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* Proactive Asset Management Background
Caterpillar Solution
« Examples of Technology in Use




Proactive Asset Management (aka Condition Monitoring)

Unhealthy Healthy
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Condition Monitoring

m Resources
m Operational Strategies
m Maintenance Strategies

Insight to
Emerging
Issues

Informed
Decision

Equipment Scheduled

m Performance Corrective
m Condition Action
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Power for Natural Gas Compression
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" Natural Gas Compressor Station
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e mSs— . 4X G3612 Engines f o )
LT IC e 14,200 hp - _ Bl s Bl

4. *$2.00/MCF
@na |+ $185,000/ day
1 hr downtime = $1,930
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Why the PiI System

 Proof of Concept Identified Gaps
— Aggregate Data from Various Industrial Controls L
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Pl WebParts
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Pl ProcessBack

— Visualization to Facilitate Root Cause Determinatiofi= )
— Data Archiving for “cradle-to-grave” Analysis 3 $ ]
— Additional Analytics -
— Platform for Information Distribution - U e

 Core Competency

Supplemental Analytics

a Componant History
ataLink Totalizars Pl ProcessBook

— Not Data Management Software
 Time and Cost to Market
« Common Platform to Customers Using the Pl System
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Key Processes

S G Aggregatlng Data
Data Types

« Analog
. Derived * Once per Second

. States * Pl Interfaces
. Faults « Cat & non-Cat Products
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Key Processes

Transmlttlng Data
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Connectivity Flexibility

* Cell

* DSL

» Customer Network

* PI-to-PI Interface

 Other Historian to Pl System
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Developing
Corrective
Action

| Aggregating | Transmitting ' Finding | Determining
Data . Data /| Exceptions | RootCause
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Key Processes

GE SmartSignal EpiCenter
* Non-parametric, multivariate data analysis
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Dynamic Setpoint
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Key Processes
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Component History & KPI’s
Customer Site

[ Unit # 1 Speed Torque Lo
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The Value of High Fidelity Data
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Are these
trends from Maybe
different Maybe Not!
processes? '
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High Fidelity Data

Sample

1200 120 10 40 ©®999.7
\ ©61.619

1000 .7

808 - \ 022.621
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A MV
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0 0 0 0
27-Nov-11 21:04:00 10.00 minutes 27-Nov-11 21:14:00
® Engine Speed

o Engine Load Factor

¢ Compressor load step

O Actual Air Manifold Pressure
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High Fidelity Data

 Event begins and ends in 3 minutes!

Engine Commands

Wastegate (Blue) t0 2858~ Engine Indicated Load Peaks

( ) and Overload Fires

T\ Wastegate did not

close upon engine
command.

sing
I
E Recommendation: 4 now Eull Closed

Inspect/Repair
Wastegate Bushings --
Linkage or

ssure Alarm Active

Sample

1200 120 10

27-Nov-11 21:10:00 ‘ 3.00 minute Actuator
e Engine Speed
at next scheduled sing Air Pressure

Shutdown >s Wastegate has
Closed
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o Engine Load Factor

\/
+ Compressor load step DeSII'ed AII’ PreSSUI’e (Red)
Is greater than Actual (White)

O Actual Air Manifold Pressure



Combustion Time vs. Misfire * 1 sec sample rate
t- 1,036,800 points/day

)

28 Aug-12 00:00:00 14.00 days
e Cylinder 01 Unfiltered Combustion Time

Data Enhancement .12 Cylinder Engine J

olorvonrddh bt ot bbb bbbl b sothma bk o sl Wb Db ranrmel s e e
28-Aug-12 00:00:00 ays
e Cylinder 01 Misfire
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Pre-Chamber Check Valve

| CyI #10 Combustion Time e

1200 60
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23-Jul-12 00:00:00 3.00 days
® Engine Speed

& Cylinder 10 Misfire
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Benefits

P e
« Case Study
— 2 X G3612 Engine Driven Compressors

Pipeline Transmission

Manned 5 days / week — 8 hours day

14 months of service

99.5% Reliability

488 Hours Meantime Between Outage

2 Callouts in Past 6 Months
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Current Implementation

Dealer Reporting

Pl WebParts
Internal Users &) - “_—
Pl WebParts Customer Reporting : 2
Pl ProcessBook Pl WebParts v su Checkcan (IR

PI DataLink
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Asset Organization L DR =
Pl AF =
I~
. o
oy % .

Network Security SmartSignal EPl-center

Site Data Aggregation
Pl Interface Pl Interface
Supplemental Analytics
Pl ProcessBook Data Enhancement Component History
Pl DataLink Totalizers Pl ProcessBook
PI ACE Functions Pl DataLink
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David Krenek

Market Professional
Petroleum Group

Caterpillar, Inc.

13105 Northwest Freeway
Suite 1010

Houston, Texas 77040-6321
713-329-2221

Email: krenek david@cat.com

www.catoilandgasinfo.com
(@ osi
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Further Reading

Utilizing Equipment Data
for Proactive Asset Management

« “Utilizing Equipment Data for Proactive Asset Management” s e
* Atmos Energy & Caterplllar Gas Machinery Conference - October 2012 - Austin, Texas
« 2012 Gas Machinery Conference Executive Summary

Starting with the Clean Air Act of 1570, there have been 2 number of dynamics in the narural gas
compression industry that have posed challenges to operators of narural gas compression

equipment - both from 2 technical and business perspective. One of these has beenthe development

and utilization of higher speed, higher outpur narural ges engines to achieve echaust emission

regulations as they have become more stringent. Another is to meet the demand for higher power

. ) density equipment. The technologies and controls needed to achieve these requirements have

WWW cato I I a n d a s I nfo co m resulted in engines that are more complex then those used in the past. Business pressures to

. . improve relizbility and reduce costs have increased the challenge faced by operations and |

maintenance organizations as they acquire and maintain engines with the newer technology. At the

same time that or ganizations are trying to adaptio these technology changes, many are also trying

to control costs by reducing manpower at compressor sites and are trying to react to 2 changing

worlkforce. One way that Atmos Energy has chosen to address these challenges is to employ 2
service that leverages new technology to assist in the proactive management of their equipment.

Background

= STER
J VIEW RESOURC Atmos Energy Corporation headquartersd in Dallas, Texas is one of the country's largest natural-

RESOURCECENTER "
gas-only distributors, serving sbout three million natural gas distribution customers in over 1400

PRODUCTIONPOWER | GASCOMPRESSION | WELLSERVICE | DRILLING | PARTS & SERVICE communities in nine states from the Blue Ridge Mountains in the East to the Rocky Mountains in

the West. Atmos Energy also provides natursl ges marketing and procurement services to

industrizl, commercial and municipal customers primarily in the Midwest and Southeast and
manages company-owned natural gas pipeline and storage assets, including one of the largest
intrastate natural gas pipeline systems in Texas (Figure 1).

Armos Energy operstes 2 mixed fleet of narursl gas compressors in its Atmos Pipeline - Texas

Division totaling 98,700 hp at § storage facilities and 11 mainline compressor stations. The mix

MHEKNOWS HOWT0IROWERNYOURRFANDIHESITHER
GAS!COMPRESSION!PROJECTS AKEERITIRUNNING

consists of
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Spark Plug Failure

Analytics alerted that Secondary Transformer Voltag
« Drill down into data identified short periods of misfir

« Toreducerisk of callout during 4-day weekend, Ope
of day before weekend

Transformer & Misfire - Cylinder 2

® Engine Speed
O Cylinder 02 Transformer Secondary Output Volta__
& Cylinder 02 Misfire

e —
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Engine Lube Oll Filter
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Data Enhancement

* Noisy Signal
will delay
persistence

- CONEEHEN Bignal
B ooy

visualization
d analysis

01-Oct-11 00:00:00 200.00 days 18-Apr-12 00:00:00
@ 10 minute Average Oil Filter Differential Pressure
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Pre-Chamber Port Erosion
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Sensor Faillure

Plot-0

Turbine Inlet Temp with High Temp Spike

750 750 5

650

Turbine Outlet Temperature — Normal Reading

Intermittent, Short Durati
Diagnostic Code - 1491

50

-50 -50 O
08-Apr-10 04:15:00 8.00 hours 08-Apr-10 11:44:21
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Signal Processing

« Temperature ratio is a function of Pressure Ratio

« Using Temperature Ratio Function Reduces Model Maintenance and

Improves Visualization. Cylinder #5 DischargeValve Repaired

Compressor Discharge Temperatures

171
02.05064
+2.04638

1

1.4

1.2 1 1

14-Mar-12 00:00:00 28.00 days SApr12 00:00-00
® Process gas Compression ratio at point A for 1st stage . n .
o Enhanced Temp Ratio - Cylinder #1 Cyllnder #1 SUCtIOn Valve Repall’ed

« Enhanced Temp Ratio - Cylinder #3

Cylinder #3 Discharge Valve Repaired
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