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Design Technologies of Silencer for Oil-free Screw Compressor

Shinsuke AOYAMA + Masato HAYASHI - Shugo TAKAKI + Masahiro KIKUCHI - Ichiro YAMAGIWA - Dr.Yasuto KATAOKA
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Abstract

To realize carbon neutrality, the demand for environmental application facilities that utilizes electricity derived
from natural energy is expected to increase, and compressors that can handle the load fluctuations of such
equipment are required. By applying a variable speed drive, an oil-free screw compressor can handle the load
fluctuations of environment-related equipment, as well as gas capacity control and power reduction.

The variable speed driver, however, generates pressure pulsation at a wide band of frequencies which causes
vibration and noise.

This paper describes the pressure pulsation of oil-free screw compressors, the principles and characteristics of
silencer components, and the design technology of silencers. Also introduced is the development of a silencer
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for oil-free screw compressors that exhibits wide-band sound reduction performance.
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Kobe Steel’s Efforts to Meet the Growing Market Need for Larger Turbo
Compressors
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Abstract

In recent years, as various plants have grown in size, there has also been a demand for larger compressors
and other key equipment. Kobe Steel has been working to meet the needs of customers who are looking for
more extensive and more efficient compressors in oil and petrochemical plants, such as EO/EG (ethylene oxide/
ethylene glycol) and PDH (propane dehydrogenation), as well as air separation, which has traditionally been the

FEATURE : KOBELCO Machinery - Stay Close to Customers’ Value Creation

main application of turbo compressors. This paper discusses the details of these efforts.
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Abstract

The momentum for further energy saving and low carbonization has increased worldwide in recent years.
KOBELCO COMPRESSORS CORPORATION has been selling oil-free screw compressors, ALE series, that
emphasize energy saving, and has now developed the series of 55 to 120 kW. Compared with the previous
model, the new model has improved energy-saving performance by adopting a high-efficiency motor and
reduced pressure loss. It has also enhanced usability, such as lineup expansion of inverter machines and dryer
built-in models. This paper introduces the main features and technology of the newly developed compressor.
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Fig.1 Exterior design of new model
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Fig.2 Interior design of new model (air-cooled type)
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Fig.3 Interior design of new model (water-cooled type)

Main motor
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Table 1 Lineup of new model

Discharge Air-cooled
pressure
(MPa) Std |Inverter| Std |Inverter

0.75
551 0.86
10432
0.75
751 0.86
10452
0.75
75Fx3 0.86
104522
0.75
90 0.86
10432
0.75
100 0.86
10452
0.75
120 0.86
1.04
31 This models include integrated refrigerated dryer.
32 Air-cooled type is 1.00.

33 The compressor elements of ALE75F are different from ALE75.

Model Water-cooled
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Fig.4 Comparison of specific energy between previous and new
models

100

95 | - / —

-
920 -
=

85 -

Efficiency(%)

s | |
80 e —_— ALE75Y I
| ====- ALE75V III

75

0 30 60 90 120 150
Load(%)
5 IPME— Z D
Fig.5 Differences in IPM motor efficiency
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Development of Performance Evaluation Platforms for Journal Bearings

and Labyrinth Seals
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Abstract

aal B & OB g

Journal bearings and labyrinth seals used in turbo compressors and screw compressors are critical machine
components that ensure the rotating machinery achieve the specified performance and stable operation.
For this reason, it is necessary to accurately predict their performance (static characteristics and dynamic
characteristics) at the design stage. Kobe Steel has developed a performance evaluation platforms for journal
bearings and labyrinth seals, combining experiments and analysis technology, and is exploiting it in product
design and technology development. This platform uses advanced analysis technology such as CFD and
further includes bearing performance calculation functions based on surrogate models and one-dimensional seal
performance calculation tool, achieving highly accurate performance prediction while reducing calculation costs,
contributing to improving compressor reliability, and streamlining design and development work.
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Table 1 Test bearing specification

Bearing diameter (mm) 101.6
Pad length (mm) 76.2
Number of pad (-) 4
Radial clearance (mm) 0.162
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Pivot offset ) 0.6
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Fig.3 Experimental results of static performance
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Fig.4 Experimental results of dynamic coefficients
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Abstract

The largest-ever LCM-620IM continuous mixer for polyethylene resins has been developed, and the first
unit was shipped in 2024. This machine has a production capacity of over 100 tonnes per hour, improving
production efficiency. By applying intermeshing rotor technology to a commercial mixer for the first time, this
mixer achieves the same or better mixing performance with 12% less energy consumption compared with our
company's conventional machines. In response to the increasing volume of polyolefin production, improving the
mixing performance and production capacity will contribute to reducing CO, emissions and achieving a carbon-
neutral society. A customer has also placed an order for the LCM-560IM and its intermeshing rotor technology

FEATURE : KOBELCO Machinery - Stay Close to Customers’ Value Creation

is highly regarded in the industry.
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Table 1 Main specifications of LCM

Model No. Power Rotor Rotor Rotor length Typical

speed diameter production
rate

(kW) (rpm) (approx. mm) (approx. mm) (ton/hour)
LCM-360 9,600 550 360 5,800 43
LCM-400 11,800 500 400 6,300 59
LCM-450 15,000 440 450 7,100 75
LCM-500 18,000 400 500 7,800 90
LCM-560 23,100 360 560 9,100 116
LCM-620 26,300 320 620 10,000 132
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Abstract

This paper introduces corrosion and abrasion resistant materials for the BB Mixer. Early thickness reduction of
the surface coating material, which is thought to be caused by corrosion and differs from conventional abrasion,
has been observed in the internal components of the mixing chamber (Casing, Rotor, etc.), which is attributed to
changes in the mixed compounds.

As a result of evaluating the corrosion-proof performance and wear-proof performance of the materials KA#T1
and KA#93, and adhesion performance of chrome plating on KA#T1 and KA#93, which were developed
to solve the problem of corrosion while also providing abrasion resistance, it was confirmed that they have
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significantly superior performance compared to conventional materials.
BB mixer using the developed materials have been adopted and well received by many customers.
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Fig.3 Surface material structure
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Abstract

A new PC-based standard control system, BB mixer Monitor & Controller (BBMC), has been developed. The
BBMC has been designed to overcome the limitations of conventional systems, such as data processing capacity
and the complexity of software management. It has realized multi-functionality to utilize rapidly advancing
digital technology. Many customers have already adopted the system, and customer needs are expected to
expand. By responding to these needs quickly and flexibly, Kobe Steel will strive to increase the rubber mixer's
added value and further increase customer satisfaction.
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Recent Status of Ferrous and Non-Ferrous Rolling Mills
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Abstract

The Machinery Business Division produces rolling mills and their upstream and downstream apparatuses, the
design of which requires thorough consideration and realization of each customer’s operational know-how and
needs. This paper introduces ideas for minimizing construction time to reduce shutdown periods, proposals for
energy-saving equipment when updating aging facilities, and cases of responding to customer-desired equipment
specifications in rolling mills for steel. In the case of a non-ferrous foil mill, the control model has been improved
to be nonlinear in response to the need for high-precision automatic shape control of foils. This has included
machine learning of the control correction know-how of experienced operators to improve the precision of the
actuator presets, which has in turn resulted in an improvement of approximately 10% in the flatness of the
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steady state portion and a halving of the tip shape correction time.
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Trend Chart of Preset Rolling Force And Speed
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Hydrogen Utilization in Boilers and Industrial Furnaces Using Hybrid
Hydrogen Gas Supply System

Hiroshi IMAYO - Koji TANAKA - Kiminobu KAGAWA - Dr. Akira MATSUOKA - Kazuki MURAKAMI - Dr. Akitoshi FUJISAWA

EE5

B FEFBEE LTCO, 7Y —AKEEH SN TS, KFEHE~OBEMICBNT, KB KFEMGEAL 75
PEEND T TR, AV A PTHIABENZMo TREZEEL, ZORHTHHT S [T 0 KFEH)
W] PBENTH S, LHL, B ABRBDILEMRIELED L, 2T, B TRREELKEMLGEE
By 5720, [ ABHHROKE] & [ L2EAKE] OZo0REMRGIHEZ 72 N1 7Y v K
RKRFEH ARG S AT 2] OR%E, Fire DTV 5,

F72, KZEZAATLRMBICBVTCIE, BEAFRMORBBARSEREN 2 1T) O Tk <, BEAF i % i KRG
AL 2SRRI 2 2 E D BIENTD 5,

DX ) ITRERE~OBELMICB VT, AKEOBFAM &AM OB 7 O THER 2 AEMRK - FIH O
O #EZ TV ZEDPEETH Y, YHEBEETNICB VT, KEORE, HEH1S, KL F3BIOMBFETO
KEMPETO—HEDOEIHNZMD L Z LT, KEHEEH~NOFWEZ HIEL TV 5,

Abstract

COyfree hydrogen is attracting attention as a decarbonization measure. In transitioning to a hydrogen society,
the use of hydrogen in a local production for local consumption model, utilizing electricity derived from
renewable sources for on-site production and utilization of hydrogen, is a realistic solution until a large-scale
hydrogen supply infrastructure is established. However, electricity derived from renewable sources faces the
challenge of ensuring a stable hydrogen supply. To counter this, Kobe Steel is developing and demonstrating
a hybrid hydrogen gas supply system that combines two hydrogen supply sources: hydrogen derived from
renewable energy sources and stored liquid hydrogen.

In addition, it is more realistic for facilities that use hydrogen to convert fuel while making the most of existing
equipment rather than undergoing large-scale modifications or renovations. Therefore, in transitioning to a
hydrogen society, it is important to consider how to start a realistic hydrogen supply and utilization system
from the perspectives of both hydrogen suppliers and users. Kobe Steel's Takasago Works strives to realize a
hydrogen society by demonstrating a series of steps, from hydrogen production and supply to hydrogen use in
boilers and heating furnaces.
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Development of HHOG Utility-Less machine, “All-in-Plan”

Satoru TAKAO - Sueki NAKAO
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Abstract

As the market for green hydrogen and water electrolyzers that produce hydrogen is expected to increase in
the future with the goal of achieving carbon neutrality in 2050, Japan has been leading the world primarily
in terms of technology, mainly for the realization of a hydrogen society. Since the launch of the HHOG® high-
purity hydrogen oxygen generator in 1996, Kobelco Eco-Solutions Co., LTD. has delivered more than 250
units, the largest number in Japan for a water electrolysis system using a polymer electrolyte membrane. We
recently commercialized an all-in-plan unit (AP machine) that minimizes the utilities required to operate the
equipment and delivered the first machine to a customer in October 2024. Going forward, we will continue to
anticipate customer demands, expand our lineup of large-capacity options, pursue cost reductions and durability
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improvements, and contribute to the future of a hydrogen energy society.
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Table 1 Equipment specifications

Device name

High-purity Hydrogen Oxygen Generator (HHOG®)

Model CH-10D

| CH-10D-AP

H, generation method

Polymer Electrolyte Membrane Water Electrolyzer (PEM-WE)

Dehumidification method

Thermal Swing Adsorption (TSA)

Generation amount Max 10.0Nm?/h
Purity More than 99.999%
H, gas
Pressure 0.82MPa (Gauge pressure)
Dew point Less than -70°C (Under atmospheric pressure)

Required utilities

Power supply
Water supply
Cooling water
Instrument air
Nitrogen gas

Power supply
Water supply

Enclosure Optional

Standard specifications
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Fig.2 Performance test apparatus of N, generation unit
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Fig.3 Measured N, flow rate under different inlet air pressure
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Table 2 Air fin cooler specifications (extraction)

ltem Specification

Heat exchange method Air-fin cooling

Piping material SUS316L
Fin material A1050P
Power supply ®3-200V

W875x D875 xH750

(Excluding protrusions)

External dimensions
(Unit : mm)

_(inlet)

-
e

Duct - Piping connections

|
B —[ |

0

H
‘ 970 550 2200 550

R4 R
Fig.4 Station housing
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Demonstration Tests of Three Types of Liquid Hydrogen (LH,) Vaporizers

Yasutake MIWA + Tomohiro SUZUKI + Shinji EGASHIRA - Masataka AZUMA - Yoshihiko TSURU * Takumi NISHIMURA
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Abstract

Kobe Steel owns multiple types of liquefied natural gas (LNG) vaporizers to suit various applications and is
developing liquid hydrogen (LH,) vaporizers based on the design and manufacturing techniques the company
has cultivated over many years. Liquid hydrogen is stored at —253°C and must be processed at a temperature
approximately 100C lower than LNG, posing great technical challenges for a heat exchanger. Therefore,
reliability should be secured by conducting actual liquid demonstration tests to back up performance and
thermal stress calculations. To this end, a small demonstration machine has been prototyped to conduct
demonstration tests using liquid hydrogen. This paper describes the current status of demonstration tests of
three types of vaporizers with different characteristics: an intermediate-medium vaporizer (IFV), an open rack
vaporizer (ORV), and a microchannel heat exchanger (DCHE).
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Table 1 Liquid hydrogen vaporizer product lineup

Liquid hydrogen vaporizer product lineup

Type (3) DCHE
Appearance
syl £ o i oo
Material: Stainless steel, titanium (for seawater) Material: Aluminum alloy + thermal spray Material: Stainless steel
@ Eliminates the risk of freezing seawater and ® Uscs seawater as heating medium. making ® Enables downsizing while maintaining high
industrial water by using propane as an it an economic solution for mid- to large- thermal fatigue strength.
intermediate fluid. Suitable for mid- to large- scale vaporizers ® Uses brine as heating medium.
Features scale vaporizers. ® Scawater is an open system, making it ® Enables the use of cold encrgy through the
@ Enables the use of exhaust heat from nearby difficult to use cold energy secondary use of heating medium (narrow
facilities. ® Allows for the transition of an LNG power temp. range)
® Enables the use of cold energy through the plant to a hydrogen co-firing plant using
secondary use of heating medium (wide temp. existing intake/outlet facilities as
range is
s?ﬁe"&gie Completed in March 2023 Planned to begin in March 2025 Completed in March 2024

Vaporizing volume by application

< $ DCHE
< » ORV
el »
< » v
H, refueling stations Ships
Small-scale industrial furnaces Large-scale industrial furnaces
Small gas turbines Medium gas turbines Large gas turbines _
1,100 11,000 110,000 1,100,000 .
0.1) (1.0) (10) (100)

Liquid hydrogen vaporizing vol.
( Liquid hydrogen vaporizing vol.

(Nm3/hr)
(tons/hr) )

LH, (tube side) is vaporized by heat with condensation of propane (shell side)
Propane is condensed by LH, on the surface of tubes and drops to the bottom
of the shell

E-2 LH, vaporizer

Connecting piping T, I A
e ¥ o =

(Sea) Water
inlet

%/—/Intermediate fluid (propane)

E-3 H, heater
Hydrogen gas (shell side) is heated by
(sea) water (tube side) up to ambient
temperature

E-1 Intermediate fluid vaporizer
LF (shell side) is vaporized by (sea) water (tube side)

1 IFVHE&
Fig.1 Schematic of IFV

2 FEAEHIFV o448l

Fig.2 Outside view of IFV for LH, vaporization demonstration
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1.4.1 RESIEOHEIER

X 5 (ZFEFEEIE D S5 SN G LK ERRE S X 0Kk
FEEREO %2 RT . 1R L2720 % L7z
SALT AW S, HkEE T b MO A
PR FRTREMNILH, 25/t TE 52 L2 %552
LIRTE T,
1.4.2 FEEFEOREEREERER

LH, B & 0 BRI A Sm i BA (Tasy) a3,
LH, Dt B2 F00 L CHifs 3 22 £ 2 Tw
7275 BGIWRTYA NI 2050 HEMKASES
X ONEERT— 5 205, L, MEHEENZ RN T, &5
OWEER (Ta8y) P LRI L AT S C
ENTET,

Electric heater Circulating

water pump
—O—
waterlr
H, gas
r—
A

T
ank Sh_f Chilled water

valve Circulating water tank

3 LH, AL oming 7 o —

Fig.3 Schematic flow of LH, vaporization demonstration facility

] ql 1 i

LH, t

4 LH,RACIERER M D 45t
Fig.4 Outside view of LH, vaporization demonstration facility

K2 LH,%AbFERERER S
Table 2 Test conditions of IFV for LH, vaporization demonstration

Condition Casel | Case2 | Case3 | Case4 | CaseS
H, flow rate
(Nm3/h) 1,200 1,200 1,200 1,200 1,300
H, Press.
(MPaG) 0.70 0.70 0.70 0.40 0.70
CW flow rate
(m3/h) 8.0 6.8 4.5 8.0 8.0
CWinlet Temp. |, 20 30 20 20
(°0)
gi\z::;& Above | Above | Above | Above | Above
C) 10 15 20 10 10

1.4.3 AHLTE) H URRGER

7 ICKERBEZ LB S LG EOWHEKROAILB
JOMIREDOBEREZ RT . KEH A, WAL 258
U HI S NAEBKIL, WEOERIFIIC B W TS
O AFTEBFIC B W T D RE L2 KIRE oM
PEIEND, RIEAEETIIRERELSHICBVTD A
FIRIR20C ISR L CTI0C UL % H &SNz TCRED S
KEEE LU TERTRETH 52 EWMERIN, LELL
BN WD 2 L RFET D ENTE,
1.4.4 BICHBTOBEREREGICHTICHAELD

Kb LU

MEEICX ) @IS AL 5 & PRI NS B8
FADIGTCHEH L, EEmFOmES X ORAERD

40 - - 1,600
35 1 H, flow rate - 1,400
& J Gl
30 - 1,200
. -
— =
& 25 L 1,000 E
£ Water inlet temp. %’
220 - 800 £
é‘ H, outlet temp. g
515 2 - - L 600 2
et
10 A ) - 400
1 hour 40 minutes
5 | L 200
0 T T T 0
11:00 11:30 12:00 12:30 13:00

Time

5 FIEREEOSALKFKIREE S & UK o — 6l
Fig.5 Example of H, outlet temp. and H, flow rate trend during
demonstration test

Propane condensation on
E2 heat transfer tube

6 VA MNFITARLHE LT u Ny OIRE
Fig.6 Photo of propane boiling and condensing behavior from sight

Propane boiling on
El heat transfer tube

glass
40 1 r 1,600
35 A H, flow rate F 1,400
30 4 M F 1,200
o e : =
€254 L L 1,000 E
% §  Water inlet temp. b é/
£ 20 m~ o~ .I\/VWL 800 2
s . z
£ 15 | Vpadader 600 2
= o
T
10 1 Water outlet temp. r 400
Ny S N |
5 A F 200
0 T T T 0
14:15 14:45 15:15 15:45 16:15

Time

R 7 KFREEBIBT BIEBAKO AT O LT R E
Fig.7 Trend of water inlet and outlet temp. during H, flow rate
fluctuation
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Fig.8 The structure of ORV and outside view of ORV for LH,
vaporization demonstration
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Fig.9 Schematic structure of DCHE
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DCHE's special design (structure) for vaporizer (1) : “1Cold : 3Hot Design”

Shell&Tube HX (Conventional type)

DCHE

Heat exchange
performance
between hot
medium and

1Cold : 3Hot Design (Anti-freeze structure)

Hot 1
(Glycol Water) -_— e

Heat exchange can

continue between

NG
significantly
reduced

1Cold : 1Hot (Conventional design)

When ice accretion occurs, the ice acts as

heat transfer re

psistance, resulting in

reduced vaporization performance.

Cold
(LNG/LH2)

Hot 1 and Hot 2

Hot 1
(Glycol Water) t

Hot 2 L
(Glycol Water) —

- Pl

: S

Hot 1 TV '

(Glycol Water)

Cold
(LNG/LH2)

Naw/ Q 7 o/

Hot 1
(Glycol Water)

Hot 2 is not in contact with Cold layer(LNG/LH2), and even if ice |
accretion occurs on Hot 1, heat exchange is possible at Hot 2,
which can deter the decrease in metal temperature. (To prevent
1 Is)

blockage of Hot 1 ch

1 Cold : 3 Hot Design improves the freezing

I

istance of hot di

It is expected to suppress

performance degradation even when freezing occurs.

10 SHGEEEIEREE (1cold : Shot 7FH A )
Fig.10 Anti-freeze structure (1 cold : 3 hot design)

DCHE's special design (structure) for vaporizer (2) : “2-Zone design”
Prevent the freezing of heating medium at vaporizing zone and splash entrainment

Gas out Image of cryogenic fuel channel design

-

Item

Fuel gas heating zone

Fuel Vaporizing zone

Channel pattern

Heat transfer
efficiency “High” type

Heat transfer
efficiency “Low” type

High

Low

High (High heat transfer
performance)

High (By heating
medium temp)

[ Heat transfer
Gas heating zond _ U%! Vaporizing zone area x Efficiency
) Metal
] temperature
. Increase the freezing resi

of the hot

.

by increasing

the wall temperature of the hot water channels.
Cryogenictuelin It contributes to stable vaporization performance.

BT SIS (27— > 791 »)

Fig.11 Anti-freeze structure (2-zone design)
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%3 RFERLMEEREHE DCHE #ic
Table 3 DCHE specifications for hydrogen vaporization performance

test
Vaporization capacity
(liquid hydrogen) 18.9ke/h
Basic specifications Type Micro channel heat exchanger

Material Stainless steel type 316 L
Inlet temp. (°C) -253

Design specifications (path A) o

Fluid: liquid hydrogen Outlet temp. (°C) 30
Operating press. (MPaG) 0.3

Design specifications (path B) Inlet temp. (°C) 40

Fluid: ethylene glycol water Outlet temp. (°C) 35
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Fig.12 H, outlet temp., H, flow rate and heating medium pressure
drop trend during performance test at design point

g4 FEME & RBRIELIE D 5 3R D 72 UA i
Table 4 Comparison of UA calculated from design value and
actual test value

Item Design Actual measurements
Heat duty (kW) 23.0 253
Logarithmic mean
temperature difference (°C) 69.5 40.2
UA (kW/°C)(*) 1 Over 1.5

(*) It is defined 1 as a design point.
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Compressor for LNG Carriers

Yoshiharu IKEGAMI + Satoshi TEZUKA

BE

AR D BREERHR IS DO LFNED S, AR > ¥ 2120%, FEMPIHI KA 2 S L L CTHAT & 2 ookiE
B(72) Ex YN, BEHHEE SN IZTETOLNGERB TR SN TS, UE (X-DF), ®E (ME-
GD) OB T > T 3B 2 %, MtLIZ B OB OIRE LT AR R L T b, AT
1, NGO LNG & » 7 5384:9 % BOG (KA VA 7 HR) 2R LT VY v~ OB 7 A &
RFEBOG OB GO/ AMKG Y AT 22 BE T 5 & L HIT, BFHBOMBRA 7 ) 2 EMitkB LU0V ¥
TUIEMEORBE MBI L7 72, WLKFER & v o 22132 OB B~ OB IR T % R E % ik

~7z,

Abstract

Due to the need to comply with environmental regulations for ships, dual-fuel engines that can use natural gas
in addition to heavy fuel oil have been adopted in nearly all newly-built LNG carriers in recent years. While
there are two types of propulsion engines, low pressure (X-DF) and high pressure (ME-GI), our company offers
the optimal compressors for fuel gas supply for each type. This paper outlines the fuel gas supply system
for propulsion engines that uses boil-off gas (BOG) generated from the LNG tank of LNG carrier, including
the re-liquefaction of excess BOG while also explaining the characteristics of oil-flooded screw compressors
and reciprocating compressors for this application. Furthermore, it discusses the prospects of technological

development for other environmental vessels, such as liquefied hydrogen carriers.
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1.1 ME-GIHRAHIES X T LA
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Integrally-geared Centrifugal Compressor for Carbon Capture and Storage
(CCS) and Long Duration Energy Storage (LDES) Applications

Komei FUJIOKA

EE5

VAR, HAOBIEESDE T A %0, MRS ES ZAOHIRE B L+ 5 ZERILRZERIL - 7% (Carbon
Capture and Storage : CCS) IZBWTHILL 72 CO, & # FE R EIEAT B EED CO, EMtEZ S L, Ut
WNTCO, W ARV BEFIRETOEERREZ EL /2. 72, FMHAEIUFIRTw IRz AL ¥ —
7 (Long Duration Energy Storage : LDES) BT 58Ny 7V — 3 257 2 0 E LM, Sy A
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Abstract

In recent years, as environmental awareness in society has increased, Carbon Capture and Storage (CCS) has been
implemented to reduce greenhouse gas emissions. Kobe Steel has developed a high-pressure CO, compressor
for injecting captured CO, into underground reservoirs and conducted pressure tests in a supercritical state
using CO, gas in its factory. Meanwhile, the charging compressor for the mechanical battery system in Long
Duration Energy Storage (LDES), which is expected to undergo technological advancement, faces technical
challenges in handling high-temperature gas and operating conditions that require daily start and stop. Kobe
Steel is addressing these challenges by combining its own technologies and know-how the company has
cultivated to date. This article explains Kobe Steel's product development and approach to technical issues for

FEATURE : KOBELCO Machinery - Stay Close to Customers’ Value Creation

centrifugal compressors to support its customers by creating a better environment.
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Table 1 Specification of development target for high pressure
CO, compressor

Application Prototype
Type Integrally geared
No. of stage 8 stages
Gas handled co,
Capacity 140,000 kg/h

(72,500 m3/h)

Suction / discharge 0.01/ 20 MPaG

pressure
Shaft power 16,600 kW
Driver Motor (18,500kW)

3 EIE CO, JT i b B s 7% & S BRE il 4181
Fig.3 Overview of high pressure CO, prototype compressor and
test facility
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Heat Pump Chiller Using Non- Fluorocarbon Refrigerant

Dr. Kazuto OKADA
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Abstract

This paper describes the status of technological development aimed at low GWP refrigerants for high-
temperature water extraction screw-type heat pump chillers at Kobelco Compressors Corporation, the
performance and heating capacity of the HEMII-HR-GN series 70C hot water extraction machine (HEMII
-HR70-GN), the 85C hot water extraction machine (HEMII-HR85-GN), the waste heat recovery 85C hot water
extraction machine (HEMII-HR85W-GN) and the waste heat recovery 95C hot water extraction machine
(HEMII-HR95WZ-GN), which are non-fluorocarbon refrigerant compatible models, and introduces the results
of calculations of the running cost benefits and CO, emissions reduction effect of replacing existing gas-fired
boilers with the HEMII-HR85W-GN as an example of the effects of its introduction in Japan. As a result of
these calculations, it was found that for the introduction in Japan, it is desirable to operate the system so that
the temperature lift (the difference between the hot water outlet temperature and the heat source water outlet

FEATURE : KOBELCO Machinery - Stay Close to Customers’ Value Creation

temperature) is at least 60C or less and the heating COP is three or more.
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Table 1 Present refrigerants applied to high temperature screw heat pump chiller and low GWP refrigerant candidates
Refrigerant species HFC HFO HCFO
Refrigerant name R134a R245fa R1234yf R1234ze(E) | R1233zd(E) |R1336mzz(2) | R1224yd(Z)
GWP_(AR5™ 1) 1,300 858 <1 <1 1 2 <1
ASHRAE 347
Refrigerant safety classification Al Bl A2L A2L Al Al Al
standards
Classification by act on the safety s Specified inert|Specified inert
X Inert gas Inert gas™ Inert gas Inert gas Inert gas

of high-pressure gases gas gas
Act on rational use and proper . . . . . . .

Applicable Applicable |Not applicable|Not applicable|Not applicable|Not applicable|Not applicable
management of fluorocarbons
Boiling point (at 1atm) -26.1°C 15.3°C -29.4°C -19.0°C 18.3°C 33.5°C 14.6°C

¥ 1) IPCC Fifth Assessment Report

3 2) American Society of Heating, Refrigerating and Air-conditioning Engeneers,Inc.,
A : Lower toxic, B : Higher toxic, 1: Non-flammable, 2L : Mild flammable, 2 : Weakly flammable, 3 : Strong flammable
% 3) Depending on the specification conditions, the act on the safety of high-pressure gases does not apply.
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Table 2 Representative performance of high-temperature screw heat pump chiller filled with non-fluorocarbon refrigerant

Outlet temperature rannge Representative performance
HEMIII-HR70-GN R1234yf <1 5~30°C 50~70°C 247.6 KW | 359.4 kW 5.3 17/7°C. 55/65°C
HEMIII-HR85-GN | R1234ze(E) <1 5~25°C 50~85°C 156.3 kW | 254.1 kW 41 17/7°C, 70/80°C
HEMIII-HR95WZ-GN | R1224yd(Z) <1 50~70°C 70~95°C 487.6 kW 5.3 65/60°C. 90/95°C
HEMIII-HR85W-GN | R1234ze(E) <1 20~50°C 50~85°C 537.9 kW 5.3 55/50°C, 80/85°C

¥1) HEMIII-HR85W-GN, HEMIII-HR95WZ-GN : Heating COP, HEMIII-HR70-GN, HEMIII-HR85-GN : Total COP
#2) [Chilled water(heat sourse water) inlet temp.]/[Chilled water(heat sourse water) outlet temp.] °C, [Hot water inlet temp.]/[Hot water outlet temp.] °C
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Abstract

As we enter a transition period for industries and consumption, many companies have been using various
methods to create new businesses to replace existing ones. For heavy industry and machinery manufacturers,
new businesses often involve significant development and capital investment. It is also considered to be
effective to deepen the awareness and utilization of a wide range of assets such as existing technologies, supply
chains, and information. Furthermore, as value diversification and mutual collaboration progress, it is necessary
to break away from the traditional self-reliance and engage in collaboration and co-creation to keep up with
market changes.

This paper describes the events that lead to the adoption of methods for recognizing and utilizing assets and
promoting open innovation to create businesses, as well as the effectiveness of these methods and outlook for
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the future.
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Development of High-temperature, High-pressure WIP Equipment for All-
solid-state Battery Manufacturing Processes
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Abstract

In the manufacturing process of all-solid-state batteries, pressure treatment is performed to form the interface
between the electrode active material and the electrolyte. Warm Isostatic Pressing (WIP) technology is expected
to be applied to the pressure treatment processes because it can isostatically pressurize target materials at
high temperatures and pressures. Kobe Steel has been researching the densification of all-solid-state battery
electrodes using WIP technology, aiming to adopt WIP technology in the all-solid-state battery manufacturing
process. The company is also developing equipment to perform WIP treatment at higher temperatures. This
study has revealed that a good electrode interface can be obtained by performing WIP treatment at a high
temperature and pressure. Furthermore, heating the pressure medium inside the high-pressure piping of the
WIP equipment has improved the variation in temperature distribution inside the pressure vessel. This paper
discusses the results of this research and equipment development.
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Fig.1 Comparison of pressurizing system about WIP ((a) Intensifier type, (b) Piston type)
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Table 1 Characteristics, advantages and challenges of each pressurizing system about WIP

Pressurizing system

Intensifier type

Piston type

Inner diameter

Medium to large

Small

Characteristic
Pressure level

Lower (600MPa or under)

High (over 600MPa)

Advantage

Suitable for large scale (diameter) WIP

Easy to make high temperature and
high pressure in pressure vessel

Challenge

Difficult to make high temperature and
prevent occurring temperature distribution

Not suitable for large scale (diameter) WIP
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oA 7] () PWIPREIZX D FEI LTS

2 ®BHNOCTH (k) &3fift (F) XX 2MM#E (@QWIPZAL,

Pressure vessel

Heat jacket \
<] %

ENHBICHEIN CORENS, WUWHED
600 MPa, LHEREE190C © WIPRLEEAS, ARWFZETH W
RARZRHOBMICBVWTEREMICENTHLZ L
Do 726

4. HBAEAWIPKEBEICLSERIEELVR
BT Y X ERFEORE

4.1 SNEAEXWIPEEICH T ZREELBERE

iR o & 912, AHRAE R O WIP 2 # Tl A LIRS
IR DIE AR NERNICHRAT L LX), &
HALOES X OTRENT Y 2035843 5, TN
T 5720, BB EERE I CET L (DT, &
JEBASHRFT &\ 9 ) o L BASHREAN & PR L 72 R/ft
X% 3 IR T

AREAMTIE, BERIE I OEERS 2 e U724 A
WNZWZAND ZEITE D, ESERENOETIEEARZ M
BL, ENEHICEHROIENEERZRASES I LA
BEICR %720, AEBIENBRNTEIRREZHERCT
& BENTYF LM TELLEZ TV D,
4.2 SEBRZHEEMORRIES
4.2.1 REBFE

JENEZHNOETIH 600 MPa, I EARIRE 3200C
27 BIERESAET, A A WNADTRE S &2 2 THIE
IR 2 TV, BIERARIBEM O R E R L7z RIERR
W RBREEOMMRER2, EREMAFEERIITRT,
F A WNZEEIX60TC (case 1) & 200T (case 2) & L,

(c) With WIP at 190°C

(b) WIPALE (i),

(c) WIPLEE (190))
(NMC : %, SE : R, B4 F/ A=Ky /N4 5 1) (b) & (¢) &% ¥ 7 NVid600 MPa T 1 55
Fig.2 CT (upper) and the categorized (lower) images of the composite electrodes. ((a) without WIP, (b) with WIP at RT, and (c) with WIP at 190C)
(NMC: green, SE: red, and voids/carbon/binder: black) The samples of (b) and (c) were pressed at 600 MPa for 1minutes.

High pressure coil pipe

I

\Heating unit (for pressure vessel)

—

o

_______

-
=

N\ Heating unit (for oil bath)

Intensifier
Pressure medium tank

_______________

High pressure heat exchange

3 BEIEAscH ORI
Fig.3 System diagram of high pressure heat exchange
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K2 EIEBRSHREIN & R L 72 WIP 28 Ok
Table 2 Specifications of WIP equipment with high pressure
heat exchange

Maximum operating pressure 600 MPa
Maximum operating temperature 200°C
Maximum temperature of Oil bath 220°C

Pressure medium Hydraulic oil of high flash point

Diameter of working zone 120mm
Height of working zone 500 mm
Upper / +450mm
Thermocouple height Middle upper / +300mm

Middle lower / +150mm
lower / +50mm

(Thermocouple is inner work zone)

R 3 EEASH BN R R R O EER S
Table 3 Experimental conditions of high pressure heat exchange

(a) Casel (b) Case2
Operating pressure (MPa) 600 600
Temperature of pressure medi.w.n inner 160 160
pressure vessel (before pressurizing) (°C)
Temperature of oil bath (°C) 60 200

JENZZNTER, R, A R, RIRICERE L2 BVE
T, KR SMECOFEEEFORELZNE L. &
B, BEIIE LI & 133 L v ninE %
L7
4.2.2 KERHER

REB TR LN HAEEEF v — P E2R41TRT, (a)
Casel D F 4 W8 Z 60T TlE, 600 MPaFlER: DI+ %
TR T~ R ERRE AT 138~204C  (E/N 5 v F66T)
ThHHDIZxL, (b)Case2®* 4 V32 200C TiE, JE
NELHFHN T ER~ EEEEAT175~204C (RENT Y F
20C) &40, WENTYFELTUIITCUFHE L2,
4.2.3 EE

(a)Casel ®* £ W32 60T, (b)Case2®DF £ VXA
200C VTR BNTY, EHESRN LR, Tl
BRI 1X 600 MPa E3# K¢, 195~205C AN THER L Tw»
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Ehn, ENEHEN L, b EEAERICRAT AR
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FERICIA T 2 E I ERRE OB 2 Z TR T weE
ZbNb, (b)Case2dDF A WINA200C Tk, TEHEL
WTFETITHBCE o725, ZOERE LTI, 4NV
INAEBBOBE~THETORBIELY, EIAEZHHNIC
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Y —bx 2L, 350 MPafd i HiE LA L7 o
TWwhb, 2OZEHh5, 350 MPal EOEEE TIX, T
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RIREEIC X DIREL T ORENREL ho/bEZOLN
5o

(a) Oil bath 60°C 220 1,000
600 MPa —»
210 900

=
200 MAX 204°d] 800 %
190 700 =
180 / 600

170 / 500

160 = 400
150 3
140

130 MIN 138°C 100

120 0
0 40 80 120 160 200 240 280 320 360

Upper temp.
— Middle upper temp.

Middle lower temp.

Lower temp.

=
S

Operating pressure

Operating temperature (°C)

Operating pressure

%)
=3
3

Time (sec)
(b) Oil bath 200°C 220 1.000
600 MPa >
g

210 MAXZ04°C 0
= Upper temp. O 200 800 é
=2 2
3‘5’ 190 700
sddifenioerte 2 5
Middle upper temp. g 180 | 600 i
S I so0 &
Middle lower temp. § 0 Y MENE7SE 200 ;
]
’—:f 160 = 400 =
Lower temp. g 150 300 &
2 o

C 140 200

Operating pressure
130 100

120 0
0 20 40 60 80 100 120 140 160

Time (sec)
4 EEHZIEERO BT v — b
((@)F A4 W3 260C, (b) 4 A VYA 200T)
Fig.4 Operation chart of high pressure heat exchange test
() Oil bath 60T, (b) Oil bath 200T)

FENF RN TS & 4B IR TR - 7275, 4
ANWNADH LG AN K BBHROM B, EIE
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1) A.Sakuda et al. Sci. Rep. 2013, Vol.3, 2261.

2) TOYOTA Motor Corporation, Nishino J. etal. METHOD FOR
MANUFACTURING ALL-SOLID CELL. W02012164723.
2012_12_06.

3) bk FIEE A WIPRE Sz &R 57 24 4+ &' WHEH
EMOXMCT AN, #6300 EithF ia % 5. 2022, 3E09.
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Characteristic of AICrN Hard Coatings Deposited with New AIP
Evaporation Source and Evaluation on Actual Mold

Shinichi TANIFUJI + Masaru NAKAMURA + Susumu KUJIME - Dr. Takeshi ISHIKAWA

E: 34

REMEAOHLOET A5, EMMTICBWTIEA A VL ZLREHMT 22205 Y, i BRI 4
L o Twb, GEMOEFMILDZDIZ, AIP (BMEZET —27) HICL > TEM KR~ SRS LY o3
LI EDATON, BOWHBEPERENSEZEDSAICINEERICHWONS, T2 a—F 4 ¥ 7 O
70t 2SN B EIEBOFMEICKRE S HEIN D, KBTI, HLVEFREE (UF, u-ARCEWw9H) %
JAWT, RSt AlG AR 22 S TRIE L 72 AICPIN IO 2 56l 2 & £ IS, YFa—T+1 7%
WE LB S Y T 2 W RSN T UCEME L 72s w-ARC THUBE L 72 AICTN 1%, w5 AlS AR TON )
SRR & BN PR A SN, HBR L2 AMEZ R L2, AT, AL ) BRI, £RInLo
REGERE N4 R0 Y —0@lE, HELE LT,

Abstract

Due to the growing concern about environmental issues, the use of oilless and cold working process is
increasing in mold processing, and the operating environment is becoming more challenging each year. In order
to extend the service life of molds, their surfaces are coated with metal nitride using the AIP (cathodic arc
deposition) method, and AICrN coatings are often used due to the requirement for high hardness. Additionally,
the properties of the coating are greatly influenced by the properties of the evaporation source used for the
deposition process. This paper evaluates the properties of AICrN coatings deposited by varying the deposition
conditions and Al content using a new evaporation source (hereinafter referred to as u-ARC) while also
assessing carbide punches coated with this coating and subjected to cold forging. AICrN coatings deposited by
u-ARC demonstrated excellent durability due to the formation of a cubic structure with a high Al content and
exceptional smoothness. In addition, reciprocating sliding tests were conducted, and the mold processing test

FEATURE : KOBELCO Machinery - Stay Close to Customers’ Value Creation

results were examined from viewpoint of tribology.
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1. EEBFHE
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MEREBSFEICLAHAICr Y =7y b EHWTAICIN
Wz E L 72, FEHE BRI R 1 IR, 72,
S ATP 283816 Super Fine Cathode 2 (BLF, SFC2&
W), B AIP #38Wu-ARC O BB X 2 1, X2
IR ERADAIPZESIESFC2TIX, =7 v bD
EEDHTE, A A LU TR TSI ITHERE 5 5 & IR
2, =7y bhoitihanhiz~ran—74 7 itk
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1.3 =7« > JFEHEIAE
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Table 1 Coating condition

New model (u-ARC)
Conventional model (SFC2)
Al70at%-Cr30at%
Al75at%-Cr25at%
Al80at%-Cr20at%

Evaporation source

Target composition

Arc discharge current (A) 150

Process gas Nitrogen

Gas pressure (Pa) 4

Substrate bias voltage (-V) 75, 100, 125, 150
Substrate temperature (‘C) 500

Substrate Solid carbide coupon
Coating thickness (um) 4

Vacuum chamber

Substrate

1 HER AIP 2858 SFC212 & A B 7 1 & Z X
Fig.1 Schematic diagram of coating process by SFC2

Vacuum chamber

|

.
+ CooooooooooDocoOCooOon

O

2 v ATPZESEIR 1-ARC I X 2 Bl 7 1 & 2 B
Fig.2 Schematic diagram of coating process by u-ARC
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FHEZMM L, Oliver-Pharr T 7 12 X 5 JEF-iiwliiF
THENT L 720
1.5 X#EE#rE (X-ray Diffraction) #5SE&EME
XA PreE (Y & 27 %, SmartLab) % T,
I— T4 ¥ 7 ORGSR 2T o 720 WEIE CuKa
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116 mm

>
‘Work area /_/

(a) Schematic shape of cold forging punch

N

Relief angle

24,50 mm

(b) Details of “A” in (a)
3 wEEE Y F O
Fig.3 Cold forging punch

K2 GG B
Table 2 Cold forging test condition

Cold forging former BPF-680SSL (Six-stage former)

Stage Second stage

Forging method Forward extrusion process
Drawing depth (mm) 110

Reduction of area (%) 50 to 65

Work material SCM440

Lubricant Forging oil

Shot number 7,000

720 Lo ) BB 2 ¥ 3, #aEsBic v
N F EE UM B2 SBIE L7z, L ) BialiRe ~
W2, AIEAHET0at% Dy — 7 v TER L 72 AICkN
I—7 4 Y7 %SFC2, u-ARC% MW CTHes L, &R
BB R OB 2479 2 & T, a—7 4 ¥ 7&Kl
WHE LTV EE/N—T 1 7 VR L7z Bagalbk
Erzwt, Lo ) Biile o7,

Crankshaft
Cutting

(D)

[ I P—E
P ol @
am P 050
P EII%IIZ
jotor a]:hl:
Mot I | :‘j\
\ Die block

l—l_l—\
! [ | \unch \

Die

< >

(a) Schematic diagram of cold forging former

Die block

(b) Cold forging six stage former (BPF-680SSL)

4 HHEE7 +—<
Fig.4 Cold forging former

x3 HEL w ) Balgfr

Table 3 Reciprocating sliding test conditions

Load (N) 1,000 (Pmax 1,380 MPa)
Sliding speed (m/second) 0.5

Sliding length (mm/sliding) 50

Lubricant 0Oil

Reciprocating sliding number 50,000

Replacement frequency of counter material | 2,000 reciprocating

Pin material Solid carbide

Counter material SUJ2

Load 1,000 N

&
9

Speed 0.5 m/s

Sliding length 50 mm

5 L w ) Bkt

Fig.5 Schematic diagram of reciprocating sliding test
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Fig.6 Relationship between Al composition in target and Al
composition in coating
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Fig.7 Relationship between bias voltage and surface roughness
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Design Technology for a Low-speed, High-electromagnetic-force, Direct-
drive Motor for Ships Using a 3D Magnetic Pole Structure

Shumpei HAYASHI

By

AR E B8 L 72 S RO B 2 A9 2 M oM B ZRkCmiEE 2 - BBk L, £ oREHNC
WTHARI 2 6 2 T TN T 5o BRI E 2 I L 2RGHE T PR o BB BB IS B W» T, EE
W70 OEMIIAVVERILK 3HEETH LT I2/REM TS, T2V AT A 2EKO/NULIZIENT TISHHHE %2 &0
L7ckEH BT, E— Y EBCREEZHREL L TRELLRHREMA LT d. ThOYSHPRET 5=
RTCRERRA i & O 72 BB R AT &2 F T, IR BR3¢ 18 o> B B 1 Lol BB IR LS R L T <o

Abstract

This paper introduces specific examples of motors using Kobe Steel's unique 3D magnetic pole structure, which
has high electromagnetic force density characteristics suitable for electrifying ships, and its design technology.
In a design example aimed at high electromagnetic force density, the electromagnetic force per mass of a flat
plate-type direct-drive motor has been improved approximately three times compared with the conventional
model. The optimization results using motor constant squared density as an index are presented in a design
example aimed at low copper loss to downsize the entire system. Kobe Steel's motor design technology, based
on a 3D magnetic pole structure, will contribute to expanding the scope of electrification of drive units for ships.
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Bé Business Field

M Steel & Aluminum BEMachinery
* Steel Sheets e Jsostatic Pressing (IP) Equipment
* Aluminum Flat Rolled Products * PVD Coating Equipment
* Wire Rods and Bars e Tire and Rubber Machinery
* Steel Plates e Plastic Processing Machinery
B Advanced Materials e Steelmaking Machinery & Rolling Mills Plant
* Steel Casting and Forging * Non-Standard Compressors
* Aluminum Castings and Forgings * Heat Exchangers & Vaporizers
e Titanium e Standard Compressors & Chillers
e Aluminum Extrusions B Engineering
* Suspensions * Direct Reduced Iron field
* Copper Sheets * Advanced Urban Transit System
* Steel Powder * Environmental Engineering
HEWelding B Construction Machinery
* Robots and Welding Power Sources B Electric Power

* Welding Materials

URL : Kobe Steel, Ltd Website, "Products"
https://www.kobelco.co.jp/english/products/

QR code :

“QR Code” is a registered trademark of DENSO WAVE INCORPORATED.
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Kobe Steel, Ltd.
Technical Development Group

RE: Delivery of R&D Kobe Steel Engineering Reports, Vol.74, No.1

Dear Sir or Madam,
We would like to express our sincere gratitude for your continued support and cooperation.
Attached please find Vol.74, No. 1 of the R&D Kobe Steel Engineering Reports.

If there is any correction or change of address, contact name, etc., please fill in the
required information in the change notification below and contact us by fax or by e-mail.

Best wishes for your continued success,

Attention:

R&D Office, Kobe Steel Engineering Reports
Kobelco Business Partners Co., Ltd.

FAX: +81-78-261-7843

E-mail: rd-office@kobelco.com
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