al future events in Greek mythology

Captain Kirk and Mr. Spock
of predictive maintenance:
Combining expert knowledge
with advanced data analytics

HMI 2017, MDA Forum
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Optimized Improved Retention of Enhanced Financial
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CASSANTEC

Demo version

Report no.: DEMO.DEMO.HPP. TUR2. SUMMARY 20160214-00

Dste: 04.0cf18 |
Version: 1.20. Release: 0.2

v DEMO . . ~ e - -
Equnpment specmcatlon Condition dlaqnostlcs
» WF
Opersator name Demo
» CMP Unit name HPP 4] 5|
» SSP Unit location Switzerland % & & —
v HPP Gontact person Dop Dema Impe"er feedback
Phone 123-456-0087 @ S":; : e
=3
¥ TUR1 E-msil  don.demo@examplecorp.com I Couh
o in
Dsts TURT_ Component type Bulb turbine @ ] & Radisl :eering
Data TUR1. Component OEI\:’ & model OEM demo, model demo 4 Hydraulic cylinder
Data TUR1_ Sarial usmber TUR3 % ¥|brabontdsfaw
~ = el erature 8
Data TUR1_ Elements monitored Shaft, bearings, impeller disk mp
(® Rotstion data
Alarm owner Don Demo
Data TURT_ () Electrical data
Phone 123-456-0087
Data TURT_ E-mail don.demo@examplecorp.com
I oestporer | | (O Speciication ) Losaton 8
¥ TUR2
Dats TUR2 Malfunction prognostics v
I_ Bl Downtime risk: >15%
e, i S - DIBIIIN Doweace s 1
B Downtime risk: <5%
Dsta TURZ_ E 2 ‘cwd'r?g pin m - M High prognostic strength
Data TURZ_ E M1 L ; 5 % Medium prognostic strength
[V 14 Impeller disk crack | % Low prognostic strength
¥ TUR3 CImis Impeller disk wear : )l
Data TURS, e Guide vene defect 0 &I I
Cimz Gil inlet duct wear
Data TURS. M mia Rediisl bearing defect
Dats TUR2, [Totabisk ] |
Data TURZ. A Schedule
Lstest parar Frognostic O Short (12 deys) Veuy loed and Load min. S [ 100.02 1/ min | Losd max.
QEEESRRPESL N () Long (12 weeks) daks history History =tart [ 15.May'05 04.0ct'18 History end
: istory start [ 15.May'05 | I—
» GNR1 () Maximum (12 quarters) =
GNR2 [ Percentsges
GNR3
TSF1 v
< >
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Predictive Analytics generates early warnings
— Prognostics delivers true foresight

( 4 \\ / Know that \

Today
202 2 22|92 2 2|2 something will
Predictive _ 3
il ___5____@_\’_\’3_@”_9______5___5___5___5____5_?*5 happen at some
H : : : : Ime
\ : : : : 5 : pointin the
t+l  t+2 t43 _ t+4 - t45  t+6
_ \_ // K future /
Today K \
N now the
Failure risk

explicit time

window until

failure

N /

C ASSAN TE C Copyright © 2017 by Cassantec AG 4
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The technology is a unique and patent-pending
combination of advanced mathematical methods

— P 4 X
.MarkovI . Darwm l
: Parameter Malfunction Fleet-wide
Prognostics [ . ) 4 : : )~ 4 .
prognosis diagnosis learning
Calculation of Remaining Stochastic prognosis Stochastic inference model Machine learning
Useful Life (RUL) (non-parametric model) on the basis of Markov
Not rule-based, therefore and Bayes algorithms
No physical modeling Automatic identification of robust vis-a-vis unexpected
necessary operating scenarios, changes
maintenance cycles and
data outliers

C ASSAN TE C Copyright © 2017 by Cassantec AG 5
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The efficient configuration process comprises a “Kirk-
step” and a “Spock-step”

Prioritize
& Discuss Data

® Specify/prioritize
equipment
® Discuss
condition data
> Types
> Sources
b Intervals
® Provide historical
condition data
» Specify
» Hand-over
> Review

B V2 day onsite I

CI_\—I—II_\I A ] I_C

Specify

alfunction Modes

Configure Automate

Solution

Data Transfer

Use

Forecasts

® Specify ® Configure front ® Batch Unit level:
malfunction end Specification ® Consideration of
modes » Equipm. view » Data sources forecasts in
» Definition » Unit view » Data format ® Scheduling
» Detection > Fleet view » Time intervals ® Scoping
> Response ® Customize ® Configuration ® Preparation
® Prioritize comput. model and tests of outages
mgglégcuon ® Discuss r.elsu!tS @ Consideration of
» Specification forecasts in life
® Correlate & assumptions cycle and retrofit
condition » Data time decisions
paramet(_ars to series e e
malfunction > Implications '
modes for asset mgt. o Considera_ltion of
» Qualitative [elfgeeia il

» Quantitative

2 days onsite I

Cqssantec- I_ 1day IT I
internal

commercial
decisions

BN ONQOoing use -

Copyright © 2017 by Cassantec AG 6
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The benefits of knowing “when”

Improvement lever Application examples

» Reduce unscheduled maintenance / repair » “outage clusters”

» Shift maintenance into low-cost periods » Avoid costly over-time

» Shift maintenance into low-revenue periods » When electricity prices are low

» Reduced preventive scope and/or frequency ||» Postpone routine work

» Manage Remaining Useful Life » Adjustment of operational regime

C ASSAN TE C Copyright © 2017 by Cassantec AG 7



Short-term maintenance: an impeding damage could be
avoided without additional downtime

Prognostic Report for Cyclone Pump

Report Report
27 Aug 15 | - 22Sep ‘15 | =

. 4 Date:
Version: 116, Release: 02 Prognostic report Version: 110, Release: 02

Prognostic report

Provided by CASSANTEC  in collaboration with m Provided by C ASSANTEC  in collaboration with m

Equipment specification Condition diagnostics Condition Equlpment specification

Condhion diagnostics Condition

(] Motor @ Gesrbox (@ Vibration dsts.

Motor @ Gearbox (@ Vibration data
¥y Pump £ Besring (© Lubricant dsta ¥y Pump £ Bearing (© Lubricant dats
== Shaft il Oil tank (® Flow dsta. == Shaft il Oil tank (® Flowdata
0 coupiing () Pressure data 0 coupiing () Pressure dats.

(® Speed cata

Two | Pump casing crack

//////

_// 200000

/////////////
777
IMmini

=__// D000
-u_//// ]

_////%////4///////,

W Downtime risk >15%

_//A//W”

0
Y . .
]
L ]
]
u-////// 7 /////
i

MA//////////////////////////////////////////////////////////

Decision:

* Increase vigilance and observe development,
given that the current condition is green

Decision:

* Change bearing assembly (26 Sep ‘15)
* Change gearbox (3 Nov “15) and oil (11 Nov ‘15)

CASSANTEC

Copyright © 2017 by Cassantec AG




Production planning: load scenarios for an optimized link
between maintenance and production

Full load

95% load

Prognostic Report for Gearbox of Compressor

Provided by = A nTEC Provided by « A< AITEC
¥ FCH e » % e ¥ PCP
i Condition diagnostics Condition so Condition diagnostics Condition
v
v MTR Unit name. GON ¥ MR Component type. Gearbox
Data TTL_GON Unit location Gonfrevile Data TTL_GON Serisl number GBx.
‘Component type Gearbox E Elements monitored Bearings, shaft. gears
Data TTL_GON Geor Dsta TTL_GON B Gear
Component OEM & model  MAAG -—Shatt = - Shaft
#:CocLt Component group GEx N Rediel besring PECOCLE I Radisl besring
¥ CGCHP ‘Serial number GBX. ¥ CGCHP
Elements monitored Besrings, shaft. gesrs
Data TTL_GON
sta TTL (@) Vibration data DataT1L._GON (@) Vibration data
Data TTL_GON (T) Therml dsta Dsta TTL_GON (@ Therms! data
Dsta TTL_GON (© Lubricant data Dsts TTL_GON © Lubricant dte
¥ GBX. ¥ GBX
Recslculation 1  Recslculstion 1
tos N ©) specitcaton () Loostion Los
W
» POR f » POR
Malfunction prognostics
FEEEE W ounine ik it 119 W Downime rsk: 315%
Downsime ek 5% - 18% Downsime rsk: 5% - 15%
W Dounsine rsk: 5% W Dounsime fsk: <5%
B High srognosic sengin B High prognostic srengn
74 Medium progrestc seengh 4 Mesiom progresic siengih
7 Low prognosic sirergin 7/ Low prognosic sirengin
Schedule Schedule
_
Loadmin. [505 |rpm ISSSSSS—— [3500.00 |rpm Loadmax. Losdmin. (595 |pm |ESSSSSSSSSS—  [5307.13_|rpm Loadmax.
History stert [01.Jan'11 ][]  ESS— [05.0ct 16 |[| History end History start [07.Jon11|[7]  MSSSS— [060ct16 ][] History end
< > ) < >

CASSANTEC
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A run-of-river plant in Switzerland uses Prognostics
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Three components are covered
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GENa3 limits the plant’s Remaining Useful Life

Prognostic report

Provided by CASSAN

Unit specification Condition diagnostics Condition
Operator name
Unz name
Unit OEM & mode! Sulzer hydro turbines. BSC generators (9.5 MWV). MFO transforme
LI ek BEE BEBE BHE
Unt iD BAN
Components monitoted RTB, GEN, TFR
Contact person
Phone
E-mail
EETH - Soectecaton () Locason
Malfunction prognostics v

Jan'15 - | Apr15 - | )15 - |Oct15 an'18 - |Apr'18 - [Jur18 - |Ocr16 - |Jan'17 : |Ape'17 - |Jul17 - | Oct'17 8 Dowalua sk » 175
g Downima 18K 5%-15%
W Downtma fek «5%
I 95N prognostis svength
LOW prognosts svengm

Schedule

CASSANTEC
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Trouble stems from the shaft

Equipment specification
Operator name
Unz name
Contact person
Phone
E-mad
Component type Generator
Component OEM & mode!  88C
Component group
Senal number
Elements montored
Alarm ownes

Phone
E-mail

EETE o) Scecficstion () Location
Malfunction prognostics

[ Malfunce

[eri7_]E

Short (12 days)

Provided by CASSAN

Condition diagnostics

“ Rotor
i Sttor
w— Shaft
[ Couvpling
55 Racal bearing

Prognostic report

Condition

Thrust bearing

Heat exchanger
P O ank

Air flow

B Cowrama rek »15%
Contame NIk $%-15%

W Conrame ek <5%

I 50 progrost: svengn

I Medium prognostis svangtn
LOW prognoste syengm

Schedule

CASSANTEC

Copyright © 2017 by Cassantec AG
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Using Prognostics requires a double paradigm shift

-

\_

Retrospective

~

(

J
4 )
Prospective
U J

|

Deterministic

\

J

-

Risk-analytic

\_

o

J

CASSANTEC
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The result is many use cases revolving around
asset management (1 of 2)

Maintenance and
Repair

Operations

Finance

Life Cycle
Management

vvyy

Long-term scheduling of maintenance
Short-term preparation of reactive maintenance
Maintenance staff planning and allocation

vy

Production planning according to the future availability profile
Increased assets availability and minimized downtime risk for field
projects, e.g. in upstream oil & gas

VVVYVY

Saved profit opportunities from downtime reduction
Decreased annual maintenance costs

Increased total expected benefits petroleum assets operators
Optimized insurance policy and costs

Planning budget(s) and total cost of ownership (TCO)

vvyy

Replacement and retrofit planning

RUL-optimal exploitation

Active management of the remaining useful life by adjusting operating
capacity

CASSANTEC

Copyright © 2017 by Cassantec AG
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The result is many use cases revolving around
asset management (2 of 2)

Risk Management

Procurement

General
Management

Product
Development

Operationalization of risk valuation standards
Full transparency over future downtime risk for all critical assets
components and active risk management

Optimized parts and service procurement

Operationalized management reporting standards

Training of maintenance workforce and reliability through prognostic
solution

Benchmarking: recognizable risk-impact of different operations strategies
trough displayed risk profiles

Optimized health, safety & environment (HSE) reporting

Original asset design and development of industrial assets
Timely retrofit and/or replacement of sensors

CASSANTEC

Copyright © 2017 by Cassantec AG

16



|

The Prognostics Company

CASSANTEC -The Prognostics Company

Berlin, Germany
Cassantec GmbH -
T. +49 30 5900 833 00

Zurich, Switzerland
Cassantec AG
T: +41 44 445 2260

E: info@cassantec.com
W: www.cassantec.com

Cleveland, U.S.A.

Cassantec U.S. Office -
T +1 216 220 4890

CASSANTEC
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