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HELMHOLTZ


https://indico.cern.ch/event/1222337/timetable/#40-the-statistic-over-the-year

Why using statistical methods for failure analysis?

It is a must with large numbers of supplies

« DESY is dealing with a large number of power supplies since beginning of the 90th.

« 1990 - 2007
« HERA e-p + pre-accelerators 1600 ps

« Since 2009
« PETRAIII + Extention 858 ps
» Since 2016
« XFEL 810 ps
 FLASH, preaccelerators 400 ps

* Overall more than 2000 ps in operation
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Reliability in 1995+1996

Betriebsseminar St. Englemar + ??

DESY HERA 96-05
Mai 1996

Becchleuniger Betriahecominar 1996

St. Englmar, 28.1.-2.2.1996
DESY HERA 97-01
February 1997

HERA 97

HERA Seminar, DESY, 1997
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Reliability

Definition from the 90ths

4 STATISTICS

The availabilty of the subsystem power supply can be
calculated by

_ MT — (NOF * TOR)
- MT

*100%

AV

with AV = availability

MT = machine time

INOF = number of failures

TOR = time of repair +magnet cycling

DESY. POCPA 2023 Statistics of Power supplies, Hans-Jorg Eckoldt 1. June 2023
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Definitions

Operation time
NOF

MTBFyqchine =

Operation time x NOPS
MTBFpyyer Supply — NOF

MTBF_Power Supply: Mean time between failures
It is a definition, what you count into it
Is an external interlock part of the power supply failure?
is a power glitch part of the power supply failures?
Operation time
definition in agreement with the machine
event/1000h
event/day
1 failure/1000h corresponds to 0.024 failures/day
these numbers still cannot be compared since different NOPS
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Definitions
Asked by Ivan

Y. Time till Machine is up again

MTTR e =
Machine NOF
VTTR Y. Time to repair the PS
Power Supply — NOF
Time
definition in agreement with the machine
event/1000h
event/day

1 failure/1000h corresponds to 0.024 failures/day
these numbers still cannot be compared since different NOPS
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HERA Reliability

Data 1996

DESY. POCPA 2023 Statistics of Power supplies, Hans-Jorg Eckoldt 1. June 2023

Table 2: Power supply failures in the machines, Mean
TimeBetweenFailure, AVailability

Table 3: MTBF of the power supplies

Number | MTBF_PS MTBF
of PS overall no external
failures
HERA e+p 1166 25985 29310
PETRA 269 12515 13988
DORIS 93 5669 8968

problems | MTBE_M AV
hrs

HERA e+p 238’ 22.3 96.6%
HERA p 163 32.5 97.6%
HERA e 84 63.1 98.8%
PETRA 114 46.5 98.3%
DORIS 87 61 98.7%
DESY II /111 43 123.3 99.4%
transport lines 92 57.6 98.6%
preaccelerators

entire DESY 574 9.2 91.9%
analysed period | 5304 hrs

Different counting: every failure was counted when the shift was active.
Also commissioning and testing
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HERA Reliability

A certain number of components have a somewhat constant failure rate

Table 1: Number of events when technical shift crew
had to react.

1996 1995 1993
HERA 238 248 252
PETRA 114 165 143
DORIS 87 81 184 I
DESY I1/ 111 43 113 n.n,
transport lines 92 131 n.nm.
preaccelerators .
analysed period | 5304 hrs | 6720 hrs n.n.
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Statistics helps to find the best knob to turn

The ELS failure lead to a replacement of all semiconductor switches

HERA Elektronen
1995

Wasser, Kiihiung [£
Wasser [£
Verbindungen
Transformatoren
Sammelinterfock ‘
PSC, Kontrollen 5
Netzwischer ‘
mechanische Schalter :
Halbleiter, Sicherungen [
Erdschiuss ’

ELS

Elektronik

Einzelinterlocks (£
Arbeiten
unbekannt |2
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HERA Elektronen
1995 Wasser, Kiihlung unbekannt
Verﬁndungeryv?:“ 2 2% Einzelinterlocks
2%
Transformatoren
PSC, Kontrollen
6%

Elektronik

35%
Netzwischer

16%

Halbleiter, Sicherungen
2%

ELS
27%
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Beschleuniger, Teststande und Modulatoren

S Giidhsean il

-5




PETRA lll power supplies.

Redundanz-Manager |

Mosfet-Matrix

Reservenetzteil |

4 Tiefsetzsteller
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Number of supplies PETRA IlI.

Normalconducting main magnets

Current Voltage Quantity
Switch mode
supplies
+/- 55 60 110
200 60 168
600 60 96
400 100 65
Sum 439
SCR supplies 600 Up to 500 10

Corrector magnets

Current Voltage Quantity
10 40 340
5 60 70
Sum 410
> 859
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PETRA Ill availability, a success story

The PETRA Ill availability was significantly improved during the last years

Availab. Faults /1000 h |MTBF

Goal 2016 97.0 16.50 57.1
2013/14 95.8 26.84 35.9
2015 96.70 30.14 32.1
2016 96.7 25.11 38.3
2017 97.99 22.30 42.9
2018 96.37 18.4 51.5
2019 98.31 15.2 61.7
2020 98.8 12.90 71.9
2021 97.30 17.9 52.9
2022 98.30 16.54 57.0

Courtesy R. Wanzenberg
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PETRA Ill Availability
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PETRA lll faults / 1000 h

Clear trend until 2020

Faults / 1000 h

35.00

30.00

N~
\

= S 165
20.00 -
15.00 - \
10.00 -
5.00
0.00 - T T T T T T T .

2013/14 2015 2016 2017 2018 2019 2020 2021 2022

]

The recent value of 16.5 faults / 1000 h
is just ok, ~ 60 h MTBF

Courtesy R. Wanzenberg
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12.0

10.0

Faults per 1000 h user run: 2013 ... 2021

m 2013/14

W 2015

m 2016

m 2017

W 2018

m 2019

m 2020

m 2021
2022
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Failure times in PETRA Il / 1000 h

SUM FAULTS/1000 h
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Failure times in PETRA Il / 1000 h

SUM FAILURE TIME/1000 h

7:12:00 PM

4:48:00 PM

2:24:00 PM
| 12:00:00 PMp " 2013
> m 2015

1 9:36:00 AM 2
m 2016
7:12:00 AM

00 m 2017
e 4:48:00 AM %2018
2:24:00 AM = 2019
12:00:00 AM 2020
2021
m2022
=2023
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PETRA Ill weekly statistics in 2022

Recovery after bad weeks is possible

K12 faults triggers (4h) +
Klystron 1 SIL. Modulator PS (2h)

Power Glitch (3_ 5h) PETRA Ill Availability 2022 Seoyergl AV W TARGET o AV.Y
102.00 . IIIUBpEIIde nt Fokus-PS, Crowbatr,
Failure of HST B (16h) Trips *) Trenntrafo im HV-Raum{, 98:3 %

100.00

1 -

?

98.00 -

96.00

i I
94.00 - I I I
92.00 - I I I

‘

90.00

88.00

7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

86.00 -

Calendar Week

*) Power supplies,Top up stops
Cavity trips, Cooling water

- . ) Vacuum at experiments
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Faults PETRA IV power supplies/1000 h

Faults Power Supply

4.50

4.00

3.50
3.00 -
2.50 -
2.00
1.50
1.00
0.50
0.00 -

2013 2015 2016 2017 2018 2019 2020 2021 2022 2023

counts
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MTTR Power supplies /1000 h

Failure time Power supply

8:24:00 AM
7:12:00 AM
6:00:00 AM
4:48:00 AM
@
>
o
N
3:36:00 AM
2:24:00 AM
- I [
12:00:00 AM

2013 2015 2016 2017 2018 2019 2020 2021 2022 2023
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Time to recover from power supply dips /1000 h

The repair becomes faster due to immediate switching to spare, 20 min magnet cycling, 30 min filling
time
Time to recover Power supply

2:09:36 AM
1:55:12 AM
1:40:48 AM
1:26:24 AM
1:12:00 AM
@
>
o
N
12:57:36 AM
12:43:12 AM
12:28:48 AM
12:14:24 AM
12:00:00 AM

2013 2015 2016 2017 2018 2019 2020 2021 2022 2023
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Power glitches /1000h

We see an increase over the years, but we are better in living with them

Fault Power Glitch

4.50
4.00
3.50
3.00
[2]
= 2.50
>
5 2.00
1.50
1.00
0.00
2013 2015 2016 2017 2018 2019 2020 2021 2022 2023
Failure time Power glitch
9:00:00 AM
6:00:00 AM
o
>
o
<
3:00:00 AM I I

2013 2015 2016 2017 2018 2019 2020 2021 2022 2023
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PETRA trips (2021/2022)

PETRA 2021 bis DEZ.2022

CH_SPS
CH_Operating
CH_Polwender/Umschalter
CH_Erdschluss, Kabel in Kasematte
CH_Magnet

CH_Soll-1st

CH_Quenchiiberwachung
CH_Kommunikation, CAN-Bus-Fehler
CH_PSC-Fehler
CH_LWL-parity/Interfacekarte

CH_1 Stunde nach Massage bei 150A
CH_Reglerelektronik (mit Hilfsspg.)
CH_unbekannt, Sonstiges
CH_Reglereinstellung, Abgleich
CH_Ausfall bei Massage
CH_ADC-watchdog

CH_Chopper, Leistungsteil (mit Hilfspg.)
KOR_ 12V-Hilfsspannung
KOR_Steckverbindung
KOR_Quench-fail

KOR_Regelung

KOR_PSC-Bus-Fehler
KOR_Kommunikation
KOR_unbekannt

KOR_ Leistungsteil

DIO_Leistungsteil

DIO_Klima-Halle NO
DIO/THYR_SPS/Erdungs-SPS
DIO/THYR_Erdschluss
DIO/THYR_Abgleich, Messung
DIO/THYR_CH-CAN-Busstdrung
DIO_THYR_Messrelais, Hilfsspg., DCCT-Fehler
DIO/THYR_Leistungsschalter
DIO/THYR_Kiihlwasser

DESY.
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0 2 4 6 8 10 12 14 16

Dioden- and SCR-Units:

- Circuit breaker (when tuning on)
- Water cooling

- Measurement relais

Chopper:

-ADC-Watchdog

-Regelation electronic (with auxiliary power supply)
-Chopper, power part (with auxiliary power supply)
-LWL-parity/Interfacekarte

-Adjustment

Corrector:

-regulation electronic

-power part defect

-PSC-Bus error
-Quench-fail/Impedance measurement
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PETRA: Trips 2016 - 2022

Ausfélle Power Supplies 2016 - 2022

CH_SPS
CH_Operating

CH_Polwender/Umschalter

CH_Erdschluss, Kabel in Kasematte

CH_Magnet

CH_Soll-Ist

CH_Quenchiiberwachung

CH_Kommunikation, CAN-Bus-Fehler

CH_PSC-Fehler

CH_LWlL-parity/Interfacekarte

CH_1 Stunde nach Massage bei 150A

CH elektronik (mit Hilfsspg.)
HH_unbekannt, Sonstiges
CH_Reglereinstellung, Abgleich
CH_Ausfall bei Massage

Auxiliary power
. CH_ADC-watchdog
supplies )

" Steckverbindung
KOR_Quench-fail
KOR_Regelung
KOR_PSC-Bus-Fehler
KOR_Kommunikation
KOR_unbekannt
KOR_ Leistungsteil
DIO_Leistungsteil
DIO_Klima-Halle NO

Failure decreased but aging
. /THYR_SPS/Erdungs-SPS
effect (work around installed) oo/ cone-

DIO/THYR_Abgleich, Messung
DIO/THYR_CH-CAN-Busstérung
DIO_THYR_Messrelais, Hilfsspg., DCCT-Fehler
DIO/THYR_Leistungsschalter
DIO/THYR_Kiihlwasser

m 2021 bis DEZ.2022

DESY.

uC1
w01
Bl
== 5
e

e S

e 24

m 2016 bis DEZ. 2020

30

PETRA-Netzgerate

Ausfille pro Jahr 37,
50,4

75
gesamt
252

0 50 100 150 200 250 300

m2021bis DEZ.2022  m 2016 bis DEZ. 2020

PETRA power supply failures
were reuced by 25% in the years,
compared to the years 2016-2020
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Auxiliary power supplies

Often source for trouble

* In corrector power supply PETRA

« One lot wrong equipment at the start. 3 A instead of 6A (average current 2A)
« Strong aging, had to be replaced

» After 5 years again strong aging are replaced in the moment

« Same type of supply, reequipped with a longer life time capacitor
* Regulation electronic

» In the housing of the regulation electronic space is less an issue.

» Here the auxiliary supply will be replaced with standard ring core topology.

« Overcurrent measurement relays or phase detectors have their own auxiliary powe

* We detected these burnt after a period of 2 — 4 years. The built in print transformers
were detected as trouble source. These overheated regularly.

* A new auxiliary supply was designed. Problem solved

« It seems that typical commercially available 12 V units have a lifetime of appr. 5 years

 DCCT auxiliaries fail very seldom
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ADC Watchdog

Check of functionality of measurement ADC

 Failure due to a DCDC converter of the current measurement ADC

« The measurement shows spikes or O-current. An interlock stopped the supply

* In case of a watchdog interlock, the power supply will be immediately

exchanged

« So far, a work around was found with via a software. The software prevents
the unwanted reaction of the regulation for a short time. Additionally a
warning message indicates the malfunction. The power supply will then be

exchanged at the next maintenance day

« The exchange of the device is very complex (SMD-soldering)

15
ADC-Watchdog Ereignisse
10

8
5 5
' znn
o N

2017 2018 2019 2020  2021/2022

DESY. POCPA 2023 Statistics of Power supplies, Hans-Jorg Eckoldt 1. June 2023

15

10

2
[
2017

ADC-Watchdog Ereignisse

8
5 5 III

2018

2019

2020

2021/2022

Page 25



XFEL



XFEL.

Location of magnet power supplies

PR e {

Schlegmg Ho"%
I |




Injector complex.
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Number of supplies.

Normal conducting main magnets

Current Voltage Quantity

15 40 53
200 60 164
200 120 48
200 400 2
600 200 2
600 300 6
600 400 2
600 120 22
600 60 12
Sum 258

University of
Superconducting magnets In kind Spain Madrid

Current Voltage Quantity
50 10 222

Budker Institute

Corrector magnets In kind Russia Novosibirsk
Current Voltage Quantity
510/40/60
1040/60
Sum 330
Y 810
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Power parts in the XFEL

Modulators (250 kW, switching MW at 10 kVlevel), Chopper supplies 12-480 kW), correctors (600W)

2023

250000 :
MTBF power supplies
200000
150000
100000
o I l
0
2019 2020 2021 2022
MTBF correctors
1000000

900000
800000
700000
600000
500000
400000
300000
200000 l
100000
o [ |

2019 2020 2021 2022
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2023

25000

20000

15000

10000

5000

800000
700000
600000
500000
400000
300000
200000
100000

0

2019

2019

MTBF modulators

I
2020

MTBF Corrector Types

2020

2021

2021

2022

2022

2023

2023

m spanish
mrussian
m Heidbrook
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Swap systems to recover
from trips



Redundancy system.

» For a group of power supplies a
spare power supply is installed.

* In case of failure, the shift crew
detects the failure.

» The shift crew switches over to the
Spare PS.

« Within few minutes the machine can
restart to operate.
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Power Supplies PETRA IV

Magnet

Quadrupoles

Sextupoles
Octupoles
Correctors

FOFB units/skew
quads

DESY. POCPA 2023 Statistics of Power supplies, Hans-Jorg Eckoldt 1. June 2023

Electrical data|Number

120A/30V 1348
15A/30V 432

30A/30V 288

+/- 15A/+/-48 V 2372

> 4440

PETRAIV.
Q DIMENSIONS
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Increase reliability!!! PETRAIV

v h Qmmmsmns
Why hot swap?

 This task will be difficult to solve.

» The failure rate of the power supplies is directly related to the number of supplies.
* PE IV have roughly a factor of 5 more supplies than PE Il

« Afactor of 2-3 less failure rate would be required, leading to an increase of 10 to 15 that the new power supplies
have to be better than the old ones.

« The DESY power supplies are in comparison with other accelerators already at high level.

 Theincrease of reliability by a factor of 10-15 is not feasible staying with this technology

« Solution would be a hot swap system, replacing a broken Power supply automatically by a spare
one with the help of semiconductor switches (invented by ESRF)
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Hot swap ideas

With a fast switching matrix tripped PS will be replace in short time

Version developped
By ESRF

PS 1

)

PS 2

=1

$i6

DESY. POCPA 2023 Statistics of Power supplies, Hans-Jorg Eckoldt 1. June 2023

Hotswap
PS

PETRA IV
QDIMENSIONS
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Hot-Swap different variants

Version 2.0, version 2.1

S1.1 D11 M1 ¢} n:1-System
ek = e L R et > :
| I [l L t N
I I ' D '
- _\_ TSS1 ! ] L o—fn TS oul—e 00—+ 'Ia;_ '
| — — oy — E GhD Te & o] T
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—] ! v
Cf,Ho(S‘wa'p : M|

¥

v

v

Lap

_____________________________________________

7
: ]
T T
-
—
N
4q=—t— = ———————=H

- S
- ~

- Y
P3; ... PS, Mz... Ma

Zuleitungsil_liau ktivitdt verschlechtert

! al ! LA Y e e ! das Hochfahren der Reserve
e « PS-Einschub e -
A D2.1 \P2.2 : Do
I L ' :
o ;*u , ' e—p 158 out[—e—t H—
1 ! 1 T [ N ' :
1 ! : GND ' Fat ”~— —i —
@# __q:____! ié : l I : LV ":' La M
1 1 : 1
: 'y T2.1] T2.2 ; . PS:
I ------------------------- L
bo-- --:1 — ———————- * ! Interne Strammessung
1 : ’ (Hot-Swap/Fehleriiberwachung) n-2 n-2
h O Hauptstrommessun a0 5
I Legende P 9 o Mi M,
b======24TSS-R g o Hauptstrommessung (Reserve-Gerit) hd HEE
— — Hauptstrompfad TSS1 L - s bs
— — Nachladestrompfad TSSH1 fe e
______ HauptStrompfad TSS-Reserve 0 Zur Abtrennung des PS {Optional)
—————— Nachladestrompfad TSS-Reserve D Freilaufdiode fir ausgebautes PS (variable Paosition)
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Hot swap system V3.0 PETRAIV

_ NEW DIMENSIONS
Overview already shown last TAC

« Complete redundancy supply

Schrank /Rack * No contingency within the power supply

» Two power supplies in parallel

Warmetauscher /Heat exchanger _
* In case one supply fails, the second supply takes over

« No additional “intelligence” is needed for switching nor
switching matrix

Regelung |7
A
N

& +— * By monitoring the output filter current, a very fast
L% 3’ detection of failure can be guaranteed.

Regelung V
1
=
C

/)
777

* Low current testing shows very good results

« High current tests to be finished in the next time
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Small signal tests of the full redundant supply PETRA IV

NEW DIMENSIONS
Results from last TAC

A e Kopplune
LR B eeess &Impedanz”

N e S R N NN NI

s r"‘q{uu " 040 ‘-‘-' vanune | Chi (yeIIOW): PWM Signal
TERW . e i s Ch 3 (blue): Filter current
Ch 3 (magenta): Output current in AC-mode
3,3 mA/div on a 3 ADC current
: ; _ =1*103
PR L Ch4 (green) Output voltage

IO AN AR AR MR T

Failure is detected within 30 us, deviation 2*10 4

H 40' OMS A ChI “
50

L .: O IS e B R e T tkODr'
einskal posmon offset  gjnsteling

jnvertier. Bandbreite 10.0mV  22omdiv 0.000V 10X
Ein

MH2 /div

) -~

( - <

DESY. POCPA 2023 Statistics of Power supplies, Hans-Jorg Eckoldt 1. June 2023 Page 38

Kopplung
AC

1577



First Hot Swap Test with beam was successful
Yippee

Page 39
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Repeated Hot Swap Test with beam again successful

This time 60mA, 80 mA, 100 mA beam, switching from one power supply to the next in 6 sec. interval

Hello Riccardo,

For the hot-swap test a quadrupole PS in the von-Laue hall was used.
According to MPC, the current drop was <5 mA for a current of 112 A of
the PS. So it was only a dk/k = 4e-5:

https://ttfinfo.desy.de/elog/FileEdit?file=/petra/data/2023/11/15.03 a/2023-03-15T16:36:26-00.xmlI&xsl=/elogbook/xsl/elog-
fileform.xsl&mode=edit

From the machine side we have seen nothing during the hot-swap test; no
drop in lifetime, no change in currents of the orbit feedback and no
orbit distortion.

I've tried to measure some turn-by-turn orbit data during the test
(decimated mode with a length of 16 s) with one BPM but there was no
orbit distortion related to the hot-swap seen. However, the orbit
feedback was running all the time and it was a quadrupole (so the orbit
distortion depends on the offset of the orbit in the quadrupole).

Regards,
Joachim
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Repeated Hot Swap Test with beam again successful

This time 60mA, 80 mA, 100 mA beam, switching from one power supply to the next in 6 sec. interval
Hello Riccardo,

For the hot-swap test a quadrupole PS in the von-Laue hall was used.
According to MPC, the current drop was <5 mA for a current of 112 A of
the PS. So it was only a dk/k = 4e-5:

https://ttfinfo.desy.de/elog The re\-'?oUIt was SO gOOd’ that _We
fileform.xsl&mode=edit | now WIll look at the 1:n solution,
From the machine sidewe| €VE€N If It Might have a slightly

drop in lifetime, no change

orbit distortion. Iower performance

).xmI&xsl=/elogbook/xsl/elog-

I've tried to measure some turn-by-turn orbit data during the test
(decimated mode with a length of 16 s) with one BPM but there was no
orbit distortion related to the hot-swap seen. However, the orbit
feedback was running all the time and it was a quadrupole (so the orbit
distortion depends on the offset of the orbit in the quadrupole).

Regards,
Joachim
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Even with the best statistics
not foreseeable faillures occur
and have to be handled



One cannot predict every failure!
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One cannot predict every failure!

v Thank you for your attention
| and my team for doing
=0y such athe good job

INTERFACEKARTE

1

Keep in mind:

el
-
e
~
—
-
-
-
e
e |
-~

One failure can happen
Two is the start of a series

9000000

(o¥ AUOCC
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Contact

Deutsches Elektronen- Eckoldt, Hans-Jo6rg

Synchrotron DESY MPC
Hans-joerg.eckoldt@desy.de

www.desy.de + 49 (0)170 634 2366



Additional material



Maintenance



Maintenance

* No regular maintenance is done in the sense of oil-change in a car

« The available time to do maintenance work at the supplies is getting shorter
due to the demands of the user and machine

» During the maintenance day usually the time is just sufficient to replace broken
components.
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What to do Instead?

« Failure analysis

DESY.

Each failure is written into the electronic logbook and analyzed

By this series failures can be detected

* One series failure was an auxiliary power supply that started to fail after 3 years of operation.

All auxiliary power supplies (600) were replaced during this shutdown

This took 8 weeks (a work that cannot be done during the maintenance days)

Shortly afterwards a new failure appeared by a bad contact

Remote access and scans of data with the digital regulation

Eg. Ripple, temperatures
Big advantage is that this can be done during the machine operation
(when there will be the next for PETRA or first XFEL run)

When a ,strange” supply is detected, it will be replaced during the maintenance day and examined in the test stand
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Work during long shut-downs

Preventive maintenance

« Test Grounding switches,

« Check of screw connections

« Check of accuracy of current and voltage values
« Calibration of DCCTs if necessary

« Scans of control electronics

 Emergency off-Test :

« Has to be done regularly

* Check ofWater components

* Magnet valves

 Hoses, leaks
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Assembly of power supply

Digital Requlation 5 it
electronic ower part wi

Interfacecard
DCCT1
DCCT?2
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Homepage of a PS

About 500 signals can be read out

A | 01AdcTemperature:801bit=+50.0593710°C 32SupplyVoltage:0bit==0.00000000V
User 1ReferenceCurrent:131072bit=+0.00000000A 33LoadVoltage:1bit=-42.1698841V
Keaad 2LoadCurrent:1 6774049b11f—0,05285500A 34TemperaturePS1 :1b{F*0.06249609°C
3LoadCurrent2:16773062bit=-0.06932730A 35TemperaturePS2:1bit=+0.06249609°C
4PowerSupplySteeringSignal:0bit 36TemperaturePS3:1bit=+0.06249609°C
50ffsetAdcA:59bit=+0.00098460A 37TemperaturePS4:1bit=+0.06249609°C
6GainAdcA:17173043bit=-0.53434130A 38MaxPsTemperature:1bit=+0.06249609°C
7OffsetAdcB:33554188bit=-0.00407210A 390verTemperature:1bit
8GainAdcB:17167320bit=-0.62985410A 40PulsesNotOkModule:1bit
9Switches:310782bit 41PulseDelayPS1:Start20ns, EndOns
10ErrorAlteral:100663296bit 42PulseDelayPS2:Start20ns EndOns
11LoadDeviation+:16774162bit=-0.05096910A 431QuenchDeviation+:1bit=-279.997862A
12LoadDeviation-:16773994bit=-0.05377290A 44IQuenchDeviation-:1bit=-279.997862A
| 13AlteralSoftwareVersion:100317bit 45EstimatedCalibratedGain:1bit
T v 14AdcAToBOffset:16777194bit=-0.00036710A 46TripRangeStart:Start20ns EndOns
15ADCCalibrationDataInRam:512bit 47TripRangeEnd:Start20ns.EndOns
192.168.41.52 jttf help A | 16AutoRefCurrent:16777216bit==0.00000000A 48DetailedPulsesNotOkModule:1bit
PscMainContactorOnCommand_HS Fail 17DrivingSpeed:3000bit 49HalfBridgePositionAtError:1bit
PscCurrentEnable_ZPE Fail 18PCurrentRegulator:5000bit SORectifierPositionAtError:1bit
LoadDeviation==-0.05096910A 191CurrentRegulator:100bit 51WarmLoadResistance:1bit
LoadDeviation-=-0.05377290A 20PVoltageRegulator:30bit 52QuenchTimeConst=-Saturation:1bit
IF_0_PwmDisableFromAlteral 211VoltageRegulator:20bit 53Altera2SoftwareVersion: 1bit
CanBusSDio_Geerdet Fail 22SupplyVoltageOffset:29211bit S4Interlock_Altera2:1bit
CanBus7Dio_HGE Fail 23PQuenchSimulation:1111bit 550ptocouplerSignals: 1bit
IF_0_ChopperIsOff 24T1QuenchSimulation:1112bit help 56AutoResetTimes:1bit help
Beamlnhibit Ausfallmeldung IsSentOut 25ControlRegister1:4098bit 57SupplyRipple:1bit=+0.00150150V
Output Power=-0.00000510kW 26ControlRegister2:0bit 58LoadRipple:1bit=+0.00128700V
Load Resistance= -1.826222600hm 27AdcCalibrationData:260608bit 59AbsoluteSteeringSignal:1bit
DilSwitch1-5 :CurrentLimit:+280.000000A 28Reserve:0bit 60QuenchloadResistance:1bit
OptoInM freigabeOK->CanBusMastt 29PSCmirror-telegram:2bit 61QuenchTimeconstant:1bit
IPCDisabled (Fuhrung MST.PSC3) 30PSCcommandRegister:160bit 621QuenchDeviation: 1bit=-279.997862A
gré::e;L;lefteEq o 31InternalMeasurement24:500bit 63EstimatedLoadHeatRise:262143bit=+37.0197520°K
_11 L LengthOfThisPage:1455 L OfThisPage:1475
DCCT_2 1 Equal 0 i £ 5 £
IFQ_SignalDetect 1tf3 (0-32) ReglerAlteral 1tf4 (33-63) ReglerAltera2
PowerSupplylsOn Fail 1tf6 (64-95) 17 (96-127)
DCCT_I_equal_zero/SmallCurrent OK 1tf8 (128-159) 9 (160-195)
FrontpanelSwitchl LED-Anzeige:Fehler #£0(196-223) tf1 (224-255)
FrontpanelSwitch2 Tist-Tsoll #f-2 (256-287) Interfacel A 1tf-3 (288-319) InterfacelB
FrontpanelSwitch3:Reset : tf-4 (320-351) InterfacelC 1tf-5 (352-383) Interface1lD
F; ISwitch4:HauptschutzFreigabe 1£-6 (384-415) InterfacedA 1t£-7 (416-447) Interface2B
Switches Dil:011111111 FrontPanel:0111 tf-8 (448-479) Interface2C 1tf-9 (480-511) Interface2D
Dio->Chopper Stromkreisnummer:28701 1tf--0 (512-543) InterfacelEEPROM ttf--1 (544-575) Interface2EEPROM
IFO Switches Dil:11111111 ResetSwitch:1ToLeftSide #tf-2 (576-607) Reservel 1tf--3 (608-639) Reserve2
IF1 Switches Di1:00000000 ResetSwitch:0ToRightSide ttf--4 (640-671) Reserve3 tf-5 (672-703) Reserved
CanBusStatus:0=0ReceiveBufferStatus_0=empty 1tfl (Submit Page) ttf1 (Submit Page)
C 0=1DataOverr _0=al #tf5 (Interpretation Page ttfS (Interpretation Page)
CanBusStatus:1=2TransmitBufferStatus_1=released
C -1=3T: issi pl 1 pl
CanB 0=4Recei  0=idle
CanB :0=5T; i . O=idle v
CanB 0=6ErrorStatus_0=ok
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Scan Tool

rnursaay, Marcn 12, Zuls  5ius EM 158 /353U sortealnicatrarameterusy MaxrPsSCUUrrent.ntinl
Thursday, March 12, 2015 5:05 BM 138085 SortedInidatParameter030 internalUsupplyOffset P3.html
Thursday, March 12, 2015 5:05 PM 138074 SortedInidatParameter031 ScopeTimeBase.html

Thursday, March 12, 2015 5:05 BM 138078 SortedInidatParameter032 ScopeTriggerDelay.html
Thursday, March 12, 2015 5:05 BM 138079 SortedInidatParameter033 50HzStabilityForce.html
Thursday, March 12, 2015 5:05 PM 138084 SortedInidatParameter034 50HzStabilitylLearnDelay.html
Thursday, March 12, 2015 5:05 BM 138087 sSortedInidatParameter035 50HzStabilitylearningSpeed.html
Thursday, March 12, 2015 5:05 PM 138082 SortedInidatParameter03¢ D VoltageRegulator PS.html
Thursday, March 12, 2015 5:05 BM 138084 SortedInidatParameter(037 ReserveOrLEM IoutOffset.html
Thursday, March 12, 2015 5:05 BM 141027 SortedInidatParameter038 IP.html

Thursday, March 12, 2015 5:39%9 BPM 138060 SortedParameter000 1AdcTemperature.html

Thursday, March 12, 2015 5:39 BM 138076 SortedParameter00]1 ReferenceCurrent.html

Thursday, March 12, 2015 5:3% BPM 138070 SortedParameter00Z LoadCurrent.html

Thursday, March 12, 2015 5:3% BM 138074 SortedParameter003 LoadCurrentZ.html

Thursday, March 12, 2015 5:39 BPM 138084 SortedParameter004 PowerSupplySteeringSignal.html
Thursday, March 12, 2015 5:3% BM 138074 SortedParameter005 OffsethAdch  .html

Thursday, March 12, 2015 5:3% BPM 138070 SortedParameter006 GainAdcA.html —
Thursday, March 12, 2015 5:3% pM 138072 SortedParameter007 OffsethAdcB.html

Thursday, March 12, 2015 5:3% BM 138070 SortedParameter008 GainAdcB.html

Thitradasr Mar~h 172 N1 R E«230 DM 122N808 CrrtadDaramoataorNnNd Cuitohoas html

Readout of data and values from the digital regulation

With the help of the Scan-Tool, it is possible to read values of the
entire PETRA machine within 15 min.. This data can then be imported
to into Excel-sheets and analysed
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Scan Results

Deviation of load currents

LB @ http://adweb.desy.de/mkk/MKK_5/Petra3/D i ilureArchive/Mit © ~ & V2 @ PowerSuppliesPetra3 x|

Datei Bearbeiten Ansicht Favoriten Extras ?

9% % DESY - M-Division - Accel... i DESY - M-Division - Electr... [f4 Seminarrsume B Vorgeschlagene Sites v &) Web Slice Gallery v & Web Slice-Katalog v [ Worterbuch

Date 12.03.2015 Time 17:18:51 - 17:39:29 Range 14462363 - 33554432
Min 14462363 Max 33554432 Date 12.03.2015 Time 17:39:29

1

i

o

1=

—~T |

3554432192.168.41.111 LoadCurrent +100.00 % 33554432IP 192 168 42 106 Kreis 28327 Meter 72 Ilimit 11.25 Typ 40V _Platz 5 Magnet SOL72DKs

33554432 192.168.41.109 LoadCurrent +100.00 % 335544321P 192 168 42 104 Kreis 28325 Meter 100 Ilimit 11.25 Typ 40V Platz 3 Magnet SOL100DKs

032290424 192.168.41.68 LoadCurrent  +92.47 % 600A WME ChopperIP_192 168 41 68 Kreis 28063 Ilimit 100 SchrankNr 020 CANadr CANI18 Platz CH17 Magnet OR60PQG
031444244 192.168.47.59 LoadCurrent +87.42 % 600A WME ChopperIP_192 168 47 57 Kreis 28061 Ilimit 550 SchrankNr NL09 CANadr CANOQ7 Platz CH06 Magnet NL25QA
031380570 192.168.45.59 LoadCurrent  +87.04 % 600A WME ChopperIP_192 168 45 59 Kreis 28077 Ilimit 550 SchrankNr W43 CANadr CAN09 Platz CH08 Magnet WROQA

031314362 192.168.47.60 LoadCurrent +86.65 % 600A WME ChopperIP 192 168 47 58 Kreis 28062 Ilimit 550 SchrankNr NL09 CANadr CANO8 Platz CH07 Magnet NL12QA
030932092 192.168.47.58 LoadCurrent +84.37 % 600A WME

ChopperIP_192 168 47 56 Kreis 28025 Ilimit 550 SchrankNr NLO8 CANadr CANO06 Platz CHO5 Magnet NL31QA NLI8QA NL6QA NR6QA NRISQA NR31QA

030928130 192.168.42.173 LoadCurrent +84.35 % 600A WME Chopper

030924468 192.168.45.57 LoadCurrent _+84.32 % 600A WME ChopperTP_192 168 45 57 Kreis 28058 Ilimit 550 SchrankNr W40 CANadr CANO7 Platz CH06 Magnet WL12QA
030912095 192.168.47.178 LoadCurrent +84.25 % 600A WME ChopperIP_192 168 41 104 Kreis 28570 Meter 7 Ilimit 3.75_Typ 60V_Platz 3_Magnet OR7PCH

030743451 192.168.41.67 LoadCurrent +83.25 % 600A WME ChopperIP 192 168 41 67 Kreis 28229 Ilimit 55 SchrankNr Ol11 CANadr CAN17 Platz CH16 Magnet SOR75SCu
030526485 192.168.45.60 LoadCurrent +81.95 % 600A WME ChopperIP_192 168 45 60 Kreis 28059 Ilimit 550 SchrankNr W46 CANadr CAN10 Platz CH09 Magnet WRI12QA
030492355 192.168.41.72 LoadCurrent  +81.75 % 600A WME ChopperIP_192 168 41 72 Kreis 28031 Ilimit 550 SchrankNr 027 CANadr CAN22 Platz CH21 Magnet ORI13QA
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Result of a scan

To-Do list for the workshops

. [Request timed out] - 192.168.151.212 .
. [Request timed out] - 192.168.151.240 .
. 192.168.41.65 schlechte Werte .
. 192.168.41.127 schlechte Werte

. Spannungsueberw12VRipple

. http://192.168.53.168/ttf.htm

. 40v

. 87Spannungsueberwachung12V:49405bit=+12.0765094V

. 88Spannungsueberwl2VRipple:1514bit=+0.37008060V

. 3v3

. http://192.168.48.132/ttf.htm

. 200A

. 85Spannungsueberwachung3V3:40804bit=+3.11957186V

. 86SpannungsueberwdV3Ripple:206bit=+0.01574920V

. 119SpannungsueberwMax_3V3:40938bit=+3.12981651V

. 120SpannungsueberwMin_3V3:40535bit=+3.09900611V
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http://192.168.45.53/ttf.htm

http://192.168.47.179/ttf.htm

600A

281SpannungsueberwlV2Ripple:2404bit

000002279 192.168.47.179 LoadCurrent__ +0,00_ % 600A WME ChopperlP192_168_47_179_Kreis_28823_llimit__Halle_Nordr._Magnet_NR
119QA_Optik_I_474_U_10,2_R_0

000001919 192.168.47.180 LoadCurrent__ +0,00_ % 600A WME ChopperlP192_168_47_180_Kreis_28824_llimit__Halle_Nord r._Magnet_NR
126QA_Optik_I_420_U_9,3_R_0

000001875 192.168.47.157 LoadCurrent__-0,02_ % 200A ChopperlP192_168_47_157_Kreis_28815_llimit__Halle_Nordr._Magnet_NR 104PQK_Optik_|_160_U_20,1 R_0,1

000001809 192.168.41.56 LoadCurrent__ -0,02_ % 200A ChopperlP192_168_41_56_Kreis_28705_llimit__Halle_Ost_Magnet_OR 75PQK_Optik_|I_123 U_14,1_R 0,1

000001787 192.168.42.179 LoadCurrent__ +0,00_ % 600A WME ChopperlP192_168_42_179_Kreis_28758_llimit__Halle_18_Magnet_OR
93PDE_Optik_I_402_U_26,7_R_0,1

000001766 192.168.42.175 LoadCurrent__+0,00_% 600A WME ChopperlP192_168_42_175_Kreis_28762_llimit__Halle_18_Magnet_OR 126QA_Optik_|_420_U_10,9_R_0

000001761 192.168.47.176 LoadCurrent__ +0,00_ % 600A WME ChopperlP192_168_47_176_Kreis_28819_llimit__Halle_Nordr._Magnet_NR
87PDD_Optik_|_275_U_18,2_R_0,1

http://192.168.47.179/ttf.htm
600A
283Spannungsueberw2V5Ripple:1621bit

000001621 192.168.47.179 LoadCurrent__+0,00_ % 600A WME ChopperlP192_168_47_179_Kreis_28823_llimit__Halle_Nord r._Magnet_NR
119QA_Optik_I_474_U_10,2_R_0

000001388 192.168.41.55 LoadCurrent__-0,02_% 200A ChopperlP192_168_41_55_Kreis_28704_limit__Halle_Ost_Magnet_OR 68PQK_Optik_I_142_U_15,9_R_0,1

000001302 192.168.41.56 LoadCurrent__-0,02_ % 200A ChopperlP192_168_41_56_Kreis_28705_llimit__Halle_Ost_Magnet_OR 75PQK_Optik_I_123_U_14,1_R_0,1 P age 55




12 V auxiliary power supplies non conformity
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Scan of 5V voltage inside the PS

10 PS missen angesehen werden

5.10

5.00 \

490 -|

4380 -|
470 -|
460 -
450 -|
440 -

430 -+
475
470
465
460 -
455 -
450 -

445 |
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—i— Spalte AH

—&— Spalte AH

mn

oM B e

B /Petra3/Dokumentation/PowerSupplyFailureArchive eee ©

P o e N

E ChopperIP192 168 48 195 Kreis 28185 Ilimit Halle Exp.
opperlP192 168 47 61 Kreis 28041 Tlimit Halle Nord 1.
ChopperIP192 168 42 175 Kreis 28762 Tlimit Halle 18 M
ChopperIP192 168 41 73 Kreis 28722 Tlimit Halle Ost Ma
ChopperIP192 168 43 77 Kreis 28032 Tlimit Halle Siadl N
ChopperIP192 168 48 61 Kreis 28194 Tlimit Halle Exp. M
erlP192 168 41 66 Kreis 28715 Tlimit Halle Ost Ma
ChopperIP192 168 42 177 Kreis 28760 Ihimiat Halle 18 M
ChopperIP192 168 47 57 Kreis 28061 Ilimit Halle Nord 1
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Tracking of Repairs

All repairs are documented

Baugruppenibersicht

=l Baugruppeniibersicht
DBJ:S;Q Gerdtenummer: (3254 07-0372 ReglerBG: [362107-1358 Lemo BG: [362107-3325 BG-Typ:  [60volt ID% Gerdterummer: | 3699 07-0462 ReglerBG: |362107-1545 = Lemo BG: [362107-3096 40valt
Kommentar: Filterkarte_BG: |352107,2073 <] PSC4-8G_Oben: [351062-00168 Bearbeitet von: | Kommentar: Filterkarte_BG: |352107-2121 PSC4-BG_Oben: |361062—l][|492 von: I .
lestungs8G: [362107-4025  [<| pscedG_unten: [335135-00354 |Baugruppe / Ubersicht Leistungs-BG:  |367107-4128 2] pscaesunten: [355137-00072 |Baugruppe / Ubersicht
VDE-Test: 06.09.2018 Datum Engangsdatum: 30.08.2018 VDE-Test: [ 24.05.2022 Datum Eingangsdatum: 15.05.2022 —
I Auslieferungsdatum] 28.02.2012 I Auslieferur m
Fehler Baugruppentrager  Erstelit_am: Fehler Baugruppentrager  Erstellt am: |
3521070372 (-] 352107-0462 ~ (2]
” Malck v i Mlck. v
- 06.09.2018 Hilfsspgs. Metzteil gewechselt ~ 24.05.2022
30.08.18: "Ausgefallen!”. Siehe R-BG #1353! Probelaufi.0.! D NT1 liefert keinen pos. Strom, siehe L-BG £4128; auBerdem 54 def. siche R-BG £1545. Probelaufi.0.!
06.09.2018 v 19,05,2022 10:15:11 v D
3521070372 v 3621070462 ~
R - v -
Datensatz M < 1von2 b M M:| T Kein Filter | [Suchen Datensatz 4 4 [3von3 | b M b | T Kein Filter | Suchen
Reglerkarte  Fiterkarte BG_Leistungsteil Lemo Fehlerauswahl Reglerkarte  Filterkarte  BG_Leistungsteil | emo Fehlerauswahl
erweitern erweitern
Leistungsteil
Lei +  Software_Altera_i: Software_Altera_2: Software_Bedk: I” 85can I Polar BGT | BGT |
Seriennummer: Netzteil_Leiterplattenn]7285-03 - | Netzteil_T; 40valt
[z62107-1358 7987-03 [70115 [11003 Regler_Typ: [Regler fiir Korrektur N - - =
Kommentar: Lagerort: [im Gerdt Reglerkarte | 352107-4128 Netzteil_Status:  [geprift, i.0.! Netztei_Lagerort: [ Gerat Reglerkarte |
Netzteil_Kommentar:
Filterkarte | Filterkarte |
Leistungskar te | Metzeifehler Leistungskarte |
R Fehler MKK: Regler_bearbeitet_von: Seriennummer. MEK Fehler Bearbeitet von
Bz s BLEE — o [ Softwarestatus | I g Softwarestatus
3621071358 Fehler ZE: [mélck [362107-4128 ZEFehler | [maick v Q
Abhilfe: i : ¢ Bearbeitet am
Defekte Bauelemente ausaetauscht Regler_bearbeitet_am: - Abhilfe [Diverse Bauteile aewechseh o aos
- Erstellam: 06.0.2018 [06.00.18 Neu hinzufiigen Kommentar Angelet am T8 05,2022 114130 I Ll
31.08.18: Ref.-Spg. daneben, R124 gedndert auf 47k; 54 ("Hauptschiitz Aus/Freigabe") war GLETE : e |
o ~=Pg- g *g d p 9 Reglerkarte MNT1 liefert keinen pos. Strom. T3 war def, Probelaufio) Reglerkarte
wackelig, ausgetauscht. Probelauf i.0.! | [l sl
Filterkarte | Filterkar te |
* o N Fehler MKK: Regler_bearbeitet_von: Leishngdkarte | #*| Seriennummer: MEK. Fehler I Bearbeitet von Leistungskarte |
352107-1358 Fehler ZE: I . 362107-4128 ZE Fehler |  betatan v .
. y en ’
Abhilfe: Regler_bearbeitet_am: | Abhife | PSC4+-oben |
Lommentar: Erstelt am: Kommentar tingelegt am
= Fehlertyp: ml > Hetztei Fehlertyp ml
I 4 d Lemokarte | I - Lemokarte |
Datensatz M4 Tvon2 |k M B | T. Kein Filter ‘ Suchen |
Filter = Filter
aufheben aufheben
Datensatz M 4 Tvon2 | b M ¥ | % KeinFilter | Suchen [+ | B

Datensatz 14 4 348von 1127

[ S

Kein Filter | 362107-368

| Datensatz: 4 4 [258von 1127 | b M b [ % Kein Filter | [362107-0462
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Praventive Maintenance

Wartun a1 PR
Baugruppen Wartungstatigkeit(en) Haufigkeit (1) Dokumente (2)
[ja/nein] Stichpunktartig auflisten Eintrag VA, AA, CL oder keine
Thyristorgerate ja  Pulssymetrie prufen jahrlich -
ja  Genauigkeit prifen jahrlich -
a Sc.J.II-Ist-Abwelchung jahrlich _
prifen
by [EEMTESIEEE jahrlich -
prifen
ja  Klemmstellen prifen jahrlich -
. . 4 Jahre (zuletzt
ja  DCCT-Lufter Tausch 01/2018) -
ja ngnetventll Funktion jahrlich )
prufen
Diodengerate ja  Klemmstellen priifen
. Magnetventil Funktion A
ja o jahrlich -
prifen
Chopper-Netzgerat ja Reiserveumschaltung jahrlich -
prifen
ja  Erdungsschutze prifen jahrlich -
ja  Verkabelung priifen jahrlich -
- . Referenzspannung
Digitale Regelung a oy prifen 2 Jahre -
a Br9wserse|te Zugang jeder Shutdown
prifen
. 4 Jahre (zuletzt
ja  SD-Kartentausch 2018)
Magnetiiberwachung ja Sq_ftware (Furtstan jahrlich -
prufen
s nach jedem
Verkabelung/Aluschie ja Isolation prufen Shutdown CL
nen
Verkabelung . Klemmstellen/Temp. .
Kasematte OR 3 priifen LB S e
N . AVX-Kondens. bei jeder
RS 18 sichtprafung Gelegenheit )
ia Austausch 15V- alle 2 Jahre _
! Versorg. IGBT
ia Kontrolle der DSP- wéchentlich Gruppe MSK: Doku im
! Parameter MSK-Logbuch
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Failures in the XFEL /1000 h

20
18
16
14
12

10

N

N

2019 2020
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Failures/1000 h

2021

0 I-I .- -I. BN =

2022

® modulators
m power supplies

H correctors

2023
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Time to repailr

7:12:00
6:00:00
4:48:00
3:36:00
2:24:00

1:12:00

2019 2020

DESY. POCPA 2023 Statistics of Power supplies, Hans-Jorg Eckoldt 1. June 2023

TIME Failure/1000

0:00:00 B . - I I |

2021

2022

2023

® modulators
m power supplies

H correctors
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Investigtion of failures of modulators

Aging of components (comunication path became week)

modulator failures and red spider as cause of the failures in 2020

A10 All Al12 Al13 Al4 Al5 Al6 Al7 Al8 Al19 A20 A21 A22 A23 A24 A25

20

18

16

14

12

10 ® modulator failures in 2020

mred spider

[ee]

(o2}

N

N

o
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