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Encouragement of Phase Diagram Calculation
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MR Z . EIROAGIRIN b 5 i oridZ O FIREEE
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#1 NCF625 54D RSy mass%

C Si Mn P S Ni Cr Fe Mo Al Ti Nb+Ta

0.10 0.50 0.50 | 0.015 | 0.015 | 58.00 2%)0 5.00 | 8.00~ | 0.40 0.40 | 3.15~
IR | BUR | BUR | BT | B | BLE | 2300 | AT 10.00 | LI'F | BAF 4.15
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CaTCalc
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w
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Temperature (C)
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Mi-21.5Cr-5Fe-9Mo-3.65Ta P=1.01325bar
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Temperature (C)
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2.2 Nb & TaBIRDEE

X |2 Nb+Ta DIREE AN 3.65mass% D ST Nb &
Ta DR EA LTZGA TP ED X 5 I
DOHMEFE Lz, fREZM 61T, Znidnbd
DL REKFR)TH 5,

K2 ELX3NHYURTHDLN Ta ICEXHDDHIC
o CHEIRSAFFEIR O FEME 23 ) LTI <,

Ni-21.5Cr-5Fe-9Mo-(3.65-x)Nb-xTa P=1.01325bar
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Abstract:

The continuous pouring process for cladding (CPC process) is epoch-making manufacturing
method for high-performance composite materials originally developed by FUJICO CO.,LTD., and
it is used to various rollers and rolling mill rolls. Especially, it attracted attention in the development
of high-speed tool steel type rolls that were put into practical use in Japan in the 1990’s. it was
evaluated as an ideal method for composite rolls that can freely manufacture high-performance
materials and adopted a strong core material. CPC rolls display the excellent performances more
than 5 times for the conventional rolls. As a result, the quality of the rolled product was improved
and the constraints caused by the rolling mill roll were remarkably eliminated, and the roll
contributed to the progress of the rolling technology. Recently we developed a new technology to
re-birth the used CPC roll through cooperation with welding. As a result, we achieved high
performance rolls at economical cost. This new roll has established a complete recycling system and
the reduction of CO; emissions by 55%, and they are responding to social demands.

Keywords: rolling mill roll, cladding, high-speed tool steel, hot rolling, wear, toughness
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Fig.1 Development process of CPC-process, (a) conventional over-laying welding, (b) scaffold type vertical overlay welding, (c) rotation descent

overlay welding, (d) rotation descent type cast welding, (e) same method cast welding with arc heating, (f) continuous pouring cast welding

with induction heating.
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Fig.2 Interface shape and rate in continuous casting type with composite
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Fig.3 llustration of CPC process.

Fig.4 CPC process in operation, (a) Overview of pouring,

(b) Appearance of just as-cast product.
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Fig.8 Wear of run-out table roller in hot strip mill.
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Fig.10 Sectional macrostructure of roll manufactured by

CPC process.
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Fig.19 Reduction of COz emission with re-birth of CPC roll.
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Fracture Mechanics Characteristics of Cast Roll Materials for Steel Hot Rolling

EEREE SAREEANE HEMBEAE EEM
BH FlE B (I%) #BR &
Yoshio Ishii Mitsuo Hashimoto

Z B

BEIE BT o —//UTIEF 2R B T CIXBREIC K W iEEET 5, L L, [EiEfE S
W R T TNRIRET D & B L XS AR A U ERRE LIEET 5, £ 2T,
BRI 71—V OREH M B Ch 2 A58l (CS), 77X ~A F (AD), =/— Nk
# (IC), @7 7 A#FEE (HCR) RU%EwR#Hek (HSS) 22\ T, COD &N CT allR fr
% DRl U AEAE & & R REHE 230 U7z, BE U AP A b 23 s i3 %
WO TR T %, ROMEREEE da/dN & 5 SRR S .AKI@Fﬁ I3, Paris-Erdogan
OEAFR da/dN=C(AK )" 3% U 325, EEL C & m ORIZIE C=1.88X105/10.6™ O BIfR A
Hb, TE mIX 2mass%C UL EDORICY O T HHIPHCIIREZ2EE 2D | I EmN
T EREREAETR L, CS, AD, HCR, IC, HSS DJIET & &t ITHE < 72 5,

Abstract:

In the hot rolling, the rolls are generally consumed by wear under normal operation. However
mechanical or thermal cracks generate and propagate, when accidents occur in rolling operation.
Therefore, fracture toughness and crack propagation characteristics were investigated using COD
and CT test specimens for the typical materials of hot rolling rolls, such as alloy cast steel (CS),
adamite (AD), nihard cast iron (IC), high chromium cast iron (HCR) and multi-component white
cast iron (HSS). Fracture toughness decreases as eutectic carbides crystallized. The Paris-Erdogan
relation, da/dN=C(A K ;)™ holds between the rate of crack propagation (da/dN) and the range of
stress intensity factor (AK ), and the relation between the constants C and m was expressed by
C=1.88 X10-5/10.6™. The constant m has a large value over 2 mass% C where the carbides exist,
and the higher hardness, the larger of constant m. Then, the crack growth becomes faster in the order
of CS, AD, HCR, IC and HSS.

Keywords: rolling mill roll, cladding, high-speed tool steel, hot rolling, wear, toughness
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2. EBAHE
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FHERHIER O EREIC SN o e —r | JE
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7 1 KRR OREE (CF) | 2847 AfekTEt
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I T 0 r—U 080 | EHRIOZELZIE
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(240cpm) DAZFHITE—A > M EAM LTz, 728,
REWIRVERMTH DML (EAHZA )
DEEITEH L WD = — REEERIZOWLTIE, i
AR X< HBRNC& 5 & & Fig I(b)/R L7= CT
B (W=50mm, B=25mm) % W\ CiRBRZ1T-7=,
A ROV 2P GRERE 2 O CLS 1 (R) & 0.2
E LRV BIESMED b & C 40Hz OAZHFREA A
far L7z, 38R 7 OBRBUT A, IR & 23 a— /L&)
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Table 1 Chemical composition of test specimens.

Material Chemical composition (mass%) Heat
(process) C Ni Cr Mo \% w Oth. | treatment
CS (SO) 06 [ 19 [ 14 |05 Tr. | Tr. DP+NT
AD (SC) 1.6 |05 | 1.0 |05 Tr. | Tr. DP+QT
IC 33 (44 [ 1.7 |15 Tr. | Tr. - St

HCR 27 |13 | 17. | 13 02 | Tr. A+NTT
HSS 20 | Tr. | 5.0 | 5.0 50 | 5.0 | Co | A*NTT

Notel) Material; CS: Cast steel, AD: Adamite, IC: Indefinite cast iron,
HCR: High-chromium cast iron, HSS: High speed steel type
cast iron ( Multi-component white cast iron),

Note2) Manufacturing process; SC: Static casting, CF: Centrifugal
casting, CPC: Continuous poring process for cladding.

Note3) Heat treatment; D: diffusion annealing, P: spheroidizing
annealing, N: normalizing, T: tempering, Q: quenching, St:
stabilizing, A: annealing, N: normalizing.
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Fig.1 Schematic drawing of test specimen for fatigue crack
propagation test.
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(a) Cast steel (b) Adamite

Fig.2 Microstructures of schematic materials for hot rolling mill
roll.
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Table 2 Metallurgical and mechanical properties of test

specimens.

Mat. Microstructure Mechanical property
erial Car* GI:«;' Cgr' Hardness T8

bide phite bide - (MPa) EL (%)

(area%) | (area%) | (area%) | HV(HB) | HS

cs | none | nene ]Einaihte HB260 | HS36 | 804 | 05
AD 0.8 none géﬂfme HV380 | HS50 | 698 05
IC 30 2 Bainite | HV680 | HS80 | 353 =01
HCR 25 none | Marten. | HV620 | HS75 | 854 =01
HSS 15 none | Marten. | V750 | HS83 | 912 =01

Note 1) Material; CS: Cast steel, AD: Adamite, IC: Indefinite chilled cast
iron, HCR: High-chromium cast iron, HSS: High speed steel type
cast iron ( Multi-component white cast iron).

Note 2) Equivalent Vickers hardness of HB260 is HV274.

Table 3 Mechanical fracture properties of test specimens.

Crack propagation property
Fracture ( d logC are in Paris-Erdogan’s
i m an -
Material toughness g 1 g
equation)
Kic Kige
(MPa-m®*) logC m (MPa-m®3)
CsS n.a.(79<) 7.6 2.64 3=
AD 59.2 -8.8 4.0 53
IC 22.6 -12.6 8.0 19
HCR 24.5 -13.7 8.7 21
HSS 25.9 -19.4 14.2 19

Notel) Material; CS: Cast steel, AD: Adamite, IC: Indefinite cast iron,
HCR:High-chromium cast iron, HSS: High speed steel type cast iron.

BB ORFN 720 S 2 Ff . — L O EEBE T b
RN S TWA S g THEE (HS) THD L.
CS 13 HS36, AD | HS50, IC (% HS80, HCR % HS75,
HSS X HS85 Th D, kBt X% C &H ENEL 72
DR RAL DG BN 212> TE 720 |
Nz THBILFEE LR, SREASA L2 HCR L UVHSS
T IEEHMEE D~ LT YA S OV EE DRk AL,
MO " THTHIC L Y SICEE L, Rtk T~
X HE< 7D, 7ok, I BT Ol &
NDFHAALIID > 71— A E (HV), #5250 CS (1%
7Y VS (HB) #FRLTW5, JIIERSIZOWN
T CEEEN 1%EBZ D &, PRI OMTE
BAEEINT 5O TERIK 42725, HCR &KUY HSS 1%
VIVT YA NEHSEONDLDT, i E L b
B FR L, mOBIERS 2R,
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IFHEMEZ % CS 1 IAGER CIIBE 2 85 E T 72y
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Fig.3 Relationship between fatigue crack propagation rate and stress intensity factor range.
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Fig.4 Relationship between constant m and logC in Paris-Erdogan
equation of schematic hot rolling mill roll materials.
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Fig.5 Relationship between constant m in Paris-Erdogan equation
and carbon content of schematic hot rolling mill roll materials.
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Fig.6 Relationship between constant m in Paris-Erdogan equation
and carbide amount of schematic hot rolling mill roll
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Fig.7 Relationship between constant m in Paris-Erdogan equation
and micro-hardness of schematic hot rolling roll materials.
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Reliability of Quality and Enhancement of Yield for SiC Ceramic Composite Materials
in Fabrication Process
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Abstract:

In order to establish a reliable fabrication process of SiC ceramic composite materials in high quality and to enhance
the product yield, temperature management system has been constructed and applied. At the early stage of the fabrication
process, mixed powder of the ceramics is put into a steel mold, prepressed and heated at 120 to 150 degrees. This process
was found to greatly affect the quality, gauge and yield of final products. Therefore, it is necessary to directly control
the temperature of the mixed powder. The temperature of the mixed powder was evaluated by the heat conduction
analysis. Firstly, the thermal diffusivity of the mixed powder (0powder) Was evaluated by the try and error method to get
a relatively small value as dpowder=0steel/15. Using the obtained value, the temperature of the mixed powder body in the
mold was calculated. The calculated results indicated that generation behavior of cracks during fabrication processing,
microstructure and melt alloy infiltration behavior that were observed after the final process, were closely related to the
mean temperature and temperature distribution of the mixed powder inside. Furthermore, we incorporated the heat
conduction calculation program into the actual fabrication process for in-situ temperature controlling. As a result, this
temperature management system enabled the fabrication of high-quality products in a reproducible manner and also
enhanced the product yield markedly.
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Fig. 1 Manufacturing process of SiC ceramic composite materials.

Fig. 2 Photograph showing mold being heated by gas flame.
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Fig. 4 Cross sectional view of ceramic powder (blue) in steel mold.
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Fig. 5 Cross sectional view of ceramic powder (blue) and steel mold in

furnace.
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Fig. 6 Cross sectional view of ceramic powder and mold, indicating

positions of thermocouple for temperature measurement.
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The temperatures were obtained at the positions shown in Figs. 6
and 7.
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Fig. 10 Effect of temperature difference in ceramic powder body just

after heating on microstructures finally processed.
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Fig. 11 Temperature distributions in ceramic powder body just after
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and results of CT scanning (right).
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heat conduction calculation.
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Investigation of UV LED Irradiation Conditions for Photocatalyst Filters
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Abstract:

In recent years, ultraviolet LED (UV-LED) development has been actively carried out and
technology is increasing in efficiency and decreasing in price every year. UV-LED shows better
quality in lower energy consumption, longer lifetime, smaller size and environmentally friendly
than some conventional light source like mercury UV lamp. The UV-LED has been used in the
internal light source of air purifier with built-in photocatalyst. However, in order to use an UV-
LED as an internal light source, it is necessary to consider the wavelength range or directivity
of the UV-LED, and to consider the selection and arrangement of the UV-LED.

In this paper, we have been selected a UV-LED suitable for the visible-light photocatalyst
used in the evaluation. In addition, based on the directivity of the UV-LED, we calculated the
intensity of the UV light irradiated to the photocatalyst filter. We investigated the conditions
for efficient gas decomposition by adjusting the intensity of UV light on the surface of the filter
by varying the current flowing through the UV-LED.

As a result, among the visible-light photocatalysts used in this paper, the UV-LED with a
peak at 385 nm showed the highest photocatalytic activity. The decomposition rate constant of
acetaldehyde was maximized when the entire surface of the filter was irradiated with an
ultraviolet intensity of 20 mW/cm? or more.
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Table 1 Characteristics of UV-LED.

Current Forward Radiant Peak Thermal Directivi

Product No. voltage flux Wavelength | Resistance ty
(mA) V) (mw) (nm) (/W) (degree)

NCSU276CT | U365 500 3.8 1050 365 3.6 115

U375 3.4 1160 375 3.4 135

u38s 3.35 1340 385 2.6 135

NVSU119CT 700
U395 3.3 1340 395 2.6 135
U405 3.1 1420 405 2.4 140
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Table2 Light intensity distribution on filter surface

Light intensity/mW/cm’
Force current
max min |max-min| average
140mA 8.9 7.9 1.0 8.4
230mA 13.4 11.8 1.6 12.6
350mA 22.3 19.7 2.6 21.0
560mA 37.0 32.8 4.2 35.0
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Development of Measurement Technology for Growth Rate in Pig Farming
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Abstract:

Our company has been researching and developing environmental improvement technology
in the pig farming field for many years, and in recent years we have been developing a piggery
called High Clean Windowless Piggery with the aim of improving the breeding rate of piglets.
Currently, we are proceeding with product development while conducting demonstration
evaluation tests using test piggeries at private pig farms in Miyazaki Prefecture. In particular,
as one of the functions of the high-clean windowless piggery, we are jointly developing
technology to measure the growth rate of pigs using Al technology with SystemForest inc. We
calculated the area ratio based on the image data in the pigsty accumulated in the demonstration
test, and developed a technology to measure the transition of the weight of the pigs from this
value. In this report, we will report the results of the high-precision verification results for this
technology.
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Fig. 1 Appearance of high clean windowless piggery.
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Fig.2 Inside of high clean windless piggery.
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Fig. 3 The camera inside the piggery.

Fig. 4 The Image taken by the camera on the ceiling.
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Fig. 6 The Al analysis binarized image for each model.
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Fig. 7 Transition of area ratio by number of breeding days.

Table 1 Comparison between actual and calculated weight

Actual Calculated Area

weight weight ratio

[ke] [ke] [%]

First Carry-in 83 8.6 0.97
group Carry-out 34.6 358 2.57
Second | Carry-in 10.0 13.2 1.32
group Carry-out 374 36.0 2.59
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Fig. 8 The count calculation image by Al analysis.
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Fig. 9 Image of the inside of a pigsty with pigs biased.

52



53

4.3 ¥HBEDT/ T—3ay

AREIBA%E L7z Al OFBEE LT, FERRIKIC DN T
R &R L W EBIDHER S TV D, BAREIIZ
IE. Fig. 10 (T3 XK 9 A EOKR Fig. 11 IR X

9 IRIENDMSAE LIDK T 5, 26 DRI OV TR,

RogER L LTt MEEINTWD HOD, KOERS
MERIZKIR L T D708, ASROIEFEROEMHE & VK
SEHSNAREN AL TS,

ZOERE, 2 RAVEgROT ) T — g VR
L7 EBNICTENOMNE LTRSS OORNE
TWWRoTeZ Linn, Al WNREES K2 L TL
FoTWNL-DTH S,

ZDID, TN EMRRT L7012 Lo E &t
Wi A FENT — 2 & UC, IBINE & FEhid 5 B
b5,

buta 0.78 buts 0.83
? [ {5
buta 0.92 < 3 ﬁi B Luta 0.89
y buta 0.77F 5

B o | - bula 0.64

buta 0.30

buta (1.6¢

i
\ \buta 0.87 ¥

suta 0.68

(¢) Count calculation image.

Fig. 10 Al analysis results including brown pigs.

(b) Binarized image.

Fig. 11 Al analysis results including dirty pigs.
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Fig. 12 Al analysis results by new model.
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Development of Cylinder-Shaped Photovoltaics Designed for Agriphotovoltaics Applications
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Abstract:

In Japan, the decrease in suitable flat PVs installations is causing environment destruction
due to deforestation and landscape destruction due to overdevelopment. The potential for the
introduction of PVs on cultivated land, vinyl houses/glasshouses, arable fields and abandoned
land is estimated to be 436 GW, which is expected to become a new location for PVs
installations. In contrast, when flat PVs are installed on top of crops, there is concern that the
lack of light below the PVs could lead to lower crop yields. In this study, cylindrical PVs and
flat PVs were installed on top of crops, and the potential of cylindrical PVs for
agriphotovoltaics applications was assessed by comparing the yield of crops grown under the
PVs and the quantity of electricity generated by the PVs.
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a)Cylindrical PVs
Fig.1 Landscape with PVs on top of crops.

b) Flat PVs
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a) Rounding a PV sheet
into a cylindrical shape

b) Insertinga PV sheet
into a glass tube

-
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Fig.2 Fabrication Procedure for Cylindrical PV.

¢) Sealing each end
of a glass tube
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a)Cylindrical PV b)Flat PV

Fig.3 PV fabricated for testing.

Table 1 Power properties of each PV

Cylindrical PV Flat PV
Voc(V) 65.8 72.8
Isc(A) 0.79 0.59
Vpm(V) 51.6 54.5
Ipm(A) 0.60 0.49
Pmax(W) 325 26.7
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b) Reference house
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a) Cylindrical PVs house

c) Flat PVs house

Fig.5 Constructed Agriphotovoltaics facilities.
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Table 2 Cultivation conditions without PVs in a greenhouse

Total
) . Avg. Total
Times  Period.  Days Solar
Temp. Temp. o
Radiation
17 Dec -
1 9.9 584 89.3
13 Feb.
27 Feb -
2 39 14.0 545 123.1
6 Apr.
27 May - .
3 25 22.8 570 61.1
20 June.
6 Jul— .
34 29.2 994 79.5
8 Aug.

*Shading curtains were used only in buildings without PVs
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Fig.9 Bok choy with deformed leaves.
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Fig.12 Cumulative solar radiation ratio based on uninstalled

Greenhouses.
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a) Folded up
Fig.14 Situation with shading curtains.
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Fig.15 Average weight of Bok choy.
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Fig.16  Average weight per total solar radiation of Bok choy based on
greenhouses without PVs.
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Fig.17 Comparison of coefficients of variation.
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