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Cryomodule Scope

Design, Construct, Test, Install and Commission All 46 Cryomodules for
FRIB linac

Beam Delivery
System To Target

$=0.085 Matching

$=0.53 Matching  Superconducting
Cryomodule

Cryomodule Folding Segment

>
11 $=0.085 Cryomodules

3 $=0.041 Cryomodules 500 keV/u RFQ

Room-Temperature 12 $=0.29 Cryomodules 18 p=0.53 Cryomodules 10 m Vertical Drop from
Folding Segment lon Sources (above ground)

Quarter Wave Cryomodule

Component Counts (baseline + spares)

B Type Cryomodules Cavities Solenoids
] meter 0.041 accelerating 3+1 12+4 6+2
accelerating 11+1 88 +8 33+3
0.085
matching 1+1 4+ 4 -
‘ Half Wave Cryomodule
0.29 accelerating 12 72 12
accelerating 18 144 18
B=0.041cavity PB=0085cavity B =0.29 cavity B = 0.53 cavity 0.53
matching
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Cryomodule Production Status
LS1 Completion by End of 2017

Completion of LS1 cryomodule production on track to
4 4 3 3 3+1

support commissioning B =0.041
= HWR production started after SCM501 validated p=0085 7 4 4 4 1141
= On track to complete all cryomodules by end of 2019 proms | 1 1+1
= Production floor rec} up |th5ct|ve assemly bays ;.42 1 1 "
e ] - B=053 1 1 1 1 18
¥ || e =t . B =053 1

N matching
'ﬂﬁ I} Total 14 " 8 8 46+3
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Test Bunker
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SRF Infrastructure to Support
FRIB Cryomodule Production

= All critical SRF tasks are performed on-
sSite

= Functionalities of the SRF Highbay

» Acceptance inspection
— Dimensional inspection by CMM
— Cold shock test, Leak check, Demagnetization

» Cavity processing and assembly
— Large cleanroom
— Degreasing system
— Cavity etching (BCP) system
— Robotic high pressure rinsing system

— Ultrapure water system Bunker test system
— Hydrogen degassing furnace ’W

« Cavity vertical test system,
— 3 Dewars and 5 cold inserts

* Cold mass assembly

* Bunker test system

» Cryogenic system ; e
(Dedicated 900W helium refrlgerator helium
purification and 2K system)
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SRF Highbay Vertical Test Area
Fully Ramped up to Test One CaV|ty per Day

= Over 230 tests performed in since October 2016
= Over 65% of total cavities received

= 50% of cavities for FRIB are certified

» Less than 20% reprocess rate

» Fourteen coldmasses delivered in total
» Forecast to assemble 10 more this year

FRIB 80.5 MHz =0.041 QWR

J
E__ (MV/m)

ok FRIB 322 MHz 3=0.290 HWR

oo 1010 t

10°+

E,.. (MV/m)

FRIB 80.5 MHz 3=0.085 QWR

ved

ested and not certified

. | ‘ |
0.29 0.53

0.041 0.085

Cavities

All FRIB cavities types shown in the
vertical test area prep mezzanine
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FRIB Production Chemistry Facility

Over 600 Process Performed
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B=0.041 QWR 85001 tuned by custom etching B=0.29 HWR B=0.53 HWR

_

==l

Chemical input quills designed to
optimize velocity profile and etch
uniformity

CAVITY ROTATION FIXTURE CONTROLS

JOG BUTTONS

i

JOG SPEED

PRESS TO ENTER
ROTARY MANUAL MODE

rotation for all FRIB cavity types, rotation required for QWR etching
and differential etching for tuning.



Established Program to Certify
Level V Chemistry Operators

= Test used to determine whether an SRF ISRF Chemistry Operator Test
chemistry room operator is deemed qualified to FRIEVEDS0201-PR-ODDB32-ROO01
be a Level V operator. Level V operators are N sove 12 My 1T
able to lead chemical etch processes e B
unsupervised. X X

» The scorecard itemizes tasks that occur during — srvedsy Concurre
the procedures for etching each FRIB cavity type N

(see excerpt below). The test also covers fault " T

Crornodule Froied: Enaineer Cruorodul e Dacartriat fWarosr

scenarlos and response protocol

Safety ltems Pass (Y/N) Motes
PPEIn good working order
Eyewsash stationsinside and nut are not ohstructed

Sufficient stock of caleium gluconate

Verify loeation of emerge ney respense kit

Verify NO2 meters have been calibrated within the past week

Bumps test NO2 meters prior to etching

For lone operator, test two-way radios and give to trained seeond person

Verify meuter steps priorto etch have been signed off

Check NCR's todetermine if they will have any effect on the eavity
Be able tofind SOP's
Chemistry Flange Assembly Pass [Y/N) Motes
Check serial numberofthe eavity

Flange covers match cavity and ports [BP cover on BP, HWR on HWR])

Verify O-rings/gaskets and covers are in goed conditions, inspect seal surfaces
OWR - check thatthe inlethelesling upwith scribed line
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Automated Robotic High Pressure Rinse
System Implemented for Production Benefit

» Robotic high pressure rinsing tool is improvement over present
techniques, reduce processing times and labor requirements

» Real inspection data coordinates uploaded to high pressure rinse
(HPR) human machine interface (HMI) for individual serialized cavity
for custom automated process

» Reduces chance of interference, lowers operator touch labor and risk
to cavity contamination

= Automated system can be versatile for use with various geometries
VoA e
-,*o —

Facility for Rare Isotope Beams
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Liquid Particle Counts Used to
Measure Cleanliness and Reliability of Rinsate

= Liquid Particle Counts (LPCs) have been
used to analyze cavity cleanliness during
rinse cycle.

» L PCs compare favorably with counts
observed on old High Pressure Rinse
(HPR) system after several years of use. |
« <300 counts/mL (0.3 micron particle size).

MODE

STOP

Robotic HPR Cycles/Month pr. G

HPR Cycles

Laser alignment crosshair
projected on QWR inner
conductor nose

ec-14 Mar-15  Jul-15  Oct-15 Jan-16  Apr-16 Aug-16 Nov-16 Feb-17 Jun-17
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Robotic High Pressure Rinse

System Verified by Cavity Certification Results

|9

i\ ¥ SNy 1E107

.‘l'cioo...

B= 0.53 HWR

Eacc [MV/m]

L. Popielarski, 2017 Americas Workshop on Linear Colliders, Slide 11



Robotic HPR Reliable and Flexible in
Production Capacity

» 190 rinse cycles have been completed
since robot installation and
commissioning in February 2016

= Cavity meeting performance
requirements

= High Reliability = 96% System uptime
since installation
» Maintenance (oil, filter changes)
» Repair (sensor repair and replacement)

» No cavity damage has occurred
 Alignment concept and wand
programming has been thoroughly
validated
* A redundant collision detection system
planned for implementation this winter

Facility for Rare Isotope Beams

p- U.S. Department of Energy Office of Science . . . . . .
@ Michigan State University L. Popielarski, 2017 Americas Workshop on Linear Colliders, Slide 12



Robot Reprogramming Allows for
Relatively Qumk HPR Optimization

Initial Configuration e Previous Nozzle
= Rinsing duration ~ = 2-jets angled 45° up
- 9 cycles: 3 hours | ®Zjetsangled 45" down
- Water jets impacts the | = 2-horizontal jets
same Iocatlon 100 »/_:_.—_-_—:_‘_'_:—__-___-_-_-_-_:_ . 2-jetS out Of the tOp angled at4 ,,
0-1 -OI,E -O‘G 77-_(;477_-70,?2_7 (; 7_Oﬁ,27_7707e1{7 0,‘6 OIB /1 | T

Figure 1: Previous Program Path

New Configuration

~ New Nozzle

— = 4-jets angled 45° up

- = 4-jets angled 45° down
— = 4-horizontal jets

= 2-jets out of the top
angled at 4°

350 ——

» Rinsing duration
* 10 cycles: 3 hrs. 30 min.

- 6 mm offset after ea. cycle

150

= Increased coverage

4 08 406 04 02 0 02 04 06 0B 1

Figure 2: New Program Path P,

REPROGRAMMING NOZZLE
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HPR Optimization for f=0.53
Half- Wave Resonators

Initial Confiquration

= Rinsing duration
» 12 cycles: 2hrs. 30 min.
* 9 cycles: 1hr. 52 min.

= Water jets impacts the
same location

Figure 1: Previous Program Path

350

300 T

250

W

-1 08 06 04 02 0 02 04 06 08 1

~— | Previous Nozzle
— - 2_Jets angled 45 up

= 2-jets angled 45° down
= 2-horizontal jets
= 2-jets out of the top angled at 4°

Production Configuration

= Rinsing duration
« 2 x 10 cycles: 2 hrs. 10 min.

= 6 mm offset after ea. cycle

» [ncreased coverage

» |[mprove port cleaning
order

= New nozzel

350 [

300

250

200

100

50

Reorganization of the cleaning steps:
a) RF Port

b) Beam Port #1
= c) Beam Port #2
- d) Rinse Port#1
e) Rinse Port #2
f)  Rinse Port #3
. 0) Rinse Port #4

A

=—— - 2. Increased the penetration depth of the

Figure 2: New Program Path beam ports by 64 mm (~2.5in.)

3. Decreased the robot speed during the
cleaning of the RF and beam ports from
0.01 m/s to 0.005 m/s
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Particle Free Quality Control

» Surface particle counts performed using diagnostic probe

» Displaces particles on surface using pressurized air and then vacuums into
laser particle counter - automated method

» The probe does not touch RF surface but hovers closely to surface
= |f particles measured then re-clean, wipe, rinse or spray with filtered nitrogen

Qlll

measures
0.3, 0.5,
1.0, 5.0,
and 10
micron
particles

ISO 5 /Class -100 Surface ISO 5 /Class -100 Surface
particle counts of tuning plate particle counts of QWR



Certified Cavity Storage
Procedure Verified

= Certified 3=0.29 cavities bagged in | v
cleanroom and placed in wood crate Fov st st

= Stored in SRF Highbay rack for > 1 "
month and then retested > ol

= 40 certified cavities in SRF rack storage,
18 stored in CR ready for coldmass

= Three cavities retested after storage I

Xray vs. Eacc (HWR29)
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No Degradation of Cavity Performance
During Cryomodule Testing

FPC installation tool
FRI? SCM802 eromodulg RF Test .

=0 $85-17 SCM802.1 4K
104 || == S85-10 SCM802.2 4K
—©—S85-15 SCM802.3 4K

* FRIB cryomodule testing verify coldmass clean £ | =ip@iy
assembly procedures g 10°] s onset as
= in VTA
= No degradation of cavity performance during S 100 /
cryomodule testing, same as vertical test! : epes sumuT Tt

102

i E  (MV/m)
@‘ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
‘ Michigan State University
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Completed Builds for all FRIB Coldmass
Types Except for the p=0.53 Matching

oy | ¥ "l ' L -
i R

- ==

=0.041 QWR cold mass
string assembly

3=0.085 QWR matching B=0.029 HWR cold mass B=0.53 HWR cold mass
cold mass string assembly string assembly string assembly
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Summary

* Cryomodule assembly floor is in
production and ramped up

* SRF In-house infrastructure is fully
operational

= Cavity processing and testing is meeting | ; f
projected throughput

* Cold mass assembly is on track

= Installation of the cryomodule into the
tunnel is ongoing
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Automated HPR
Assembly and Testing at Vendor
» Factory acceptance testing on-site at vendor

= Old high pressure rinse moved to secondary
location in pass through and used as back-up

Facility for Rare Isotope Beams
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B=0.29 Coldmass String Assembly
Ahead of Schedule

= 3=0.29 cavity processing, certification and string
assembly ahead of schedule

= Pre-assembly work planned on $=0.29 coldmass at
SRF highbay space to galn schedule on cryomodule
assembly R

SCM21 4/11/2017 = SCM201 5/15/2017 SRF Pre-assembly Space

F R I B @‘ Facility for Rare Isotope Beams
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Continuous Improvement on Coldmass
Inspection from Lessons Learned

= Implemented an aperture
check on hoods and bellows

= Updated residual magnetic
fleld check of coldmass inside
and outside cleanroom

= Added coldmass coupling and
frequency check pre and post
pump down

* QWR tuner bellows stud
thread quality check

120 Flange Caps FCLRM
All ACLs, routers, NCRs
OPERATOR
—> and reworks are closed.
130 QA Documentation FCLRM NO Open rework
Check
DATE OPERATOR
Work Instruction: Beta=0.041 Cleanroom Assembly Issued 22 April 2016
OPERATION DESCRIPTON WORK MOVE SET UP STD
NO. CENTER HRS HRS HRS
140 Mechanical MEDSN
Engineering Hold
DATE OPERATOR
150 Cryomodule Assemblf FCMAS
Group Leader Hold
[FRIB QWR Coldmass Checklist prior to Pump Down
Date
Coldmass SN
. . . Inspection attendees:
160 Diagnostics Inspectiof FCLRM Judgement
(Pass/fail) Verify Initial
Helium vessel spaces leak checked
Solencid helium fills and returns covers
- . . . Cavity helium fills covered
170 Assembly Checks FCLRM Cavity helium returns covered
hood adjustor placement
rail to cart connections are tightened
damper is installed properly
FPC is installed correctly
180 Pump Down and Leak FCLRM FPC window location
Check jam nut on rail cart is locked down
slider bearings seated in pocket and are tightened
bearing orientation
conflat seals are parallel and metal to metal
) R R set screws on selenoids are seated
190 Solenoid Bearing FCLRM tuner stud length extends 2” past conflat face
Covers all bolts and hardware are correctly populated

no missing bolts or hardware

orientation of bellows temperature sensor holes

Facility for Rare Isctope Beams

U.S. Department of Energy Office of Science | Michigan State University

residual magnetic field is < 15 milligauss at RF surface

e-traveler filled out for coldmass

BPM diagnostic checks

rail coaling lines taped/capped at openings

640 South Shaw Lane « East Lansing, MI 48824 « Ph: (517) 355-9672

www.frib.msu.edu

FRIB

burst disc covered with cap and tagged

pictures of each component

BPM orientation

interconnecting rail plates are secure

Hood sealing surface free of damage and then taped off

FPC flange extends 2 25" past the web of the rail

Beamline bellows free of damage
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Capability to Assemble Three Coldmass
Types |multaneously

el =

#lﬂ e | ‘{

g Part staging m String assembly bay 1 —

- CaV|ty & FPC assembly ~ Test insert hatches Strlng assembly bay 2



Chemical Etching Optimized for
Production Throughput
= Split-shift: implemented

as needed to maximize Etch Cycles/Month
process throughput 70
Maximum Monthly Split-Shift Throughput (Approx.)
* Optimized =0.29 HWR ¢
hybrid bulk/custom etch 1
has greatly reduced o wechogemon) )
cycle time and has g 40
o
a”owed WorkﬂOW tO be % 30 (Projected)
streamlined i
 Processing time has 20
been reduced by more 0
than 1/3 for 3=0.29
HWRs 0
Qe‘*\’b‘ V\Q( v W g 09"\% \’o("\/% @a\\ 3 ‘P*GJ@ $o“ 5
Month
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