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Introduction (1)

()

DRFS, the Distributed RF Scheme (DRFS), was
proposed iIn GDE of LCWSO08. It was the complete
single tunnel plan and then refinement of this scheme
has been discussed and progressed.

Since the tunnel layout of Asian site is developed In the
mountain region, the complete single tunnel plan was
supported in Asian region.

Cost study, AD & | study and CFS have been
Intensively performed in GDE from 2009 to 2010.

In order to progress the more refine plan, task force
team of DRFS was made and discussed the design of
DRFS including CFS specialties.
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Introduction (2)
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« Original DRFS plan proposed was that the cryomodule was hung from
the ceiling of the tunnel similar as the DESY’s XFEL plan. US and
Europe regions had an objection against the plan of hanging the
cryomodule from celling.

« Recently we developed the alternative layout that the cryomodule is
on the floor of the tunnel. Though it is the prototype design of the
DRFS of the cryomodule on the floor, we think it is worth value to
develop this idea for not only the Asian plan but also the world wide
acceptable plan.

« HLRF refinement with the realistic equipment size are also developed.

* Redundancy scheme of the key power supply is also important and
developed more from the Belijing meeting.

» Electricity plant scheme was also modified.
« Cooling issue are now under the survey.

 We hope to show the upgraded design in 2010 LCWS in CERN.
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Concept of DRFS

« The Distributed RF System (DRFS) is another possibility for a cost-
effective solution in support of a single Main Linac tunnel design.

No Circulator,
Heater
PS

2 cavities pair
T32kW
——— LLRF
1

» Base line of proposed DRFS
» one unit of 750kW Modulating

Anode (MA) klystron would drive
two cavities (in basic configuration
scheme —-BCS/HCS).

» totally about 8000 MA klystrons
would be used.

»It is based on much simpler and
more compact HLRF and LLRF N
units than the RDR baseline or KCS. B S

(Full beam scheme)

© 99 90 ©

- ——— — =

> |t offers agood operational fI§X|_b|I|ty in
coupling with performance variations of _<i
individual cavities. i

» By employing suitable back-up modules — I :
for key component, high availability would e . Ix-me —
be expected. el ] 5 2

» Complete single tunnel model, no facility in the surface
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In the RDR scheme, three units of ILC
cryomodules, containing 26 cavities in
total, are driven by the RF power from
one unit of 10MW L-band klystron.

In the proposed new scheme of DRFS,

2 cavities are driven by one unit of
750kW L-band MA klystron. Therefore,
one would see that three cryomodules
with 26 cavities will be driven by thirteen
units of MA klystrons.

Parameters in DRFS

Klystron

Frequency

Peak Power

Average Power Output

RF pulse width

Repitition Rate

Efficiency

Saturated Gain

Cathode voltage

Cathode current

Perveance(Beam@64.1kV
(Gun@53kV)

Life Time

#in 3 cryomodule

Focusing

Type of Klystron

1.3

750
7.50

15

5

60

64.1
19.5
1.2

1.56
120,000
13

Permanent magnet
Modulated Anode Type

GHz
kw
kW
ms
Hz
%

kV

A
mPerv
mPerv
hours

DC Power supply per 3 cryomodules

# of klystron (3 cryomodul 13
Max Voltage 71.5 kV
Peak Pulse Current 244 A
Average Current 2.47 A
Output Power 177 kw
Pulse width 2.2 ms
Repitition Rate 5 Hz
Voltage Sag <1 %
Capacitor 26 mF
Bouncer Circuit
Capacitance 260 mF
Inductance 49| mH
M. Anode Modulator
Anode Voltage 53 kv
Anode Bias Voltage -2 kV
)
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Redundancy Scheme
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Availability Consideration Revised

OC PIS Back-up of successive

3-cryomodule unit for 13 Klystrons
DC P/S for 13 Klystrons X !DC PIS for 13 Klystrons

MA Modulator Back-up of successive

[/

."’ MA Modulator for 13 Klystrons

f."' fMA Modulater for 13 Klystrons 3-cryomodule unit for 13 Klystrons
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[ 9 cCell Cavitie 4 Cell Cavities | 8 Cell Cavities [ 8 Cell Cavities 9 Cell Cavities | avities

Full Power Option@ 26-Cavities Full Power Option@ 26-Cavities

(1 klystron feeds 2 cavities) (1 Klystron feeds 2 cavities)
=1DCPIS +0.5Back-up 13 Magic-tee(Hybrid) =1DCP/S +0.5Back-up 13 Magic-tee(Hybrid)

1 MA Pulser +0.5 Back-up 1 MA Pulser +0.5 Back-up

13 Klystrons 13 Klystrons

26 Cavities 26 Cavities
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,',I{: @) Modulator Scheme/Base Line DRFS

* The DC power and anode modulation

for a group of 13 units of klystrons are Maln AC 4201 30 DC Power Supply and Mod-Anode Puser

provided by one common DC power supply

and one common anode modulator (MA

modulator).

* In order to realize high reliability, each of == S

the DC power supplies and MA modulators Swikhing Hester Trastormer| gy o ||

Is associated with one backup units, which

will be designed and implemented to be

“hot-swappable”.

« Each of the power and voltage distribution

circuits will have high-voltage SWs, which BVTine A Lie Hefterline Gromnd Line

switches off the line when over current failures

are detected.

« A DC power supplies has a bouncer circuit for compensation of the pulse flat droop.
(This leads to arelatively small condenser bank)

* The charger of a DC power supply comprises of a bundle of several units of identical

switching PS. This allows us to increase its electrical power with ease, simply by adding

more switching PS.

« Common heater power supply and permanent magnet focusing to eliminating magnet

power supply.
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vce Capacitor Bank

MA modulator

50kw
Switching PS
4 units

PS system for DRFS (one unit)

6.6 kV 3¢
Main AC Line

June 1/2010
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Klystron for DRFS
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Parameters of MA klystron is summarized
In the previous table.

Features of DRFS klystron

Applied voltage of less than 65kV
60% efficiency with 1.2 microperveance

Low field gradient in klystron gun —few arcing _‘
Low cathode loading--- long cathode life )< X
Low output power--- free from output window failure

| X

:> Long life of klystron would be expecte(

p ==

Permanent magnet focusing--- free from magnet
and power supply failure

Common heater power supply with back-up R
--- contribute to high s 00

availability
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DRFS Tunnel Layout
Cryomodule from-Celling
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 Progress
— Electric Power Plant Line is changed:

« 6.6KV is directly introduced to each section thru
VCB.

— Realistic size of equipments of the DC power
supply.
— Stand-by P/S and MA modulator are introduced in

each 2 BCD units. Therefore P/S locates in every
two-cryomodule unit.

— Klystrons are located condensely to make aroom
for the water-cooled control racks.

— Almost all required components are installed in the
single tunnel. LCW skids are located in the alcove
of the tunnel in every 4% units:152m.
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« For Power Supply Line,

— In each 152m position, low voltage power facility
(LVPF) is introduced and 6.6kV line is reduced to
420V and then power of 420V is delivered to four
sections (3-cryomodule unit).

« 420 V cable line is large and long: Special room of
LVPF results in more cost.

g

— 6.6 kV is delivered directly to each DRFS station (3-
cryomodule unit) and reduced to 420V and power
Is fed via VCB.

CFS Review of Asian Region
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Plan-1:Low Voltage Power
Facility
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In each 152m, low volta
is introduced and 6
to 420 V to dellv

er facility (LVPF)
eris reduced
rto 4 stations.

3D drawing of low voltage power facility

}lﬁl—lﬁﬁ | 6.6 kV/420V Trans.
IR 1 L | VCB 650x1100x1150 4 Switching PSs +:
. | 500x1190x600

Circuit Diagram

CFS Review of Asian Region 12
June 1/2010 (S FUkUda)



( DRFS Tunnel Layout
"'-' ) Cryomodule from Ceiling

VCB

500x1190x600
el
po
6.6 kV/420V Trans. OC,
650x1100x1150 .
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Tunnel layout of Cryo from Celling
(2) Cross Section
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Tunnel Diameter ¢5.2m - Electronics and Racks are installed
Cryomodule is hanged from Ceiling in the radiation shield.
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June 1/2010 (S FUkUda)



PDS in DRFS Cryomodule
gggggg ermCeﬂmg
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Waveguide system eliminating WR650 flanges as possible as we can to
achieve cost down.

PDSs are supported by the stems attached to cryomodule and LLRF
Adjustments are performed before installation.

CFS Review of Asian Region 15
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DRFS Tunnel Layout
Cryomodule on the floor
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 Progress

— Longer power distribution systems from the
klystron to cryomodule are introduced. They are
buried in the floor.

— Except for PDS, basic configuration for z-direcrion
IS the same as the configuration of cryomodule

from ceiling.

— Ventilation and He exhausting duct are moved to
the ceiling.

— All components including klystrons are placed on
the floor.

— Still emergency egress when the cryomodule are

installed, there are two plans;

» If cryomodule installation is performed by a special carrier, part of the
emergency egress is on the shield.

« Or if cryomodule is installed from the carrier on the floor, it is
necessary to increase the tunnel diameter.from.5.2m.to.5.75 m.
CFS Review of Asian Region 16
June 1/2010 (S Fukuda)



Tunnel layout of Cryo on the Floor (2)
Cross.Section
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One can use the central corridor as the
emergency egress where carrier is not
there, while where carrier has cryomodule,
one has to pass on the shield as the
egress.

Tunnel Diameter F5.2m
Cryomodule is set on the floor

H i
1080

1800
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Comment for the plan of
Cryomodule on the floor

Common design for DRFS is available
among the three regions.

Almost required components are
possible to install in a pure single tunnel.

PDS cost increased comparing with the
DRFS of cryomodule from ceiling.

Heat dissipation problem is the
disadvantageous points for DRFS
comparing with other alternatives and
needs more studies.

Radiation shield evaluation for the
electrical components are also required.

LLRF modules are set near the
cryomodule in all possible plans and
further data or simulation are desirable.

CFS Review of Asian Region 18
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DRFS Tunnel Layout
Cryomodule on the floor

CFS Review of Asian Region
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DRFS for 5.75 Diameter Tunnel
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Another alternative plan is to

increase the tunnel diameter
from 5.2m to 5.75m.
It is easy to keep the emergency
egress
< 5.75m >
CFS Review of Asian Region 20
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WATER AND AIR HEAT LOAD for Revised DRFS
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Heat Dissipation Revised

Evaluation of Total Heat Dissipation is
Increased comparing with the RDR.

Except for the power dissipation for the
redundant spare, increase owes to an
pessimistic estimation of efficiency for
the switching regulator P/S etc.

It is necessary to establish the basic data
for the realistic efficiency.

Nominal value is strongly depend on the
cavity’s operation scheme. DRFS has an
advantage for this point.

Insulation Oil Estimation used in the tunnel
IS performed.
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,,,_, () Example of Cooling Scheme

35 degC 13
A
o Due to not enough budget
0.3 ki . . y
Mol for CFS in KEK, we didn’t
have a final and clear design
TR b L%dqm about cooling scheme.
DTM;? deg o} gzi%gslﬁfer}min %\ AL deg
0-=0.95 litter/min - ‘Q’ 29 77 litter/mid D=29.4 deg
. <©
Rac'k, ocket U . L o
o E;ij e® Emile hope to an unified
o e/ @v instrument racks from
\(’, .
H N scattered rack to achieve
0,85 1it5or/ai J° cost efficient cooling system.
$O Klystron Collector
SIS de
0=3. 8¢ Litter/nin We may need the
rearrangement of unit
configuration.
r
64.4 degC
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Concerns about the radiation effects
against the electrical component in the tunnel
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° Since DRFSis acom plete Si ngle Efficacy testing of shielding materials for XFEL using the
tunnel plan g reat concern of the radiation fields produced at FLASH
radiation effect against the electrical TESLA-FEL 2008-06

components in the tunnel. §R e
- Front ends of LLRF are required to be s e
near to the cavities, RDR base line P e
and KCS would face to the same ;\\0' TN
problems. ((\O(e m | LT3 |
* DRFS has a shielding structure which egd ] - j

Is assumed to be similar with FLASH 0‘$

and XFEL. All electronics would bci(ya\ =9
installed in this shield. \!\ .E e

» First study for the radiat] m@f ect is ;0 M,
studied by FLASH fsq&fy in advance ' @&%ﬁffﬂ i
to construct XFEL. DRFS first insight S e
for this problems is come from their _
study. In SB2009 document, we assume the shied

:> of 10 cm heavy concrete and 1cm lead.
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Summary
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* CFS related of Distributed RF Scheme (DRFS) is presented.

« This is one of the possible HLRF system for a cost-effective
solution in support of a single Main tunnel design.

« Realistic components are installed in the single tunnel.

* In this presentation, three possible tunnel layout plans and
are shown;(1) Cryomodule from the ceiling with 5.2m dia.
Tunnel, (2) Cryomodule on the floor with 5.2m dia. And (3)
Cryomodule on the floor with 5.75m dai.

* We need to refine the configuration of AC power line and
cooling issues.

« Some of unknown issues will be solved thru the
manufacturing of prototype for S1-global in 2010.

« Complete design will be hopefully presented in GDE10 in
CERN.
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