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Development of Steel Castings and Forgings for Vessels

ERHEZ"
Nobuyuki FUJITSUNA

KOBE STEEL has been developing crankshafts, as well as other steel castings and forgings for
ships, to make ships more energy efficient and reliable. This paper introduces technologies relevant
to crankshafts, namely, super clean steel, technology for improving the fatigue strength of forged
steel crank-throws and improved techniques of non-destructive inspection. Also introduced is the
development status of highly strengthened intermediate shafts and high-strength steel for rudders.
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Table 1 Mechanical properties of low alloy steel KSFA65W-S for
rudder-stock and pintle

Elongation Reduction of area
Tensile strength | Yield strength (%) (%)
(MPa) (MPa)
Longitudinal | Tangential | Longitudinal | Tangential
640-790 445 min. 17 min. 12 min. 50 min. 35 min.
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Table 2 Mechanical properties of low alloy cast steel for rudder

parts
Grade Tensile strength Yield Strength Elongation Absorption energy at 0°C
o (MPa) (MPa)
SCAHA50W 450 min, 255 min. 20 min. 27
SCAT480W 480 min. 275 min. 20 min. 27
SCAHS50W 550 min. 355 min, 18 min. 27
SCAL620W 620 min. 430 min. 17 min. 27
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A large build-up-type crankshaft, used in diesel engines for low-speed vessels, consists of eccentric
parts called "crank throws" and shaft parts called "journals,’ each part being fabricated separately and
then assembled into the crankshaft. Large crank throws are generally formed by a method called fold-
forging. Fold-forging has the advantage of being able to press large-sized throws with a relatively
small forging load; however, it suffers from low material yield due to large, unwanted cutting stock
required for removing overlapping defects generated during the forging process. This study, based on
experiments and numerical simulations, aims at developing an improved forging process that can both

prevent defects and reduce cost.
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Overlapped defect

(a) After folding (b) Overlapped defect after folding

process
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Fig. 3 Asymmetric deformation in folding process
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Prediction of Residual Stress in Crankshafts Using Inherent Strain Method
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Introducing compressive residual stress into crankshafts by cold rolling enables them to achieve high
fatigue strength. When designing the fatigue strength of a crankshaft, it is important to grasp the
residual stress distribution, not only on the surface, but also inside of the crankshaft. Thus, an inherent
strain method has been developed to estimate the residual stress distribution of overall shaft systems,
including inside the shafts, from limited amounts of actual data concerning stresses and strains. An
estimate calculation using the developed method yielded values that match well with the actually

measured values, verifying its usefulness.
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Depth of inherent strain AR (mm) 12
Center of width of inherent strain a, (°) 425
Width of inherent strain Aa (°) 125
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Ultrasonic Test Apparatus for Integral-type Crankshafts
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An automatic ultrasonic-testing apparatus has been developed for integral-type crankshafts used in
four-stroke engines for marine and power-plant industries. The apparatus adopts a unique phased-array
technique applicable to fillets and comprises a scanning mechanism that enables its probe to rotatably
follow the surfaces of eccentric shafts, while maintaining stable scanning pitch and coupling. The defect
detectability has turned out to be ¢ 0.5mm flat-bottom hole (FBH) at depths down to 50 mm.
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£1 —KB 2 7 27l BEIUTRE OBEE AR
Table 1 Specifications of UT equipment for integral type crankshaft

Item Specification
Length(mm) ~ 10000 (max)
Work Size |Pin/J. width (mm) 250 ~
Pin/J. _diameter (mm) 400 ~ 500
Pin/J. Normal & Angle(4M)
Probe  |Web Normal & Angle(4M)
Fillet Phased Array (10M)
Coupling Coupling liquid Water

Coupling check
Inspection method
Pulser repetition

B1 echo or grass echo
Pulse reflection method
Normal:0.2KHz, Angle:1KHz

ut Pulse pitch 2mm(Normal & Angle) & 1mm(PA)
Detectability Reference(®0.5mm FBH) —-6dB

Mecha. scan
_

Angle Normal Q
=
Finished contour Phased array

UT contour

_Crank web

journal
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Fig. 2 Target parts of crankshaft for detection and UT probes
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Effect of Inclusion Size on Fatigue Properties in Very High Cycle Region
of Low Alloy Steel Used for Solid-type Crankshaft
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A study was conducted to grasp the fatigue properties, including the properties in a very high-
cycle fatigue region, of a low-alloy steel used for the solid-type crankshaft of a 4-cycle diesel engine.
Fatigue tests were conducted on specimens, some of which were taken from a solid-type crankshaft
and others taken from a round forged bar. The relation between the inclusion size at crack initiation
sites and the fatigue property was studied on the basis of fracture mechanics. The study developed a
relation equation between the fatigue life and inclusion size, as well as a relation equation between the
threshold stress intensity range and inclusion size, for fracture initiated from the surface and internal
inclusions. These equations show that decreasing inclusion size improves not only the fatigue strength
working against surface fracture but also that attributable to internal fracture.
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Table 1 Target of chemical compositions of test steels

mass%)
Material C Si Mn Ni Cr Mo S O
40CrMo8 0.38 0.25 0.90 - 2.00 0.25
34CrNiMo6 | 0.34 0.25 0.65 1.50 1.50 0.25 <60 <50
36CINiMo4 |  0.36 0.25 0.65 1.00 1.00 0.25 ppm ppm
42CrMo4 0.42 0.25 0.75 - 1.10 0.23
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Fig. 3 Results of axial load fatigue tests of 40CrMo8
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It is stipulated in Requirements Concerning Machinery Installations, Unified Requirement M68 of
International Association of Classification Society (IACS UR M68) that the minimum specified tensile
strength of alloy steel for a propulsion shaft shall not exceed 800 MPa. This is due to the fact that
torsional fatigue properties and fatigue notch sensitivity are not known in the high-strength region.
Meanwhile, demand is increasing for intermediate shafts having a minimum specified tensile strength
greater than 800 MPa to reduce the weight by decreasing the diameter, to prevent damage to shaft
bearings and to broaden the permissible scope of torsional vibration stresses. Thus we have developed
a steel having a tensile strength of 1,000 MPa, evaluated its torsional fatigue property and verified that
the torsional fatigue strength has been increased in proportion with the tensile strength, while the
fatigue notch sensitivity remains the same as that of conventional steel.
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Fig. 1 Location of intermediate shaft
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Fig. 2 Appearance of intermediate shaft after machining
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Fig. 3 Manufacturing process of intermediate shafts
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Fig. 4 Manufacturing process of intermediate shafts
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Table 1 Chemical compositions of test pieces

7z, XKa~F o varea (pm) H100um LLF @ K i,
51k 980 MPa DA & D 4a U 0 Y57 I B %
B2V EDPHESNTVD Y, LR A TEWIZ—
RN R WIBIRICME SN TEB Y, BSOS S
BRI AFAET D EW & varea TI00um L F 728 %
Z b, AU YIEFHEELZFTMT 512572 ) MEWw ik
AN ES NS LD bh D,

2. PEBOEE

IACS UR M68IZ & % & Wl oE£EX (1), Al
DIREFFAIGIIE (2 -1), (2-2), (3) IZT&t
HENb, TIT, o, 3MBOGIRREE, FI3ihRE8BH
DI L 28, KIRIRET, nld 1 55 H o mE%L,
pIIMZET), 43R T OB, 4,3 M0EE G
133 (4) KXo THESNDERICHET 24858, C,
OB X o TR BRI T 2 7%, AI3EH
Al g & i RIMERE S O, sef I3IS I ERRET
Hbo tITIRIREE, YIRREL, IWIITHT 2 RERE
2L LTRSS NI I CTH Y, B S 7z fl
FAELHPAIC B W T 22 5 X9 &t Toiditi
HRNICHMT A EDVLEEND, T, 13RO
B, AR A bR Il RO O BRSSO A
DR LB 107 m & LRRRE2 Z B L TR s h
IR THY, WhierBGEdbu, 280G
THEIELZ2TNIER S %, BEE/LTSIIH7-T
&, THABREE, FBRFEM, UIRIEZEOBMRIIB W TR
Hedl & R SE DL O G EE AR D B B 72 D YE 57 AR IS
X DR E AT 5 720

p 1 560
Steel type c si Mn P s cr Mo d=F-k- |—- .
Y ! 3/ np 1_di4 O+ 160 rrrrreeeeeeeeee (1)
Max | 0.45 | 040 | 1.20 | 0.020 | 0.005 | 250 | 035 1
Developed do
Min. | 036 | 015 | 080 150 | 015
Max | 043 | 035 | 090 | 0.035 | 0035 | 12 0.30 o+ 160 9
C tional +7 == . . — D)) teiiiiaa —
MM Min, | 038 | 015 | 00 090 | 015 Te 18 CirCor (3-2-07) (2-1)
2 HHEERER R (ISO 4976 method A)
Table 2 Cleanness by ISO 4976 method A
Inclusion group
A B C D DS
Total Total Total Count Diameter
Index | length | Index [ length Index | length Index b Index Cum)
Sample (¢ m) (um) (um) number um
No. 0.5 | 87= 0.5 17= 0.5 18< 0.5 1= 0.5 132
1 127= 1 = 1 76= 1 1= 1 19=
1.5 261= 1.5 184= 1.5 176= 1.5 9= 1.5 27=
Fine Thick Fine Thick Fine Thick Fine Thick
1 1 0.5 0.5
2 0.5 0.5 1
3 0.5 0.5 1
4 0.5 1 0.5 1
5 0.5 1 0.5 1
6 1 0.5 0.5
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Table 3 Mechanical property of test piece

. ) Elongation Reduction of area
Steel type Tens'(l;::?ngth Y\e(l:in ;lar)ess (%) (%)
ta ta
Developed 1,023 866 16.2 55.1
Conventional 856 679 18.5 53.5

ta: tangential direction

4 GIRIREE & BER LS

Table 4 Tensile strength and tempering conditions

Tensile strength
Grade Steel type (MPa) Tig;%?ﬁ:ﬁ
Min Max
KSFA80 Conventional 780 930 630Cx10h
KSFA85 830 980 630CX10h
KSFA90 Developed 880 1,030 615°Cx10h
KSFA95 930 1,130 600°CX10h
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Fig. 5 Specimens for torsional fatigue tests
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Fig. 6 Results of torsional fatigue tests
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Recent cold-rolling mills are increasingly being operated under high load and high speed, increasing the
load imposed on the work rolls. Therefore, there is an increasing need for rolls that exhibit excellent
resistance against wear, seizure and decreased roughness. This paper reports the results of a study
conducted to improve these properties of rolls by adding vanadium to 5% chromium steel, which is
widely used for cold-milling work rolls and intermediate rolls, to increase the amount of carbide. A
laboratory test confirmed that adding a proper amount of V improves the properties of rolls, while
maintaining the same level of hardness as that of the conventional 5% Cr steel. It has also been verified
that the selected alloy composition allows the actual rolls to be made without any problems, and the
rolls are compatible with broad hardness specifications.
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Work material
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Wear loss Test piece

(roll material)

2 KRB 01X
Fig. 2 Schematic diagram of Ohgoshi-type abrasion test

Load

1 KBRS
Table 1 Condition of Ohgoshi-type abrasion test

Test piece Hardness HS88
(roll material) Shape 25%40x5 mm
Work material | Hardness HS84

(SUJ2) Shape $30x11 mm
Test velocity 1.58 m/s
Test distance 200 m

Test load 12.6 kgf
Test temperature R.T.
Lubricant Dry
Test piece

(roll material)

Test roll

3 RAEH T v 7 E NIRRT — v 048
Fig. 3 Appearance of test piece and test roll
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Ry=—a*ln(L)+b .................................... (1)
2T, L FEHEFEE (m)

a, b1 (1) »oRFELEH
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£ (a: resistance parameter of
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Fig. 4 Evaluation method of resistance of surface roughness
decrease
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Table 2 Test conditions of resistance of surface roughness
decrease test

Test piece Hardness HS95
(roll material) Shape 15x8x4 mm
Work material | Hardness HV100

(SPCC) Shape 60%0.5 mm (coil)
Test roll diameter $50mm
Rolling speed 5 m/min
Contact pressure 108 kgf/mm’
Rolling distance 100~3,000 m
Test temperature R.T.
Lubricant (a E;:in)
& Load

Work material
(SS400)

Test piece
(roll material)

Lubricant

K5 ¥yt r7q A7 RBofRK
Fig. 5 Schematic diagram of pin-on-disk test

x£3 Y rdrrg A7l BRoRESM
Table 3 Test conditions of pin-on-disk test

Test piece Hardness HS95
(roll material) Shape 05x15 mm
Work material | Hardness HS21
(SS400) Shape ‘ ¢13?x6 mm
(internal diameter: $105)
Test velocity 2m/s
Test load Increase stepwns.e
(10 kgf every 3 min)
Test temperature R.T.
Lubricant Turbin O.ll
(4 mL/min)
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Chemical composition of M,C; carbides (wt.%)
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Kobe Steel's Original Titanium Alloys Developed in the Past 20 Years

L

RILZEA™ o)
Dr. Hideto OYAMA

In the past 20 years, Kobe Steel has developed and commercialized various titanium alloys. AKOT is
a corrosion-resistant alloy, in which Cr has the important role of enriching Pd and Ru on the corroded
surface. Ti-1.2ASN is a heat-resistant alloy that can be used at temperatures up to 800 °C, in which
oxidation resistance has been improved by the addition of Al and Si, and grain growth is inhibited by
silicide. Ti-9 is a quasi Ti-6Al-4V alloy that is as coilable as CP-Ti. its Al content has been suppressed
to 4.5% to enhance cold rollability, and Si has been added to ensure the ductility of welds. KS EL-F is
a quasi Ti-6Al-4V and is as hot-forgeable as CP-Ti, in which C is exploited to achieve high strength at
temperatures up to approximately 500° C and to reduce flow stress during hot-forging.
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of C into f phase

(mass%)
Alloy Al Cr Fe C Solubility limit of C
KS EL-F 4.5 4 0.5 0.15 0.14
F-1 4.5 2.5 1.25 0.15 Not calculated
F-2 4.5 1 2 0.15 0.198
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High Heat-transfer Titanium Sheet—-HEET"- for Heat Exchanger

LS EP = ERES"
Keitaro TAMURA Yoshio ITSUMI Dr. Akio OKAMOTO

Dr. Hideto OYAMA

Dr. Hirofumi ARIMA  Dr. Yasuyuki IKEGAMI

A plate-type heat exchanger (PHE) that use seawater as a cooling/heating medium is widely
employed by chemical plants, power-generating facilities and large transport ships. Titanium is a
common material for these heat exchangers, particularly for their primary members, including a
heat exchanging plate and piping, thanks to its excellent corrosion resistance to seawater. Improving
the heat-transfer performance of PHE enables the reduction in number and size of the plate used in
PHE and thus enables the entire facility to be downsized. We have developed a high-heat-transfer
titanium plate-HEET"-which has a heat-transfer performance that is significantly improved by fine
irregularities imparted on its surface. The surface area increased by the fine irregularities, along
with the promoted nucleate boiling, has improved the heat-transfer and particularly increased the
evaporation heat transfer by approximately 20% or more.
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Table 1 Test conditions of heat transfer performance

Hot water Cold water R134a
Inlet Flow Flow Inlet Flow Flow Flow Mass Saturation
temperature | volume rate temperature volume rate volume flux pressure
(T (m¥s) | (m/s) (C) (m¥/s) (m/s) (m¥s) | (kg/m?s) (MPa)
Evaporation 35 3.0 0.6 10 5.0 0.8 0.1 23 0.5
Condensation 40 3.0 0.6 10 2.0 0.4 0.1 22 0.9
Liquid phase
heat transfer 70 5.0 0.9 20 1.0 0.2
&2 WHALAERSA
Table 2 Conditions of visualization experiment
Hot water Cold water R134a
Inlet Flow Inlet Flow Evaporative | Saturation Heat
temperature volume | temperature | volume | temperature pressure flux
(m?s) C (m’s) (C) (MPa) | (kKW/m?)
40.0 25.0 6.0~17.0 1.0~2.0 30.0~33.0 0.65~0.74 | 20.0~40.0

40
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(a) Normal surface (b) Uneven surface of HEET
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Fig.10 Boiling situation in uneven surface and normal surface in
titanium pipe
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High-strength Near a Type Titanium Alloy, Ti-2111S, with Less Anisotropy

and Low-Temperature Super-Plasticity
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Once hot rolled unidirectionally at around f-transus temperature, o+ 3 type titanium alloys exhibit
strong planar anisotropy in tensile properties; the anisotropy is caused by a texture in which (0001) o
is strongly oriented transverse to the rolling direction. On the other hand, o -type titanium alloys and
CP titanium, which are based primarily on « phase, have a texture in which (0001) @ is oriented in
directions ranging from the normal direction of the sheet surface to a direction transverse to the
rolling direction, resulting in planar anisotropy smaller than that of @ + f type titanium alloys. Taking
these facts into consideration, this study aimed at developing an alloy that is rollable, as strong as Ti-
6Al-4V alloy, has less anisotropy and is capable of being super-plastically formed at a low temperature.
As a result, a near « type titanium alloy, Ti-2Al-1Sn-1Fe-1Cu-0.5Cr-0.3Si, was obtained. This alloy has
an anisotropy smaller than that of a + ftype titanium alloys and exhibits excellent super-plasticity at

relatively low temperatures not exceeding 850C.
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F 1 Ti-2111SO A EHLK

Table 1 Chemical compositions of Ti-2111S (mass%)
Element Al Sn Fe Cu Cr Si (0] N Ti
Nominal 2.0 1.0 1.0 1.0 0.5 0.3 0.3 - Bal.
Composition 2.2 1.0 0.97 | 093 | 042 | 0.29 | 0.31 | 0.003 | Bal.
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Technique for Predicting Ultrasonic Detectability in Process Designing of
Titanium Alloy Forgings

{REERAE™ ,—,Aﬂ\ﬁ-*z (-8 (T2) LY A
Yoshinori ITO Dr. Hiroyuki TAKAMATSU  Keiji KINOSHITA

Critical rotating parts such as aircraft engine disks require high reliability and therefore are subjected
to ultrasonic testing. Titanium alloy forgings, however, are known to generate backscattering signals
that are attributable to their microstructure, which hinders the detection of the signals from defects.
In order to provide titanium alloy forgings with excellent ultrasonic flaw detectability, Kobe Steel is
developing a technique for predicting the backscattering signals attributable to the microstructure of the
forgings deformed in 8 region. A study was conducted to correlate the ultrasonic signals generated from
microstructures of f-forged titanium alloys, and a verification was made by FEM analysis. The results
indicate that the colony-microstructure, aggregates of primary o -platelets, provokes the backscattering
of ultrasonic waves. It has been revealed that the prediction using a microstructural model based on
the shape and thickness of [3-grains tends to agree well with the experimental results. The findings are
applicable to the process design of titanium alloy forgings with excellent flaw detectability.
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Segregation-free Powder, "KF-SEGLESS," with Reduced Weight Variation

during Continuous Compaction
A Ao
oY

a5l 8.

T A0OkE FHRERR" $AARIERI™?
Mitsuhiro SATO Yuji TANIGUCHI Nobuaki AKAGI Hironori SUZUKI

Conventional iron-based sintered parts that are made of mixtures of iron powder, graphite powder,
copper powder and additional ingredients such as lubricant have problems, including the segregation
of the mixture ingredients and insufficient fillability. To deal with such problems, Kobe Steel
commercialized SEGLESS, which is treated so as to prevent the segregation of graphite. This paper
introduces the properties of another segregation-free powder, KF SEGLESS, having excellent die-
fillability and improved filling-weight stability during continuous compaction, which are the results of
suppressing friction among powder particles while retaining the conventional segregation-prevention

performance.
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Table 1 Powder properties of KF-SEGLESS

Powder Premix SEGLESS KF-SEGLESS
Adhesive Graphite (%) 49 98 94
Apparent Density (g/cm®) 302 392 306

Flow Rate (s/50g) 299 268 252
Die Fillability (mg/mm? 2mm Width) 27.8 36.3 386
Internal Friction Angle (° ) 156 104 9.1
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Advanced Machining Enhancer "KS" Series
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Although net-shape production is one of the goals of powder metallurgy, a number of sintered parts
undergo sizing, coining and machining to achieve the tight tolerance required. A calcium-based
machining enhancer, KS-100X, developed by Kobe Steel, has successfully reduced the machining
cost while achieving excellent productivity in high-speed machining. Further study has led to the
development of three new machining enhancers namely: i) an enhancer that does an excellent job of
preventing tool wear even during low-speed machining, ii) an enhancer that reduces the tool wear to a
third of that achieved by KS-100X, and iii) an enhancer that is excellent in dealing with post-machining
surface roughness. This paper introduces the performance of these three newly developed enhancers.
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Table 1 Features of developed machinability enhancers

Grade Feature Addition
KS-100X | Suitable for high speed machining (Original) 0.1mass%
KS-200X Su}tgble for wide speed machining, including 0.3mass%

drilling
KS-300X | Improved tool wear 0.1mass%
KS-500X | Improved surface roughness 0.1mass%
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WAL R R (EA LU =Ni-MoR 7 L 7O 1 1 [46F4H ]
Ni-Mo Pre-alloyed Powder "46F4H" Applicable to Carburized Sintered Gear

mE g
Satoshi NISHIDA

$aATER "2
Hironori SUZUKI

HHEEMRC
Masaki YOSHIDA

In order to increase the applicability of sintered parts in automobiles, sintered materials with high
fatigue strength must be developed. In this study, 46F4H (0.5Ni-1.0Mo) pre-alloyed steel powder was
sintered into gears, each having densities varying, by location, from 7.4 g/cm® to 7.5 g/cm® against the
true density of 7.8 g/cm®, Their surfaces were densified by rolling, which resulted in a tooth bending
fatigue strength and rolling contact fatigue strength equal to or higher than those of wrought steel
(SCM415) gears. Shot peening, as an alternative for rolling, also has achieved comparable tooth bending
fatigue strength for similar densities. This study has shown that the sintered gears, based on 46F4H,
with their teeth rolled for surface densification or shot-peened to increase their residual stress, can
provide fatigue strength comparable to that of wrought steel, even without powder forging.
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Table 1 Powder properties of 46F4H

AD FR GD RV
(gem®) | (s/50g) | (g/em’) %)
2.99 223 6.91 0.77

Fe+0.75Lub, 490 MPa
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Table 2 Fatigue strength of Ni-Mo and Mo pre-alloyed sintered steel powders

Pre-alloyed steel powder 4600 46F2H 46F4H 44FH85 44FH
Chemical composition 2Ni-0.5Mo| 0.5Ni-0.5Mo| 0.5Ni-1.0Mo| 0.85Mo | 1.5Mo
Rotating bending fatigue limit,

(MPa). SD:7.0 400 411 425 400 368

Tooth bearing fatigue strength
on rollers test (GPa), SD:7.3

- 1.55 1.50 1.42

Addition:Fe-0.3Gr

7.2
7.1 A

Fe+0.75Lub

7.0 -+
6.9 -~

68 1 0O 300M

67 1 —e—46F4H

Green density (g/cm?3)

6.6
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Fig. 1 Compression curve of 46F4H/300M
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Fig. 3 Two roller type rolling strength of sintered 46F4H-0.3C
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Fig. 4 Plunge type rolling device (Nissei corporation)
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Table 3 Specifications of tested sintered gears

D 73C | 7.3RC | 74C | 74rRC | 75C | 75RC
. Chemical composition 0.26%C, 0.56%Ni,0.99%Mo
Material - - 3 p = =
Sintered density (g/cm”) 7.3 .4 1.5
Process Rolled Done - Done Done
Carburized Done Done Done Done Done Done
Gears for tooth Module ~ ‘3
bendine faticue Pressure angle ) 20
g fatig Face width (mm) 10
tests Number of teeth 21 20
Module 3
Gears for surface Pressure angle © ) 20
durability tests Face width (mm) 6
Number of teeth 26 13
®75RC AT.4RC
1.8 m7.3RC 07.5C
: AT.AC 07.3C
SCM415
16 X 115
’;c:?
o 1.4
S1.2
w
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E
Zos |
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Fig.5 Appearance of tested gear 104 10° 106 107
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Fig. 6 Results of tooth bending fatigue tests of 46F4H sintered gears
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Fig. 7 Results of surface durability tests for 46F4H sintered gears
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Fig. 8 Porosities in sintered gears (cross-sectional views)
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Fig. 9 Distributions of porosity near surface of sintered gears for
bending fatigue tests
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Table 4 Surface roughness of SP sintered gears

Process Surface roughness (1 m) D
Ra Rz
Carburized+SP (High) 1.47 7.42 -
Carburized+SP (High+Low) 1.03 5.18 -
Carburized+SP (High+Low) + Honing 0.78 3.93 7.5 28P-H
Carburized+SP (High+Low) + Grinding 0.05 0.40 7.5 28P-G
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Fig.15 Results of tooth bending fatigue tests for 46F4H SP gears
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Dust cores produced by compacting insulation-coated powder allow a high degree of freedom in
shaping and are expected to be useful for the downsizing of parts; however, they have issues of
energy loss, or core loss. A study has been conducted on reactors and choke coils, which are used at
relatively high frequencies, to improve their core-loss characteristics by focusing on the particle size
of the powder. As a result, "MAGMEL MH20D" powder was developed by designing powder, taking
into account, not only the magnetic characteristics, but also power characteristics, and by combining
conventional techniques of heat-resistant coating and grain coarsening. The newly developed powder
has improved the core loss, reducing it to 30% of that achieved by conventional products, and has been

adopted for the reactors of solar-power systems.
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Table 1 Properties of 'MH20D' core

DC AC Mechanical
Magnetic properties Magnetic Properties Properties
Grade  Densit Flux Maximum | Coercive| Core |Hysteresis Eddy current Transverse
y Density | Permeability | force Loss Loss Loss Rupture Strength
B igxam Winox | Whinox We 110
Mgm® | (D) (A/m) | W/kg) | (W/ke) (W/kg) (MPa)
_I\/IH20D 7.44 1.46 224 224 20.1 15.2 4.9 77

* Compaction: 1,176MPa with D
Heat treatment: 873K for 1.8ks in N,
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Fig. 7 Characteristic comparison of each material
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1) BILE#EZ2. FA2010, Vol51, No.l12, p.24-29.

2) AT SR IER LB L O 0 BE TR JERE
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3) H. Hojo et al. PM2010 POWDER METALLURGY World
Congress & Exhibition. 2010.
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Effect of Microstructure on Mechanical Properties of Forged 6061 Aluminum
Alloys

FIFAEA "2
Keita OKADA

FEtE{Ed
Yoshiya INAGAKI

Dr. Manabu NAKAI

Dr. Kentaro IHARA

The 6061 aluminum alloy is widely used for vehicles, vessels, land structures, etc., in medium-strength
structural members having high corrosion resistance and fatigue properties. A study was conducted on
the effect of hot-forging conditions on the proof strength and microstructure of the 6061-T6. Hot forging
under a medium value of the Zener-Hollomon parameter promotes the sub-division of grains during
forging, resulting in the formation of a fine-grained recrystallization structure. This structure is highly
thermally stable and remains almost unchanged during solution treatment at high temperature. After
T6 treatment, a worked structure with a small Schmid's factor has been obtained, realizing a material

with high proof strength.

FANE=60617 V3= A4, hiREE AR
TEERHT & U C19544F IC AAB SR S T LUk, B, A,
HE 2 EOfEERM CTIL K W SN T 5 fie
DT, BEMIZITEE LTRBIIMIZ S NICF0k
DOTOH S 7% 5 TRTEE I NS, BULER 7L 3
= AEE OB T OB X MBS, BN
TR S N5 TGRSR E KBS LS,

60614 4 (1% 21 43 i © Al-1.0Mg-0.6Si-0.3Cu-0.2Cr)
DOTOHM (¥ — 7 RERLHM) @ I 7 ik & Rk
LOBBRERNERTIRYTY) B RO T A
DL TEHMSRET 5 & I 7 WHIRIZ T & U Tl Sk
05 7% BRI AR E 2 0, KR - MOTAEED
S5 S I 5 TS SRR S HE T RRARIS IR
{Tpotze Tz, WU AMEICHIS T % U)K 6 EE R it
MABEMD R kol Thbh, SE&RSORMNE
OWRKTIERL, I 70z HHTsZLIcLoT,
EREE T OB (MR U A, 57 %
E) DFEVHMEIELND Z LA 0 5Tz,

MRS E I, [N - TR & (MR & %2m
Ak O TR 2 lAGbE HIEE 35 [MF
k] 2RO 5 FTHEA LB % MO B HINDH 5o
e L EIPIENEOZATH S, MEBFREIZRIED,
[I70flik] 20 L LCHDLIENEELER S,
CRLEG - TAE] - [ 7 v filsk] — (MRS E] o Btk %
T, DMEHEE] o HEE 2 38K 3 5 72D 1% [
U] #EFTHLICL, 2EIZZD [ 7 viliR]
ER ST L7200 EL MK - TR 2HAICT5
N - LR

ZZTIZTIE, BMSEEDOIEZR O WICO§ AREE
BRECELSETER L MEM (TeHM) %M
WT, MO I 7 oHEE SIREERAEL, [TR
(GhiRsE M) ] & [ 7 k], [ 7 o] &
FHEE GIREE) ] CoBRE FIBML, D&,
NS DR E T, LM OGRS I & 2
s, 72 & UNICHMITR MR O T bR 2 B & 2
L7,

1. BBk &
1.1 g

AERIZ 726061 G0 b2, R1IDRT LD
IZAAG06L - HAEEIPH O IFIZHYIETH 5. - LE
WL EAT o 7218, 8325 ¢ 60mm, = E90mm d FI:
ROBRE AR L 72, 2Otk HWEZFMEL, #m
IR 326mm (MTEETLI%) T Claimod CRfl£i)
L7zo BEGHEZR2IIRT, 22T, dIIGFHEME
DOEENHHE L2WIE S (STHIA) OfFRET
Hb, Tz, d 7% 5 NNTdglx, SEM-EBSD® 1§ % &
W L72STHMORAET, dIIKADER, di3/Mgo
RO EATRETH S, p ITEMBENSHIE L 72

x 1 M Lo

Table 1 Chemical compositions of 6061alloy specimen  (mass %)
Alloys Si Fe Cu Mn Mg Cr Zn Ti
Specimen 0.74 | 022 | 023 - 0.96 | 0.12 - 0.02

Standard 0.40 0.15 0.80 | 0.04
s s s <
@aasosr) | 080 | 7 | g0 | 3015 | [0 | 35 | 5025 5015

LTV ISR ORI RIS P 7OV S - SRR ORI P ARY Y a v T TOv Y - M SURRAEST 7OV AU

AR T OV SRR (BRN) ATRAT
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K2 BELMtE I 7ol ST A —%
Table 2 Testing conditions of hot forging and microstructural
parameters of each specimen

Test condm_ons of hot -Opllcal SEM-EBSD TEM
forging microscope
Specimens X d (um)
T £g zZ d 14
ol ) | e | oem | 9 | ds % em?
(8 215°)| (8 2 2°)

Low 2 2.7510" | 1.1x10° 14 20 14 0432 | 72x10°
Middle Z(1) so0 27x10° | 1L1x107 - 12 9 0.425 -
Middle Z(2) 274107 | L1x10° 9 13 10 0430 | 7.5¢10°
Middle Z(3) 27:10" | 1L1x10" - 12 9 0.426 -

High Z(1) [ 425 | 2.7x10" | 1.1x10" - 75 71 0452 -
High Z(2) | 365 | 2.7%10" | 1.1x10" 121 141 123 0447 | 6.1x10°
High Z(3) | 310 | 27<10" | 1.4x10" - 86 84 0.464

Flow direction (L)

Tnesile test piece

Section for microstructural
charcterization (L-ST)

()

Tensile direction (T)

Forged plate of
#120 mm x {26 mm

1 ARERR ORI E
Fig. 1 Configuration of tensile test piece and section for microstructural
characterization with respect to forged plate
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Fig.2 Inverse pole figure maps of three specimens after T6-temper
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Fig. 3 TEM micrographs of three specimens after T6-temper at #/2
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Fig. 4 Relationship between o, and d"* of each specimen
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9 M OTEM I 7 uff (SRiGm L, WIELLES)
Fig. 9 TEM micrographs of three specimens after forging at ¢/2
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Fig.10 TEM micrographs of two specimens after T6-temper at /2
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Highly Heat-Resistant Aluminum Alloy "KS2000"

|
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Rotating/sliding components that operate at elevated temperatures, such as impellers and pistons,
require aluminum alloys having a heat resistance higher than that of conventional aluminum alloys.
Kobe Steel has optimized the additive elements to finely disperse precipitates that improve high-
temperature properties, the homogenization conditions to finely disperse crystallized products and the
conditions of plastic deformation to refine grain size. The optimizing of the composition and processing
conditions resulted in the development of a new aluminum alloy, "KS2000," having an excellent heat

resistance compared with the conventional 2618 alloy.
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Table 1 Typical chemical compositon (wt%)
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Fig. 2 Transmission electron micrographs after T61 artifical aging
followed by exposure at 180C —400h
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Table 2 Properties of yield strength and creep of each alloy
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Fig. 1 Transmission electron micrographs after T61 artifical aging
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Fig.3 Scanning electron micrographs around starting point of
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Fig. 4 Optical micrographs of fatigue testing sample
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Fig. 5 Differential thermal analysis in each material condition
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Fig. 7 Fractography in rotary bending fatigue tests
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Fig. 8 Optical micrographs of crystal grain
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Fig. 9 Influence of crystal grain-size after T61 artificial aging in forging conditions
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Fig.10 Fractography in rotary bending fatigue test under optimized
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Fig.11 Scanning electron micrographs around starting point of
fatigue fracture of rotary bending fatigue tests
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Table 3 Fatigue strength of each alloy
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Business Iltems

Iron & Steel Business

Iron and Steel Products : Wire rods, Bars, Plates, Hot-rolled sheets, Cold-rolled sheets, Electrogalvanized sheets,
Hot dip galvanized sheets, Painted sheets, Deformed bars, Pig iron

Steel Castings and forgings : Marine parts (Crankshafts, Engine components, Shafting, Ship hull parts),
Industrial machinery parts (Forgings for molds, Rolls, Bridge parts, Forgings for pressure
vessel), Nuclear parts

Titanium Products : Parts for jet engines and airframes (Forgings, Ring rolling products), Coils, Sheets, Foils,
Plates, Wire rods, Welded tubes, Titanium alloys for high strength applications, corrosion
resistant applications and heat transfer applications, Titanium alloys for motorbikes and
automobiles exhaust systems, golf club heads, architecture and medical appliances

Steel Powders : Atomized steel powders for Sintered parts, Soft magnetic components, Soil and ground water
remediation, Handwarmers, Deoxidizers, Metal injection moldings

Independent Power Producer : Wholesale power supply

Welding Business

Welding Consumables : Covered welding electrodes, flux-cored and solid welding wire for semi-automatic welding,
solid wire and fluxes for submerged arc welding, TIG welding rods, backing materials

Welding Systems : Robot systems for welding steel columns, welding robot systems for construction
machine, other welding robot systems, offline teaching systems, other welding robots,
power sources

High Functional Materials : Filters for deodorization, ozone decomposition, toxic gas absorption

General : Testing, analysis, inspection, and commissioned research; educational guidance; consulting;
maintenance and inspection of industrial robots, power sources, and machinery

Aluminum & Copper Business
Aluminum and Aluminum Alloy Products : Sheets, strips, plates, shapes, bars, tubes, forgings, castings
Aluminum Secondary Products : Blank and substrates for computer memory disks, pre-coated materials
Aluminum Fabricated Products : Construction materials, electronics and OA equipment drums, automotive parts,

heat exchanger parts, chamber, electrode parts

Copper and Copper Alloys : Sheets, strips, tubes, pipes
Copper Secondary Products : Conductivity pipes, inner grooved tubes for air conditioners, Lead frames
Magnesium castings : Sand mold castings

Machinery Business

Tire and Rubber Machinery : Batch mixers, twin-screw extruders, tire curing presses, tire testing machines, tire &
rubber plant

Plastic Process Machinery : Large-capacity mixing / pelletizing systems, compounding units, twin-screw extruders,
optical fiber processing equipment, wire-coating equipment, injection-molding machines

Advanced Products : Surface modification system (AIP, UBMS), inspection and analysis systems(high-resolution
RBS system)

Compressor : Screw compressors, centrifugal compressors, reciprocating compressors, refrigeration
compressors, heat pomp, radial turbine, standard compressors, micro steam energy generator

Material Forming Machinery : Bar & wire rod rolling mills, blooming & billeting mills, strip rolling mills,
automatic flatness control systems, continuous casting equipment, hot isostatic presses, cold
isostatic presses, various high pressure machinery, metal press machines

Energy : Aluminum brazed plate fin heat exchanger(ALEX), LNG vaporizers(Open rack vaporizers,
Intermediate fluid vaporizer, Hot water vaporizer, Cold water vaporizer, Air-fin vaporizer),
Pressure vessels, Aerospace ground testing equipment,

Engineering Business

New Iron- Coal and Energy : Direct reduction plants, Pelletizing plants, Steel mill waste processing plants, New
ironmaking plants(ITmk3, FASTMELT), Iron ore beneficiation plants, Upgraded brown
coal

Nuclear-CWD : Nuclear plants(radioactive waste processing/disposal), Advanced nuclear equipment,
Spent fuel storage and transport packaging, Power reactor/Reprocessing plant
components, Fuel channels
Chemical weapon destruction(Consulting, search and recovery, Transportation, Storage,
Chemical analysis, Monitoring, Safety management, CWD plant construction and
operation), Detoxification of soil and other materials contaminated with chemical agents,
Destruction of explosive ordnance and persistent toxic substances, Contaminated site
remediation projects

Steel Structure-Sabo : Sabo and Disaster Prevention Products(Steel grid sabo dams, Flaring shaped seawalls),
Cable construction work, Acoustic & vibration absorption systems

Urban Systems : Urban transit system (Mass rapid transit system, Automated guideway transit system,
SKYRAIL, Guideway bus), Platform screen door (PSD), Train stopping place detection
equipment, Clearance envelope measurement equipment, Wireless monitoring, Automatic
train control system, Private finance initiative (PFI) business, Medical information system
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