Luder Zegarra, AST Turbo AG, Switzerland, explores a holistic
approach to troubleshooting machinery malfunctions.

360˚

TROUBLESHOOTING

C

omplex problems in a high stakes
environment require a dedicated approach.
This article aims to discuss a practical and
efficient troubleshooting approach for such
problems, problems that can be solved by
independent service providers without a hidden
agenda, that, rather than defending themselves, will
proactively pursue solutions.
Anomalies on critical rotating equipment in
petrochemical and similar plants pose significant
risks for the owners. These may develop into serious
economic issues or cause severe safety hazards
faster than anticipated.
The economic impact usually results in reduced
or unpredictable production capacity, so is best

avoided when dealing with hydrocarbons, noxious
gas and high pressure steam, which are already quite
hazardous by nature. The critical rotating equipment
is the core of production and any malfunction will
usually affect the entire process. Conversely,
production issues are usually seen on the rotating
equipment first, since they are the more sensitive
instrumented components.

Importance of first actions
Unidentified issues are the most difficult to tackle,
and immediate action is required to restore the
operating condition to normal. The equipment
owners must take immediate action and begin an
initial inspection by their maintenance department,
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Figure 1. 360˚ troubleshooting approach: turbine speed and compressor fluctuation.
followed by first contact with the rotating equipment
specialists requesting remote support from either the
equipment manufacturer or another independent
company.
Remote support plays a critical role in the chain of
events that restore the equipment to normal operating
conditions. The first actions must be directed toward
ensuring a safe environment for human resources and
the equipment. The rotating equipment specialist must
ask the right questions, explain the reasons and
consequences for each action, show an impartial
approach and demonstrate expertise in order to gain
the confidence of the equipment owner.
The wait time until the specialist arrives onsite
cannot stop the clock. The specialist's management
and technical support team must ensure that all the
required information to proceed with the
troubleshooting is gathered and made available to the
specialist prior to arrival at the site. A continuous line
of communication must be maintained with the
specialist and the support team during mobilisation in
order to keep everybody updated on new findings and
conditions on site. All these actions will ensure the
smooth integration of the specialist into the ongoing
troubleshooting process upon arrival.

The troubleshooting methodology
For more complex issues, it is imperative to avoid
jumping to early conclusions; a fundamental
understanding of the important interdependences is
required before an accurate resolution can be reached.
Since a single engineer is rarely an expert in every field,
attention must be paid to guidance from other experts.
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Focusing only on flange to flange responsibility and
defending ‘his’ machine is usually detrimental to an
effective troubleshooting process. The longer and more
complex the problem is, the more likely it is that
‘opinionated myths’ start to emanate.
The real problem is that the complexity of
equipment issues span across various trades such as:
n n Process engineering.
n n Compressor design.
n n Turbine design.
n n Motor HV design.
n n Instrumentation technology.
n n Controls engineering.
n n Hydraulic system design.
Further complexity results when a combination of
issues collectively contributes to one recognisable effect.

The 360˚ troubleshooting approach
The methodology followed to approach, identify and
solve the issue faced will determine the success or
failure of the troubleshooting process. A 360˚
troubleshooting approach is proven to be an effective
methodology to appropriately address and fix
equipment malfunctions. The following section of this
article explains the pertinent details of this approach,
as well as the role played by each proponent of the
troubleshooting process.
The major differentiator of the 360˚
troubleshooting approach is to first involve all the
stakeholders in the process at the same time. All
stakeholders need to understand what the
troubleshooting steps are and what is to be expected.

The 360˚ troubleshooting approach aims to
identify the malfunction by assessing all the possible
causes, moving from those with the highest
probability to the ones with the lowest probability.
As an example, a compressor train comprises several
components, such as the driving equipment (electrical
motor, steam turbine, gas turbine, etc.), the driven
equipment (compressor, gearbox, etc.), the associated
auxiliary and governing systems, and the process
components (suction vessel, control valves,
intercoolers, etc). Each one of these components
could, to a varying degree, have an influence on the
problem faced. Depending on the observed anomalies
and characteristics of the malfunction, more than one
of these components could be the cause of the
problem. In any case, no component should be
excluded from the list of possible causes until its
proper operation has been verified.
Figure 2. Troubleshooting flowchart.
Maintaining an objective approach on each of
the checks and activities of the troubleshooting
Once the cause of the malfunction has been
sequence determines the success of the process. The
indentified, the next phase of the troubleshooting process
evaluation of the gathered data must be performed
begins: the resolution. On several occasions a final
objectively, with the aim to find the issue causing the
solution to the identified issue requires parts or actions
malfunction, rather than attempting to remove
whose implementation or acquisition requires long lead
responsibility from the equipment manufacturer, which
times, which severely affect the equipment owner’s
may be motivated to avoid warranty claims or other
production and economic targets. The expertise,
contractual obligations. The rotating equipment
creativity and customer focused mentality of the rotating
specialist must be free of any conflict of interest and
equipment specialist, and the engineering and technical
his approach must be focused on identifying and
support team, could make the difference by evaluating
solving the issue to the benefit of the customer.
and proposing temporary solutions that aim to return the
The role played by the equipment owner, especially
equipment to operation as soon as possible. In order to
by the operations team, is decisive in determining the
ensure the equipment owner is properly informed before
direction in which the troubleshooting process should
the company approves any temporary solutions, all
head. The operators of the equipment are the ones
supporting documentation, including potential risks and
who know the history of the machinery and are aware
limitations associated with the temporary solution, must
of any abnormal changes that the equipment could
be communicated, explained and documented.
have experienced in the past that could have lead to
The implementation of the solution and the return
the present malfunction. The interaction between the
of the equipment to operation represent a success for
rotating equipment specialist and the data gathering
the troubleshooting process. The post-event support
operations team will affect the speed of the process;
and follow up by the rotating equipment specialist and
therefore, it is important that the attitude and
the supporting team should add several safeguards to
communication of the specialist conveys to the
ensuring the reliable operation of the equipment by
operators the intention to identify and solve the issue,
detecting anomalies early or by proposing upgrades
rather than appoint blame. The rotating equipment
and modifications. The team involved in the
specialist will focus on interactions beyond traditional
troubleshooting process is now aware of the history
boundaries and liaise across departments in the
and particular conditions of the equipment and,
customer’s organisation.
therefore, would be the most appropriate group to
The 360˚ troubleshooting approach is specific for
monitor and evaluate the performance of the
the application. It segregates all the possible causes of
equipment for the future.
the malfunction into different categories to prioritise
and assign the sequence of checks and inspections to be
carried out. The expertise and technical knowledge of
Conclusion
the rotating equipment specialist is fundamental during
The 360˚ troubleshooting approach is a well structured
the identification and segregation phase. A flowchart
methodology that addresses every potential
diagram should be structured in the event of a
unidentified cause of the malfunctioning equipment.
malfunction, indicating different paths to be taken
The use of this methodology in conjunction with an
during the troubleshooting process based on the
objective approach free from conflict of interest
findings and results of each inspection. Furthermore, the
represents the most beneficial support that a customer
method and its acceptance criteria must be clearly
could receive when facing these unpredictable and
defined for each inspection during the process.
undesired events.
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