Intelligent Monitoring 4.0

Harness the power of artificial intelligence (Al) to gain the |
predictive insights needed to make timely decisions related to ud
the operation and maintenance of your equipment and process.




The Guardian for Rotating Equipment

Gubras
Gubras is a modular system for plantwide condition monitoring and predictive

maintenance of rotary equipment, such as compressors, turbines, pumps, fans,

etc. Gubras does more than unifying your assets under a single umbrella.

It unifies your monitoring technologies by combining conventional diagnostic,

visualization, alarming tools, thermodynamic performance, and automated

decision support. Alarms can be set on any incoming data stream-including

process data Gubras consists of three parts:

Gubras Matrix
Gubras Matrix is our DAQ solution to read, digitize, and process data from up to

48 analog sensors.

Gubras Kernel
Gubras Kernel is a powerful gateway in charge of receiving data from the DAQ system and the DCS, aggregating and storing the data, calculating performance

parameters, and performing fault detection and fault isolation algorithms.

Gubras Visage
Gubras Visage is our primary user interface. Gubras Visage allows technical users to design equipment models using an extensive and flexible tree structure,

with users being able to choose from predefined parameters for monitoring the equipment.



Gubras Architecture

Gubras_Computer_Unit

®Gubras Software:

DCS/PLC-system

- Interpretation analysis

- Data communication

Digital input signals | ; | - Data storage

(from process control system) ®Data acquisition with

integrated signal processor:

- Analog inputs (fast)

- 50 kHz sample frequency
- Analog output
- Digital 1/0

Buffer data

Existing protection system
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Analog Input Signals: Junction box

- Trigger sensor

- Acceleration sensor

- Velocity sensor

- Proximity sensor

- Dynamic pressure sensor

Rotating Equipment

- Gas turbines

- Reciprocating compressors
- Centrifugal compressors

- Pumps
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Remote Monitoring

External
office

Our diagnostic experts help you maintain safe
machine operation with minimal downtime by

recognizing problems before they happen.

!

h_________-____l

h---_ M B DN G SN BN DS B BN GEES BN GEE Baa D e e s

Integration LAN

,———— PN ™ AR, RS T TS, 0O O, W, WS, Wy R S - iy

Local
office

6,

Client firewall

Client Business-LAN
(Ethernet, TCP/IP)

Visualization computer

J

g I I I S S S S S S S S S S S S -

h____—_-_____-_____-___

\_________-____-_#



CENTRIFUGAL COMPRESSORS TRAIN

The Challenge

Plant's most critical pieces of equipment are its turbomachines. If the compressor or turbine trips, whether due to excess
vibration, malfunctioning instruments or surge, it can bring the entire operation to a halt for several days. Since this valuable turbo machinery doesn't have a

backup, it must run reliably for two to seven years so operators can efficiently and safely maximize production to meet market demands.

Performance Improvement Methods

Gubras (Datall's solution for condition monitoring) helps you know what's happening at every level of your operation — so you can keep your compressor and
turbine up and running at their best. The predictive capabilities of our smart digital instruments and asset management software can alert you to potential
problems while there’s still time to take corrective action. Our Machinery Health Management technologies provide both continuous online

monitoring and APl 670-compliant protection of compressors, turbines, and other rotating equipment. Our system is engineered to provide accurate, reliable

measurement data in demanding conditions like yours. This, enable you to run close to the surge line — consistently, safely, and reliably.




Performance Challenges

Compressor Train Availability impacted by:

- Mechanical and instrument failure

- Surge

. Unreliable mechanical overspeed protection

Machinery Health impacted by:
- Fouling

- Surge

- Seal or impeller failure, excess vibration, shaft
cracks, and misalignment and imbalance issues

- Poor operator visibility to asset health

- Inability to hold control setpoint

Optimized Production impacted by:
» Instrument drift

. Underperforming antisurge valve

+ Turbine control instability

. Complex manual startup procedures

Energy Management impacted by:

. Instrument drift
. Fouling

- High gas recycle rates

Flaring impacted by:
. Underperforming antisurge valve

- Unexpected compressor failure

Business Consequence Improvement Opportunities

Prevent shutdowns by leveraging accurate
process and machinery health data, reliable
Reduced Unit Avallabliity antisurge devices, and online electronic

overspeed protection.

Minimize maintenance, avoid compressor

trips, and extend asset life with devices that
Increased Maintenance Costs

alert operators to problems before they

OCCULr.

Maximize your plant’'s performance efficiently
Reduced Production and safely with reliable process data that
pinpoints your actual operating zone.

Reduce energy waste and optimize antisurge

valve use by leveraging reliable, real-time
Increased Energy Costs
o intelligence about asset health and your

pProcess.

Avoid environmental releases and enable

orderly shutdowns with fast, accurate

Increased Environmental Costs antisurge valves and predictive diagnostics.



CENTRIFUGAL COMPRESSORS TRAIN

Poor governor control scheme
leads to efficiency reduction

Poor turbine setpoint control

causes output losses, leading to

4'_; thermal stress and premature wear
| Difficult to control steam e

> Trip causes flaring and product loss P | - - i during start-up
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’ "‘ Risk of surge from reducing

- suction pressure below point
needed to maintain flow

L

Additional energy costs from &
not
operating close to surge line

Spurious trips compromise

. compressor availability
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Fouling of blades and related
washing reduces throughput

Poor antisurge control valve
performance can cause trips

o |
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Instrument drift creates potential
for surge or wasted energy from
recycling too much gas

Excess vibration that can
shut down/trip the compressor

Cracked Gas Compressor Train



A STRATEGY FOR A SMART COMPRESSOR

Predictive Intelligence and the Power to Use It
G u b r a S Gubras enables you to harness the power of predictive intelligence to operate more efficiently, safely, and effectively. With

Gubras you gain unmatched capabilities to improve profitability through reduced cost and improved output.

Improved Control Improved Availability

Process Limit

Operate confidently close to your compressor's surge line Vibration analysis, checks on instrument drift,

a Theoretical Maximum Availability
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Gubras. Reliable information enables you to tighten control TS Downtime » diagnostics help you increase up-time by
o | o
over your operations to safely increase throughput and = gg':;;ﬂgzsm Trips avoiding spurious trips. In the event of a trip,
Stable Zone 7 1 Time
of Operation maximize efficiency. | 1 | === Target Availability quick diagnosis ensures a quick restart.
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Improved Performance Insight

Fouling of turbine and compressor blades can cause a 1%

loss in efficiency, and faults in seals, bearings, and other

ngreased) machinery can degrade performance. The insights gained

Cost
from Gubras’s comprehensive predictive diagnostics can

Compressor Efficiency

help you increase the time between scheduled \mainte-

4.0Online Wash
1
! Planned Maintenance

nance and solve problems before they occur.

Time in Months



RECIPROCATING COMPRESSOR

Reciprocating Compressors enjoy unique capabilities and are quite flexible with features such as broad capacity control ranges and the ability to compress gas
regardless of mole weight or k value. Add multiple stages and they can compress a gas to extremely high compression ratios.

Consequently, they are an ideal fit for selected applications—
such as hydrogen compression in the de-sulfurization process
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_ _ , Suction/Discharge Valves Rings
However, reciprocating compressors suffer from one very serious o o
: : . . Suction valves: 29.1% ider bands: 0.4 7%
drawback: high maintenance costs. In fact, compared to similarl i : T
J : : Discharge valves: 21.6% Piston rings: 5.8%

sized centrifugal, recips can consume as much as five times the
amount of maintenance dollars.

production process in chemical plants, to name just a few. O
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That's why a continuous monitoring system is so important. |
Specifically designed to meet the unique machinery protection e ————— - O
and condition monitoring needs of recips, our solutions, can help

close the gap, bringing your recip maintenance costs closer to

the levels associated with centrifugals while simultaneously

. . o . O--—— |
improving reliability, availability, and safety. |
I
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Oil wiper 5.3% @,
Actuator 4.9%
Piston rod 2% O
Connecting rod, small end bearing 1.3% :
Crank bearing 0.5% @ T — |

Journal bearing 0.4%
Thrust bearing 0.2%
Oil pump 1.7%

Head 1.5%

Cylinder liner 1%




Measurements / Faults

Valve leakage

Valve sticking

Valve blockage

Valve fluttering

Piston ring leakage

Pressure packing leak

Liquid ingestion/carry over

Mechanical looseness (piston rod, piston,crosshead,etc.)

Worn rider band

Cracked piston rod / rod bow

Excessive crosshead shoe clearance

Bearing failure

Foundation faults

Performance items (flow balance, efficiency, indicated
efficiency, volumetric efficiency, etc)

1.Recommended by API-618 5TH Edition
2.Recommended by API-670 5TH Edition

Main Bearing Temperature *
Rod load

Cylinder pressure
Crosshead vibration?
Cylinder Vibration

Frame vibration -2

Rod position (x,y)
Discharge gas temperature’
Suction gas temperature
Valve cap temperature
Pressure packing vent
temperature

Crosshead shoe
temperature

Keyphasor 2
Rod drop

%
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Protection, and Asset Optimization

Fed by rich and reliable process information from intelligent field devices, you are empowered to raise
performance, improving overall yield and profitability. At the same time, asset health diagnostics give you
clear direction on which assets - including automation, electrical, process and rotating equipment - are

in most need of attention, and how to avoid operational interrupts.

Smart Asset Optimization

Monitor equipment condition and performance so you can optimize operations and identify potential problems before they grow.
- Avoid excess energy usage by using Gubras to check compressor blade fouling and compare actual to expected efficiency

- Predict mechanical degradation and avoid unplanned shutdown using Gubras Machinery Manager diagnostics and analysis

- Anticipate antisurge valve problems with online diagnostics in Gubras

Online condition monitoring achievements

Management Maintenance

. Online monitoring of production, performance, and reliability indicators - Faults diagnosis and prevention of their repetition

- Secure storage of performance and vibration data as organizational assets - The analysis and prediction of faults in early stages and feedback to the operator

. Predicting production, performance, and reliability indicators, as well as - Improving maintenance scheduling and replacing critical incidents with planned
technical and economic risk of decisions activities

- Optimizing spare parts inventory management
Operation

- Operation based on current asset condition

- The possibility of monitoring and assessing the quality of manufacturers of

equipment and parts
- Converting unexpected shutdowns to scheduled ones

- The possibility of defining and evaluating various production and environmental indicators

- Prevention of improper equipment operation



SERVICES & SUPPORT

Gubras's service and support network of experts can help keep your

cracked gas compressor and turbine running at optimum performance.

With real-time Machinery Health Monitoring, we can ensure that critical
alarm tuning, backup, and maintenance services are performed regularly.
Our experts will help implement changes or assist during outages or
normal operations, or even help you prepare for planned outages. And our
experts can perform accumulated maintenance tasks on your Machinery
Health Monitoring system without diverting essential staff from other
important tasks.

During each site visit, our engineers will resolve any pre-identified issues,
update/back-up software, inspect the integrity of network communications,
perform file clean-up, inspect the integrity of sensors and signals, and
perform other necessary maintenance tasks. For users of Gubras, an
experienced engineer can be scheduled for periodic tuning of the software
to accommodate seasonal or operational variations in optimization
requirements.

Wherever you are, we're there to help you make the most of your

automation investment.
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