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Tensile Properties of HIP'ed Ti-6Al-4V alloy after Vacuum Sintering

Takashi OKI, Kazuhiro MATSUGI**, Tomei HATAYAMA** and Osamu YANAGISAWA **

The relationship between the microstructures and tensile properties has been investigated for
the vacuum sintered and vacuum sintered plus HIP'ed Ti-6mass%Al-4mass%V (Ti-6-4) which are
produced by blending pure titanium powders with Al-42mass%V master alloy powders. The
microstructure changes with vacuum sintering temperatures and is classified into two types. (1)
Typel : For materials sintered at temperatures below 1400K, the microstructure consists of
lenticular a-phase plates with relatively low aspect ratio, and 3 phase. (2) TypeZ : For materials
sintered at temperatures above 1400K, the microstructure consists of « /3 lamellar surrounded by
grain boundary a-phase. For the materials of typel, density,tensile stress and ductility increase
with increasing sintering temperature. On the other hand, for the materials of type2, density and

tensile stress increase monotonously with increasing sintering temperature but ductility decreases
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with increasing temperature to 1473K and increases above this temperature. Higher densification

and improvement of tensile properties are achieved by HIP treatment for the materials sintered in

vacuum at temperatures above 1273K. Microstructure of the HIP'ed materials above the j3 transus

is that of type2 and ductility decreases with increasing average size of grain boundary «-phase.

The materials, HIP'ed below the j transus with the microstructure of typel show excellent

0.2%proof stress, tensile stress and ductility. It is concluded that HIP treatment (1073-1173K)

below the j transus is effective for obtaining microstructure of typel, which leads to the

improvement of the tensile properties.

Key words . Ti-6mass%Al-4mass%V alloy, vacuum sintering, HIP, sintered structure,

tensile properties

1. #
FE U BLUOF Y EE2IE, BRICEEEREDOIZ
bbb TEEROMESRE L D MRS, MIE
PEWZ s, ST LLREAICHAINTBES
1. AR RTH 0= T -4y b7
ME/REIEVERGEMD—DOTHD, ZDZO
WIAREESERTH D, 75 0 EEDOEEIZLHE
B LZEDIE 5D,
INFETOBET, #F 5 BRI, GEERM
It (CIP) —~E Z2geds (VS) ~ M E (HIP) 7
O 2062 bEEHEEZERA L, MikEFIREEIC
Rl T ELREIRE & HIPAEIRE I DWW THRET L
T2 ZOFRER. 1TEAL100% DHEFEE 2RI H
HThoTh, TNLOMBEHRET LI LI2L D,
BIEME O RELAENS L E RV LEY, £
ZTARMETIE, REWZEBEE£TH 5 Ti-
6mass%Al-dmass%V (WAfh. Ti-6-4B&LMET, & B,
FRIZWT O 2 WER D MRLE massh TH 5) ZHL LT
72
Ti-6-4 FEFEREM OREFHEE, BB EEHEK
DEFIC LD, FHKEAEEY (B, BE LEET)
EASBRIED D (U, PALIET) CHEEND,
BECIERE A Y Y SER S ND 120, i
LRRIPDRNTEDE LTRATHZ EHBEERS
., =, HETREERTRE OIS E L\,
FZ T, REFETIX, #iF 5 & Al-VHBEO

Jill]

EEMTREAEL. TRIZCIPE, BEEEHE, 5
VI INS OMBEOBIZHIPLEL L 72 B5h
MO, FIRMEB L URRESGE L OHEE
FARTzo —HRIS, Ti-6-4 5EIILERR. LB IZ X
DAk A LME L EEOREIFR LA T
%3, KEFFETIX, HIPIKRE (Lf4iE, as HIP & BET)
KBV, RAOFIREEE R RELEFICELT
BEt %47 o 726

2. XBAE

2.1 EBOER

HEMHEEL LT, KFEFAREICLVREESH
PR30 u mDF § U BE RV F v 2 A
M3, ME99.5%LLE) & 60um LT DR ED AL
2V EEH (EREENH TEWE, v-4175%) %
vz, THEZ 91 OIS L) ICFHE L,
VEREBICIVERXREG L, RELIHEE
CIP 2 & 0 BT (392MPa F T 240s B R $F) L 7274,
ZOEHEE 1x104Pa T T1173 ~ 1673K D 11 {RE
T 10.8ks FBERE L 72 (DR, 472 VSHF L),
SHIZ, TOVSHIZ, 196MPaDIENT T, KEE
D3+ ¥R (1263K9) O ETF (973K, 1073K,
1173K, 1323K B L U7 1523K) O SiREIC BT 7.2ks
RIHIP LB & B L7z (MR, ARHPE 2 HIP LB &
5 o



22 HERAE

£ VSH & HIPLEM OFERZEIL, THF 2T
AFCE DTV, FRO OFEMICE L TR IIS |2
WLz F7o. BEMEHBOBREICIX, HEEME
(L. OM LBET) . B X UOEERETIEEME (U
%. SEM LEET) 2 /2o BETTROIEIRIO

BRI X <A 7 a7+ 5 45 (LU, EPMA &
BE3) & BV,

BEEH 16mm, & A% 55mm OHEEIRE L
7ZVSH B X UTHIP LB 7 5 B 1D 8mm, FATHE
R EA25mm OFBRABRF £ 00H L. iR, K&H
DFIRAERI ML L7z, FIRABRIE, f 2 b -
¥4 7O5REBRETHNT, OTAHEE43X
0% ' DEHTITo 72, BB, OFTART =IO
U2 HWTHIBICES FTOBUTHElE L7,
T, FERBEOBEICIE, SEME R/,

3. KRR LUER

3.1 1EMEE

Fig. | I EBREM OHEMEBEEL R T, TI T, OM
HBVIESEM LX)V T, ZEREAPBE S Nk WHIP
WMEH OBEZHIE L TR SN (4.43Mgm?) %
BEFEELTHW .

VSHIZBWTIE, EZEFRMKEEH 1423K £ Tl
mE LA & ESITHEMTESEML., £ LR
ETETOENEALNLESODIZIT—FE L L >

~ 1

2 [

S’ -

~ =

[ L

& 0.95 |

= - OV.S.+HIP(1523K)
g [ AV.S.+HIP(1323K)
-] - V.S +HIP(1173K)
o 0.9 - OV.S.+HIP(1073K)
= A AV.SAHIP(OT3K)
% o @V.S.

[+ 0.85 s 1 X N : X s

1000 1200 1400 1600 1800

Vacuum sintering temperature, 7/K

Fig.1 The effect of vacuum sintering temperature on
relative densities of vacuum sintered and vacuum
sintered+HIP’ed Ti-6-4 alloy.
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Fig.6 The effect of vacuum sintering temperature on (&)
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Fig.9 The optical micrographs of cut plane perpendicular
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vacuum sintered at (@) 1373K+HIP=ed at 1073K, (b)
1273K+HIP’d at 1323K.
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The Technology for the Reduction of COD in Drain Caused in

Electrodeposited Coatings Using the Electrolytic Method

Katuhiro YAMASAKI, Yasutaka HIRAOKA, Masahumi KATAYAMA

The industrial waste water, exhausted from the washing process of cationic coating, have a

high concentration of COD polutant such as low molecular resin, solvent and so on. Then a primary

treatment by means of electrolytic method and the secondary ones of oxidation, absorption,

biological treatment, and so on, were performed to develop a new simple disposal method with

reduced cost.

However, primary method reduced COD concentration to one third approximately, and the

secondary ones were not found to be so effective.
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The Influence of Acid Rain on Rust-preventive Coatings and

the Establishment of Specifications for the Rust Prevention

Katsuhiro YAMASAKI, Kunio UEKI, Qin Xiaozhou, Zhang Lunwu

BREN - BTV CASENEBOBERRICRIEZTEELTRAET L /-0, EBHEE
BBV, RIECHBRAF *FEICEB/NBRBESRREZITI LI, ﬁﬁﬁ&’?ﬁi%‘rﬁ
B - ¥ v ARBREFORERERXBE LT, BRBHEHR L OB - REMFE - WHE
B SR L 72

-7 F I BRER., SR BABRERR

The Influence of Acid Rain on Rust-preventive Coatings and

the Establishment of Specifications for the Rust Prevention

Katsuhiro YAMASAKI, Kunio UEKI, Qin Xiaozhou, Zhang Lunwu

To research for the influence of the acid rain and sedimented dust and so on on some kinds of
rust-preventive coatings, we done the outdoor exposure test for the same kind of test piece at the
same time between in Hiroshima and in Chongging. and also done the accelerated corrosion test

such as the sulfur dioxide test and CASS test.

Then we evaluated about the correlation between accelerated corrosion test and outdoor

exposure test, the accelerated magnifying power, the period of durability and so on.

Key Wards . acid rain, specification for the rust prevention, outdoor exposure test
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The Relationship between Increase of Hardness and Increase of

Compressive Residual Stress Caused by Shot Peening

Masami MAEDA, Osamu KUWABARA, Hirozo ICHIGO

This paper describes an experiment where shot peening was carried out on the metalic
material (JIS SCM415). The amount of residual austenite which effects levels of hardness and
residual stress was controlled by the appplication of heat treatment to both the metalic material

subjected to shot peening and a control sample that was not. The hardness and residual stress were

measured and compared.

The relationship between the increase of hardness and the increase of compressive residual

stress between these samples was studied.

Therefore this experiment shows that in the future it may be possible to develop a method of

predicting the compressive residual stress caused by shot peening, using only hardness

measurements and the levels of residual austenite.
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A Study on Evaluation for High Precision Works of Pulsed Laser Cutting (3rd Report)

Kunihiko OKADA

This paper describes an experiment where CO, gas laser process carried out on SK5M

~ material using experimental design.

As the result, we show factor affecting accuracy and optimum condition to improve on

dimentional accuracy as follows.

(1) We found that two factors affecting the accuracy, these factors were cutting speed

(contributory rate showed 50.6%) and duty (contributory rate showed 45.5%) .

(2) According to the experiments we also found optimum values (duty 25%, out put 330W,

freequency 600Hz, cutting speed 300mm " min), then we believe that they are able to improve

about a half of the present standard deviation.

Key Words | SK5M, cutting spped, duty, standard deviation
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Research on Character Recognition Using Neural Networks (3rd Report)

Hideki TANAKA, Kiyoshi OZAKI, Norio UESUGI

We produced for trial Characters Recognition System on conveyor line to automate test
process. Digital Signal Processor was applied to Neural Networks used for recognition method, and
shortened learning process time and recognition process time. As a result of experiment using

figures from 1 to 9 and alpfabet from A to Z, a possibility of practical use was proved.

Key Words . Digital Signal Processor, Neural Networks, Character Recognition
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Research on Vibration Characteristics between Human Body and Seat, Steering Wheel, Pedals

Shuji NISHIYAMA, Norio UESUGI, Toru TAKESHIMA, Yuji KANO, Hisashi TOGII

To examine influence of driving posture on vibration characteristics between human body,

seat, steering wheel and pedals. We performed a vibration experiment with both sinusoidal and

random vibration for eleven subjects. As a result of the experiment, it was-found that the arm angle

of human exerts a serious influence upon human dynamic behavior.

Key Words

Seat, Steering Wheel, Pedals
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Table 1 Average experimental results

ArmAnglel . . R .
__ 90 120 150 180
Head 3.50(4.13) [ 3.56(4.09) | 3.36(4.04) | 3.43(3.94)
Chest 1.79(4.15) | 1.84(4.10) | 1.77(4.04) | 1.76(3.94)
{Hip 1.86(4.02) | 1.93(3.96) | 1.84(3.86) | 1.88(3.85)
Thigh 2.18(7.17) | 2.47(7.02) | 2.56 (6.33)-| 2.44(6.03)
Shin 2.60(8.49) | 2.30(8.35) | 2.27(7.22) | 2.34(6.43)
Upper Arm | 3.98(4.12) | 4.05(4.16) | 4.69(4.05) | 4.79(4,00)
Lower Arm|2.12(3.97) { 2.07(3.92) | 2.30(3.85) | 2.74(3.88)
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Applying method of CAEprogram on structural nonlinear analysis.

Kaoru FURUTANI

By advances of computational engineering, we can use engineering simulation systems more

effective in structural nonlinear analysis.

In this paper, considered about relation between creep strain curve and valiables used in

creep functions about these problems below.
1.creep strain.
2.relaxation.

3.creep strain and relaxation.

Key Words . Nonlinear Structural Analysis, creep, Bailey-Norton law
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Development of Flashmemory Writer for H8/3048F CPU

Kiyoshi OZAKI

Hitachi’s single chip microcomputer H8/3048F build in 128K-byte Flashmemory. Though a
characteristic of Flashmemory is to be able to rewrite program on board as it is, It is necessary to
observe specified writing procedure. This paper reports on development of Flashmemory Writer
which can write absolute object program using PC to target CPU with serial communication. In
addition this Flashmemory Writer is capable of appliing other H8 series CPU only making a slight

alteration in program.

Key Words : Flashmemory, single chip microcomputer
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Development of Simulation System on Vehicle-Occupant Dynamic Interaction

(Influences of Seat Position on Human Comfort)

Shuji NISHIYAMA

My first report detailed a theoretical analysis and verification of a simulation system for

vehicle-occupant dynamic interaction. This simulation system can be used as a tool to investigate

the effects of physical variables that influence automobile ride comfort. In former reports, the

effects of sitting posture of seat system for occupants and parameter of seat/occupant system on

human dynamic behavior were investigated. This paper presents the effects of seat positions of

occupant system on human dynamic behavior. Both frequency response in the frequency range of 1

to 30 Hz and transient response considering the surface roughness of irregurarity at the speed of 40,

80, and 160 km/h for different seat positions are investigated. As a result, it is found that seat

positions of occupant seat system exert a serious influence upon human vibration.

Key Words : Simulation, Coupled Vibration, Human Engineering, Automobile, Seat Ride

Comfort, Vehicle Dynamics, Seat Position, Paramerter Study
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Research on Vibration Characteristics of Vehicle-Passenger Dynamic Interaction on Highway Bridge

(Influences of Natural Frequency of Highway Bridge on Human Comfort) A

Shuji NISHIYAMA

This paper presents an analysis of the vehicle-passenger dynamic interaction on highway
bridge. Automobile seat ride comfort depends on many physical variables. Dynamic deflection on
highway bridge induced by moving vehicle is a factor to make a serious influence upon ride
comfort. In this paper, influences of natural frequency of highway bridge have been analyzed. The
mathematical mbde] has ten degrees-of-freedom; vehicle model with three masses is four degrees-
of-freedom, occupant‘model with four masses, hinged beam model, six degrees-of-freedom. The
modal analysis technique has been adopted in equations of motion for highway bridge. The randam
roughness of real highway surface has been taken into account in the simulation system. Simulated
results were very close to experimental values. During application of this system, the effects of
natural frequency of highway bridge on human dynamic behavior were investigated. It was found
that this factor exerts a serious influence upon human ride comfort. Some results are presented in

the form of parametric plots.

Key Words ; Simulation, Coupled Vibration, Human Engineering, Automobile, Ride

comfort, Vehicle dynamics, Guideway Vibration, Resonance
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