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Hydro Power — The backbone of Swedish electricity production
Electricity production in Sweden [TWh]
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~
VATTENFALL o

Vattenfall Hydro Power

The Third Largest Hydro Power Producer In Europe

Vattenfall Hydro Power - Nordic
Number of employees ~520

Annual turnover ~ 950 M€
Large-scale hydro
power plants in
Sweden

Assets, production och capacity

Large-scale power plants 55 (1in Finland)
Small-scale power plants 50 (9in Finland)
Annual production 30-35 TWh
Capacity 8.300 MW

Investments in refurbishment

For the period 2013 to 2023 1.400 M€
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Background

* Need for a new strategy for Condition-Based
Maintenance

Effectiveness
A Predictive

« Old data historian system not sufficient to e
support new strategy o —

Automated Readings
Strumented  Aytorhated Analysis

* Pl system evaluated and used previously in
Vattenfall, and decided leading solution

Preventative

Calendar-based

+  Management team took decision to start an Runtime-based
analysis phase to evaluate if e, TR

— the PI System could replace the existing system o
— support the new strategy and vision

— add value by being flexible, able to integrate
with other systems, and support a planned
"Hydro Information Portal”

> Efficiency

Run-to-failure

Source: OSlsoft’'s CBM Guidebook
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Our one year journey with the Pl System

Project phase Tasks 2014 | 2014 | 2014 | 2014 | 2015 | 2015 | 2015 | 2015 | 2016 | 2016 | 2016
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3

Analysis * Planning the PI pilot project
Yy g P! proj g

.

System setup * Project team with 6 persons, including project manager

» Steering group with 6 line managers (main stakeholders)

.

Training session 1 (server, interfaces)

» Results from the project published on the intranet and
presented at line manager meetings within the
maintenance organisation

.

Interface setup and testing

Training session 2 (visualisation)

Exploring the Pl System

Conclusions in a pilot project report

Specification (displays, AF, calc’s, rounds, ...) -
Planning 7

Roll-out to first maintenance team

Planning

‘\l

Establishment

Evaluation
Planning

Realisation Roll-out to remaining 19 maintenance teams
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OPC = Open Platforms Communication (IEC 62541)

S S t e m S et u I I O t » Setup was chosen in order to test data capture from
modern DCS'’s, old analog DCS’s, dam instrumentation

system, and vibration monitoring system

Local DCS * OPC DA communication secured with Matrikon OPC
Siemens S7 WinCC Tunneler (Softing dataFEED OPC Tunnel will also be
(OPC Server) eVaanted)
* Pl Universal File & Stream Loader used for importing
Regional server data from the Conwide system
(Control Centre Vuollerim) » Windows Authentication (Kerberos) for user access

Pl Interface OPC DA (with buffering)
Pl Universal File & Stream Loader

Local DCS

ABB 800 xA

(OPC Server) Central

servers

Pl Asset Framework

PI Coresight

PI Manual Logger Web

MS Internet Information Services
MS SQL Server

Seitevare PI Server

Dam
instrumentation

es

Campbell

Loggernet
Conwide (OPC Server)
Concentrator .
— Local DCS (OPC Serven) Local server

Old analog (Seitevare)

Tablet
Web

PC

PC web Pl Manual Logger Web

Windows @m Coresight PI Coresight Mobile
Pl ProcessBook
SKF @ptitud @ Pl Manual Logger %
ptitude ;

(OPC Server) % Pl DataLink (Excel) &?
Local server &;

(Vietas)

Messaure =&

Vibration
) instrumentation
Vietas i

)
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Conclusions from the pilot project

The pilot project verified that the Pl
System

1. | isan adequate replacement for the current Conwide
system, and fulfills the needs for both plant maintenance
and dam safety;

2. | provides added value with a more stable data capture,
a richer analysis functionality, and flexible integration
possibilities;

3. | provides the prerequisites and supports the vision and
strategy for our future maintenance development;

4. | represents an important building block of a planned
"Hydro Information Portal”, publishing e.g. process data,
analyses and KPI’s in real-time.
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The Pl System as part of the IT landscape — Future plan

Existing | — Asset Mgmt
Investment
A Mgm .
RCM sset Mgmt lanning (new)
Future - Analysis Investment
Planning ¥ SAP PM
. H
Failure modes i Condition Notifications
Criticality indexes I indexes Technical indexes
AF sync
T Measurement data Hydro
oS > The PI System >1 Information
s Displays Portal

Production Production
control data

External contractors
Universities

R&D
Pl Cloud

Connect 5'

Control Centre
SCADA’s
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Trend Analytics
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Element template setup

@ YWSAPIZHY9041\Magnus - PI System Explore"-—-— ——_—_ -—.-m

File Vi Go | Tools | Help

"iDatabase %] Query Date ~ (@ @ @Back s H,r CheckIn <} @Refresh l’ Mew Template v._=i New Attribute Template

- By Table Connections

OSlsoft. INDUSTRY FORUM 2015

Library Temperaturtrend Template
? Magrus General | Attribute Templates |ports | Analysis Templates |
= (] Cateqories
------ [€] Analysis Categories
e ; . | Fifter
Attribute Categories
- Eefn;ent Categories i| i|§|Name A| Description Default Value
] Reference Type Categories
Table Categories <7 Drifttid o
- Templates . )
: Ly = Min drifttid fir trend 0
£l (fy Element Templates b Min dr e m
- ([ Aggregat GXX Template <7 Matvarde 0=
- [y GemensamitTemplate - B
... () Kraftstation Template & =4 Normvarde 0°C
g :—umpmning pumpgrop & 6; Trend index i}
g Alarm
. (fy Temperaturtrend Template & =g Trend index 1 78
- Event Frame Templates — )
Madel Templates s 4 Trend index 2 I
I\gﬁmtion Templates Id [=3 Trend index 3 70
Alarm tagg
.. 2y Alarm tagg? & =g Trend index 4 85
ﬁ Pumpnin pumpgrop p = .
=g Trend index 5 60
ﬁ Trend alarm 5@ Trend index
- 4 Transfer Templates | ¢F Trendat varde 0
[#- ) Enumeration Sets
[ ', Reference Types #| = Trendvillkor uppfyllt False
- Tables

© Copyright 2015 OSlsoft, LLC.
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Create element from template

(@) \SAPI2HY9041\Magnus - PI System
File Edit View Go Tools Help

@ Database P Query Date ~ ® & | Back () |, Checkin <} « [] Refresh |3 New Element = =] New AnM \

Elements Trend OSTL
@ Dalaiven P
~ ) Gotadlv
@ Indalsiiven

Kraftstation 1l |[ter

=] Lg luled alven o [¢|Name & Value Category Unit Of Measure
- Akkats Kraftstation
o (§ Dammanlaganing s B | ¢F Drifttd [ <None>
g ES:‘:H“S':;‘;";?:;;’:‘?HQE’ | # @ | =l Mindriftid for trend 360 min minute
& Infrastruktur och byggnader s B | ¢F Mitvarde 26,32639 °C degree Celsius
-+ (J Magasin och vattenomrdden 7
& Produktonsanlzggningar # B | =] Normvarde 66 °C degree Celsius
- @ 5;“;“ "’Er‘m““” s ® | ¢F Trendindex 4 Trend index <None>
ammanlaggningar
(§ Distributionsanlaggning # B | (=] Trendindex 1 7 Trend index <MNone>
5 Gemensamma anlaganingar
m =
& Infactraktur och byognader s =] Trend index 2. 7+ Trend index <None>
(@ Magasin och vattenomraden # B | =] Trendindex 3 70 Trend index <None>
(@ Produktionsanlaggning
(3 AggregatG1 # B | =] Trendindex 4 65 Trend index <None>
e e s = Trendindex s &0 Trend indes <one>
5 G1 Generator TN@ # ¢F Trendat varde 65,8078058714103 °C Trend index degree Celsius /’ '
@ Barlager
Trendvilkor uppfyilt Felse <None>
& Fasuttag

- ) Generatoraxe
- (] e etylager

5 G1MagneTEeTmE—
~ ) G1Trycksmérjoljesyster
~ & G1Turbinaniggring

(3 G1Drénering lickvatten

& G1ledhisreglering

(7 G1Padragstyrenhet
~ (3 G1Regleroljesystem
~ 3 61 Spérrvattenanliganing

3 Turbinaxel
& Turbinogs

@ Trend TSTL

Naggpasbox
( Generatorstalvert SETEPER R Ronstransformering

~ ) Vattenvag

(3 Gemensamma produktions anléggningar

@ Lued v
3 skellefted alv -

(5 Hements
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Trend index calculation

Trend NSTL
| General | chid gements | Attributes | Ports | Analyses | version

i = Name: Trendvillkar

e = @ Name Backfilling Description:
© @ fin Trendvillkor

Categories: | -

Analysis Type: (@ Expression () Rollup () Event Frame Generation

Name Expression Value Output Attribute
Variablel|Tf('Drifttid’>'Min drifttid for trend') then true else false False | Trend uppfyllt
Variable2|if('Trendvillkor uppfyllt'= true ) then Taghvg('Matvarde', '-18m’, '=') else NoOutput() - |Trendst varde

Variable3|if (' Trendat varde'>'Trend index 5' And 'Trendat vdrde'<'Trend index 4') Then 5 Else if('Trendat vérde'>'Trend index 4" Anc¢| 4 |Irend index

if('Trendat varde'>'Trend index 5' And 'Trendat varde'<'Trend index 4') Then 5 Else if('Trendat varde'>'Trend index 4' And 'Trendat varde'<
"Trend index 3') then 4 Else if('Trendat varde'>'Trend index 3' And 'Trendat varde’<'Trend index 2°) then 3 Else if('Trendat vadrde'>'Trend
index 2' And 'Trendat virde'<'Trend index 1') Then 2 Else if('Trendat varde'>'Trend index 1') Then 1 Else NoOutput()

Trend NSTL
[neral | chid Elements | Attributes |ports | Analyses [ version |

£ -
Name AlVa\ua Category Unit Of Measure )

o B | ¢F Drifttid 0 <None >
# @ | [=] Min drifttid fér trend &0 min minute
o B | ¢F Matvarde 35,93802 °C degree Celsius
# @ | =] Normvarde 0°C degree Celsius
o B @ &F Trend index 4 Trend indesx <None »
# @ | =] Trend index 1 73 Trend index <Nane>
# @ | =] Trend index 2 74 Trend index <Nane>
# B | =] Trend index 3 63 Trend index <Nane>
# B | =] Trend index 4 62 Trend index <Nane>
# B | [=] Trend index 5 &0 Trend index <Nane>
o B % ¢F Trendat varde 62,2420280033331 °C Trend index degree Celsius

E € [=] Trendvillkor uppfyllt False <None >
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Overview of trends

— e — T —— T — — L |-
m‘@ht(p["-';ap\lh)&ml‘gl'Ccrz!\gh(':’PED\[p\ay[‘275 \@D[(wes\gh!—ﬂnﬂﬂmvﬁdet.r~ © Trio Assistant Web. {1 o3
O Pl Coresight &34 Dritomride trend u 2
o - -
: b English translation
Turbine
412 TSTL 411 T-box. 471 Sp-vatt | 491 Lv-turb 431 Tr-olja 510 Gen-kam | 511 Statorlind. R.S.T 571 Gen-kyl | 521 Mg-trf 531 Barlager 571 Barl kyl | 535 Tr.s.olj 532 OSTL. 533 NSTL 541 Brkpr Vibrationer * Tu rbl ne g u Ide bearl ng
Plant Un|t \ Nivd Temp Temp Flode Tryck Temp Nivd Tryck | Temp Fukt | Temp Temp Temp | Temp Flode | Temp Temp Nivd Tryck | Temp Flode | Tryck Temp Niva | Temp Niva Tid TSTL BARL NSTL OSTL . S'[uf'ﬂng
e e e | @ e el @ (@0 O0|®@ @000 |@®@ | ®@ |[OOOC|@® @/ @ [0 ©|@® ©| @ |0 @O - Barrier water
Intake
ce| | ® e o & | 600/ ®& © 00O O boist housing + Leakage water
oOoe| ® e e/l @ (@0 O0C|®@ @O 0O |@ ® . Pressure oil
FOREBAY ad T
[(e=rcr ]| @ @ | © |© @€ ® (@ 0O O|@® @ O O O | ®ymaa ®
(e=re ] @ @ | © © © @ ([0@0O0|@ @O0 @ |@ crone ®
[w=rs ] @ @ | © | ©@ @l @ (@0 O0|@ @O @@ | @ ) Generator
ee | Cc @ ele@ (000 o000 |0 Intake ® + Generator chamber
ee |  ®© @ @/ @ ([0 00C|@® 0|00 @ @ fale SeERATOR t ® « Stator winding
ocoe| e |e o/l @ ([e00|® o000 |0 ® . :
eeo o o e/o |000|® @000 |0® ke Draetube : Generator cooling
oo | @ @ o/ @ (@0O0C|® @|0CO0OO|@ - ® *  Excitation transformer
oo | e |@ el @ |@00|® @000 |e@ e T == Thrust Bearing
T ) )
oce| o |e e/ @ |@eco0|e elcoo|e * ® * Bearingcooling
ee|  © © o/ ® ([0600|® ©¢|®@ @O | O * Pressure lubricating oil
ce| e |e e e |eco0|e ejeec e . [T~ Upper guide bearing
= FHHERHBEERRERE 8 T~ Lower uide bearig
Boden G2
& " & | » Brake compressor
orattrube & *  Vibrations
2015-03-31 02:03:56 < 8h > ﬁ 2015-03-31 10:03:56

s = S "o 2 "2 E
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Individual trends

e(i») @ htps://sapi2hy041:81/Coresight//PBDisplays/286 |©Pl(ore;\ghl~5&|l=vavz(§l . % |(€) Trio Assistant Web. e e
© PI Coresight X I3 setevare G1v1.0 Ad Hoc Display (P
°
. English translation
Turbine
* Turbine guide bearing
Seitevare G1 +  Stuffing
* Barrier water
412 Turbinstyrlager niva @) 510 Generatorkammare temp (O) 531 Barlager temp [ ] ° Leakage Wgter
412 Turbinstyrlager temp O 510 Generatorkammare fukt O 531 Bérlager niva . Vibrationer ‘ Pressure O||
531 Barlager tryck . Vid start Normaldrift
411 Tatningsbox temp . 511 Statorlindning R temp O 571 Barlagerkylning temp . 531 Barlager . O Generator
471 Spérrvatten flode . 511 Statorlindning Stemp (O 571 Barlagerkylning fléde (@) 531 Ovre styrlager . O * Generator chamber
471 Sparvatten tryck . 511 Statorlindning T temp O 531 Nedre styrlager . O « Stator Wlndlng
491 Lackvatten turbin -~ @ 535 Trycksmérjolja tryck (@) 531 Turbinstyrlager @ O « Generator Cooling
571 Generatorkylning temp (O « Excitation transformer
431 Tryckoljelada temp . 571 Generatorkylning flode O 532 Ovre styrlager temp O . Bea_l"ing
431 Tryckoljelada niva ‘ 532 Ovre styrlager niva ‘ . Bea_ring Cooling
431 Tryckolja tryck @® 521 Magnetiseringstrafo temp (O) * Pressure lubricating oil
533 Nedre styrlager temp O . Upper guide bearing
533 Nedre styrlager niva . . Lower guide bearing
* Brake compressor
541 Bromskompressor tid ‘ . Vibrations
2015-03-31 02:03:01 < 8h > 2015-03-31 10:03:01

OSlsoft.
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Element relative display

© PI Coresight + New Dispiay
® ‘ @ PKA2 Trender| W )
Unto R0
T Trend GSTL
B TrenansTL Neme Description Value Units  Trend  Average  Minimum  Madmum  StdDev  Range Neme Description Value Units | Trend
n Trend TSTL Trend TSTL[Trend index PHO42-01-812 Trend indz. 4 h_u_“ 41172 2 B 04708 2z Trend TSTL[Trend index 1 78
Trend TSTUfTrendat vérde PKO42.01412 Trendres s7ss © sy 12 2036 s9a2 14335 sso21| | Trend TSTLTrend inciex 2 7
Trend TSTL[Trendvillkor uppfylit False. n/a n/a nfa nfa nfa Trend TSTL[Trend index 3 59
Trend TSTUMatvérde Temp. Turtinstyrager 175 "¢ Rl 3059 8594 5943 233 s084| | Trend TSTLrend index 4 55
O Assets @ Trend TSTLDrifttid Diiti i minuter fdn star Omn 7 15763 0 nm 3391 1772| |Trend TSTLTrend index 5 50
'\SAPIZHY9041\Magnus\Lilla lule3 alven\Seitevare krafistation\Produktions Trend TSTL|Normvarde 0-C
4 []\GL Turbinanlaggning\GL Turbin\Turbinstyrlager Trend TSTLMin arifttd for trend 30 min
T TrendTsTL
® Trend TSTUTrendat varde | © Trend TSTL{Trend inck
4 []\GL Generatoranlaggning\G1 GeneratonOvre styrlager e {Trends VE’E A'E" {Trend index
B Trend OsTL T
4 []\G1 Generatoranliggning\G1 Generator\Nedre styrlager
B Trend NSTL
90
80
I 70
Events Z
of
No events for symbols on the display from
12015-02-24 07:14 - 2015-05-07 17:59
50
40
. .
- Al IalySIS of trends in
. .
) different time ranges
10
Search
0o o
= 2015-02-20 10:29:00 24d 3h 2015-04-13 14:4400

2015-03-20 10

Drag symbols here for later use

5ul 2014 aug 2014 o feb 2015
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Notification setup

B S0 g - 15t i T

File View Ge Tools Help

"iDatabase [ Query Date ~ ® @ OBack 3] HJ CheckIn ¥} « @Refresh I' MNew Template -

£ Element Templates
[ Agoregat GXX Template
- [ GemensamtTemplate
- [ Kraftstation Template
- [ Pumpning pumpgrop
- (G Tag Alarm
- [ Temperaturtrend Template
Event Frame Templates
Model Templates
=l [ Motification Templates
,3 Alarm tagg
- [y Alarm tagg2
- ﬁ Pumpnin pumpgrop
-
- i Transfer Templates
- [ Enumeration Sets
- ¢, Reference Types
Tables
- B Table Cannections

Categories:  Trend objekt

Creation and Startup Options

() Do not create a notification automaticalhy

Trigger
Target: Temperaturtrend Tem

0 NP8 g 1yt i T —

Library Trend alarm
@ Magnus Overview | Trigger | Message | subscriptions
=]~ L_:l Categories
(& Analysis Categories Mame: Trend alarm
Attribute Categories -
Description:
(] Element Categories
Reference Type Categories
Table Categories Status: File View Go Toels Help
= Templates

,i[)atabase %] Query Date ~ (© @ eBack > ] H,, CheckIn 7 « @Refre;h

Motifications

B Mew - Py
Automatically create a notification for eal =] Xy @ia %

Automatically create a notification for ea| () Disabled )

=~ (] Running (3)

@
ﬁ Trend alarm1 {Trend NSTL)
3] Trend alarm2 (Trend TSTL)

plate
Condition: Trend index = Trend index 3 L\\3

Condition: Trend index = Tren

index 2

Condition: Trend index = Tren

index 1

Message

0 item(s) of custom content available to sub:
0 customized delivery format(s) configured

Subscriptions

1 subscription(s) to this notification

OSlsoft. INDUSTRY FORUM 2015

Trend alarm

Overview |Tr|ggar |Message Subscriptions |H|sbo!y|

Name: Trend alarm

Degcription:  Trendalarm fiir alla trendobjekt

Status: Running
Template: Trend alarm

Categories:  Trend objekt

Trigger
Target: Trend O5TL
Condition: Trend index = Trend index 3

ndex = Trend index 2
Condition: Trend indesx

rend index 1

Message

0 item(s) of custom content available to subscribers
0 customized delivery format(s) confiqured for Email

Subscriptions
1 subscription(s) to this notification

© Copyright 2015 OSlsoft, LLC.
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Delivery of notification

- |
M9 6 &« ¥ |:- Lulea EMMusaure\Produktlonsanliggning\Gemensamt’\m#rcatrons'[Tlenda larm] generated a new notification event. - Meddelande... | =] ﬂ
Arkiv. Meddelande Tilligg a @
— _ — - ; . 3 X 3 - P
@y 1gnorera x oy W;I ‘ 2 B Mote B3 Myt mate med: 53 @Regler L{Markerasom oldst aﬁ 34 sak 1\%
. LEl Flytta till: 7 - Hﬂ OneMote Kategorisera = % Relaterat =
- Ta Svara Svara Vidarebefordra Hi - Flytta Owversatt Zooma
& skrappost bort alla @ FIeT™ 12y il ehef =] | [:] Atgérder ~ | ¥ Foljupp - - [y Markera -
Ta bort Svara Snabbsteg u Flytta Taggar Fl Redigering Zooma
Fran: sapizhy9041@vattenfall.de Skickat: ti 2015-03-31 10:22
Till: Hoelmbom Magnus (MY-MU)
Kopia:
Amne:

Luled dhv\Messaure\Produktionsanldggning\Gemensamt\Notifications[Trend alarm] generated a new notification event.

Name: Trend alarm

Server: SAPI2ZHYS041

Database: Magnus

Start Time: 31.03.2015 10:20:00

Trigger Time: 31.03.2015 10:20:00

Target: Luled dlv\Messaure\Produktionsanliggning\Gemensamt

Il | state: OutsideControl
Priority: Normal
M| SignaltPumpl=1

Actions:

0ccdl 641351 f&instanceid=45&notificationid=a2d356df-d45d-11e4-9827-e006e 6af5c53&systemid=5554ed7b-e9ad-4c64-b023-286bda092c6e
http://sapi2hy9041:82/Acknowledgment.aspx ?comment=true &contactid=d1757831-df26-435c-a0b3-04ce 9b59c85c&databaseid=b38d3a85
0cc4l64f351f&instanceid=45&notificationid=a2d356df-d45d-11e4-9827-e006e6af5c53 &systemid=5554ed7b-e9ad-4c64-b023-286bda092c6e

https://sapi2hy9041:81/Coresight/#/Displays/257/PK42-Trenderhttps://sapi2hy9041:81/ Coresight/#/Displays/257/PK42-TrenderCoresight

sapi2hyd041 @vattenfall.de

OSlsoft.

INDUSTRY FORUM 2015

http://sapizhy9041:82/Acknowledgment.aspx?contactid=d1757831-df26-435c-a0b3- 04ce9b59c85cEdatabaseid=b38d 3a85-b418-439a-8342-

"E b | T

I_’-% http://sapi2hy9041:82/Acknowledgrnent.aspxcontad

1)

Nolhicaﬁun

VWSAPIZHY 204 1'Magnus[Trend alarm)
Description

Skapar notification da pumpen gar
Current User

Holmbom Magnus

Result

Successfully acknowledged

© Copyright 2015 OSlsoft, LLC.

17



Create notification in SAP PM

& Skapa UH-meddel.: Felanmalan (AU)

@ | rJigeae HE 0o BE @
Skapa UH-meddel.: Felanmalan (AU)
A e
Medd.status |oMED [ wew ™
Order
Galmant | B pokument |
[ Innehdl
Arende B-NORM | N10 | Normal driftisge "Vid start”

2015.03.31 15 n (LASG) Tel. 070611123
HBg temp atylager, grundorsaksanalys gors till vackan

[ Postion
Felupptikt [5vu-cen | [050 | Periodiskt eller rondarbete

skadebid [ 1]

Text [

Orsakskod []

Text orsak [ ]

Uppgift lav 1

Onskad start 2015.03.31 00:00:00] Prioritet [Planerbar v

Onskat siut 2015.05.31) [00:00:00

| Referensobjekt )
Systempostion | FK042-01-552 Gvre styriager

Utrustning

[

Plneringsgrupp  avz|  [2100] Driftgrupp Jokkmok

Ansv.prod.grp  |PV_INT | [21x%| PV Intemnt arbete

Handkiggare [ [ |

Meddelnde fifn  |12SG [2015.03.31] [a0:00:00]
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Faillure Mode
Analysis
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Lt — 1 s 8 . oy v g

.
o ©

. - B O H-HWID
al u r e O e n a S I S [ € BROMSAAGG — At bromsa aggregatet vid ratt vandal och tillse aft aggregatet stannar inom angiven tid RCM = Reliability Centered Maintenance
B O STANARE — Bromaas aporagatet vid fel varvial eor tlser inte a1t aggregatet starear nom angiven td. FMECA =Failure Modes, Effects and Criticality Analysis
@ FBREL = Fed 15 % rela
@ FBREL (2) — Fel 30 % red
@ FELKOMP — Fsl i bromskompressor

1. Choose subsystem and use system descriptions and & FELAEDLCY — Fdmomromerd

@ KARYBROMS — Kanvande beomsnress

functional descriptions e ) '
@ urT

2. Analysis of current maintenance activities (CMMS)

Planening
intervall[int_ Enhet [Man | Tenmar [Down Time Enhet [Down Tume | Tuntaxa [PM List | Besknvning
W W ] v a8k oo i bromsbars och bromarea

D
2w 1 LS H os 400 OVERSY Manusl évervakning v bromstryck och bromsringsstid
- . 0. ana | 520/W (I 40 Lduars beomamycket med i e mducermgvant
3. Map all known failure modes to maintenance activities = -
. E 1580w T [ merng e bromemycket med by ¢ reducemgaverth
@ SANDEJ - oo, v
(FMEA) = @ SANDAT — fat sénda lamn om 4 bar ftiyek saknas fore
) @ SANDE  Sanderej lamn om 4 bar bitiryck: saknas firs
= @ SANDAS — At indicera til startfighming aft bromsar & frén
5 @ SANDE — Indicerar felsicigt lige
o150 BROMSPRESSAR = " __RCM Anaiysos
AD24 A017 = Rad W id|Class | Template |Criticality | Stalus ¥| Last Updated |Updated By FMECA Name De
6840 Nej 1R 2003-04-16 15:31:25 OLOV Fel tryckmatkedja bromsventil
6341 Nej 3|R 2005-04-15 12:13:53 | OLOV Fell5 athed|
6839 Nej 3R 2003-04-15 14:38:33 OLOV Fel tryckmatkedja bromsventil
6128 Nej 2|R 2005-04-15 14:04:42 OLOV Sakerhetsventil Gppnar g
Mej 3R 2005-04-15 13:13:30 | OLOV Sakerhetsventi bromstavia oppnar g
BETECKNINGAR Nej 3|A 2008-01-25 10:57:44 | OLOV Oliebelaggning pa bromsbana
— 3 i 3A 2008-01-25 10:57.34 OLOV Fel reduceringsventil
@ KOMPRE 3|A 2008-01-25 10:57:52 | OLOV Utslitna bromsbelagg
@ PUMP 3|A 2008-01-25 10:57:31 | OLOV Feli
D1 AVETAN 4(A 2008-01-25 10:57.38 | OLOV Karvande bromspress
i saxerr 4|A 2008-01-25 10:57-48 [OLOV Lsckage rorsystem/bromspressar
"B RepUCE
~ . — & MAGNET Kontrol bromspress funktion/bromsstiden B 1w 'NORM  R_UTFOR s r v L
Mo1.02 i Kontrolera bromsbeliggens Hocklek B 10H NORM  R_UTFOR s PV 3 AR
TREVAG | pquorsarcon 61 Bromskompressor Vattenavskiining B ooH NORM R BLCONW 2 VE
E FLTER | K001-01-541-C001 ol ol se ot B 00 H NORM  FK RCMN B CONW 26 VE
H KONDER | Ko 541-C00L Ofedimsmarare Obieniv B oo H NORM K RCMN  B_CONW 26 VE
|| K001-01-541-Q001 Service bromskompressor med ofjebyte B 00 H NORM  R_UTFOR B_CONW 52 VE
— GIVARE | 1IK001-01-541-Q001 G1 Bromskompressor Offenivi tryck B 00 H NORM K B_CONW 2  VE
&) MATINS | | K001-01-541-0001-BH01 Beskining B 00H NORM  B_ACKR o v 4 R
1 eropes I 541-R001 Kontrol av tryck och lickage bromsar B 10H NORM  R_UTFOR s v 3R
—— il Sakerhetsventi brom Sakerhetsventl B o00H NORM  FK RCMN  B_CONW 26 VE
I Kontrol tryck ach bromsningstid B 10H NORM  R_UTFOR s v 3 R
I Handpumpning bromsar B 40 H NORM  R_UTFOR s 2 6 AR
] Kontrol bromspress funktion/bromsstiden B 10H NORM  R_UTFOR 5 PV 3 AR
Kontrol bromsbanans renhet. B 10H NORM  R_OKUL 5 Y 3 R
I Kontrolera bromsbeliggens tiocklek B 10H NORM  R_UTFOR s PV 3 AR
= 62 Bromskompressor Vattenavskining B o00H NORM R BLCONW 2 VE
:iﬁ%va = o ol se B o0o0H NORM  FK RCMN  B_CONW 26 VE
: || K001-02-541-C001 Ojedimsmorare Obenivd B o0oH NORM K RCMN  B_CONW 26 VE
BHO6 || K001-02-541-Q001-BHO1  Besktning Bromskompressortank B o0oH NORM  B_ACKR 0 PV 4 AR
|| K001-02-541-0002 Service bromskompressor med ofebyte B o0oH NORM  GsYN B_CONW 52 VE
|| K001-02-541-0002 2 Bromskompressor Ofenivé tryck B oo NORM K BLCONW 2 VE
|| Ko01-02-541-R001 Kontrol av tryck och lackage bromsar B 10H NORM  R_OKUL s PV 3 AR
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Failure Mode Analysis, cont.

4. Go through all notifications in CMMS. Are there any Andra meddelanden: Lista 6ver meddelanden
new failure modes previously unidentified? Fault PHEEBE&F FI8E Doder worder Mecdelnde B & ¥ [&
frequency anaIySIS' Mon... V| Medd. Typ | Systemposition Prioritet | Beskrivning Order PG
. . . o . . 31153016 VM PKO03-03-540 Planerbar PK003 hamittonventiler inventering MN2
5. Which failure modes may be identified with condition g 31235760 VM IK010-02-540 Akut K10 G2 Gversyn 3tg. kirvande bromspr. 6034022 MM6
monltorlng’) @co 31230556 VM TKO002-01-541 Akut TK2 G1 bromstryck lgt M52
@;co 31236006 WM IK031-03-541 Akut K31 G3 fel MM3
@co 31236009 VM 1K035-02-541-Q001  Akut G2 Bromsluft & ok 6034153 MM2
o 217938AAT A PK046-02-540 Akut Pk46 AD2 Lang tid stoppsekvens stoppsteg MN3
EH . . |PK046-02-540 Akut AD2 L3ng tid stoppsekvens stoppsteg 6 6034350  MN3
FMECA Name Symptom 1 Symptom 2 Condition monitoring ['K044'01'540 Akut PK44 G1 Bromstryck 6035530 MIN2
Fel tryckmatkedja bromsventil Lang stopptid Utebliven mandver Stopptid, Gransldgen bromsar K031-03-541 Akut G3 Bromsar & till stopp. 6034676 MM3
Fel lagesmatkedja bromssystem Ej frigivning Granslagen bromsar EK002—02—541 Akut PK2 G2 krypning MM
Fel tryckméatkedja bromsventil Felaktig manover Gransldgen bromsar, signal:Bromsar till PKOO2-01-541 Akut Pk02 G1 Startblock MM
Sakerhetsventil bromskompressor Gppnar ej |Hogt tryck Tryck kompressor [‘KUUZ—UZ—SAIU Planerbar  PK2 G2 krypning 6034794  MNL
Sakerhetsventil bromstavla 8ppnar ej Hogt tryck Tryck efter kompressor NKO02-02-540 Planerbar NK2 G2 Kirvande bromspress 6035187  Mv4
Oljebeldggning pd bromsbana Léng stopptid Stopptid: signal bromsar frén FKUUZ—UU—MI—QUUZ Planerbar | Bromskompressor S-ventil AK2 6035206  MS1
Fel reduceringsventil Avvikande tryck Bromstryck PKO02-02-541 Planerbar PK2 Krypning MN1
Utslitna bromsbelagg Lang stopptid Stopptid: signal bromsar fran EK002—01—541—GP01 Akut PK2 G1 Ligt bromstryck ur funktion MNL
Fel i bromskompressor Lagt tryck Lang gangtid Tryck kompressor, gangtid kompressor PKO02-02-541 Akut G2 krypning MN1
Karvande bromspress Lang stopptid Ej frigivning bromsar Gransldgen bromsar, signal:Bromsar till E(031_g4_541 Planerbar G4 kirvande venti bromsning 6036964 MM3
Lackage rorsystem/bromspressar Gangtid kompressor Gangtid kompressor, Bromstryck PKO46-03-540 Planerbar PK46 G3 BROMSBAMAN 6036566  MN3
K002-02-541 Planerbar Pk2 G2 krypning MHN1
_ PK052-01-541-Q001 Planerbar PK52 G1 bromskompressor 6040664  MN1
Mitviirdeshehov Sym ptoms E<032-01-541 Akut G1 ofjedimmsmérare MM3
Varvtal aggregat IK035-02-540 Planerbar  Bromskompressor mycket géngtid 6037213 MM2
Gransldgen bromspressar . EK009-01—541 Planerbar NK9 Magnetventil bromsutrustning 6039160  MV2
signal bromsar till/fran Failure modes for break system N o
Condition monitoring
Tryck kompressor
Tryck efter kompressor
Bromstryck Sensor needs

Kompressor driftindikering
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Failure Mode Analysis, cont. ...

Fault modes Calculation of technical index

: : structure from RCM "Analyses” tab
6. Which measurements are required? ( y )
(Process to install new sensors) I
m WSAPIZHY3041\Magnus (Query Date and Time (#ntext: 2015-01-15 11:01:22) - PI Systsm Explorer
Define a general analysis model File Edit View Go Tools Help
8. Adapt to local conditions by using 7@ Database %] Query Date ~ (© @ ack ) |H, Checkn ¥} « [2]Reffesh | [J New Element ~ =] New Attrib
H Elements Karvandg bromspress
parameters (requires deeper local e / P .
knowledge of each power plant) | | % o oven Ge} | criaBenens | A7 Pr Loames pson
q T N (J Gota alv
9. Classify normal and deviating | | .. & Indslsslven il
conditions in 5 levels (teChnicaI Elg Lg Iglelieélven 7|2 ¢ 3% Name 2| Value Categary Unit Of Measure
. eitevare
|ndeX)  Dammanléggningar ¢ Bromspress 1 til on <Nong >
[+ (J Distributionsanlsggning
& Gemensamma anlaggringar &F Bromspress 1frén off <Nong =
{J Magasin och vattenomraden &7 Anliggande bromsar off <MNone»
dukti I5aani
- SP; :gtgorzsgzntalggnlng &F Tryckvakt tryck efter ventil off <None =
B g Gneramranléggning &F Tryckvakt Lagt tryck fre vent off <None>
4 [Z] Normtid Bromspress Fran - Til 55 second
Py ) & (=] Mormtid Bromspress Till-frén 155 second
F Bed ' =] Norm bromsiruck 4bar bar
TR I [Z] Kérvande bromspress Tekniskt index E4 ) <None>
- [} Légttryck S
B ﬂ Reduceringsventil . .
| b [ Felaktigt bromstryck Calculated index, to be presented in a
=  Mandverventi . s .
- § Kervande venti display and/or used to generate a notification
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OSlsoft.

Comparing startup event sequences

© PI Coresight

@ Alkats G2 startsekvens W

+ New Display

! 2

2015-03-23 02:58:30

850.G2_STARTSTEG_6_AKTIVT | A PKD45.02854.G2.S

(B Assets @ Name Description Value Units | Trend | Average Masimum | StdDev Range
WSAPIZHYS041\Magnus Aggregat GIStart pagar 2 Start pdgdr No Data No Data NoData No Data NoData No Dsta
4 []ila luled diven\Ak 3
T Aggregatez ®  PKD45.02.432.G2Z_ PADRAG ALAV | © PKD45.02.854.G2 VARVTAL ALAV ° ‘
4 X 40245 10029
LNill2 luled TS
T Agoregst 61
4 1 30
T Aggregat Gxx
“ /
T
2015-03-23 025338 4m 525
* PKOM502854G2_ STARTSTEG_LAKTIVT | © PKD45.02854.G2_ STARTSTEG_ 2 AKTIVT o B
off off
on on mon on
Everss © @ ®
Events from 2015-02-10 16:18 - 2015-05-14 14118 clrgil cilali 57 & D ileilai

Locked

P (D 2015-04-13 00:53:28.000 ZI e (PR RS

2015-03-23 02:58:30

2015-04-13 005329 - 2015-04-13 005716 (3m 475)

®  PKD45.02.854.G2_STARTSTEG_1 AKTIVT

© PKD45.02.854.G2_STARTSTEG 2 AKTIVT

o

PKD45.02.854,G2_STARTSTEG_6_AKTIVT

4 PKD4502B54G2S

4 (D) 2015-04-09 23:55:03.000 oft oft oft
2015.04.09 235503 - 2015-04-09 235919 (4 165) ST
P TimeRange ;ﬁﬁ;;’;
P Dataltems f : o
» e  Different time range
P (© 2015-04-09 06:38:29
2015-04-09 06:38:29 - 2015-04-09 064131 (3m 2)
off off off off off off off offfof
> ()T 2aEa 2015-04-09 235503 4m 165 2015-04-09 2359:19
20150408 05:4213 - 2015-04-08 05:4631 (4 185)
b (D 2015-04-03 00:2438.000 *  PKD45.02855.G2 Aktiv lam | ©  PKD45.02.855.G2_Allmant_fel
2015.04.03 002438 - 2015.04-05 002831 (3m 535) off o
P (O 2015-03-28 07:5509 onen
20150328 075508 - 2015.05-28 075820 (3m 1)
4 (D 2015-03-23 02:5338.000
Search
off off
2015-03-23 02 4m 525 2015-03-23 023830

Cart

Drag symbols here for later use
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Alarm during startup

© PI Coresight

+ New Display

A ‘ @ Akdats G2 startsekvens | W
Undo Fedo
B Assets @ Name Description Value Units  Trend  Average | Minimum  Maximum | StdDev Range
[\SAPI2HYS041\Magnus Aggregat G2[Start pagar G2 Start pigir Na Data Ne Data Na Data No Data No Data No Data
A [l lules ahver\Akk a
T Aggregat 62 ® PK04502432.G2 PADRAG ALAV | O PK045.02.854.G2 VARVTAL ALAV 5 00.700.5D1_PL15_H .
. . . 33204 % 100,07 % 2
A []illa lule3
35 120 50,05 55
T aggregat Gl -
4 1
25
T Agoregat Gxx
20
0 A
5
aa 400510
2015-04-13 00:53:29 3m 47s 2015-04-13 00:57:16
#  PKO4502854.G2_STARTSTEG_I_AKTIVT | © PK04502.854.G2_STARTSTEG_2_AKTIVT & PKD45.02.854.G2_STARTSTEG_4_AKTIV S_AKTIVT | O PK045.02.854.62_STARTSTEG_6_AK
off off off off
on on on on on on on onlo:
Events = @ @
Events from 2015-02-10 16:18 - 2015-05-14 14:18
4 (D 2015-04-13 00:53:29.000
2015-04-13 005329 - 2015-04-13 005716 (3m 4T5) E
P Time Range
P Dataltems
P Assets
4 (D 2015-04-09 23:55:03.000 off off off off off off off off| o
ESEEE S - ES DY) (i) 2015-04-13 00:53:29 3m 475 2015-04-13 00:57:16
P Time Range
® PK045.02.855.G2 Aktivt larm | ©  PK045.02.855.G2_Allmant_fel
P Dataliems s o
P Assets —
» (O 2015-04-09 01
2015-04-09 063829 - 2015-04-09 064131 (3m 25)
P (O 2015-04-08 05:42:13.000
2015.04-08 054213 - 2015-04-08 054631 (4 185)
P (D 2015-04-03 00:24:38:
2015-04-03 002438 - 2015-04-03 002831 (3m 53s)
Search
off off
2015-04-13 00:53:29 3m 47s 2015-04-13 00:57:16

<——— Alarm

Cart @

Drag symbols here for later use

2015-04-13 00:53:29
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System overview — Thrust Bearing cooling

G Pl Coresight ariager analys Ad Hoc Display [0 e

160 MW
84 %

Barlager

PDD|
lK:IIIII:!E:IIIIII JllllmmMI- et oo

Reglerventil Flédesmatare Kylvattenpump

kylvatten retur

2015-02-17 11:56:39 < 30d > Now 2015-03-20 10:56:39

®R100%
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Deploying a Condition-Based Maintenance
Strategy in the Hydro Power Business

“We needed to implement a new strategy and the existing IT
solution did not provide the necessary functionality for this. After
a thorough evaluation project in 2014, we are now deploying the
Pl System and use many of the possibilities in the
implementation of the new strategy.”

Stina Pettersson

Head Of Maintenance Development VATTENFALL
Vattenfall Vattenkraft AB ’:/ e — = —r
Business Challenge Solution Results and Benefits
. Need for a new strategy and . Implementing the PI system as . Improved common continuous
standardised methodology for data infrastructure, analytical monitoring of the hydro power
Condition-Based Maintenance modeling and presentation tool plants
. Old data historian system not . Use of Android tablets for on-site . Reduced costs for unplanned
sufficient manual rounding with Pl Manual maintenance (~1.5% of total
Logger and visualization of PI maintenance costs)
g_ystlem data through PI Coresight | Increased accuracy in asset
ISpiays condition assessment
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Magnus Holmbom Tomas Stark

* magnus.holmbom@yvattenfall.com  tomas.stark@vattenfall.com
* Maintenance Development Engineer * IT Architect
 Vattenfall Vattenkraft AB  Vattenfall Vattenkraft AB

VATTENFALL 'O

-
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