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Structure

« XFEL
« What are modulators?

 Why pulse cables?

» Specification
 R&D on cables
« Installation, commissioning
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European XFEL Layout
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View along accelerator section




Modulator Specification

> Max. klystron gun voltage:
« > Max. klystron gun current:
> Primary Voltage:
> Primary Current:

« > High voltage pulse length:

« > Pulse repetition frequency:

« > Max. ripple on flat top
« > Max. pulse power:
> Average power:

« > Number of modulators:

120 kV

140 A

10 kV

1680 A

1.54 ms (design 1.7 ms)
10 Hz

+/- 0.3 %

16,8 MW

300 kW
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Pulse Step Modulator (PSM)

design by Ampegon

DESY.
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PWM in PSM
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Ampegon modulator for XFEL

DESY

Mains Input 690V 20 Switching Modules Low Pass Cable Matching Pulse
+ Standard Configuration Filter 4x28 ohms Network Transformer
Transformer <1700 m i
Klystron
i

1

4 Module Pairs
2-Quadrant Configuration
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People in Red Ampegon
Blue DESY

DESY. Page 10



Modulator hall with 29 modulators
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Ampegon modulator for XFEL

Waveforms of modulator

500mv

DESY

550mv

Okt 201 y
8:54:34

* Flat top 30 Vpp

Modulator ID
RW-02

Output Voltage Ref.
12000 V

AMPEGCN

Control Location Event Counter

237665

Local L)

State Traces Pulse

Cooling MCB (- State (-~PM Data

Trace Selection

v_ouT v

Trace of Event Number

237665

STBY >
AUX 2
OFF [ ]
Warning
Warning

Errors
Trip
Fault

Fault Reset

- Messages
Timestamp D
317:12:48.145

2317:12:13.109

User Management

Equipment
{ Moo6s PSM

{ Moo6s PSM

Category | Descriptor
Wwarning Gone

| Warning Come

=] Modulator Control System -+

Pulse Energy RHVPS Average Klystron Average

38.259 kJ 11.971 kv 0.0 kv
AVG Power 1941.59 A 0.0 A
191.3 kW 23,243 MW
PM Overvie C- Settings (= Log| > IBS (> Factory PS (> Factory SCI

Message
Sync WARNING - Sync Frequency Out of Range
Sync WARNING - Sync Frequency Out of Range
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Pulse Cable Requirements

« At the start of the project, the requirements were not defined, but an
optimum had to be found. These demands were:

« > No significant delay of the pulse

« > Low distortion of the voltage wave form

« > Low electromagnetic noise

« > Losses <2%

« > Good fire resistance due to tunnel installation
« > Radiation hardness

« > High reliability <1 failure in 15 years

« > Use of industry standards for production
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Pulse cable

Tri-axial design

A,

1 a

LEGEND

75mm? STRANDED BARE COPPER CONDUCTOR
(19 WIRES). COMPACT DIAMETER: 10.6mm

. SEMI-CONDUCTING LAYER: EXTRUDED EPR

THICKNESS: 0.7mm - DIAMETER: 12.0mm

. XLPE INSULATION, MINIMUM AVERAGE

THICKNESS: 4.0mm - DIAMETER: 20.2mm

. SEMI-CONDUCTING LAYER: EXTRUDED EVA

THICKNESS: 0.6mm ~— DIAMETER: 21.4mm

. SWELLING SEMI-CONDUCTING TAPE,

THICKNESS: 0.3mm - DIAMETER: 22.1mm

. 75mm? STRANDED BARE COPPER

(47 WIRES OF 1.45mm). DIAMETER: 25.0mm

. SWELLING SEMI-CONDUCTING TAPE,

THICKNESS: 0.3mm - DIAMETER: 25.7mm

. XLPE INSULATION, MINIMUM AVERAGE

THICKNESS: 2.6mm - DIAMETER: 31.1mm
SWELLING SEMI-CONDUCTING TAPE, THICKNESS: 0.3mm

. NON CORRUGATED COPPER FOIL 0.2mm THICKNESS,

LONGITUDINALLY APPLIED & STUCK TO THE OUTER SHEATH.

. FLAME RETARDANT & NON CORROSIVE JACKET. 4
MINIMUM AVERAGE THICKNESS: 3.0mm —DIAMETER: 38.9mm *

WEIGHT OF CABLE: 2770 kg/km = Z2-0o a:
MINIMUM BENDING RADIUS: 520mm ~—-
MAXIMUM PULLING TENSION: 750deN "

TYNIDIHO

DO NOT SCALE THIS DRAWING

THIS DOCUMENT AND THE INFORMATION CONTAINED IN IT ARE THE PROPERTY OF DIELECTRIC SCSENCES, INC AND SHALL
REVIS|ONS NOT BE REPRODUCED OR COPIED OR USED AS THE BASIS FOR THE MANUFACTURE OF APPARATUS WITHOUT PERMISSION.
REV ECO NUMBER APPD |  DATE UNLESS OTHERWISE SPECIFIED | BAtAMBERT mwmoz DIELECTRIC SC'ENCES,lNC
- RELEASE DRAWING JAG | 04MARO2 Dy A W Oy ﬁmug %‘Fmo, CHELMSFORD, MASSACHUSETTS 01824
DECIMALS ANGLES JA GOLDLUST 04MARD2
T | T R CABLE: TRIAXIAL PULSE
CONCENTRICTTY 008 ™R
S B e WP | A|50509 | 2263 |*
SCALE l Ism oF
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Pulse cable
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Goal reached 128 kV
14.07.04 11.45

Tek Run: 250KkS5/s Sample
o

I ¥

| £ _
. 1A 1.048 ¥
® 1@ -1.036 V

Ch1 Low
-1.032V

- - : : : 1 ch2min
S S O S 1 -2.20v

®ER] 200mvThZ .00V W 200[5 CHi %L 388V 14 jul 2004
11:42:23

DESY. Page 16



Conclusion in the year 2004:

The pulse cables behave in the way it is

foreseen.
The functionality is now proven for XFEL
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Conclusion in the year 2004:

The pulse cables behave in the way it is

foreseen.
The functionality is now proven for XFEL

Shortly after this conclusion:
A lot of problems occurred with EMI
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2007
Conclusion in the year 2004

The pulse cables behave in the way it is

foreseen.
The functionality is now proven for XFEL

after this concl .
A lot of probl d with EMI

Shortly afterwards: ??7??
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Installation of cable in 2012-2013
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Data of installed cable

 Produced by General Cable near Paris (Fountainbleu)
 Length of 106 km
* Precut for installation

* Four cable on lenghts
* During installation 15 - 20 m waist per length
« Time of installation 6 months 2012-2013

« Cost of cable app. 3 Mio €
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Pulse cable installation
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Pulse cable installation
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Pulse cable installation
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Adaptation Network
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Transformer - Klystron
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First measurements In
reality 2015



Pulstransformer

28
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Strom uUber Feuerloschgestell

(@D +5.00mY A & 10.0mY J[40.0ps 25.0MS/s o g Mai 2015
B+ v-21.4000ps 10k Pkte. 7.00my 15: 23: 47

Die Hochfrequenz wird vom Modulator erzgugt




Common mode noise on the pulse cable

. T4
61.20mY |
19.60m\

A42.20mY

~770.1 /s

ST bl b | 20.0 s g Mai 2015
(@D +20.0mV A -+ v-109.200ps 10k Pkte. 24.0mV 15: 38: 47

N

Yellow: 20mV=200mA app. 500 mA

pp
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Measurement of EMI noise

31
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Changes in Modulator to improve EMI behavior

* New routing of cabling

* Exchange the support
of the chokes to non-
conducting material

« Additional EMI filter In
the filter compartment
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Common mode noise on the pulse cable

+

497 .4ms —67.20md |
498.0ms ~142.8mé,

AB00.0ps AT75.60ma,
dl/dr ~126.0 &/s |

sl Attt 7 5 s LA mw'm{ wh
. |
nfﬁw

l*.k HI\ T"I'WIMW!
Wih Mww“ MWI W 'lﬁ"'[“

&
i

l 1005 10,005/ & - 24 Jun 2017
20.0mé W v497.702ms 10k Pkte. 181m\ 13: 03: 17

Blue: 20mA app. 40 mA,,
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2017 1t works!!
‘Nq
Conclusion in the year 2004
The pulse cables behave in the way it is
foreseen.
The functionality is now proven for XFEL

¥a after this conclysie
A lot of problemsTtesed with EMI

Shortly_attereargs: 77?7
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Thank you for your
attention

Questions?



Allowed disturbancies to the grid

according to IEC 38/VDE 0838

1

d (%)

3

2

100
0.8
0,6

0,4 4

0.3

0.2

10-7

Bild 5-2: Vertriglichkeitspegel fiir regelmiBige rechteckférmige Spannungsénderungen

DESY

r {1/ min} ———=

Operation point of
XFEL 10 Hz
d=0.28%
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Thomson Power Module

DESY.

Power Module Control
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Variation of the mains current

Thomson modulator

asenstrom und Effektinvert des Phasenstromes L2

- N @ = n
2 & s 2 =
e T
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‘| “ | |l 100H ‘

HH\ il T —
| “ ‘ 100+ ‘

L
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linimum des Efiektivuertes = 168,24

& & & &
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Schiwankung des Effektivvertes = 3.778%

H |
41011 11 "_\,,.M
i 300+

Schwankung des

|
|\\|

im des Effektivenes = 176,64

Efiektivertes = 3.833%

Phasens

trom und Effektivwert des Phasens

tromes L3

0.1

0.2

\‘.:'J| ‘\.\

Maximum des Effektiwertes = 169.64 =

Minimum des Effektiwertes = 160.7A

Schwankung des Effektivwertes = 5.417% 4

04 0.5 06 0.7
tls

03

0.8

The 10 Hz is suppresed. Asuming the max deviation in L3 as symmetric
This leads to S = /3 * 690 VV * 94 = 10.7 kVA (worst case)
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No distortions to the grid

| ][ ~ 1.00MS7S ' ][29 okt 2013]

10,00 % 100K Pkte. 1.02V |10:36:32




No distortions to the grid

1.00 V ][2U.Ums 50.0kS/s & - ][29 Okt 2013J

i 10.00 % 10k Pkte. 1.02V 1110:40:46




Contact

DESY. Deutsches Hans-Jorg Eckoldt
Elektronen-Synchrotron MKKG6

hans-joerg.eckoldt@
www.desy.de Phone: +49 (0)170 634 2366



PreVu _ _ : :

25 Okt 2013

(@) 1.00v 200my |‘20 0ms 5.00MS/s H
W+v5.40000ms 1M Pkte. —60 omy J09:09:15

App. 50App/50Hz in PE-conductor
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400 L1 1.55

V1 R1

400 L2 1.55

V2 R2

400 L3 1.55 i
V3 R3

PE
Pritsche
8

Erdwiderstand
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DESY

Mains Input 690V

+
Transformer

20 Switching Modules
Standard Configuration

e, [

Low Pass
Filter

Cable Matching Pulse
4x28 ohms Network Transformer
<1700 m +
Klystron

{FE LA

EI.

i

=it

4 Module Pairs
2-Quadrant Configuration

Switching Modules

The switching modules are designed as
pluggable units. An IGBT transistor module
form Semikron (1200 V / 2400 A) is used as
main switching element.

The constant power consumption is achieved
with a boost converter realised with a
1200 V / 400 A IGBT. All semiconductors are
placed on a water cooled heat sink.

Modulators with pulse cables for XFEL, Jorg Eckoldt, 6th POCPA, Campinas 2018

Page 44



