SANDIA REPORT
SAND2012-0828

Unlimited Release

Printed February 2012

Supersedes SAND2009-4184 dated September 2009.

Wind Energy Computerized Maintenance
Management System (CMMS):

Data Collection Recommendations

for Reliability Analysis

Valerie A. Peters, Alistair B. Ogilvie

Prepared by
Sandia National Laboratories
Albuquerque, New Mexico 87185 and Livermore, California 94550

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department
of Energy’s National Nuclear Security Administration under Contract DE-AC04-94AL85000..

Approved for public release; further dissemination unlimited.

@ Sandia National Laboratories



Issued by Sandia National Laboratories, operated for the United States Department of Energy
by Sandia Corporation.

NOTICE: This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government, nor any agency thereof,
nor any of their employees, nor any of their contractors, subcontractors, or their employees,
make any warranty, express or implied, or assume any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represent that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government, any agency thereof, or any of
their contractors or subcontractors. The views and opinions expressed herein do not
necessarily state or reflect those of the United States Government, any agency thereof, or any
of their contractors.

Printed in the United States of America. This report has been reproduced directly from the best
available copy.

Available to DOE and DOE contractors from
U.S. Department of Energy
Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831

Telephone: (865) 576-8401
Facsimile: (865) 576-5728
E-Mail: reports@adonis.osti.gov

Online ordering:  http://www.osti.gov/bridge

Available to the public from
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Rd.
Springfield, VA 22161

Telephone: (800) 553-6847
Facsimile: (703) 605-6900
E-Mail: orders@ntis.fedworld.gov

Online order: http://www.ntis.qgov/hel p/ordermethods.asp? oc=7-4-0#online




SAND2012-0828
Unlimited Release
Printed February 2012

Supersedes SAND2009-4184 dated September 2009.

Wind Energy Computerized Maintenance
Management System (CMMS):
Data Collection Recommendations
for Reliability Analysis

Valerie A. Peters, Alistair B. Ogilvie
Wind Energy Technologies, Org-06121
Sandia National Laboratories
P.O. Box 5800
Albuquerque, NM 87185-1124

Prepared by
Sandia National Laboratories
Albuquerque, New Mexico 87185 and Livermore, California 94550

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department
of Energy’s National Nuclear Security Administration under Contract DE-AC04-94AL85000..

Abstract

This report addresses the general data requirements for reliability analysis of fielded wind
turbines and other wind plant equipment. The report provides arationale for why this data
should be collected, alist of the data needed to support reliability and availability analysis, and
specific data recommendations for a Computerized Maintenance Management System (CMMYS)
to support automated analysis.
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Executive Summary

This data collection recommendations report was written by Sandia National Laboratories to
address the general data requirements for reliability analysis of operating wind turbines. This
report isintended to help develop a basic understanding of the data needed for reliability analysis
from a Computerized Maintenance Management System (CMMYS) and other data systems. The
report provides arationale for why this data should be collected, alist of the data needed to
support reliability and availability analysis, and specific recommendations for a CMMS to
support automated analysis. Though written for reliability analysis of wind turbines, much of the
information is applicable to awider variety of equipment and analysis and reporting needs.

The “Motivation” section of this report provides arationale for collecting and analyzing field
datafor reliability analysis. The benefits of this type of effort can include increased energy
delivered, decreased operating costs, enhanced preventive maintenance schedules, solutions to
issues with the largest payback, and identification of early failure indicators.

The “Data Requirements’ section outlines the field maintenance data required to support
reliability and availability analysis and reporting. The data requirements include:
e MachinelD e Total Downtime
Event Type Monitoring Period
Failure Mode ID and Name Operational Time
Equipment Status Equipment Configuration
Event Date and Time Cost Data (optional)
Man Hours Lost Production Data (optional)

The “Recommendations’ section presents specific recommendations that address common issues
Sandia has seen in CMMS design and implementation. These recommendations are grouped into
“process’ suggestions on how the datais tracked and “ data’ suggestions on what data is tracked.

Process Suggestions
e Develop adetailed taxonomy
e Fill inall the datafields — accurately
e Integrate ease of useinto data recording
e Assign dedicated data entry and quality assurance staff

Data Suggestions
e Identify equipment status
Track equipment downtime
I dentify maintenance action performed
Record inspections and other scheduled maintenance events
|dentify the affected equipment/area for all maintenance actions
| dentify which part caused the maintenance
Track maintenance and parts cost
|dentify source of parts



Acronyms and Definitions

e CMMS: Computerized Maintenance Management System. A software system that tracks
work orders and/or maintenance performed.

e Fallure Mode: Any maintenance-related event, including failure, inspection, scheduled

mai ntenance, etc.

EBS: Equipment Breakdown Structure

MDT: Mean Downtime

MTBF: Mean Time Between Failure

MTTR: Mean Time To Repair

O& M: Operations and Maintenance



Introduction

This data collection recommendations report was written by Sandia National Laboratoriesto
support high-quality reliability tracking and process improvement. The report describes the data
collection requirements that enable a Computerized Maintenance Management System (CMMS)
and related systems to provide the data needed for reliability analysis of fielded wind turbines.

Thisreport is intended to provide the reader with a basic understanding of what data are needed
for reliability analysis of wind turbines. The report does not describe the technical details of
implementing a CMMS, nor does it detail state-of-the-art CMMS systems. The report was
written for reliability analysis of wind turbines, though much of the information is applicableto a
wider variety of equipment and awider variety of analysis and reporting needs.

In addition to enabling analysis, there are many other reasons why a company would implement
aCMMS. Formalizing communication within the company, enabling consistent external
communication (with suppliers or financial partners, for example), and providing historical
documentation are just afew of the benefits. Sandia sreliability work has led to the
identification of some common CMMS setup and implementation questions. This report was
written to provide answers to these common questions and address common gaps in operations
and maintenance (O& M) data collection.

The “Motivation” section of thisreport provides arationale for collecting and analyzing field
datafor reliability monitoring and improvements. The “Data Requirements’ section outlines the
field maintenance data required to support reliability and availability analysis and reporting. The
“Recommendations’ section presents detail on specific recommendations that address common
issues Sandia has seen in CMM S design and implementation. These recommendations are
grouped into “process’ suggestions on how the datais tracked and “data’” suggestions on what
dataistracked. “Appendix A” contains alist of definitions and acronyms used in the report.



Motivation?

Wind plant operators interested in understanding and improving reliability will need to capture
high-quality datato reap the benefits of reliability analysis. When O&M data are readily
available for analysis, the potential improvements in operational efficiency include increasesin
energy delivery and decreasesin costs. |dentifying top drivers of unreliability and root causes of
those faults and failures can result in a variety of improvements, including enhancing preventive
mai ntenance schedul es, addressing the issues with largest payback potential, moving from
reactive to proactive maintenance, and identifying trends and early failure indicators. The costs
associated with data collection and analysis are not trivial, but are far outweighed by the benefits
gained through an ability to predict future failures and minimize their impact.

One of the key reasons to track and improve reliability is to enhance the plant’ s financial
performance. Reliability can improve financia performance through cost avoidance, including
O&M and overhead costs, thus reducing the cost of energy. Reductionsin O&M costs can come
from avariety of activities, such as decreasing unscheduled maintenance and translating costly
parts replacements into less costly scheduled maintenance. Overhead decreases can result from
benefits such as reduced insurance costs based on decreased performance uncertainty and
reduced investment in spare partsinventories. Improvementsin reliability can also benefit the
bottom line by increasing revenue through increased turbine availability during useful wind, thus
maximizing the plant’s capital investment. Secondary financial impacts can include such varied
benefits as freeing up capital to allow investments in other programs and providing more
accurate input to inform long-term investment decisions. For example, a good understanding of
the impact of curtailment may impact the location choice for a company’s next wind plant or
understanding the causes of plant-to-plant variability could inform the next turbine selection.

Capturing high-quality reliability data has benefits beyond the plant. It enables automated
reporting to various regulatory entities and creates a foundation for reporting to partners. In
addition to the benefits for an individual plant or operator, collective reliability datafor the
industry can bolster support for wind-friendly policy from federal and states government, public
utility commissions, tax and rate payers, and the insurance and investment community. Also, an
understanding of national wind industry reliability performance can guide standards and research
and development investments.

! Excerpted from “Using Wind Plant Data to Increase Reliability.” McKenney, Ogilvie, and Peters; Sandia National
Laboratories. Albuguerque, NM. January 2011. SAND2010-8800
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Data Requirements

This section outlines the field maintenance data required to support reliability and availability
analysis and reporting. In atypical maintenance data system, there is usually one record for each
event inamain “Events’ database table. Supporting data (such as additional parts needed to
correct the failure event, employee time expended for maintenance, part costs, or system
operating hours) may be stored in one or many other tables and/or databases. Each element of
the basic data needsislisted below. Note that frequently these items are not stored in the system
asthey are described here; instead, multiple data fields may be required to create each of these
items.

1. MachineID: Linksthe maintenance event with a specific system or piece of
equipment.

2. Event Type: Type of maintenance event (e.g., component failure, preventative
mai ntenance, inspection).

3. Falure Mode ID and Name: A unique identifier or code for each failure mode, along
with aunique descriptive label for each failure mode. (Here, “failure mode” refersto
any maintenance-related event, not just failures.) The failure mode may come from
one or more of the following:

e A breakdown of the system (e.g., taxonomy or equipment breakdown structure)
e A brief description of the failure mechanism

e A description of an external event that causes downtime or maintenance

e A description of how the system reacts to the failure

4. Equipment Status: The status of the equipment or system during the maintenance
event (e.g., offline, degraded, online, etc.).

5. Event Dateand Time: Date and time when the status of the equipment changes (or, if
the equipment status does not change due to the event, the date and time the
maintenance event begins).

6. Man Hours: Thetotal number of person-hours required to complete the maintenance
action. Note that this may be very different (greater than or less than) total
downtime.

7. Total Downtime: The amount of time the equipment was down or offline due to the
event (or, if the equipment was not down due to the event, the duration of the
maintenance event), ideally with each of the following recorded individually:

e Active maintenance time

Time spent waiting for a part from supply

Time spent waiting for a piece of support equipment to become available

Time spent waiting for a technician to become available

Time spent waiting for other delays
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In addition to the data that is needed for each maintenance or downtime event,
supplemental system information is also needed. Thisinformation may or may not be
captured in the Computerized Maintenance Management System (CMMS).

8.

10.

11.

12.

Monitoring Period: Thisisthetotal time over which the reliability of the equipment
isevaluated. (For example, most plants are run such that turbines should be available
around-the-clock.)

Operational Time: Thisisthe total amount of time that the turbine is operational .

This may only include time when the power generation is positive, or it may include

anytime that the rotor is moving.

Equipment Configuration: A qualitative or quantitative understanding of how the

equipment functions, and how failure modes combine to cause or avoid an overall

equipment failure. In the case of a standard wind turbine most events that require

mai ntenance cause turbine downtime, but others do not (e.g., some preventive

maintenance and inspection work). A list of maintenance events that do not bring

down the turbine may suffice for this data requirement, or, if the system has complex
redundancy, areliability block diagram or afault tree may be needed.

Cost Datac Cost information is usually obtained from a different source than the

reliability field data. Cost datais not strictly necessary for reliability analysis, but

including the following can greatly enhance reporting and insights:

e Nominal cost: Typicaly, thisisthe component-level repair/replace cost.

e Cost per hour: Cost of the maintenance event in terms of penalty per downtime
hour. Examples include maintenance man-hour cost, lost revenue, lost
opportunity cost, or a customer-imposed penalty.

e Fixed cost per failure: Recurring cost per maintenance event, independent of
nominal and hourly costs. Examplesinclude afixed trip charge, an administrative
cost, or a paperwork cost.

Lost Production Data: Like cost data, lost production dataistypically obtained from a

different data source and is also not strictly necessary. Reference information, such

as apower curve or generation from asimilar turbine, is needed to determine what the
turbine could have produced while it was down.

Gathering the data as described above will allow for calculation of many different measures of
system reliability performance, including Mean Time Between Failures (MTBF), Mean Time To
Repair (MTTR), Mean Downtime (MDT), and various measures of Availability. With these
reliability measures, the components, failure modes, and maintenance events that contribute most
to system unreliability, downtime, cost, and production loss can be identified.
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Recommendations

This section outlines specific recommendations for the design and implementation of a CMMS.
These recommendations are made based on Sandia’ s experience in reliability modeling and
analysis for wind turbines and plants, in addition to Sandia’ s extensive experience performing
reliability analysis on awide variety of systems.

The recommendations provided here will help provide an accurate set of datathat supports
reliability analysis for avariety of purposes. The data should be able to describe the activities of
the equipment 24 hours aday, 7 days aweek, and should include failure events, parts
replacements, scheduled downtime, and other maintenance actions. Establishing a system-of-
record and ensuring that this system is easily integrated into maintenance processes is the key to
collecting and recording high-quality data.

Processes — How to track data

1. Develop a detailed taxonomy

Developing a detailed equipment breakdown structure (EBS) or taxonomy helps ensure that
maintenance data is captured with enough detail to be useful. Using a breakdown of the
equipment that provides a unique assessment opportunity for each component or part ensures
greater insight in determining which assemblies, subassemblies, or components significantly
affect reliability and availability performance. (For example, “Drivetrain-Gearbox-Bearings-
Planetary Bearing” provides much more information than just “ Gearbox”.)

2. Fill in all the data fields — accurately

With any data collection system, one of the biggest challenges is ensuring that datais entered for
every applicable datafield. In addition to entering all the relevant information, ensuring that
standard and correct information is entered is also essential. Thereis often atrade-off to be
made when weighing the value of data collected against the cost of collecting it. With the right
hardware and smart software, it should be possible to help technicians record data quickly and
accurately without adding an unnecessary burden. Additionally, ensuring that the user interface
evolves with the businessis critical. For example, allowing technicians to suggest new items for
ataxonomy dropdown box can help prevent “Miscellaneous’ from being the most frequent
problem. A well-designed CMMS can greatly reduce the amount of follow-up data entry and
quality assurance required.

3. Integrate ease of use into data recording

To have an accurate and consistent CMMS, it is important to limit the amount of time spent
entering and updating records. This can be achieved by incorporating automated data collection
and validation into maintenance processes. In addition to automated validation, use of handheld
devices can decrease entry error and allow for automated capture of many data elements (for
example: date, time, and technician).
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Frequently, all the ways that maintenance data will be used are not known at the time the CMMS
isimplemented. Modern software systems can provide an interface that makes data entry easy
and accurate, and they can also store information in away that facilitates later use by the various
groups who need to access the data.

4. Assign dedicated data entry and quality assurance staff

The simplest method for improving data collection isto obtain data as close to the maintenance
activity as possible. Individuals specifically responsible for data entry and accuracy can be areal
asset. An assigned data collector needs to ensure that the information is both complete and
correct; this may involve interaction with technicians. Part of the solution may be to provide
portable computing equipment for technicians to record and manage day-to-day operations.
Another part of the solution may be to ensure the data collection system is easy to use and has
“smart” capabilities (e.g., flagging missing or inconsistent data).

Data — What data to track

1. Identify equipment status

Equipment statusis acrucia part of understanding reliability and availability. For al failure or
maintenance events, the equipment’ s status (Online, Degraded, Non-Operational, etc.) should be
clearly indicated for the duration of the event. Capturing when the equipment isnot Onlineis
critical to identifying key drivers of availability and reliability performance.

2. Track equipment downtime

In addition to tracking the man-hours associated with each maintenance event, the total
equipment downtime should also be recorded. This downtime should include the entire duration
the equipment was not Online, and ideally would distinguish between time spent performing
active maintenance, parts delays, support equipment delays, technician delays, and any other
downtime contributors.

3. ldentify maintenance action performed

Depending on the definition of availability used, various event types will or will not be included
in the calculation. For example, scheduled maintenance may be included in availability metrics
used at the plant, but typically not in the availability metrics used by turbine manufacturers.
Additionally, the maintenance type has a direct effect on cost. For example, if only an inspection
is performed, there may not be a parts cost and the equipment may remain Online, but a
personnel cost may still be incurred. Tracking the type of maintenance performed for each
maintenance event will allow for flexibility and precision in calculating reliability metrics.

4. Record inspections and other scheduled maintenance events

Even inspections and scheduled maintenance that are relatively short in duration, relatively
infrequent, and/or can occur while the system is running are crucial to understanding the
availability and reliability performance of asystem. All scheduled eventsform a part of the
maintenance history of the system and should be recorded in the CMMS to capture the
associated man-hours and the impact on availability and cost.
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5. Identify the affected equipment/area for all maintenance actions

A simple way to clearly identify the area of the equipment where a maintenance action occursis
to use ataxonomy or EBS to determine the affected part for all maintenance actions. In addition
to parts replacements, this should be captured for al types of events, including scheduled
maintenance, inspections, and repairs.

6. ldentify which part caused the maintenance

To truly understand the impact each part has on overall reliability and availability, it isimportant
to distinguish between parts that caused afailure (“primary failures’), parts that failed as a result
of the primary failure (“secondary failures’), and other parts that need to be repaired/replaced in
the process of performing maintenance on parts with primary and secondary failures (“ancillary
failures’). For example, if a power spike from a power supply causes the power supply to fail
and also shorts out acircuit board under a console panel, then the power supply has a primary
failure, the circuit board has a secondary failure, and the console panel has an ancillary failure.

If multiple parts are worked on for the same maintenance action, a“Failed Part” field could be
used to identify parts with primary failures and distinguish them from those with secondary or
ancillary failures. Additionally, parts are sometimes opportunistically replaced when other
maintenance events are underway, thus significantly reducing their replacement time and/or cost
compared to their usual replacement time and/or cost. These opportunistic replacement activities
should also be captured.

In some cases, the part with a primary failure may not be obvious at the time of the maintenance
event. In these cases, returning to the maintenance record after the root cause is discovered will
be important, to create an accurate and compl ete assessment of the maintenance event.

7. Track maintenance and parts cost

While Availability and Reliability are key metrics in assessing equipment performance,
understanding what is driving maintenance costs can be just as valuable. Typically, the parts and
personnel costs are stored outside the maintenance system, and the relevant information from the
maintenance system (including parts replaced and man-hours) is used to calculate the total cost
for each maintenance event.

8. ldentify source of parts

For relevant event types, the source of parts should be clearly captured. Thisincludes parts
cannibalized from other equipment, purchased outside the main supply system, and acquired by
others means (including parts machined on site). Identifying the source of parts (including those
exchanged between equipment) will alow for accurate cost calculations, in addition to setting
the stage for advanced CMM S uses such as parts and inventory tracking; this can be
accomplished through a “Parts Source” field.
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