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New Aluminum Alloy of 2000 Series for Extruded Materials with Excellent
Heat Resistance

Kazuhiro KAIDA - Dr. Shinji YOSHIHARA

31
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Abstract

The impellers for turbochargers have been being studied for even higher rotational speed to improve the fuel
efficiency of automobiles. For this reason, it is expected to be necessary to deal with the operating environment
temperature, which is rising due to the increase in boost pressure and exhaust gas recirculation (EGR). Hence,
Kobe Steel has developed a new aluminum alloy with a high-temperature strength that is greater than that of
the conventional impeller material (A2618).

In the development of the new alloy, the amount of alloy components was optimized, while the grain size was
controlled, on the basis of fatigue tests and creep tests on trial materials with various alloy compositions. This
has led to the development of the new alloy (tentative name: CR20) with a fatigue strength and creep rapture
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time at a higher temperature (180° C), superior to the conventional material.
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Strengthening of Aluminum Alloy Forgings for Automotive Suspension by

Two-step Aging

Masayuki HORI « Kenichi HIRUKAWA - Masashi NAKANO - Masakazu TANAKA - Yohei OKAFUJI
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Abstract

In order to improve the fuel efficiency of automobiles, it is important to reduce the weight of vehicle bodies.
The weight of suspensions is also being reduced, by applying Al-Mg-Si aluminum alloy forgings, for example.
Further reducing the weight of suspensions will require additional strengthening of the material, and Kobe
Steel has conducted a study to increase the strength by two-step aging. As a result, a two-step aging process
combining pre-aging at 160C and high-temperature aging at 190C has achieved a peak proof stress of 390
MPa in a short time period of only 8 hours Obtaining the same peak proof stress by single-step aging at 160C
requires 56 hours. This is attributed to the fact that f” phase, having a size of 3 to 4 nm, which is greater than
the critical size for non-reversion, precipitates with a high number density during the pre-aging and grows
at the high temperature to increase the strength. This technology has enabled a weight reduction of 3%over
that of the conventional technology and is expected to contribute to improving fuel efficiency and reducing the

carbon dioxide emissions of automobiles.

¥—7—F
TV X =7 AEEM, AMg-SiRE
FANE =0, WIRERBEIEORE T D IS THE

W B L < 2D, HBJHEEFICBWTHHE
WA, &AL FEOHNES B R REE %25 T
Wb, BAREEALIC X 2B oM ik, HEREBRLO
HTdH 5 bR FE O EHIEICER T 562 % T&
ThbYs T, RAeNE, BB BofEry

2 & 2 HEEOHINZ BEIRT 5 72012 b FARDBRRAL A
%‘&k&ofu\éo 2 L7BElb=— X230
2, FARY Vg VISR LTI R 2 5 O A 7 S
M, 600027 )V 3 = KEEFEM OB AMER L TWw 57,
S5 4 BRI O REALERITH D, Ltk

WZBWTH CuZiBmMmL726000%7 VI =7 A4k
H(mmw)#@bnfwé%

) —~BOBELICIEE 5% 5 EMEILSLE L o
TBY, 70X AMP5OT7 7u—F b shTn
%o —OOFFEE LT, NLRRHOMEERRILIZEY
ERIEALT B Z LA SN TH Y, B OM
MEBEICLLEZEN D> Twb, LNLARDAS,
RRIE SR K R B 720, i?ﬁ@ﬁ?ﬁ;ﬁ%ﬁ«@
AN EL R LV MEED L, 8T O

o BERER), PR,

e

2k %L, A6061 G EAMHIZ120C T24 h O Pk sl
MTg&ﬁ@Tt 7 D50 T B L OWEDD B
72720, FREERIR A RRHECTH 2 MEAH 5, S5
12, 20X HAFZRIZ BHALE™S Y X 5 Bk CREMRY
ICHERPHED STV S Y A%, S CodEIIZ
LAV, T THMIE, 600077V I =7 ARG
VIR T ) & B L 7 BRI X B mRE L
ANORREEREL, CORMED A H = A LIZDONTI
7 OHBIEE 2 ML CTERE L7z, AT ZOMELR
3%,

1. HBRAE
B DBNEIC B 72 > Tk 1 IRTALER S % A

®1 M o LR

Table 1 Chemical composition of specimen
(mass%)

Si Fe Cu Mn Mg Cr Zn Ti Al
097 | 022 | 043 | 045 | 0.97 | 0.17 | <0.01 | 0.03 | Rem.
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Fig.5 TEM images after pre-aging (upper number: number density of precipitates, lower number: size of precipitates)
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Fig.6 TEM images after two step aging (upper number: number density of precipitates, lower number: size of precipitates)
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Newly Developed Iron Powder "MAGMEL™ ML25D" for Low Loss Dust
Core

Hirofumi HOJO * Yuji TANIGUCHI + Tomotsuna KAMIJO -« Hiroyuki MITANI
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Abstract

Dust cores, which are manufactured by compressing iron powder coated with insulation in dies, have a high
degree of freedom in shaping and are expected to reduce the size of parts; however, they have suffered from
energy loss, or an iron-loss characteristic. Hence, a study focusing on inclusions has been conducted to improve
the iron loss characteristic.

The results suggest that the inclusions present in the iron powder have almost the same size as the thickness
of the domain wall of pure iron and have a great pinning effect on the domain wall. The effects of these
inclusions on iron loss, especially on hysteresis loss, have been quantified. On the basis of the results of the
study, Kobe Steel has developed a new iron powder for low iron-loss dust cores, MAGMEL™ ML25D. This
powder has achieved an improvement in iron loss of approximately 10% compared with conventional powders
and is expected to expand the application of dust cores.
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Fig.2 Cross sectional SEM images of powders
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Table 1 Amount of inclusions in powders

Amount of inclusions
(pieces/um?)
0.11
0.09
0.05
0.02

Powder ID

o0 |To

10+

Frequency (%)

S y
& o
] LN
Diameter of inclusion (um)

B3 MEWH A ADC AT T A
Fig.3 Histogram of inclusion size

100um
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Fig.4 Cross-sectional micrograph of powders
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Table 2 Average crystal grain size of powders

Average size of crystal grain
(Hm)

a 127

b 145

c

d

Powder ID

127
130

®3 i —7 1 ¥ 7 ROBROILF

Table 3 Chemical compositions of powders after insulaion coating

(mass%)
Powder ID| C Si Mn P S (0]
a 0.02 | 0.01 | 0.09 |0.043]0.005| 0.16
b 0.02 | 0.01 | 0.09 |0.043|0.004| 0.15
c 0.02 | 0.01 | 0.09 | 0.043|0.004| 0.15
d 0.02 | 0.01 | 0.09 |0.042|0.004| 0.14
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Fig.5 Relationship between amount of inclusions and flux density
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Fig.6 Relationship between inclusions and maximum relative
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Table 4 Particle size distribution of powders before insulation

Coercivity (A/m)

115

120 . @

0.00

0.05

0.10

0.15

,t'
coatmns (mass%)
Powder ID|+250um|+180um |+150um|+106um| +75um | -75um
a 0.0 31.1 50.8 8.4 9.2 0.5
b 0.0 29.5 54.8 9.4 5.8 0.5
c 0.0 29.6 51.8 8.3 10.0 0.3
d 0.0 33.7 49.7 6.8 9.3 0.5
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Fig.7 Relationship between amount of inclusions and coercivity
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Table 5 Comparison of core properties of developed and conventional powder

Density Flux density | Coercivity Maximum Core loss Transverse
Powder (gem®) B 1okaim H, permeability W 10100 |W 10800 | W raic | TUPture strength
(T) (A/m) (Wikg) | (Wikg) | (Wrkg) (MPa)
C°'|\‘f‘l’fzné'8”a' 772 1.67 129 545 287 | 68 91 66
Da’fg’s‘sed 7.71 1.70 113 517 256 | 59 77 69
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Mechanism of Attaining High Strength Sintered and Surface-rolled Gear
and Merits of Its Application in Automotive Field

Yuji TANIGUCHI - Satoshi NISHIDA

£ 31
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Abstract

With the aim of expanding the application to automobiles, a study was conducted to determine the applicability
of sintered parts to transmission gears that require high fatigue strength. Recent studies have reported that
sintered and surface-rolled gears based on pre-alloyed steel powder can achieve fatigue strength equal to or
higher than that of conventional wrought steel gears, but the mechanism that enables the former to achieve a
fatigue strength higher than that of the latter has not been fully clarified. Hence, Kobe Steel has investigated
the factors that may bring higher fatigue strength to sintered and surface-rolled gears in comparison with
wrought steel and found that it is attributable to their highly compressive residual stress. Also studied were
the advantages of applying sintered and surface-rolled gears. By optimizing the surface-rolling conditions so as
to improve the tooth profile accuracy, the same contact-pressure fatigue strength as that of the ground product
can be obtained without any grinding, suggesting the possibility of eliminating the grinding process.
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Table 1 Dimensions of test gear (helical gear)

Drive Driven
Material Evaluation material | SCM420 carburized
Module 3
Pressure angle (deg.) 20
Helix angle (deg.) 20
Number of teeth 16 24
Face width (mm) 6 25
Stan_dard pitch circle 511 76.6
diameter (mm)
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Fig.1 Results of fatigue test for gear surface pressure
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Table 2 Surface hardness and amount of retained austenite phase

Rolled sintered gear | SCr420 gear
Surface hardness before testing 708 717
(HV) after tempering 573K 656 667
Amount of retained austenite phase (%) 14.1 16.0
o
4 Pitch circle
g Pitch poin

Rolled sintered gear

SCr420 gear

2 ¥ FREBoRLE LU EY
Fig.2 Porosities and inclusions near pitch point
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Table 3 Pore size and distribution of surface-rolled and sintered

gear
Surface Inside
Mean diameter (pm) 2.8 5.3
Maximum diameter (jum) 13.4 21.6
<Spm 89.7 60.7
Ratio of pores (%)| 5~10um 9.8 27.5
>10um 0.6 11.8
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| o i
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Fig.3 Residual stress distribution near surface
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Fig.4 Comparison of production process between rolled sintered
gear and wrought steel gear

F4 RBHEOHT CPHE)

Table 4 Dimensions of test gear (spur gear)

Drive Driven
Material Evaluation material | SCM420 carburized
Module 3
Pressure angle (deg.) 20
Number of teeth 13 26
Face width (mm) 6 10
Standard pitch circle
diameter (mm) 320 8.0
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Properties of Steel Powder Mixture with Newly Developed Lubricant "KP-
300A" for High Density Application

Mitsuhiro SATO - Yuji TANIGUCHI « Dr. Yoshihiro ITO + Madoka KIRIISHI

E: 34

BEAE TR O WHHPH Z IR T A HED—2L LT, PV RAI vy arF7oLd aEmmEEihii~ouwH2mat
ENTBY, BEISGOE SR EEBRELSNREE 2o TWb, T4bb, EROBESTMOBEIZELTHT2
~73g/em’TH Y, FFYAI v a yEFTAOBRERSOBHICH 725 T, ERH L FSEOEHRIEZHD 12
DIZT5 g/cm* DEEPLIEL ENb,

BRSO OB AL IS P OBE ARSI BENTH 5. SOz, HEk X ) HEEME2SmE L7z EIRE
AT HIMH TKP-300A] 2% L7z, TDOKP-300A %, REBTORMELZIURS €S2 EDBWRTH S,
T2, BOBASREEEL TS ZEh S BERFEOILHAMEITT 5 2 & TIUHA A & <, 980 MPa D KIEHE TH
750 g/cm’ DBEREBIE D Z ENTE B,

Abstract

As one of the measures to expand the applicability of sintered parts, application to high strength parts such
as transmission gears is being studied, the challenge being to increase the density of sintered parts. In other
words, the density of conventional sintered parts is 7.2 to 7.3 g/cm® at the highest, and to apply sintered parts
to transmission gears, a density of 7.5 g/cm® is required to obtain a fatigue strength equivalent to that of
wrought steel. To increase the density of sintered parts, it is effective to reduce the amount of lubricant in the
powder mixture. To this end, Kobe Steel has developed a lubricant, "KP-300A," having a layered structure with
improved lubricity compared with that of conventional products. KP-300A can reduce the amount of additives in
the mixed powder. Since KP-300A has a high thermal decomposability, it undergoes a large shrinkage with the
progress of diffusion during sintering, and a sintering density of about 7.50 g/cm® is obtained at a compacting

pressure of 980 MPa.
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Fig.1 Relationship between sintered density and fatigue strength
for surface rolling of gears
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Table 1 Composition of powder mixtures used for characterization test

1D Base composition

Lubricant Addition amount

Conventinal

Current high-density | 46I'4H-0.3mass%Gr

KP-300A

EBS

+(.75mass%

Current high-density

+0.60mass%

Newly developed "KP-300A"

+(0.50mass%

ReD = 881154 /Vol. 70 No. 2 (Dec. 2020) 23



P 11-1992 20 &, MHEOWRILE I &M T ¢ 11.28
10 mm O EBR AR ER L, ERER O B FEM R O
—DTH5bT7 M IMHEWEL T,
2.4 ST

BERE RO & LC, ARG CREH L7z PR
EROERAB L O E30mm, NEIOmm, &3
10 mm & M &5 I E# 1K % 686 MPa B X 18980 MPa T,
U TR L 723800 2 1 512, Ny-10 vol % H, 55 P &
T, 1393K x 30 min D4&MT7 v ¥ v XBERIFIC L -
THEREZER L 720 155 NS ROBE L L
1L, B L OHEBEE RO EBRR S 2 MEME X 2% L
720 F72, BERSREOIEBARDOT LA EE) 2 Bl T 57
O, EBBEETOg/m®DE HEER (8 x 8 x
33mm) DIEMEEHEL, BZRNEREE RT3
BMASHE T4 T 2 —%) 2 TSRO
Ze A N2 E L 7o

3. KP-300A Z &MU 7B &K DR 4 FFE#5
REBE

3.1 BAFHOFEER

B H O RBEES X OB EZ2 R 2 12R T, KP-
300A Z R L 72 IREW RO REBERCHEIEZ, 0
o L& HEETH 5,
3.2 EMEFHEOFTEER

i%@@%ﬁﬁﬁiﬁ&ﬁﬁ@%mﬁ%%%h%ﬂn
4BIURSIIRT . WINORSGHEDF LEEIC
Hé&&bﬁ@ﬁ%f@é#,mmmAuﬁ%ﬂﬁmﬁ
BOETH L7720, WOMBHIHLRTEWER BN
b7z,

F7:, ReICIEHho®HELmS oMK R7I2E
BHROEEEL 7 M7 HEOBREZIRYT, KP-300A (Z1ho
FEANCHRTEREREI2E L, 9 P IFEPEVE &
No, BOWEBEEEELTWSZ ED909h 5%,

R 2 KA O LB L RO K

Table 2 Comparison of apparent density and flow rate of each

lubricant

Characteristic Conventional hi;ﬁ';:;‘;ty KP-300A
Apparent density (g/cm’) 3.26 3.17 3.17

Flow rate (s/50g) 22.4 24.0 22.1
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Melting and Casting Technologies for Titanium Aluminide Intermetallics

Daisuke MATSUWAKA -+ Tomohiro NISHIMURA -+ Fumiaki KUDO * Yuuzo MORIKAWA - Hitoshi ISHIDA
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Abstract

Alloys based on the titanium aluminide (TiAl) intermetallic compound are lightweight and have excellent high
temperature strength and oxidation resistance. Therefore, they are being increasingly used in low-pressure
turbine blades of jet engines for commercial aircraft, against the backdrop of fuel consumption reduction needs
and the like. Kobe Steel has been working on the development of a manufacturing technology for TiAl material
with international competitiveness, devised a melt deoxidation method utilizing the phenomenon of decreased
oxygen solubility when high concentration aluminum is added, and achieved an oxygen concentration of 0.03
mass% or less. The company has also realized a narrow composition range (Al content *0.3 mass%) and
improved casting yield (+25% or higher compared with the conventional method) by constructing a melting and
casting process using the cold crucible induction melting (CCIM) method. This paper also details the technology
for recycling titanium scrap and describes future prospects.
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Evaluation for Morphology of Regions Having Microtexture in Ti-6Al-4V
Alloy Forging Products
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Abstract

Titanium alloys contain regions having microtexture in which the crystallographic orientation of the alpha
phase is similar. Because the regions with microtexture deteriorate mechanical properties, it is important to
evaluate their morphology. In this study, ultrasonic measurement was conducted and then compared with
characterization results obtained by the SEM/EBSD method. It has been verified that backscattered signals by

FEATURE : Advanced Materials Business

ultrasonic measurement can be used for the evaluation of the regions having microtexture.
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Forging Technology for Large Titanium Alloy Parts for Aircraft
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Abstract

Titanium alloys are sensitive to temperature due to their low heat capacity, which makes them easy to cool;
low thermal conductivity, which tends to cause greater thermal distribution; and the strong temperature
dependence of their flow stress during hot plastic deformation. Furthermore, the microstructure and mechanical
properties of forged titanium alloys are affected by the forging temperature. Thus, for the hot forging of
titanium alloys, it is important to control the temperature. It is, therefore, useful in the advanced forging design
of titanium alloys to consider using coupled thermal-plastic FEM analysis with improved temperature prediction
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Fig.1 Schematic illustration of forging process for aircraft
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Fig.2 Appearance of forged titanium alloy products for aircraft

(b) Z¥zy by I VICHHENDE Y v 7 FERT
B bo BERERED S E B EM 0 2 2 LEDD S T-0,
BN EDRD HN D,

F ¥ UEEIE BN, TUIEERAEME KL
THEDPH LW TH D EvwbhTwb, 7% V&4
i TAEREIVNECHDR TV, [BYREFRIVNE (R
FERADRE L )R T ], [T O M EARLE
PEDSHRN | &V o 7D B EDT20, SRINOH
BT X o THBGEM RO RESEATET 55 & 4
BNOFHEKT L, HEOBREIRZ MRS 22 &
ML %o

F72, K2ZHRL72 &9 8ol Icd LTidsy
BIEPEATEER S, BN 2 S RPN 01
LOXICERLRTE R SRV, EF TR B T
AT 2 T TAE D AR IEICKR & BT 5. €
D72, SEIFEERA 2T T < BE TR L
THLSEH I NS,

EHICF I UEEE TLUIAEREEMEELT
JERASEATTdH % 9 2, BHITEDSE 72 DFEMOIN T % b
Wl b, MEERERLOD, =71y MLICK S
BB TR OHIKR, $HAERHIRIC X 28R ) [
T, BEHME L COERERETH S,

AFRTI, MR KT & o A4 O s
DWTHERHL T %,

1. ME#mE T F 42 2 &2

F 5 ASERRIITRT LIS, BICEOHIE L
WEICX T, a, a+ B, BEED IHBEIZKT
BT ENTE D, Wi a FIAREANTET, B
MRONL T ThH Do b —HMIEH I TV L0
FatE BHO2HLLRE a+BHEETHY, HEE
RHIHEIC & o THEAREICEDE U B, a % EILTE
F (Al &) 1E, atHOMEREEE EOTRERN (o

aalloy Metastable Stable
o+p alloy B alloy B alloy

Temperature —

1] l I Il 1l |
B stabilizer element —

Ti-15V-3Cr-3Sn-3Al
Ti-5AI-5V-5Mo-3Cr-0.5Fe
Ti-10V-2Fe-3Al
Ti-5Al-2Sn-2Zr-4Mo-4Cr
Ti-BAI-2Sn-4Zr-6Mo
Ti-6Al-4V
Ti-BAI-2Sn-4Zr-2Mo

“Ti-8Al-1Mo-1V
LTi-5Al1-2.5Sn

3 F¥ A0 IREM SN
Fig.3 Types and phase diagram of titanium alloys
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L. B transus
Alloy Abbreviation C)

Pure Titanium Ti 885
Ti-6A1-4V Ti-64 990 ~1,010
Ti-6Al1-28n-4Zr-6Mo Ti-6246 940 ~ 960
Ti-5A1-28n-2Zr-4Mo-4Cr | Ti-17 880 ~ 900
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Ti-10V-2Fe-3Al Ti-10-2-3 800 ~ 820
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Table 2 Thermal properties of various alloys

Specific Thermal .
Temperature .. Density
Alloy ©C) heat conductivity (ke/m’)
(kg K)) | (W/(m'K))
RT 515 6.5 4,420
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Al allo RT 869 159 2,780
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Fig.4 Flow stress of Ti-6Al-4V alloy
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Prediction Technology of Titanium Alloy Microstructure Utilizing Large Forging
Simulator

Yoshio ITSUMI + Takashi CHODA + Bumpei KANZAKI + Kohei YOKOCHI
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Abstract

Titanium alloys are widely used for aircraft parts thanks to their high specific strength and excellent corrosion
resistance. Since mechanical properties of the alloys are strongly related to their microstructure, it is extremely
important in manufacturing to know the changes in microstructure during forging and during post-forging
heat treatment. A recently-introduced 1500-ton forging simulator has been used to observe the microstructural
change during the forging of a near-f titanium alloy, Ti-17 (Ti-5A1-2Sn-2Zr-4Mo-4Cr), which is used for engine
parts. In addition, attempts were made to predict the microstructure by applying the modeled results to the

FEATURE : Advanced Materials Business

actual prototype results of simulated parts. This paper introduces the results.
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An Approach to Increase Strength of Materials for Built-up Type
Crankshafts

Tsukasa SHIRAFUJI -+ Hiroyuki TAKAOKA -+ Ryota YAKURA
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DHERR SN 720 ARFEMAyKIEAR T Y U VITHA SN, 4RETETHRLS 22 L PRI T L RERHI~D
SHEZHBKT 5 2 & WIRE S,

Abstract

Recently, there is an increasing need for improving the efficiency of low-speed diesel engines for ships. In
response, Kobe Steel has newly developed an inexpensive low-alloyed steel for built-up type crankshafts. This
steel has a high yield point and high fatigue strength while avoiding the risk of quench cracking, which often
occurs in large forged steel products. Crank throws were manufactured from multiple steel types, including
the newly developed steel, and the material properties of samples of steel pieces taken from their major parts
were evaluated. The results confirmed that the newly developed steel has mechanical properties and a fatigue
strength superior to those of conventional steel. It is expected that this newly developed steel will be applied
to next-generation engines and contribute to compliance with environmental regulations, which are expected to
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become increasingly stringent.
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Steel making Forging
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Fig.1 Manufacturing process of semi-builtup type crankshaft
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Fig.2 Forging methods of crank throw
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Table 1 Chemical composition and heat treatment methods of test steels

Steel ¢ Chemical composition (wt%) Heat
ee e

P C | S [Mn] Ni|Cr|Mo| V| treatment
32CrNiMo6-3 Max. | 0.40 | 0.40| 1.50| 1.10| 1.60 | 0.40 | 0.20 | Normalized

(developed &
alloy steel) Min. [0.25]0.15{0.80| 0.60|1.10 [ 0.15| — | tempered
34CrNiMo6 Max. | 0.38 | 0.40]|0.70| 1.70| 1.70| 0.30| — | Quenched

(conventional alloy &
steel) Min. [0.30| — [0.40|1.40|1.40(0.15| — | tempered
Carbon steel Max. [0.50 | 0.40|1.40| — |0.30 — |o0.12|Normalized

. &
(conventional steel) Min. | — | — [100] — | — | — |0.06| tempered
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Table2 Forged crank throws manufactured from test steels

i Specified strength
Throw Steel making Cyh_nder Forging P £
No Steel type process size method YP TS
’ (mm) (MPa) (MPa)
1| s20rNiMog-3 | Super clean 950 2 step die =590 =780
(Developed) forging
2 | 34CrNiMog | | apdegassing 500 Gas =590 =780
(conventional) cutting
3 | Carbonsteel | 2P degassing 600 Die 2350~370 | 2590~610
(conventional) forging
4 | Carbonsteel | 2P degassing 600 Gas =350~370 | 2590~610
(conventional) cutting
5 | Carbonsteel | 2P degassing 960 2stepdie | - a50 370 | 2590~610
(conventional) forging
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Fig.4 Tensile test results of specimens collected from crank arm in
the vicinity of hole for shrink fitting journal
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Table 3 Mean fatigue strength and standard deviation of test steels
for crank throws

d SN S
No. steel type (MPa) n (MPa) | (MPa)
1 32CrNiMo6-3 25 13 479 29.0
2 34CrNiMo6 25 13 438 17.4
3 Carbon steel 25 13 313 1.2
4 Carbon steel 25 13 263 1.2
5 Carbon steel 25 13 313 1.2

d: Stress increment or decrement

n': Total number of the fatigue test specimens
Syt Mean fatigue strength

s Standard deviation
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Table 4 Evaluation of fatigue characteristics at lower limit of fatigue strength with 90% confidence interval

® @ ® @ ® ®
No. steel type op D Ry | opwrro |tos na | Savs | ®/ @
(MPa) | (mm) | (mm) (MPa) | (MPa) | (MPa)
1 32CrNiMo6-3 951 1,220 90 224 1.4 468 2.09
2 34CrNiMo6 841 645 40 229 1.4 431 1.88
3 Carbon steel 732 720 45 209 1.4 312 1.49
4 Carbon steel 673 730 55 197 1.4 262 1.33
5 Carbon steel 696 990 70 194 1.4 312 1.61

op: Average tensile strength result of crank pin part

D' Diameter of crank pin
R g Radius of crank pin fillet
Opw k=10° Designed fatigue strength (K=1.0)

t 41 nrt Inverse function of t-distribution with one-sided probability a of 0.1 and degrees of freedom n-1
S 4905 * Fatigue limit resulted from 90% confidence interval

,D: 777 EE (mm)
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Solution to Torsional Vibration Problems of Shafting for Ships by Utilizing
High Strength Intermediate Shaft

Masato OTA - Dr. Takefumi ARIKAWA - Yoji HANAWA
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Abstract

As a solution to the increasingly complicated torsional vibration problems of propulsion shaft systems, Kobe
Steel has developed a high-strength, low-alloy steel applicable to intermediate shafts. This newly developed steel
has been confirmed to have a notch sensitivity equivalent to that of the conventional intermediate shaft steel
and to have a higher torsional fatigue strength thanks to its increased tensile strength. With such features, the
steel enables the expansion of the allowable range of intermediate shaft diameters and the control of torsional
resonance points. This allows the passing characteristics of the barred speed range to be improved, warranting
the expectation that the problem of torsional vibration can be dealt with without significantly changing the
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engine design.
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Table 1 Chemical composition of test pieces

(unit: wt%)
Steel type C | Si |Mn| P S |Cr| Mo
Max.[|0.45| 04 [1.2]| 0.02 [0.005]|25]|0.35
Min.|0.36 [0.15] 0.8 - - 15]0.15
Max.]0.43{035|09/0.035|0.035{12| 0.3
Min.|0.38[{0.15]0.6 - - 09]0.15

Developed

Conventional

2 B ORI

Table 2 Mechanical properties of test pieces

Tensile | Yield | Elongation |Reduction of area
Steel type |strength| stress (%) (%)
(MPa) | (MPa)|Longi.|Trans.| Longi. | Trans.
Developed | 1,023 | 866 16 16 55 55
Conventional| 856 679 19 19 54 54

£ 3 ALY ETRBO M
Table 3 Fatigue test conditions

Fatigue evaluation method S-N diagram method
Loading type Torsion only
Load wave Sine curve, 5~20 Hz
Maximum number of cycle 1x107
Temperature Room temperature
Stress ratio R=—1
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Fig.1 Test results of conventional steel
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Table 4 Calculation conditions of shafting

Number of cylinders 6
Shafting length (mm) 12,915

Design parameters

Diameter of intermediate shaft (mm) ref Table 5

x5 AL YIREFHHE SN

Table 5 Calculation conditions for torsional vibration

Min.
Steel type ClassNK diameter |Calc. diameter
grade acc. to IACS (mm)
(mm)
KSFAB0 450 465
Conventional KSFA70 432 440
KSFAB0 416 420
Developed KSFA95 397 400
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Fig.5 Allowable torsional stress of high-strength steel with applying
to intermediate shaft
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Fig.6 Characteristics of torsional vibration of intermediate shafts
with reduced diameter
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%6 BSR PM D754t
Table 6 Calculation conditions for BSR PM

Light running margin: LRM (%) 5
Light running factor:LRF 1.05
Bollaed pull heavy running: BPHR (%) 17.5
Heavy running factor: HRF 0.825
. ) Calculation results
BSR high end speed rate:nBSRH ref table 7

%= 7 BSR PM OFHEAS R
Table 7 Calculation results of BSR PM

ClassNK grade | Shaft dia. (mm) | nBSRH | BSR PM (%)
KSFAB0 465 0.44 51.3
KSFA70 440 0.41 62.7
KSFA80 420 0.37 80.7
KSFA95 400 0.35 91.4
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Technology of Evaluating Maximum Inclusion Size in Solid-type Crankshaft
with High Cleanliness Specifications

Tomonori IKEGAMI

E: 34
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Abstract

There is a demand for crankshafts with higher fatigue strength. In response to this demand, Kobe Steel
is manufacturing crankshafts with high cleanliness specifications. The conventional method of cleanliness
evaluation using an optical microscope does not allow obtaining sufficient dimensional information on the
maximum size of inclusions that have a significant effect on the fatigue strength of crankshafts. Hence, the
company has developed a technique for evaluating the size of the largest inclusions using extreme value
statistical analysis. The newly developed technology has been found to enable the evaluation of the dimensions
of the largest inclusions in a crankshaft by using the dimensional distribution data on inclusions obtained by the
ultrasonic flaw detection of its surplus material. The validity of this evaluation method has been confirmed by

FEATURE : Advanced Materials Business

using the actual distribution of inclusion sizes.

¥—-7—-F
SrAEN), TEEEE, WA, R, 2 F v

FANE =, BEEHHIRPET A, CO MM LI
72D AR S EFSELTTHFICBWTED LN TW
%o MO FIIZBNTOHORBELHEIROSNTEY,
M > Y Y o/NUER B IEPRE S Twb, C
W, Y Yy OFEIRSTH D2 5 v 7l
it LCiE &) — o EIETTREEALAT R S o T
%o

7T Y 7NEE A b v O ES) & [ s ) |2 2R
LIOOEERTMTH D, TV UBETIZBWT,
77 v 7 WNEINTIE I £ R LD IR OBEEIS A A L
b0 74 Ly FERIZBWTZDORKISIEIFET S,
SO, 77y 7EMOPREFMER N LS50
X, 74 Ly MROWETFREEEHDDL I ENREL R
5o

74 Ly MNEEOWEIRE R E X5 gL LTI,
EE MG o 2 0T 03, GRa— v
TP Ry gy FE—= v I, 24, mREBEEEA
N EORMUHEEM OB END, ThbD#E
AL I, RS 2505 2 EI28 o TERIEA
2T 5, HDVIEREEMERAIC 2535 2
LIk TEELEREAIIHIL, PHMEN LA H-723
DTHbH,

S OISR AE ST ERBAOREIZ R D Z

EFIMSNTEBY, 75y 7iiIEAEYT BRKNEY
SEDY SV M ORESRE ISR E R 52 b
hOEEBATEM DK & &R Z D557 OFFAGI I3 HER,
e BEMEI: Y RRRIEIRLE, A T4 A, B
HHWIFETRBEE A L HEY SEH STV,

— I STV B A BMEE L, Sk 251
DL 722k & R e TR L, ESRAEW %
WALWR, 73 F%, VU= R, BALWRL S
SHEL, TNOOMERKRE S X o THEHE % 3Hli§
LT TH B, JCFHEMEETIE, BN TEY OBlLE
AUEETH BAS, RSN A2 RRHEIE T ORI T
BHHTEDPS, MEMOZWITEHI % &t IR AT A
Wil Cd 5.

T, A TR YRS G R B O S AT B T
HoHH, BIMTRERATEW S 4 ZICTFRDD 50 BEW
VG O R BRI 5 & Bl R A TE 2RI T &
575 MR FIAVNE K 2 ), R & A 4
HREeMAET L L IIWEEE 25,

Z 2T, FEEBATE O Kl % Bl U155 iR
EAREHRNT 2 W 2 e MET Lz AT, 29
YO —S R G L LSRRG RE T .
BB RA O T, I EHBAOREL & DM %
BN ORI DS BE 7 J B S R 2 3 L

TR SRR = v b PHBSNTY SRR

56 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 70 No. 2 (Dec. 2020)



720 COEHPEE BRI L V1RSI E)
HEOA T — Z D TR 2179 2 212 &

0, 797 OISR OB KRAFEY % 551

BT A ENTE B,
1. BBRFAE
1.1 SREESHREGHRE

AR TR U 7288 e BRI Mo AS % 18 1 3~150 MHz
DR % AT 5 mEEEGR, B X OLEEO
WeAsi 2 E ARG T RE R 2 A L T b, SN %
RAUIRT o G WM T KR AL, TR MR
50 MHz® b O % i L 720 K pi gk Z05inTH Y,
b S B EEAS M T L3 mm & 72 5 X 9 \ZHI K &
Pefuh1-F000 & OFEER % e L7,

1.2 HERRF4H#

VB S R R A IS BT A R T a— R &
KiaiEe OBt EZ AT 5720, NI AT 51
WRBR 2B L &y 5 v 7 Th H1I8A4E
Cr-Mo il % B2 M CTE# L, 80 X 65 x 10 mm )
B Y L7z, 2Dk, BULELE LCTREZR S L (870C
2h) BXUBERL (640C, 5h) #HEL, £EZT v
TWE AR L7z SESFELTEEETLERENLLD

TS T o -8 & AT, R R
(5 v ZTHEE) 7 5% X 08~1.8 mm DfLiE I ¢ 50~
500um DFEAREMT Lo 72, EBEOMEW DT
oA T 5720, B OES 5 2 7 o5
5 250 X 250 X 30 mm O FIEORE T 2 ) H L 7.
ZF0k, BERSL (870C, 2h) BXUBERL (640T,
5h) OBMIAZNEL, KEICT v THIEZ ML 72,
RERF DAL 2 R 2 1R T
1.3 HBIEFHETEE

WAERERHRIT I, B4 X OFIROMRAEIC L > T
BONLBBORAMET— 7 ZHWT, EHY A4 X0
WTORKEEZ VT L FETH L. AMY v 7 KO
KEBEESY 2, HAHHEICB T2 mAEEOHEE"
BRECHWLNT WS, RETTlX, EHM» 500 H
L7z —%Bo0 % B BB S R IS TR L, SNz
KAFED T35 — % VT, BAESIR L ) KFE O
KA T OHE 2 \BAEARE AT 2 8 L 7zo A fE

R1OBETIARG M

Table 1 Condition of ultrasonic test

Scan type C-scan ultrasonic test machine
Probe . 50 MHz / 0.125 in/F0.5 in
(frequency / caliber /
focus point in water)

Scan mode X-Y mode

Scan pitch 0.04x0.04 mm
Focus point 1.3 mm (in steel)
Scan speed 100 mm/s

%* 2 KA 4 Cr-Mo sl ikER i DAL= 5
Table 2 Chemical composition of specimen of low alloy Cr-Mo

steel
(mass%)

C Si Mn P S Cr Mo
0.39 0.25 1.11 0.006 <0.0005 2.00 0.30
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Fig.2 Inspection results of inclusion dimensions in actual steel by
ultrasonic testing
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Automatic X-ray Stress Measurement System for Cold-rolled Fillet of
Solid-type Crankshafts

Dr. Mariko MATSUDA - Hitomi ADACHI - Tatsuhiko KABUTOMORI « Dr. Hiroyuki TAKAMATSU - Dr. Toshihiko SASAKI
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Abstract

In recent years, attention has been paid to global environmental problems, and even higher fatigue strength
is required for crankshafts used in medium-speed diesel engines for onshore power generation. Surface
treatment technology is drawing attention as one of the means to achieve this. In any of the surface treatment
technologies, however, a tensile residual stress, which causes a decrease in fatigue strength, occurs at the
boundary between the surface treated portion and the untreated portion, and it is necessary to understand
the residual stress distribution around the surface treated portion. This paper describes the evaluation of the
macro-segregation peculiar to large forged steel, and the influence of the X-ray incident angle and incident-
angle setting error generated during fillet measurement on the accuracy of X-ray stress measurement by the
cos @ method. Improvement measures are also described. In addition, the effectiveness of a system that can
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automatically measure the residual stress in the cold rolled fillet has been demonstrated.
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Table 1 Range of chemical composition ratios

(mass %)
C Si Mn Ni Cr Mo
Max. 0.45 0.40 1.20 0.50 2.50 0.35
Min. 0.36 0.15 0.80 0.30 1.50 0.15
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Fig.2 Tensile test to confirm accuracy of X-ray stress measurement
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Table 2 Mechanical properties of specimens

Tensile strength | Proof stress
(MPa) (MPa)
1st. specimen with much segregation 945 813
2nd. specimen with much segregation 987 828
1st. specimen with less segregation 1,035 899
2nd. specimen with less segregation 966 818
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Fig.3 Microstructures on center of specimen with much segregation
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Fig.4 Microstructures on center of specimen with less segregation
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Fig.5 Appearance of electropolishing area and X-ray measurement
positions and their numbers
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Table 3 X-ray measurement conditions

Characteristic X-ray Cr-K,
Diffraction plane aFe (211)
Tube voltage 30 kV

Tube current 1 mA
Irradiated area 3 mm?

Fixed time 30s

yy, tilt angle 35°
Diffraction angle in stress free | 156.4°

Filter Vanadium foil
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Fig.6 Results of X-ray measurement at each position of first
specimen
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Fig.7 Element concentration at each position of second specimen
with much segregation
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Study of Polymer Quenching for Application to Large Forged Steel
Products
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Abstract

In general, polymer quenching results in a faster cooling rate than oil quenching. Therefore, polymer quenching
is regarded as more vulnerable to quench cracking, which is a fatal problem of the process, and there are only
a few cases where it is used for large forged steel products with complicated shapes. Thus, introducing polymer
quenching to large forged steel products is regarded as a new technological challenge. In order to prevent
quench cracking during polymer quenching, it is important to understand the relationship between the stress
generated by the quenching and the shape/size of the material to be quenched. Hence, Kobe Steel studied the
relationship between flange thickness and quenching stress in a stepped round bar that had experienced quench
cracking. Stress analysis and actual machine experiments on the quenching confirmed that the quenching stress
in the radial direction of the flange has a large effect on quench cracking. In addition, laboratory experiments
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have revealed the stress value that can be used as a guideline for the stress causing quench cracking.
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Fig.1 Example of quenching crack of stepped shaft
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Fig.2 Material properties used for analyses
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Fig.3 Relationship between temperature and strain during continuous
cooling based on experimental and analytical results
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