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Process Design for Extended Forging
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Dr. Hideki KAKIMOTO  Hideki TAKAMORI  Dr. Yoichi TAKAHASHI

HHEER
Takashi YOSHIDA

The process design for extended forging was developed using numerical simulation to establish a process
that would assure both the productivity and surface quality of extended forging using the open die free
forging press. The coefficient of friction is important for accurately predicting the forged shape. The
coefficient of friction using 3D-FEM (the Finite Element Method) is identified using a model experiment.
The forged shapes of the square process and the tap process are analyzed by using this 3D-FEM. The
relationship between the forging conditions and the forged shape is shown. The predicted equations using
numerical models are constructed using these relations. The effectiveness of using the predicted equations

is verified by the actual process.
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Table 1 Analytical conditions for square process

D (mm) Bite » (mm) Reduction (%)

400~1,000 125, 250, 375 10~50

2.2 EBHEUOHEIL—-Tar

X 5 20U TROEEF L0 —flErRd., TEIZZ
FEHAANTNS, £, EEOFEIREL T 5
720, v =L =20 (0h) AEEETFTILL =,
FEETIE, ENT3Z8IckoTCv=VaL—2fllZ
DO FHUNORRRREI AL, v =8 2 L — 2N
FI~v=t 2 b — X OIS K > TINS5, £
IT, Bl I av—v 3 v TR ZEEIE KB KD
129 =¥ 2 L — AR TOREMOMRSEMHIE, IR
DAME O E AT > 72, Kde, flFrNIIEHEDO»
W S HISBEIN RN L EYREIEAL TS 720,
FREMIE S A Tuokn, #uEilE 2,500mm & U, #0E
HENEFME LRI — & Uz, |1 2R
9, ZMOTUMAIZIRE 400mm A 5 1,000mm O FE i T%
fbx¥, THEAAR b % 125mm, 250mm, 375mm &
L7z JE FRIEEMOE X2 LT 10%2 5 50% D i
PHCEL X172,

3. MATRICHT 5 IIEEETF &

3.1 HEETIKXDIEE

MU LR T, EREONUMAIZIRY SRR O NI &
fE%, €T, LH&EIEESICITS 20121, WA
RONHEENERMEY I 20— 3 VY TRODLDTH
<, BHNERTYHIT S Z B kb, 22 T2
I, WARDICETAEMEET VA EME TS L&
12k 0, AERMATZIKRO @ 50 5 TR Tl & i A 7z,
—MEAZ, WRIAS D IE T HIEAZ R RS % 72
B, WA S WRIALY D OBIR % & A 3 5 45
Bhd b,

IFZCWI, VIR G W, JEE H),, B& L, » 51
ABE b THOEL 7212, IWW,, EX H,, £ LIZ2Z1t
L7z EGE L2354, WAARILZLDITO X5 IZEHT 5,

AL = B/W, «oeeeeeeeeeereesensiiies 1)
E7z, WA D RE s #LLTOXTER L 72,
s=—1n(W,/W0)/1n(H,/H0) ........................... (2)
—77, EE—EDOBEHIL D ITOABHFE NS,
In(W,/W,) Fn(L,/L,) =—1In(H,/H,) +-wweeeeeeee (3)
Db (2) 8XUK 3) 256
ln(LI/Lo)/ln(HI/H,))Z—l—l-s ........................ (4)

"Eohs, ZhEOPUTOARH[EN5,

W = W,e (Hy/H,)®  woevveeeesnneessnnee e (5)

Ly=Ly* (Hy/H,) '™ weeveeeeneeesieeiicii (6)

Z 2T, WAARL b/W,=1 DA, B ZIRRETI
BIADD EfpIZELL &%, Tabb, LiLoA (5),
X (6) 5

s=1—s
LD

s=1/2
PRI ND, £72, WEARLL b/W, BIEFEITNE WA,
WIADR D BELC KD, ThbE,

W,/W,=1
XD

s=0
kb, 61T, BWHARK b/W, BIEFEIZKEVGAT
FHOREL5b, Thbb, UMTOXS12% 5,

s=1
Z N5 ORRRIKEE & Wi 7= 3 s=f (b/W,) Tix & fifi . 2s
B ToATREN5,

b/ W,

S=1+/b/\ON0 ................................................ (7)
X 612X (7) 2555 NBIRAD DRI s EWHAALL
b/ W, DA 5 BAfR AT

PIED S | WRIAD O R KL s WA A b/ W, DB KT %
ENhb, EZAT, AR b/ W,=1 D5, FEIEOH
I LT A EC R ST b 201283 L B IRIA
B EMIFELLES BN, —HT, b/W,=0 %721F
coDIGATIE, filH I D 5 WIZIE IO —FHEIZHTD 5
ZenyTllahsd, 22T, X (7) 2723 LT
DEITb/W BB a B LD EHHE LT,

aXb/W,

SZH—T/b/\DNO .......................................... (8)

22T, B a IMEIOEGME, THEIK, MRe L
HOMEREL EMLORIIC K> TREE NS, £Z
T, BB L@ E T LB KON &2 Ts &
b/W, DBAR AT, R7IZFIckDEehr-s &
b/W, DBtR AR T, X O @IMHHER %A 1R3., X (8)
O TR/ 2 el S 4R 8 a & Y U 728655, a=1.52

1.0

08 r B
: \
o 0.5
3
é 0.6 / b/Wp i
R ST THb/W
2ol /
3} 4+ ; _
g 1
© : b=W,

0.2 I / _

OO i | | | |

0 2 4 6 8 10

Bite ratio b/W,

6 MEIAA D FREL s EIAALL b/ W, & DBEfR
Fig. 6 Relationship between coefficient of spread s and bite ratio
b/W,

4 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 60 No. 2 (Aug. 2010)



1.0 T T

@ Analytical result
» 08 Predicting equation | |
=
g
2 06
bS]
g 0.4
£ 04 4 J
g o
© 02 i
OO | | | |
0.0 0.2 04 0.6 0.8 1.0

Bite ratio b/W,

R7 B Iab—va  ICkDBENEANDHREs &I
AR b/W, & DB

Fig. 7 Relationship between coefficient of spread s and bite ratio
b/W, obtained by numerical simulation

BfEsh, ERILR(9) 2572, X(9) #X 7 DI TRT,
1.52Xb/Ws

SZHTXWV\/O ....................................... (9)

P k&, #aE#omE-FEER (10) &> THRIT
x5,

1.52Xb/Wy
W =W (HO/Hl)m ........................... (10)
3.2 REICLBRET

FHTOIRELD #RET S Z L2k D, HiffiTOK
i 2=y a Ik N TRROZ Y%K
AEU 7z, B8 ICHEEROMT AR T., FHETIE, IET
T35 L HHMAA L DR E 55729, IEMERIRA D
EUET S ZLIINETH S, 22T, EUBDITHED
WriAZIRIZ U 72%, s OBIEICFrED R SIS A &
WMAEANTEE L, SBEHROMOEHEEL =, ZO%,
RRE— 2 S FIRIAR D AR L7z, Bk, 1752
HOET#HISHEEZHE L, 5l % £ 4 90° bl X &
T2/SZHDIET %247 THEEUIZADHELFAEL 72,
ZOHFEIZED | WEIES D OEIFEIOIES D % B X UE
THADE S DE N Eh TR Ehs, %, k
WU 2R O PHIRIZOW T 8 IE 5 D W EW s h
TR END 720, FIAFEICLIBEALZYTH S
EFZEZbND,

FUDIT, ETERPEEIN 5 B N BRIAH»D
FRBUZ MUT B AT N, ROIZFEL DE S NG
JEH O FRE L WA AR LD BATR A N9, b/ W, 22K
52 ETIRIAN D FRE s EOMBERH B Z EWnn 5,
72, M9R6 152H, 2/52HE S ICBENHRS S
o TEBPTZERZ RN nnr b, sk, 27V2H
IZHRINSZHDOIETI S DERKREVWD, ZOREKE LT
b/W, 8 01SED B, THAIR O ENRKREL &
21-0LEZLND,

DEID, FHEHROMETEICBE L THRE L DA S ks
Re bXrofohzEeEnliEir-> 72, B1012%
OfEREZRT, HXED, ZIEF5%UNTTHITE S
ZEeEMER Lz, Bk, EMERARZVEAIZIESD
ERKRELABZFEKE LT, IR TOEREMTEDIXS
D%, LI, EMATROEEICKD, THERME
DOIESOBHEMELS DL 2o ELENDS,

Flat die

-

(A) Experiment preparation

(B) Forging end

8 FMIURDOIET

Fig. 8 Appearance of actual experiment
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Fig.11 Analytical model for tap process
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Table 2 Analytical conditions of tap forging and spiral forging

Tap forging Spiral forging

No. 1 2 3 4 5

Rotate(({:;iegree 2 45 20 45 60
Press times

(/180°) 9 4 9 4 3

Bite (mm) 150 300/18 300/8 300/6

Press times

(/300mm) 18 8 18 8 6

255
2541
253
252}
251
2501
249

Radius of round bar (mm)

500 1,000 1,500 2,000 2,500
Distance from edge (mm)

E12 fErEos Izl (@S 4)
Fig.12 Radius distribution in case of analytical No.4
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Fig.13 Relationship between angle of rotation and difference of
diameter among tap of forging and spiral forging
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Table 3 Analytical conditions for tap process

No. 11 2-1 2:2 2:3 31 41
Feed (mm) 375 75 375 | 1125 | 1125 | 150
Angle ("f r)"ta“"“ 25 | 45 45 45 | 675 | 90
Press times A
(/180°) 8 4 4 4 2.7 2
Press times B P
(/300mm) 8 4 8 21 21 2
B/A 1 1 2 0.67 1 1
12 T T T T T T T T
_ 011
E00 leoy 1
& gp |A3 i
5]
£ A4
5 O6F A ]
= P A v A
2 . A
g O
=]
A 2r |
O 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90
Angle of rotation (degree)

X114 ST 300 B s g & %250 g
Fig.14 Relationship between angle of rotation and difference of

diameter
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E15 A0 M5 - 72542610 A alfinfai & L0 ik
Fig.15 Relationship between angle of rotation and difference of
diameter incase of difference feed
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Table 4 Example of process design

Process design (mm) Actual size (mm)

Width Height Width Height
Initial 500 520 500 520
1 pass 431 524 431 532
2 pass 450 450 452 450

x5 FHEGAMEIC R T 2 80E RN
Table 5 Actual forging conditions

Octagon | Target Bite Angle of
Process design size size rotation B/A
(mm) .
(mm) (mm) )

Conventional 505 500 40 45 0.93

forging design
Modified 505 500 75 90 2

forging design
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Characterization of Dendrite Morphology for Evaluating Interdendritic
Permeability Based on Phase-field Simulation

\ PEES.N -
FH Fram = FBramw

KHEE—** (oW
Dr. Hitoshi ISHIDA  Dr. Yukinobu NATSUME Dr. Kenichi OHSASA

The evolution of dendrite morphology in Fe-base alloys was simulated by using the phase-field method, and
the complexity of the dendrite morphology was evaluated by fractal dimensions and the dimensionless
perimeter of dendrites. It was shown that the parameters of both the fractal dimensions and the
dimensionless perimeter are effective in evaluating the complexity of dendrites. Factors controlling the
dendrite morphology, such as material properties, composition, and cooling rate were investigated using the
simulation. The permeability of a simulated dendrite array was estimated by the fractal dimensions and the
dimensionless perimeter, and the permeability that was obtained corresponded to the reported permeability

values for metallic alloy systems.
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Table 1 Material properties of Fe-C alloy and Fe-C-Mn ternary
alloys used in the simulation

Fe-0.15%C Fe-0.15%C-0.5%Mn

Partition coefficient of C, &, 0.173 0.174 (at 1,785K)
Partition coefficient of Mn, &, ,, — 0.724 (at 1,785K)
Diffusivity of C in Solid, D;, [m’/s] 6.0X107° 6.0X107*
Diffusivity of C in Liquid, D, . [m’/s] 2.0X107° 2.0X10°*
Diffusivity of Mn in Solid, Dy, [m’/s] — 1.0X107"*
Diffusivity of Mn in Liquid, D, ,, [m®/s] — 1.0X107°
Molar volume of Fe, V,, . [m®/mol] 7.59X10°° 7.59X10°°
Molar volume of C, V,, . [m’/mol] 53%X107° 5.3X10°°
Molar volume of Mn, V,, ,,, [m*/mol] — 8.8X10°°
Interfacial energy, ¢ [J/m’] 0.204 0.204
Anisotropy parameter, ¢, 0.03 0.03
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Fig. 1 Evolution of dendrite morphology in Fe-0.15mass%¢C alloy at
1780K simulated by Phase-field method. (A) Results of the
standard condition shown in Table 1, (B) k, -X2,(C) sX2,
(D) e4X2
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Table 2 Values of liquid fraction, f,, fractal dimension, D, and
dimensionless perimeter, L, for each dendrite morphology
shown in Fig.1

Liquid Fraction, Fractal Dimensionless
f Dimension, D, Perimeter, L
A1l 0.738 1.266 3.362
A-2 0.516 1.268 5.183
A3 0.297 1.345 5.953
B-1 0.668 1.353 4.852
B-2 0.478 1.358 5.901
B-3 0.286 1.373 6.903
C-1 0.582 1.200 2.438
C-2 0.427 1.223 3.189
C3 0.318 1.219 3.462
D-1 0.708 1.444 7.200
D-2 0.541 1.459 8.438
D-3 0.372 1.464 9.357
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Fig. 2 Change in fractal dimension, D with increase in liquid

fraction, f;
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Fig. 4 Relationship between fractal dimension, D, and dimensionless
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Fig. 5 Relationship between liquid fraction, f,, and K/A,® assumed
that fractal dimension, D, is tortuosity factor.
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Fig. 6 Relationship between liquid fraction, f;, and K/,* assumed
that dimensionless perimeter, L, is tortuosity factor
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Fig. 7 Effects of cooling rate and composition on the dendrite
morphology in Fe-base alloy simulated by Phase-field method
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High-quality Work Roll Manufacturing Technology Using New ESR
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As work rolls for cold rolling (hereinafter referred to as rolls) have a stringent requirement for a high
degree of surface and internal quality, the rolls are generally made from ESR (Electro Slag Remelting)
ingots, which assures stable quality. In order to produce rolls with good dendrite pattern, a fine and uniform
dendrite structure with no flow pattern is necessary. Segregation lines called freckle are sometimes
generated in the ingots. Freckle should not be generated within the range of use of the rolls. In recent years,
the equipment was upgraded, and a great improvement was seen in surface quality and internal quality.
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Fig. 2 Relationship between melting rate,molten metal depth, dendrite
angle( 6 ), and depth of freckled region (L/r)
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Fig. 5 Pattern diagrams of insulated mould and live mould in ESR
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Table 1 Electrode positoning control

New ESR

Resistance swing

Conventional ESR

Electrode positioning control Voltage swing

Electrode positioned by Winch hoisting Ball screw

Amount of immersion 10mm 1 ~ 3mm
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Conventional

Winch hoisting of electrode
Voltage swing control

Electric current A

Noncoaxial feed system

Feed back of electric current
due to the insulation system

Revision of electrode positioning control system
- Adoption of resistance swing control
- Revision of drive system

ﬂ Electric current

Coaxial feed system
(axisymmetric electromagnetic field)

,/{ Enhanced mould cooling ‘

High slag temperature
[~ - slag with high heat conductivity and

low viscosity (high electric conduction)

Adoption of live mould
(providing conductivity:
electric supply to mould)

K|
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Fig. 6 Features of conventional and new ESR
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Fig. 9 Photograph of typical longitudinal sectional macro structure
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Fig.10 Relationship between dendrite angle (¢) and depth of freckled
region(L/r) in the ingot produced by New ESR
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Table 2 Physical properties and experimental conditions used in
heat transfer analysis

Liquidus .
temperature 1450°C
Solidus .
temperature 1,344C
Liquid steel Heat 2 e
physical conductivity 38X10"cal/ (mm-s-"C)
properties Specific heat | 0.17cal/g/K
Density 7.6X10°g/mm’
Latent heat of
solidification B5cal/g
. Ingot bottom | 1.4X10 *cal/ (mm*+s-C)
Coefficient of -
heat transfer II;%?;aSége 2.7X10"*cal/ (mm®+s-C)
Melting speed 600kg/h 700kg/h 920kg/h

Molten metal temperature | 1,604°C+ « | 1,628°C+ « | 1,681°C+ «

K3 277 AF VIEE LIRITEMRZREL

Table 3 Slag skin thickness and overall heat transfer coefficient

Slag skin thickness Overall hea‘g transfer
(mm) ﬂcoefﬁmerit
(X10™"cal/ (mm”* s+ °C))
Conventional ESR 3 1.05
New ESR 1 2.68
(X107
/‘OO T T T T
l —8— New ESR slag —#— Conventional slag l
g0k Chemical composition of work roll materials | |
2 ’ for cold rolling
2 (Wt%)
£ _
55 ol 0506150103 |
:g N‘:” Slag composition (Wt%)
g E CaF| CaO [ALO] Si0,
=< Conventional ESR| 25 [ 34 [ 34 [ 7
23 40T New ESR 40 | 30 | 30 ]
E
8 Conventional ESR
2.0F
\
~g__
»
1 1 1 1
O'OO 2 4 6 8 10

Slag skin thickness ds (mm)
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Fig.11 Slag skin thickness and overall heat transfer coefficient

h3 (F3).
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Fig.12 Metal pool shapes at each melting speed (a=50"C)
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Fig.13 Calculated (Molten metal temperature «=0°C) and measured
values of average dendrite angle
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Fig.14 Calculated (Molten metal temperature «=50°C) and measured
values of average dendrite angle
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Application of Polymer Quenching for Large Forgings
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Kobe Steel introduced polymer quenching instead of oil quenching, to prevent fires and preserve the
environment. New polymer quenching equipment was constructed, taking into consideration the cooling
ability and temperature changes of polymer solution, and various quenching tests were performed to
establish the operational technology. Currently, polymer quenching is being used for large forgings
including complex shapes such as a solid-type crankshaft that exceeds the maximum weight of 40 tons.
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Table 1 Main specification of polymer quenching equipment

Items Capacity
Length : 15m
Tank dimension Width : 3.6m
Depth : 4m
Stirring pump 11.25m’/min X 4units
Cooling pump 8.05m’/min X lunit
Heat exchanger 4,700,000kcal/h
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Fig. 1 System constitution of polymer equipment
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Fig. 2 Analysis result of change of polymer-solution temperature
for 45ton solid-type crankshaft quenching
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Table 2 Manufacturing experience and schematic shape of forgings applied polymer quenching

Treated |Maximum
Products Shape number weight
Solid type crankshaft [I]Iu:[”:ﬂ:”:ﬂﬂ:ﬂmtmﬁn]jm:lm] 1,500 45ton
Crank throw for bult-up
type crankshaft | | 248 Ston
Intermidiate shaft @ @ 275 36ton
Mold steel | \ﬂ 111 28ton
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Fig. 7 Solid-type crankshaft before quenching in the polymer tank
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Prediction of Effects of Cold Rolling Method on Fatigue Strength Under

Combined Loading

e
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Mariko MATSUDA Eiji OOTSUKI Shuhei KAJIHARA
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' ¢ % i
Yoji HANAWA Takeshi HAMADA

The cold rolling method is adopted to improve the fatigue strength of crankpin fillet for marine diesel engines. Under
working conditions, combined bending and torsional loading occurs in crankpin fillet; therefore, combined axial and
torsional fatigue tests under tensile or compressive mean stress were conducted to distinguish among the three
methods of fatigue strength evaluation. Modified IACS and Findley criteria were confirmed to be methods on the safe
side. By evaluating fatigue strength by these criteria, it was confirmed that compressive residual stresses from the cold
rolling method improve fatigue strength on the pin fillet surface of semi-built crankshafts under working conditions.
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(b) Small scaled cold rolling test
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Fig. 1 Outline of small scaled cold rolling test using ¢ 10mm sized
specimens
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Table 1 Chemical composition of “Throw Grade3”

C% | Si% |Mn% | Cr% | Mo% | Ni% | V%

Spec. * * ¥ *
“Throw Grade3” 0.25" | 0.35 1.0 <0.50 | £0.30 | £0.50 | 0.08
* nominal
K2 20— 3OS
Table 2 Material property of “Throw Grade3”
Tensile . . Reduction
Specimen strength ﬂ?ﬁg;)mt Elo?,ga)tlon of area
(MPa) 7 (%)
Spec.
“Throw Grade3” =530 =310 =20 =45

YRR SRR PONPHTEER U REH AR SRR SRR T SRR Y URGARGR MW - > 2 7 AHEEAR BT 74— YLRGEHE
TR A BTSRRI B TEAE BERRIESET (Bl v 3oL — V)
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Fig. 7 Results of Axial and torsional fatigue test
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Table 3 Fatigue test results under combined loading

Axial-torsion Axial stress Torsional stress Result
fatigue tests Amplitude | Mean | Amplitude | Mean

without mean 143.8 0.0 115.0 00 runout

stress 149.9 0.0 120.0 0.0 failure

with tensile mean 130.0 130.0 65.0 65.0 runout

stress 1400 | 1400 70.0 70.0 | failure

with compressive 200.0 —200.0 100.0 100.0 runout

mean stress 2100 | —200.0 | 1050 1050 | failure
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Table 4 Particular of studied engine

Type MITSUI-MAN B&W
8K98MC-C
Output kW 45,680 (62,080HP)
MCR rpm 104.0
Cylinder number 8
Cylinder bore mm 980
Stroke mm 2,400
Firing order 1-8-3-4-7-2-5-6
Throw material Grade 3 (Cast steel)
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Improvement in Electrical Conductivity of Titanium Separator with Au
Coating through Heat Treatment

e
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Toshiki SATOH Jun SUZUKI

Through heat treatment in a vacuum after coating with nanometer-thick Au, the electrical contact resistance
of titanium was reduced to the same value as that of conventional graphite separator. The oxygen
concentration of the passive oxide layer (POL) was reduced due to the diffusion of oxygen into the titanium
substrate, and the structure of the POL changed from amorphous to rutile. It was suggested that the
formation of rutile deficient in oxygen which demonstrates the properties of an n-type semi-conductor

resulted in the increase in conductivity of the POL.
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Influence of Microstructure on Formability in Ti-Fe Alloy
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The influence of microstructure on formability has been investigated in Ti-Fe binary alloy in order to achieve
high strength and good formability in titanium sheets used in the Plate type Heat Exchanger (PHE). The
formability of the CP Ti (Commercial Pure Titanium) generally used in the PHE depends on the grain size
in the alpha phase, but the formability of Ti-Fe alloy increases as the size of prior beta phase regions
decreases, and Ti-1.5mass%Fe alloy with uniform fine prior beta phase regions that has undergone a
controlled annealing process shows higher strength and more excellent formability than JIS class 2.
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Fig. 2 Microstructures of JIS class1 and Ti-Fe alloy
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Fig. 3 Microstructures after tensile of JIS class1 and Ti-Fe alloy
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Fig. 4 Iron concentration profile around «/j grain boundary of Ti-
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Table 1 Hardness of Ti-Fe alloy
alpha phase prior beta phase region
Hardness (GPa) 2.518 4.709
Std. Dev (GPa) 0.519 2.818
Minimum (GPa) 2.004 1.505
Maximum (GPa) 3.568 9.809
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Fig. 8 Tensile strength and erichsen value of CP Ti and Ti Fe alloy
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Many studies have been done on the workability of titanium alloys because these alloys are inferior in
machinability and hot workability when compared with other structural materials, such as steel and
aluminum alloys. KS EL-F (Ti-4.5A1-4Cr-0.5Fe-0.15C) has been developed with mechanical properties
equivalent to those of Ti-6Al-4V at room temperature and excellent hot workability. This study found that
increasing Fe and decreasing Cr concentration in the chemical composition of KS EL-F improved both
machinability and hot workability. It was found that with the modified alloys, there was a decrease in tool tip

wear of almost 30% (Cr :

1~2.5% , Fe : 1.25~2% ), and the hot deformation stress was reduced by about

10%. Furthermore, decreasing Cr suppressed aging embrittlement caused by the precipitation of TiCr,.

F AN E=Ti6AMV AEIREIND «-pHIF 2 VA
SR, WA, AT ER, AT EE)
- 20584 2O & LT EhBY, 7=,
2009411 FUZHPRITIZRIN U 7278 — £ v 2 787 DOREIRER
CRONB KIS, BMESHENE K5Ik - 72 KE
WHERIL T 5 2 F v 2 LORBATIS DT, BERK
MWELBEBEMECENWI N6 F R VAEOMIHEN K
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2 VAR, SRESEVILIC X 0 B & T 5
ZEMNURET H B A, —fRAICHIF & T % Ti-6AI4V
BEIIHFEVEREMIN LA SRS R 7L I A L
CHILTHEH>TWB I Ens, EMBITMATNLES
EVOPBBIRTS 5, 2 TINE TN %2 KIE
21 U 7= KS ELF &4 7 & BB - ERL X hTn s,
KS ELF 4413, SRIBTOME 2HH L O OEETO
BN A KIRT 2 7-0ICCEGHELTWS, 207
¥ M TEJEIRESMRZ X 5 TR TIC AW L, T HERE
BEMKIEIBAENDZZEnbroTn5EY,
ARTIE, KS ELF &40 T TAESITLED
n~MZ,%@&Eﬁm@@ﬁmiﬁ%i@%m&Qﬁ
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Table 1 Chemical compositions of samples for machinability (mass%)

No. Al Cr Fe C  Others equli\\/g)lent equiezlilent
ELF 45 4 05 015 — 6.25 4.5
5%Mo 45 — 05 015 Mo:5.0 6.25 4.5
75%V. 45 — 05 015 V75 6.25 4.5
2Fe-1Cr 45 1 2 015 — 6.25 4.5
4%Ni 45 — 05 015 Ni:4.0 6.25 4.5
3%Mn 4.5 — 05 015 Mn:3.0 6.35 4.5
3%Co 4.5 — 05 015 Co:3.0 6.35 4.5
7.5Sn-2A1 2 4 05 0.15 Sn:7.5 6.25 45

IZ, KSELF &4 (Ti-4.5A14Cr-0.5Fe-0.15C, LI F ELF &
W) A= 2Ry E LT, CrafRE+ % I0%KIC Fe
Mo, V, Ni, Mn, 5 XU Co %#, %7 Al #(RFF§ 5 ITHKIC
Sn Zfli L7z, F7- Mo & Id6.25~6.35, Al Y &E L
45% & 755 KRG BT 72, 22T Cr 2\
U 7= FEHd , TiC O Il & OBEh#T H# TiCr, 074
AW 2720 ThH0, $-AEREBETEILI2&-
TéeaéﬁﬁfWﬁm@ﬁT%@ TEB3Hh56TH

o PRI EZE T — 7 IEIRIC K 5 TR ¢ 40X 20mm D
T&/4/37b%@%L PRI IZ X 5 THI 25X55
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K OWIEICHE ST 5728, R TORS R TSR « #
fhe B & oD, SIS p AN EE KB 1,100
C—2h fRE 22 L L 72,

DX, BINL 22K ARICEWCI- AL F I L—v T
ILEBEIRRIFIZ X 5 TR ¢ 155X165mm DA ~ Ty &
WHERLL ) ¢ 60mm MR ICH#HE L 725, 800°C, 1.5h Dt

<=

CEANBHIEATS  AMORIEZEIT BRI xR F o VRGRBGE TR e A 7 VIR E

RD 7 SU8H ] /Vol. 60 No. 2 (Aug. 2010) 37



e

g

g

-9

e\ £
Position A N

4722.5mm4>‘

(L/D=1.5)

Position A

0.3mm

60°

=
SRR

Deepness of notch : 0.3mm
Angle of notch : 60°
Tip radius of notch : 0.05mm

R 1 FRAEAEREAG 7
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Fig. 2 Microstructure of representative samples

Tool-tip - Carbide tip (SANDVIK H13A)
Cutting speed : 100m/min
100 Feed : 0. 1mm/rev Depth of cut : 0.5mm
90 Lubrication: none (dry) Cutting distance : 50m
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Fig. 3 Frank wear of test alloys for machinability
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Fig. 4 Influence of TiC volume fraction on frank wear of cutting
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Fig. 5 Calculated phase diagram of Ti-Al-Cr-Fe-C system
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Table 2 Solubility limit of C on beta transformed temperature in

test alloys
No. Solubility limit of C (mass%)
ELF 0.140
5%Mo 0.182
7.5%V 0.133
2Fe-1Cr 0.198
4%Ni 0.118
3%Mn no data
3%Co no data
7.5Sn-2A1 0.259

MO CIREE 2 Bllic U 728 0 RIREN 2 R 5 12K,
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K 3 & Fe AR AEDORIY
Table 3 Chemical composition of high Fe system test alloys

Alloy Al Cr Fe C
EL-F 45 4 0.5 0.15
F-1 4.5 2.5 1.25 0.15
F2 4.5 1 2 0.15

Fig. 6 Microstructure of high Fe system test alloys
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Fig. 7 Limit of comressibility of conventional and high Fe system
alloys
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Fig. 9 Frank wear of conventional and high Fe system alloys
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FEATURE : Material Processing Technologies

(Hfr0rH

< 7 5 —HiEEEMS&£KS Ti-0.9SADFEFF 4%

Characteristics of Low-cost Heat-resistant Titanium Alloy for Automobile

Exhaust Systems, KS Ti-0.9SA

ERES
Yoshio ITSUMI

ZHE—BR*
Koichiro TADA

Another alloy, "KS Ti-0.9SA" (Ti-0.5A1-0.35Si), has been added to the menu for wider use in automotive
exhaust systems. It is expected to cost less and have better deep-drawing formability and maintain
appropriate high temperature oxidization resistance and strength, compared with the recently-developed KS
Ti-1.2ASNEX (Ti-0.5A1-0.45Si-0.2Nb), which is one of the best-performing alloys for exhaust systems. The
new alloy, manufactured in a mass production line, exhibits well-balanced properties for use in
manufacturing the parts of exhaust systems and for application to their systems.
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Fig. 2 Effects of Al and Si content on weight gain at 750°C for 200h

8
6
4+ KSTi-1.2ASNEX
2
OO

A nd, K123 KS Ti-1.2ASNEX, KS Ti-1.5A1 5 &L O°
JIS 2 fdiffiF 2 > (JIS class2 Commercially Pure Ti, AT
CPTI(JIS2) 2 5) DBE & e TR L 72, AikERi
PHCIZ AL & & 15 R —RRIHEI 5 A%, Siid
0.35% & 7= 1) CTRIMIT ZfHA Z /R T, Al ld o FH % [V
L% 4 SEARAZE L TH D, 035%LL LML T
 SHLAMO 4 XA KEL & 5720 THfbic g
HLZAaweE 2603, KSTi-15Al 6 & UVKS Ti-
1.2ASNEX & Hie$ 5 &, EDMKIZH T S5 IE
WKW E DD, CPTi (JIS2) O 25D WHE+H
TEZENnDbID,

B 2 12 750°C T 200 FERAIR SUMNELS: DRl R &I RIE
AL SiROMEL /R, ARl XUSTEHOBKIZIES
THRALHEE DT 5, £<IZSE, 0.1%DHMTE
ftEESKRE <A S, MEEmRCE a7 TR
THBZLhbrsd, X512, 03%L LOREBT 27
— LD EERRI ST ARSI, — ), Al
i ERER LIS AR TH B 4%, 0.5% L) EOTRITHIF
4 i@ % 89, KS Ti-1.2ASNEX & [big4 % & £ Dl
BAZ B W TR EREBLEIZRRE 58 DD, CPTi
(JIS2) R KSTi-1.5A1 & 0 & KIEIZENRTWE Z &b
5,

P EORERL D, ERmE 5 & O SRR o~ 7
v Z%% %, Ti-0.5A10.35S1 %@ L7z, LIk, AAEE%
KS Ti-0.9SA LIT4,

2. KS Ti-0.9SA O r {& & IEFi 4 DE#E

V77 —DRETIREN LRER D DEEL L &
MLRLW, ZZTREROMEICEHEA L, B L5
WHHBEZ ® 5 LA (FEEEATH) O rfli (522 7 4 —
FAl) & BULBE D BIGR & X 7=,

S, PEREO T RER O EICER S, BRI
FT =L F 2L — 3 RIS TR L 728 10kg O 451
76 EUBEE , AL WAL, BEGE A SRR TIESRLL 72 1.0mm
JEDONR % F N7z, BESIE B 2258t (660°C, 2 MEMIPRER)
BERUOKRKT A v BEMiAMEE L 722 KR&5Es (850°C, 347
TRFE) AT, ME AWK L 2, &, rifiid ASTM
E517 (IZHELL CTHlE L, 45 L2 O Ak LA, T
h) (FEZE 5 AN e 2 1A | 45° F71A (FEZE TR & 45° %
BYHIA) L& 5%& Uiz, F72, rflcKE a8 E K

ET AR A LS 2 728, BESiR O AT 1/4 £
THI D A A 72 AR % SEM-EBSP (2 & 0 & 5 5 1 % 3
E L, <0001> & BRIAIESR 517 & O & O 53 AR X4 % 1ERR
U7, UMM, S 77V Oim s 5 1 st
T 5 <0001 >{HMA M %, 5840 T v & Lk ERIRRED
<0001 >EA A THIRL L 2 TH B, D & kG
i 4% 100 AL EA 3 & 5 12l i i & 100 m i &
L, 025,mPE g THIE L 7=, % 72 B H O KS Ti-
1.2ASNEX (%, HEMOBUEN A 6, KS Ti-0.9SA &[H U
AL BESE TR AR CEBL L 72 1.0mm JEDOM A& B 7=,
X 3 12 BEplisefE D %7 5 KS Ti-0.9SA O rfitizR"$ . r
Il IZ A & 2212 850°C D RXUESED 5 A E M % 71”8 LT
%, —7 KS Ti-1.2ASNEX O rfitiiZ, KSTi-0.9SA 1F &I
FREBEETOKRIE 2B FIZiBD Sk 572, K41
#1351 5 <0001 > & M i 77 1k & O & D 534X
T, WThOA4E 850°CHEdI, 660°CHEMIZ LN
T 0° XL 12<0001> M H:Fl L 7= basal texture & 45 7314
I, 90° fF¥E 12 <0001 > A3 85 L 7= transverse texture
IR BAEENZ H B . KS Ti-0.95A D 850°C 3 47 ilsesd
MH 0 EANDOER RS E <, 90° HraTidix g /&
{E-5TW5, §4&bH5 KSTi-0.9SA D 850°C 3 47 lest

7 , , , ;
6L |®KSTi0.95A
O KSTi-1.2ASNEX
5 .
g 47
s
I3
2t o
’| -
O | | | |
o ‘ 45° ‘ 90" | 0 ‘ 45" | 90
660°C, 2h 850°C, 3min

3 KSTi-0.9SA O &SI r 12 Bl 9 i Bt Se 1 D e 2
Fig. 3 Influence of annealing condition on r-value in various
directions of KS Ti-0.9SA
0°: parallel to rolling direction,45°: 45 degree diagonal to
rolling direction, 90° : perpendicular to rolling direction

KS Ti-0.9SA 660C, 2h

KS Ti-0.9SA 850°C, 3min

00004 —r—tt e 00004 AS50C
00003+ 4 00003
5
S 00002 4 00002
=
00001 4 00001
00— 20 20 80 80 0%

KS'Ti-1. 2ASNEX 660, 2h KS'Ti-1. 2ASNEX 850, 3min
00004 e O A 00004 R OO
00003 00003

a
S 00002 00002
=
00001 00001
00 0.0L— L

0

20 40 60 80
Angle (degree)

1 1 1 1 1 1
0 20 40 60 80

Angle (degree)

4 RSSO #e % KSTi-0.9SA, KSTi-1.2ASNEX @

<0001 >l /5 12453 A7

Fig. 4 <0001> mean radial distribution for KS Ti-0.9SA and KS
Ti-1.2ASNEX annealed at 660°C for 2 h and at 850°C for 3 min

RD 7 SU8H# /Vol. 60 No. 2 (Aug. 2010) 43



2% basal texture D7 % ik & 2 < B 7280 rifid &<
Kozt DEHEIND A, GO X 7 =X LARHIZS
BOMETH 5, AAFITEVTRERD ICAENE Sh
% LD rfifild 850°C O KZMBESIC K DI LT 52 &
NP7z,

3. KS Ti-0.9SA EESIEM DM

1. DR %58 U CYE L 72 B 544 KS Ti-0.9SA O ¥4t
Wi % FeA el CalE L 72 T b B, Stk &8 ET
F 4 VIEIR LI OIEFEEMAILZE 7 — 2 VEIRIF & FVL T
6ton D§BEABLE L, 3,000ton 7' L 2 THBE#ERE, 4
AR BERATIZ Ty BREAE, BUE | it i K OV bk
MAHENEL , JF X 1.0mm OWIENR & fERLL 72, st
T, 2. TOMEHER % %2 OEGBESIRE S 1 12T
850°C T L 7=, Z DEAfEM % Hv T ASTM E8M (Z#E
U 7= s R 2 1T\, vV 7 ERB R & 5 & oW
PRI F6 K ORI 2 H5E L 72,

112 KS Ti-0.9SA OWFEME % |, fFO~ 7 7 —H
Mit#A4: T % KS Ti-1.2ASN, KS Ti-1.5A1 3 X ' CP Ti

(JIS2) OEFEMD Zh E KL TURT, B, ik
BT CPTI (JIS2) LIZIFM%THBH, YV rRIZ
CPTi (JIS2) IZHNRTRRM|E, 72, pARERD Al
WIMO¥EET CPTi (JIS2) k0#30C &L k-Tn3
ZENDbNb,

3.1 KSTi-0.9SA DHEBHIME L SRRE H LUMS
BRI

% 212 KS Ti-0.9SA 0 = i T O b bk 19 M2 % KS Ti-
1.2ASNEX, KS Ti-1.5A1 5 L O°CP Ti (JIS 2) & D HiET
N 0.2%IMRBIEBEIZZ NS Oh TR S &,
ONE CPTI (JIS2) IZHANTRRENE DD, KSTi-
1.2ASNEX, KS Ti-1.5A1 & (ZIEH% CTH 5. CPTi (JIS
2) O35 [5RARE O RS HIPH A 340~510MPa T& 5 Z & 7
5, KSTi-0.9SA 12 CP Ti (JIS 2) OREFAH Y DR %
HLTW3S,

512 KS Ti-0.9SA O 5 [5EARE OIRERAF M 2R, 1.
TbR7= & 512, THALSI RAED Si ®mX° Al mOEE %
ATz 85 BT O 5 EE R BR TIE A K IZ KS Ti-
1.2ASNEX # K UV KS Ti-1.5A1 & 0 & KW Eisis 2 78 L
7zo L2UADS, SPERIEM TIRIZIZESE O Silis 15k
FetEAmR L, 600°C DL EOERTIXCPTI (JIS2) Of
2fEDMEAH LT3, Zhiud, BEEREMZ B
BN TR FRE AN S 20 EL 675,

6 1= KS Ti-0.9SA ® 700~800°C, 200 Ik & f 4
BOMBALREZ7RT, KSTH0.9SA L, % & EWED B
KS Ti-1.2ASNEX & R TRRE 25 DD, 750CE Tk
X%, 800°C T 1.5 fELINORBLRRICIHZ 5h T
W5, KSTi1.5Al 3 K ONCPTi (JIS 2) & 700°CEL |
BRIC R B L BWICRILES A TV B Y, KSTi
0.9SA IZZ N5 DAEE & AR TIERIZ BT 2t SRkt
PMEHLTWDEENWZ S,

3.2 KS Ti-0.9SA ORI 4

TV AMITAKT T ORI, R0 M, kI L

PE, MM, B X OO T 7Y OHD 4% O

% 1 KS Ti-0.9SA OB E
Table 1 Physical properties of KS Ti-0.9SA

Physical properties KS KS KS CPTi
Ti-0.9SA | Ti-1.2ASNEX | Ti-1.5A1 | (JIS 2)
Density (g/cm’) 4.49 4.49 4.47 4.51
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Young's modulus
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Young's modulus
T-direction (GPa) 112 115 108 17
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(X10°°/°C)

% 2 KS Ti-0.9SA ORI
Table 2 Tensile properties of KS Ti-0.9SA

p -
Tensle |y | crengtn [FOnE00| 1
(MPa) (MPa)
KS L 351 494 33 0.115
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Ti-1.5Al T 363 440 35 0.076
CPTi L 222 391 38 0.148
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Fig. 5 Elevated temperature tensile properties of KS Ti-0.9SA
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Fig. 6 Oxidation properties at elevated temperature of KS Ti-0.9SA
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Pre-coated Titanium Sheet with Excellent Press Formability

BEFRE R ®ERES FRoTR g AR
Akihisa FUJITA Yoshio ITSUMI Tadashige NAKAMOTO Kayo YAMAMOTO

The PHE (Plate type Heat Exchanger) is one of the main applications for commercially pure titanium. The
titanium plate, with a complex corrugated pattern created by press-forming, is directly linked to high
performance such as in thermal conductivity for the PHE. We have, therefore, developed an excellent new
press-formable pre-coated titanium, which is designed to have a lubricant layer that is easily removed by

FEATURE : Material Processing Technologies

alkaline cleansing.
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MHEHIN TS, 20728, PHED 7L — | RfE &
EOFEERM TR U Tl TR T B % R
TFE2UPEEZLEHAINTED , PHE XSGR F X2V D
FEAZRO—DIZk > T35 Y, PHE QM AR 1125
4., PHEZ, 74 v 7L — bt kA TR WAL # H
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Fig. 2 Pressed test shape and positions for scoring in order to
evaluate the pressformability using compact size test die
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Fig. 3 Pressed test shape and positions for scoring in order to
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Fig. 4 Comparison between cross sections of pressed samples using
press oil and polyethylene film as lubricant
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Table 1 Composition of pre-coated layer

mass% Contents
. + Acrylic resin consisted of
Resin 80 alkylacrylate-methacrylate copolymer
Colloidal 10 + Amorphous SiO,
silica - Alkali Na,O
Wax 10 + Polyolefin wax

%2 JIS 2 fEMlF % v D5 REHE
Table 2 Tensile properties of JIS Class-2 titanium sheet

Tensile 0.2%Yield Tensile Elongation
direction strength strength (%)
(MPa) (MPa)
L direction 243 396 31
T direction 288 389 29

FRERfTEE 500g, 8E) (Lw > £ 5) % 100mm/min,
FE B PR EE 40mm, W A LA E U R R AL Y
HEIDON % HWCEHIl L 7z, #HFH41E ¢ 10.0mm D SUS

A=, GHliEANINEST A FH U 72,

%%bt7v3~lm®ﬁﬁﬁﬁﬁ&7vz&%ﬁ®
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THZELICEK>THRAL, ZhICKV AL T4 v Ty
2%%m#5;a_ioféB-EMé%é;aﬁT%
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F2ITR L7225t E D JIS2 FifliF 2 v W& W T T
L 2RI RIET 7L O — RO A AL 72,
ZOMREE 61287, BF0S5 pm F TIREEDHI
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Fig. 5 Effect of coefficient of dynamic friction on press formability
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Fig. 6 Effect of thickness of pre-coated layer on press formability
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Fig. 7 Removability of pre-coated layer by dipping in alkaline cleaner
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compared with using press oil and polyethylene film as
lubricant
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KS Ti-90 & 54 EH1i

Process for Hot Rolling KS Ti-9 Coiled Sheet for Less In-Plane Anisotropy

in Strength and Bendability

®RES ZHE—BR**
Yoshio ITSUMI Koichiro TADA

KS Ti-9 has been developed as substitute for Ti-6Al-4V alloy, which has been widely used in aerospace parts.
However, this alloy shows strong in-plane anisotropy in strength and bendability when manufactured by the
conventional method, that is, by a uni-directional rolling process in the «-j region. In order to reduce in-
plane anisotropy, we have adopted the /3 rolling process, defined as the process of rolling after heating the
slub in the /3 region. This new process results in forming a weaker transverse-texture than that obtained by
the conventional method, as it offers a much better chance for new « nucleation with random crystal
orientation in cooling from S into the «-5 phase. Trial sheet manufactured by the new process on a mass
production line also exhibits less in-plane anisotropy and has the same properties as Ti-6Al-4V.

AP E=KSTi9 &, JUHOD Ti-6A4V A4 & %D E
WA AL, ZhET20MIE 25 Z (1,000MPa)
TIEWNEETH 57234 VL E T 3L XL THAETYID
THREIZL7=AEY 2 TH D, ASTM IZ Gr.35 & LTH
T3,

W22 At 12 2 1 & T 5 Ti-6AMV A4 3 T
ML, ZOFFEMEMEST 5 LTy VHElh A
THFZERHGBIEEIZZ LW &5, Hillo &iE S
AV THET A Z LI E b (W TH 5, ZDLI %
Ti-6ALV A4 L i LT, KS Ti-9 138k o & pE5lsE 5
A VIZTCAANFERRETH D Z &5, KT X b -
WY — R a4 L TEGETE S, 20728, Ti-6A4V DX
A4 L UTIai s cowfin kG shtn
%,

LA LBERE, BUEZ 5 7h 6 FiF £ T—HalcE
MEXNDZ L6, S5 E OBMIEREIC o TR
il R AR T R0 () QU RN TN A By LR N A
%, EXIZa-pRIF 2 VST, FHTH D o HOKSS
S S IRE AT TH B ZENHTRYZADBRS TN
%728, AESANIT & o THRMERE2 KR IZ 228 5,
D728, —HEIZOAFIEET S & FE QLA
ERkEhs e Edis, —MFD 7L IR & TR N
IZE DD TR G ERBT 2, Z OB RIS
3HEE LTRWL D20 HEMERIhTnE Y Y,
Fel 21X, EEEF R E 90° AN —E RIEES 5 0\Wb
%00 ZEMEESRHE N T3 Y 2, a4 LoilEs
AifEE LA 20 RANS Z L 3N TH
%, 70 AJEHE L 72 Ti-6AMV &4 & v iEh 7= 2 —
YT EMEA < KSTIH9 2L TIHL 20121, =
ANTH->TERFEDKIEAEK > TOL BERH 5,

AT, BUET o 212861 2 AR OZ s E
HU, 58 & T I 51 2 BRI OMET % 17
o7z, EHIT, TOMREIIZEET A VT L2k
fE L 72MORHE ST 5.

1. BEEFHICRETHREREDTE

1.1 #HEMBLOHRFE

KS Ti-9 @ % K #l )X T & % Ti-4.5A1-2Mo-1.6V-0.5Fe-
0.3Si-0.03C (mass%) % I —JL K27 )L — 3 FILiREvAf
Wz TR L C 1572, 10kg # D ¢ 100mm, & & 9
300mm DA fakbt & Uz, 2oL EF 112
AT, ZhE 1,100°C 12 CHBkE, WS 75mm, 05
100mm D A 7 7IZ5p#l, B L=, 512, pAREM
(T,) ®IT0°CAEEEE T3 950°C, 1,000C, # &1 1,100
CASHEL L 7= BB EIE 2 170y, AR 4.5mm O BUERK
7. 2Ok, BEREEDE, YiE %R U THRUE 1.0mm
[ ol Sy

ARBRIE, FEAE AN AT A 1A (L OATA) # K OV
Jit (T A7) @ 2 Janicxt3 5 51 E, & K U8 105°
HHFERER 2 W & SIS CTHEME L 72, BIIERE T,
ASTM ESM (ZHEJLL | HhiFRkER IZ ASTM E290 (ZHERL L
T -7, BT T, MAREHOFER
(mm) #% 2 CHRUC TEhORREABES L, Shi
AU ORRO I 1 E2 T (mm) TR L THEXIT

F 1 A O
Table 1 Chemical composition of KS Ti-9 specimen  (wt2)

Element Al | Mo | V Fe | Si C (0]
Chemical compositions 4311191 158 |0.51 | 0.27 | 0.03 |0.142

Nominal compositions 451120 |16 | 05| 03 ]003| —

7S K =S A N S AR U/ A 1o S 7 R 1 i I | DB 7 2
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Fig. 1 Effect of furnace temperature in hot rolling on mechanical
properties of KS Ti-9
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Fig. 2 Effect of furnace temperature in hot rolling on anisotropy in
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Computer Control of Die Forging Equipment for Quality Stability in

Titanium Alloy Forgings

|
NEAL—ER*

2 b
BHEET*
Yusuke MOMOTA

TAREE*
Shigeomi ARAKI

Souichiro KOJIMA

‘_.m . ardl W )
Rt * FRINFBL*** PIARR ZBR* ***
Shinya ISHIGAI  Hirofumi MORIKAWA Syunjirou TAKEUCHI

Kobe Steel produces the compressor disc titanium forgings for aircraft jet engines, using the die forging
equipment of the 400k] counterblow hammer. In recent years, there has been a demand for the stable production
of high quality aircraft disc forgings to ensure high power and ultra-high reliability in aircraft jet engines. The
equipment for the 400k] counterblow hammer was retrofitted in May 2007, including such elements as the
computer control, and measures were taken to increase the power of the compressor and accumulator. The
stable production of high-quality in Ti-6246 alloyed disc forgings has been achieved by the computer control and
increase in power. At the same time, Kobe Steel has improved the productivity of Ti-64 alloyed discs.
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Boiling Heat Transfer Enhancement for Ammonia Using Micro-Grooved
Surface on Titanium Plate Evaporator
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Dr. Akio OKAMOTO  Dr. Hirofumi ARIMA Dr. Yasuyuki IKEGAMI

Small thermal energy conversion, such as ocean thermal energy conversion (OTEC), is being looked to as the
new energy. As small thermal energy conversion cycles have low thermal efficiency, these systems use plate
type heat exchangers (PHE) for evaporators and condensers, and ammonia or an ammonia/water mixture as a
working fluid. Since sea water is often used as the heat source for small thermal energy conversion, titanium is
expected to become the main material for plates in PHEs for these systems because of its excellent corrosion
resistance. Therefore, in order to improve the efficiency of plate evaporators for small thermal energy
conversion, we propose using titanium plate with a micro-grooved surface for the plate evaporator.
Measurements were performed to determine the local boiling heat transfer coefficient for pure ammonia under
forced convection on a micro-grooved surface and flat surface in a vertical evaporator in a range of mass flux (2-
7.5kg/m’s), heat flux (10-20kW/m?), and saturated pressure (0.7-0.9MPa). The result shows that the local heat
transfer coefficient of a micro-grooved surface was remarkably larger than that of a flat surface. The effect of
heat transfer enhancement using a grooved surface was especially notable in the nucleate boiling region.

FEATURE : Material Processing Technologies
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Table 1 Experimental conditions

Working fluid Pure ammonia

S1 : Flat surface (SUS304)
S2 © Grooved surface (Ti)

Plate surface

Mass flux

G (kg/m’s) 2, 5,75
Average heat flux
10, 15, 20
o KW/m’) C
Saturated pressure
P., (MPa) 0.7, 0.8, 0.9
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600MPa Tensile Strength Material As-sintered “44FH30”
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A low pre-alloyed steel powder 44FH30 was developed as a high tensile strength as-sintered material in the
600MPa class. 44FH30 of 0.3wt%Mo has good compressibility equivalent to that of pure iron powder.
44FH30 exhibits a greater tensile strength than 600MPa and a high fatigue strength due to the precipitation

of bainite at the boundary of the powder particles.
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Fig. 2 Optical micrograph
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£1 Mo 7'V 7 v A BEkiH B O SREli O R (k)
Table 1 Area ratio of metal phase in Mo pre-alloyed sintered

material

Mo Ferrite Pearlite Bainite Martensite
(Wt%) (%) (%) (%) (%)
0.1 21.0 79.0 0
0.2 0 50.0 50.0 0
0.3 0 21.9 78.1 0
0.5 0 20.6 79.4 0
0.85 0 9.6 90.4 0
1.5 0 0.0 91.8 8.2
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Fig. 4 Relationship between Mo content and area ratio of bainite
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Fig. 5 Microstructures of cross-section of vicinity of crack start area
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Table 2 Chemical composition and powder properties of 44FH30

Chemical composition (%) Apparent Flow
density rate

Mn Mo 0 (g/cm’) (s/50g)
0.15 0.3 0.10 ~ 0.15 3.00 22.5

xR 3 HABOEA
Table 3 Composition of mixed powders

Mark Steel powder ((,21) Gr(a 02}1)1&3 Zinc (S,,;;a rate
44FH30-2Cu 44FH30 2.0 0.8 0.75
44FH30-3Cu 44FH30 3.0 0.8 0.75

4Ni 4Ni-1.5Cu-0.5Mo — 0.6 0.75
7.3 T T .
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Fig. 7 Compressibility of 44FH30
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CTC=8MEMEOMK T 2 ML B, 5l5E®R X

600MPa #% 0.3wt%Mo 7L 7 1 4 Bugik; [44FH30] % B

U7z, MFH30 D ¥ aRitia L2 LT LS 1

55,

Oigkts & [FEOIEfENE % & DEEfEtE 7L 7o 4 4
HcH B,

QAR TEEFIRO XA F 4 N HLIEO SR A5 [9R R
EPGEL, Dy Mo BTEEIR®BE 285,

@ 0.3wt% D7 75y Mo T 600MPa D 5 |55k & 2§
B TH 5, 2, R ENR TV,

% £ X #

1) HARSHRRI 2 S 19 TR MW - ¢kl e A8ck (1),
(1966), p.902, T HH AL,

2) HAMAR GBS LIS D BERSBMEE — 2 D5t & 8E,
(1987), p.55, 141l EkiE.

3) BHMARRAEWH S B IR ACG S HEE L, (2001), p.23, H
TS .

4) MPIF (Metal Powder Industries Federation) s Standard, No.10,
“Tension Test Specimens for Pressed and Sintered Metal
Powders”.

5) REPERIBIZA | FH W O 720 O - SEME, (1979),
p.137, MEHA L.

6) MEEEAT 2 | WETIATE KRG E5 - IEUE SR Lo 6,

(1978), p.234, 2 7 F 4L,

7) SRELRIEARE R S . SIRAVAPRE . (Y

HCETRR) , (1965), p.75, H T T30 4t

RD 7 SU8H /Vol. 60 No. 2 (Aug. 2010) 69



WA R

FEATURE : Material Processing Technologies

(G sL)
SZEEJL X"
High Density SEGLESS®

R //‘
AR i) =S I =l
Hironori SUZUKI Satoshi NISHIDA

BAER
Takayasu FUJIURA

The newly-developed KPA lubricant consists of two different functional materials. Based on this feature, an
iron powder mixture with KPA lubricant has better powder flow at the powder stage and better ejection
performance at the green stage. Since KPA lubricity is superior to that of conventional lubricants, it is
possible to reduce lubricant content without increasing the ejection pressure. By utilizing this process, high-
density P/M parts can be made at a relatively lower production cost, in comparison with conventional

methods.
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L7z,

2. REEMBEBRI KPADIO T b

KPA i3, DR %5 3 “FHOKR ) A FaF T
v A FREEAITHR N EY (B5), mhtkicdsd
2 RS A (RS 150°C R 1) & BRI 5 B K
A RCERE A (B 100°CRLT) ORAE, BLUZTh
FhOMBERKE L E#RELT 2 Z LIk > Tihk
& BRI DR EDSGE 21T - 72, & 72, KPA I3HERSHF
NANDOHEGEMEIR T & |, BERSARO RN G D nsEs
DT v o 2 RFEEFITH 5.

WA 5 VA GHIE 4 5 728, $k & KPA #RA L 72 RE
RO ZBR O A TINELL | INErh O E KD %
HWEL2 (F6). WED EA& & G ITTRERI» - 77
ZAb L, SRR T 450°C £ TIZERICER A A
LETERZEnbh b, 72, A S HBRICITTHEH
DR BFIFEAELNT LRI NI,

Amide 1 Amide 2
Lower melting point Higher melting point
lubricant (<373K) lubricant (>423K)

5 FEREVETNT A KPA O &X
Fig. 5 Conceptual diagram of functional lubricant KPA
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Fig. 6 Weight loss of KPA lubricant during heating
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3. KPA D454

3.1 KPA %5FMU 7= BEHROER MY

Wit EL T b~ A XK 300M CFEIRIFE 70 2 m) 12 2%
SRy CEYRIAY 30 m) , 0.8% T80 CFYIRITE 5 nm) B
K ORTETEA % 0.75% M U 7= BEHmTP - 868 (&
7v2)%ﬁ¢b CTE Nl ol 0L S O v [ = 1
L7z KPA DIEHIZ, it & U CiliiD Znst CEHK;
uwﬂm,hioE%($wﬁ&%#m)%ﬁmb,
A CIRINE THR L 72,

F1 12 MEHORS %@ﬁ%%&%%%&&ﬁ&%%
PEAR, WAHERE L JIS 2504, BN I JIS 2502 12
CCHEL, JEBHRREE LTRA %%4%Mm®mm
FESCRIE L 7=l Atk (31.8 X 12.7 X & 6.3 mm) D
FERMAREE S & S Ic & 2 e AR (JIS Z2511) #
W L7z, £z, BEAMEOREEE LT, 490, 588, 686
MPa @ —KHEDIZHE ST THEEE (¢ 25X25 mm) 12K
BL 7L &DEkROkt ) (K —21E) 2R 710187,
KPA % 7RI L 7238 A B AR IEREH b & e TRt Ak
MEIRIR L, BERIMEICEN D Z e bh b, EITRE
FENRENELETHETH D, 686MPa DIKIEFE T TIEHt
KRR THRY 20%183% 3 % .

3.2 KPADHEBERAXH=X L

KPA 31l D Zn-st R EBS {2 )b R THERIMEIZ B 5 #
HZRLEIRAT 2720 BFEFBRET -7, £, B
REEEMIE 312 T KPA &K EBS Al O % iE T
REHE & JlE U2z, W H T, 7 4 22 BISH lmm
DE XM U2 EEAl 2 & &, 74 22 % 625 rad/s
(10Hz) ChHlfZ X gL X I2fH5hN5 L ZfEir 55K
7z. B813 KPA & EBS DANENE% Lk L 728 D T, KPA
BRI LIT T % 60°CHEAD SR 41K T L, EBSIZHE
NTEWMETH B ZEnbrs, Zhid, EBEKER

%1 KPA &I OR Ak, ERHARREE
Table 1 Powder and green properties of KPA and other lubricant

mixture
Lubricant KPA Zn-st EBS
Apparent density (g/cm®) 3.27 3.49 3.24
Flow rate (s/50g) 24.1 22.1 28.3
Critical flow diameter (mm) 22.5 22.5 30.0
Green density (g/cm®* 6.92 6.90 6.91
Green strength (MPa)* 12.0 10.0 10.6

*Compacting pressure . 490MPa

5 300M+2%Cu+0.8%Gr+0.75%Lubricant (SEGLESS)

5}

S 11t

o 20%

7 ducti

qu ,‘O ﬂre uction i

a

=1

S 9t —e—KPA

.&’_). —O—Zn-st

M= g . . . ——EBS
400 500 600 700 800

Compacting pressure (MPa)

7 KPA # A L 72iaBROH LIS

Fig. 7 Ejection pressure of KPA and conventional mixture

W - & 5T TRIC BT, KPA IR 7=
DIEBHERNE 2 5 i%ﬁmiﬁb%ﬁ<,ﬁ@%%ﬁ
REX MR F VI LA RT3
o%Q,MAhiomﬁwﬁ@%%ﬁ%mmmN%
B (LwdES) il s VTN, fih B
il % 10~30 xm DJF X THEA L, H[E 2 ~ 3MPa &Il 4
C 100mm/min O#E THE) X ¥ 72, 20L& DR
HESX BIRBU IO ¥ — 2 0 & BREBR S A SR 72, &
912/ L =B IR &, EBS I3 FF M SR 12 L
THEEEBR O 5 DIZx U, KPAIZIRE I Kk 2%
fbixd R ohznn, EIZ60CHEEEZ 5 L
EBS & DEMNFFHIZ A B I Ebh b, FHELEREIZ
FERAAIBARORRE L U TORMMEE R T2, SlEIE T

H o TEHEINT KD EEETREMIZIZ0CEEA S
ERI D B L HEEE X, KPA O AR - R4
53DEEZENS,

DO, Kk ORI TR 50 THERIC

Py

>+~ Lubricant
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10

103 -
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’]OO =

Viscoelasticity (Pa-s)

’]O-Wk

1 1
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Temperature (‘C)
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Fig. 8 Viscoelasticity of KPA and conventional lubricant
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Fig. 9 Coefficient of static friction of KPA and conventional lubricant
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Die Steel powder
H % Lubricant
KPA Zn-st EBS

294
MPa

490
MPa

686
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K10 EDX CBISE L 7= [ER 2 it o 71 55 i
Fig.10 Lubricant distribution on surface of green compact by EDX
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FREANCE EN S RFEBRELZERTHD, WIho
BIEENZ 50T & KPA IO AN R T <
WHAIDBIEREZRICERL THWEZ Ebr b,

DL EOFE A 6, KPA ISR IOME < R 5
NB7ET T, KEDMEN T &2 5 FEBHARK I~ D 3L
A UAIRGICRIE NS, ZhsOMFEHRICL
D, fOFEEANC IR THEMEICERLTWEEEZA 6N
%,

3.3 KPAZFMUE-ERELT L A0

KPA [ ZEERIPEICEN TV B 728, SRIAO EHIKIIC
& % AT DML R OB IRIB S~ D FH A I T &
%, FZFREC, PEROEREA O T L XL & T KPA
OFRMEEMIRL , EEEERSSIZLETRTH
%o TEAIRINR A KR 2 @& sl 7 a v 21k, fi
2k e OB N s b e < PRI A S S EH T & 5 T
BThHEL BT, BiA KON 2 mAD 75 < BB
IZBENLRHNH 5. AHITIE, KPAZRINT 5 Z &
TR &2 56k D 1/2 1I2KI%$ 5 Z & A B s &
B L ZORMEEEITT 5,

ok B M8 300NH (12 2% 8k (YR 40
30m) & 0.8%Hek CFRITES pm) 7 5 UNZ KPA
% 0A%RIMU 2S5 g7V 2L fEk0 EBS i #Al
CE¥RIFE 25 pm) % 0.8% ML 225kt L 200
A RIE L TR & L7, R21BEEE LT L 2 &
Wk 7L 2ORRREE R, REHEEICITIREER
SNENA, EEE YL 2B ARIE 2D 2507
», #RkEL 2123 s/50g LIRS EIE AR,

RMMEEEEL L ALK EL T L 2% 25X
25mm D MHIZ K U 7B O I ) & AR D
BIfRART ., BEELs L 20, THHEH & KR L 723058
&> TIEMEKREE XM EL, ket Lv 2L08
0.2g/cm® i\ 7.30g/cm® (686MPa &%) &K 5., %
7=, B2 6 Ok ik z kit s B0kt 1 &R .
W B ITRAE LT T3NS 2 I b B
A3, TEHEA A KK L 22 S EE v 2L 203 CEBE O K
TRV 201 L HEF L 50, RV EELE
HEFITTEEAIRNRE AR TE 2 2 L 23b2 5,

DONT, FHD AR % SME 64mm, PNEE 24mm),
=& 10mm OV ¥ ZSRRICEIBE N &2 2 TEEZ L,
5%KF % GO ERFHEK T T 1,120°C, 30 7 HIBERS L <
BERSTRREE 2 i U 72, B3I, V) ¥ IR OB IR

R2 EEELTVREIERE TV ZORHERE
Table 2 Powder properties of high density SEGLESS and conventional

SEGLESS
High density SEGLESS | Conventional SEGLESS
Apparent density
(g/cm®) 3.49 3.46
Flow rate
(s/502) 23.1 26.5
735 T T T
@ 730+ .
é 7.25F ﬁ 5
720+ B
0.2g/cm®
2 915k grem
£ 710} .
§ 705 —e— High density SEGLESS
& 7.00r —o— Conventional SEGLESS
6.95 ! I

1 1
400 500 600 700 800
Compacting pressure (MPa)
B11 @5 2 v 20N
Fig.11 Compressibility curve of high density SEGLESS
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=2t A /N 636MPa
O 1 1 1 1 J
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Green density (g/cm®)

B2 @ v 2o
Fig.12 Ejection pressure of high density SEGLESS
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700 A /\ 686MPa
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6.9 7.0 7.1 7.2 7.3

Sintered density (g/cm®)

R13 E5IE & 7 L 2 OBEkS 1 B
Fig.13 Radial crushing strength of sintered high density SEGLESS
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Fig.14 Apparent hardness of sintered high density SEGLESS

iR A ARIC T L 2 CIHEMEMEEMA , Eha 1256
FEBRBRIE 23R 72, MBE LS L ZIXBEEOMINE & &
BRI I L, R U BB T O BT pER
YL ZITHRTH 6% E$ 5, 72, R14 2B
ko L& T 3 AT v 2 2 LOB A7 =L T
WTE U 7= RAREE X O P8 AR §, s L Ak, RS
BEORME & G IZHML , 686MPa TOKIE LK T
Pkt 7L ZIZHRTR 7% 35,

CTU=FARBEHICHHTE U 7 BRETERRE A & € h 2 ¢k
FHZWMU 72 REB ORI TO LS 25w oh
50

1) BriD5 x5 “FEO WA TR X 17z KPAIL, fiE

R & S =gt & BERIEO N A2 TREE § 5,
2) KPA ZIRMIL 72§ R AR AR & IZHERIPEICEh

2205, ATV ZANOAMARIRL |, B -

MRS SE LT B,

3) PEk L ~OL DI T % TKPA DM 2K L 725
B L 2L, BIMON R 2 < SRS O
BEATREE 0, & ICEE S — XD EWEHBE
HIERS O E R - BRIbIZZ 22605,

4) WEEERBEMGB OIE D TEMEED BOA SRR
B REEN S SIEB R XN BB A L
MRV FEAN O AR T & 5,

% £ X ®
1) SARVEHNZE 2 @ R&D #l S484%# , Vol.55, No.3 (2005),
pp.64-67.

2) S. Nishida et al. : Proceeding of 2006 Powder Metallurgy
World Congress, (2006), Partll, pp.731-732.

3) SRARVEHINE A L BRI ARG S 2 E TR 2B | (2005),
p.124.

4) H. Suzuki et al : Proceeding of the 2007 International
Conference on Powder Metallurgy & Particulate Materials,
(2007), Part 3, pp.11-18.

5) DHEFEEE LB ARRIARE S 2R E R 2 ELE | (2007),
p.81.

6) Y. Ito et al. : Proceeding of the 2008 World Congress on
Powder Metallurgy & Particulate Materials, (2008), Part 3,
pp.41-49.

74 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 60 No. 2 (Aug. 2010)



WA B

FEATURE : Material Processing Technologies
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MnS7'L 77 O 1 BIREI#% & BR{E R INE R EI#5 (C &
5 tREIE S E

Improvement of Machinability by MnS Pre-alloyed Free Cutting Steel
Powder and Free Cutting Steel Powder with Oxide Added

¥ _— sin i
Az * HHEEZ* HOHk=E*
Hiroyuki TANAKA Satoshi FURUTA Yuji TANIGUCHI

KOBE STEEL has two types of free cutting steel powder, MnS pre-alloyed free cutting steel powder and free
cutting steel powder mixture with oxide added. The machinability of MnS pre-alloyed free cutting steel
powder is improved by using solid lubrication to prevent tool wear. The effect of uniform MnS particle
dispersion results in a remarkable improvement in machinability when using a small diameter drill. The Free
cutting steel powder mixtures with oxide added have been given the names KSX and KSX—1II. KSX is a
compound oxide containing calcium oxide, and KSX forms a protective film called belag on tools during
machining. The belag protects against tool wear. KSX—II contains an addition of oxide with a low melting
point and reduces tool wear by the stabilization of a builtup edge and its restraining effect on plastic
deformation. We have three types of free cutting steel powder, and they have different mechanisms. Each
type of free cutting steel has its own machining condition requirements. The type should be selected with

reference to tool materials, the shapes of the parts, and machining conditions.

FANE=2 0 Vv OB EREHERO S I,
IV VI I N ARG K 5 BB IR S
WimL, @HE KD —&E7-E-5T05E, 26D
S AERBEDOR M AL LTy MEIRISED T 728461
NEINTVWBEEDD, FL A TIRKEREE LIRS,
WA 75 K A BN TS B AL <, (KT 2 P TO
B Lo=— 23 EdmE->Tn5d, L2rL, —
PR L SR BB A O I T EAE ML S 22 fLAMEAE T B
7=oWiE I 2 0, WEMIZ L CLEGGAMK TS
LHE0biTn5,

IhETHHETIE, SRBESMOBHINSEEDFik e
LT, MnS 7L 7 u 4 B V& & ORI ]
PEEM KSX?, KSX—119 2R L&, Zhbid
TR, AR TEO@ T X 0 RS A F A
T 5, KRETIX, 2R ZNOPHIM:SEM DR A b
N, WG & T B BRSSO E IR A T 5,

1. MnS 7L 7 O 1 BiRE 808

PG T —ARAIZ DTy D MnS K & Wi L 7= 6
Fhid, BEREIEI R SOKRE & B LT L, #ivEo
BEEIRPMK T L CLE S MRS 572, AMnS 7'
7 a4 B EIHTR S, R O bt s A KT 5 7=
W, WHEPICMn 5 XS ZRML, EEMEREIZ MnS %
I BEIC X B R T E AR E LTS,

Wk, Mn & KOS ORMERHRIEHOENCEKD,
400MS—A, 250MS—A % E%& 4 =2 —{bL T3,
400MS—A ¥ K 1" 250MS—A i Mn A {2 Rtk & 0

SEDIZHEMUTH D, $BPK IS MnS 23125

BL7MfkE 5> T0 B, ZO70, BilEsd 2 < #l

PECENRTO S, 2h 6 OB OLFR S B & AR

PEAZR IS, ISP 3 2 ailfka R 112, 400MS—A

¥ LU 250MS—A Ok SEM ¢ 2R 2 12, i (TH
F1 LR

Table 1 Chemical composition

Chemical composition C Si Mn P S (6]

400MS-A 0.001 | 0.012 | 0.65 | 0.038 | 0.30 | 0.15
250MS-A 0.002 | 0.017 | 0.63 | 0.040 | 0.31 | 0.17
Conventional reduced powder | 0.001 | 0.055 | 0.34 | 0.007 | 0.01 | 0.27

1 MnS 7'L 7 a4 BHRHIETR O 3 2 aifiliik
Fig. 1 Microstrucure of MnS pre-alloyed steel powder

100,
2 400MS-A 1 LU 250MS-A D Kit SEM {4
Fig. 2 SEM micrograph of 400MS-A and 250MS-A+A22

TGS SRR AS Sk T

RD 7 SU8H /Vol. 60 No. 2 (Aug. 2010) 75



+ Drilling (through hole)
45 . + Work composition :
40t Fe—E%Cupper—O.S%Gra%)hite
) - Sintered density : 6.8g/cm

. 35¢ + Sintering condition : 1,120°C
E 30t holding time : 30 minutes in No+5vol%H,
v 25+ + Tool diameter : ¢ 1.2mm
= L « Tool material : JIS SKH5 1
=20 R L,
) L + Tooling condition :
ﬁ 1 8 V=23m/min. f=0.007mm/rev. Dry

051

0.0

250MS—A  400MS—A Conventional
reduced powder+
0.5%MnS

3 HEHINED Mz

Fig. 3 Comparison of machinability

i) AR 3 IR T,

MnS 7'V 7 v A BIRHIHTEHE ¢ Imm FE O MIPO F
VLTI A EYIEHE X 30m, 3 CTH D, MnS 7L 7 1
AR THA BRI ENS, BHE LTE, AREHH]
Hikr H 2 MnS 23— 120 L T B3R BNh T %
LEZIO5NB,

2. KSX ZAHNEY R E S

KSXIZAN Yo L% EGTHHMPIT, MaS 7L 7 1
A FRUPHI RS & 1T WEHIME D X h = X LR B,
MnS 7L 7 v A BUPE#E 2, THET — 2 ORI
MnS BFEE L CHEIAEE O RAE LB Z 12k - T
THEREAMKET 5. 2K L TKSX &, THOXKH
RIS AR T 5 Z LIk > CTEHFMOER, 44
buEEm EEX > T3,

ZN 5 OB ROME A FIH T 5, T2 ISHEHIESR

HEM OO % | T 3 IR TR SAFIZ THHE 64mm,
WEE 24mm, JEX 20mm DF X M ¥— 2 &fEK L 7=, 2
N6DF X =210z~ FLiLTHA, ¥4ITR
FTEAETUIHIM T 2475 Z &2 & > THEHIED S % 17
57z, 3 5 (CHEHIEREA AR O B E 2 R4, KSX
VR O FEMAPEE 1, MnS TR R RN &[S T
bb, Ralzs—=v 7k BHHIERBRASR AR T,
BTS2 200 ~ 400m, 53 Tid KSX R4 T HEEHE
X MnS R & IERNTIERIZHABL BoTW5,
KSX MM % F ) LGIEI L 7= %0 LHO Xk R4
X 529, BRI TIE Fe, Al, XU'Si4, MnS
FYARIIA TIid Mn & S 2t &7z, —J5, KSX ikt
Tl CanEHEAILRE LT ah-, Zhid, Ul
R OMEREIIN & > TKSX 2kt , & % W0 idigmh LT
KSX Rt A LEAICHE L7222 & 439, KSX st
TESR AN TEMNEDT RN T — 2 (belag) &
IHENS & DT, LEHANOFOILEZV LT 28R 2 &
5, N = FTHHRIZTICR TaCI2Z < &HT 5I1E

K2 WAL

Table 2 Mix composition

Base powder Cor{l‘st%;)i)tion Fi ree-ma(c&il;/i;;g agent
No addition
300M Fe-2Cu-0.6Gr 0.3MnS(PF)
(Pure) (FC0205) 0.5MnS(PM)
0.1KSX

K5 HHIPERMAAR OBk R

Table 5 Mechanical properties ot test pieces for machinability test

R 3 BERiRIT . Apparent Radial
. . i . . Density crushing
Table 3 Sintering condition of test piece Composition 3 hardness
(g/m’) HRB strength
Green density 6.90g/cm’ (Mpa)
Sintering temperature 1,120°C FC0205 No addition 6.79 63.4 666
Holding time 30 minuites for sintered 0.5MnS 6.79 63.8 655
—_ 3
Sintering atmosphere N,—10%Vol H, GD=69(/m) | 1KSX 6.79 66.5 693
R 4 IR S
Table 4 Evaluation conditions for machinability
Methods Tool materials Cutting speed Depth of cut /Dia. Feed per revolution Coolant
(m/min) (mm) (mm/rev.)
Carbide (K10) 100 ~ 120
. Carbide (P10) 100 ~ 200 0.1
Turning Cermet (P20) 100 ~ 120 05 None
cBN 400 0.07
Boring Cermet (P10) 180 0.1 0.05 Aqueous coolant
HSS (HS 6-5-2) <100 s
Drilling (Ti-ADN - 0.1 None
coated carbide (K20) 110 (Dia.)

1) No addition

2) 0.5%MnS

3) 0.1%KSX

5 (TFADN 2 — b F Y LT HO XA ~XT b
Fig. 5 X-ray spectrum on flank wear of (Ti-Al)N coated drill
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Turning : No-coolant ; (a)-(e)

(a) Carbide (K) (b) Carbide (P) (c) Cermet
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g . T /g . T /g . T
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Drilling : No-coolant ; (f), (g)

(f) High speed steel
f=0.1mm/rev.
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Cutting time  (min)

(g) Coated carbide
V=110m/min
f=0.1mm/rev.
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4 FC0205 A A OB
Fig. 4 Machinability of sintered parts of FC0205 composition
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2,000m O YJHIFEAE £ TR heH A FhE L 72, UIHIEEE
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LT, REOMEAZ UYL 7= & 20 Tk HEER b
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B 712, KSX— I O#HIMEREAE R 4R d . LHIGm
Z Ak O T o W6 If E FE R 0.2mm (JIS B 4011 -
1971) ZJEHEL U7=& % MnS O L HIFan i3 UIHl s
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KSX— [l & TH A iZ UIHEE 200m, 43 Tid 1,000m %
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Table 6 Condition of machinability test piece

Fe—2mass % Cu—0.8mass % Gr+0.75mass % Lub
Fe : 300M (KOBE STEEL)

Composition Cu : Atomized Cupper
Gr . Natural Graphite
Lub : Ethylen bis stearate
Green Density 6.9g/cm’

Sintering condition

1,120°C_Holding time 30minures

&7 UGBS

Table 7 Machinability evaluation condition

[ Radial crushing strength —&@— Apparent hardness
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(@)

£ 2
E -
5 2
2 800} — 180 ¢
=45 s
7S o—— T ¢ —E:
5 700} 470 &
| g
=

& )

600 * 60
KSX-1I MnS

Tool material

Tungsten carbide (K10)

Cutting speed

100, 150, 200m/min

6 KSX-1l & MnS IRAM ORI X, Rl & o Mg
Fig. 6 Comparison between material with KSX-1I and MnS on radial
crushing strength and apparent hardness

Cutting distance 2,000m
Coolant None (Dry)
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Fig. 7 Relationship between cutting distance and maximimum flank wear with each cutting speeds
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E 250
Mrkik, MoS 7L 7 v A AlGEE (400MS—A, 250MS g 200
—A), KSX, B X KSX— I ® 3 FFED gL HIMESGEM % Z 150 Steel powder of addition KSX— Il
3 Ak A e £ 100
Bt L Cnd, ThThfiEssd b ) H&EIZ &> TH § 50 f MnS pre-alloyed steel powder ]
] 33 ¥ \ L !
FOREEHEIEL T B, 0! - = 00

FEHIN LT T — 2 OEAF & UIHIHE CHAE L 726 &
K 812/nd, KSX—1II & MnS 7L 7 1 4 R 13K
YIHIRERIZE L CEk 0, MnS 7 a 7 v £ Bz T — 2
HEANSONTETEHATE %2, Zhik, 1ETHN
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Work diameter (mm)

8 HMEBEH T DA N D HESE U 1)k
Fig. 8 Recommend turning cutting speed for each free cutting steel
powder

xR 8 SHHIMSEEMOHERE TH
Table 8 Suitable combination of material and tool type for each
objective parts

Type

Tool

Applied parts (example)

MnS pre-alloyed
steel powder

high speed steel,
cabide (K10~K40)

shock absorber parts,
sliding parts (small diameter)

addition KSX

carbie (P10~P40),
cermet, cBN

parts for valve timing,
sprocket, sychronizer Hub

addition KSX—1II

high speed steel,
cabide (K10~K40)

sliding parts
(high grapahite contents)

FRiN R0 5N THARRGE THEZFREEZZEL T
W5, Sk, KSX— I &dkicribicdeft U, #bin T#
A8 U TR RIGERmO T A b & vk b IS HS

it EALKICHBIL T & 72,

s £ X ®

1) {EREIERAIE 2 R&D AP B, Volad, No.2(1994), pp.14-17.
2) HHEZIEA | R&D MR , Vol.55 No.3(2005), pp.72-75.
3) WHEZIEA | R&D Al B, Vol.59, No.1(2009), pp.76-80.
4) PR : Vold, Nod (2002), p.66
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Powder for Dust Core with Low Iron Loss

TR E AR
Nobuaki AKAGI

V.S
L&
Hirofumi HOJO

AT
Tetsuya SAWAYAMA

Exj_i %k
Hiroyuki MITANI

Dust core is made by compressing insulated magnetic powder. One of the advantages of dust cores is
magnetic isotropy, which makes possible 3D magnetic circuit designs. Therefore, it is expected that the size
and weight of magnetic parts can be reduced. There is a strong demand to reduce core loss in dust cores so
that they can be used in more magnetic parts-for example, in motor cores. This paper reports on an
investigation of some methods for reducing core loss in dust cores and presents the magnetic properties of
dust cores made from improved powder using these methods. Dust core with 28.6W/kg of iron loss was

achieved; this is comparable to some electrical sheets.
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Fig. 1 Control factor of iron loss
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Fig. 2 Relationship between coersivity and annealing temperature

Fig. 3 Cross sectional microstructure of before annealed (left) and
annealed at 1,073K(right) compact
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Table 1 properties of developed material

size heat flux maximum core loss transverse
distribution density treatment density . coersivity rupture
(sieve size) ] temperature | (@8,000A/m) permeability (1.0T/400Hz) strength
(em) (Mg/m’) X) [@Y] (A/m) (W/kg) (MPa)
developed 150 ~ 250 7.69 873 1.66 669 134 28.6 76
dust core
conventional 0~ 250 7.61 823 1.58 446 243 50.4 82
electrical JIS 50A400 - - as cutted 1.8 6,213 60 35.5 -
sheet JIS 35A360 - - as cutted 1.79 6,532 59 229 -
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Fig. 9 Relationship between particle size and core loss(a), and
between particle size and hysteresis, and eddy current loss(b)
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Applying Optimization Technology to Designing Forged-aluminum
Suspension Members
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Hiroaki HOSOI Dr. Toru HASHIMURA
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Hajime NAKAMURA ~ Shogo SAKAMOTO
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To reduce the weight and designing time of forged aluminum suspension members, a new designing
method has been developed, applying topology optimization technology. This method is characterized by
using topology optimization results to derive global optimum structures, which are difficult to obtain through
skilled designing. We applied this approach to the design of an actual suspension member and succeeded in
obtaining a structure that was 10% lighter than that of a conventional design and took almost the same

amount of designing time.
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Business ltems

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 parts, Shafts, Ship hull parts), Industrial
machinery parts (Forgings for molds, Rolls, Bridge parts, Pressure vessels)

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 cold forging 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,
offline teaching systems, other welding robots, power sources

High Functional Materials : Filters for deodorization, dehumidification, ozone decomposition, toxic gas absorption,
and oil mist elimination; equipments for deodorization, dehumidification

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, foils, 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,

Natural Resources & Engineering Business
Coal and Energy : Upgraded brown coal, Hyper-coal(ash-free coal), High strength coke, Coal liquefaction,

Heavy-oil hydrocracking
New Iron : Direct reduction plants, Steel mill waste processing plants, Iron ore beneficiation plants,
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

Construction Sabo and disaster prevention products : Steel grid sabo dams, Flaring shaped seawalls, Cable
construction work, Acoustic & vibration absorption systems

Advanced Urban Transit Systems : Automated guideway transit AGT, SKYRAIL, Guideway Bus, Platform screen
door (PSD), Wireless monitoring, KOBELCO Automatic Train Control System, Floating
conveyer system

Urban Information Systems : Environment monitoring systems, environment information systems
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