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Background

Beam Interlock System
Shutdown 3.

is the second version of the current BIS, and the plan is to install it in the Long

« The BIS is installed in not only the LHC, but many more machines. The LHC was looked at first as it is the most
stringent.

« The BIS takes inputs from User Systems spread around the LHC and prevents beam operation if a User System
indicates that there is a problem, or that it is not ready for beam operation.
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Figure 1: Breakdown of the BIS Reaction Time
(B.Todd, 2007)
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Figure 2: LHC with Permit Loops, Controllers &

Dumping System (B.Todd, 2007)
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Block Diagram of the Current BIS

* In order to understand the BIS2 and how the system works, an initial look at the current BIS was
carried out.

 This also allowed for a familiarisation of it’s functionality and the role of the sub-systems.
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Block Diagram of BIS2

A block diagram of the proposed BIS2 can be drawn up which helps to highlight the
high-level differences between the two systems.
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Approach

« Initially determining the overall reliability target for the BIS as a system.

« Data compiled in the AFT will be used, alongside the “Risk Matrices for CERN Accelerators” document, to
determine an acceptable failure rate.

There are 2 main failure modes of interest that can be identified for the BIS;
— Beam dump initiated when no failure occurs.

Blind Failure — BIS does not initiate a beam dump when there is a failure.

« Begin with top-down approach to define reliability requirements.

* Follow this with bottom-up approach (component level analysis) in-line with the top-down requirements.
« Using Isograph, we plan to do: Prediction Analysis = FMECA - Fault Tree Analysis.

* AvailSim4 to also be used to carry out further analysis and comparison.

* Note: This analysis is for the BIS2 present in the LHC. The BIS is also present in the other accelerators and
studies will be also be carried out for them.
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Rel I ab I I Ity Ta.rg et fO r th e L H C (Courtesy of Thomas Cartier-Michaud, et al.)

[1m - 20m) [20m - 1h) [1h - 3h) [3h - 6h) [6h - 12h) [12h - 24h) [24h - 2d) [2d - 1w) [1w - 1M) [1M - 1Y) [1Y - 10Y)

1H Key:
1/Shift
1/Day

1Week

- Target Rate for Blind Failures

- Target Rate for False Dumps
1/Month * - Achieved Rate for False Dumps
1Year
110Years
1/M100Years

11000Years

« Using the Risk Matrix above based on AFT data, the rate achieved for the current BIS in operation can be
highlighted.

» Achieved rate for False Dumps is covering the period from 2010 — 2018 (there was a 2 year shut down in
this period).

» Following this, and the recovery time for the LHC, the reliability target for the BIS2 in the LHC can also be
highlighted.
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High-Level Fault-Tree Using Isograph

Begun with a top-down approach to identify the causes of the 2 main Failure Modes
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The aim of the bottom-up approach is to calculate the failure rates of the individual sub-systems belonging to the fault-tree
These can then be inputted into the fault-tree above. This presentation is showing the failure rate calculation of the CIBM
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the Reliability of the CIBM



Approach Taken using Isograph
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Prediction Model Analysis

Block Properties - 1.1.1.1 : 10% 10V X7R S5MD Multilayer Chip Ceramic Capacitor 217 Plus Ca... ? X

» For each component in the CIBM
General Parameters Rate/PiFactors Tasks MNotes Hyperink

Block Properties - 1.1.1.1 : @10% 10V X7R SMD Multilayer Chip Ceramic Capacitor 217 Plus Ca... ? Ed . . H
we estimate the failure rate with
Failure rate: FITS

G | Parameters  Rate/Pi Fact Tasks Mot rlink il
= s [Tk [Pt [t the Military Handbook 217+.
Key Description Fi value 2
Quanty: | e G s * When the military handbook
Adjustment Factor: |1 | 1.oB Operating Failurs Rate 14 y .
Vear of Manufacture:[2020 | PO Dy oy s doesn’t provide any data, we take
P | ' T e the manufactures failure rate and
Cycling Rate: |2 | pi_DCN Duty Cycle. Non-operating 0
i_TE Temp, Envi rital 1 - . .
Ambiert Temp, Operating: [25 | ' ice Teme Cyelrg i, Fte 0177 v |nput th at d”‘ectly in the |Sograph ]
Ambient Temp, Non-Op.: |25 |
Capacitor Type: | Ceramic ~ OK Cancel
Capacitance (Micro F): |10 1 .
Hec Stress Cale Mode: |Calcu|ated | - Block Properties - 1.1.1.1: @10% 10V X7R SMD Multilayer Chip Ceramic Capacitor 217 Plus Ca... ? * ° ASS u m ptl O n S take n -
‘u"oltage Stress Ratio: |D1 | General | Parameters Rate/Pi Factors Tasks Motes  Hyperiink [ ] D uty CyCIe = 1
Operating Voltage (V): |1 | D (1111 i
[ ] =
Rated Voltage I:V}Z | 10 | Description: |#10% 10V X7R SMD Muttilayer Chip Ceramic Capacitor CyCI I n g R ate 2
|

Ambiert-Case Temp Rise: |1D

« Ambient Case Rise 10
Tl TS « Relative Humidity Factor = 1

Part number: [CC0805_10UF_10V_10%_X7R | 33

D ooty [ Moo * Inputs for the Voltage Stress

Stress= Temp= oK Cancel Attemate part no: [C43 :
I Ratio was taken from the

|
|
: |
s | | schematics of the CIBM in
—(— Altium.
 Time invested ~ 4 weeks.
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FMECA Analysis

 This analysis was done together with the BIS team. Every failure mode for every component was
looked at to determine the failure effect.

« Used the Military Handbook 338 to determine the apportionment failure rate of component types.
« Time invested ~ 8 weeks.
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EH:I 1:Maintenance
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- 2.4.2.1:R125 R132 - Open:59% -] 1.1.1.2:010% 10V XSR SWD Multiayer Chip Ceramic Capacitor:CC1206_47UF_10V_10%_XSRin=1

{1 1.1.1.3:01% 0.1W O0100ppm/IC General Purpose Thick Fim Chip Resistor:R0603_10K2_1%_0.1%_100FPM:n=1 112 c ;

‘R128 - 5 — e B A2 C145 - Short Yes NIA Random Failure Beam Dump

{0 2.1.2.3R125, R132 - Bhort 5% {7 1.1.1.4:00.1% 0.063W J10ppm Thin Film Chip Resistor:R0603_2K55_0.1%_0.063W_10PPM:n=1 » Seam Dump
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- 2.2.1.3:C320 - Open:22% [ 1.1.1.8:010% 50V X7R SMD Wultiayer Chip Ceramic Capacitor:CCO803_100NF_S0V_10%_XTR:n=1 Maintenance
|:| 2221R228- ODEI'IZE-B“.-E 1 1.1.1.8:020% 10A Low Profile, High Current IHLPO Inductor: HLP2020CZER1ROM11:n=1
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-] 222 3:R228 - Short:5% -0 1.1.2:3.3WCC:System Block-1-2:n=1 . 14 -Qpen b e randemFaiire Beam Dumg
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l:l 1.1 '3'3:D1A"“D1J - Parameter Change:1 5% -1 1.1.2.5:01% 0.1W 0100ppm/OC General Purpese Thick Film Chip Resistor:ROG03_22K_1%_0.1W_100PPN:n=1

[ 11.1.4.3:02A, D2J - Parameter Change:15% [ 1.1.2.6:010% SOV X7R SWD Multiayer Chip Ceramic Capactor:CC0603_820PF_S0V_10%_X7Rin=1

{7 1.1.2.7:00.1% 0.083W D10ppm Thin Film Chip Resistor:R0503_30K9_0.1%_0.0631W_10PPM:n=1

5.3 - - 5!
l:| 1.1 '“'E'DSA""DSJ Parameter Chﬂl‘lg&.'] 5% {7 1.1.2.8:010% 50V X7R SMD Muttilayer Chip Ceramic Capacitor:CC0803_100NF_S0V_10%_X7R:n=1

[ 11.1.6.3:D44,...D4J - Parameter Change:15% -{) 1.1.2.8:020% 7.54 Low Profile, High Current IHLPT Inductor: HLP2020CZER1RSM11:n=1
-0 11.1.7.2:R144A, . R144) - Parameter Change:36% £ 1434.8VCC System Block-1-3n=1
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- 9.2.1.1:1C81, IC82 - Output Stuck High:28% {0 1.1.3.10:310% 10V X7R SMD Muliiayer Chip Ceramic Capacitor.CC1206_22UF_10V_10%_X7Ren=1
I:I 9.2.1.Z:1C81, IC82 - Output Stuck Low:28% T 1422710 19 0 ARNA T 10nnm Thin Film Chin DecistarBARNT 1267 0 1% 0 NRUAL 1NBOM-n=1
212 , :

-] 9.2.1.31C81, IC82 - Opened:22%
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Maintenance Beam Dump Effect Blind Failure
e v N S s B S
REMAMED(2 1 REMAMEDY2)2 REMAMED{2)3 RENAMED(2)4

6/17/2021

CIBM Analysis — Results for a Single CIBM

* There are 4 main failure modes that have
been identified through the FMECA
analysis:

 Blind Failure

* No Effect
« Maintenance
« This fault-tree is generated automatically

through Isograph following the FMECA
analysis.
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CIBM Analysis — Results for a Single CIBM

BlIS2 CIBM
Prototype 2

N

6

Reliability for  Reliability for  Reliability for  Reliability for  Reliability for
a 10 Year al Year a 1 Week alLHC Day a 10 hour fill

Period Period Period (20h Fill)

Overall 0.9767210826  0.9976473567  0.9999548287  0.9999946224  0.9999973112
I |
BI=2 CIBM BIS2 CIBM BIS2 CIBM BI=2 CIBM
Prototype 2 - Prototype 2 - Prototype 2 - Mo Prototype 2 - ; ;
e Beam i o e Blind Failure 0.9999379863  0.9999937985  0.9999998811  0.9999999858  0.9999999929
[ I [ [
N e N s Y e
RENAMED(2)1 | | RENAMED(2)2 | | RENAMED(2)3 | | RENAMED(2}4 False Dump 0.9869632253  0.9986886107 0.9999748339  0.999997004  0.999998502
No Effect 0.9955921688 0.9995583401  0.999991528  0.9999989914  0.9999994957

Once the fault-tree is created, Isograph
can run a simulation to calculate the
reliability of the system depending on

the inputted time period.

Maintenance 0.9940656165 0.9994049709 0.9999885852  0.9999986411 0.9999993205
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CIBM Analysis — Results for a Single CIBM

On the global CIBM behaviour, the failure rate by sub-system type in the CIBM was identified:

FAILURE RATE VS 5YSTEM BLOCK
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CIBM Analysis — Results for a Single CIBM

Additionally, a breakdown by the sub-system type within the CIBM was provided to the BIS team. A plot
below shows the component vs failure rate of the Artix_7 Power, as an example:

Artin_7_Power: Component vs Failure Rate

CCOM0Z_4.TUF_&3v_20%_N3R I 1.02E+01

CCO40Z_4TORF_10W_10% K77 I & 23E+I0
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CCOS03 &7UF_6.3W_20% _¥S5A B.E3E+01
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BLF1BSGZZITHNL | 2.43E.01
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BELM1ESG22ITNL | 2.43E.01
CCO40Z_4TONF_10W_10% X7R 1 2.64E-01
CCOS03_47UF_6.3v_20% ¥sR W 5.23g01
CCO402_4TONF_10WV_10% _X7R W 5.28E01
CCO402_4.7UF &3V _20% K58 B 5.96E8.00
CC1206_100UF_10W_20% _¥5R I 501501

1.DDE+DL ZO0E+I1 1.00E+01 4.0 0E+D1 5 00E+01 BJMIE I 7.0iDE+0E ED0E=D]
Failure Rate [FITS)

6/17/2021 Kamil Osman | BIS2: CIBM Reliability Analysis for the LHC




CIBM Analysis — Results for a Single CIBM

Blind Failure: Failure Mode vs Apportionment of Failure Rate Blind Failure: Failure Mode vs Apportionment of Failure Rate
IC64 - shorted
C64 -Shaorted 1.26E-01 18%

R171,...R191 - Open
31%

054 - Openad 1.26E-01
(=%}
=]
=1
3
W IC64 - Outputstuck Low 1.E0E-D1
3 ICE4 - Opened
=z 18%
IE, 140 - Short 7.48E-02
IE, 110 - Short
R171,_R151 - Open 2.22E-11 10%
ICE4 - Dutput Stuck Low
0.DOE+00 5.D0E-02 1.00E-01 1.50E-11 2.00E-11 2 SOE-01 33
APPORTIONMENT OF FAILURE RATE (FITS) " R171,..R191 -Open = I8,J10 - Short ICB4 - Dutput Stuck Low IC54 -Opened = 1064 -Shorted

« All the data created through Isograph following the prediction and FMECA analysis was exported out
of Isograph to create out further analysis on Excel.

« We provided additional detailed results to the system experts for further evaluation. This included
failure rates by component types and sub-systems, and by failure effects.
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This chart was created for each of the failure modes to show the failure effects. This clearly

highlights to the experts the largest contributors to the given failure effects.
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CIBM Analysis — Results for a Single CIBM

» Plots were also created for the CIBM in its entirety.

« The system experts were given data on how the chosen component types contributed to the overall
failure rate.

Contribution of Component Type to the Failure Rate (FITS)
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Conclusions & Outlook

 We have analysed the CIBM prototype for the BIS2 and have used the full chain of
tools available on Isograph, from Prediction 2> FMECA - Fault-Tree Modelling.

« Theresults were provided to the experts for further analysis and feedback.

« The analysis of a single CIBM took 3 months to complete, but this has established a
clear route on how to carry out the analysis for the remaining sub-systems of BIS2.

« Theresults are only covering a single CIBM. There are 68 CIBMs that all need to be
analysed. The next step is to begin the analysis of the CIBU with the system experts,
which there are 200. When all the sub-systems have been analysed, a model for the
entire BIS needs to be completed.
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