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time lost/ equipment

First objective after a beam loss:
Restarting the equipment!!

The institute operates continuously:

Often the trip analysis is made
off-line and later by the expert!

In 2001: 1 % = 54 hours l

2001 The information
should not be lost
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Two —Objectives

Why was the RF faulty?

Which equipment
is faulty?

It 1s not the RF!

What is the
first detected fault?

What is the
initial source ?
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The data logging function was develo;
in parallel with the control of the devices and
design.




Analog Signals

CAVITY Logger

Cavity
Interlock
System

InterlocKk

Machine
Interlock
System

Interlocks

— Machine

Beam Loss
trigger

Klystron
Interlock
Interlocks System

ma [RANS Logger

Klystron Triggers

Analog Signals

SRRF1

SIS

500 kW_RF
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For each beam loss or RF trip, automatic
storage 1n a dedicated directory of :

First Fault & Interlock History (PLC and Hardwired Interlock System)

All analog signals sampled at 120 ms (VME Analog Input acquisition)
(Duration 30 sec)

16 Analog signals sampled at 1 ps (VME Analog Input acquisition)

(Duration 5 ms)

The trigger source (Beam loss, RF protection, Crowbar)

Beam Loss
trigger

Klystron
Interlock
System

Interlocks

Klystron Triggers

ma TRAI Logger

Analog Signals




/operation/ri/data_log/2002/Jan/29/12h38/%
operation/rf/data_log/2002/Jan/29/12h38/. “ cav14_37.fast

/operation/rf/data_log/2002/Jan/29/12h38/.. cav 14_49.slow
cav6_44.slow
srrf1_40.fast
srrf1_44.slow
srrf3_36.fast
srrf3_46.slow

ni

Should be fully integrated in the
control system

originum  Oraphical User Interface should
ouratic  €asy to handle in order to provide a
useful tool to the RF specialists
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Beam Loss

8 Independent RF loggers Logoer
and ' e

1 Global Beam Loss Logger

|

TRA1 SLOW locging | PEE— 1 an by |1.46 Y
TRAL FAST lov e

masmios CAV SY CAV1234

TRA2 FAST lovjoing

TRA3 SLOW lovjoging

TRA3 FAST lovjoanig

TRAD SLOW lovjging _|
TRAD FAST loijging _I
|

CAV14 SLOW lcgopng

CAV14 FAST lcgging

CAVSE SLOW 1cgoan:

BEAMLOSS FAST . ogging

operation 9MY 200mA




Example of the anmalysis of a RF trij

B

000 B oow
operation uniform 4th operation uniform 4th operation uniform th

een from the C

Beam 1s lost
Cav34 is faulty

TRAI is faulty
Machine Interlock is faulty
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0.03 MV

Machine Interlocks

Status

Synchrotr n
| -3 Magnets
__|# - /¢ and TL2(1/2) Vacuum

Tunex veyulation Temperature vegyiation

0 kW

Cavity phase Driver regulation Anode regulation
regulation

Available
HOPS power

I 4818 kW

Stora g Ring
| - SR Magnets __|= - Beam Killer
|+ -TLZ(1f2)Vacuum | |> - Beam Killer
/= - SR Vacuum _|= -Fuseca
|» - Cooling All _|= -Fusecs
‘ _ | -Cooling3&4 [l = - Cavity Protections
__|= - Beam Position | >» — Mormal Operation
| = - wisible Light Mirror | > - RF Tests

Front Ends

__|= - ID for Beam Permission

J u - Bending for Eeam Permission
. = — IO for Injection Permission

. = - Bending for Injection Permission

Permissions
[l = - SR Beam Permission: SRRF
. = - 3R Injection Permission: KEMN & SEf2 power supplies
J # - 5Y Injection & Beam Permission: TL1 dipole

Reset SR
| Reset 3Y




Information given by the analysis of the
first fault logging

Cavity 34 first fault:
Cavity 3 field amplitude too high

. sr/rf—cav/cav3:Fault
Transmitter 1 first fault:

RF trip requested by cavity 34 PLC status :

State : One or more active interlocks.

= History:
Sub device states: cle Front : signal name
sr/rf-klys/tral:Fault ) 0 :sr/rfocav/cav3/f-voltage

Cavity 3: Field amplitude too high
PLC status : ) 0 :sr/rf-ctrl/cavid/set—rf_disable_cav_34
State : One or more active interlocks. L2
Fault History : t 1 :sr/rf-cav/cav3/f-voltage
1) 0 0 :se/rf-ctrl/tral/f-pinsw_cavity_34 ' 0 :sefrf-ctrl/cavidff—rf_disable_cav3d_plc
none flone

2) : sefrf—drivitral fset—disahble

0 0
Driver externally disabled
3y 0 0 :sefrf-ctrlftral/set—rf_disable_trans
Pin switch trans mitter requested by the PLC
4 0 0 :srfrf-anod/tral/set—disahle
Modulating Anode externally disabled
5 2 0 :srfrf-ctrlftral/f—safety_machine
Safety machine protection requested by the machine interlock
6EJ 3 0 :srfrf-hvps/tralfset—disable
H¥PS externally disabled
70 4 0 :sefrfctrlftral /f—rf_disable_trans
RF Disabled request by PLC acknowledged for Trans HIS

ESRF JL Revol ARW 4-6 February 2002




RF is guilty!!

It was a phase

measurement
problem!

The voltage oscillation is
generated by a klystron
phase glitch

Information given kb
fast data logging system.

Cavity 1,2,3.,4,5,6 Voltages increase

—2000 -—-1800 -16800 -1400

h AN d

lvsis of the

Induced voltage in the
cavity by the beam

o W P -_4

Detection of the peak voltage and
TRAT RF switch OFF
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The beam experiments a

~longitudinal oscillation and is lost
TRA1 RFE Power

TRA3 RF Power

Beam Phase Cavities 1-2-3-4 (TRA1)

——

[

All cavities have the same oscillation and there is

Beam Current [%] * 10 (Logging¥1) no variation on the power and on the phase.
BEeam Phase [Degl * 10 + 800 (Logqg

TRA1 Power [kwW] + 300 (Logging¥1
TRA3 Pu!iurer [kw] + 700 (Logging%1
CAV1 Voltage [M Loggingv2 : : : :

o yolrage MV frogainav2) I The excitation is not coming from the RF
CAV3 Voltage [MV] {Logging¥2) "
CAV4 Voltage [MV] (Logging¥2) system I
CAVS Voltage [MV] (Loggingv2)
CAVE Voltage [MV] (Loggingv2)

Further analysis shows that is was coming from
origin time .
Fast logging the main RF master source

Duration




G (O i ogging

Storage of the evolution of all
analog signals
at 8Hz
during 30 sec

0 .
17:04:35 17:04:40 17:04:45 050 17 0HA:55 17:05:00

SEARF-KLYS/TRAZVgltage (Logging¥1)
SR/RF-KLYS/TRAIF QUrrent * 10 (Logginv1)
SE/RF-KLYS/TRA node_Voltage {(Logcingy1)
acuuml {Logging¥y1)
SE/RF-KLYS/TR Vacuum2 (Loggingy1,
SEARF—KLYS/TRAZ/Output_PwPw (Loggir 3v2)

SR/RF-KLYS/T{#3/Output_RePw * 100 (L ggingv2) The recording of slow analog Signals 1S

/ useful for the analysis of:

origin time
Duration Vacuum eVentS,
behaviour of loops

or switching ON/OFF sequences.

Slow lornging

Example: Switching OFF of the RF transmitter
due to an out gassing in the klystron tube




Data Storage Data extraction

>
' )

More than 6000 signals St
50 Gbytes

Data source

Analog signals
Device status

OS9,UNIX,NT
VME

DB Filler

Hardware access
fbus, serial line,...

iandard GUI

(XY

Polling frequency and conditions
could be configured by the users

(Periodic mode or 1 Year Data available on line

data change mode) Transfer then on DLT Tapes

\




HDB exampie 1 |

Evolution of the RF power as a
function of the beam current

over 7 Days T

(kW or mA) Klystron 1 Power

900

800 Klystronl
700 drives cavity 1,2,3.4

600
and

500

Klystron 3 Power
400 KlYStI'OIl?)
3uu| W drives cavity 5,6
200

100

| ! | |
n _— e —

Sun 27 Tue 29 Wed 30 Thu 31

srArf-klys/Atral foutput_fwpw [kw] {Hdby1)
sr/rf-klys/tra3/output_fwpw [kw] (Hdbv1)
srAd—ct/1/current [mAl (Hdbv1)




Klystron 3 Power

15:00 18:00 21:00 00:00 03:00 06:00 09:00 12:00

st/rf-klys/tral Zoutput_fwpw [kw] {(Hdbv1)
stArf-klysAtra3/output_fwpw [kw] {HdbY2)
st/d—ct/1/current Ima] (Hdbv2)

Evolution of the power
balance between
klystronl and kystron2
over a beam decay.

Klystron power not
evolving in parallel.

No clear explanation.

Origin time

Duration

—_—

N



The state of a device 1is stored
every hour or
immediately if there is a
modification.

==> very useful
for the tracking of failures,
warnings
or control problems.
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55 Graphical User Interface should be identical for data logging analysis
and on-line monitoring.

First fault and history of fault should be logged without ambiguity.
Analog logging should cover the range from 1us to 1 year!!

6 6 ©

Data Logging is costly (money and manpower) but worthwhile for
maintenance and reliability.

Data Logging must be reliable

©)

Many thanks to all colleagues who participated in the development of
this system and to all those who helped me to prepare this talk.




	The ESRF Radio-frequency Data Logging System for Failure Analysis
	Impact of the RF time lost / equipment
	Two     Objectives
	Strategy
	Interlock system and data logging
	Stored information
	Analysis tools
	General RF Data Logging Structure
	Example of the analysis of a RF trip
	Example of the analysis of a RF trip
	Information given by the analysis of the first fault logging
	Information given by the analysis of the fast data logging system.
	Another case of data logging: SRRF not guilty !!
	The slow analog signal logging
	The ESRF historical data base (HDB)
	HDB example 1
	HDB example 1 (zoomed)
	HDB Example 3 (Device state)
	Conclusion

