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Background ﬂ(".
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Fusion Long-Pulse Gyrotron Laboratory — FULGOR
First Application of project: 2009
Approval of Project: 2013

General Goal:

Center for development and testing of high-power
gyrotrons for present and future application in
magnetically confined plasma
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Main Requirements on FULGOR ﬂ("’

__ T

Electrical input power 10 MW

Long pulse operation Up to 3600 s

Operating frequency Up to 240 GHz

RF power Up to 4 MW

Cooling system For full power operation in CW

Flexible system for the next decades of gyrotron development

Output voltage Up to 130 kV
Beam current Upto 120 A More on MSDC?
o See: Poster 2-17, B. Ell: Progress in the
Gyrotron efficiency >60 % (MSDC) Short-Pulse ExB Drift Two-Stage
Depressed Collector Prototype for
Advanced control system, data acqusition and safety system Gyrotrons
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Overview of FULGOR ﬂ(".

Control room

Gyrotron and magnet

Body power supply

‘e
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High Voltage Power Supply ﬂ(".
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High Voltage DC Power Supply High Voltage Pulsed Power Supply
(HVDCPS) (PPS)
I -

Output Voltage <90 kV Output Voltage <40 kV

Output current <120A Output current <120 A

Pulse length <3600 s Pulse length s5ms

Maximum output voltage ripple <500 Vpp Max. energy depositionintoarc <10 J

Max. energy deposition into arc <10J »

Rise time (10% - 90%) 50 us « PSM Technology

« Average power: 12 kW

Modulation =0l - In total with HYDCPS: 130 kV | #1

AMPEGTN

EPSM Technology allows
several DC taps for MSDCy:
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Operation Modi
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Body Power Supply AT
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« Body Power Supply
I

Output Voltage <50 kV
Output current <100 mA
Pulse length <3600 s
Maximum output voltage ripple <500 Vpp
Max. energy deposition into arc <10J
Rise time (10% - 90%) <100 us
Modulation (AU 20 kV)' <5kHz
Modulation (AU 30 kV)' <1kHz

" (Modulation endurance = 40 s)
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Some results from Site Acceptance Tests ﬂ("‘
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High Voltage Power Supply Body Power Supply

Load Ohmic Rise time (9 kV —-81kV) 80 pus
Rise / switch off time (9 38 pus (several ms Overshoot <+0.3 %
kV — 81 kV) adjustable)
Overshoot (90 kV, 120 A) 278 V, +0.15 % Ripple <20.126 %
: Modulation 30 kV/ 1 kHz
Ripple (90 kV, 5-120 A 108 Vpp, 0.12 % ’
'pple ( ) PP ° 20 kV / 5 kHz for 40 s
Modulation 5 kHz, 30 kV Shortcut rest energie (< Wire test (Cu, 0.015
10 J) mm?)

Shortcut rest energie (< Wire test (Cu, 0.015
10 J) mm?)

Similar results including PPS, 130 kV/120 A
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Superconducting Magnet ﬂ("'
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Dry Superconducting Magnet Bore holé diameter

Bore hole diameter: 240 mm Vi ol
Max. magnetic field strength: 10.5 T Compensation
Optional: diple coils to shift e-beam laterally | G

4 independent coils to optimise configuration

I

coil

Cavity Plane

Emitter Plane

- under procurement
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RF Transmission system and absorber load ﬂ("‘
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Quasi-optical transmission operated Designed and manufactured by
IGVP, University of Stuttgart

under air

Broadband design with good
transmission properties in the range
of 170 ...240 GHz

Water cooled copper mirrors (and
polarisers) for CW operation

2 MW, CW load with internal teflon
pipes for RF absorption in water

RF entrance diameter: 60 mm, total
length ~2 m
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u-Wave Diagnostics ﬂ("'

 Upgrade up to 260 GHz
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Variable Harmonic mixer

* Frequency measurement using: attenuator N2 e
 Filterbank (Estimation of the frequency, T 1 2-18GHz poguation
sub-channels of 2 GHz, Detection with wide-band RF diodes, @ Domain

sampling with oscilloscope, 24 dB dynamic range) Analyzer

. . . . Local oscillator Local oscillator
Modulation domain analyzer (analysis of f vs t, 131-173 GHz 2 .18 GHz
high resolution (< 100 kHz), limited bandwidth,

20 dB dynamic range)

__________

« Upgrade of a Pulse Spectrum Analysis @

Isolators ! scope
Mixer 2 1
H

Qa0

System (PSA) to 260 GHz is planned
(dynamic range 60 dB)

3 dB directional
coupler
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Control system ﬂ("'

» Control system: SIEMENS TIA V16 with S1500 CPU
* Visualisation: Browser based
FULGOR Fast Interlock System e e - mmm

(FFIS redundant):
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L‘:)_‘r 5 n L 400 #00
* Typ. reaction time us sl 5 ®
= z = 500~
" " @ Door interlock = B o o=
#ps | . = =«
o I © Nor Aus i .
i Irc detectors, vakuum Pos o 8 Sofsar = U S : srav
) bl KIT -> HVDCPS. 216 | 216 | { fo.0 Jloo |
[CJ cB open @ 10T AUS
OV e r C u rre n t [ Grounding hook not closed 400V HH—— = S Personens: HVDCPS Trafo 1 PPS Trafo
[CJ HV cable in parking position —5 2 2 = @ Al
[] HVDCPS Trafo current imbalance no trip e o - @ Warning AUX
[[] HVDCPS Trafo CB control remote — —
nerocs sous | 55 | maw
[[] Trafo harmonics .
] 150 150 150 Oil Traf
B | @O X [[] Trafo CB monitor no trip [l spare 10K ([ mcg Trafo B enabled - B = @) :| .,
n IR [Z] Monitor no warning [850,0 |Spare temperature measurement [ PPS Trafo contactor enabled [ ) o o Wa"'_'
3 @O [x [7] HVDCPS Trafo CB not ready [[] spare 20k [T] PPs Trafo CB enabled B B = — o
- @O [X (] HVDCPS Trafo CB spring ready [T spare precondition for STBY [[] PPS soft starter contactor enabled = %‘ =
i » 1 ® O x [ HVDCPS Trafo CB under voltage [[] spare precondition for ON [[] Grounding Switch enabled & & Vent. cabinet fan
- T@® O [] PPS oil Trafo pressure level [ Vent. cabinetair flow OK (9,2 | ‘ Sl Sl Sl el Sl S Speed |  64,00/%
= [ PPS oil Trafo warning [[] water conductivity OK 221 | 221 ] (222 | (226 | {224 |[221 | =
= |l J : 8 X [] smoke detector no trip [2] UV Arc Detection OK _
s ) X
E———
[ s HV-pulsteuerung [T —
ntertocks | Beschvibung eh|| & |« Vorpulszeit L 1fms Vorpuls EIN/AUS " J [R—T — :)_[E:H— r——r—]
- e D bhd Hauptpulszeit [ 30/[us | GeibsAuswani®io)  Body EINIAUS ( J T — f52
= o I o — — o— o
A8 odyon s [Pe—
s IDNIEIES 2 L 5
|l @@ x BodyOff [ 10| ps Verbleibende Pulse 0 ﬁ] PR
SN2 = o Kiiung Kathade OK
PR I IS Puls-/Pausenzeit | 35000] ms [ e
|| @O | X Pulsanzahl [ 1| Puls Start/Stopp [ st || stopp |
z @@ /x Puss aten ©
= |l ®[0[x T —
=

21.06.2022 G. Gantenbein et.al., Commissioning of the Gyrotron Test Facility FULGOR - Institute for Pulsed Power and °

13 First Results, 215t ECE &ECRH, June 20 — 24, 2022, ITER Organization, France Microwave Technology (HM) 11 M



Cooling system

« Control of all cooling channels
of the gyrotron and teststand

 Visualisation and overview of
cooling channels
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« Monitoring of flow rate, pressure,
temperature and threshold values
* Interlock signals
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Commissioning and first experimental results Q(IT
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Installation of new 6 T magnet (Cryomagnetics) AP

Installation of a 1.5 MW short pulse gyrotron,
140 GHz

Pre-prototype W7-X gyrotron with
well known performance from
previous experiments

(Z. loannidis, et.al., Generation of 1.5MW-140GHz pulses with the
modular pre-prototype gyrotron for W7-X,

IEEE Electron Device Letters, 42, 6, June 2021,

DOI: 10.1109/LED.2021.3073221)

Y |
e
T

Start of operation and verification of '
teststand and magnet in April 2022
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Commissioning and first experimental results \‘(IT
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* Operation of the 1.5 MW short pulse
gyrotron with nominal parameters
(70— 85kV,~40-55A)

e Output Power: 500 — 700 kW

* No time consuming optimisation

» Basic operation of gyrotron and
magnet was successfully verified

- Installation of industrial CW gyrotron
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Commissioning and first experimental results ﬂ(l
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» |nstallation of TH1507U

« Supplier: THALES

« Start of operation: short pulse
optimisation

Wendelstein
7-X

THALES
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Conclusions .&‘(IT
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« FULGOR teststand has been constructed during the past year
« All systems have been installed and tested

(exception: nominal magnet)
» First tests with a short pulse gyrotron have been performed

successfully
» Tests with industrial CW gyrotron have been started and are

ongoing
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