




production cost and improvement of hydrogen 
production efficiency.
 Hence, in collaboration with Kobelco Eco-
Solutions Co.,Ltd. and Shinko Engineering & 
Maintenance Co.,Ltd, Kobe Steel has jointly 
developed technologies related to refueling stations 
using hydrogen based on renewable energy and 
conducted a demonstration testing (hereinafter 
referred to as "the present development").  This 
paper gives an outline of these activities.

1. Conýguration      





amount of hydrogen produced in the solar radiation 
pattern assuming cloudy weather in summer.  It 
has been confirmed that hydrogen production that 
follows the power fluctuation is feasible, although 
the load fluctuation is great, and the conditions are 
severe for a water-electrolysis hydrogen generator.  
In addition, the operation was completed without 
any particular problems du.27 ltes emiontruatio 







 Many LNG receiving terminals in the above 
forms have been introduced in developing countries, 
and as of 2019, twenty-seven FSRU terminals 
are already in operation.  This indicates that 
FSRUs account for approximately 10% of the gas 
vaporization capacity, including that of the onshore 
LNG receiving terminals.  As for FSU + Re-gas, three 
terminals are in operation,



FSU + Re-gas terminal are as follows.
 ・ Similar to FSRUs, the construction of 

LNG tanks, which account for most of the 
construction period/time and cost of onshore 
terminals,



in an FSRU, it is suggested to use a non-flammable 
heat medium as an alternative.3)

 Titanium alloy is used for the heat transfer tubes 



and the destination of cold energy utilization.  In an 
ORV, on the other hand, seawater flows down on the 
outer surface of a heat transfer tube from the upper 
part of the heat exchanger body, open to the ambient 
air, to perform heat exchange.  For this reason, 
two heat-source circulation pumps are required 
for the supply to the ORV and for delivery to the 
destination of cold energy utilization.  In addition, 
since the ambient air is encountered during the 
flow-down on the heat transfer tubes, it is necessary 



in gas turbine intake air cooling systems utilizing 
LNG cold energy, namegy,



 (2) Cases where propane (liquid) cooled by cold 
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  (2)  Compactness
Its large heat-transfer area ensures high 
heat-transfer performance, making its size 
approximately 1/10 of those of multi-tube (shell 
& tube) heat exchangers.

  (3) Excellent corrosion resistance
The use of SS316L and the like enables its 
application to cooling water, etc.

 It should be noted, however, that the ALEXTM is 
more economical, and the ALEXTM is proposed for 
applications where it is applicable, e.g., where the 
temperature difference between fluids is smaller 
than 50





in conventional design exhibited a decrease in heat 
transfer performance and an increase in pressure 
loss on the heat source side, which are considered 
to be attributable to freezing, for all the conditions 
at the propylene glycol water inlet temperature of 
60℃, flow rate of 2,000 kg/h or higher, and inlet 
temperature of 50℃ or below.  On the other hand, 
the 1: 3 structure caused no freezing in all the 
conditions indicated by the circles (○),
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and a microchannel reactor.  The throughput of 
each channel in a microchannel reactor is generally 
small



by pilot testing using a plant that has the same 
function as that used in commercial production, 
and the process shifts to commercial production.  
As mentioned earlier, when SMCRTM is used, 
a technique called numbering-up can be adapted 
to increase the throughput and to proceed to 
commercialization.  Therefore, the reaction 
conditions obtained by the basic testing can be 



not the apparatus can be used in the actual 





each stage was successfully kept constant.  Fig.11 
shows the temporal change in the amount of 
water supplied to each stage, confirming that the 
distribution of water to the 2nd stage and the 3rd 
stage can be controlled stably near the set value, 



Conclusions
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2. Overview of demonstration plant



compressed air tank, was reduced to less than one 
month.  Housing in a standard container als9a[ch3u(
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size during power outages.
 Fig.12 depicts the concept of a CAES plant 
that utilizes the underground space formed in a 
rock-salt bed as a storage tank for compressed air.  
Fig.12 shows an example in which the CAES plant 
is interconnected with the transmission line of a 
wind farm,





the demand foaTI is increasing worldwide.





reaction.  Furthermore, the carbon contained in 
DRI is produced by a chemical reaction with CO 
or methane (CH4).  Blowing natural gas from the 
bottom into the shaft furnace increases the amount 
of carbon content in the DRI and cools the DRI in a 
CDRI plant.
 The post-reduction gas emitted from the top 
of the shaft furnace at 350-450℃ is cooled and 
dedusted.  This gas contains CO and H2 in addition 
to the products of reduction reaction, namely CO2 
and H2O.  Approximately two-thirds of it is recycled 
as reducing gas, and the rest is used as the heat 
source required for the reforming reaction.  The 



yield of the HBI.
 ・ Reducing melting energy by directly charging 





flowsheets is approximately 650 Nm3/ t-DRI.  As the 
energy source for the reducing gas heater, hydrogen 
up to 150 Nm3/ t-DRI, or another low CO2 load heat 
source, such as waste heat, electricity, or natural gas, 
is required.  By combining the MIDREX H2,



is not possible to supply the required amount of 



%FTUSVDUJPO PG 0ME PS "CBOEPOFE $IFNJDBM 8FBQPOT 



1.2  Chemical Weapons Convention

 The Convention on the Prohibition of the 
Development, Production, Stockpiling and Use 
of Chemical Weapons and on their Destruction 
(hereinafter referred to as the "Chemical Weapons 
Convention") was adopted in 1992 and entered into 
force in 1997.  There are 193 states parties to the 
convention, and Japan signed in 1993 and ratified it 
in 1995.
 The Chemical Weapons Convention stipulates 
that:
 ・ the states parties shall not develop, produce, 

acquire, retain, transfer, or use chemical weapons;
 ・ the states parties shall declare chemical weapons 

to retain and the production facilities of the 
chemical weapons and, in principle, destroy them 
within 10 years after the convention co 0 10.27gal weap]TJ2.019 Tc 0.072 Tw 
6.264 0 0 10.2756 70.8604Tw 5.5276 Tm
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3.3  Detonation



the war





shock wave is thinned by damage.  As shown 
in Fig. 2, the body and heads have double wall 
structures, each consisting of an outer shell and 
inner shell, in which the outer shell is responsible for 
the sealing performance of the pressure vessel, and 
the inner shell is responsible for fragment resistance.  
A gap is provided between the inner shell body 
and the inner shell lid head so that the inner shell 
does not become a closed vessel, and the shock 
wave pressure leaks from the inner shell to the inner 
surface of the outer shell.
 The inner shell is made of high-strength steel 
of 800 MPa grade (JIS SHY685) with high fragment 
resistance.  In case of damage, the inner shell alone 







orthogonal to the crack is expressed by 
a fourth-order polynomial

	 t:  plate thickness,
	 x:  distance (0 to t) from the edge,
	 Q:  crack shape coefficient,
	 G0



2.4.4 Fatigue fracture evaluation

 When the LBBM is proved, the fatigue fracture 
evaluation permits the use of ASME KD-3 to obtain 
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second step aging is referred to as a two-step aged 
material.  The above heat treatment procedure is 
summarized in Fig. 1.  For comparison, single-step 
aging curves for 160℃ and 190℃ were prepared.  
All the heat treatments were performed in the 
atmosphere.
 Age hardening behaviors were evaluated by 



was fixed at 5 hours to vary the aging temperature, 
the highest strength was found to be reached at 
160℃.  Here, a decision was made to investigate this 
mechanism in detail by microstructure observation.

2.2  Microstructural observation

 Fig. 5



temperature of 160℃ or higher results in a smaller 
peak.  This seems to indicate that the precipitation of 
β″ is completed at 160℃ and higher.
 Fig. 9 shows the results of TEM observation, in 
which the material pre-aged at 160℃×5 hours has 
been quenched at the exothermic peak 1 temperature 
of 220℃



phase is precipitated at a higher density compared 
with the pre-aging at 160℃.  However, since the 
precipitate size is small, most of the precipitates 
undergo reversion during the second-step aging.  
This is considered to have caused the precipitate 
density after the second-step aging to become lower 
than that for the pre-aging at 160℃.  In other words, 
160℃ is considered to be the temperature at which 
the βꀀ







but there were many small porosities in the surface-
rolled sintered gear.  Here, image analysis has been 
performed on the near-surface and a part with a 
width of 1 mm and depth of 0.5 mm inside, about 1 
mm from the surface, and the number of porosities 
included in the area, as well as the equivalent circle 
diameter of all porosities, were calculated.  The 
results are shown in Table 3.  In the near-surface 
area densified by the surfac051 0 Tdi
0.5 (a)lingurface,,







 Finally,

, , ,





method is considered to be the most suitable, as 
regards scrap recycling and compositional 
uniformity, for the melting and casting process of 
TiAl alloy.  Hence, this paper introduces the results 
of past efforts in the CCIM method.
 As mentioned above, in the melting of TiAl 
alloy, it is most important to keep its components 
at predetermined concentrations.  The CCIM is a 
method in which an object is strongly agitated by 
induction heating to be uniformly melted (Fig. 1).  
Since a split-type water-cooled copper crucible is 
used as the melting container, a solidification skull 
(solidified shell) is formed in the part that comes 
into contact with the water-cooled copper.  Taking 
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on the amplitude of backscattered signals and 
to evaluate a three-dimensional morphology 
of macrozones.  The subject material is a Ti-6Al-
4V alloy forging, which has been cogged into a 
cylindrical shape in the α+β phase region and has a 
granular morphology of α.



1.4  Basic principle of ultrasonic measurement



section (Fig. 4 (b)), but unlike the longitudinal 
section, they are almost equiaxial in shape.  That is, it 
has been clarified that fibrous macrozones has been 
formed in the columnar material of the Ti-6Al-4V 
alloy used in this study.
 In order to examine the features of the 





and the extension direction.  Therefore, it is 
considered that the change in the variation of the 
elastic modulus at the incident angle is small, hardly 
changing the strength of the backscattered signal.
 As described above, it has become clear that the 
strength of the backscattered signal obtained by 
ultrasonically measuring the columnar material of 
Ti-6Al-4V -6AJe is tenstivellyaffrecned bt the incident.

and incident angle,







throw shown in Table 2 has adopted the super-clean 



counted only for the less frequent event, run-out or 
failure, that occurs in all of the test results.
 Using the above 



 As with the newly developed steel, the mean 
fatigue strength and standard deviation have been 
calculated for the conventional steel by the staircase 
method.  The results are summarized in Table 3.

3.3  Evaluation of fatigue characteristics

 For the statistical evaluation of fatigue 
characteristics based on the staircase method, IACS 
recommends the evaluation be made using the lower 
limit strength of the confidence interval, assuming 
that the fatigue strength is normally distributed.6)  



tensile strength σB is the mean value of the tensile 
strength at the pin fillet of each crank throw plotted 
in Fig. 5.  It is shown that the values of Sa90%/σDW, K=1.0 
for each throw are 1 or greater, which exceeds the 
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apparatus based on the cosα method, the incident 
angle at the time of fillet measurement may have 
to be 20° or lower.  In addition,



from the X-ray tube side.  When the X-ray strains 
whose circumferential angles are α, －α, π+α, 
and π－α are defined to be εα, ε－α, επ+α, and επ－α, 
respectively, the parameter a1 is defined from these 
strains and is expressed by the following equation.

 ɹɹɹɹɹɹɹɹɹɹɹɹɹɹɹ  ……………… (1)

Assuming a plane stress state and angle η being 
constant, the following equation holds for the 
relationship between the stress σ��,





addition, the high-segregation specimen shows a 
large value at the N5 position and a small value 
at the N6 position, and this tendency is found to 
be the same regardless of the applied stress of the 
specimen.  This suggests that some conditional 
difference in the segregated part influences the X-ray 
stress measurement.
	 One of the factors that greatly influences the 
X-ray stress measurement peculiar to the part with 
segregation is the bias of carbon concentration in 
the segregated part.  If the carbon concentration 
differs for each X-ray irradiation site, the appearance 
rate of the second phase such as cementite will be 



shows a good agreement between the measured 
value and the nominal stress for both the high-





4. Development of automatic X-ray stress   
 measurement system

	 On the basis of the results of the above studies, 
attention must be paid to the following points for the 
application of the X-ray stress measurement based 
on the cosα method to the fillets of crankshafts for 
medium-speed diesel engines.
1) In order to minimize the influence of macro 

segregation peculiar to large, forged steel 
products, measurement must be done with 
multiple points, or with multiple X-ray incident 
angles and the results must be averaged or with 
oscillation method.




