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» NSRRC accelerator facility
Taiwan Light Source (TLS) and Taiwan Photon Source (TPS)

» Operation status of the TLS (poster WEPCO58)
> Tools to capture data for post-mortem analysis
» Some trip scenarios analysis

» Summary
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NSRRC accelerator facility
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Aerial view

Taiwan Photon Source project

Activity center &
guest house &

Utility building no.3

TPS office
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Taiwan Photon Source
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TLS beamline status

BM - (WR-SGM) XPS, UPS

23A

IASW - SAXS

21B

White X-ray - SWLS O1A

(9 X-Ray Microscopy - SWLS 01B

EXAFS, Powder Diffraction - SWLS 01C

Gas Phase (HF-CGM) - BM 03A

U9 - (CGM) Angle-Resolved UPS, Gas Phase

21A

U9 - (White Light) Chemical Dynamics (%)

20A BM - (H-SGM) XAS, XPS
NSRRC Beamlines
19B BM - Photo Stimulated Desorption(x) at Hsinchu, Taiwan
L

19A BM - X-ray Lithography 9

* IR, VUV :
18B BM- LIGA * Soft X-ray 19

* Hard X-ray : 10
17C W20 - EXAFS

¢ —--Under construction
17B W20 - X-ray Scattering or planning

17A

W20 - X-ray Diffraction

16A

BM - Tender X-ray Absorption, Diffraction

15A

ASW e

14A

BM - IR Microscopy

13C

SW6 - Protein Crystallography 66

13B

SW - Protein Crystallography 9

Gas Phase (Seya) - BM 04B

IDs

Sso Soft X-ray Scattering - EPU O5A
Spin-Polarized PES, PEEM - EPU 05B

AN X-ray Scattering - IASW O7A

XPS, UPS (L-SGM) - BM 08A

(X)SPEM, XPS - U5 09A

() MCD, XAS (Dragon) - BM 11A

13A

SW6 - X-ray Scattering

SP12U  Inelastic X-ray Scattering

NSRRC Beamlines

SP12D __ _HE Photoemission 7
Protein Crystallography, /
n

SpP12B  X-ray Absorption, Diffractio

4

at SPring-8, Japan

* Hard X-ray 12
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Insertion Devices

EPUS.6: Elliptically Polarized Undulator

IASW: In Archomatic Superconducting Wiggler
SW: Superconducting Wiggler (3.2 T, 32 Poles)
SWLS: Superconducting Wavelength Shifter
U5: Undulator (5 cm, 76 Periods)

U9: Undulator (9 cm, 48 Periods)

W20: Wiggler (1.8 T, 27 Poles)

(9 : Participating Research Group

June 2006

ID Status

W20
U5

U9

EPUS.6
EPUA4.6 (2009)

Superconducting IDs:

SWLS
SW6

IASW6-R6
IASW6-R2 (2009)
IASW6-R4 (2009)



TLS operation status

0}

> 301 mA Top-Up operation
» ~ 0.05% photon flux constancy were achieved routinely
> > 98 % availability achieved

344,572
329,016 rrm g e

313460777777 e

297 Q04 L A I

282.348'""""""""5 """""""" """"""""

2667752 ' ' ' '
03/12-13:1%  03/13-12:56  0314-12:35 03/15-12:10  03/16-1147  03/17-11:24 @ 2008

signal Mame  Max Min  Dif Awvg ferbivy!
r3doct (md) 3100155 -0626 310841 289 330 12300844 321

> Keeping high stability and high availability is our commitment
to the users
> How to achieve this?

EPAC 2008, Genoa, Italy, June 23-27, 2008



Bad experience - one of an example

0}

Problem of master oscillator related problem

35

30

What happened ?

25

20

15 |

Number of Beam Loss

10 |

— Shutdown

2 3 45678 910112123 456789 101121234567 89 10112123 456 78

2000 2001 2002 2003
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@ Bad experience - one of an example - cont.

Trilogy of the abnormal high trip rate in (February - December, 2000)

Power distribution panel, Control board malfunction,  Output coaxial switch
(always in by-pass mode,
no indication)

bad contact
(Voltage drop to about 70 ~80 V
in a few power line cycle)

was open when line
voltage dropped to less
than 90 V

If sonje trip diagnostic tools existed,
It might be solved soon!

LLRF ,

RF Low Level Electronics

EPAC 2008, Genoa, Italy, June 23-27, 2008

RF Loss
(< 0.1 sec)
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@ Proverb

AR EE (ZITIERRE )
Failure is the Mother of Success (KB EKIIZ &)
Experience is the Mother of Wisdom (&5 EE 2 &)

Fall into a moat and you will gain wisdom from the experience (iz—E K —%&)
Fall Down Seven Times, Get Up Eight (t#z/\i2)

Success comes from experience; but experience comes from failure (Mark Twain)

Strategies to improve or to keep high availability

Preventative maintenance
Identify weaknesses of the system and remove them
Operation automation
Analyze each trip event to identify where is the problem
=> Fault diagnostic
Capture data before and after specific event happened
=> Post-mortem analysis

Many measures were done after identify the real reasons for further
improvement!

EPAC 2008, Genoa, Italy, June 23-27, 2008
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@ Various tools for beam trip data acquisition

{3 Low time resolution High time resolution —>
100 msec 10 msec 400 nsec ~ nsec
g I o !

Control system archiver  Vision XP, BPM electronics Oscilloscope,

» Beam current High density cPCI » Turn-by-turn Fast digitizer

» Beam position digitizer beam position » Beam intensity

» Beam loss » Beam current beam phase » Beam position
distribution » Beam trip trigger beam intensity » Beam instability

» Superconducting » SRFinterlock ... » Beam trip trigger
insertion device » Superconducting » Kicker waveform
related signals Insertion device

....... related signals

» All tools are trigged by the sum signal:

beam trip + superconducting IDs quench + SRF trip + predefined trigger
conditions

EPAC 2008, Genoa, Italy, June 23-27, 2008
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How to detect beam loss?

0}

300 mA
DCCT " 100 psec R
(Beam current) Refla — " Monostable| o
Beam trip trigger
Beam \ AND [——
— _

50 psec
Monostable

A 4

50 usec
Monostable

Beam intensity Reflc ——

50 mA/V

A 4

c%
VY Y

0mA  Beamtrip

Non beam trip

d
»

d
»

<d
»
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HTC lead

Diff. Amp.

Superconducting insertion device quench detection

v

Main

1
Trimming
Power Supply
+/- 20 A
Power Supply| Superconducting 4

+/- 350 A coils §

Trimming
Power Supply
+/- 20 A

7

»Comparator— Latch——
S Window | Latch
Detector

v

HTC lead !
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Comparator

A 4

Latch

v
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@ Recorder, oscilloscope, and b-by-b feedback processor, t-by-1 BPM

Recorder Oscilloscope

Data memory in bunch-by-bunch
feedback processor

EPAC 2008, Genoa, Italy, June 23-27, 2008 14
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@ cPCI based high density digitizer

Beam trip trigger Control Ethernet

\ ACQ196CPCI
SRF related signals ~

SWLS related signals\

SW6 related signals — PC/Li
INUX

IASW-R6 related signals—" File Server

IASW-R2 related signals —

IASW-RA4 related signals—" 1. Record data before

and after the trigger

_ event for several
Sampling rate: up to 500 kS/sec seconds

Record length: msec to 10 sec (depending on sampling rate) 2 The server saves all
Embedded EPICS IOC data for further

analysis
96 channels/board 3. Automatically

identify faulty
signals

EPAC 2008, Genoa, Italy, June 23-27, 2008 15
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Trigger e =
: e . B
Gating (optional) i
Kicker waveform ——»  8Ch B
— 14 Bit |
) _ _ | 100 Ms/sec
Kicker trigger ADC B
e
Fast beam —
current detector >
Emm——

Up to 8 boards (Maximum 64 Channels/L
Trigger —— 8 Ch J
Gating —— 14 Bit

Data ::> 10%4%5%

@ VME based fast digitizer

Control Ethernet

PC/Linux
Configuration,

A

A 4

\ 4

EPAC 2008, Genoa, Italy, June 23-27, 2008

nk)

Data archive,
Analysis,
User interface

Maximum Sampling Rate:

100 MS/sec
500 MS/sec

16



VME based fast digitizer - cont.

0}

Trigger > Live display for every top-up

Kicker trigger ___ output  injection cycle
Beamtrip > Store data if beam loss occurred
Injection time Non injection time

e || ] |«
oo 35 ). \
K

Kicker  ((
waveform )) h ))

Beam loss due to kicker misfired, ..
Beam
current ) T : . : :
Beam loss due to kicker misfired, SID trip, SRF trip, Transmitter trip, ...
Trigger output H H H I

EPAC 2008, Genoa, Italy, June 23-27, 2008
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@ Linac klystron stand arcing diagnostics

7,
File Wertical Timebase Trigger Display Cursors Measure Math Analysis  Ulilities Help I'-.-'I4:| Setup...

Klystron /éknode CiJrrent :

T I I \\\\\\ ) AV'I'\;V'\N
( =z INTY OLTUTITATUITIY

U/

_Simple pinhole CCD camera.is also.very useful!

- N

0 usec

| -

«—>

100 msecC

This symptom Is just the
precursor of isolation breakdown!

EPAC 2008, Genoa, Italy, June 23-27, 2008



@ Diagnostic tools for the SRF system

2

- Try to understand the reasons of every RF/SRF fault

« What we experience a lot...

— SRF “guench” due to fast change of beam behaviors...
» Fast beam dump or partial beam loss due to various reasons;
* Fast beam dump due to kicker misfired;
» Orbit change;

— LLRF’s feedback loop becomes unstable due to heavy beam loading...
— False alarm by window arcing...

— We experience with a “new” kind of trip event every few months and
usually solve It by reducing various feedback loop gains.

— Modified many LLRF electronics to avoid false alarm.

« What we never or seldom experience...
— Multipacting in the cold surface waveguide (Pf < 70 kW);
— Real quench or field emission (rf gap voltage < 1.6 MV);
— Vacuum burst due to hydrogen desorption (vacuum better than 0.7 nTorr);

EPAC 2008, Genoa, Italy, June 23-27, 2008 19



(=$)  SRF trip due to mismatch of beam loaded cavity

00:16:15.311745
Pr ITL

NNAa |
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SRF frip due o mismatch of beam loaded cavity - kicker misfired

Spontaneous kicker fired
(bad grounding contact)

S

A=

CTekstop |

- beam current

|
o

M 200Ms A Chd L 1.44 V-

: I RI50.00 % ; ; :
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SRF Trip due to mismatch of beam loaded cavity - SW6 fault

rauccu

332.0941

DEAN LUTENL [

271.010
210.042]
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-33.958

06{04-05:24:40 06{04-05:24:46

1737.335
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1417.984
1098.633
779.283
459.932
140.582
-178.769
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06{04-05:24:40 06{04-05:24:46

6.176
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Feedback loop oscillations due to heavy beam loading
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@ The beam trip caused by kicker misfired

Kicker #2 miss fire during Top-up Injection.

o-I
500
FF in Si
o-0.00
500
o
130
o-0.0
m-0.0
o
]
1.300 valt
[[uningSLAC
o-0.000
=-1.300 volt
1.950 volt
Ft Pl Angle
B-0.000
L0500 welt
200.0 mValt -ﬂ--r--—'ﬂ-'r-'—--|'-r'-—-1--r--|—'1-'r--—-'|'-r'-—--|--:'--:—-': ———————————————————————————————————————
LEME Ph ! ! ! ! ' ! ! ! ! ! ! ! ! ! ! !
meEn oo oL IT L B Ph D t O t t ------ [ e e e R
@-0.000 eam aseecoruu................
-400.0 mvalt

006/11/26 Izz:q»s:r;'.:_qu'a

00,0 ms/div 22:47:00.517

EPAC 2008, Genoa, Italy, June 23-27, 2008

24



Trip caused by the SWLS main power supply failed

SWLS main coil PS failed 030 10/19/2006
17/:,52

11z SASf--—--tt-- -

—Za.ss A
L0 LS o Lo LS =y L eSS Lo LSO F = Sz P I = LOs 1S L=t eSO 1A s 1 =z=on
Signal TTame  bolass ToTina =t e St
swwlsingpsi (M) 2 Z2Z. 205 —1.122 Z2=2S.031 135,131 SSS3S2A7. =273
rEdoct rmAal) SO0 S00 0 —0.S817 2003117 ZSF . SZ2E 0 17120855 S22
swmrlstl T =s. ams F.ezs 1823

== eyl o R =)

=17 . =321

=7 17

1 s e s e

105, 7S

=5 545

—E=E. 557
1oOr1s 174511

1orlS 17 =as7S

1orli=_—17:S5= 18 1Or1S-17:55=1= 1or1S_17:Ss7S 1lorlis_1s=21=

10 Hz archived dafa;;SWLS MPS drdp:lead beam current drop later slightly!

= emme= 1 e B Semem

PELS R i
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A e e L L L L L L e e
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************* T7(6.50K) |22 b

e | Eii i il

— 1 e
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swrlstnge st () 221 90 SE S0 G20 22l S saeq g Szl iSO
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Trip caused by the SWLS main power supply failed - cont.

SWLS Trip Event on 19-Oct-2006 17:52;41

52 4 A — Beam Trip |
> 0 \ \ \ \ \ \ \

1 2 3 4 5 6 7 8 9 10
S
>

s 5 —— — I SWLS MPSI | |
> 0o N 41 —_ ‘ ‘ : : :

1 2 / 3 / 4 5 6 7 8 9 10

0 ) —— B g T —

S 0 | P l* ,,,,,,,,, L e—m——— SWLS Vdiff _|

> 0.2 — [ A — j--mme- - - :

1 2 / o ! A = A 7 Q Q 1N

SWLS MPS tripped firstly (Vision XP data).

Reason: SWLS main power supply failed — control firmware problem!
1 2 3 4 5 6 7 8 9 10

SWLS PLC Int

**********************************************************

=N W
o0 oOoo

Volt

Time (sec)
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320.920

SW6 and IASW-R6 quench - T

SID Trip Event on 25-Sep-2007

o) —

Partial Beam Loss

254 3ETF e ...................... ________
SW6 Quench 5
@ 14:03:51 gl

187 81 """""""""""" """""""""""""

IASW-R6 Quench
@ 14:04:34

121 262 - ‘ """""""""""" L ‘ """""""""""""

5405 e """""""""""" """""""""""""

_______________________

-11.5844

09/25-134666 0925-14:462 09/25-14:2258

=ignal Name Il Ifin Duf Ayg

laswamps (A) 259840 -1351 261191 117303
smpwhmps (4) 285002 0.007 284,995 246.670
radoct (md) 302,216 227623 74592 265641
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09/25-14:4054

=um
B320358.034
12280800917
14312950521

0925-14:5850
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SW6 and TASW-R6 quench - IT (SWé quench)

Partial beam loss

SID Trip Event on 25-Sep-2007 14:03:52
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@ SW6 and TASW-R6 quench - ITI (SW6 quench)

SID Trip Event on 25-Sep-2007 14 03:52
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SW6 and IASW-R6 quench - IV (IASW-R6 quench)

SID Trip Event on 25-Sep-2007 14:04:34
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SW6 and TASW-R6 quench - V (TASW-R6 quench)

SID Trip Event on 25-Sep-2007 14 04 34
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SW6 and TASW-R6 quench - VI

0}

» 25-Sep-2007 14:03:51 SW6 quench.
* SW6 quench happened.

* MPS output dropped to O (before PLC interlock tripped MPS).

» 25-5ep-2007 14:04:34 TASW-R6 quench.
* Partial beam loss happened during injection instance.
* TASW-R6 quench.
* PLC interlock tripped MPS.

» Unknown reason caused SWé quench, then partial beam loss at
every injection instance, then IASW-R6 quench.

> Many improvements were done: coil winding (poster WEPC114),
liquid He filling procedure, interlock logic modification...
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Beam loss induced IASW-R6 trip (2008/04/15 06:57)
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Kicker diagnostic

0}

Kicker diagnostic (VME digitizer working in segmented capture mode)
Maintenance test Normal top-up injection
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@ BPM post-mortem data for large kicker jitters

Libera Brilliance post-mortem data (furn-by-turn)
Diagnostics node (10 KHz rate for ~ 10 sec) is in implementation

Short-time
Fourier Analysis
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BPM post-mortem data for TASW-R6 trip

Horizantal Spectrogram
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@ What we have achieved?

> Several different tools are available.
» Some occasions have helped to identify some
peculiar events.
» However no all events can explanation.
=> further efforts are essential |
» Simple automatic signal analysis are supported.

Our current efforts

> Better integration of various diagnostic tools with the
control system.

> Archive the events.

> Develop automatic analysis tools to search various signals.

> Develop better user interface.

» Automatic report generation.
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Summary

0}

» Taiwan Light Source (TLS) is current operated at 301 mA
Top-up operation. Top-up operation at 360 mA was commissioning.
=> Poster WEPC043
(stable beam up to 400 mA has been tested)
» Photon flux constancy can be kept around ~ 0.05%.
> Availability is achieved 97 ~ 99% routinely.
> To provide user better service, reduce trip rate is an important routine job.

» Improving reliability, availability and serviceability is still on going.

> All of the experiences will help the reliability and availability design for the
newly proposed Taiwan Photon Source.

=> Reliability design for various subsystem.

=> Post-mortem buffer are expected embedded in BPM electronics,
superconducting insertion devices' controller, LLRF system, power supply
controller, FOFB diagnostic node, ... efc.
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We learn and get helps from accelerator
community a lot.

Thank You

Hope we can contribute something

Thank You for Your Attention!
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