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Reviews on TDR by Akira Yamamoto-san (KEK)

Tuner is one important item to be decided

e
1L

Tuner Parameter Specifications

gn Specification

Slow tuner

Tuning range > 600 kHz

ILC Cryomodule Design and Development Eneesde < Wy

Motor characteristics ~ Step motor, power-off holding,

in GDE-TDR and LCC/IDT Phases magnetically shielded

Motor location Inside 5K shield, accessible from outside
Magnetic shield < 20mG
Heat load by motor < 50 mW at 2K

Akira Yamamoto and Yasuchika (Kirk) Yamamoto (KEK) Motor lifetime > 20 x 10° steps

Fast tuner
Tuning range >1KHz at 2K
To be presented at ILCX-2021 (On”ne), 2021-10-28 [_iP_D_”‘\l.'llMI\ <_.‘)(l l"l/: at .il:l) Kl.\ /m _II:\.I—lu].) .

Actuator Piezo actuator, located inside 5K shield,

Two actuators for redundancy
Heat load by actuator < 50 mW at 2K
Magnetic shield < 20mG
Actuator lifetime > 10" pulses

U CX.SRE 20241028 42

If we want to change something, we need to submit
“change request”

Each dimension boundary should be checked

2]~ Overvie esign Change Requests

ILC Type-IV CM design, in TDR, ;
compared with Eu-XFEL CM L made in GDE and LCC Phase

ILC-CR-000L Insertion of a dogleg in the slectron side DOODODO01 082355
SRS Sl - - ILC-CR-0002 Baseline optics 1o provide for a single L* DO00OD01082495
ILE-CR-0002 Dt N Witk et oal el Ao DO000001084745
i 1LC-CR-0004 Extension of the Main Linac funnels D00000001092915
300mm 2K Helum ILC Typa IV (Type 8) oo ILC-CR-0005 Update of published ILC top-level luminosity paramelars D00D00001100855
coxtcoun Y ILC-CR-0007 Adoplion of the Asian design as sole baseline D00D00001107065
. - ILC-CR-0008 Release of the ILC2015a latlice DO0OO0D01110885
80K rotum ILC-CR-0009 Cryogenic Layout DO0DO0001118315
8K retum ILC-CR-0010 Proposal o include Bunch Compressor sections inlo Main Linac AS Dg0000001119175
— 40K
suely 13 Gtz ot cavis (1) o sooed ILC-CR-0011 e — De0000001121525
— 2K 2.phase L 11902 mm - ILC-CR-0012 Reduction of width of Linac Shield Wall and Tunnel Cross-Section D00000001127835
Figure 2.36. A comparison of the ILC.(top) and XFEL (bottom) cryomodules, For tha ILC the Type-1V module |LC-CR-0013 T DO00O0DC1145035
ILC-CR-0014 Gryogenic layout (2) DOO0O0001 146525
TCTei E ILC-CR-0015 Kamaboko shaped positron BDS lunnel D00000001154075
fo— — ILC-CR-0016 Luminasity improvemant al 250G eV CM DO0000001159725
Boom wis M ILC-CR-0017 Orientation of electron/positron linacs DO0DODO1 169745
it femmeasa ILC-CR-0018 Updated power estimate for ILG-250 DO0DO0001 169675
e [ ILE-CR-0019 vt o et e DO0000001 169785
ILC-CR-0020 SRF Accelerator Cryogenics: He Inventory slorage nat yet available

ILCX-SRIG 2ODP0/28 Updated power estimate for Z-pole operation of ILC-250 not yet available 27



Renewed CM design by Yuriy Orlov (FNAL)
ilp ,.’I',: 1.3 GHz IL[ SUS pipe is used as 2-phase pipe }

IV

Ti-SS transition

Great contribution from FNAL J - 9-cell cavity, TESLA style

* 1247.4mm, flange to flange

» Support lugs- LCLS-II

* He vessel material: Ti Gr2

» 2-phase pipe material: SS316L

ILC 1.3 GHz CM. 2021 e

- 2 phase pipe connection

Design status on 10/28/21,
by Y. Orlov, behalf FNAL and KEK

teams “ v’
. ; Ti-SS transition | support lugs
[ Drawing for Type-A string was also developed ] 1

il 1.3GHz cavity string-A ile 1.3 GHz cavity string-B

BP bellows with
Al gaskets

BP bellows with
Al gaskets

> \

DS GV with spool

| splittable SC magnet ) 3

10/28/21 10/28/21



Renewed CM design by Yuriy Orlov (FNAL)

:la i g :]p Removal of 5K thermal shield
Hz ILC CM-B ] ILC CM | . L
Tuner access port is added JJ e (ML is used for cavity/pipes)

Line B
LineH
LineF
LineD

magnet current leads box
(with HTC CL-KEK)

8 tuner motor
access ports (LCLS-II)

Vacuum vessel is identical for types “A” and “B”

10/28/21

[ Installation of CM into 45ft container was checked

,’,’E Typical 45’ container

Inside volume of 45’ container

]

Weight

Transportation platforms
(proposal)

10/28/21 10/28/21



Tuner progress by Yuriy Piscalnikov (FNAL)

Great effort from FNAL

SRF Tuner developed by FNAL for LCLS Il Project is
strong candidate for ILC

2= Fermilab @& EN

e

ILCX2021-ILC Workshop on Potential Experiments

Sessinn: Machine-SRE

PARTMENT O Office of

ERGY | science

Experiment on “imitated LFD compensation” was done

Four types of tuner

Tuners serving (significant amount of)1.3GHz e al cavities
SLIM Blade Tuner

AFELSagiay ) N=10 units at FNAL's CM2/FAST)
N=800 units - »
LCLS Il (HE)/FNAL's o 3

Ql=320 units+ 180units

Length difference between TESLA and ILC cavities

/TN MThe=

long-short
i R R

KEK/Slide Jack/
N~10 units

Setup for dynamic response study (L ation)

SETUP & DAQ GENERATOR

Trigger

Sinewave St

generator: Adjustable Generator;

1sinewave -m RF/LFD -pulse simulator

f=164Hz, I e
F=1298.830

adjustable
Amplitude

Piezo
Amplifier

Shaker

Piezo amp,
monitor
Vpiezo/10

Piezo amp,
monitor

Vpiezo/10
(Analog 1;. Detector)

Generator RF-

-~ power (1W) : :
F-1203830mH: | Cavity detuning

<

APD -Analog Phase Detector

(based on the board AD8302-EVALZ)
" https://www.analog.com/media/cn/technical-

documentation/data-sheets/AD8302.pdf
APD measured phase shift between signals fed
to two iti Analog signal- output
of APD is proportional to phase shift=cavity
detuning.

Bandwidth=130kHz

o Cavity Amplitude
/ \
= 1 i1
1.8V —— &
/I —x Cavity Phase
0.9v // | 0.9V = Bandwidth=130kHz
4 v
ov—— i

Conclusion: Developed by FNAL for LCLS Il SRF cavity tuner met all ILC specs

20 Yuriy Pischalnikov, FNAL's design compact SRF Cavity Tuners for ILC

3F Fermilab

26

NN

<%

(during design of this tuner FNAL team has advantage to apply experience gained by other teams
from all previously designed tuners; SACLAY I; SLIM Blade, Slide Jack, etc.)

Compact double-lever Tuner that fit on the “short-short” cavity.
Robust/Low-cost tuner frame design.
High tuner stiffness for minimization of LFD

Tuner design allow to replace actuators (stepper & piezo) through designated CM port without
tuner dis-assembly

Highly reliable actuators (stepper & piezo) designed in collaboration with industrial partners
Slow tuner range more than 800kHz & hysteresis ~45Hz

Encapsulated piezo actuators translated stroke directly to the cavity (piezo stroke >2,5kHz and low
group delay-important for active LFD compensation)

Simple dynamic test on the warm cavity demonstrated capability of the LCLS Il tuner to mitigate
LFD.

More than 320 tuners that built and deployed at 40 LCLS Il have been cold tested/qualified for
LINAC operations (additional 180 tuners will be built for LCLS Il HE) > total 500 units...

2& Fermilab
Yuriy Pischalnikov, FNAL's design compact SRF Cavity Tuners for ILC



Progress of HPGS by Umemori-san (KEK)

E[ There are some categories in HPGS

[We need the certification by KHK for cavity production } Regulations in high pr

High prESSU re gaS Safety |Designated equipment inspection regulation h

regulation in Japan
~Mainly cavity fabrication™

";.‘vuk /e

DCgun 3MeV ey
. " (Not SRF Gu) o =
| General h|gh'pre55ure gas Safety regUIatlon ! PV>0.004 [MPa m?] => “Designated equipment” is required

LPG(Liquefied petroleum gas) safety regulation

ILCX2021 Industrial complex (kombinat) safety regulation
2021/10/28
KEK CASA Kensei Umemori [Refrigeration safety regulation | s | 1LC & ILCpre-la
. For ILQ & ILC pre-lab, we try to apply QY ¥
“Refrigerator safety regulation” looks preferable for ILC J Negotiation with local government already started
Comparison between general high-pressure safety and 2) Schedule (target plan)

2021 . 2022 2023

refrigeration safety regulation

Item/Process General high-pressure gas regulation Refrigerator safety regulation [Cavity/CM design

System Open / closed loop Only closed loop cavity/module rough defign (for application)
Inspection of Inspection by KHK Inspection by qualified person Domestic cavity fabrication
completed cavit - e nmeemee e en e an el
p v Discussion with Ibaraki pr:ﬂ:.«:turul office Af—ter a pproval of
Expiration date of 3 years (Basically) no limitation ‘-_|__’i)iscussio e m— . Detailed standard pre-
inspection pass ———————> 3 submit irstvirsion evaluation, we can start
) : . ) B Prepre Detailed standard pre-svaluation application . X R
Operation Security staff (with license) must be No need of security staff i — e depproval cavity fabrication.
resident Committee for pre-evaluation (KHK)
Maintenance Security inspection with prefectural Self inspection (> once/year) Over-sea cavity fabrication &
Regular inspection  office (once/year) + self inspection (> Unannounced inspection by prefectural Drecueeion with et ettt ot m—p— "
ane/year} office : ausmasssuesasessasannsenafsasesascnn
!}is ccccc jon with KHK
Change category Possible to change to refrigerator safety Impossible to change to general high- i ey 3k submit first virsion

Prepare Detailed standard pre-svaluation application

regulation pressure gas regulation : —
Committee for pre-evaluation (KHK)
: |
\ Kensel Umemor, 2021/10/28 High pressure gas safety regulation in Japan 13 \\K—mr Umemor, 2021/10,28 High pressure gas safety regulationin Japan




TI-SS joint by Dohmae-san (KEK)

SUS pipe has higher reliability for welding

Different-Metal Joint
for the Dressed Cavity

ILCX2021
2021/10/28

Takeshi DOHMAE
KEK

Charpy impact test has been done for LCLS-II

OF

Mechanical test of clad joint e

Mechanical tests of clad joint were performed by FNAL and ASAHI Kasei (DESY).

Results from FNAL
| Tensile Test - Ultimate strength Charpy test
Test temperature 290 K Test temperature 200 K
Sample #4 789 MPa Sample #1 1291
Sample #5 788 MPa Sample #2 | 8.11J
Sample #7 774MPa Sample #3 1021
Average 784 MPa Average 104
Test temperature 4K Test temperature 4 K
Sample #12 1138 MPa 1 Sample #4 | 2.7
Sample #13 1259 MPa Sample #5 271
Sample #18 1328 MPa Sample #6 201
Average 1242MPa Average 181
“He Vessel Engineering note for LCLS-I”, Donato Passarelli, Joshua Kaluzny ol 8t 4K with the break
“Stainless steel to titanium bimetallic transitions”, J A Kaluzny, C Grimm, and D Passarelli

<Japanese regulation >
Average value of 3 samples >= 18
Minimum value of samples >= 14 J

v Enough tensile strength

\‘/But too brittle

——

Comparison among three projects

©D

Usage of clad joint in E-XFEL and LCLS-1/

European XFEL:
* Product of Asahi-Kasei, Japan

* Used for both cool down line and two-phase He-lines at CM ends
* Authorized by PED/TUV
Charpy impact strength: low at low T, and noted as “Reference test”
LCLS-II:
* Product of High Energy Metals, US
* Applied for both two-phase He-line and cool down line
* “Case of the ASME Boiler and Pressure Vessel Code is used to qualify the butt joint transition for
cryogenic applications”
* Charpy impact strength is low at low T
+ Safety factor of > 11 (in 4K) demonstrated with simulation
* Test tube using clad joint cleared leak test and radiography test after cold shock with liquid nitrogen.

_@ Two-phase line | Cool down line | Two-phase line at the end of CM

E-XFEL S5 (Ti->SS) S5 (Ti—>SS)
LCLS-Il Ti S5 (Ti—>S5) S5 (Ti->S5) 55
ILC (to be discussed)  Ti S5 (Ti-»SS) S5 (Ti-»SS) 55

New idea may be necessary for reinforcing joint
Reinforce the joint

One of the possible solution is to reinforce the joint =77z oo
by clamping structure. 2 @
This procedure is also instructed by Japanese high _H‘:'L, 43___—
pressure gas safety authority. (in case of SS-Al joint) mets Re Et

Suggested by KEK

&2 88 g

Sy



Pipe standard and CAD by Konomi-san (KEK)

We have to take care of plug-compatibility to select Different standard in each region/country

all pipes used for CM

Institution

International 18O International Organization for Standardization
q Regional EN European standards
k=l
Pipe standard and CAD —— s
H National 25 uK
Regional DIN Germany
sortware use or _ as Japan
< National ASTM American Society for Testing and Materials
d raw. n g BT ASME American Society of Mechanical Engineers
Organization JSME Japan Society of Mechanical Engineers

2021.10. 28

Taro Koo Stainless steel pipes

===__ | In Japan, we usually use JIS CAD software to develop drawings should be unified

Japanese standard pipe (<

= Q) T CAD software

et , - Th CAD software.
JIS G 3459: stainless steel pipes Stainless steel sanitary tube - KEK decided 1o use SIEMENS NX (NX93100 NX Mach 3)

) Outi A Outer f ; )
diameter | =\, \ameter) + Use intermediate files (STEP, IGES, etc.) to exchange

Al B | |55 [105[20S] 40 | 80 [120]160 ] 8A 138 1.7

6 18 105 1 15 17 24 10A 17.3 1.7 from NX to other software.

8 14 138 12 2 22 3 154 217 2.

10 38 173 12 2 23 32 108 254 12

15 112 217 165 25 28 37 47 1.258 318 12

20 3/4 272 165 21 25 29 39 =59 1.58 381 12

25 1 34 165 28 3 34 45 64 208 50.8 15 SI E M E N S

3211/4 427 1.65 28 3 36 49 6.4 258 63.5 2.0

40 112 486 1.65 28 3 37 84 71 3.08 76.3 20 . .

50 2 60.5 1.65 28 35 39 55 87 358 89.1 2.0 ,"\3'6"‘“"(7{“"(4{1

852112 763 21 3 35 52 7 95 40s 1016 20

80 3 891 21 3 4 55 76 1.1 455 143 30

903112 1016 21 3 4 57 81 12.7 555 1398 30

100 4 1143 21 3 4 6 86 11.1 135 655 1652 30

125 5 1398 28 34 5 66 95127 159 E NX MACH 3 Product Design

150 6 1652 28 34 5 71 11 143 182 0 . . .
T B B R E R I R . The MACH 3 Product Design package provides a high-
250 10 2674 34 4 65 93 151 21.4 286 performance solution with NX design capabilities for
—— T e advanced assembly design, advanced freeform modeling

E and surface analysis, design optimization and molded part

validation.

\ LCX2021, 2021/10/28 Pipe standard and CAD software used for CM drwaing 4 \ LCX2021, 2021/10/28 Pipe standard anc



RF system equipped with CM by Matsumoto-san (KEK)

Matumoto-san is considering to change the RF distribution ©D In TDR, local PDS was adopted jiz @
SyStem eqL“ppEd With CM RF output of 10 MW multi-beam klystro

0 vio

% oo R O 10 MW multi-beam klystron (MBK)

WR770

1s supplied to 39 superconducting cavities.

MATSUMOTO, Toshihiro (KEK, Accel. Lab.) L .

+ Contents
1. Main Linac Configuration in the ILC
2. Local Power Distribution System (LPDS)

- LPDS — ILC-TDR model
3. Proposal of Compact LPDS (cLPDS)

- Several Candidates of cLPDS configuration
4. Issues to be resolved for the final design
5. Summary

Local Power Distribution System (LPDS, TDR) Thales TH1801 CANON E3736H

O MARX modulator

Comparison between LPDS and compact LPDS RF experts should decide the following items before production

(&)@ Proposal of Compact LPDS (cLPDS) wmyfgm (&)@ Issues to be resolved for the fiM @
LPDS in ILC-TDR Compact LPDS
FPS

EPS ompensate + ILC-TDR or cLPDS (or others)?
Power = To be determined with rational reason finally (]

VHB

Power

A + The direction of Input coupler port (Upward or downward) )

= Downward direction is better for waveguide system (74

* The direction of the input coupler's vacuum exhaust port and the location of the vacuum pipe
= The vacuum pipe should be located near the cryomodule than the LPDS w/o any interference.
= In present, there is no request for the direction of the the input coupler's vacuum exhaust port
(' hard operability of open/close valve )

VHB : Variable hybrid; VPS : Variable phase shifter; FPS : Fixed phase shifter

O Disadvantage of ILC-TDR model for operation
» The amount of phase shift changes when the coupling ratio in the VHB is changed.
+ The VPS with 360 degree of change requires a length of more than 1 m.

= The location of the vacuum pump port should be reviewed.

= In the ILC-TDR LPDS, the amount of phase shift in the VHB upstream is accumulated to downstream. (not to interfere with the LPDS )
In the proposed Compact LPDS (cLPDS),

the amount of phase shift of each VHB is compensated by the VPS upstream of the VHB.

Du Baiting "Development of a compact
M design sessic Local Power Distribution System for the ILC"



Reviews of automation technique by Stephane Berry (CEA)

Many institutes are developing automation tools

Recently, many automation tools are used in SRF cavity/accelerator
> >ooED IN ACCELERATORS 77 =8

CEA - Saclay

DE LA RECHERCHE A L'INDUSTRIE

Only SRF accelerators one are considered

% PROGRESS OF AUTO Clean room environment (CR) JV
I No clean environment e \
obotic

—— CLEANING SYSTEM@CEA of SRF
SACLAY " Assemble
cavity and

comeuer 1, - String in CR 4
sougensr ) with robot | ™"go"
WAy  assistance = ™

ksh
I L C X a Oa] :Jtiz::;tglg(periments 7o W :
cllg(;:;_e:of : 3 Component

o . ~ cavities in CR assembly to
S e e s (CEAand cavity (IMP)
S. BERRY ON BEHALF OF CEA KEK)

TOoAM

CEA introduced auto cleaning system for ESS cavity CEA will change the type of COBOT from next year

cea CEA PRODUCTION COBOT: NITROGEN

~— . CEA proof of concept: nitrogen ionized cleaning

cea cobot

—— CLEANING FOR ESS CAVITY STRINGS (~20/30)
COBOT: COllaborative roBOT human can work nearby

The project consists in providing a cleaning solution for cavity flanges in cleanroom ISO4 for
WorkatationE:COLRLER 8ndSTRING Articuled Robot Vehicule - Ingeliance Solutions )
Cart dimension : 1250mm x 785mm height:865mm (ngell Total weight: 190kg
Accis aux con a
Ry oo CRX-10AL 0
| AXIS ROBOT 6 =
able de posage
Poignées de servant de zone de

Poignéesde  pEAGH 1418 mm  manutention

manutention

PAYLOAD 10 kg

Sortie enrouleur

pour alimentation
électrique et
raccordement
pneumatique

durobot

Mini Plus FANUC

ARVIS is a FANUC CRX-10iA/L on a cart (bought to Ingeliance company):
4 month to prepare, 5 days installation and commissioning, about 2 years
production (starting January 2022)

S. Berry on behalf of CEA team | PAGE 8

installation,3 days experiment



i Items we discussed in CM design session (memorandum)

4 For the negotiation with KHK, we have to decide the unique drawing of cavity with helium tank
4 For ILC, we need some reviews and what is the boundary for the design should be clear

5K thermal shield (removal of lower part)
4 Even after removing this part, we need to attach MLI for all cooling pipes and cavities
€  How many layers of MLI for cavity/5K/70K? — should be checked

Magnetic shield (installed inside helium tank)
€ This depends on design of helium tank with bellows and tuner type
€  We need to consider inside (blade) or outside (double lever) according to the type of tuner
€  We need to consider the overlap of the two magnetic shields

Ti-SS joint for 2-phase pipe including pre-cooling line
€  Ti-SSjoint is the better selection for ILC than Ti-Ti joint (helium tank + chimney + 2-phase pipe)

SS-Al joint for 2-phase pipe contacted to Al thermal straps of splittable QUAD
2 Under consideration, we need to ask KHK

Port of current-lead for QUAD
€ Distance between outer envelope of CM and tunnel wall should be checked, some consideration is still needed

Position of HOM absorber
€  Should be installed at transition region between CMs

Availability in 45ft container
€  We have to keep this size as outside dimension with suspending structure, not necessary for specialized container

RF distribution (how to equip with CM)
€  Position of vacuum port should be decided

Access port to tuner
€  We can think about long time operation like SNS, where some tuner components were failed and replaced for 15 years
L 2 E-XFEL had no problem in tuner since 2017 even though all CMs have no access port

Pipe standard
€  Plug-compatibility at transition region between CMs should be taken care
€  Pipe diameter for every cooling pipe at transition region should be decided

2D/3D CAD software for cavity/CM
€  NX has been used in DESY, FNAL
4 Recently, KEK and CEA are changing to NX
€  We may consider NX as a common CAD software for ILC



Thank you very much for your attention



