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Temperature (K)

1. Overview of Cryogenic Engineering

> What is Cryogenic?
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SHINE > Inthis lecture we focus on cryogenic >100W@1.8K-4.5K: Cryoplant



1. Overview of Cryogenic Engineering

v Cryogenic engineering primarily involves technologies related to the production,
maintenance, and application of extremely cold temperatures, typically below 120 K). Key
technical aspects include:

O Cryogenic Refrigeration & Liquefaction — Technologies like Stirling cycles, Gifford-
McMahon (GM) coolers, pulse tube , and Joule-Thomson Bryton expansion for cooling and
liquefying gases (e.g., nitrogen, oxygen, helium, hydrogen).

O Cryogenic Fluid Storage & Handling — Insulation techniques (vacuum jackets, multilayer
insulation (MLI), superinsulation) and specialized containers (Dewar flasks, cryostats) to
minimize heat leakage.

O Thermal Management & Heat Transfer — Studying cryogenic heat exchangers, counterflow
designs, and Kapitza resistance to optimize cooling efficiency.

SHINE



1. Overview of Cryogenic Engineering

> What is Engineering? In a full life cycle perspective.
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1. Overview of Cryogenic Engineering

> What is Engineering? In a R&D perspective (V-shaped development)

Verify performance

1. Requirments spec 7. Commission&QOperation

Verify system

2. System Design 6. System installation

Verify Equipment

3. Equipment design W 5. Equipment acceptance

4. Manufacturing

SHINE > cCryogenic Engineering involves lots of development-verfication iterations



1. Overview of Cryogenic Engineering

> What is the combination of
“Cryogenic” and “Engineering” ?

PLc

\_e\le\ sensor

S
o, Y [CEIEREIE] o 4
e 3 e o
N 7y ') 2
4
Ipung 4 N ospue e
/ Ly oD
e

L Ty p— = — = & ©
4 : - 3 19)eay Jolelades
SHINE

> Cryogenic Engineering is complicated and takes long time to build



1. Overview of Cryogenic Engineering

> Cryogenic Engineering is to Consturct the cryoplant follwoing the Blueprint

SHINE Cryogenic Engineering is to Turn your dreams into reality



1. Overview of Cryogenic Engineering

> What does a cryogenic system consist of?

SHINE
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1. Overview of Cryogenic Engineering

> What does a cryogenic system consist of?

SHINE




1. Overview of Cryogenic Engineering

> What does a cryogenic system consist of?
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1. Overview of Cryogenic Engineering

> R EERER X , BHIMEELSTT, Real understanding comes through lived experience

SH INE > We take SHINE real project to share the experience of Cryogenic Engineering
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> 2. Case study - SHINE project
> Introduction of SHINE cryogenic system
> Engineering experience of SHINE cryogenic system
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End users of SHINE cryogenic system
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Function of SHINE cryogenic system

Shaft 1 Shaft 2 Shaft 3 Shaft 4 Shaft 5
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» 1. Provide adequate cryogenic cooling to the linac consists of SRF cavities;
» 2. Supply cryogenic cooling to the superconducting undulator lines

» 3. Fulfill the cryogenic requirements from the SHINE SRF test facility

SHINE



SHINE cryogenic architecture

SHINE 3 ACCPs 1 UNCP 1TFCP



SHINE cryogenic system capacity

Cryoplants Total Heat loads @ Temperature
Acce'e(rztggg;"’p'a”t 3 12KW@2K  45KW@4.5K  45KW@40K 9%
Undulrzlbol\rl (C::Igy)oplant 1 500W@4.4K? 26kW@60K? SJ:cit;féd
Test Faﬁ%g;y"p'a”t 1 1IKW@2K  350W@4.5K  3.75kW@40K O;Jer;:ﬁg )
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SHINE cryogenic system layout

SHINE » 2 Cryo-stations are located in the two ends of SC linac



Overview- TFCP P&ID
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Overview- TFCP layout

lllll

Recovery & Purify system

ion system in bulldlng 1

Coldbox —_———

Compressor

Cryoplant system

Cryoplant system

Warm Compressor Station
Oil Removal System '
Cold box Cryogenic distribution system in building 2
Dewar

Helium Analysis

Regeneration skid

Process Pumps



Overview — general target
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Overview- installation and commissioning Progress

2019.11.07 2020.06.15 2020.07.15 2021.04.09 2021.06.20 2021.06.30

i U re CB M oo cB
Installation commission commissioning commissioning commissioning

Equipment Installation 350W@2K 1kW@2K
arrival acceptance Acceptance Acceptance

Y 2020.10.30 First drop of LHe
2020.12.02 First arrival of 2K

2021.04.09 350W@2K Acceptance
2021.06 Cryomodule first arrival to 2K
2021.06.25 Cryoplant cold power reached 1kW@2K

% % %

2021.06.30 1kW@2K Acceptance

SHINE



SRF test facility cryoplant status

> The cryogenics system for SHINE SRF test facility has turned into operation since 07.2021.

> Series tests including horizontal test, vertical test, magnet test, superconducting undulator

test have been carried out to support the SHINE SRF developments.
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SHINE accelerator cryogenic architecture

Cryoplnat

CDS and 2K CB
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SHIEN ACCP cryogenic process overview

AUXILAIRIES:

4K COLD BOX:

CRYOMODULES:

2K Cavities

I 8K Intercepts I

- SHINE

I 35K Shields |

2K Cavities

I 8K Intercepts I

I 35K Shields |

2K Cavities

I 8K Intercepts

[ 35K shields |
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Cooling down process
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2. Fast cooldown: 45K — 4.5K
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2K cold box

Process design of accelerator cryogenic system —
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Process design of accelerator cryogenic system ——

K-45K | | I
300K-45K Cool down Slow cool down 1A :

=P 35K Cold supply  + Mix 35K and 300K He
=P 300K Warm supply ¥ 2K/hr from 300K to 45K

> Mix flow
=P Return flow
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Process design of accelerator cryogenic system ——

e = — Fast cool down
45K-4K cool down V Only 2K circuit will be fast cooled ! |
\ 10K/min from 45K to 5K for the 2K '
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Process design of accelerator cryogenic system

HX06
HX07
HX08

Nominal operation
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Cryo-station at No. 1 Shaft
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> Two accelerator cryoplants with 4kW@2K will be installed



Cryo-station at No. 1 Shaft
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Cryo-station at No. 2 Shaft
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Cryo-station at No. 2 Shaft
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> 2. Case study - SHINE project

>

> Engineering experience of SHINE cryogenic system
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Technical sepcification

Codes and Norms

Site condition / Utility interfaces

Performance

Key component (WCS and Cold box)

Spare parts

Control

Instrumentation, interlocks and electrical design
Requirements on design, manufacture and mounting
Test

Quality management

vV V. V ¥V VYV V VY VYV V VY

> Documentation

SHINE

SHINE CONTRACT - Appendix Il
TECHNICAL SPECIFICATION

Date : 28 February, 2020
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SHINE Cryoplant Specification

7 45KCOLDBOX

e 8.5 Acceptance—lest equipment 73
71 neral information
o i 8.6 Electrical Heaters 73
TABLE OF CONTENTS 521  Nominal design mode 36 8.7 Heat exchangers 73
522  Nominal turndown mode 36 i
TABLE OF CONTENTS ; ; - N 7, 8.8 2K Cold box interfaces 74
523  Single string 2 K standby mode 37 Apuy - zhange 88.1  Connections to the 4.5 K cold box 74
1 INTRODUCTION . ¢ J
2  ABBREVIATIONS UNITS 52.4  Fulllinac 2 K standby mode 37 ‘ 882  Connections to the CDS 75
31  Abbreviations 525  Single string 4.5 K standby mode 37 89 Purge system 76
526  Fulllinac 4.5 K standby mode 8
22 Units ; g ) Y i 8.10 Safety valves 76
2.7 Maximum liquefaction mode 38
3 GENERAL INFORMATION @ 9 4 8.11 Measuring points 76
31 Piant Locaion 52.8  Automation of operation modes 38 B4 | & - - 6
32 Delivery 5.3  Transient operation modes 38 7.3 Vacuum vessel and insulation system i onne ‘e 0 the process control system
o 631 Cooldown 38 7.4  Heat exchangers 8.11.1.1 Electrical measurement 76
: oh S 7.5  Tumines 8.11.1.2 Flow measurement 76
34 Applicable Documents 5.3.1.1 Cool down the ACCP alone 38
343 ket Baas 531.2 Cool down the ACCP simultaneously with all CMs 38 7.6 Adsorbers 8.11:1.3 Lovsl. measursment “
i 5313 CMs Cool down from 300 K — 45 K 39 7.7 Fiters 8.11.1.4 Pressure measurement 77
343 ASMEPr Piping Codes 5.31.4 CMs Cool down from 45 K — 4.5 K 39 7.8 Phase separator and sub-cooler 8.11.1.5 Rotation speed measurement 77
344 ASTM Standards 532  Pump-down 39 7.9 Electrical Heaters 8.11.1.6 Temperature measurement 77
345  Others 5.3.2.1 Pump-down of 2K CMs 39 110 461 Cow hox iniariaces 8.11.2  Local measuring points 77
4 STATEMENT OF WORK AND SUPPLY 5.3.2.2 Re-establishment of 2 K conditions in CMs 39 7101 Con one to the WCS 8.11.2.1 Electrical measurement .
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4.1 Scope of the supply 533  Warmup 29 7103 Cmnecﬁm |o the 2 KG 1d bo: 8.11.2.2 Pressure measurements 77
on ons o col X
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414 s“g . 5341 RF trips off 40 1:12 Ca walyfls Sauipment i =
. 2' 'm vlc;:moes i 24 s 713 Ambient heater 9.1 General information 78
"3 . e:;' 'do{": o 5'3‘4'2 Loss °: Ze;m Ane:vacuunm 4 7.14 Purge system 92 General requirements and design data 78
xecution of Order .3.4. insulati 4
il R oy 23 boss °f iplatingivacuum 9 7.15 Safety valves 9.3 Main components 79
: esponsibilities 5.34.4 Loss of utility power 41 X )
utlky:p 7.16 Measuring points 10 SPARE PARTS 80
432  Project management 5.3.4.5 Cold compressors exchange during 4.5 K standby mode 41 o
d 7.16.1 Connected to the process control system 10.1 Capital Spare Parts 80
433 Project and 6 WARM COMPRESSOR STATION 42 7.18.1.1 Electrical t
434 P ot " . X -16.1. cal measuremen 10.2 Operational Spare Parts 81
o Tocurement approval 6.1  General information 42 7.16.1.2 Flow measurement
435 Delivery approval d S 11 1.8K OPERATION MODE 83
e ry.8pen e 62  Location 42 7.16.1.3 Level measurement A 1K b 8
3. ocedure in case of Variation 4 £
(T s 6.3  Arangement 43 7.16.1.4 Pressure measurement . <
437 Deviations 631  Compression stages 43 7.16.1.5 Impurity measurement 11.1.1  General information 83
438 Compensation Events 632  Main helium circuits 44 71 s' ‘A & Rotation s D —. 11.1.2 Process condition 83
§ DESIGN CONDITIONS AND PERFORMANCES 6.4  Oil lubricated screw compressor skids 44 7.16.1.7 Temperature measurement 12 ACCP CONTROL SYSTEM 84
5.1  Process Design Conditions 641  Compressors 44 7162 Local measuring points 12.1 Overview and Control strategy 84
5.2 Steady-state operation mode 642 Electrical motors 45 7.16.2.1 Electrical measurement 12.1.1 Manual control of devices from the operator’s screen 84
6.4.3  Vibrations 45 7.16.2.2 Pressure measurements 12.1.1.1 Local control screens 84
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SHINE ACCP scope

SHINE 5 ALaT scope of equipments

D o

Pure He Buffer tanks 25 barg




SHINE ACCP scope

> GHe storage

> o LN2 storage

> o Distribution box

> e Helium recovery

> e Interconnection warm line

> e Interconnection cryogenic transfer line
between 4.5K and 2K cold box

> Interconnection cryogenic transfer line
between 2K cold box and Cryomodules

> e Utilities (IA, LN2,CW)

> ® On site installation and supervision

SHIMNE

SHINE

3x 4.5K Cold boxes (CB) with LN2 precooling
and Warm Panel

3x 2K CB including 4x Cold Compressors (CC)
from AL-aT and Warm Panel

3 x warm compression station (WCS),

including for each:

>

>

>

>

o 1x Very Low Pressure (VLP) compressor

o 1x Low Pressure (LP) compressor with VFD

o 1x High Pressure (HP) compressor

o 1x Oil Removal System (ORS) + 1x Full Flow Dryer +
1x GMP

3x Dewar 20 m3 (one per 4.5K CB) with 1x
coaxial cryoline + 1x single cryoline

Spare parts for 2 years + critical spares (Cold

and Warm Compressors, Turbines)

ALaT



SHINE Cryogenic supplier matrix

Helium Refrigerator CDS and auxiliary system

@ AirlLiquide VACREE ©X.T
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SHINE ACCP operation modes

e There are 8 steady-states operation modes to be calculated:
-Nominal design; Rk

-Nominal Turndown;

-2K standby Single String; > With subatmospheric operation (CC running)
-2K standby Full Linac;

-1.8K; g

-4.5K standby Single String;

-4.5K standby Full Linac; Without subatmospheric operation (CC off)

-Maximum liquefaction;

-Load of the cold box will adapt to the customer power requirement.
-Some signals from operators or upper control level will be required for mode change (CC starts, operation
in full linac, in 4.5K standby...)

SHINE



Steady states operation

e On steady states operations :
o 4 Loads are required function of the operation mode
m Thermal Shield: TS

m Cold Intercepts: ClI 4 5K Cold [ Dewar ]
e Box
m Cavities
. | 10> <7> 9 8
m Liquefaction rate: Dewar

12
2K Cold *
B
0X »

‘[ Cavities

SHINE



Steady states operation-2K performance

Load case Q1 (W)

Conditions at diamond 7 Conditions at diamond 11
(CB Supply) (CB Return)

Nominal | 4 000 | 23 bara | 4.5K 2 0.0256 ba | 3.5K
Nominal TD | 2 649.1 | 23 bara 4.5K 2 0.0275 ba 3.43K
| 2K standby single string | 289.1 | 23 bara 4.5K 2 0.028 ba 5.06K
‘7 2K standby Full linac | o757 | 23 bara 4.5K 2 0.0274 ba 4.05K
“ 4.5K standby Single string 384.6 | 23 bara 4.5K 21.2ba 7.0K
V 4.5K standby Full linac | 671.2 | 23 bara 4.5K 2 1.2 ba 5.7K
Maximum liquefaction | 337 | 23 bara 4.5K 21.2ba 85.7K
1.8K 2 083 | 23 bara 4.5K 2 0.0125 ba 3.1K

SHINE > 136 g/s of mass flow rate will be used to test the 2K cold compressor
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Engineering design of “plant”

Main
Related

(Structure Equipment (Piping Electric Enstrument FJtiIityJ

I Software

SHINE



SHINE Layout Design

@ Equipment Function Area Planning

®Space Utilization Planning




SHINE Layout Design-Piping complex

SHINE



SHINE Layout Design-3D model
> Cryo-station at Shaft 1

.

SHINE




SHINE Layout Design-3D model
> Cryo-station at Shaft 1

Tanks area

SHINE



Cryo-station at No. 2 Shaft

TFCP system

ACCP No.3

Cold box

PVPS

SHINE

LN2 tank

Recovery & Purfication

Warm pump

4.5K Cold box

| Helium storage

Helium storage

WCS

Compressor

Recovery & Purfication
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SHINE WCS manufacturing

The assembly of the compressor
body was completed on March 20,

Performance test of Oil pump

TEST RECORDS




SHINE WCS manufacturing - Inspection

Screw compressor test record
* General information ;
Tlem No.__

Report * General information ;
Type of compt Trem No. : 22500

Screw Compressor test results

Dateoftest  RemoriNo
T ReportNo, Screw compressor test record
oo IPeOTH o Gonerat i
Serial No. Date of test
Tect i — Dute oftest 4 Ve Screw Compressor test results
OrfceNo— Model__ ReportNo._ * General information ;
v | SecsiNed "'Nf" Type of compre. Item No. © C23400 SURVEYOR
Taspectionien L5 MW Dutcofiest _ Report No. ;20212327
Orifice No. Nfodel Type of compress Screw compressor test record
Revolution TiM___ SerialNo.  Date of test * General i ;
Running to Inspection | Test fluid Model Ttem No. C25100 SURVEYOR
< pertorma O N0 Seral o, Report No. 2021253
Room tem ————— Time __| Test fluid Type of con Screw Compressor test results
Atmospher Inspection items GrRCe T No. Date of test + General s

Discharge|  Capacity
——  Kilowattt _ Revolution

Inspection items

Suction pre Running tor¢
* Mechanic —pooes tes unc 7, 2021
Pressure be | ) TEA00MUD-
1 Discharge pr C'p““—y
Pressure di — Kilowatts Revoluti Test Nuid
Oil pressur ‘ — Orifice No.
— Suction pres . a Running Time X
Temperatu _1emp. of Proasuro b Room te Inspoction items  : Internal test
Al
i * Performance test ;
* Vibration  Pressure diff —Dischan O Stadnd At
] Ol pressure ?‘“LR‘:‘ eoon, Capaciy [mIh] 74486 7630.1 (1024 %)
Noise " Suctiontem; _Lemp. of bearit ! Kilowatts kW] 5358 5360 ( 100.0 %) Accepted
Backgroun ~ Noise " Temp. of shaft
— = Pressure
* Testresults;  (Freguenc . “~— * Mechanical running test ;
Temp.ofr  Vibratior * Vibrationand N Pressure = Allowable
Temp. of b Tm Maximum Actual Judgment
o Temp ofy Noise X " Suction|
vt _ Backgound Noise  —5IUn Temp.ofroorcasing [(Cl: 73z 51 Accepted
of i - =
[ " Oiltemy Temp. of bearing head [C ) Accepted
Testresults; - (Froquency gt —Lol Tempoofshalacal 1. 38 = &2 Accepied
Teﬂ.c:": Vibration [mn ———t
Temp. of
Approved —R o e
PPeo! Temp. of shi Noise _ * Vibration and Noise tests ;
Approv ~Backs Allowable
Test of vibre Maximum Actual Judgment
*Testresul  Noice [dBJ(A) 104 2 974 Accepted
Temp. o
A d Temp. o (Frequency range : 10 - 1000Hz) Judgment
] _Temp.0  vipration [mm/sRMS] V : 8z 02 Accepted
‘ Approved by | H : [] z 0.2 Accepted
A:_ 8 & 02 Accopted

‘ Testof vy

Compressor body completed the factory

test in April 2021.

November 2021, the inspection before the
compressor unit FAT



SHINE manufacturing - Cold box

- d T 4
J -
L AR
s ¥ TN - -
N/ : |
) ,1 1 J N B PR -
AN DR ) |
; i W T
L8 . L S 2
} 1 o e
e /[ Al /R s b
Pras

= F:{Lea”k test -

Y A
i =)
] \‘\,-

SHINE > Quality Control - On-site follow-up (4K cold box / 2K cold box vacumm vessels)



SHINE manufacturing - Cold box Assemble
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32

33

34

35

36

NS NS

Sl 8 &S

QS & S

Task Name Duration
Long leads (cold box) 415 days
BAHX 190 days
Cryogenic valves 120 days

Cryogenic compressors casing 200 days

Cryogenic compressors cartridge 300 days

Cryogenic turbines casing 415 days
Cryogenic turbines cartridge 415 days
Cold box internais 120 days
pressure vessels 65 days
papng matenal 50 days

Cold box top ptate / vacuum vessel 120 days

Warm panel 150 days
Safety valves 130 days
Others 70 days

Control panel 60 days

Warm compression station 220 days
Cycle compressors 180 days
VLP vacuum pump skid 140 days

Start

Thu 08/03/18

Mon 23/04/18

Mon 16/07/18

Thu 08/03/18

Thu 08/03/18

Thu 08/03/18

Thu 08/03/18

Tue 17/07/18

Mon 17/09/18

Mon 01/10/18

Tue 17/07/18

Mon 17/09/18

Mon 17/00/18

Mon 07/01/19

Tue 23/10/18

Mon 19/11/18

Mon 19/11/18

Mon 19/11/18

Finish

Wed 09/10/19
Fri 1101719
Fri 28M12/18
Wed 12/12/18

Wed 01/05/19

Wed 00/10/19
Wed 081019 ., .
Mon 31/12/18
Fri 14/12/18
En 0711218

Mon 31/12/18

Fri 12/04/19
Fri 15/03/19
Fri 12/04/19
Mon 14/01719

Fri 20/09/19

Fri 26/07/19

Fri 31/0519




SHINE manufacturin
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37

38

39

40

41

42

43

45

46

47

50

51

52

53

55
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49 |

54 |

2z

v

v

[
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Task Name

Ol Removal Skid

Cold Box Manufacturing

Piping Isometncs prefabrication

Pressure vessels preparation

Assembly on top plate

Final insutation

Closing

Warm panel premanufactunng

Assembly of warm panel

Assembly of control panel

Final tests

Packing/ preparation for shipment

Delivery to SC HXFEL site

Wam compression station

Perniphericals (local part)

Coid box

Turbines + casing

Site works

Installation work (client
responsibility)

Duration

140 days

102 days

20 days

20 days

68 days

2 days

2 days

45 days

15 days

15 days

10 days

2 days

46 days

G wks

9 wks

2 wks

219 days

64 days

Start

“Mon 11/0319

Mon 01/04/19

Mon 01/04/19

Mon 01/04/19

Mon 20/04/19

Thu 01/08/19

Mon 05/08/19

Mon 13/05/19

Mon 15/07/19

Mon 15/07/19

Mon 05/08/19

Mon 19/08/19

Wed 21/08/19

Wed 21/08/19

Thu 03/1019

Wed 21/08/19

Thu 1071019

Wed 23/10/19

Wed 23/10/19

Finish

Fn 20009719

Tue 20/08/19

Fn 26/04719

Fri 26/04/19

Wed 31/07/19

Fn 0208119

Tue 06/08/19

Fn 12/07/19

Fri 02/08/19

Fri 02/08/19

Fri 16/08/19

Tue 20/08/19

Wed 23/10/19

Tue 22/10/19

Wed 23/10/19

Tue 22/10119

Wed 23/10/19

Mon 24/08/20

Mon 20/01/20

B
. Dec

d - Cold box Assemble

CHXFEL Project - C1348 PM 103(4)

/_\; parter 1st Quarter 2nd Quarter  3rd Quarter 4th Quarter 1st Quarter 2nd Quarter  3rd Quarter
== gov| Dec | Jan | Feb|Mar Apr May! Jun | Jul Au Sep | Oct |Nov. Dec Jan |Feb ! Mar| Apr May! Jun | Jul 'Aug!Ser




SHINE-Cryo-station 1-CDS
> Cryogenic transfer line manufacturing

MH21D710-05
MH21D710-06
MH21D711-01
MH21D711-02

MH21D700-01
MH21D700-02 sl
MH21D700-03 sl
MH21D700-04

MH21D700-10
MH21D700-11
MH21D700-12
MH21D700-13
MH22D700-1
MH21D701-1
MH21D702-1
MH21D702-2
MH21D702-3
MH21D702-4
MH21D703-1
MH21D703-2
MH21D703-3
MH21D703-4




SHINE

Installation



SHINE cryogenic system construction schedule

TFCP gA\T SRF
2021.7.13 TEST

ACCP WC%Slte COId b.OX S|te Sér |njector
Trian 1 2022.05 2022.12 2024.06 First Linac
ACCP Cold box arrival Installation Sg 5GeV
Train 2 2023.06 2023.12 2024.12 Linac
ACCP Cold box arrival Installation SAT 8GeV

Train 3 2023.08 2024.05 2025.06 Linac

SHINE



SHINE installation - Cold box

Transportation and ha
= y/
4

Cj3=cc ECEPDI

SH | B!E Weight : 60t

L*W*H : 15m*4.5m*4.2m

ndling
)

simulation in advance



T LL L
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SHINE installation - Piping

Pre-installation

» 3D model guidance for installation

SHINE

® Material Preparation
® Pipe routing
® Collision detection

® Construction arrangements



SHINE installation - Piping

Quality check during installation

® Material check

® Cleanness check
® \Welding check

® After welding check
® Etc.



SHINE installation - Piping

Test after installation

Pressure test Cleanness test Leak test

Each pipe need to be tested after installation. Only if the radiation detection , pressure
test , cleanness test and leak test etc. were passed, the pipe could be used.

SHINE



SHINE installation

Photos

3D Model

SHINE



SHINE installation

3D Model

Photos

SHINE



SHINE Cryogenic system construction

Shaft 3 Shaft 4

- ~..

______

_____________

B2 in No.1 Shaft

Sl

Hiz—

e ——— )

1t WCS commissioning finished



SHINE 1st Cryoplant

Cryoplant installation milestones

2020.03  2021.07 2022.06 2023.04 2023.05  2023.06 2024.01
De5|gn J 9 : . - 9 - Cryogenic transfer -
phase Manufacture installation line installation

O O O O O=>
Contract Design fixed  1st e;qu:iisar}nent VI\XS? ins%;(”ggon 4K MAT c onFr:Zg’li on
2020.03 Contract with ALAT
2021.07 BDR1/BDR/DDR1/DDR2 Design fixed
2022.06 1sttrain of equipment arrived at site
2023.04 WCS1 MAT
2023.04 2K CB installation finished
2023.05 4K CB MAT
SH I B!E 2024.01 4K CB & 2K CB final connection



SHINE

Installation Progress

4.5K cold box

SHINE

1st train of WCS installation finished at early April, 2023.

Compressor station -

g | 4;‘ ;

ol o



SHINE

Installation Progress-WCS

- {
14' —
= =

Equipment location Equipment erection

SHINE



SHINE

Installation Progress-4K CB
1st train of 4K CB installation finished at early June, 2023.

4.5K cold box

4.5K Coldbox

SHINE



SHINE

Installation Progress-4K CB

: "m:zr_: /-.ni
.

Location of 4K CB

T e

P

B
g
T
N
e - x
WY =
- o ,
: s
L 7 ) j
. -

1 '!in_j.'nj‘lk;:;‘ :’\i | -

4
|

Size: nearly Weight:
20000mm*5000mm*5000mm  Nearly 90tons
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Commission



SHINE Commission

2023.04 2023.06 2023.09 2023.11 2023.12 2024.02  2024.08
wes | 2 m e i
Pre& Commission 4K CB Pre-Comm/| Warm Cirulation . T;Jrﬁ“::-e Final connection Fine tunning
nstallation % ) §
—O V O O— O O
4K CB MAT 1st drop of 1st 2K SAT

liquid achelive

2023.04 WCS commission start
2023.06 4K CB pre-commission start
2022.07 WCS Performance test
2023.09 Warm circulation

2023.12  1st drop of liquid ( 4.5K)
2024.01 4K & 2K cold box finnal connection

SHINE 2024.02 1st 2K acheive




SHINE ACCP Train 1 4.5K cold box commissioning

Pre Commissioning activities Commissioning activities
%)
% Compres
@ | | Power Electrical RS :-ees?s( Sarsiart Cold sequences testings
c || and and and Turbine q 9 Performance tests
'S loop and . . and e
Network ads. o Warm installation : and customer training
S config. checks drying copdltl sequenc Tuning
ONNG | es tests

\

B B Bra. D

% -‘ _m" » “ b7 B Brae | DT
2 months has been spent in the warm circulation to remove the

particles in the system, especially to the turbine filter



SHINE Commission - 4.5K cold box

Pre-comm : 4 m
Circulation : 3 m

—11.21 Pre-comm
finish

warm

Adsorber circulation
regeneration Turbine&filter NO.11
cleaniess checkl i R T Warm circulation

WP : 0.5PPM N2

loop check
* L 2 ) Oil contents—Re-circulation
AL Pl ) s T2 check—Turbine install

regeneration : : »

SHINE



ACCP2-4.5 K cold box
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* Duration of warm circulation : 19 days ( 10.17—11.04 ) Records of filter check
* Turns of filter dis/assemble : 10 rounds
4K warm circulation done!!!! Filter cleanness check




SHINE Commission - 4.5K cold box

First drop of

Turbine installation First cool down Liquid Helium 4 Turbines operation

INE 1st Liquid Tubine speed (85%
SH st [o] 0]} (4] L] it ™ Q!/\% \

Y
\s




SHINE Commission - 4.5K cold box

PT25800

17.98 bar

PT23811

PT22500
220 mbar

VLPTo
WCS

To
recovery

V418

T1. T2 100% nominal

T3\

T4 speed 85%

ptep temperature setpoint (used if > 50K) |

To Cooldown Return_( H)

TT35609 PT45709
2855 K 0.98 bar <:|
PT45700

17.73 bar

CV38009

100.0 %
99.4 %

TT38019

2938 K

@ Frovsere |

CV43019

17.96 bar|

HX35010

TT44009

+248C

EV4SB1  Pr43snt
=
1.10 bar
X [ heium guard | AdSA35510  AdsA35520
CV4S004  prasoos Clean E =
n [ 1202 Available
4 1302 ban Turbine Gas. Di D D
bearings irty
= ST35100
‘l' I PT45520 1793 Hz
1327 par PT45100 PT45108
S T cvassan PoT45521 12.68 bar 3.63 bar
TT38009 A 4 TT35100 35109 [
791K ppl cv38000 540K 30.0/K

177 % | %

‘l X.
176 %
‘.a_ LT38000

| 806%

01%

CV35505

Regeneration skid

PT38000
1.12 bar
TT38000 LT_
0.0 % PT45510
792K G 17.82 bar
PDT45511

TT35039 V35510
n

[ 7.3 moar Cvasste
A

791K

100.0 %
996 %

CV35100
550 4 Hu HV35109
| 254 % FT45600
135619 l 39.5 gisy
[ =2k TT35600
351K

CV35610
EH35610_SP ]

B[ 300 % 55.9 %
9.9 kW 559 %

Woie WIS

PT45708

16.74 bar

TT35019)
694 K

A

g Ih, CV35600

4 Tb 100.0 %
99.7 %

PT45701

17.71 ba

TT35028

350K

T35200

PT45200

12.65 bar

Turbines

ST35200

1348 Hz

PT45209

3.65 bar

TT35200
Ads A35530 20K
Clean evaszo
Available u N
Dirty O CVa5200 tig
CV35535 1 3% 4
221 %
1
-
100.0 % PT45530
3% 17.68 bar

€V35530
[}

TT35029

220K

HX35020

TT34010

687 K

TT34039

188 K

Regeneration skid

TT35539

221K

PT45040

17.55 bar

TT35209
147 K

L|-1 HV35209
,

T35400 Turbines
¥ ST35400
[ 1340 Hz
M Pr4s400 PT45409
W[ 12870ar ] 315bar

B TT35409

T35300 a
J

PT45309

Turbines

PT45300
: 10.18 bar 1.21 bar
M 1735300 Tras309

: 134K 68K
.

my 4 -

.
"
O\ CV35300 9

[0 &

7.0 %

Hn HV35309

.51 bar|

TT33010

TT33039

201K

58K

o
i

cvasaoo oy Ebcvzsm

384 % AW[1000 %
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Ccv3s40s
L]
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]

751 % cvasoos

[7a9% i;
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TT33019
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W\ CV019

LT73000

PT73000

1.35 bar| 128 %

PDT73001

13.4 mo

[EH73000_SP 1173000

(57
Im

cvaer1o

30 %
31%

cvasrig
e

|100.0 %

100.0 %

TT33710
463

CV34839

724 %

FE LR AL 12%
4K B 4558%

PT43710)
1

LT43710

3.12 bar

539 % FT43739
17.0 9/
TT34739 PT44630
1743720
461K 3.20 bar
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ol |
P P K supw:l
00.0 %
997 %
TT34829
0.501 kw [ 27
W Entie  WTSH 227K
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| 127 K EH34830_SP EH34820_SP |

= 726 % '
J— WEntie  WTSH
| CV34319 1734819 PT43649
2783 K 106 bar |
l o CRreum
v s |

Tr42009 Tr32010
+281C 69.0 K
g | —— - 5 S 0 E— ] TSheater: 10kW
224
oo @@ Clheater: 2.5kW
n::gzc = V33920 Cv34980  <fiPp,CV33930 V33940 CV34s ZK heater: 7,24kw
| praaots oo [00% AN 4 T -DIT% [00% Eébl_u
U ez o7 T rers e ) 7] 4K sepeator heater: 0.5kW
| XV43039
I o0as v L2 y
143029 W Ve - B 35801 PT43900
= Dewar bar
e AAtmospheric exchanger 3 1960K 109




SHINE Commission - 4.5K cold box

L B T
4:00:00 AM 6:00:00 AM A 10:00:00 AM 12:00:00 PM

PRI OUPRD VRN | o) = PRI o) oMy 1 o ’
Tt ST A Y R Ay Y Y \‘"(‘""‘r*."“":‘*"v"’-"ﬂ}‘ﬂa\v‘,f*”"»‘-“:‘m‘qr‘w " AL NUR O 1211412023 12/1412023 y 1211412 1211412023
TS Y A MY [y |

2:00:00AM 4:00:00 AM 6:00:00 AM 8:00:00 AM 10:00:00 AM 12:00:00 PM 2:00:00 PM
12/14/2023 121142023 12/14/2023 12/14/2023 12/14/2023 12/14/2023 12/14/2023

2:00:00AM 4:00:00 AM 6:00:00 AM 8:00:00 AM 10:00:00 AM 12:00:00 PM 2:00:00 PM
121412023 1211412023 121412023 1211412023 1211412023 12/14/2023 1211412023

Por_ | [Tk o] [Spee]: [Vane_ ]’
3002 200-  300- 1500 - 60—:

1 2002 150-  200- 1000 - 40 -
10- ! 1 1 1
052 005 00- 1007 500+

00 : 0 50 1 00} 0] L) aka I . b o,
10:00:00 AM 2:00:00 PW 2:00: 4:00:00 PM 6:00:00 PM 8:00:00 PM 10:00:00 PM 12:00:00 AW 0:00 AW 4:00:00 AM 6:00:00 00:0 10:00:00 AM 12:00:00 PM 2:00:00 PM
1211312023 121312023 21312023 1211312023 121312023 1211312023 12113/2023 1211412023 / 12114/2023 / 1211412023 121412023 1211412023

Name Y value X value/time stamp

PT45120 12.97 [i] 12/8/2023 7:50:35 AM [i]

PT45122 543011 12/13/2023 9:06:08 PM [i.]

ST35100 12/13/2023 9:05:47 PM




SHINE Commission - 2K cold box

Helium purification

2K Cold box warm Cold compressors
2K system

conditioning circulation installation
(CC. . Cl)

01.17 01.22 01.29

SHINE



SHINE Commission - 2K cold box

20240227
First reach nominal mode 2K , mass flow 187g/s , Inlet temperature 3.5K , CC Margin 14.5%

CC32200 C€C32100
ik [Ceme
. Water Water Water Viater
PDTE2408 PDTE2000

=

e [ 19.8 mbar [ 07 mbar
Cvazéoe FT62409 TT32409 TT32309 TT32209 TT32109 TT32100
187.22 gis 176K 135K 90K 51K 350K | A
\V4
99.2

100.0 % B[ 855 % B[ 905 % B[ 992 % B[ g1a%

397 % 590 Hz 585 Hz 32 He Thethie {m;og
.8 mbar

POT62400 PDT82300 PDTE2200 PDTE2100 PT62101
nHVE2419 | 349.6 mbar | 286.8 mbar | 146.2 mbar 36.9 mbar . 27 mbar

. L PT62409
845 mb
s oo

> A static mixer was added before the electrical heater inside the 2K CB in order to reduce the

flow instability in case the mass flow rate is higher than ~120g/s taking the lessons learned in
IBS project

SHINE



SHINE Commission - 2K cold box

> Oscillation was observed when the supercritical turbine T4 turned into operation and many
different measures have been applied to eliminate such effect in order to reach the nominal
performance of the whole cryoplant




SHINE Commission

SHINE

- 2K cold box

350
——4 K CB characteristic temperature
300 ——4 K supply line characteristic temperature
Thermal Shield characteristic temperature- 4 K CB side
250 —— Thermal shield characteristic temperature- 2 K CB side
—— 2 K CB characteristic temperature

X
2200
—
2
©
o
a,
£ 150
=

100

i :
i W ey ] /S ~45K Thermal shield
RV ONPPSPSUER V—-.
. . . e J : ~4K 4K vessel
2024/2/5 2024/2/6 2024/2/7 2024/2/8 2024/2/9 2024/2/10

Date

Figure3 : The characteristic temperature changes during cooling down progress



Commission of CDS at Cryo-station 1

> Commission of CDS at Cryo-station 1 had been finished

CDS 1st CDS for
5Ch I MTL .5 Ch I MTL Id ACCP 2
Pcoola:ir:::l:n in o:enrra“teion rcoo own P P
i 2 3 4
P
________________________________ cimm ooy Mprbem
1! . .
v 5 Channel MTL low heat load, vacuum 1 v First cool down of CDS verified the design and control ;
tight, no frozen :: v" First achieve 2K in the user side (feed-cap - test box),

2024411 A 23 H £ 30 HRE £ e AT LR AR TR 3 2024412 A Wil )e T S0 R R AT | |

PT85210 1V85200 PT85200

(003 Jbor HONM
<

TE85201

PR, FLImit
2K m B I TS




Commission of CDS at Cryo-station 1

> Commission of CDS at Cryo-station 1 had been finished

CDS for
PS Channel MTL .5 Channel MTL P Injector 1st r ACCP 2
cool down in operation cool down
B [ [ [ o [ o [ ]

P Injector cool r
down ready

v" Auto PID control was
implemented

v 19th July Cool down proposal reviewi
|

EHRE —

v" PID control to achieve Inj8 liquid level :
70.5+0.5% , Inj1: 75¢1% ;
v' 2K pressure 30.9+0.1mbar,

ISHIENBFRRIXGE

il [
e e

(GRS B ERORRT
2024578196

WM ) \BRERT




Commission of CDS at Cryo-station 1

> Commission of CDS at Cryo-station 1 had been finished

CDS for
PS Channel MTL .5 Channel MTL r P Injector 2nd ACCP 2
cool down in operation cool down
i ) 3 4
P P Leak tight
problem
__________________________________ e m e e e e e e e e e e e e e e e m = =

» Tth Sep Sub-atmospheric circuit leak untight was observed

v' Commission finished in October turned into operation;
v" Valve tight v

Since 18th Oct, long term continues stable operation
..:(."_“Err_ﬁfbe“ 9 weeks to support SRF commission,

= = H.

- Liquid level £1% , Pressure stability .
. £0.1mbar,

}"w' "‘w;}“r‘i\;.v\‘\‘M'
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Commission of CDS at Cryo-station 1

> Cryogenic transfer line performance had been tested

B A - A A e -

Process SAT

ES HE N=E=2= P § 2o wiHE
S}EN' |E SkW@2K | 3 630 m HilE  go5kfes 045 Lavtou 2
! NilE  2KES 0.41 .-
E-XFEL | 4kW@2K | 2 340 m SRS FBE e A it o=
— Structure SHBHEBEEHERE I8
LCLSII | 8kW@2K | 2 2552 m RXER 2Kl W/m .-
i (ARG o=
EXFEL 4 5K{it+ 1.57 M an : Ctu re i 2024/8/15 .-
LCLS Il 2KES 1.25 -8
2 ACC PS !SHINE tc:"“

DN

wk | &HE v ; e
m » d‘\\aw‘ ==

ARERES  0.126 L
pogiz3 5.10 7.8 PR

s oses oo NMESInstallation = U&=
R 5.15 7.8 5 i

O‘ I it Iclbl.UI

RRTHERT

Pre- mm - R e~ S
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Outline

>

> 3. Lessons Learned
>

SHINE



3. Lessons learned

Installation and commissioning

« Detailed communication with construction department should be done in advance to avoid misunderstanding.
 Enough manpower and spare parts are necessary if you want to speed up the installation.

» Important Tools(torque machine, leak detector... ) need to be calibrated and checked before using.

» Never relax the quality standards( cleanness., welding...), otherwise you will pay 5 times effort to fixed problems.

WCS

» Cleanness check and filter check are very important for start-up.

» Purifier is useful especially if you want to save helium during commissioning.

» Oil content of Gas at outlet of ORS need to monitor regularly especially during the first several months of running.
« The N2 impurity will influence the analyzer’'s measurement of oil content.

« Pay attention to the cooling water if you want stable operation( water quality, flowmeter type...)

« Vacuum for CB and cryogenic line need to be start as early as possible if you want to speed up.
+ Cleanness of the adsorber filters and turbine inlet filters are very important.

« Warm circulation of the whole system should be done if possible.

* Get the Spare turbines ready before you start the cryoplant.

SHINE



SHINE

® During the room temperature cycling stage, there are many activated carbon
particles/molecular sieve particles in the 80K&20K adsorber filter and the 4th stage turbine

filter
® Solution: It took more than 2 months, after 11 rounds of room temperature cycling,

multiple cycles of cleaning, which was severely time-consuming. The filling process needs

to be improved

SHINE




Outlook and Summary

SHINE



Your comments are highly appreciated!

Many thanks!




