SHI P

Cryogenics Group

Efficient cooling solution
Andreas Euler
Sumitomo Heavy Industries
Cryogenics

@ Sumitomo Heavy Industries, Ltd.



-
Corporate Information M

Cryogenics Group

«©» Sumitomo Heavy Industries, Ltd.

Head Office : ThinkPark Tower, 1-1 Osaki 2-chome, Shinagawa-ku,
Tokyo 141-6025, Japan

President: Shinji Shimomura

Founded: November 20, 1888

Incorporated: November 1, 1934

Capital: JPY 30,872 million (as of December 31, 2023)

Number of Employees: 25,303 (as of December 31, 2023)
Tokyo, Japan
HQ

Annual Revenue: 1,081.5 billion yen (FY2023)
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Corporate Information SHI

Cryogenics Group

SEGMENT 4 SEGMENT 1
Energy & Lifeline Oil Tanker Mechatronics
e
] ,, Cryocooler
Cooperation Robot CYCLO®Drive - e MEurhp

“Sawyer”

"SICERA@"

- Preci-sion
Water Treatment Equipment
Facility Group

. i—\. Stirling cooler

. (for Space use)

Automatic
Gantry Crane

2 i A
Annealing Tool Proton Therapy
Crawler Crane Storage System S
i SEGMENT 2

- Electric Injection
Hydraulic Excavator Molding Machine

Industrial Machinery

SHI CONFIDENTIAL

@ Sumitomo Heavy Industries, Ltd.




History of SHI Cryogenics Group SHI<®

Cryogenics Group

gM-JT | Vacuum Robot Vacuum
r r
Chiller for Marathon ' Y¢00'€ » Component
10K GM 4K GM Wafer test Cryopump 4K PT '
Cryocooler Cryocooler e Cryocooler
_ e SICERA
' Cryopump k24
b

Start vacuum robot business
by acquiring PERSIMMON

Establish China company SCSL

_— Released SICERA cryopump for I/l and PVD tool

Enhance the product line by acquiring DAIKIN Cryogenics
Start the China service business SCGS

I — SHI Acquires IGC-APD Cryogenics, SCEL Established for UK/Europe

—— Establish the German Company Service & Sales SCEG
‘— Establish the US company SCAI

—— 4K GM Cryocooler for MRI
L— Cryogenics business Started, 10K GM Cryocooler for Cryopump
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New compressor platform - E-77 SHIZ®

Cryogenics Group

existing new cooling  coldhead compressor
compressor compressor version inverter inverter
F-50 H/L E-77N H/L water no no
F-50S H/L E-77S H/L water yes no
E-77V H/L water no yes
E-77AH/L  water yes yes

One platform, many different
options.

Also, an air cooled and hybrid
(water and air cooled) version
will be available soon.

Comp INV: 30-60Hz
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Advantage of inverter use SHI <2

Cryogenics Group

With inverter for capsule (compressor) and
coldhead there is the possibility to adjust power
consumption and cooling performance — we have
investigated below cases:

[

A:Changing Comp and CH\ B:Changing Comp only C:Changing CH only

mgm

CH
Comp

CH
om0 50 0
B O

50
O a0
O 30

*High energy saving effect *High energy saving effect *Increase excess power consumption
\ *The best setting to keep cooling power *Cooling power will be smaller than condition A *Cooling power will not drastically be changed
y.

O

Condition A is the most efficient
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Case A — dual inverter use SHI %2

Cryogenics Group

—— Comp=60Hz,CH=60HZ —— Comp=50Hz,CH=50Hz ~——— Comp=40Hz CH=50Hz

Comp=30Hz,CH=40Hz - - — Spec Power consumption [kW]
6 .
55 ! 1st stage heat !080 |
=Y - ... x
o g | 2nd stage
245 hosi e PREEY 69~7.1
42 - m 54~558 KTt WE 5.7~5.9
5 4 40~43 00 V] 42~45
g, 35 | 2.9~3.2]{ 3.0~3.3 ENVaRK]
§ 3 In the Load map within this document,
N When compressor frequency is 60Hz,
2.5 1st stage heat load is 60W at maximum.
oW When compressor frequency is 30~50Hz,
2 1st stage heat load is 53W at maximum.
20 30 40 43 50 60 70 80

1st stage temperature [K]
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Case B — capsule inverter only SHI <3

Cryogenics Group

— Comp=60Hz,CH=60HzZ —— Comp=50Hz, CH=60HZ —— Comp=40Hz,CH=60Hz
Power consumption [kW]

~—— Comp=30Hz,CH=60Hz - - - Spec
8 1st stage heat load I
5.5 . |:> iy 53 or 60W !
T ? 2nd stage
X 5 ] | | |
g ;heat load | 50 40
© 45 m 6O MNESEY 69~7.1| 7.3~76
42 -~ ‘ S50 EENE 55~5.7| 57~59
g 4 ' VEESEY 42~44| 42~45
% - S0P IeyE 3.0~33] 3.0~33
§ 3 | ; In the Load map within this document,
~ When compressor frequency is 60Hz,
25 : | | ‘ 1st stage heat load is 60W at maximum.
=88 : | | f ' When compressor frequency is 30~ 50Hz,
2 1 ' : ‘ 1st stage heat load is 53W at maximum.
20 30 40 43 50 60 70 80

1st stage temperature [K]
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Case C — coldhead inverter only SHI <2

Cryogenics Group

— Comp=60Hz,CH=60Hz —— Comp=60Hz,CH=50Hz

Comp=60Hz,CH=40Hz - ~ - Spec Power c(::o:sumgtion kw]
8 ' | gast | | Freq
55 - | ; ; ; 4 ! [Hz]
g . 1st stage heat load | | | | Freq
o I:> m | | | Hz 60 50 40
‘é 45 i : | | | 60 5 D: 6.0 .
§ 4o EEEEEEERE R 2 | | | 50| 5.4~55| 55~57| 57~5.9
§ 4 | HH - | | 40| 4.0~4.3| 42~44] 42~45
%3'5 : ! 30] 29~3.2f{ 30~33| 3.0~33
§ 3 : 1 2nd stage heat load |
o~ ! ‘ ‘
1 |
B [ ow
|
2 |
20 30 40 43 50 60 70 80

1st stage temperature [K]
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Conclusion inverter use SHI

Cryogenics Group

« With only coldhead inverter the power consumption is
not changing much (below 10%;, the no load
tempc?rature of the 2" stage is decreasing with lower
spee

« With capsule inverter only the power consumption can
be halved (60Hz vs 30Hz¥ at the costs of coldhead
performance. With 40Hz the performance is not far
from spec.

« The dual inverter version gives the most flexibility.
With 40Hz capsule speed and 50Hz coldhead speed
2"d stage is within spec, while 1st stage is only ~3K
walrmer than spec - with 20% energy savings vs. 50Hz
only.
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Efficient “single stage” 4K cooling SHL<®

Cryogenics Group

,old“ idea in new design — combining a GM-
cryocooler with a JT-stage as one compact
solution

|

Actual design pictures from SHI web:
https://shicryogenics.com/product/rjt-100-4k-gm-jt-cryocooler-
series/

v

https://www. researchgate.net/profile/Ronald-Ross/public’ation/30601 5401 /figure/fig21/AS:1155016790425609@1652388870597/Sumitomo-
hybrid-GiffordMcMahon-JT-coldhead-for-4K-cooling.ppm
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Cooling power comparison

SHI P

Cryogenics Group

RDE-412D4 RDE-418D4 RP-182B2S
(GM) (GM) (PT)

4K cooling capacity 1.25W@4 2K 2 0W@4.2K 1.5W@4.2K
Power consumption 3 1 7.5kW T.5kW 14.5kW
COP %2 1.7x10™ 2.7x10™ 1.0x10™
Cool down time <1h <1h <1h
Reaching temperature =3.5K <3.5K <2 8K
Weight <18.5kg <20.5kg <28kg
Compressor unit F-50*1 F-50 *1 F-100*1
Limit of maximum heat load No limit Mo limit Mo limit
Orientation Free Free Vertical

»¢1:Except for shield cooling system
#2: COP=4K cooling capacity(W) / Power consumption(W)
%3 :Horizontal is optional. It may cause decreasing of cooling capacity.

RJT-100ST
(GM-JT)

9.0W@4.2K

14 1kW

6.4x10™

Approx. 13h
(#Without heat load)

42K

<70kg

E-77A (For GM) * 1
J117V (For JT)x 1

=9.0wW

Vertical
Horizontal 33

(Catalog spec)
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How does it work? SHI

Cryogenics Group

JT

CMP
GM-JT cryocooler is Joule-Thomson (JT) L l T by GM Cryocooler fp.:"'p
cryocooler using two-stage Gifford-McMahon (90kPa) L a() (2 1MPa) - - —

(GM) cryocooler as pre-cooler of GHe. i i -EI:F:D"
| |
| |
|

» The 4K cooling capacity utilizes the latent heat
of LHe, and its features are large capacity and

i i L L 1% pre-cooling
superior efficiency compared to GM and Pulse += - ~  stage
Tube (PT) cryocoolers.

* Due to the large capacity, the number of

cryocoolers can be reduced at your system, | 2" pre-cooling

- u u " 5lage
leading to reduction in maintenance costs.
—

» There is no pressure pulsation due to valve 37 & 4" HEX

like GM, so temperature fluctuation is very low. U orifice —
: : (JT expander) S .

* Compressor units have inverters, L N”/ Radiation
£ c . . . LHe Shield
it is possible to adjust of cooling capacity and (Frareage ) /"

I

power consumption. A s

| Customer
- System
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Two compressors for one ,,coldhead" SHI <&

Cryogenics Group

GMLP O=—
J GMHPQ

2ndI

. 1
Orifice Radiation

shield :
Ny
|

stage
'g About |
40K

stage |

1st (=ooling

|
cooling

» JT return(-0.011MPaG)

JT supply (2.1MPaG)

Compressor unit
for JT

» GM return (0.5MPaG)

>

1 Vacuum

1 Vessel

! Flexible
hose

GM supply (2.1MPaG)

Compressor unit
for GM

Compressor

E-77A (For GM)  J117V (For JT)
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Only cooling at 4.2K SHI <

Cryogenics Group

20 |  The heat load is from OW to Maximum,
it can utilize the latent heat of liquid He,
so the reaching temperature is stable at
4 2K.
(The reaching temperature does not
change due to heat load unlike GM and PT)

- 4.2K * The heat load is over Maximum, it can NOT
Maximum utilize the latent heat of liquid He,

[ Heat Load so the temperature keep rising and can

0 . 10 15 .0  NOT be stable. (Overheating)

Heat Load [W]

=
w

JT return gas
temperature[K]
o

4
@
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Conclusion GM-JT SHI %P

Cryogenics Group

« The GM-JT is a energy effective 4K cooling
solution

* A shield cooler is nheeded in some cases
decreasing the COP calculated

« 5 RDE-418D4 or 1 GM-JT (+ 2 single
stage) — the footprint and compressors
make the difference — higher investment
vs. lower running costs
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SHI %P

Cryogenics Group

Thank you
SH/ L

Cryogenics Group

Committed to providing the best in Cryogenic
Products and Services .... The World 's Leading
Supplier of Cryogenic Cooling and Cryogenically
Cooled Solutions
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