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Hvorfor dette emne?
Formal med at indsamle palidelighedsdata:

Reduktion af OPEX/LCC

» ‘License to operate’

Design/ '_ [ > Failure and maintenance ‘

manufacturing vt walgtsgse events L Levetidsforlzengelse

4 — e
" — =

L | » Sikkerhed/integritet

Concept Adjustments and
improvement modifications

? * Analyses

= Bedre grundlag for beslutninger

= Hgjere forudsigelighed

Data feedback loop fra ISO14224 — Petrokemisk industri og olie- og naturgasindustri - Indsamling og udveksling af data for
driftssikkerhed og vedligeholdelse af udstyr.



Hvor trykker skoen?

er umuligger

‘Fritekst i fejirapportering
statistik

Mangel p struktur

lkke standardiseret rapportering

Sammenblanding af arsag og effekt
samt fejlmekanisme.

Forskellig tolkning af begreber og
definitioner.

Ufuldsteendige arbejdsrapporter




Palidelighed: ‘En enheds evne til at udfgre en kraevet funktion under givne forhold i labet af et givet
tidsinterval.’

DS/EN13306:2017

“...Without a precise definition of what condition represents a failure, there is no way to assess its

consequences or to define the physical evidence for which to inspect. The term failure must, in fact, be

given a far more explicit definition than ‘an inability to function” (Nowlan & Heap, 1978)

Functional
capability

A

Defined potential
failure condition

Characteristic that will indicate

/ reduced functional capability

Defined functional
failure condition

P-F interval

»
»

o
Operating age/usage

Andring af iboende karakteristiske
treek for driftssikkerheden

Forbedring [7.6]

Vedligehold [2.1]

treek for driftssikkerheden

Forebyggende vedligehold [7.1]

ingen observation observation
af forringelse af forringelse akut

Forudbestemt Tilstandsbaseret Akut
vedligehold [72] vedligehold [7.3]

. vedligehold
prognose for ingen prognose [7.11]
udvikling af for udvikling af ’
forringelse forringelse

Forudsigeligt lkke-forudsigeligt
vedligehold tilstandsbaseret
[7.4] vedligehold

ikke ikke
forringet forringet forringet

Ingen vedlige- Aktivt Ingen vedlige-
holdshandling forebyggende holdshandling
vedligehold [75]

EN13306:2017 Annex A

for fejl efter svigt

Afhjeelpende vedligehold [7.9]

Ingen aendring af iboende karakteristiske

udsat

Udsat

afhjeelpende afhjaelpende

vedligehold
[7.10]



Opbygning af anlagsregister ‘biblioteket’

Funktionel nedbrydning vs andre former for nedbrydning

(2)

Buslness category

/ (3) \
Installation

=QA1 Circuit breaker
=QA2 Contactor
=8J1 Pushbutton

Use/location

=PF1 Signal lamp
=M1 Motor system =MA1 Motor (4)
Plant/Unit

=TA1 Frequency converter

=FC1 Fuse (5 )
=WD1 Cable 1 ! Sectlon/System

=WD2 Cable 2 \
=G1 Pump system 1 =GP1 Pump / S (6) -
quipment uni

c
=BL1 Level transmitter %
=BF1 Flow meter § (7)
=BP1 Pressure transmitter a Subunit
=PG1 M it =
lanometer S (8)
=QM1 Shut-off valve E Component/Maintainable Item
=WP1 Pipe g
L (9)
. . . Part
Eksempel pa hierarki fra RDS DS Handbog 166:2020 [

Eksempel pa hierarki fra ISO14224

=B1 Crude water system ]—




Eksempel — Hydrauliksystem til vindmglle

—
-F36 I
L
11-16A |
SET: 12,2 (TRIANGLE) i e o

SLD
14
—_
2
e

1048 2

1034.37

-Q21

1045

xixz B 3

>+U18

-W5-W44

4Gzsmm? | [
EMCLSOH 80°C o f 5

>+U3+U1
>-G2-M2

o 7| o

P
e
6 .5

BK

>=K1=F1=F4

55

2 U3-U15
=

1/BN

2IBK

3IGY
GNYE'

TIKW /[ 12.2A

HYD. PUMP 1

Kraevet funktion:

Leverer hydraulikolie ved
et vist tryk til en raekke
undersystemer.

Primeer funktion opnas ved
3 pumper, som er
kaskadereguleret. |
tilfeelde af pumpeudfald,
sa leverer akkumulatorer
tryk til systemerne i en vis
periode.



Fejlmgnstre og RCM

Condional
probability of
failure (Pg)

Condional
probability of
failure (P¢)

Condional
probability of
failure (Pg)

Condional
probability of
failure (P¢)

Condional
probability of
failure (Pg)

Condional
probability of
failure (P¢)

[

|1

Pattern A — BATHTUB

Infant mortality, then a
constant or slowly increasing
failure rate followed by a
distinct wear out zone

Operating period —— =

Pattern B — TRADITIONAL
Constant or slowly
increasing failure rate
followed by a distinct wear
out zone

Operating period ———=

Pattern C

Gradually increasing
probability of failure, but no
distinct wear out zone

Operating period ———=

Pattern D

Low failure probability
initially, then a rapid
increase to a constant
failure probability

Operating period ————»

Pattern E - RANDOM
FAILURE

Constant probability of
failure in all operating

periods

Operating periord ——»

Pattern F — REVERSED

J CURVE

High infant mortality followed
by a constant or slowly rising
failure probability

Operating period ————»

Fejimgnstre samt RCM proces fra EN60300-3-11:2009

1. INITIATION AND PLANNING

a) Determine the boundaries and objectives
of the analysis

b) Determine the content of the analysis

c) Identify the specialist knowledge and experience
available, responsibilities, the need for outside
expertise and any training requirements

d) Develop operating context for the item(s)

OUTPUTS

l

Analysis plan and
operating context

v

2. FUNCTIONAL FAILURE ANALYSIS
a) Collect and analyse any field data
and available test data
b) Perform functional partitioning
c) Identify functions, functional failures,
failure modes, effects and criticality

|

FMEA/FMECA

.

3. TASK SELECTION
a) Evaluate failure consequences
b) Select the most appropriate and effective failure
management policy
c) Determine task interval, if appropriate

|

Maintenance
tasks

v

4. IMPLEMENTATION
a) ldentify maintenance task details
b) Prioritize and implement other actions
c) Rationalize task intervals
d) Initial age exploration

}

Maintenance
programme

v

5. CONTINUOUS IMPROVEMENT
a) Monitor maintenance effectiveness
b) Menitor against safety, operational and
economic targets
c) Perform age exploration

!

Field data

IEC 913/09




Kritikalitetsanalyse og vedligeholdsplan

Function Component Criticality
(RDS-PP T32) (RDS-PP T32)
0 T
= = = =
el = | 8|2 3|2
. . o Product . N 2 3 E i3 = ®
RDS-PP Basic Function Description code Product Function Description g § ‘§ S E %
Sleolalg|=]°
Q @ '
o &
BLOO1 Level Gauge, Hydraulic Oil Tank 1 1 1 1 1
BP001 Pressure, Hydraulic Oil 1 1 2 1 1
BP005 Pressure, Hydraulic Oil Filter Return 1 1 2 1 1
BUOO1 Multi-variable Level/Temp, Hyd Oil Tank 1 1 2 1 1
CMO001 Hydraulic Oil Tank 1 1 2 1 1
CMO001 Hydraulic Oil Tank -MMO0O01 Hydraulic Oil, Central Hydraulic WTG 1 1 1 2 1
CMO001 Hydraulic Oil Tank -QM002 Oil Drain, Hydraulic Oil Tank 1 1 1 1 1
CMO001 Hydraulic Oil Tank -WP001 Sump, Hydraulic Oil Tank 1 1 1 1 1
CMO002 Accumulator 1, 121, Central Hyd System 1 1 1 1 1
EQO001 Hydraulic Qil Cooler, Air Cooled 2 1 1 2 2 M
FLOO1 Pressure Relief Valves, Central Hyd Sys 1 3 1 1 1 M
FLOO1 Pressure Relief Valves, Central Hyd Sys -FLO10 Pressure Relief Valve, Hyd Oil Pump 1 < 1 1 1 M
FLOO1 Pressure Relief Valves, Central Hyd Sys -FLO13 Pressure Relief Valve, Accumulator 1 3 1 1 1 M
FLOO1 Pressure Relief Valves, Central Hyd Sys -FLO34 Pressure Relief Valve, Hatches 1 5] 1 1 1 M
GP001 Hydraulic Oil Pump 1, Central Hyd Sys 1 1 1 1 2
GP001 Hydraulic Oil Pump 1, Central Hyd Sys -FC001 Circuit Breaker, Hydraulic System 1 1 1 1 2
GP001 Hydraulic Oil Pump 1, Central Hyd Sys -GP001 Pump, Hydraulic Oil Pump 1 1 1 1 1 2
GP001 Hydraulic Oil Pump 1, Central Hyd Sys -MAOO1 Motor, Hydraulic Oil Pump 1 1 1 1 1 2
GP001 Hydraulic Oil Pump 1, Central Hyd Sys -RMO001 Check Valve, Hydraulic Oil Pump 1 1 1 1 1 1

Resultatet af dette resulterer i en RTF-strategi pa pumpeenhederne, dvs. Afhjaelpende vedligehold.
Er dette den mest optimale strategi itht. OPEX/LCC?

Hvad far disse enheder til at fejle?
- Alder, driftstimer, driftsmgnster, miljg, medie, materiale, design, produktion?



Estimeret Anlzgsreference/

For afhjelpende vedligehold e
parationst tag: MDX10
' Fejltilstand

<

—

Planlegning af Berigelse af

Alarmnotifikation/ *
arbejdsordre arbejdsordre

Observation®

Under afhjelpende vedligehold

FeJLme]i:amsme ] Pejlirsag vaelges El VH-aktivitet
5 E | Fejltilstand vaelges b vlges
. — Anlaegsreference
.
Arbejdsordre V| opditeres

Fejllokalisering Fejldiagnosticering Reparation udfyldes
Materiale- og

V| tidsforbrug
registreres

Efter afhjelpende vedligehold

Weibull Reliability Plot with0<B<1,B=1,andB>1

Fejlarsagsanalyse 100
(RCA)

Reliability

) Database,
Arbejdsordre opbygget som
lukkes objekter, hierarki,
relationer eller
netverk. ’ R .

Palidelighedsanalyse

* Detektionsmetode kan evt ogsi registreres
(Tabel B.41S014224)



10

Fejltilstand (Failure mode)

Eksempel pa fejl:

Pumpeenhed stgjer unormailt, 1ISO14224 Failure
hvilket detekteres under arbejde i/pa modes, table B.2.6
maskinen. Pump

Failure to start on demand
Spurious stop

Breakdown
High output
Low output
Erratic output
5 2 External leakage - process medium
. External leakage - utility medium
fejltilstand, fejlmade Internal leakage
E . Vibrati
FRARADES: fejlramt tilstand Noise
made, hvorpa en enhed mister evnen til at udfgre en Overheating
z Plugged/choked
kI'EEVEt fl.lnl{tl()ll Parameter deviation
\ e . Abnormal instrument reading
Note 1 til term: En fejltilstand kan defineres ved den mi- Structural deficiency
stede funktion eller den overgang til en anden tilstand, der Minor in-service problems

Other

er indtradt. DS/EN13306:2017 Unknown



Fejlmekanisme (Failure mechanism)

5.13

fejlmekanisme

fysiske, kemiske eller andre processer, som kan fgre
til eller har fort til fejl g cn13306:2017

Eksempel:

Fejllokalisering og fejlfinding udfares
for at bestemme den bergrte enhed |
enhedsregister.

Herefter veelges fejlmekanisme
1.2

Failure mechanism
ISO 14224
table B.2

Mechanical_failure
Material_failure
Instrument_failure
Electrical_failure
External_influence
Miscellaneous

Subdivision of the failure mechanism

ISO 14224
table B.2

General (Mechanical failure)
Leakage

Vibration
Clearance/alignment
Deformation

Looseness

Sticking

Code
1.0
1.1
1.2
1.3
1.4
1.5
1.6
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Fejlarsag (failure cause)

Failure Cause
ISO 14224
Table B.3

Design_related_causes
Fabrication_or_installation_related causes
Failure_relatede_to_operation_or_maintenance
Failure_related to_mangagement
Miscellaneous_

Subdivision of the failure Cause
ISO 14224
Table B.3

General (Design_related _causes)

Improper capacity

Improper material

General (Fabrication_or_installation_related causes)
Fabrication error

Installation error

General (Failure related to operation or maintenance)
Off-design service

Operation error

Maintenance error

Expected wear and tear

General (Failure_related _to_mangagement)
Documentation error

Management error

Miscellaneous - General

No cause found

Common cause

Combined cause

Other

Unknown
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Code
1.0
1.1
1.2
2.0
2.1
2.2
3.0
3.1
3.2
3.3
3.4
4.0
4.1
4.2
5.0
5.1
5.2
5.3
5.4
5.5



Vedligeholdsaktivitet

Vedligeholdsaktiviteter

far detektering

efter detektering
af en fejl i

Maint. Activity

ISO 14224
table B.5
o ) o Description
Forebyggende aktivitet Afhjaelpende aktivitet Replace
sl Repglr
detekter forringelse eller Modify
potentielt detekter folgevirkninger Adjust
svigt forringelse af svigt lokaliser / diagnosticer reparer Refit
erl
l i Check
Detektering Diagnose af Forebyggende Fejl- Fejl- Reparation, Service
af svigt forringelse renovering lokalisering finding  midlertidig Test
reparation €s i
far efter i Iobet af ilpbet af  tilstands- forudbestemt Inspection
sandsynlig repara-  dritstid ikke-drifts- baseret Overhaul
reparation tion betinget tid Combination
Other
Overens-  Funktions-  Over Under Aktiv Skemalagt Funktions-
stemmelses-  kontrol  vagning, sggelse, tilstands- udskiftning, kontrol
afprgvning ikke-invasiv intern baseret justering
inspektion inspektion handling OSsV.

EN13306:2017 Annex A

Maske har man udfgrt flere handlinger, eks.

Udskiftning (code 1) og Justering (code 4).
Hvordan registreres det?

Bar anlaegsregistret justeres?

O
o)
o
)
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¢ &P GBO027-001=MDK10BLOOL
v g GRO027-001=MDK10BLO0Z
v @ GBO0Z7-001=MDX10BEO0L
¢ P GBO027-001=MDX10BEO0S
¢ @ GBO0S7-001=MDK10BTO0L
v &P GRO0Z7-001=MDK10CMO0L
v @ GBO0Z7-001=MDX100MO02
¢ &P GRO027-001=MDK10EQOOL
v &P GBO0S7-001=MDK10EQOOZ
v &P GRO0Z7-001=MDK10FCO0L
¢ @ GBO0Z7-001=MDK10FLO1G
¢ @ GRO027-001=MDX10FLO13
¢ g GBO087-001=MDK10FLOSA
~ o GBODE7-001=MOX10GE001

~ &P GB00E7-001=MDX10GP001-FCO01

- ga] RSB10110558
- ga] ROB100TE204

~ @ GB0087-001=MDX10GPO01-GPOOL

+ el RSBO00E1364
- ga] ASB100S0020
- =] R9B10249808

~ @ GB00&T-001=MDX10GE001-MEOOL

- (=] ASB10080143
- &) A9B10052061
- ] A9B10052101

~ @P GB0087-001=MDX10GP001-RMOOL

- (] A9BO00SS0ES

~ & GBO0&T-001=MDX10GP001-UA0OL

« (] R9B100S636T
- (@] 29810101925

~ &P GBOOET-001=MDX10GP001-XNOO1

- ¢&] RSBL00S1480

« (@] A9B100S14583

- dal A9B10051494
¢ g GBO0Z7-001=MDK10GP002
¢ &P GBO0Z7-001=MDE10GE003
¢ @ GBO0Z7-001=MDK10GP004
¢ g GBODZ7-001=MDK10GE011

Sporbarhed i VH-systemet

Level Gauge, Hydraulic 0il Tank
Lewvel Sensor, Hydraulic 0il Tank
Pressure, Hydraulic 0il
Pressure, Hydraulic 0il Filter Beturn
Temperature, Hydraulic 0il Tank
Hydraulic 0il Tank
Aoccumalator 1, Central Hydraulic
0il Cooler, Cooling System Left
0il Cooler, Cooling System Right
Circuit Breaker, Control, Hydraulic S5¥ST
Valve, Belief, Hydraulic 0il Pump
Valve, Belief, Accumuilator
Valwe, Belief, Manual Pump
Hydraulic 0il Pump 1

Circuit Br:ea].ce.r,. Hydraulic 0il Pump 1
‘Circuit Breaker 3P 10-16A S00 Screw L
Switch Rux. 2PST-2NO 3500/50 for CB 3EV2 L
Pump, Hydraulic 0il Pump 1

S €1 €1 €1 £1 €1 €1 €1 €1 €] €] €1 £1%

Adqq-v--Bo B .B.. B, -8B BeddddBlHaddddd

Internal Gear Pump OX33-01& L
BOLT M10x20 Rh4.80 IS504762 L
Washer M10 R4-200 IS07089 L

Motor, Hydraulic 0il Pump 1

El motor 11EW 3phase 400-€90V 132 BS LTEL

Bolt M12x30 A4.70 IS504762 L

Washer M12 200-A4 I507090 L

Check Valwe, Hydraulic 0il Pump 1
Check velve 17209-7/8 0.Sbar 350bar 80L L '
Support, Hydraulic 0il Pump 1

Bellhouse gearpump, B 300-150-105 L
Bolt M12x20 8.8 1504762 flZmnc L

' Coupling, Hydraulic Oil Pump 1
‘Coupling pump R28.25GGE L
Bubber spider ZK 28 HVID 92sh L
E‘cupling_ for motor 323.1.38.38HT. GG L

Hydraulic 0il Pump 2,Circulation/Cooling
Hydraulic 0il Pump 3

Hydraulic Pump, BrakesRotor Lock

Manual Pump, Hydraulic

E%%%

H

R edsdsdyssdeyrsdy 5«
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Hvordan far man teknikere til at bekymre sig om rapportering?

- Incitamenter, arbejdet er ikke faerdigt far arbejdsordren er korrekt udfyldt.

- Ggar det nemmest muligt, intuitivt at rapportere. Udnyt IT-muligheder.

- Udfyld notifikationer bedst muligt for at hgjne chancen for god data.

- Overseaet de tekniske begreber til ‘hv- spgrgsmal. Hvad er fejlet, hvordan og hvorfor?

- Datavalidering — ggr hvad muligt for at fa bedre data hjem. Ggr nogle felter obligatoriske, andre
kan der indbygges en automatisk validering. Eksempelvis at en tolerancemaling altid er med to

decimaler.

- Standardiserede processer.
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