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Brief Background: Ramentor Inc., ELMAS acronym

Basic Fault Tree — General User Interface

Tree structure, Root Failure/Restoration, Simulation, Risks
Larger Fault Tree — Data Interface

Results Overview, HTML Reports, Table Summary, Excel Reports

Advanced Features

Block Diagram, Data Import, Maintenance Actions
Dynamic Simulation, Debug Log Window
LHC Dynamic Model
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Ramentor Inc.

Founded in 2006 and based in Tampere, Finland

Personnel ~10 (Dr. & M.Sc. — Mech. & aut. eng. / Applied math. / Software dev.)

Privately owned and independent software and expertise company

Background: Tampere University of Technology (TUT)

Finnish Technology Agency (TEKES) Competitive Reliability Programme 1996-2000
Probabilistic approach in reliability and maintenance management 2001-2003
RAM Products 2003-2005, RAM Solutions 2006-2008, RAM Efficiency 2008-2010

Please visit for more information: www.ramentor.com
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Ramentor — Experience in Industry Sectors

Energy Industry:

Nuclear Power Plants, District Cooling, ...
Process Industry :

Pulp & Paper Mills, Steel Industry, Mineral Processing, Medical, ...
IT Industry:

Data Centers, Telecommunication, Broadband connections, ...
Equipment Manufacturers:

Cranes, Elevators, Thruster Units, ...

Education and Research Organizations:

Universities (technology / applied sciences), CERN, ...

b
www.ramentor.com
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Ramentor — ELMAS Users / Co-developers
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ELMAS — An Acronym

e Time to Failure, e OR e Fault tree e Simulation e Graphical user
Distribution e AND e Event tree e Reliability, interface

e Time to Repair, e K/N-Voting e Cause- Availability e Excel export
Distribution e XOR-Exclusive consequence- e Risk Analysis and import

e Maintenance e Limits tree e Importance e HTML report
actions S Earalfens e Reliability measures e Table

e Break and probability block diagram e Conditional summary
downtime loss e Delays ® Process probabilities e ERP interface

e Repair Costs o Throughput diagram e Spare part e Project

e Hazards fuzzy logic ’ e Waiting and consumption versioning

e Usage and e Dynamic redundancy e Resources e Template
stress profile coding e Buffers e FMEA, library

e External events ¢ Failure modes, Classification, e Search

RCA RCM, Decision e \Web start

tree, Criticality

www.ramentor.com
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Basic Fault Tree — General User Interface

www.ramentor.com



) 7. ¢
ramentor

Basic Fault Tree: Structure + Node Info

=

File Edit Tools About
1TOP

ELMAS 48]
— et node: 5 —

General Edit node
Refations | . 5
Failure

Name: Pump 2
Repair
Actions
Risks Description:
Line
Simulation | Node color: ~ Default v

Notes:

Add attachment: | (5 @ & Edit selected

Motor
IF  Editnode.. Enter :
s%  Add new child... Insert
3w Add new gate as child Insert
3w Add new gate as parent... Insert
B Move Ctrl+X.
0 Copy Ctrl-C
Y Link Cirl-L
% Copyto clipboard Ctrl-Shift=C
&7 Release subtree Delete
| [ Delete subtree Delete
&7 Release node Delete
4 Delete node Delete
Q  Zoom »
3k Centerview here
@ Hep Fl
Cancel
) Callapse all 5 SoExpandal | A

J oK Q Cancel

(2]
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Ramentor Oy - Jussi-Pekka Penttinen
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ID_ Name
1 TOP
1TOP |2 Pumps
3 Motor
4 Pumpt
Highlight.. EEQ

— | BNew [ Delete
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Basic Fault Tree: Gate Relation

=

File Edit Tools About
1TOP ..

[T
A OR (some)
AND (all)

Root (gate) 1D 2

Edit node.

Pump 1

Change basic logic
relations directly
from popup menu

A2 Expand all =)

= Collapse all

ELMAS v4.8.13 (19.5.2016)

ELMASHE

General Tree | Block  Subblock | Conseq = Event | Hierarchy | HierarchyUp
Relations Gate logic
Failure
Gatetype: | AND (all) All children needed
Repair
OR (some)
Actions AND (all) Children
Riskes 1D MNai K/N (veting)
Line 4 PUmYOR (exclusive) E
P .
Simulation ™ Limits (min/max)
Priority AND Parents
D N Condition (Delay/Duration) =
1 Top Probability R

| Root (gate)

Space between node and next level (1.0 = one tree level): 0.0

% oK G Cancel o

More logic and stochastic
relation rules available
from node editor

¥ Ramentor Oy - Jussi-Pekka Penttinen
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ID__Name
1 TOP
1TOP | |2  Pumps
3 Motor
4 Pumpi
s Pump2
Highlight... EEQ
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Basic Fault Tree: Root Failure/Restoration

B ELMASHEE) @

File Edit Tools About

1T0P | . ID__Name
1 TOP
1TOP 2 Pumps
3 Motor
— SR ]
General Time to failure
1 L 100% * PR
Relations Time to failure co% }
(= Estimate: Mean time to failure v 0% |
Repair Estimate: Mean time to failure 0% }/
Actions Estimate: Mean, At least (5%), At most (35%) -— A
Risks Mean g, Estimate: Mean, Min, Max, Deviation - o ’/\
Line Estimate: Weibull / |
Estimate: Exact time to failure R |
Simulation |
Estimate: Rete soni [
History: Time to failure 20% / |
History: Usage time om 1/ |
Histery: Kaplan-Meier l
0%
History: Exact time to failure 0531a15a2a25a3a35a4a45a5a5652
History: Exact moment —
X Mean:1a Dev: 13 il
Jox | Qena | @
General Duration of repair | Resources 0%
Relations Duration of repair 0%
Failure Estimate: Mean, At least (5%), At most (95%) v 0%
Repair 0%
Actions Estimate: Mean, At least (5 0%
Risks Mean duration of repair: 10 P 0%
Line
Duration of repair at least (5%): 6.0 hoov 0%
Simulation
Duration of repair at mast (95%): 3.0 d - 0%
20%
10%
0% =
34 354
Mean: 24h  Dev: 19 h & min 2
Jox | Qoma | @
= Collapse all o A% Expandall =) Highlight... EEQ
ELMAS v4.8.13 (19.5.2016) ¥ Ramentor Oy - Jussi-Pekka Penttinen (850,262) 180% @ LT @ 1% New e

www.ramentor.com
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Basic Fault Tree: Stochastic Simulation

= ELMAS [ProjectSELIMAS 215} —@N%
File Edit |Tools| About - f
170l 4  Simulation: Basic I————— iy ID__Name
Profile Start Finist 1 Top
@ Summary: HTML Simulation Select simulation type 1o § ;uTDS
(=] Summary: Table 5 T
© RAMoptim simulator ump
] Summary: Excel File 5 5 Pump2
© ELMAS simulator
&° Options
Simulation time
Studied time period: 100 a v
= Simulation rounds: 1000
s Initial age: 00 a v
| Show graph window in results:
3 L Start simulation
Motor
|
Pump 1 Pump 2
Profile Start | Progress | Finished
Simulation Simulation finished
Basic
Simulated rounds: 1000
Conditional
Importance Studied time period: 102
Risks Total simulated time: 100002
Risks 2 Number of events: 488 692
Hine Distinct combinations: 8
Overview
Number of simulated nodes: 5
Number of roots: 3
Number of gates: 2
Number of constant nodes: 0
Time used for calculation: 0,085 5
Number of simulated ts: 488 492
u er o1 simulatea events: :
Calculation time: < 0.1
alculation uime: 1S
= Collapse all o A% Expandall =) Highlight... EEQ
 Ramentor Oy - Jussi-Pekka Penttinen (68, 2 wnE T, @ 14 New Pz
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Basic Fault Tree: Basic Analysis Results

= ELMAS [ProjectRE[IMAS 216} —@N
File Edit |Tools| About
170l 4  Simulation: Basic ID__Name
Profile Availability | Unreliability = Mean times | Studied period OK || Repair Profile Availability | Unreliability | Mean times | Studied period Lo0%
Simulation Availability Simulation Unreliabilities of the components. a0%
Basic Basic D d 1.0 v BO%
Type of shown results:  Part of time v uring time period: 1. : /
Conditional Conditional 0%
ID__ Name Unreliability (%) 0%
Importance | | Name OK (%) Repair (%) Importance | £ TOR neelebily
0%
Risks 1 TopP 996268 0.3732 Risks 2 Pumps. 5078
2 Pumps 99.8982 0.1018 3 Motor 6527 0%
ks 2 3 Motor 99.7282 02718 ks 2 4 Pump 1 100.0 a0%
Line 4 Pump 1 96.797 3.203 Line 5 Pump 2 100.0 0%
5 Pump 2 96.8 32
Ovenview Ovenview 0%
0%
2a 4a Ba 8a 0a 2a 4a Ba 8a 10a
TOP - Mean: 1 TOP — 2Pumps = 1a
| ] Show graph plots | & & =] Show graph plots | & &

Avalilability / Unavailability Unreliability

4 S — T
Pump 1 Pump 2 Cumulative [ Distribution

i %
I PO Lo - R Profile Availability | Unreliability | Mean times | Studied period

i i B 3%
Profile Availability | Unreliability = Mean times | Studied period o Simulation e i
Simulation Mean times a0 Basic i
Studied time period:  10a
Basic ID__ Name OK mean Failed mean 0% /- Conditional 1%
Conditional | |1 ToR ] 18 h 48 min 70% \mportance | 12 Name Failed time Failures 0%
2 Pumps 1a118d 11h 48 min P 1 ToP 13d15h 17385 5d  10d 15d 20d 25d 30d 354
Importance | |3 Hott 1a34d 1d5
otor 8 min Risks 2z Pumps 3d17h 754 |+ Min (5%) —= Mean + Max (95%) B 1 TOP
Risks n Pump 1 30d4h 23057 min Risks 2 3 Motor so22n 9882
s Pump 2 30d3h 23 h 54 min 4 Pump 1 nid 177 = sh ——
ow graph plot
Risks 2 Line s Pump 2 174 117.32¢ de e
Line Overview
Cumulative | Distribut
Overview .y umulative | Distribution
0%
D5a1aifa2a2f5a3a3fadadiaba
— 1 TOP —- Nean: 1 TOP o
= B a " "
[7] Show graph plots | 2 & /

Mean duration of OK/Failed states : : ’ —,
count during 10 years period —

o
- —
—
I
= = 2a 4a 6a s 0s
= Collapse all o A% Expandall =)

Min (5%) — Mean — Max (95%)

&

¥ Ramentor Oy - Jussi-Pekka Penttinen 2 180% 2 T |

|| Show graph plots 1 5

www.ramentor.com



) 7. ¢
ramentor

Basic Fault Tree: Conditional Results

= ECMAS [ProjeceSEIMAS 416) —@N
File Edit |Tools| About
170l 4  Simulation: Basic ID__Name
1 TOP
@ Summary: HTML 2 Pumps
=) 3 Motor
B s e Sl - — St s J— Lo
& Options Profile Selections | Node conditional | Nodetrigger | Comb.conditional | Comb.trigger Profile Selections | Node conditional | Node trigger | Comb.conditional | Comb.trigger
Simulation Conditional results of the nodes Simulation Trigger results of the nodes
Basic Studied time periad: 10a Basic Studied time period: 10a
Conditional Conditional
Mean time that condition is true:  13.d 15 h (0.3732 %) Mean number of eccurrences of the condition:  17.385
Importance Importance
Risks D Neme Time ¥ Time (%) Risks Show number of times that situations occur during studied period v
. 3 Motor 9d22h 72382 .
Risks 2 n Pump 1 adih 2969 Risks 2 ) Name Triggers Stays Assists ¥
2| Line 5 Pump 2 4416 min 29.45 Line 3 Motor 9872 00 9872
4 Pump 1 374 4104 7.844
P Overview Overview 5 Pump 2 3773 401 7783
“ nodes: Time related nodes: Count related
i . .
Pump 1
|| Profile Selections | Node conditional | Nodetrigger | Comb.conditional | Comb.trigger Profile Selections | Node conditional | Node trigger | Comb.conditional | Comb.trigger
Simulation Conditional results of the combinations Simulation Trigger results of the combinations
Basic Studied time periad: 10a Basic Studied time period: 10a
Conditional Conditional
Mean time that condition is true:  13.d 15 h (0.3732 %) Mean number of eccurrences of the condition:  17.385
Importance Importance
Ricks Show only minimal cut sets: () Ricks Show only minimal cut sets: 0O
Risks 2 Max nodes in combination: 5 Risks 2 Max nodes in combination: 5
Line —— Time ¥ Time (%) Line Show number of times that situations occur during studied period v
Ovenview | 3 sarh £6.13 Overview
45 3d1Th 2718 Combinatic Triggers Stays Assists ¥
34 7 h 56 min 2427 3 8271 0.0 927
35 7h 7 min 2179 4,5 7513 0.0 7513
34,5 18 min 8 § 0.0924 3,4 0.331 0.0 0.331
35 0.z7 0.0 0.27
3,45 0.0 0.0 0.0
binations: Ti related binations: Count related
combinations: Time relate compbinatons:. Cou elate
& Expand all EEQ
¥ Ramentor Oy - Jussi-Pekka Penttinen (88,2 wnE T, @ 1% New P
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Basic Fault Tree: Importance Measures

= (ELMAS |Project S IMAS 4 6] —
File Edit |Tools| About

9
X

Simulation: Basic

170l ID__Name
1 TOP
@@ Summary: HTML 1TOP 2 Pumps
- 3 Motor
[l Summary: Table i
] Summary: Excel File 5 Pump2
&° Options

4 5
Pump 1 Pump 2

Profile Selections | General | Reduction | Achievement Profile Selections | General = Reduction | Achievement Profile Selections | General | Reduction | Achievement
Simulation General importance Simulation Reduction results Simulation Achievement resuits
Basic
Basic ID__ Name Importance factor ¥ Basic e 102 ) Studied time period: 10a
Conditional | 3 Motor 0.99838 Conditional Conditional
5 Pump 2 0.03184 Mean time that consequence s failed: 13d 15 h (0.3732 %) P— e 13d15h (0.3732 %)
Importance | 4 Pump 1 0.02192 Importance P
Risks Risks Mean number of failures of consequence: 17,385 Ricks B =
Risks 2 Risks 2 D Name Time ¥ Time (%) _|Count Count (%) Risks 2. ID__ Name Time Y Time (%) _ Count Count (%)
Line Line 3 \otor 2d22h T3 9845 5663 Line 3 Motor Always faied Always faled Always faled Always failed
N Pump 1 3d17h 2718 7.503 2316 o 5l Pump 2 113d 8285 108.888 6210
Overview Ovenview | g Pump 2 3d17n 2718 7.508 4318 verew |4 Pump 1 1134 8280 10935 |6283

General importance (Birnbaum) Risk Achievement Worth (RAW)

Risk Reduction Worth (RRW)

= Collapse all o A% Expandall =) Highlight... EEQ

— | BNew Delete
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Basic Fault Tree: Break and Downtime Cost

= ELVIAS Project EIMAS 45| G

File Edit Tools About

1T0P | .. D _Name
1 TOP

1TOP 2 Pumps
3 Motor
4 Pumpi
5 Pump2
I EditedeHiTop) sty
General Repair time Sequence Other costs Resource costs Spare paits
Relations Break Downtime Repair start
Failure Break
Repair Break cost: 100000 €
Actions
Risks
Line
— Break cost
Jox Qo @
—— Edit node 0P iy
General Repair time Sequence Other costs Resource costs Spare paits
Relations Break Downtime Repair start
Failure Downtime
Repain Downtime cost: | 1000 |ern v
Actions
Risks
Line
- Downtime cost
Jox Qo @
= Collapse all o A% Expandall =) Highlight... EEQ
ELMAS v4.8.14 (1.7.2016) ¥ Ramentor Oy - Jussi-Pekka Penttinen (589, 248) (e} [ New Delete
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Basic Fault Tree: Repair Start and Time

B ELMASHEE) @

File Edit Tools About

170P || . ID__Name
1 TOP
1TOP 2 Pumps
3 Motor
4 Pumpi
s Pump2
General Repair time Sequence Other costs Resource costs Spare paits
Relations Break Downtime Repair start
Failure Repair start
Repair Repair start cost:  1000.0 €
Actions
Risks
Line
Repair start cost (e spare parts
O @
General Break Downtime Repair start
Relations Repair time Sequence Other costs Resource costs Spare parts
Failure Repair time
Repair Repair time cost:  100.0 €/ h
Actions
Risks
Line
Repair time cost (e.g. salary)
O @
= Collapse all o A% Expandall =) Highlight... EEQ
ELMAS v4.8.13 (19.5.2016) ¥ Ramentor Oy - Jussi-Pekka Penttinen 650,262) 1B Q T, @ 1% New e
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Basic Fault Tree: Risk Results

= ELMAS [ProjectSELIMAS 215} —@n

File Edit |Tools| About

170] %8 Simulation: Basic ID_ Name
I 1 TOP
@ Summary: HTML trop 2 Pumes
B 3 Motor
[E Summary: Table 0 b
p2
&) profite Entity risks | Node risks || Subtres risks | Relative risks || LCC || Comb.risks Profile Entity risks | Node risks || Subtree risks | Relative risks | LCC || Comb.risks
Simulation Risks of the entity % Simulation Relative risks
Basic e me ner A e % Basic Silkizrl e pe e L 10\
Conditional - Conditional
Total risk: 1320968 € Show lines with zero risk: ]
Importance - Importance
Risks Type of risk Risk (€) Risks ID_Name _Break(€) Downtime (€) Repair start (€) Repair time (€) Relative ris. ¥
Risks 2 Break 173 850 3% Risks 2 1 TOP 173850 326959 244378 584782 13299628
Downtime 326 959 - 2 Pumps 75130 89155 234 494 560 972 8959750
Line Repair start 244376 Line 4 Pump 1 75130 89155 1T 170 280615 562 070
Overview Repair time 584782 1% Overview 5 Pump 2 75130 89155 117 324 280 356 561965
3 Motor 93720 238107 9382 23811 370519
o%
500000 1000000 1500000 2000000
T I . k f h . ~— Min (5%) — Mean — Max (95%) W Distibution N d r I tIV rIS kS
otal risk of the entity Er .l ode relative

e o B N

Profile Entity risks  Node risks

Subtree risks  Relative risks  LCC ~ Comb.risks 140000 Profile Entity risks ~ Noderisks ~ Subtreerisks = Relativerisks = LCC ~ Comb.risks

Simulation Life Cycle Costs 120000 Simulation Risks of combinations
Basic Studied time period: 102 100000 Basic Studied time period: 0a
Conditions| Conditional -

Phase length: 1a Show anly roots: 9
Importance g 80000 Importance ¥

Max roots in combination: 5

Risks. 1€ 2(8 3(€) 4(€) 5(68) 6(€ 7€ ..9(0 10(€) LCC(€) 60000 Risks.
134085 130979 133350 132441 130840 134 465 133887 .. 132328 133236 1320963
Risks 2 20000 Risks 2 [@ Break ime _ Repair start Repair time Comb.risk (. ¥
Line Hode costs Line 4 0 o n102 270907
20000 5 0 [ 13245 270728 383073
Overview Show lines with zero risk: [ Ovenview | 5 2710 22746 9271 22275 347 002
4,5 75130 85853 7513 17771 189265
|ID Name 1(€) 2(€) 3(€) 4(€) 5(€) 6(€) 7(€ ....10(€) LCC(E) ¥ Za 42 Ga 8a 10a 4 2310 7934 845 1587 13476
1 ToP 51931 48352 50627 43 430 48403 51021 50528 50717 500809 ‘. Break N Downtime 1 Repair start il Repair time 35 2700 7125 563 1425 11813
4 Pump1 39189 39826 39145 38 825 39293 40388 40521 ... .. 39098 397785 345 o 02 El & 430
5 Pump2 39383 39585 40164 39905 39983 39640 39436 39953 397680 52 o o o o o
3 Motor 3583 3216 3414 3282 3162 3416 3502 .. .. 3468 33603

Life-cycle cost Combination risks
s (COSt Of €achyear) —

— | BNew Delete
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Larger fault tree — Data Interface
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Design. Analyze. Optimize.

Larger Fault Tree: Copy-Paste Subtree

ELMAS projects 1% -
File Edit Tools About
1TOP | .. ID__Name
‘ S 1 ToP
1TOP 2 Pumps
3 Motor
4 Pump1
s Pump2
6 TOP
7 Pumps
8  Pump1
9 Pump2
10 Mot
& Editnode.. Enter —
s Add new child... Insert
sea  Add new gate as child... Insert
0 Copy CtrlsC
& Link CrlsL
& Copyto clipboard Ctrl+ Shift+C
[ Pastecopy 1707 Crl+V
L Zoem.. -
| 5% Centerview here
@ Hep F1
Cancel
= Collapse all o A% Expandall =) Highlight... EEQ
ELMAS v48.14 (172016) 7 Ramentor Oy - Juss-Pekka Pentiinen G570 180%Q == q | MNev | | B Ddeie
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Design. Analyze. Optimize.

il 160 Nodes

Repeat Unt

Larger Fault Tree

| |
fu
%-
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Larger Fault Tree: Simulati

= ELMAS [ProjectRE[IMAS 216} —@N
File Edit |Tools| About

Simulation: Basic ID__ Name
mp

Summary: HTML |

Summary: Table

Summary: Excel File |

Options

110 Motor

112 Pumps

E——— - m— 13 Pump 1

— CimulationBasic R — SifultioniiBasic ety e pump2
Profile Stat | Progress | Finished Profile Start || Progress | Finished 115 Hotor

116 TOP
Simulation Select simulation type Simulation Simulation finished 117 Pumps

Basic 118 Pump 1
) Simulated rounds: 100 118 Pump2

O ELMAS simulator Conditional 120 Motor

Importance Importance Studied time period: 102 121 ToP

" 122 Pumps
Simulation time
Risks § - Risks Total simulsted time: 10002 123 Pump1

Basic © RAMoptim simulator

Conditional

Risks 2 Number of events: 1571868 g; ;‘;T:rz
Simulation rounds: 100 Line Distinct combinations: 440 609 B EIIE:
Overview Overview 127 pumps
Initial age: 00 a ¥ Number of simulated nodes: 160 1268 gl
<128 Pump2
Show graph window in results: 4 e 9 130 Motor

Risks 2 Studied time period: 100 a v

Line

Number of gates: 2] 132 Pumps
133 Pump 1
Number of constant nodes: 0 134 Pump2

‘ 135 Motor
Time used for calculation: 1045 136 TOP

% Start simulation ‘

137 Pumps
38 Pump1

Simulation of 160 nodes fault tree: Number of simulated events: 1 571 868 ::
10 years period 100 rounds Distinct combinations: 440 609
Calculation time: 10.4s

= Collapse all o A% Expandall =)
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Larger Fault Tree: Results Overview

=] EIMAS [Project BFIMAS 2 1E)
File Edit |Tools| About

Simulation: Basic

Summary: HTML . |

summery:Table | ET RN T B 'y B = = — - - _

Summary: Excel File |

e e = —— - % Pump2
& Options == s e 100 Motor
101 TOP
102 Pumps
103 Pump 1
104 Pump2
FEI= A E3 ResultsExport - Microsoft Excel - o X 105 | Motor
106 TOP
Home Inset  Pagelayout  Formulas  Data  Review  View v @ o = 107 Pumps
108 Pump 1
= v
AL % 108 Pump2
| 4lA B ] D E F G H | i~ 110 Motor
Failed  |Failed Failures |Relative |Relative 11_ToP
Simulation: x ID Name Failures 12 P
1 time (h) |time (%) (%) risk€ |risk (%) e Pmﬂ
Profile Failedtime | Failures | Relative risks | Excel export , Top 0945.895 |100.0  |439.66 |100.0  |41895545 |100.0 il
Simulation Relative risks s 2 Pumps 79.203 079 |6.98 1399 938843 |2.252 1 115 Motor
3 116 TOP
Basic 4 41695 545 €] 1 ToP 2 Motor 249.271 |2506  |1025 2051 |375148 |09 e
PREEREICEE 51 ToP s 6 ToP 321172 [3.229  [1744  [3.49 1319184 |3.164
Conditional B 118 Pump 1
4 1110500254 € 21 TOP 6 11 ToP 659.616 |6.632 35.39 7.083 2653968 |6.365 119 Pump2
Importznce R r 7 [ Top 1344215 [13.515  [7038  |14.086  |5346188 |12.822 120 Motor
Risks . . s [ Top 2593.999 [26.081 |136.2  |27.259  |10531380 [25.258 E; ;S:DS
Risks 2 . s fa ToP 5080.881 [51.085  |264.05 |52.846  |20913303 [50.157 123 Jpump 1
Line 0 [a Pump 1 2803188 [28.184  |116.96  |23.408  |538188 |1.291 124 Pump2
1 |5 Pump 2 2825.742 |28.411  [118.08  [23.632  |541564 [1.299 125 Motor
Overview 126 TOP
, 12 (7 Pumps s0.272  |osos |73 1547 |969861 |2.326 o7 s
13 [0 Motor 231.032 2323 [9.;2 1945 |249455 |0.838 128 Pump 1
» 1285203 € [24.4%) 145 TOP u (2 Pumps 97.567 |0.981  [7.91 1583 |973434 |2.335 128 Pump2
Posmse 52 Pumps 15 15 Motor 239.717 |2.41 1031|2063 |365199 |0.876 130 Motor
382138 E 145 Motor 31 [ToF
\ W 265 221€ 51 Top 16 [16 ToP 324124 [3255  [17.39  [348 1317127 |3.159 T
b 130763 125 TOP 17 [2 Pumps 03843 |0.3a4 792 1585 |o75579 |2.34 133 Pump 1
v Hosssae 222 Pumps 1B [5 Motor 238.76  [2.401  [9.68 1937 359316 |0.862 136 Pump2
352 156 € 425 Hotor 18 o6 ToP 331666 [3.335  [17.39  [3.48 1329659 |3.189 135 Motor
» 5202823 01 TOP 136 TOP
) 2618251 21 TOP 0 [ ToP 685.252_|6.89 36.08  |7.213  |2686940 |5.444 157 [Parps
» 13m073E s ToP n [ Pumps 89.045  |0.835  [7.42 1485 |956876 |2.295 138 Pump 1
b [ssissE 52 Pumps 2 (s Motor 261786 |2.632  |10.04  [2009  |388305 |0.931 139 Pump2
36728 €L 85 Motor 140 Motor
NP ' ton 2 (s ToP 332,593 |3.344  |17.36  [3474  [13259%61 [3.18 T o
v Bl 5346 188 € [126%] 21 TOP u [51 ToP 644.482 |6.48 3436|6877 |2616131 |5.274 el
b 2es3seTE 11 ToP s 61 ToP 1292438 [12.955  |69.73  [13.955  |5270453 |12.64 143 Pump 1
b 1319 183€[3 5 TOP 26 82 Pumps 92.36 0.929 7.68 1.537 951858  [2.283 144 Pump2
b W9s8sI2E2.3%] 2 Pumps 27 fes Mator 237.171_[2.385 _ [9.64 1929 [356728 |0.856 145 _|Mhotor
375148€[0.9 7 Mator 145 TOP
28 [86 ToP 330.521 [3.323  |17.8 3582 |1320732 |3.168 7 [P
23 [ ToP 634.347 6383 [34.93  |6.991  |2618251 |6.279 148 Pump 1
30 10 TOP 1289.302 |12.963  |69.18 13.845  |5262824 |12.622 149 Pump 2
1 11 ToP 2594.063 [26.082  |134.91  [27.0 10500294 [25.183 o
= E E 2 [B Pump 1 2862864 |28.784  |118.99 |23.814 |564048 |1.353 152 Pomps
VerVIeW O no e re atlve rIS S 33 [o Pump 2 2870.523 [28.865  |118.72 |23.76  |564584 |1.354 182 Pump 1
3 (13 Pump 1 2847.592 |28.631 (11892 [23.8 572047 (1372 154 |Pump2
155 Mot
35 Na Pumo 2 2833.377 |28.488  |118.05 [23.626 |569755 |1.366 st
T =1 T ar 156 TOP
157  Pumps
[ 1 - — 1 158 Pump 1
ReEeSUILS overview eXcel export 8 -
160 Motor v
= Collapse all & A3 Expand all &5 Highlig EEQ

e —

@ = [ New [ Delete
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Larger Fault Tree: HTML Summary

— O >
ELMAS HTML Summary x o+
€ file:///C:/Users/username/ELMAS/temp/ELMAS-ELMAS-Project/index.htm ¢ Q Search B 4+ A& O =
ELMAS Project L) Pump 2
= [OR] 1 TOP
—= [AND] 2 Pumps General
—+ 4 Pump 1
-+ 5 Pump 2 ID: 5
3 Moator Name: Pump 2
[OR] 6 TOP Relations
—= [AND] 7 Pumps
o 8 Pump 1 Tree
- 3 Pump 2 |Parents: |2 Pumps [AND] |
— 10 Mator
—=- [OR] 11 TOP Failure
I—E— AND] 12 Pumps
| | [D 13] Pump 1 ? Time to failure
| 7 14 Pump 2 |Mean time to failure: |3U.0 d
15 Motor Repair .
—= Freerstructure Node data fields
|— 7 [AND] 17 Pumps Duration of repair
| Fo 18 Pump 1 Mean duration of repair: |1_U d
| L+ 19 Pump 2 ]
L 20 Mator Risks
—= [OR] 21 TOP e
# [OR] 41TOP [Repair start cost: [1000.0€ |
[OR] 81 TOP
Repair time
Expand/Collapse: | Expand All ~| | Refresh |Repa|r time cost: |1UD'D eilih |
Copyright @ Ramentor Oy (WWW.ramenfor.com)
file:/ /¥ C:/Users/jussi/ELMAS/ temp/ELMAS-ELMAS-Project/Nodes/Mode-5.htm
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Larger Fault Tree: Table Summary

= EDMASIFroject MELMAS £ BETES
File Edit \E\ About

170} ¥ Simulation: Basic ID__ Name
=] Report: History | o5 Motor

= B = 1TOP

Analysis: Logic Check

Analysis: RCA

Summary: HTML

Summary: Table

Summary: Excel File
Summary: Spare parts 105 Motor
Summary: Consequences 107

Summary: Actions

L
@
=]
5
B
B
B
&

110 Motor
111 TOP

112 Pumps
13 Pump 1
114 Pump2
115 Motor
116 TOP

M iTsble Stmiay ool ety — Table Summsry rool J | 17 Pumps

Options

118 Pump 1
[ Properties | Table Properties | Table 19 Pump2
m| 120 Motor
Selected data fields Summary table 121 1o
D ID & Name Gatetype  Mean time to failure _Mean duration of repair 1228 )
Nais 1 ToP OR (some) 0oh o g: g:?;
Gatetype 2 Pumps AND (al) 0oh e anpr
i 3 Motor Root 108 104
Mean time to failure A Pump 1 = 200 PR ] 126 TOP
Mean duration of repair s Pump2 Root 30.0d . 0d 127 Pumps
6 TR OR (some) min 000 1;5 ::g;
Load selections... Save selections... Edit selections... 7 Pumps AND (all L B30 [Motor
8 Pump 1 Root 30.0d 104
9 Pump 2 Root 300d d 1od 13 [Top
Selact shown nodes 10 Motor Root 108 a 104 1:? ES:E
" ToP OR (some) 00h
© Show all nodes of current tab o Pumps AND ) o 134 Pump2
© Show only root nodes of current tab 13 Pump 1 Root W04 104 1;: r;‘p”
14 Pump 2 Root 30.0d 104
© Show only nodes of type: 15 Motor Root 10a 104d 1:; ::Eﬂ
Hints 6 TP OR (some) 00h
17 Pumps AND (al) 00h 13: ;‘;T:rz
Show table 18 Pump 1 Root 30.0d 104 41 TOR
13 Pump2 Root 30.0d 104 il
| Open table 20 Motor Root 102 104 143 [Pump 1
21 TOP OR (some] 0oh 144 Pump2
. 22 Pump AN (all 0.0h 145 [water
Select edited data . . Table summar =
20 Pump 2 3 i W7 [P
25 Motor Root 10a 10d 143 Pump 1
f- 26 ToF =g fore 2 gon_ = 143 [Pump2
ields and shown nodes © with edit possible
28 Pump 1 0 3 151 [TOP
29 Pump 2 Root 300d 10d v 182 Pumps
153 Pump 1
J oK Q Cancel 0 J oK s Cancel e 154 Pump2
J 155 Motor
156 TOP
157 Pumps.
158 Pump 1
159 Pump2 u
160 Motor v
=) i Expand all =) Highlight... EEQ
¥ Ramentor Oy - Jussi-Pekka Penttinen 159 2, = @ 1% New e
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Larger Fault Tree: Excel Summary

= AR test - Microsoft Excel — ] X
Home Insert Page Layout Formulas Data Review View @ e = g 2
Al s £| 110P v
A|B c D E F G H 1 1 k] L M N 0 P Q R =
11T
7
3 & ID  Level1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8 Level # 1D Name Gate type Mean time to failure  Mean duration of repair
a1 1 ToOP 1 1 TOP OR (some]) 0.0h =
s2 72 Pumps 2 F) Pumps  AND (all) 0.0h
63 Pump 1 3 7 Pump1 Root 30.0d 1.0d
7la Pump 2 3 5 Pump2 Root 30.0d 1.0d
gls 3 Motor 2 £ Motor  Root 1.0a 1.0d
3ls B ToP 2 s ToP OR (some) 0.0h
107 7 Pumps 3 7 Pumps  AND (all) 0.0h
/s 8 Pump 1 a s Pump1l Root 30.0d 1.0d
129 9 Pump 2 a 5 Pump2 Root 30.0d 1.0d
1310 10 Motor 3 70 Motor  Root 1.0a 1.0d
111 1 ToP 2 11 Toe OR (some) 0.0h
1512 12 Pumps 3 72 pumps ANDall) 0.0h
1613 13 Pump 1 a 73 Pumpl Root 30.0d 1.0d
1714 Na Pump 2 a 74 Pump2 Root 30.0d 1.0d
18 15 15 Motor 3 5 Motor  Root 1.0a 1.0d
1916 16 ToP 3 6 ToP OR (some) 0.0h
2017 17 Pumps a 7  Pumps AND/all) 0.0h
2118 18 Pump 1 5 8 Pumpl Root 30.0d 1.0d
219 19 Pump 2 5 79 Pump2 Root 30.0d 1.0d
2320 20 Motor a 20  Motor  Root 1.0a 1.0d
mn ToP 2 51 ToP OR (some) 0.0h
522 22 Pumps 3 22 pumps  AND(all) 0.0h
2622 23 Pump 1 a 3 pumpl Root 30.0d 1.0d
27 24 :_4 Pump 2 a 24  _Pump2 Rogt 30.0d _, 1.0d
255 7 Tree: structure . Selected data fields -
2926 26 TOP 3 2%  TOP OR (some) 0.0h
3027 27 Pumps a 27 Pumps AND(all) 0.0h
3128 28 Pump 1 5 78 pump1l Root 30.0d 1.0d
3229 29 Pump 2 5 79 Pump2 Root 30.0d 1.0d
3330 30 Motor a 0 Motor Root 1.0a 1.0d
3431 31 ToP 3 51 ToP OR (some) 0.0h
3532 32 Pumps a 32 pumps  AND(all) 0.0h 3
M4 b M B Info | Structure - 1 TOP ELMAS Project "1 TOP .~ 2 Pumps .~ 3 Motor 4 Pump 1 5 Pump 2 E' o - »
oo | All data fields in a node sheet = =
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Advanced Features: Block Diagram

File Edit Tools About

1TOP | 161 Block Diagram | .. ‘ID Name

1103 Pump1
1104 Pump2
105 Motor
1108 TOP

162 163 107 Pumps
Phase 1 Phase 2A 1108 Pump 1

109 Pump2
‘,7 =, o—mu) 110 Motor
11 ToP

- 112 Pumps

113 Pump 1
\ 164

114 Pump2
Phase 2B

]

161 Block Diagram

115 Motor
116 TOP
17 Pumps
118 Pump 1
119 Pump2
1120 Motor
121 ToP
122 Pumps
1123 Pump1
124 Pump2
1125 Motor
126 TOP
127 Pumps
1128 Pump 1
129 Pump2
1TOP 1430 motor
1131 Top
1132 Pumps
133 Pump1
134 Pump2
135 Motor
136 TOP
1137 Pumps
1138 Pump 1
1133 Pump2
140 Motor
141 ToP
1142 Pumps
1143 Pump 1
144 Pump2
1145 Motor
146 TOP
147 Pumps
1148 Pump 1
1149 Pump2
150 Motor
1151 TOP
152 Pumps
1153 Pump 1
1154 Pump2
1155 Motor
156 TOP
1157 Pumps
158 Pump 1
1159 Pump2
1160 Motor
181 Rinck Nianram

4 Hide level 2 Collapse all o M EBpandall | A Highlight amq|

T}

~ v
ELMAS v4.8.14 (1.7.2016) i Ramentor Oy - Jussi-Pekka Penttinen (715,179)  102% (Q m— = (o [ New [ Delete
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Advanced Features: Data Import

' _ Machine ID is used to find
Several import types in own tabs correct ELMAS model node

ELMAS Import Data.xlsx - Excel = o
-
f 245l e Aty al) ) Home  Inset  Pagelayout  Formulas  Data  Review  View  PDF-XChange2012 @ Tell mewhat you want to de Jussi-Pekka Penttinen £ Share
Failure order costs | Other costs | Time tofailure (KM-estimator) | Maintenance | Dynamic constants
Export | Import | Exactfailure || Failure history | Timetofailure | Usage history | Failure estimate B25 - 2 v
Exact failure data properties A B © 5 s 5 z . . I . 1 ~
Perior st daieme el | 2 1 |Work# Work Name Order Date _|Order Time Process ProcessID | Machine Name i ReadyDate | ReadyTime | Duration
2 01.10.2009
e B 3L 02.10.2008 715 Control Valve 1 s 02.10.2009 13:30 375
4 [2 06.10.2009 14:30 8 06.10.2009 17:00 150
Type of failure cells: Two adjacent date/time cells - 53 13.10.2008 11:00 Pump 2 11 13.10.2009 12:30 20
6 & 14.10.2009 7:00 13 14.10.2009 15:00 480
F HH:mm 75 19.10.2009 130 3 19.10.2009 530 240
85 21.10.2009 700 8 21.10.2009 15:00 480
e hor 97 22102008 1245 12 22.10.2009 1515 150
108 29.10.2008 15:00 Control Valve 1 s 25.10.2008 16:00 60
Repair data column: ! 118 04.11.2009 9:30 8 04.11.2009 1515 345
12 |10 05.11.2009 14:00 el 05.11.2009 1415 15
Type of repair data cells: Two adjacent dateftime cells -
13 11 09.11.2009 6:00 12 09.11.2009 15:00 540
rT— 1412 09.11.2009 1330 Pump 2 11 09.11.2009 15:00 50
1513 13.11.2000 19:00 5 13.11.2009 20:30 120
1614 19.11.2008 7:00 15 15.11.2009 9:30 150
1715 19.11.2008 12:00 s 15.11.2008 13.00 60
D s hoT 1816 22.11.2009 21115 8 23.11.2009 2:00 285
19 17 30.11.2009 6:30 Pump 2 11 30.11.2009 7:00 30
Nede ID column: H 20[18 01.12.2009 7:00 13 01.12.2009 10:00 180
- T s 2118 01.12.2009 11.00 5 01.12.2009 13:30 150
e 2220 01.12.2009 20.30 8 01.12.2009 22:00 50
Failure description column: 23|z 04.12.2008 20,00 12 04.12.2009 20:15 15
24|22 Work name? 09.12.2008 430 Control Valve 1 s 08.12.2008 11:30 420
Sheet title (first if empty): 25|23 10.12 2003 715 8 10.12.2009 9:40 145
- 26 |24 14.12 2009 8:45 el 14.12.2009 1145 180
ncace o Keep old data N 27 [25 17.12.2009 18:30 12 17.12.2009 19:30 50
PR o 28 26 22.12.2009 18:00 Pump 2 11 22.12.2009 20:30 150
2927 22.12.2008 23.45 8 23.12.2009 4:00 255
T 30 [28 27.12.2008 18:15 12 27.12.2009 1515 60
3129 29.12.2009 7:45 Control valve 1 s 29.12.2009 9:00 75
Show more: [ Load selections, Save selections... =] Init data from Excel 32|30 29.12.2009 13:00 8 23.12.2009 1430 20
B 3331 29.12.2009 1515 5 25.12 2009 18:00 165
3 =
JUK 0(3"(E| e Taul3 | Tault ‘ Taulz ‘ < »
Ready B m - ] + 100%

Select from ELMAS which
type of Excel is imported and Example Excel sheet with work orders as rows

the format used in ELMAS
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Advanced Features: Maintenance Actions

General | Preventive | Inspection | Restoration | Replacement | Finding | Redesign | RTF T Preventive action] General | [QBreyentavel [ nspecion ) [Resiusaion) [ Repiacement ] uEinding | LRedesgn] RRIE — Inspection]
Relations Preventive maintenance Relations Inspections
Failure
Lubrication and service actions that maintain the designed features or imprave it Description: Failure Generally it is reasonable to carry out the scheduled condition monitoring actions, if 1] it is B
Repair Repair possible to define and detect the symptoms of the failure early enough, 2) P-F-period (Point
v racgee Nome - = T ctions | Failure s moderately solid and 3) it s practical to controlthe object in shorter time periods
] = than the P-F-period.
reventive action 10
Risks Risks
Comments: Comments:
Line [} Add action 5} Remove selected rows Line Active Name Interval Cost (€) Symptom ti_._Probability
Simulation Sirmulation Inspection 1.0
Add cost from all overlapping: [ Resourie: - ' -
Dynarmic Dynamic ik Add inspection =} Remove selected rows Resonece
Responsible: v Responsible: v
Add cost from all overlapping (even only first is handled): [
Date: Date:
Jor | Ques @
State: v . v
J oK Q Cancel 0 S

History: History:

Preventive maintenance: Inspection:

Improve condition by o ‘ Detect and fix symptom =~ _

Probabilit: 1.0

effect factor

(—— e il Sl ety (—— L e ety — Editirodeblpamp 2| [

Generally it is reasonable to carry out the scheduled maintenance, if 1) the device has an

General |l et =l (R (e (R General | Preventive | Inspection | Restoration | Replacement | Finding | Redesign | RTF General | Preventive | Inspection | Restoration | Replacement | Finding | Redesign | RTF
Relations o Relatians Replacements Relations Failure finding
Failure: Failure Generally it is reasonable to carry out the scheduled maintenance, if 1) the device has an Failure In the hidden failures case the risks of the common failure modes can be strove to decrease to

Repair operating life, after which the failure rate of the device increases fast, 2) most of the devices Repair operating life, after which the failure rate of the device increases fast, 2) most of the devices Repair an acceptable level by doing failure finding actions.
lasts the defined operating life time (all the devices must last this time in cases concerning Jr— lasts the defined operating life time (all the devices must last this time in cases concerning Jr—
LEETTS safety or environment) and 3) the durability (operating life) of the device can be returned safety or environment) and 3) the durability (operating life) of the device can be returned Active — — = ——
Risks. nearly to the initial level by doing scheduled maintenance. Risks. nearly to the initial level by doing scheduled maintenance. Risks. /] = 0 ty
inding
Line Line Line
Simulation | Active Name Interval Cost (€) Effect factor Simulation | Active Name Interval Cost (€) Minimum age Cmalation [ Addfinding 5} Remove selected rows
Restoration 10 Replacement
Dynamic Bynamic _ = Dynamic Add cost from all everlapping (even only first is handled): [
ik Add restoration |=} Remove selected rows [+ Add replacement =} Remove selected rows
Add cost from all overlapping (even only first is handled): [~ Add cost from all overlapping (even only first is handled): [~

s Cancel e J oK s Cancel e

J oK s e e J -

Restoration:
Improve age by effect factor

Replacement:
Improve as good as new

Finding:
Find and fix hidden failure

www.ramentor.com
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Advanced Features: Dynamic simulation

F{Enera\ Shortcuts | Constants | Parameters | Lists | Basic code || Event Code General Shortcuts || Constants || Parameters Basic code || Event Code I n ad d Itl O n to eac h S I I I I u I atl O n
Relations Constants used in simulation Relations Basic simulation code = = =
e  amas o svcecace ) — sate_raiteD) ¢ step itis also pOSSIb|e to add

$
£
I

actad na Type Unit = gsc
PEED Humbs Unitih Repair , loss += SPEED + DT / 3
YR E T ——— code for each simulation event
Risks Risks
Line Detai lected constal Line
\\\\\\\\\\\\\\\\\\\\
Dyna Dynamic

Define production (loss!) function:
if (THIS NODE.getState() == STATE FAILED) ({

Define constant: SPEED loss += SPEED * DT / 3600;
(production speed units/h) }

e — (DT = simulation step length in seconds)

o ox Qs | @

8|7
B

[ Add new parameter = Aletttakiens 2 einils X
sssss me e graphs | Mezn 1
Line Details ot Init Period
\\\\\\\\\\ Simu £
Dyna Resul
500
450 =

nnnnnnnnnnn

"’ e - R Dynamic simulation
[ results for the parameter

Define parameter: loss e =
(cumulative value added B
when component is failed) ———
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Advanced Features: Debug Log Window

Debug (06.07.2016 19:34:23): 3

Random seed: 1467371614491
191 days -> 1.4208359715037255

_ Editinode:'6 TOP 305 days -> 2.00171539991111
l d 306 days -> 26.46685635550413
General Shortcuts | Constants | Parameters | Lists | Basic code | Event Code 310 days -> 50.22800128077519

334 days -» 55.058833315247115

Relations Bask smwlationicode 593 dlays -> 55.141364431175816
Failure if (THIS_NODE.getState!) == STATE_FAILED) { 774 days -> 8§7.69709890400938
Repai loss += SPEED * DT / 38007 1294 days -> 97.64322337166043
epair System.out.println({int) (STEP_END TIME /3600 f24) + " days -» " + loss); 1295 days -» 123.87358076313043
Actions H 1297 days -> 171.91704 287949688
Ricke 1391 days -> 181.36903073772527

1534 days -> 203.04905337913735
Line 1611 days -> 236.76476995546523
1737 days -> 237 630752468984
1043 days -> 253.28500049002466
Dynamic 2292 days -> 265.3403190634042
2335 days -> 268.3665920799666
2701 days -> 343.1652777613673
- 2749 days -> 388.0023108639244
2853 days -> 391.26981347244384
J oK Q Capcs Q 2041 da;s - 406.3876826923811
3317 days -> 427.2470316280978
3318 days -> 463.5010488923944
3334 days -> 466.19198337616754
3535 days -> 492.1117569651759

Simulation

Print debug log for example after each event (current time in days + current loss):

(int) (STEP_END TIME /3600 /24) + " days -> " + loss

(STEP_END_TIME = simulation step end time in seconds)

www.ramentor.com
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Advanced Features: LHC Dynamic Model

= CERNIModal 18.9.2015 - ELMAS 2.5 - _em
File Edit Tools About node:SBILHEDelivery S8 ‘

1LCH Annual Cycle | .. General || Shortcuts | Constents | Perameters | Lists | Basic code | Event Code e r—
- - . u m 1 LCH Annual Cycle "

Relations Parameters used in simulation anual Cycle LTS Technical Stop

LC... Re-Commissioning with

Failure Parameter name Type Initial value Unit Report PHY Physics

Repair phaseStart Time 00 s MD  Machine Development
actuaFilTime Time 0 s TS Tecnnical Stop

Phase filProduction Number 00 CWB Re-Commissioning with

Actions filSuccess Integer ) Period graph END End of Proton Physics |-
ke fiFail nteger 0 Beriod arach | | EWe Harcwars Comtecmng
I R G S | 101 wacnne pevecpment

Line [+ Add new parameter =} Remove TS1 Technical Stop

General Shortcuts ~ Constants  Parameters  Lists Basiccode  Event Code . . ,
Simulation L C.. Re-Commissioning with
. Details of selected parameter: phas| Relations Event simulation code FA.. LHC Faiure
Dynamic 11 LHCF gle
Failure if (BET_EVENT_CAUSE == THIS_NODE &5
— ! 12 no_int_low_en ™
i GET_NODE ("PHY") .getState () == GEI_TASK STATE("Phase™)) | oG
C = Repair if (THIS_NODE.getPrevicusState() GET_TRSK STATE("Phase”)){
omment Phsse if (Simulatiom—% & PRINT_LOG){ 191 LHC OP.Access Hardw
System.out_println("SB end, "+GET_EVENT TIME); 182 LHC OP.Access User
Actions } 193 LHC OPBIS.Hardware
194  LHC OP.Beam dump.Co.
Risks ime = DYNAMIC_GBJECT cunter (GET_EVENT_TIME]; 195 LHC OP Beam dump Har.
Line THIS_WODE.clearFutureZvents (), 196 LHC OP Beam insirume.
intLomi = intLumi + DYNAMIC_OBJECT.getIntLumi(phaseStart, GET_EVENT_TIME);
‘ (SN — Simuleti - - - 197 LHC OF.Beaminstrume,
imulation
if (THIS_NODE.getState() == STATE OK) { My 108 |LHC OP Foam insirume.
Dynamic if (Similavion=—3 && PRINT_LOG){ =[F] 199_|LHC OP Beam instrume.
System.out.printla("Fill success™); 200 LHC OP.Collmator.Hard.
) + 201 LHC OP Colimator.Soft.
fillSuccesst- 202 LHC OP.Controks Infrast
CurrencPha. 5 203 LHC OP Controls. Network
ii—:ggii‘ 'Si“":;;‘ ' ientrs 204 LHC OP.Controls.Softwr...
= srarroparationl); 205 LHC OP.Controls Timing

(GZT_NODZ ("RDOWN") .startState (ET_TASK_IVENT ("Phase"), tzue);

' 206 LHC OP.Controls. WorldFIP

else if (THIS NODE gesStace() == STATE WAIT){ 207 LHC OP.Cryogenics.CV
fillFail++t; 208 LHC OP.Cryogenics.Col...
+ 208 LHC OP.Cryogenics.Co

} 210 LHC OP Experiments AL
else if (THIS_NODE.getPreviousState{) = STATE OK &4 211 LHC OB Experiments AT...
THIS NODE.getStase() == GET TASK STATZ("Phasz") ) { 2l ECOP o o
£(8: 11 ==3 .
ifiSimilasion=3) { 213 LHC OP Experiments LH.

System.cut.println("SB start, "+GET_ZVENT_TIME);

1 214 LHC OP.Injection.Controls
215 LHC OP.Injection Hardw,
phaseStart = GET_EVENT TIME; 216 LHC OP Miscelaneous.
THIS_NODE.addSetOperationEvent (DENAMIC OBJECT.getFillTime()); 217 LHC OPPower convert
218 LHC OP.Power convert.
if (Simulation = 3){ v 218 LHC OP.QPS.Controller

System_out.println(D¥NAMIC OBJECT.getFillTime()); & e

221 LHC OPRF.Controls
222 LHC OPRF.Hardware
223 LHC OPRFTransverse

Custom simulation code . g.. o =7

LHC OPTechnical Servi
E— 226 LHC OPTechnical Servi
1
TOr IF rated luminosit 4
HE Paile ul Phase
during Delivel
Down

i
FAULT 1
LHC Failure

B R

7
LHC Failure
during Ramp

1"
LHC Failure
during Idle

229 LHC OP.Vacuum.Press.
230 LHC OPVacuumValve
13 Faiure during LHC Inject...
14 Faiure in Upsiream Mac.
31 Injection is Active in LHC
53 Upstream Machine

138 LHC OP.SPS.No beam
126 LHC OP.PS.Ho beam

127 LHC OP.PSB.No beam

30 LHC Faiure during Inject...
48 low_in_low_en

227 LHC OR.Technical Servi
L] 228 LHC OPVacuumnterlock
During Ramp Independent
LHC Failure

OR!

3
LHC Phase Ind

30 304
LHC Failure no_int_high_en

during Injection

14
Failure in
Upstream
Machine

315 LHC
. 316 LHC OP.Access Hardw.. 7|
4 Hide level = Collapse all 2 Expand all =) o ooaq
< L >
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