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CATER Database

Operators and others enter reports for all
hardware malfunctions.

An engineer edits the CATER reports to enter or
correct the associated downtime.

“Bookkeeping CATERSs" are entered retroactively
as needed.

Urgent maintenance work is dispatched from
CATER reports; reports are closed by supervisors
when work is completed.

Area Managers review other CATERs; add jobs to
“Standby Maintenance” or “ROD" lists.

Example of size of data set:

L ]

[ ]

4132 hardware CATERs recorded between
January 10, 2000 and September 30, 2001.

733 (18%) report lost beam time
(“revealed failures”).

82% correspond to identified problems that have
not interrupted the scheduled program.




Definitions:

CATERSs: entries in database reporting hardware
malfunctions.

Revealed failures: malfunctions resulting in lost
beam time. Also called "events”.

Unscheduled down time: hours lost from
scheduled program due to malfunctions.

Mean Time to Fail:
MTTF = Scheduled beam time
Events
Mean Time to Repair:

MTTR = Unscheduled down time
Events

Availability = 1 - Unscheduled down time
Scheduled beam time
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Trends in PEP-lI Reliability Data
(includes injection systems)

Data were examined from last two years:
January 10, 2000 through September 30, 2001.

Machine development time (MD) was scheduled
roughly twice a month for 8 to 16 hours at a time
during smooth running periods.

General trends

Following a 3-month downtime:

* Integrated luminosity/week starts low and
improves for about three months to restore
previous performance.

¢ Unscheduled downtime/week drops slowly
over a few months.

Following a 1-week downtime:

» The integrated luminosity the week after a
downtime is about half that of the week before
the outage, but it's fully restored the following
week.

¢ Unscheduled downtime doubles for the first
week following, but returns to previous trend
the following week.
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Question Raised in Mid-April 2001:

Why hadn’t PEP-ll recovered fully
after three months of running?

Compare 6-week periods of operation:
1. Best (last) six weeks of 2000.
2. Six weeks of spring 2001.

Trends:
« Twice as much downtime/period in 2001.

¢ Availability down from 92% to 83% in 2001.

e« MTTF worse in 2001 than in 2000 for all

subsystems (except RF) and all areas (except
LER).
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Now compare to recent 6-week period
(August 20 - September 30, 2001)
when there was no secondary program.

The integrated luminosity/week was much
improved, but availability, MTTF, and MTTR
were all about the same as the “bad” period last
spring!

~




Possible (but not convincing) explanations
of degraded availability in spring 2001:

» |nterference from other programs?
(Linac beams to fixed target programs in
spring 2001, but not in fall 2000.)

The other programs were an additional burden for
Operations staff and maintenance groups. This
burden might account for the increased MTTR, but
is not related to MTTF in any obvious way.

+ Loss of several skilled employees?

o Bad luck?

Examples:

A large buried water pipe broke after 35 years.

A quadrupole cooling manifold clogged after years
of trouble-free operation.

No simple explanation found in CATER lists,

although most of the increased trouble was in
injection systems (source, damping rings, linac,
BSY).




Comparison between SLC and PEP-II:

» Last long run of SLC:
July 1997 — June 1998.

e Most recent two years of PEP-II:
January 2000 — September 2001.

Technical Issues.

e Injection system for PEP-Il uses front end
subsystems of SLC (Source/ injector,
Damping rings, Linac, Positron source)

e Linac rep rate:
30 Hz for PEP-II.
120 Hz for SLC.

o Charge/bunch for PEP < half SLC.

f &
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Observations:
e MTTF (all PEP-II) almost 2 times SLC.

o MTTF (injection systems only) 3 times SLC.

During PEP-Il operation, some problems can be
fixed between fills; then no loss to program.

» MTTR hasn’t changed much!




Ranking of Most Troublesome Subsystems

e Most irritating (shortest MTTF)

1. Power supplies
2. Controls

3.RF

4. Utilities

5. Vacuum

6. Magnets

* Most difficult to repair (longest MTTR)

1. Magnets
2.Vacuum

3. Utilities

4.RF

5. Power Supplies
6. Controls

The rankings above were true for both 2000-2001
PEP-I| data and for 1997-1998 SLC data!

The second list is approximately reverse order of
the first!

Magnet and vacuum problems usually require
tunnel entries.

Power supplies and controls can usually be fixed
“upstairs”.




Ly

¢ Most painful (most lost beam time)

SLC PEP-I|
1. Power Supplies Power Supplies
2.Vacuum Controls
3. Controls Utilities
4. Magnets RF
5.RF Vacuum
6. Utilities Magnets

Power supplies top both lists.

Comments on safety systems and cryogenic systems

+ These systems have been extremely reliable (very
high MTTF) compared to other subsystems, and are
not included in the lists above.

e The high reliability comes at substantial cost.
Testing of safety systems requires about three
months/year, and is incompatible with beam
operations.




Good (longer) MTTF requires:

Conservative designs.
Robust hardware.
Redundancy.

Preventive maintenance.

Good (shorter) MTTR requires:

Skilled personnel — up to date call-in lists.
Availability of experts — “escalation” plans.
Spare parts — compatible, ready to use.
Documentation — accurate and accessible.

Easy access to equipment — segregate areas
with special hazard controls.

Keep other systems powered on.




Managing the other 82% of the problems

* Some labs schedule maintenance interruptions

at regular intervals:
Comell/CESR every week.
KEK and SSRL/Spear: one day every third week.

e Others practice “Run ‘til it blows™: FNAL

Scheduled maintenance requires entries to
accelerator housings.
The problem: end effects.

Ramp down power supplies and RF.
Rad cool-down time: typically 1 hour.
Health physics radiation surveys.

Safety procedures (lock&tag, work permits)
Carry out maintenance tasks.

Search housing if necessary.

Safety inspections and/or interlock tests.
Restore power.

Wait for thermal equilibrium if necessary.
Standardize magnets.

Re-tune beams.

=S =t DENDN RN -
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Malfunctions can still stop the program at
unscheduled times, despite a conscientious
maintenance program.

The alternative? Opportunistic maintenance




Opportunistic maintenance
a.k.a. “event-driven” maintenance.

Daily meetings with representatives of all
maintenance shops and Operations staff to
review and classify:

CATERs.

Deferred repairs.

Preventive maintenance requirements.

Upgrade projects.

Standby Maintenance List ("SML") of job
requests (with est. time and special
requirements) is updated daily.

SML list used by Ops staff to initiate
maintenance jobs whenever opportunities arise;
i.e. when a malfunction interrupts the program.

Repair Opportunity Days (RODs) are scheduled
when pending problems (or new installations)
justify a planned interruption.

Typical driving events for RODs:
Certification tests of safety systems.
Experimenter-requested access to detector.
New hardware installation.
Deferred repair of imminent show-stopper.

Three RODs and one ROW so far in 2001.
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Delivered to BaBar: 16135x925 L=4.16x10"cems".
Aborts: (1) dlids abor.
3 Ongoang L115 crate | wouble. LGPS goes to zero occasionally, SAMs stop reading

.O:hblrl.lﬂl‘l
Program: BaBar
DAY
1 PEP: 1550x925mA, peak lum=4.1 510" em %y,
2 Abors: (2) SVT fast sig 12, (1) HER/LER dlide
[ Deliversd | MD | Tuming | Dows o pb”
BaBar 6.5 1.5 848
SWING
| Collisions to BaBar. 1550mAx920mA, peak L=4.09%10"cm™s".
1 Abort: (2) LER RF 44 Arc/Crowbar, (2) SVT mdistion when beams
weni oul of collision, (1) Fast BW Sig 12 abort, (1) LER RF 4-3 Vacoum fault.
_Deliversd | MD Dows [ Off o
BaBar 6.4 1.6 81.1
OWL

occnsonally.
Delivered | MD | Tuming | Dewn on pb
BaBar 7 [ 9
TOTAL DELIVERED LAST 24 HOURS
Dellvered | MD | Tuming | Dews o pb”’
BaBar 19.9 0 4l 0 0 2519
0 0 0 0 0
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Difiored hfntenancs: List

Remember! Do it Safe, Do it Right. and. only then Do it Fast

iy, ALl LALALLA, LI

Your Standby Maintenance List search has found 42 jobs.

Today is 10082001 st 12:16:19

The list bas been sorted by job sumber.

W FI wl“l

478> CID

115153 CID

L hk. CID

iN Sect. O/1
Hited  Sect M1

[i= 5% YWTA

ho X NDR

Shop Work Title

Set up traps for Pol
Gun HY trip when
SDR/DRIP set to
REST/CONT
Replace VACP483
MFD Pow Sup 1o cormect
Digital Status
Investigate VP408
MFD SCP history
readback changes
Adjust CID HVAC
p:mtmnhfﬁ.u
FAC iate Humid
in CID Laser Rm.

Replace BPM301
CTL Module in

LIDLACr3-517

Replace BPM 842
CTL modulein
LIOV/CRDG6-519
Replace BPM
CTL Processor L101
Crate 4 Slot 15
Replace meter for
AMW NLTRB
regulator/controller.
Realign wakefield
MEA collimator box, 1.4
mm too low,

Replace TCM

Per. Reap. Access  Time CATERN Safety O

P. Bong

Bostic
D. Bostic,

T.G. Porter

M. Jones

V .Brechin

Bob Traller

Hillard, C.

King, T.

Controlled 1.0

Any 0.5

Any 5

Controlled 4

64203

65153

65209

65173

65217

65107

651035

Mo 1
No |
No |
Ne |
No 12
Ne 2
Ne L
No 3
Ya 3



B3350

BAERS

4524

-
AR5

> =1d

Pisos

il I

module in DRO1,
DRIP  OPS Cr2,M=l2for  promPm
DRO1 TORO 241 ’
not reading.
Hi-pot SLTR QF
DRIP AMW string wippingon  Hilliard, C.
pround current
TS/R Quads Fail To
LINALC AMW Calibrate (LI110, Hilliard, W.
QUAD 301)
Replace Main
Manifold Gauge
Controller (L109,
MMGC)
{35-20) For Dead
w35 or
Fan (LI1&, QUAD
501)
TS/R Bad Meter in
emhp Controller
LINAC AMW Chassis (LI11, Hilliard, W.
LGPS 1)
Investigats
Reference Voluge
LINAC  CTL Remote Control to E"h"""

VVS 1B (LI02,
VVS 1B)

Check P5-20 F& Crash
Interlock Hilliard
Inspect Connections
\ BPMS 1140 on
POSITRON CTL Posi R V. Brechin
Line LIT%
Investugate valve
POSITRON CTL controller 2663, Tom Porter
L1044,
Fun extraction line
POSITRON OPS magnets at 30GEV
for thermal test

Reduce

Voluage for PEP Dorel

ar

PEPII CTL 4 iection V - :
Pumps
TS&R VACV PPS

PEPI CTL Permissive LIOS, E‘“""“'
Remove Bugger. - BOng

LINAC CTL

Hilliard, W.

POSITRON AMW

Porter, T. G.

Any

HO

Any

HNOD

Any

NO

5

0.5

4.0

1.0

1.0

1.0

65176

63216

63031

64186

65145

65132

65130

Mo

Mo

Mo

Yes
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Drefered Meinomssno: List it ADMAATNT 51 AC S TANFORD ED ) Bl il m-mantf bl 9k gy unciion =sm

TS&R Pump/Cable

@ iurmm cm ik D pemSie Commolled 64928 Yes 8

CTLMFD
Replace ADC
e Module LI19 Crate
Bi2E: PEFD CTL  35.17 for BPMS
493

Inspect BLP- and
BRI0, Bends 6316 Serge Controlled Yes
and 6355 in PI1]  Tstkovaky
Tinker with SLM in i
on 7 H}A.Flﬂﬂr Controlled .5 Yes i
Install cooling on
Kickers in sagion 4 Ciannini Controlled 3 Yes It
(nccess 74)
Reposition
[15257 HER AME in HVPS m RF Ratkovsky Any 4 Mo [
station §-3 (day
shift)
& Repostion
lermination resister
iy HER AME in HVPS st RF Ratkovsky  Amy 4 Noe It
station 12-1 (day
shift)
lerminalion resisier
112+ HER AME in HVPS st RF Ratkovsky  Amy 4 Mo [
station 12-3 (day
shift)

Replace voltage

- divider on RF
! HER Mm&ud-y Ratkoviky  Any g 65080 Ne I

shift)
Instal]l mctive Hill 7

1t:>s  HER KLY limiters to all RF B' Any 5 No It
siations (beam off)

V.Brechin  Any 65108 No 8

g

Biiso PEPI

&

4670 * HER

piul>  HER

5

Remove attenuator
from fan-in

[§5 HER CTL distribution box on
MEIZANInE in fregion

. 2 (0o beam)

n':" Any 0.2 No I
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i Replace FRO4 Duane
piils HER CTL TPLDSAM
(requires beam off) Thowpeos
Replace RInQ
module &t
B331: HER CTL PRIZ)CRO8-515 V.Brechin Coantrolled 0.5 65203 No It
BPMS 9122 (Zone
12 access)
Replace rectifier
filter caps in RF Ratkovsky
station 12-1
Replace rectifier
filter caps in RF Ratkovsky
station 12-3
TS&R PRO6 XCOR
12537 HER AME 9022 (zone 4 Ratkovsky Controlled 2 65205 Yes 1t
BCCEES )
Check cable plant
associmted with
21 open load on 5.Ratkovsky, ;i
114102 LER AME XCOR D. Macms; Controlled 1.0 64821 No I’
PRO2-3011 {sccess
£1)
Reposition
i LER AME imHVPS at RF Ratkovsky Any 4 No I
station 4-4 (day
shift)
Reposition
A ist
H:2n:  LER AME in HVPS st RF Ratkovsky Any 4 Mo |
station 4-5 (day
shift)
Replace MCOR
: 1854w LER AME module for PR1Z  Ratkovsky Any J 65218 No I
SOLN 3052

Any 0.5 No It

:

i11] HER Yes L

g

:

i3l HER It

g

Oremers : Bill Allen and Wayne Linebarger
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sL A Last modified:Sepe. 21, 1998 by Wayne Lincbarger




OAD ANALYSIS FOR POSSIBLE
OF 10/12/01 2:28:56 PM

L JUMBER OF JOBS  TOTAL hrs.
7 26.30
12 34,25
1 2.00
23 17.50
S 30.00
23 19.25
1 0.50
2 6.00
3 7.00
13 45.50
% 1 0.50
9 24.00
2 3.00
21 71.00
2 B.30
125 295.10
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Conclusions

e Accelerator reliability is a messy topic, with
many variables and hidden correlations.

¢ When resources are limited (as they always
are), reliability must be compromised to achieve
peak technical performance.

e An aggressive, well-controlled maintenance
program can be effective in optimizing overall
facility productivity.




