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Fault Trees: Example BIS

False dump

1h
| cmoomer |
Q=0.0009117
l | | I | [ m ] | | | | |
DC Power || Single User || Double User || Patch Panel || Extension Extension Test and Manager Manager Optical Loop VME Fan VME Power
Supply Interface Interface for the LHC Type-A Type-B Monitor Display Repeater Generator Tray Supply
Supervisor
[ CIBD_FD ||CIBUS FD||C®D_”_C€I}J ||CI _FD | [ CIBEB_FD | [ CIBT_FD | [ CIBM_FD | [CIBMD_FD | [ CIBO_FD | | CIBGFD ||C|/‘\Fm|cm5\
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Fault Trees: More

Complex Example BLMs

I I [ I ] ] l I
Channel with Cannel with Channel with DigitalFEE with DigitalFEE with BEE with BEE with Crate with Crate with
Damage Risk Damage Risk Damage Risk Damage Risk Damage Risk Damage Risk Damage Risk Damage Risk Damage Risk
nd 1 and Mission and yearly check nd 1 and Mission and Logging and Mission and Logging and Mission
and 10pA check yearly and 10pA check et o R et
| I I
| N N O NN T N [ 3
CHANNEL DR _10°A cwwsu. DR_Y |“ OIGTAL_FEZ DR U BEE_DR_L BEE_DR_M | | CRATE_DR_L
ABECH wed B4LEQT STETE wet TESECH J2SE 1 wel JHVECS Qe SIECE wel TTESCH [On5 *5IE-'3 we' JS4ECH| |OuB I5TE11 wet SOEAT Ce1 S25E1 wel 45ECH
l Z X ] I Z N l I ya A} I
CFC with lonisation CFC with lonisation 10pA source with| | Transmission | | 10pA source with transmission Back Plane line Combiner with
Damage Risk Chamber with Damage Risk Chamber with Damage Risk FPGA with Damage Risk FPGA with with Damage Damage Risk
and 10pA check Dsmage Risk and and Mission Damage Risk || and 10pA check | | Damage Risk and Mission Damage Rk and Risk and Mission and Mission
Ihwn chack and yearly check and pr check eck Mssion check check check
CFC_DR_10PA I IC_DR_M CFC_DR_M | l‘-‘ IC_| DR Y | 1“ I Famg_nn :w sousce R u | [FPGATX_DR_M BP_DR_M COMBINER_DR_M
AR el 14T CHEECT wel 442800 ABIRCT e 1 m T8 vt TEEE <0 LOSR1Y weld §438 .‘1’7‘0’ :ﬂﬁhﬂm ICERCL Wl TTEESH O TIR00 wet 1IRON 396811 wed 994E2
Bl [ A—
Cable gives IC filter gives Wrong signal Hidden wrong|| Wrong CFC False closed
no or wrong m"'.‘:‘:::"‘:;‘u 10pA signal || signal from R ach
IC slgnal FPGA
|lC CABLE DR ul ||c nusa OR_ u ICGAS_DR_Y I“IOPA DR_| M | |FPGMDC DR_| u
Sed 47IECE wet 4126<CL) et 21ELCT wel CIECE S2E08 we' TESE0S| | 253600 wet C4ZECH|  |Om7 JOSECS wal 1TSECH
o ) B ] Ecm |
IC gas Shorted high || Timing Error
pressure (16 DABS) (16 DABS)
change
&
IC+CABLE .11 I BP_SWITCH_A 04 | Isﬁ_swncu_ws |

Manual creation of fault trees and input data insertion

Rate unprotected: 1.26:10-% / mission ) , : _ ,
> 5 02-10 per vear * Copy paste option available (2 different options)
' PEry e Option available for importing data from external files

(not straightforward)
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Reliability Block Diagrams

BIS powering

* ‘Blocks’ connected in series/parallel (voting) depending on the
functionality of the system
Linac4 MPS
Converterl
[+] [+
Linac4 MPS.1 Linac4 MPS.2
BIS WwIC J >_|
Linac4 ECLZT’]te(;I\tI;S.l.l.Z.Z
* A hierarchical structure of blocks can be created:
Linac4 Source = Linac4 RF Linac4.Bl Linac4 MAGNEFSE Lir1ac4AVACUUME Linac4 ABSORBER% Linac4 COOLING Linac4 MPS
S —— —— > —— > —— ——
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Definition of Failure Modes

Y AvSim - FT/RBD
* Each block/fault tree event can be E;

|_:_||ﬁ_§'|1] RBD Pages

assigned a failure mode 8] Linact
----- @ Fault Tree Pages
manua”y - Faiure Models
o RF
. . . - Cavity
O  Failure density function & & vovsbe Toners
. . ¢ L. Cavity Damage:Damage due to beam impact or sparkin
O  Failure recovery function L Erwens e
ﬁ Klystron breakdown
4 Consequences . L. Modulator breakdown

5§ RF Controls

----- g LLRF Failure

e ..and a maintenance strategy < Poverns

----- ﬁ Power Converter
Epﬁ Vacuum

d  Corrective B VacwmLeak
. ﬂ Pumps
D Inspectlon ﬁ Vacuum Valves:Mechanical Failure - Valve stuck IN or OUT
[-jﬂ WATER COOLING
3  Planned g Water Supply

E-JgF Source
-Jg Long Stop
-JgF Short Stop

- MPS

o BIS

ﬁ BIS Failure:Spurious trip of electronics (false trip)

----- ﬁ BIS powering:Converter breakdown
@ wic

----- ﬁ WIC Failure:Spurious trip of the WIC

----- ﬁ WIC powering:Converter breakdown
=-F Absorbers
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q Failure modes, effects and maintenance

Elsa_) Powering

Failure Model Properties - Vacuum Valves : Mechanical Failure - Valve stuck IN or QUT (6 val... - Power Converter
[E-8) Vacuum
| General | Failure |Maintenance | Alam I Commission | Redesign | MNaotes I Stlategyl ----- L'l Valve
----- &/ lon Pump
Distribution: [E:q:nonential Weibull set: Mot sst - rﬁ1 Labor
Distribution parameters I_:_| 'ﬁ' EMN/STEEN/ST] experts
----- 'ﬁ‘ Dump expert
Mean time to failure: 21300 Standard deviation: |0 'ﬁ' Dump technician
Weibdll digtibution 'ﬂ" Dump controlz expert
Eia1 (2760 2 Gamma-1- [0 = TENVSCTENSC experts
o 2 e e 1 S 'ﬁ‘ Vacuum expert
_ — ~ — ~ — e 'ﬁ‘ “acuum technician
Etz-3: |8760 Beta-3: (2 Gamma 0
----- 'ﬁ‘ “Vacuum controls expert
-
- | : ol p & h
Nen-operating failure apportienmeri (%) 50 (] Domnart failre Failure Model Properties - Vacuum Valves : Mechanical Failure - Valve stuck IN er OUT (6 val...m
Meon-operating ageing apportionment (%) ;. 20
Start-up failure probabiity: 0 General | Failure | Maintenance |Narrn I Commission | Redesign I Maotes | Stlategy|

[ e
- Valve replacement
\ Planned
Inspection
New... Edit... Remaove
[ Copy Task From Library... ] [ Use cument project [ Use task group hierarchy
Task library:

[ =

oK || Cancel
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Resources Definition

* Resources needed for maintenance are assigned to each task

D Ta S k d ura t i on Labor Properties - Vacuum technician m

d  Personnel required

ID: | Wacuum technician|
Spare components available e [TENSE .

Description:

i ™Y
Task Properties - Valve replacement M

General | Advanced | Rules | Notes |

MNumber available: Cost rate: 0.06

1
Comective logistic delay: 0
Comective call-out cost: 0
Scheduled call-out cost: 0
Description:
oK || Cancel |
Task ID:  Valve replacement
Task duration: 24 Operational cost: 0 g ~
Spare Properties - Valve M
Ramp time: 0
General | Level 1| Level 2 | Level 3 | Repair Shop | Notes | Optimization |
D: |(ErE
Resources: Type: [‘u’acuum ']
'ﬁ'\u’acuumtechnicianx'l Descrigtion:
@) Valvex 1 escription:
Unit cost: 3
Unit wolume: 0
[ fadd.. | [vadd.. | [ @ ad.. | | Edi.. || Remove | U wegt: [0
OK Cancel
[ e | ok || cancel |
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Maintenance: Scheduled Technical Stops

* Requires the definition of 2 phases:

Operation, planned maintenance

rPhase Properties - Operation R
Failure Model Properties - FM-WaterCooIin_ M [ General | Notes] |
General - Maintenance | Alarm | Commission | Redesign | Notes | Straiegy| | ID: Operation
Group; |PhaseGroupl -
Corrective Description:
CcMm1
-~ Planned
- Inspection Duration: 2190
INT [Disabled]
[ ok || concel |
New... Edit... Remaove
[ Copy Task From Library... ] [] Use current project ["] Use task group hierarchy T —— maimmmj
Task library:
[ '] | General ‘Ncws_
ID:
Group: IPhaaaGroum -
OK | I Cancel Description:
Duration: 48
1 1 i Diulaps>
* Planned maintenance in TIm o
=% Phases
. i =% PhaseGroup1
Isograph: fix all components at i
H H & Planned maintenance
a predefined time L ox ][ cancet |
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D) Rules for Performing Maintenance

Type: [Trigger task by state

State dependency type: [RBD Block ']

Reference block: [PSB RF System v]

Reference block state: [Out of service

1

Minimum elapsed time/age:

Rule description:
If block PSB RF System is out of service trigger task if elapsed time/component age >= 1

Type: [Triggertask by phase

Phase: [Planned maintenance

Minimum elapsed timef/age: 49

Rule description:

On entering phase Planned maintenance trigger task if elapsed time/component age >= 49
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Simulations

 Many details can be defined in Isograph, some examples:
O Storage cost for spares, capacity, etc.
O Logistic delays and costs
Q

* Once all parameters related to the blocks are defined, the
simulation options are selected:

d Lifetime
d  Number of simulations (Monte Carlo)

* Results are then presented in terms of:
2 Mean (Un)Availability (system and sub-systems)
d Required resources
O Consequences of outages

Andrea Apollonio page 11



Results

-
Simulation Results

| Life Costs | Systems |Cnmpunents I Consequences | Spares I Labor |

1D Description Jr
-
Linac4 Source

Linac4 MAGMNETS

Linacd MPS
linard RF i

D Linacd
Total down time: 389
Std total down time:  129.8
Emoe % total dowee fime 3796
Mean unavailability: 00444
Unavailability at lfetime: 0.06
Mo of outages:  156.1
5td no of outages: 11.76
Emor % no of outages:  0.753
F:o1
*MTTO: 5122
“MTBO: 5611
MTTR: 2452
* To obtain accurate MTTO, MTBO and MTTR values set project lfetime =» MTED

r 1 | F

Close

b

* Options available to export results to text files
e Customization of reports possible but not straightforward
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D) ISOGRAPH — Simulation Watch

Chopper powering failure Magnet powering failure

Linzcd4 MAGNETS. 1.1
Coil Status Temperature
0 J 8] J
Ciperating Point of failure Operating

Paint of failure

RF Tuner failure

Linacd RF.4.1 Linac4 RF.4.2 Linacd RF.4.3 Linacd RF.4.10
Klystron LLRF Cavity status Tuner status
l—.-— —f-———— —f-———— —f-————
Operating Operating Operati Operating
Linacd RF 4.4 Linac4 RF.45 Linacd RF.4.6
Klystron LLRF Cavity status
_b— _b—
Operating Operating Operati Paint of failure
Linacd RF 4.7 Linac4 RF.4.8 Linac4d RF.4.5 Linacd4 RF.4.12

Klystron LLRF Cavity status Tuner status J
—-— —-— —-— —-—

Operating Operating Operating Operating
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(@Y  Failure Rate Predictions - Standards

L Reliability Workbench - Prediction

File Add Edit Tables Derating View Grid Tools  Special Functions  Parts  Help

@ﬁ A | ;’ e W S | B B A 3 23 55’ T} Alpha-l\lumeric Display

“# Prediction ~ Tasks J—-l Grid |28 Plot 2 Plot & Gr Ielcordia TR/SR ./ Parts Library L] Re
[fm MIL-217 [F2] r
B: <ProjectiD= Prediction blocks - General ~ :,—-| ' \ﬂNSWC [98] ows - i‘—-l *H

... ) 0:FR=0 FITS IEC TR 62380

- 7] Deratings 1] Part number GJB/z [299B] Pan
GIB/z [299C]
GIB/z [299C-A]
SM 29500

| VST,V g Nove surtace Wartare center

Carderock Division
PN Tt el West Bethesda, Maryland 20817-5700

1

) ) r—— Handbook
e Calculation of failure IR F—
eliability Prediction Procedures
rate of standard MILITARY HANDBOOK -
Mechanical Equipment
components from RELIABILITY PREDICTION OF

Common|y used ELECTRONIC EQUIPMENT

reliability handbooks

Logistics Technology Support
AMSC NIA CARDEROCKDIV, NSWC-11

(ON STATEMENT A: Approved distribution unlimied. May 2011
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Example of CLIQ Trigger Card

Prediction

——PULSE_TRAN_ | NEG >
B N B
T o &
£ SV 1 M PWLL
)
. g WSAWSB
v
| 2 -
S
@DFW  Tp3
Luteh to allow only ene pulse train
c {when the trigges sigmal stay af the isput more than S00ms ) c
IRIGI V2 +24V PW2
+15V 2 -
1572 - WIAWIB
— 0] K12 WL b
[ - .
- N [—5— 2 2l <157 29—
wa® o], i
i ]___* . , |59 PULSE_TRAIN 7 POS
5 Y7300 PULSE TRADY 7 WEG
Z [52:] 3
=
b E: E:-J:- Hi==r] £ ?
i g =T £
3 £
[ez] =
FEFA011EP
agneyr ] Mowao
e by ] Mowas 3052013
E “ TEAIFE] CLIQ2 Theck by A Fazxso Toaae | E
tch to allow cnly coe pulse tain - . il AT TRA0E ]
(ovher the wigger sigaal seay at the inpat more than 500 ma ) (7 Power Supply Trigger 1 G CLIDI FWE_SUP_TRIG_L SaiDoe
v Pria Dose 030572018 10-54:43 Sheet | of 3
v \ [ European Organtzation for Nuclear Rezearch " e
| T Gt St EDA-03396-V1-0 a8 <
1 | 2 | 3 | 4 | 5
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Failure Rate Predictions

Prediction

B: CLIQ unit Prediction blocks v General = | 54 7 N4 Top 1000 rows + §d T
=G EXE - Infernational SN
| UECCPS24P501104-5:HV CAPACITOR CHARGER:FR=1000 I Part number Description Pateak . IRF640NPbF
| ES6.C32-406500:CAPACITOR 600 V/ 40 mF:FR=200 UECCPS2apsa . |5 HV CAPACTOR CHARGER ISR Recﬂfler IRF640NSPbF
] 0.3 TRIGGERING S¥STEM:FR=2920(CR=0.207} £55.Ca2.406900 = CAPACTOR 800 VI 40 mF ONLPbE
} 56.C82- m .
| £510.241TC POWER SUPPLY.FR=1531 \m‘em(j“ong‘ IRF640N/S/| PbF MOSFET
(] 0.3.2:TRIGGER CARD'FR=262 2(CR=1.725) 03 = TRIGGERING SYSTEW ISR Rectifier
| 200:RESISTOR:FR=33.41 C510.241 0-3-1 TC POWER SUPPLY
") 1N4007:PLASTIC RECTFIER:FR=9.301 03z 122 TRIGGER CARD . _ 0 — F 200V
1 - . :FR= v : ToP 15V
_.l CHY17-3-000E:PHOTOTRANSISTOR OPTOCOUPLER:FR=80 200 0291 RESISTOR = ToR 1Y . B 0150
__| HEF4011BP.QUAD 2-INPUT NAND GATE:FR=11.2 = a5 ‘é’ o = -
] NESSSPTIMER:FR=14 1N&007 0-3-2-2 PLASTIC RECTIFIER é o g% g v
| BZX55C15:ZENER DIODE:FR=9.465 CNY17-3-000E 0-3-2-3 PHOTOTRANSISTOR OPTOCOUPLER S B D"“"W 6 10 BOTTOMA5Y 18A
- L
__| IRFE40NPBF.TRANSISTOR MOSFET:FR=T7.72 HEF4011BP 0-3-2-4 QUAD 2-INPUT NAND GATE E ; é
. . — A 4 5V=H
") INSB21:SCHOTTKY DIODE:FR=10.87 NESEER ST TMER & é% — 2
| 0358 RSP:POLARICED ELECTROLYTIC CAPACITOR:FR=27.11 Ty ST ZENER DIODE 2 2
----- ) 0.3.3:PULSE TRANSFORMER:FR=107T i 5 B =
..... ] 55TB24N2800:BFDIRECTIONAL CONTROL THYRISTOR:FR=49.1:(| P IRFE40NPEF 0-3-2-7 TRANSISTOR MOSFET 2 01 = a
.7 Deratings K DIODE L L
- 2 A
: - i L% [t s PUSEWIDTH s PULS
Block Properties - IRF640MPBF : TRANSISTOR MOSFET MIL-217 [F2] Transistor, LF FET “ED ELECTROLYTIC CAPACIT. Tjg 25|;|CL~JE D ali 1F7E!_€E DTH D
oo 01 N
RANSFORMER o1 1 10 100 o1 1 10 100 SN
General | Parameters | Rate./Pi Factors I Tasks | Neotes I H)'perlink| Vps. Drain-to-Source Voltage (V) Vps . Drain-to-Source Voltage (V) )
TIONAL CONTROL THYRISTO
TO-262
. . ;. } o FE4ONLPDF
Quartty: 1| Fig 1. Typical Output Characteristics Fig 2. Typical Output Characteristics
Application LF: [Linear ']
Environment: [Gmund.ben\gn V]
- ) 100 35
Quality, Discrete Semicon: [Jan V] — : § Ip=18A
— ——
Junction Temperature: |54 8 < —— 3‘5 30 Units
z  prersei# 2 /
Junction Temp Calc Mode: [Fu\l Model V] IS [ L | &
3 c |
Ambiert Temperaturs: 30 g o 7 % g ‘// —
5 e 717 SR 20
Case Temperature: |42 4 3 i S = 74 WIFC
3 7 5 $E v v
Cperating Power (W): 0.4 -] / T)=25°C 2 S 15 5 -~
IS (==t
Connection Type: [Reﬂow Solder '] T 1 B 0 A
[=] a LA mJ
Adjustment Factor: 1 a = Vins
= 5 osp=—
Type.FE: [MOS FET -] Vps=50v 2 vea=tov| | €
Mo of Fins: 3 01 20ps PULSE WIDTH ia oo o
40 50 &0 70D 8O 90 100 604020 0 20 40 &0 &0 100 120 140 160 120
Theta Case / Ambient: 31 Vg, Gate-to-Source Voltage (V) T, Junction Temperature ("G) |
Theta Junction Case: 31 07/23110
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance
www.irf.com 3

 Manual procedure, but definition of libraries possible
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Weibull Analysis of Historical Data

FANS Cumulative Probability

Weibull

00-|
. . H Median rank
00|
e °
o n41s4
70| o _0° _°

fr 1821
%0

[Eta estimator

:0.9762
£:0.0464

B10: 1207

PO: 0%

Unreliability (%)

ol T T 1
2598 8735 2937 9874
Time

y 4
Time Suspended Dizabled Quantity

b 9874164227 [ [l 1 2-parameter Weibull
G067 502629 O O 1 Median rank
7972638889 O [l 1
4092.057129 O O 1 n: 4134
1835.44227 [ O 1 B:1.821
5218.564393 O O 1 ]
j:i:;ﬁ;: g g 1 po 08742 ’ Importlng data
505978623 ] (] 1 £0.0464 from €.8. excel
5450.632577 (] [ 1 files possible
478216229 =] = 1 B10: 1207
5731.037543 ] [ 1
8374289538 ] (] 1 PO: 0%
3214.247852 [ [ 1
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FMEA Template

Indenture
level

Responsible: HSE-RP

Project: CROME

CROME - MTTF Prediction

Date: 08/06/2016

Version: V1

Used standard:
MIL-HDBK 217F - Notice 2

Prepared by: Saskia Hurst

I Contributors Preventive actions I Detection Method .

Description Functions Failure modes Higher effect End effect
1.1.1.1 | Non-polarised C7.C12 - Short No power_in No alert CROME and | 10 4 1 40
Capacitor 10uF no alert next CAL
C7,C12 - Change | Filter not working Degraded mode 3 4 5 GO
in value property CROME
C7,C12 - Open No fittering Degraded mode 3 4 5 60
CROME
1.1.1.2 | Non-polarised C4, C9 - Short No 24V Mo alert CROME 10 2 1 20
Capacitor
470pF
C4, C9 - Change in | Filter not working Degraded mode 3 2 5 30
value property CROME
C4,C9 - Open No filtering Degraded mode 3 2 1 6
CROME
1.1.1.3 | Polarised C6 - Short No 24V Mo alert CROME 10 4 1 40
Capacitor 4TuF
C6 - Change in Filter not working No alert CROME 10 4 1 40
value
C6 - Open No 24V No alert CROME 10 4 1 40
1.1.1.4 | Non-polarised C8 - Short No 24V No alert CROME 10 3 1 30
Capacitor 1uF
C8 - Change in Filter not working No alert CROME 10 3 8 240
value
C8 - Open No 24V Mo alert CROME 10 3 1 30
1.1.1.5 | Inductor L1 - Short Filter not working Degraded mode 3 1 10 |30
Common Mode properly CROME
L1 - Open No 24V No alert CROME 10 1 1 10
L1 - Change in Filter not working Degraded mode 3 1 10 |30
value properly CROME
1.1.1.6 | Inductor with L2 - Shon Filter not working Degraded mode 3 5 10 |150
Magnetic Core properly CROME
L2 - Open No 24V optocoupler | Wrong alert CROME | 10 5 1 50
an no alert next CAU
L2 - Changein Filter not working Degraded mode 3 5 10 | 150
value properly CROME




Designation ‘
Delivery date Unit Qty orde Unit price Discnt./Incr.

Hazop+ Maintenance (reinstatement and valid for one year
from date of PO}, 5 licenses
PC 5 189.00

AvSim+ Maintenance (reinstatement and valid for one year
from date of PO), & licenses
BC 5 630.00

RCMCost Maintenance (reinstatement and valid for one year
from date of PO), 5 licenses
PC 5 630.00

FaultTree+ Maintenance (reinstatement and valid for one
yvear from date of PO), 5 licenses
PC 5 630.00

Reliability Workbench (FMECA, FaultTree+, MIL217, MTTR,
NSWC, RBD and Telcordia) Maintenance (reingtatement and
valid for one year from date of PO), 5 licenses

PC 5 1,117.20

Total net price

Total

945.

3,150.

3,150.

3,150.

00

00

00

00

Total price: EUR

Andrea Apollonio page 19



Summary

Q Rather good experience with Isograph so far
Q At CERN, especially used for:

- Fault tree modelling
- Failure rate predictions
- Availability modelling with RBD

O Some manual work required when:

- Creating models with a high number of components

- Defining maintenance strategies common for accelerator
applications

1 Retrieving useful information from the available results
(strange terminology)

- Importing of input data (not intuitive)

Q Good interaction with the support
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THANKS A LOT FOR YOUR ATTENTION!




