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Power Supply Module (PSM)

Abstract

Basic concept

In complex electronic systems such as LLRF systems one of
the main weak points regarding reliability are often the power
supplies. To reduce downtime it is necessary to have a power
supply which guaranties very high reliability.

Monitoring all voltages and currents of the supplied modules

allows preventive maintenance and early detection of

problems that may occur during operation of the modules.
Having remote control of every single voltage channel also
allows switching off or restarting particular modules during

operation avoiding in-situ interventions.

To achieve these requirements, a special power supply

concept was developed for the LLRF system of the EuUXFEL.
It consists of a central redundant power supply module (19")

for every RF station in the accelerator. This module supplies,
depending on the configuration, up to four 19" modules in the

same rack. It provides seven output channels for each
module. For EMI reasons these channels are divided into

groups of bipolar voltages for digital and analog purposes.
Every supplied module has its own power entry unit called
FRED (Fuse Relay boarD). This internal unit controls up to

eight voltage channels and is fully remote manageable.

Furthermore, it monitors and controls the cooling fans of the

19" module and manages various hot-plug scenarios

automatically.

The power supply concept realized at the EUXFEL is
presented in this poster. In particular how the different
hardware components are integrated and problems like
voltage drops during submodule hot swap are solved. How
firmware and software components of the whole power supply
management system work together, from a finite-state
machine on the power entry module to the GUI for the
Operators in the control room is also presented.
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19 module internal power distribution scheme (LOGM /DCM / REFM)
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device FRED xfeldcfraZs connection: [ | disconnect status
channel 1 2 3 4 5 [ T 8 channel
+15%0 FRFAYY +15%H M CI+T ) -15%0 BEAYY MCE-TW  MCEHEW)
pwer Il UHY H H H "H' H H e
voltage [WV] 14.95 15.00 15.02 0.00 -15.05 -15.02 0.00 0.00 voltage [V]
current [A] 0.41 0.16 0.12 0.00 0.09 0.03 0.00 0.00 current [A]
current limit [A] 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 current limit [A]
overcurrent overcurrent
HW alarm 1 HW alarm 1
HW alarm 2 HW alarm 2
channel control power off independant onhy power on activate | |
alarms overcurrent HW alarm 1 HW alarm 2 clear
firmware FRED-FAN
CPLD version 0x41 fan 1 o 3 fan
microcontroller version 4.0.2 speed [rpm] {260 F260 F080 speed [rpm]
startup 2019-07-03 15:38:24 current [mA] 32 33 31 current [mA]
moide constant rpm
o target d F000 :
ar spee rpm
last reset 2019.08-29 14:42:18 BELAR P
resets since server connect 2
XFEL.RF w LLRF.FRED » |DCM.M34.A7.L3 -

*bartlomiej.szczepanski@desy.de

FRED control panel

B FAN +12V (from +15VD)
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KDS / Serial no.

Designed and produced by W-le-Ne-R Plein & Baus GmbH

for the EuXFEL
Wiener Type PL8-F8

q Features

> two equal modules for full redundancy

> hot swappable

> Ethernet for remote management
> no active components on backplane

> independent mains inputs for each

module

Output channels

U0 +15V
Ul -15Vv
U2 +7V
Us -7V

U4 +15V
Us -15V
U6 +15V
U7 0V

* When both modules are in operation, the possible maximum current is double as high (but no redundancy)

5A

S5A

6 A

6A

SA

SA

8 A

0A

top cassette

bottom cassette

mmmmmmmmm
--------

digital circuits
(FPGAs, nC, ...)

digital circuits
(FPGAs, nC, ...)

analog circuits

(RF amplifiers, VCOs, ...

analog circuits

(RF amplifiers, VCOs, ...

analog circuits

(RF amplifiers, VCOs, ...

analog circuits

(RF amplifiers, VCOs, ...

high current
(Peltier modules, DRO
heating, ...)

spare

Session expires in 30 min

PS... Hostrame | 1P Disconnect ‘ Behaviors ‘
_ 1530 y 15.00 ] 16.25 v Rise | 100.00 yjs
Max Rate
0.20
”g : . 6.50 Fall | 100.007 v
eqg.
_ 15.16 y 15.00] 16.25 v Rise | 100.00 s
Max Rate
0.03 p
6.50— p Fall 1I]I].I]I]E Vis
25 deq.C
_ 7.33 y 7.00 ?.355 Y, Rise 1uu.qu \Vis
Max Rate
1.11
g ; 13.I][IE A Fall 1I]I].I]I]E \Vis
deq. C
_ 6.99 7.00 7.85 v Rise | 100.00 ys
Max Rate
0.03
27 8 13.I][IE A Fall 1I]I].I]I]E Vis
deqg. C
_ 15.15 y 15.00 ] 16.25 v Rise | 100.00 yjs
Max Rate
0.03
i A 13.00F] a Fall | 100.007] vis
deq. C
_ 15.15 y 15.00] 16.25 v Rise | 100.00 s
Max Rate
0.04
»s A 13.00] a Fall | 100.007] v
deq. C
- 1525 15.00 16.25 y Rise | 100.00 ys
Max Rate
0.03
”y 8 13.00 5 Fal | 100.00] s
deqg. C

PSM control panel (expert view with advanced settings)
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KDS [ Serial no.

PSM1.M...

Hostname / IP :felpsmtllaTm

digital . + 1530 v 032 A
digital || . 1528 v 0.05 A
anamg"l + 733w 0.95 A
anaiog B - 702 v 0.03 A
anslog I+ 1520 v 0.19 A
snslog [ - 1499 v 0.03 A
high currerrt-- + 1510 v 0.03 A

KDS / Serial no.

PSM1.M...

Hostname / IP xfelpsmtllaTs

digital . + 1530 v 037 A
digital - - 1527 v 005 A
analog [+ 730 v 0.45 A
analng'- . 706 v 0.04 A
anslog [+ 1498 v 0.03 A
analog I - 1524 v 0.04 A
high current . + 1498 v 003 A

Benefits

EXPERT \

28 deg.C
.24 deg. C
29 deg. C
27 deg. C
28 deg.C
.24 deg. C

23 deg. C

EXPERT \

29 deg. C
25 deg. C
30 deg.C
28 deg. C
| 26 deg. C
26 deg. C

24 deg. C

load sharing
56 % 44
s =
ss [ |
e8| |3
sl |56
es| |15
2 s
s e
51 % 49
ss [ e
sa |m
oa [ ] 6
so [ |a
15 s
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w6 e

bottom cassette

< -

Session expires in 30 min

KDS [ Serial no.

PSM2.M...

Hostname / IP :felps=mbllaym

digital . + 1530 v 035 A
digital || - 1817 v 0.04 A
anamg"' + 730 v 0.45 A
anaiog B - 701 v 0.04 A
anslog I+ 1543 v 003 A
snslog [ - 1524 v 0.04 A
high currerrt-. + 1528 v 015 A

KDS / Serial no.

PSM2.M...

Hostname / IP xfelpsmbllaTs

digital . + 1529 v 0.31 A
digital ‘ - 1522 v 004 A
analog [+ 699 v 0.03 A
analng'. . 700 v 0.03 A
analog [+ 15.28 v 0.18 A
anaiog I - 1498 v 0.03 a
high current . + 1528 v 014 A

EXPERT \

29 deg. C

25 deg. C
30 deg. C

29 deg. C

26 deg. C

27 deg. C

26 deg. C

EXPERT \

28 deg. C
25 deg. C

27 deg. C

27 deg. C

31 deg. C
27 deg. C

27 deg. C

PSM control panel for master and slave station

> monitoring the voltages and currents allows remote diagnostics

> remote power cycling for particular sub circuits is possible at any time

> the condition of the fans and power supplies can be monitored which
helps planning preventive maintenance and reduces downtime

> One PSM cassette can be hot swapped (exchange without interruption of
the supplied voltages). Therefore no time consuming recalibration
of the LLRF system caused by phase loss of the RF occurs.

HELM

-

RESEARCGH

HOLTZ

OR G

RAND CHALLENGES

September 29, 2019 - October 3, 2019
Swissotel Chicago, lllinois, USA

European

XFEL




