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Abstract

Asset performance management encompasses the capture, integration, visualization, and analytics
process, tied together for the purpose of improving the reliability, maintainability, and availability of
physical assets. Asset performance management should be considered a collection of solutions from a
range of technologies, rather than a single answer. For example, effective solutions incorporate benefits
delivered from smart sensors, reliability tools, condition-based monitoring, CMMS™ and metrics tracking
through advanced predictive and prescriptive analytics. Recently, a large focus has been on these
advanced, new technologies that add significant incremental opportunities, but they should be positioned
and integrated with existing and more classical systems for greater performance.

Benefits of asset performance management:
e Increase equipment availability
e Reduce maintenance spend per ton produced

e Reduce unplanned downtime

1. Maintenance costs and the hidden cost of
downtime

Within the steel industry, maintenance costs account for 10 to 15 percent of total production cost.’
Additionally, unplanned downtime costs heavy industry anywhere from five to 20 percent of their
productive capacity.?

Downtime events negatively impact more than just production. When unplanned downtime occurs,
companies tend to:

e Cut short, planned outage times to make up the difference in production lost. This limits the time
for equipment maintenance and resulting in unfulfilled improvements and further unplanned
downtime events.

e Experience a chain reaction to upstream and downstream operations, resulting in bottlenecks in
other areas of the plant.

e Unproductive employees are left waiting, unable to work until equipment is up and running again.

1.1 Motor applications

Metals and steel plants are electric motor-
intensive across many applications including
metals processing, compressed air, fans and
pumping.

Some studies indicate that 11 percent of
electrical motor failures can be attributed to old
age. This translates to the importance of
maintenance strategies and of tools that
anticipate failures before they occur and help to
eliminate these failures.
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2. Maintenance practices, technologies and
maturity

Several technical publications have different variations of the so called “maintenance maturity.” In
summary, maintenance maturity classifies the level of the maturity of the maintenance tools and
strategies. The classifications range from the usual run to failure (reactive) up to a full reliability-centered
maintenance (RCM) strategy. RCM is a corporate-level maintenance strategy that is implemented to
optimize the entire maintenance program of a company or facility.
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However, most of the literature explains that RCM sitting above the other technologies brings the
impression that RCM is a technology leap from the previous technologies. We prefer to illustrate RCM co-
existing with the other maintenance strategies.

2.1 The P-F curve

Another way to visualize the maintenance strategies and their effects on the assets is the P-F curve. This
chart is one of the most important tools for a reliability-centered maintenance plan. It demonstrates the
relationship between machine breakdown, cost, and how it can help prevent negative events. The P-F
curve helps with the planning and scheduling of maintenance activities aligned with the most economical
decision, and that makes the most technical sense.
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3. Defining APM

Asset performance management (APM) encompasses the capabilities of data capture, integration,
visualization, and analytics all tied together for the explicit purpose of improving the reliability,
maintainability and availability of physical assets. APM includes the concepts of condition-based
monitoring, predictive maintenance, and reliability-centered maintenance (RCM).

In the next topics, we will explore several components of APM.

3.1 Machine health: The power of sensing

“If you can’t measure it, you can’t improve it’
— Peter Drucker, father of management thinking

The basic objective of condition-monitoring sensors is to detect faults that manifest as anomalies in
dynamic inputs, such as vibration and pressure, and static inputs such as thrust, eccentricity, and rod
drop.

The power of loT and IloT has been reducing the traditional costs associated with sensing technologies
and unleashed the capacity of data collection and integration of sensing information to control systems
and other analytics tools.

To give some context about the importance and size of this market, the vibration sensors market alone,
was valued at $2 billion USD in 2020 and is projected to reach $3 billion USD by 2025. it is expected to
grow at a CAGR of 8.2% from 2020 to 20254

Accelerometer

Despite this technical evolution of data collection, some pieces of analysis still require visual, sample
analysis or handheld and portable data collectors. This information can also be easily integrated into the
tools we will describe further.

Portable data collector
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Despite the increased use of sensing technologies, data collection means nothing without analytics.
Within the next topics, we will discuss the tools that translate data to information.

3.2 Advanced reliability tools

Some critical assets require real time and detailed metrics such as trends and time wave forms. Such
tools allow vibration and reliability engineers to rely on more extensive metrics to pinpoint the underlying
cause.
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Advanced reliability tools

The objective of this paper is not to deep dive into vibration analysis. But we can highlight two basic
concepts to illustrate the complexity of vibration and why some applications require deeper analysis.

Time waveform: The time waveform is a plot or graph of the amplitude versus time. Time waveforms
show exactly what happened with the equipment across the timeline. Any vibration might include periodic
impacts, beats, rubs, modulation, transients and random bursts, time waveform analysis data is the best
to use.

FTT: The problem with the time waveform is that it reports a disturbance in the entire system, making it
difficult to pinpoint the problem. In order to address that, modern tools apply a Fast Fourier Transform.
This means that the signal is broken down into specific amplitudes at various component frequencies.
And because many vibration-related issues occur at specific frequencies, the cause and location of the
vibration can be narrowed down and identified based on variations in amplitude at certain frequencies,
since each machine component generates a single frequency: motor, bearing, etc.
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3.3 Rule-based condition monitoring

As the name suggests, the system works by pre-defined rules where actions are triggered when the
conditions reach the established rules and conditions.

Such tools that use rules and expressions are able to trigger actions (count conditions, equal, not equal,
contains, threshold limits, above, below, etc.)

However, this strategy may have limitations, since it does not identify early deviations and some complex
equipment would require a massive collection of rules.

4. Predictive maintenance

Predictive Maintenance (PdM) is a component of an APM system and utilizes machine learning
techniques to predict asset health issues before they arise. PdM uses condition-based data from various
sources to deliver real-time insights on asset performance.

4.1 Labeled versus unlabeled data

In order to understand predictive maintenance technologies (and machine learning), we will provide two
definitions to clarify some concepts.

Labeled data is data that is subject to a prior understanding of the system operation (in this case
equipment failures). Prior knowledge gives additional information on the data. Some technologies assume
labeled failure types so users who do not, or have never run equipment to failure, or identified
maintenance problems, cannot deliver, nor benefit from labeled strategies. Some algorithms assume past
trends that run through repeated patterns to forecast the urgency or level of current wear with respect to
previous failures. Without previous failures, you cannot produce these types of models.

Technologies like anomaly detection are based on unlabeled data and are ideally suited to deliver
answers where users do not have past failure data. Anomaly detection learns what normal or good
operating conditions are expected and identifies abnormal patterns. When you have identified failures,
anomaly detection can add additional warnings when new failure types or patterns that have not been
previously labeled occur.
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5.CMMS™

Most of the technologies described previously can fall apart because the loop is not closed with the
maintenance activities.

One of the technologies in charge of such maintenance coordination is Computerized Maintenance
Management System™ (CMMS™). The CMMS concept has almost 50 years and the current tools are far
beyond the initial concept. But the CMMS abbreviation is still in use today.

Modern CMMS maintenance platforms are integrated with the maintenance tools and are able to
automate work orders, help users manage the entire maintenance activities, understand the true costs of
maintenance and identify the top offenders.

CMMS / Maintenance platform

6. Integration with plant systems

The access of maintenance and asset information aren’t only useful for maintenance activities, but also
help to support plant, production and business decisions.

Plant and enterprise-level metrics focused on OEE and downtime accounting can help management
pinpoint inefficiencies as well understand the top offenders impacting maintenance costs also
productivity.

6.1 OEE

Overall Equipment Effectiveness (OEE) is the gold standard for measuring productivity. A standardized
(and automated) OEE app gives insights to optimize operations by quickly identifying the key causes of
efficiency losses through the process.

. Actual Production Time
Availability =

Scheduled Production Time

Perf _ Total Production
eriormance = Ideal Production

Good Production

Quality = Total Production

OEE = Availability x Performance x Quality

OEE calculation
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6.2 Downtime accounting

Slow production is often a bigger contributor to losses than breakdowns, this is why the concept is
called downtime accounting (as opposed to only downtime).

Automatic capture of downtime and slow production events provide reliable and meaningful information
by allowing downtime events to be classified (for example, planned/ unplanned, process/ equipment,
causes, etc.)

Total Partial Actual Actual
Production
Quantity

Production
Rate

Loss Loss

Design Capacity ==

Production Rate

Downtime Additional
Equivalent Losses

Breakdowns,
Spills, Setup,
Starved

Startup,
Constraints,
Reduced Speed

Downtime accounting concept

7. Conclusion

One important aspect of these technologies is that they can co-exist. Simple assets can be easily
managed by rule-based condition monitoring where more critical assets may require modeling and
complex predictive maintenance strategies.
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Simplified anatomy of asset-management solutions and technologies
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