Accelerator Availability Monitoring

> some suggestions...

>some questions...
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> DESY Hamburg

= examples, pictures etc. mainly from DESY

= a very subjective view (potentially distorted...)
— change of research direction a few years ago

many years of accelerator operation now:
mainly for high energy physics synchrotron light delivery
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the users requirements

> In high energy physics: integrated
luminosity
= duration of experiments typically years

= “short breaks” in data taking not relevant, integrated
performance counts

= quality measure: integrated luminosity

> at light sources: constant conditions

= duration of experiments typically days / shifts / hours

= “short breaks” could feel really long ...

= quality measure: availability

this talk: focus here

> at accelerators for medical use

= duration of treatment typically minutes
= short breaks” could cause serious delays
= quality measure: availability

= strong economical aspects... Heiko Ehrlichmann
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the synchrotron light source competition
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Andreas Ludeke, Paul Scherrer Institute at the ARW11 in Cape town, 11-Apr-2011 Siide 3

accelerator availability

> typically well above 95%
> good if better then 98% >

1111111

1% corresponds to 15min per day

= strong requirements on every single component reliability...

= high precision of data collection (counting seconds...)
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the theoretical view (taken from SNS, ARW2011)

Reliability Terms Important Relationships
R()+F(1)=1
* Mean Time To Failure (MTTF) for non-repairable

systems f()= A(f)exp[-fl(u)du) =dF(#)/ dt (1) =J: fuwydu

* Mean Time Between Failures for repairable
systems (M TBF)

Reliability Probability (survival) R(t)

Failure Probability (cumulative density function)  Where A(?) is the failure rate function
F(t)=1-R(t)

* Failure Probability Density f(t)

R()=1-F(1) = exp(-fx(u)du] ) = ()] R(t)
0

* Failure Rate (hazard rate) i(t) LR,
* Mean residual life (MRRL) .
B
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»Very powerful and can be applied to
describe various failure processes;

> Applications: Electronics, mec}
components, material, strug

> important for preventive maintenance etc.

> but completely ignored for this talk
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the definition?

> availability = available time / overall time foreseen for user operation

> available time = period when all parameters specified for user operation
are fulfilled

> consequences for availability monitoring:
= definition of time foreseen for user operation (well in advance...)
= specification of all parameters to be fulfilled during user operation
(well in advance...)
= monitoring the actual status status of the accelerator

= comparison

quite easy...

or not?
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the downtime

> downtime = period when the machine is not available for users?

or

> downtime = period when the machine is really broken = “down”?

— how to deal with

= necessary time for magnet cycles

= unavoidable injection time
= tuning time “machine preparation time”...

= beamline stabilisation times (reaching thermal equilibrium)

— does it count as available or unavailable?
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the different methods worldwide

> there are a lot...

> dedicated Accelerator Reliability Workshop series: “ARW”
many different opinions ...
— no common method for availability calculation
= no agreement on details (but seconds are details...)

= no comparable availability numbers (at least uncertainty)

— different machine state categories, different assignment rules, different procedures

= no public accessible raw data

> availability numbers are a measure for the quality of the laboratory ...

— it's a political number, at least to the outside world

= as many different ways of calculations as accelerators in the world
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the creative way or: “l only believe in statistics that | doctored myself...”

> operation schedule with planned buffer periods
for downtime compensation (initially not assigned to users)

= included in availability calculation?
= possibility for availabilities better than 100%?
> re-calibration / re-definition of the availability
example: usually 20% of time is needed for machine preparation
(experience -> expectation = downtime flat-rate)

= availability = available time / 80% of overall time foreseen for user
operation

= possibility for availabilities better than 100%?

>

= possibilities for availability tuning
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the preferred solution

accelerator availability monitoring should be

> honest (no self-deception)
> transparent (not hidden in complicated excel sheets)

—an internal statement of accounts

> online = automated, live data

= active part of the accelerator controls
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the different data collection methods at DESY )

> DESYII:

= online tool (developed 15 years ago)
= counting of seconds for predefined operation mode categories
= generation of a downtime list
= online viewer (for the last seven days)
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the different data collection methods at DESY (2)

> universal solution: the official “operation history viewer”

= online tool for all accelerators operated at DESY
provided by the official control system

= online viewer (flexible, sometimes confusing)

=
Options ~ Help
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16:13:23: Finished loading alternative statistics state data.
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the different data collection methods at DESY

> PETRAIII:

= excel sheet, filled manually every morning

= using archived data and the logbook
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= why the existing automated system is ignored?
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the different data collection methods at DESY (4)

> FLASH:

= excel sheet, filled manually every morning,

= using the logbook (shift statistics for every shift, manually generated time
stamps by the shift crew)

‘Warth, 7.75 nm+/- 0.10 nm, 400 bunch(es), IMHz, <50fs, 30 uJ, PG2, L 06.10.14 13:26
FLASH
“ Status: Last 8 hours: 025 nC; 3537% ACCL: 1587 MeV; 9998 % SSESSRMIBI Q@
Free-Electron Laser FLASH
— L et oo 1 . [ i
Q2014 | i‘
= Goal * Setup, 4h / Drescher/Wicland, 13.5 nr+/- 0.10 nm, 1 bunch(es), <50fs, max. J, BL2, 4h
a i 7z FS colleagues to fix GMD-T
gg:g * Changed wavelength to 13.5nm using file from Tuesday morning
* Got back SASE (shift crew)

* Switched to laser3 (1. R-S))
* SASE Expert got lasing using laser3
Difficulties * LOLA Kly. PS failed - fixed by R_ Jonas
Comments for next shift * For Friday morning - il to establish and scale is 20524 (20.08. 23:01)

Operation statistics: Doa'tforget to il out the opecation times
FLASH] Operation summary
SASE_delivery: 057h  Linac_setup: 4.14h  SASE_tuing 329k
Operation details
Start End “"[.““]' Logtype  Category Undulator Comment
07000734057 SASE_delivery FLASHI
0734 11:42 4.14 Linac_setup  Machine_setup FLASH1 hsr:’:“ e
11421500329 SASE tusing SASE_tuwing FLASHI start tuing SASE with laser 3
FLASH? Operation summary

Linac_commissioning. 8.00 h
B Operation deta
Start End duration i  Logtype  Category Undulator Comment

07.00 1500 8.00 Linac_commissioning FLASH2
DOOCS, STED————=- 4510
‘elogBook

[27] 02102014 1451 tflinac FLASH_photon_energy.xml

= why the existing automated system is ignored?
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> fear to lose control of resulting (political) numbers?

> it’s work ! to be done in advance

> clean machine status definition needed...

Failure: Every beam loss of more than 5% , including every break in top up operation.

> first it will not be perfect
iterative process for improvement
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the difficulties: clear specifications

> specification of nominal conditions in advance

— operation schedule must be “known” by the control system
= maintenance scheduling... i R i e e
— even machine preparation scheduling, if possible | g

> definition of possible machine states = categories
e

> definition of unique assignment rules

—> states and rules can turn out to be inadequate / incomplete

= corrections = offline editing = iteration will be necessary

= archiving of automatically generated and manually corrected data n Ot
— offline reprocessing... completed
> reliable failure detection needed <~ for PETRA
and FLASH
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the online failure detection the alarm system

> coverage of all possible failure states
> avoidance of false alarms

> consideration of operational / procedure faults

= covering hardware problems -
— typically not covered: performance loss Fa - N
S S S— 2 18] o 0xee

Mo Ot 06 15:27:3¢  Warning Severity >= 0 Selected/Total No. of Alarms: 82/82  Active Alarms Only (18 Disabled)

H L, H.Korrekt.Mag. 10 0_5 Front-End 6002
unaVOIdabIe V.KorrektMag. 0 0 0 Timing 00 01
. - o Steerer 0 0 Temperaturen 0 0 0 Diagnose 003
unexpeCted fallures I SItuatlonS PIA-HF 0 0 0 Piloth.-Wasser 0 0 0 Interlock 000
L2-HF 00 10 0 Schirmmonitore 0 0 0

= a constantly expanding system —

every failure event should be analysed and, if not already covered, integrated into this system

= it's a very long way to a reliable alarm system
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the current machine status

> example:  SLS machine status display

/

SLS Status Shift Plan: Beamline development, Light Available
Beamcurrent  401.1mA Messages from the Control Room:

Lifetime 79h  02.10.14 00:39 Beamline Development, 400mA Top-up
Uptime 75h  02.10.14 00:26 accumulation started

:‘:r’ g:::“::: f‘;":“m 01.10.14 23:59 30 minutes to restart
’ ~pm 01.10.14 23:53 Beam Loss, reason yet unknown
01.10.14 23:01 Scheduled start of Beamline devel.

400

350 -
300

2508 {

- |

1060
50 4

23100 0300 1100 2:00 3:100 4:00 5:00 6300 7:00 8:00
Beam current (last update 02.0CT.2014 08:05)
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the current machine status

[ 1 |
180.56 mA - i
7/8 multibunch m m
57h 37mn (22 R4 ||
_ETEITEE R (28]
Delivery since 08:00 130 31| 32 | 31 |

> example: ESRF machine status
display

— which numbers are relevant for the
decision between available and

unavailable?
60.9 pm | 4.092 nm | 0.4338 |
65.9 pm | 3.976 om | EG
198.5 0.012 7.05e-10 mbaj . .
| I e — unimportant details or relevant
Oct 1 08:00 Delivery:Next Refill at 21:00; information?
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the current machine status

HZB... _wso Status BESSY II

08:13:00

IDs | Beamshutter | Beampos
Lifetime Beampos RMS Beampos avg Tune

-0.02 mA horiz. 0.0000 mm 0.0000 mm 1057 kHz
otal / SB Current SB purity vert.

-0.00 mA NaN Bunch2Bunch FB: X: ON/OK  Y: ONJOK  Z: ON/OK
P R R—— —— Tune & MCIk FB: H: ON V: ON MCIk: ON

E
200-
100-
0o - FSS Bump -0.000 mrad

-24h  -20h -16h - - Of THz Sig 0.006 Volts
EEAN e ArTOF Bump UE52 D5/H09 0.000 mrad

4h mean

Inj.-Efficiency 98.3 %

next Injection in approx. 0s

~ -24h -20h -16h -12h -8h -4h O no Inj-free Time expected
4h avg. Efficiency / %
ast Shot E enc

> example: BESSYIl machine status display

= many details

— which numbers are relevant?
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the current machine status

Waurth, 7.75 nm+/- 0.10 nm, 400 bunch(es), 1TMHz,

, <50fs, 30 pJ, PG2, L

[nﬂ Bunch charge TOROID T1 Bunches En ergy

12 401 914.5 MeV
1.

i Charge

06 0.25 nC 7.8 nm
04

02 Rep.Rate
‘?6.9. 18.9. 20.9. 22.9. 24.9. 26.9. 28.9. 30.9. 2.10. 4.10. 7.10. 100 kHZ 9'9 "J
2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014

[g& SASE single pulse energy

400

m_

200

100

%o 15 189 195 208 29 29 729 249 255 269 219 209 299 109 110. 210 310 410, 610. 610 710
2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014
ACCt AC(139 ACC23 ACC4T . . B3  BL2
BL1
. PG2
roertare rosrture PGO
E e | PG1
06. Oct. 2014 11:12:08.000

> example: FLASH

— easy to identify good or bad
states?

= scheduled breaks?

= all parameters ok?

very hard to identify...

— availability monitoring starts already at the online status
(or should already be integrated here)
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the reason for availability monitoring

> identification of improvement potential

> preventive maintenance, but when? bathtub curves ...

— failure source analysis

= usually done offline by hand a painful job...

why not online?
why not live?

1‘5 0 25 30
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the failure source analysis

> automated online generation of several plots, histograms, tables

= (normalized) component downtime versus time, for all relevant components
= (normalized) number of component failures versus time, for all relevant components

= MTBEF for all relevant components RF

= etc. 0

everything live...

downtime per week {min)

|
[l 10

=

120
6 i i
0 | il

again challenging: reliable failure source classification etc.

MﬂNII 1 ﬁmgll al ] llui

lendar week)

large (and increasing) number of failure categories

— flexible system needed, offline editing possibility unavoidable
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the intelligent 0pti0n (I have to ride my hobbyhorse...)

> very often: series of subsequent faults (or error bits etc.)
= a chicken-egg problem ...
> approach: expert system for online failure classification

= database of classification rules / conditions

= sufficient space for expansion needed

constantly manual input necessary failure-follow-up by accelerator / component experts
=> increasing classification quality

> a dream: more Intelligence:

self learning systems for failure pattern recognition
= fuzzy logic ?7?7?

= neural networks ??7?
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the questions raised in the abstract

> would it be possible to rely completely on fully automated

data collection for predefined states and predefined operation
schedules?

not completely, but one should try

> or is offline data manipulation unavoidable?

no system is perfect ...

but it will become better and better...
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the general point of view

> a high degree of automation is absolutely
necessary for state-of-the-art particle accelerator
operation

> availability monitoring is only one very special

example...
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> who actually observes the availability of the availability observer?

Thank you for your attention!



