for two side 
streams, with each compressor having 8 cylinders in a 4-stage configuration. The scale of the system 
and individual compressors required a dedicated engineering approach to handle the complexity of the 
project. This included a torsional analysis pre-study and the development of load-balancing and service 
life optimization features as part of the unit control system. From a pulsation perspective, the complex 
acoustic interaction between the various compressor trains, all possible capacity step combinations 
(exceeding 10.000) and the very large size of the complete system posed major challenges. Industry 
standards API 618, 5th ed., and API RP 688, 1st ed., do not provide any specific guidance on how to 
address these challenges. Therefore a new evaluation process was developed aiming to control the 
acoustic interaction between different compressor trains. This facilitated the selection of a realistic 
amount of analysis cases and appropriate evaluation criteria. The obtained acoustic separation between 
the compressor trains lead to an efficient pulsation and mechanical response analysis process.
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Abstract:
Forced opening of the suction valve is a common known method for compressor capacity control. 
Redesigning the valves of a compressor in a way, that both suction and discharge valve can be forced 
actuated, the operation mode of the compressor can be switched in order to run the compressor reversible 
as expansion machine. This might be interesting for regaining energy from gas storage processes like 
for example in underground gas storages. The present paper deals with the first step of the experimental 
testing of such system. A compressor discharge valve, which can be forced actuated by impinging the 
sealing elements with a pneumatic pressure, was designed. The tests were performed within a compressor, 
which was equipped for that reason with additional measuring devices. At different discharge pressure 
levels the forced opening of the deliver valve was investigated. The results give a first experimental 
insight into the working principle and give directions for improvement of the control strategy and the 
valve design. The experimental data is also needed for design of suction valves which use a similar 
working principle. With both valves equipped the test compressor will be able to run reversible as 
expander.
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Abstract:
Pressure pulsations are an intrinsic feature of reciprocating compressor systems, that may lead to various 
issues. The API 618 standard is the most relevant guideline for pulsation and vibration control during 
the design stage. However, the main focus of API 618 is on pulsation effects in the field piping, and less 
on the pulsations close to the compressor. Recent experiences indicate that these Cylinder Gas Passage 
(CGP) pulsations can lead to serious consequences, such as limited lifetime of compressor valves, 
high-frequency vibrations of the compressor manifold, reduced compressor performances and failure 
of compressor parts. To enhance awareness and to formulate best practices to identify and control CGP 
pulsations, a pre-competitive research project was assigned by EFRC’s R&D group. The investigation 
included literature study, interviews with experts from industry and review of analysis and measurement 
techniques. A systematic discussion and demonstration of harmful effects is presented, along with best 
practices for numerical evaluation and field measurements. Furthermore screening techniques that do 
not require detailed simulation tools are presented, enabling a risk assessment very early in the design. 
The benefits and limitations of the common control techniques are discussed, along with potential 
benefits of more advanced control techniques.
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Abstract:
This paper applies both experimental and numerical approaches for a horizontal balanced-opposed test 
compressor. Experiments are conducted at a typical operating condition (speed: 1000 min-1, pressure 
ratio: 3.5). The compressor’s thermodynamic behaviour is then determined with the calculation program 
for reciprocating compressor plants – KVA – and the calculation results are validated using the measured 
data. Finally, the temperatures of the compressor components are determined by a FEM simulation in 
Ansys. 
This combined analysis of the compressor lead to a significant gain in accuracy. The respective advantages 
of each method complement each other and results in a more comprehensive analysis of the compressor. 
Furthermore, the FEM model is used to show the cooling of the piston rod sealing by variation of 
the thermal properties of the piston rod. This also reveals the advantage of simulation tools compared 
to experimental measurements considering time, effort and cost for the investigation of different 
configurations.
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Abstract:
This paper describes case study about the detection, root cause analysis and lessons learned of 
random appearance reciprocating compressor capacity control problem. 

After one year or trouble-free operation of a reciprocating compressor, a random appearance control 
problem arises. Due to the complexity and infrequent appearance of the problem the diagnosis and 
solution took a year. This article shows the methodology and the root cause analysis developed by 
ILBOC for a general, hidden failure, control problem solution. It also explains how the PV diagram was 
the key tool to identify the problem. 
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Abstract:
During production of low-density polyethylene (LDPE), ethylene gas is compressed up to 3200 bar. 
At the core of this process is a combination of two reciprocating compressors which are monitored by 
condition based monitoring systems. The secondary compressor, called a Hyper, compresses the gas 
in two stages from 300 bar up to 3200 bar and has to be capable to operate reliably in such dynamic 
environment. On the Hyper compressor the gas is compressed via a packed plunger which is lubricated 
via a forced lubrication system. The Hyper high pressure packing and its behavior is of vital importance 
as its main function is to seal the compression space from the atmosphere. The high pressure packing is 
in essence, a mechanical seal typically made up of one radial split pressure breaker ring and five radial/
tangential split ring pairs. In this case, one cylinder was equipped with pressure transducers on the high 
pressure packing in order to dynamically measure the pressure drop between each sealing element. This 
article discloses a measurement campaign currently underway on a fully operational Hyper compressor 
and provides a valuable insight to the dynamic behavior of high pressure packing. The first results show 
a changing sealing activity of the different rings, revolution by revolution. During the observed periods, 
some of the sealing rings are inactive and become active just a few compressions strokes later with no 
signs of hindered performance. Furthermore, the wear pattern of the packing will be interpreted with 
respect to this extreme dynamic behavior and also compared to a previous measurement campaign.
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Abstract:
At an Underground Gas Storage (UGS) plant, a 2-stage four-cylinder reciprocating compressor is 
installed with a maximum power of 5 MW. The system can operate at many different pressures, from a 
suction pressure of 31 bara up to a discharge pressure of 168 bara. The flow is controlled by means of 
different fixed speeds in combination with step less flow reversal control. Since start-up of the system 
in 2012, there were several vibrations issues, leading to trips of the compressor. 
The dominant vibrations of parts of the system occurred for different frequencies around 100 Hz. These 
high frequency vibrations were caused by rather small cylinder displacements which excited mechanical 
resonances of parts of the system. It is known that high frequency vibrations are rather difficult to 
mitigate with traditional measures such as pipe supports or by stiffening of mechanical the supporting 
structures. The vibration amplitudes at resonance are determined mainly by the mechanical damping 
ratio. In a research project carried by TNO, it was shown that a Constrained Layer Damping (CLD) 
device can be used very effectively to increase the local damping at rather low costs. To reduce the high 
frequency vibrations to acceptable levels, a CLD has been applied to a part of the piping in the system. 
Field measurements have shown a reduction of the vibrations to run safe and reliable for the long 
term. This paper describes the effective application of a low cost CLD device and the results of field 
measurements with and without CLD.
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Abstract:
Reciprocating compressors are used for several processes in the oil and gas industry. The working 
principle of reciprocating compressors induces a pulsating flow. Therefore pulsation dampers are always 
installed on the suction and discharge side next to the compressor for decreasing the pulsation level. 
But also low pulsation levels or mechanical dynamic forces often involve increased vibrations of the 
attached piping system if resonances occur. 
Different measures can be used to decrease this vibration level. In many cases additional supports are 
used to tighten the piping. But in some cases it is not possible or very expensive and uncomfortable 
to install additional piping supports or damping devices. Another very effective measure is the use of 
vibration absorbers1. Especially vibration absorbers with an implemented damping characteristic enable 
a significant optimization of the vibration characteristic in the whole frequency range. 
In this paper a newly designed vibration absorber is presented. The vibration absorber is adjustable on 
site in a wide frequency range with different mass configurations. The design is introduced and a case 
study shows the vibration reduction effect in the field.
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Abstract:
The mitigation of pressure pulsations and pulsation-induced vibrations plays an important role in 
reciprocating compressor plants. A very powerful and simple device to mitigate pressure pulsations is a 
restriction orifice plate (RO). The effectiveness strongly depends on its location. A general approach is 
to place an RO at a location with low pressure-pulsations and high flow-pulsations e.g. vessel entrances. 
The distance between the compression chamber and the RO highly influences the performance as well. 
This was detected by commissioning a compressor equipped with a double-acting cylinder with suction 
valve unloaders, a cylinder nozzle located at the crank-end side and a RO at the cylinder nozzle. The 
vibration levels at the pulsation bottles were analysed. Even though all values were very well below 
limits, the vibration levels were 2 times higher with the crank-end unloaded than with the head-end 
unloaded. A 1D acoustic simulation evaluating the pressure pulsations in the cylinder nozzle showed the 
same phenomena. Thus, to completely understand the physical problem, a fully turbulent 3D URANS 
CFD calculation was performed.
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Abstract:
The article presents a method for modelling transmission loss characteristics in four basic types of 
passive pressure pulsation dampers: a chamber damper, a damper with an orifice, a damper with 
internal choke tube and a low-pass filter. It also compares the characteristics obtained by means of 
a one-dimensional model based on the plane wave equation solved in the frequency domain with the 
characteristics obtained from a three-dimensional model based on the Helmholtz equation. The article 
considers the influence of the positioning of the nozzles on the received attenuation characteristics, 
includes a discussion of the results obtained, and indicates in which cases the simplification for damper 
modelling in 1D space can be applied, and when it is unfavourable.
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by: Urszula Warzyńska, Wacław Kollek – Wrocław University



BORSIG ZM 
Compression GmbH

API 618  
Reciprocating Compressors

API 617 & 672 
Integrally Geared 
Centrifugal Compressors

We, at BORSIG ZM Compression GmbH, design and 
manufacture tailored compressors for innovative 
process gas compression solutions.

To learn more, please visit 
www.borsig.de/zm



PROCESS
GAS
COMPRESSORS

PULSATIONS AND VIBRATION205
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Abstract:
In a compressor installation of Ital Gas Storage S.p.A. at Cornegliano Italy, injection and extraction of 
natural gas in/from the reservoir are performed using four reciprocating compressors working in parallel 
with common piping. The complexity of that plant derives from the presence of multiple operating 
conditions in single or double stage compressor configurations with variable operating pressures, 
possible on/off assets, compressor capacity control, different injection/extraction conditions. In this 
environment, to minimize the pulsation induced forces and allow a smooth and safe operation of the 
plant, a refined solution to comply with API 618 requirements in terms of pressure drop and residual 
pressure pulsation limits was needed. The first issue is that, due to the wide operating range, the use of 
hole orifices at fixed diameter does not allow the compliance with pressure drop limits for all certified 
conditions. That challenge was solved by using dynamic variable orifices (valves), which can adjust the 
pressure drop as a function of versus the compressor operating conditions. Another important aspect is to 
minimize the total pressure pulsation when compressors are running simultaneously. That requirement 
can be solved by calculating the best phase among compressor crankshafts (electric motors phase start 
synchronization) to minimize the total generated pressure pulsation and relevant pulsation induced 
forces. This selection allows to finally limit vibration requirements.
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Abstract:
The control of pulsations and vibrations requires rigorous attention from the beginning of the plant design 
to compressor start-up and operation. A close cooperation between Engineering Contractor, Compressor 
Manufacturer, Pulsation Study Provider and Operator, is necessary at the different steps of a project. 
Pulsation and mechanical response studies performed during engineering in accordance with the API standard 
618 are necessary to target pulsations, vibrations and stress levels within acceptable limits. The pulsation and 
vibration study include different system configurations to cover the planned operation of a new hydrogen 
make-up compressor in parallel of 3 existing reciprocating compressors. 
This paper presents the approach applied during engineering, construction and start-up phase and provides 
some examples of resolution of piping and instruments vibrations during start-up.
To achieve piping vibrations within an acceptable range, a site check of the piping supports and Small Bore 
Connections/instrumentation hook-up is recommended to ensure correct match of pulsation and vibration 
study recommendations and actual plant design. Piping vibration measurement plan was defined before start-
up and vibrations are recorded at the first start-up at critical points.
The compressor is released to Operations after a complete survey of compressor and piping vibrations.
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Abstract:
Pipe strain and flange misalignment have been shown to lead to higher than normal vibrations in piping 
systems. This problem seems to be more problematic on reciprocating compressor packages due to the 
high energy present in these systems, tight spaces between different components (for example suction 
bottle and scrubber) and piping assembly and installation practices. This paper presents insights into the 
effects of pipe strain, measures to reduce pipe strain and case studies that show the effect of pipe strain 
and flange misalignment on piping vibration.
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Abstract:
For various applications, ranging from small air compressor in service stations to big gas compressors 
in chemical plants, different lubricants have been developed to meet unique requirements in each case. 
As the market demands higher performance of industrial compressors increase, same came to the field 
of lubricants to face several challenges. These include reducing downtime, enabling higher pressures 
and operating temperatures while reducing power consumption and overall costs. Synthetic lubricants 
have been well accepted to market and helped compressor system reaching its next levels that may not 
be possible by using mineral oil lubricants. With growing demand, today approximately more than 50% 
to 75% of compressor lubricants have already switched to synthetic basestocks. 
An important group of basestocks for compressor lubricants are Polyglycols (PAGs). PAGs have several 
advantages such as low solubility to hydrocarbon gases and a cleaning effect to reduce the risk of 
deposits and varnish. PAG based lubricants are widely available for various type of compressors and 
gasses ranging from air to specialty gases such as LNG. Along with general information regarding PAG 
based compressor lubricants, BASF will present a recent field experience with screw and reciprocating 
compressors for natural gases. With the right design of equipment and understanding of the respective 
application, the use of PAG based lubricants can be an ideal solution to meet both technical and 
commercial requirements.
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Abstract:
The fundamental working principle of sealing elements in the piston-rod sealing system in a reciprocating 
compressor inevitably leads to wear of the packing rings. While packing rings are designed to maintain 
their sealing efficiency as far as possible as they wear away, too much wear will ultimately lead to a loss 
of sealing efficiency. 
Due to the paramount importance of ring wear for the reliable, economic, and environmentally sound 
operation of reciprocating compressors, it has become common to measure wear using tribological test 
rigs. In such a rig, a defined load presses the specimen against a counterface of known characteristics 
that moves relative to the specimen. Such wear tests provide valuable insight into the wear resistance 
of packing ring materials under various tribological conditions. However, it is impossible to extrapolate 
from the test results to the evolution of packing ring wear in real-world compressors. 
To bridge this fundamental gap, this paper presents a model that allows us to calculate how a packing 
ring wears away under the load created by a prescribed pressure differential. We compare calculation 
results with experimental data from purpose-designed test rigs.

TRIBOLOGY AND WEAR 250

New insight into the wear of packing 
rings: model, calculation, experiment



TRIBOLOGY AND WEAR251
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER



TRIBOLOGY AND WEAR 252
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER



TRIBOLOGY AND WEAR253
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER



TRIBOLOGY AND WEAR 254
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER



TRIBOLOGY AND WEAR255
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER



TRIBOLOGY AND WEAR 256
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER



TRIBOLOGY AND WEAR257
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER



TRIBOLOGY AND WEAR 258
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER



XperLUBE
Getting lubrication right

CHALLENGE 
YOUR 
HORIZON

Delegate important tasks to the expert.

HOERBIGER developed XperLUBE to boost the 
performance and cost effi  ciency of your compressors. 
At all times. Under any conditions.

 
www.xperlube.hoerbiger.com

TRIBOLOGY AND WEAR259
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER



XperLUBE
Getting lubrication right

CHALLENGE 
YOUR 
HORIZON

Delegate important tasks to the expert.

HOERBIGER developed XperLUBE to boost the 
performance and cost effi  ciency of your compressors. 
At all times. Under any conditions.

 
www.xperlube.hoerbiger.com



11th EFRC CONFERENCE
September 13 – 14, 2018, Madrid

Marco Sacco
CST S.r.l.

Package Engineering Leader
Florence, Italy

marco.sacco@cstfirenze.com

Massimo Maffeis
SIAD MI S.p.A.

Global Service Technical Director
Bergamo, Italy

massimo_maffeis@siad.eu

Pamela Tani
CST S.r.l.

Maintenance Consultancy Engineer
Florence, Italy

pamela.tani@cstfirenze.com

Alessio Scialpi
Eni Refinery

Reliability Leader
Taranto, Italy

alessio.scialpi@eni.com

by:

Abstract:
Among the most widespread lubrication systems on the market two types are most commonly used, 
the “pump to point” and “divider block” types, but further solutions can be developed according to the 
specific application and customized to fit the user’s requirements. 
This paper describes the solution applied to a critical application: retrofitting of the cylinder lubrication 
system of five hydrogen make-up reciprocating compressors operating in the ENI Refinery in Taranto. 
The criticality of the application was due to the high discharge pressure of the final stage of the 
compressors (~200 bar-a) and the requirement to provide a fully redundant oil distribution system, 
retaining the existing lubricator as a stand-by system as well as in automatic combined operation with 
the new one. The applied solution included flow and pressure instruments installed at strategic points 
of the system and management of the various signals to allow automatic switchover to the stand-by 
pump or to the old lubrication system, in case of major problems. The few unexpected situations that 
occurred at the startup of the compressors are also examined, as well as the subsequent investigations 
that were performed using the supplied instrumentation, and the applied improvements that were the 
result of the lessons learned. The experience showed how the presence of a redundant system and of 
adequate monitoring and diagnostics makes it possible to achieve high safety levels, high availability 
and optimized maintenance.

TRIBOLOGY AND WEAR 262

New concept lubrication system 
application on a HP reciprocating 

compressor



TRIBOLOGY AND WEAR263
by: Marco Sacco, Pamela Tani – CST; Massimo Maffeis – SIAD; Alessio Scialpi – ENI Refinery



TRIBOLOGY AND WEAR 264
by: Marco Sacco, Pamela Tani – CST; Massimo Maffeis – SIAD; Alessio Scialpi – ENI Refinery



TRIBOLOGY AND WEAR265
by: Marco Sacco, Pamela Tani – CST; Massimo Maffeis – SIAD; Alessio Scialpi – ENI Refinery



TRIBOLOGY AND WEAR 266
by: Marco Sacco, Pamela Tani – CST; Massimo Maffeis – SIAD; Alessio Scialpi – ENI Refinery



TRIBOLOGY AND WEAR267
by: Marco Sacco, Pamela Tani – CST; Massimo Maffeis – SIAD; Alessio Scialpi – ENI Refinery



TRIBOLOGY AND WEAR 268
by: Marco Sacco, Pamela Tani – CST; Massimo Maffeis – SIAD; Alessio Scialpi – ENI Refinery



Promoter
European Forum for Reciprocating Compressors e. V.
c/o Technische Universität Dresden
01062 Dresden, GERMANY
Telefon: +49 (351) 463-32815
Fax: +49 (351) 463-37247
E-Mail: contact@recip.org
www.recip.org

WWW.RECIP.ORG

1
1

th
 E

FR
C
 C

O
N

FE
R

EN
C
E 

•
 M

ad
ri

d,
 S

pa
in

EFRC Board
René Peters (Chairman)
Gunther Machu
Matthias Tanner

Editor
Herbert Steinrück
TU WIEN
Institute of Fluid Mechanics and Heat Transfer

Conference Committee
Christian Prinz, HOERBIGER (Chairman)
Martina Frenz, NEUMAN & ESSER
Michèle Infanger, BURCKHARDT Compression
Leonard van Lier, TNO
Anja Parnigoni, HOERBIGER
Maja Schütz, EFRC 

Adverisory Board
Herbert Steinrück, TU WIEN (Chairman)
Roland Aigner, BURCKHARDT Compression
Jean-Christoph Courcol, TOTAL Refining & Chemicals
Peter Duineveld, HOERBIGER
André Eijk, TNO
Jeroen van Koperen, SHELL
Marc Langela, STASSKOL
Massimo Maffeis, SIAD
Christian Prinz, HOERBIGER
Andrea Raggi, COZZANI
Luzi Valär, BURCKHARDT Compression
Cyril Wentzel, WENTZEL Dynamics

Layout
sanja.at e.U., Sanja Kaltenbrunner-Jelic, A-1160 Wien

Druck
Druck.at, A-2544 Leobersdorf


	11th EFRC CONFERENCE
	CONFERENCE Sponsors
	Contents
	Contents by Contributor

	Availability and Reliability
	Troubleshooting of recurrent cylinder head stud bolt failures on Natural Gas compressors
by: Guillaume Gien, Jean-Christophe Courcol – TOTAL; Wolfgang Voiticek – LMF
	Influences on Torsional Vibration Analysis of Electromagnetic Effects of an Induction Motor driving a rigidly flanged Reciprocating Compressor
by: Alessandro Baldussu – Baker Hughes GE; César Luis Fernández Valdés – REPSOL

	Compressor and Component Design
	Calculation of Transient Flow in Sealing Elements
by: Dr. Georg Flade – STASSKOL
	A Novel Poppet Valve Design – The Arrowpoppet
by: Reiner Schulz – Burckhardt Compression
	Non-Lube operation: Do it right if necessary – a practical guideline and examples
by: Ralf Krich – HOERBIGER

	Digitalisation
	Smart Packing
by: Dr. Marc Langela – STASSKOL
	The challenge of Industry 4.0 applied to a stepless capacity regulation system
by: M. Schiavone, A. Raggi, A. Giampà – COZZANI
	Root-Cause Analysis with Digital Twins – Discussion and Application 
by: A. van’t Wel – PITPOINT; C. Tümer, P. Egberts – TNO

	Engineering of Compressor Plants
	Modularized Reciprocating Compressor Systems and the Factors That Influence Their Design
by: Benjamin F. Williams – Ariel Corporation
	New Design of a completely oil-free high-pressure compressor series with a power up to 110 kW and a maximum pressure of 450 barg
by: Thomas Heumesser – J.P. Sauer & Sohn Maschinenbau; Bernd Schmidt – HAUG Sauer Kompressoren
	Engineering approach for world’s largest hydrogen compression system
by: Niek Albers – HOWDEN; Leonard van Lier – TNO; Maarten van der Biezen – FLUOR

	EFRC
	Reversible Usage of a Reciprocating Compressor as Expansion Machine by the Application of new Force Actuated Valves
by: Christian Stöckel, Christiane Thomas, Ullrich Hesse – TU Dresden
	Identification and mitigation of Cylinder Gas Passage Pulsations
by: Leonard van Lier, Jan Smeulers – TNO

	Measuring and Modelling
	Experimental and numerical study on the thermodynamic behavior of a reciprocating compressor
by: Konrad Klotsche, Gotthard Will, Ullrich Hesse – TU Dresden
	Diagnosis of a capacity control problem that appeared randomly
by: Luis Sancho Gómez, Juan José García Pérez – ILBOC
	Measuring dynamic pressure of a mechanical seal of a LDPE reciprocating compressor
by: Felix Ragg, Ricardo Cruz – Burckhardt Compression

	Pulsations and Vibration
	Application of a Constrained Layer Damping to reduce Pipe Vibrations of a Reciprocating Compressor System
by: André Eijk, Hajo Pereboom – TNO; Jörg Fröbel – ESK
	New adjustable vibration absorber – First application on site
by: Dr. Patrick Tetenborg, Dr. Johann Lenz – KÖTTER
	Effect of cylinder nozzle location on orifice performance
by: Tim Norden, Gerhard Knop – Neuman & Esser
	Modelling of transmission loss characteristics of reactive pulsation dampers
by: Urszula Warzyńska, Wacław Kollek – Wrocław University
	Pulsation optimization by dynamic variable orifice & Recips starting phase selection
by: M. Passeri, L. Guerrini – Baker Hughes GE; C. Rossi, M. Mazzoli – SAIPEM; G. Ferrari – NIDEC; S. Melis – Florence University
	Mitigation and resolution of piping vibrations of a critical hydrogen make-up reciprocating compressor
by: Smail Haddadi, Jozef Van De Peer – TOTAL; André Eijk – TNO
	Effects of pipe strain on vibration in reciprocating compressor systems
by: Ramin Rahnama, Kelly Eberle, Steven Crocker – WOOD

	Tribology and Wear
	Compressor Lubricants based on Polyglycol 
by: Henrik Heinemann – BASF
	New insight into the wear of packing rings: model, calculation, experiment
by: Andreas Kaufmann, Dr. Tino Lindner-Silwester – HOERBIGER
	New concept lubrication system application on a HP reciprocating compressor
by: Marco Sacco, Pamela Tani – CST; Massimo Maffeis – SIAD; Alessio Scialpi – ENI Refinery


