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This paper is concerned with the theoretical treatment of transient axisymmetric thermal

stress problem of the evlinders involving nonhomogeneous material properties. In the concreate,

we consider a direct problem of thermal stress for a nonhomogeneous hollow cylinder and an

inverse problem of thermal deformation for a nonhomogeneous solid cylinder. We analyze the

thermoelastic problem by means of the theory of multilayered composite material and show

the numerical results in nonhomogeneous body such as a functionally gradient material.
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Abstract

A YBa:CusO: 4 ceramics was fabricated by using Melt-Quench Melt Growth method to

improve the critical current density. The critical current density was evaluated by a vibrating

sample magnetometer. [t was higher than 1 X 1)

A/cm?, which was obtained at 77K and O field.

Under high magnetic field, the critical current density decreased to 1X10" A cm”. But this value

was about two order higher than that of YBCO bulk ceramics processed by ordinary solid

reaction method. The MQMG YBCO showed ability to apply for a magnetic bearing systen.
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Magnetron Sputtering System for Ferromagnetic Material

abstract

HAr AR BPaR (R4™
Masaaki Yoshitake Toshikazit Nosaka

WA I R

Akio Okamoto Sovichi Ogawa

A magnetron sputtering system for ferromagnetic material was developed. The improved

target and backing plate in the sputtering

cathode causes magnetic flux leak out above the

target surface. The vectors of the leaked magnetic flux had a horizontal component which

enabled magnetron discharge to occur. When a Fe target was sputtered using a parmanent

magnet for magnetron sputtering, the deposition rate was found to be about 4 times larger

than that of normal RF sputteing.
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An Application of High Temperature Shape Change
Effects of a Cu-Zn-Al Alloy to a Temperature Monitor

ik H

Naova Fujita

Tear HI*
Yuko Hanatate

-2 v

Tosivuki Fujii

It is well known that shape recovery of the shape memory effect (SME) in Cu-Zn-Al alloys is

caused by the reverse transformation of the thermoelastic martensite. It has also been reported

that the alloys show an inverse shape change, which is attributed to a bainitic transformation.

In addition to the aforementioned shape changes, the authors have reported that another kind of

shape change appears in the allovs. This shape change phenomenon occurs at approximately

6500 1000k, and has been named “High Temperature Shape Change (HTSC)”

In the present paper, the HTSC behavior has been examined by using a Cu-25.3Zn-4.1Al-

0,004 -0.002N1 alloy (mass™) at elevated temperature between 600 and 1000K. Specimens of

the alloy were tempered at 960, 910 and 860K for 10%, 10* and 107s, respectively. No shape change was

observed during holding at these temperatures. However, when the specimens were cooled from

those temperatures, HTSC phenomenon was observed. The magnitude of the shape change was

examined on those tempered specimens. The specimen tempered at 960K for 10%s indicated the

smallest shape change among them, while the specimen tempered 860K for 10%s did the largest

shape change among them. Consequently, it may be considered that there is a certain obvious

relationship between the magnitude of the shape change and the temperature of specimens.

Hence, the HTSC in the Cu-Zn-Al alloy may be applicable to a temperature monitor under a

condition of low temperatures or short times in tempering treatments.
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Surface Analysis of Cr-C Alloy Plating by XPS
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Abstracts

% R T

Tsutomu Mortkaiea  Masavuki Yokoi

LR —

Sciichiro Eguchi

Changes in surface constituents and appearance of Cr-C allov films deposited from Cr(lll)

sulfate-oxalate bath with plating conditions were investigated by XPS and Hull-cell test.

Carbon content in Cr-C

alloy deposits increased with increase in (NH.)2C:01 concentration

and bath temperature, and decreased with increase in current density. Cr-C alloy deposits

containing less oxygen gave a bright smooth appearance. Using 0.5M Cr(lll) sulfate bath with
addition of 0.2M (NH.).C.Q., adjusting the pH at 2.0 and bath temperature of 30°C and applving

current density at 20A/dm? were the optimum conditions for depositing bright Cr

C alloy films

containing much amounts of carbon and less oxygen.
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TUnHEEE L 72Al-8Fe-2Zr& e nm S 12 B L3
MitFCHK D
The Effect of Rare Earth Metals on the Hardness
of Rapid Solidified Al-8Fe-2Zr Alloy

St

Hirovieki Kaneda

f 2 **

Toshivicki Fujii

IS EA Y

Toshiviuk: Uenoyva

Al 8Fe-2Zr-2REE and Al-8Fe 27r 5RE allovs (RE:Gd, Er and Nd) were produced in the form

of ribbon by rapid solidification processing. The room tempereture hardness of the Al-Fe-Zr-RE

annealed at the temperature below 4507 is much higher than that of the Al-8Fe-2Zr alloy. By the

rare carth additions the supersaturated solid solution of the Al-Fe-Zr-RE alloy could be easily

produced and consequently the microstructure of the alloys could be refined further. It has been

found that Al-Fe-Zr-RIZ alloys anncaled at 600°C have three different tvpes of the dispersoid ; a

ternary phase of Al-Fe RE and the intermetallic compounds of Al-Fe and Al-Zr. Particle size

distributions for Al-Fe Zr RE alloys indicated that coarsening rate of the dispersoid of

Al IF'e RE was lower than that of the intermetallic compound of Al-Fe.
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1 Asoaiiit
Compositions of alloys investigated

Mot # (wt%)

Fe | Zr | Gd | Er | Nd | Al
A&%1 |Al-8Fe-27r 9.012.0] — | — | — |Bal
442 |Al-8Fe-2Zr-2Gd | 7.8 | 1.6 | 1.9 — | — | Bal
A3 |Al-8Fe-2Z2r-5Gd {8.4({1.9]5.1| — | — | Bal
A 44 |Al-8Fe-2Zr-2Er {8.5(1.8] — |3.1| — |Bal
445 |Al-8Fe-2Zr-5Er {8.1[1.6| — [4.71 — |Bal
4 %&6 |Al-8Fe-2Zr-2Nd | 8.0 (2.0 — | — |2.3] Bal
{+47 |Al-8Fe-2Zr-5Nd | 8.0 1.7| — | — | 5.0} Bal
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Schematic drawing of the single roller apparatus
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ATERER)

Development of some Computer Softwares for Determining
the Loss Factor in the Damped Free Vibration

(1st Report, Formulation for Determining the Loss

factor and Numerical Computational Results)

Wiy I H g Bk

Akio Minowa Takashi Nakanishi

To determine the wide range of the loss factor from the damped free vibration, the equation

and argorithm in the two methods are formulated. These methods are based on the energy

method and phase plane analvsis. The former method is computed the loss factor from the

energies in the half cycles, and the latter method is computed the loss factor from the radius

vectors which are transformed from the wave amplitude. From the results of numerical

computation, the loss factors in 8X10 °~1.8 are computed in high accuracy for the natural

frequency 100~1500Hz.
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g=—qt+P (18)
TERINDHUMA L DD, —nuliftidlzt =0, t=
Plq, t=2x/qDFM, L (3) K, (15) ~ (18)
Kra=00 1=, IR TEZID,

b=x2-0, (19)
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T2 es @i N reET AR, (17) Ak (18) Rz k0,
&2 Dt I,

rore=expial es— ) =explaqt)

. (20)
gx— =t
Eadh, ZiLnh S ald,
a= (lars—lre) /gt (21)
£700 (15) JUE (20) s, SRATERZIA,
a= (1/qt’) In 1(xo/xe) (COS@i/cos @), (22)

MR 2D e % (9) AZRAT S 2 vz k) 8l
T35,
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pan=(1—4m) x/2 (m=0,1,2, ) (23)
> T, Bl 51T 2 i oo b & U BTFralg,

ea=(1—4m) 7 /2+qt'= pan+qAt’ (24)

ra=qxa/(—sinqAt’) (25)

ERIZ, BEAtalZ 51T 2160 ouds & OB Erals,
pu=(1—4m)x/2+qAt'—q At
= pantAU=qAL= ga—qAL (26)
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re=qxu/sin(qAt—qAt) (:
TEINS,

KiZ, B & N A RERIRE® L 72040t 2 334F & £
EXx, I EDOMNELEANM L EIEE &2 o, Tx
LB e, ZiLHIERATERSILS,

ex=(1—4m) x/2+q A" —=Ng At

= gas+qAt'—Ng At (28)

ry=gxx/sin{NgAt—qAt’) (29)
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DEFEERE L T, &R DOHMIHEDILE E D X, (33) R
(X, KR TEZiILD,

IRii /1Ryl =exp!(N=1)aqgAt] (34)
bt RN R ES &, KT,

I Ri =1 | Ry [ =(N=1)aqAt (35)
2, all
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qAt'=D1-DP (40)
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&1 ENSEICBU 5 pe/ nrogGtat 845% (TN=500)
Results of 7¢/ nr computed by En —method

fo fs N 7T
(Hz) (kHz) 2%X10° 8 xX107° 2 %107 2 X102 2 X107 2 X107 1.8
4 20( 46) 0.9997 1.000 1.000 1.000 1.000 1.000 1.000
100 6 30( 69) 0.9995 1.000 1.000 1.000 1.000 1.000 1.000
9 45(103) 0.9986 0.9999 1.000 1.000 1.000 1.000 1.000
15 20( 45) 0.9954 0.9990 0.9996 1.000 1.000 1.000 1.000
20 27( 59) 0.9975 0.9996 0.9993 1.000 1.000 1.000 1.000
389 25 33( 74) 1.001 0.9999 1.000 1.000 1.000 1.000 1.000
30 40( 89) 1.001 1.000 0.9998 1.000 1.000 1.000 1.000
35 46(104) 1.001 1.000 1.000 1.000 1.000 1.000 1.000
35 25( 58) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
700 45 32( 74) 1.001 1.000 1.000 1.000 1.000 1.000 1.000
55 39( 91) 1.002 1.000 1.000 1.000 1.000 1.000 1.000
60 30( 69) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1000 70 35( 81) 0.9995 1.000 1.000 1.000 1.000 1.000 1.000
85 43( 98) 0.9990 1.000 1.000 1.000 1.000 1.000 1.000
75 25( 58) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1500 100 33( 77) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
125 42( 98) 0.9977 0.9998 1.000 1.000 1.000 1.000 1.000
#2 -1 PPECZIETD pe/ oD BEFAS (NSF=ST+8, NEF=NE—7, TN=300)
Results of 7¢/ pr computed by PP —method
[0 [S . T
N CN - - :
(Hz) (kHz) 2X107° ] 8X107°| 2X107*| 2Xx10% | 2X102| 2X10°" 1.8
25( 58) 11(44) 1.020 1.005 1.002 1.000 1.000 1.000 1.000
100 7 35( 81) 21(67) 1.014 1.003 1.001 1.000 1.000 1.000 1.000
45(103) 31(89) 0.9946 0.9983 0.9994 0.9999 1.000 1.000 1.000
15 20( 45) 6(31) 0.8320 0.9578 | 0.9832 0.9983 0.9999 1.000 1.000
20 27( 59) 13(45) 1.104 1.026 1.010 1.001 1.000 1.000 1.000
389 25 33( 74) 19(60) 1.034 1.008 1.003 1.003 1.000 1.000 1.000
30 40( 89) 26(75) 0.9562 0.9891 0.9958 0.9996 1.000 1.000 1.000
35 46(104) 32(90) 0.9953 | 0.9989 0.9994 0.9999 1.000 1.000 1.000
40 29( 66) 15(52) 0.9338 | 0.9834 0.9933 0.9993 0.9999 1.000 1.000
700 50 36( 82) 22(68) 0.9680 | 0.9922 0.9966 0.9997 1.000 1.000 1.000
60 43( 99) 29(85) 0.9893 0.9973 0.9989 0.9999 1.000 1.000 1.000
60 30( 69) 16(55) 1.015 1.004 1.001 1.000 1.000 1.000 1.000
1000 70 35( 81) 21(67) 1.014 1.003 1.001 1.000 1.000 1.000 1.000
85 43( 98) 29(84) 1.028 1.007 1.003 1.000 1.000 1.000 1.000
75 25( 58) 11(44) 1.021 1.005 1.002 1.000 1.000 1.000 1.000
1500 100 33( 77) 19(63) 1.034 1.008 1.003 1.000 1.000 1.000 1.000
125 42( 96) 28(82) 0.9603 0.9900 | 0.9960 0.9996 1.000 1.000 1.000
ne/ pr=1¢%0, @VEIMKIED LI A, 1S 2 X b5k, N236& 42T 7Y > 7 4iUE 8 X107 E
107 DA, NADL 4 BREINREED DT T T DIKFEHEEESHETHIRTE 2 2 80%hn 5, ki,
B, L L, BUEE TOLBRT— 5 TIRHURIRED 2 X N235% % 2 sl 55V TNSF E NEF A 16 24T, o7
1073 2 B MBI K 5 3, it Uit 21313 8 X107° O 2Rt > TN TS L2 L 2 EERIEA

ThHhbd I Ems, BUERICHEAT 2HUR L 8 X107 F DR FNTHERERT K2 - 25455, pr=8X
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K2 -2 PPEIZBITZ po/ miEGHTEAER (TN=300)
Results of 7¢/ pv computed by PP —method
fo f N \SF NEF N i
(Hz) | (kHz) ) o o “ 2 X 10" gX10° | 2x10° 1.3
ST+ 1 NE-0 35(81) 1.267 1.067 1.003 1.000
ST+ 2 NE-1 33(79) 1.038 1.009 1.000 1.000
ST+ 4 NE-3 29(75) 1.021 1.005 1.000 1.000
100 7 35(81) ST+ 6 NE-5 25(71) 1.017 1.004 1.000 1.000
ST+ 8 NE-7 21(67) 1.014 1.003 1.000 1.000
ST+10 NE—9 17(63) 1.012 1.003 1.000 1.000
ST+12 NE—-11 13(59) 1.011 1.002 1.000 1.000
ST+ 1 NE-0 40(89) 1.048 1.012 1.001 1.000
ST+ 2 NE—1 38(87) 0.9657 0.9915 0.9997 1.000
ST+ 4 NE—-3 34(83) 0.9588 0.9900 0.9996 1.000
389 30 40(89) ST+ 6 NE- 30(79) 0.9569 0.9893 0.9996 1.000
ST+ 8 NE—- 7 26(75) 0.9562 0.9891 0.9996 1.000
ST+10 NE—-9 22(71) 0.9557 0.9890 0.9996 1.000
ST+12 NE—11 18(67) 0.9557 0.9890 0.9996 1.000
ST+ 1 NE—0 36(82) 1.066 1.017 1.001 1.000
ST+ 2 NE—-1 32(80) 0.9692 0.9925 0.9997 1.000
ST+ 4 NE-3 28(76) 0.9666 0.9919 0.9997 1.000
700 50 36(82) ST+ 6 NE—5 24(72) 0.9675 0.9921 0.9997 1.000
ST+ 8 NE—-7 20(68) 0.9680 0.9922 0.9997 1.000
ST+10 NE—-9 16(64) 0.9682 0.9923 0.9997 1.000
ST+12 NE—11 12(60) 0.9690 0.9925 0.9997 1.000
ST+ 1 NE-0 42(96) 1.057 1.014 1.001 1.000
ST+ 2 NE-1 40(94) 0.9614 0.9904 0.9996 1.000
ST+ 4 NE-3 36(90) 0.9601 0.9900 0.9996 1.000
1500 125 42(96) ST+ 6 NE—5 32(86) 0.9604 0.9906 0.9996 1.000
ST+ 8 NE—-7 28(82) 0.9603 0.9900 0.9996 1.000
ST+10 NE—-9 24(78) 0.9608 0.9901 0.9996 1.000
. ST+12 NE—-11 20(74) 0.9608 0.9901 0.9996 1.000
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Development of some Computer Softwares for Determining
the Loss Factor in the Damped Free Vibration
(2nd Report, The Result of Loss Factor Computed by

Measuring Data and Comparison with Conventional

Methods)

K REF O pE o

Akio Minowa Takashi Nakanishi

In the conventional method determining the loss factor by using the extreme value and the

decay rate, the low accuracy wich caused by the sampling errors of A/D converter and the limit

of the writing speed of the level recorder are examined first. Then these methods are improved

in high accuracy by formulating the new argorithm and proposing the method of determining

the upper limit of the decay rate. Using these methods and the method of the 1st report, the loss

factor are determined from the damped free vibration which is generated by excitating the squre

plate in the iree-free boundary condition, and the true values of the loss factor are discussed by

comparing with these results. The superiority of these softwares and measurement system are

confirmed by the evaluated result of the loss factor in high accuracy.
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Inclination versus loss factor

v tané 7 4 tand’ 7
(degree) (52) (degree) (54) 5\
45 1.000 0 0 0
45.001 1.0000349 2.222X10 ° 0.001 1.745%X107° 1.111X107°
45.002 1.0000698 4.444Xx10 ° 0.002 3.491x107° 2.222X107°
45.01 1.000349 2.222x10 0.01 1.745%107* 1.111x107"
45,02 1.000698 4.444%x10 " 0.02 3.491x107" 2.222X10°1
45.1 1.00350 2.222X10 7 0.1 1.745X 1073 1.110x107*
45.2 1.00706 4.444x10 ¢ 0.2 3.491x10°° 2.218%107°
16 1.0355 2.223%10 * 1.0 1.746X10 7% 1.102%X107*
47 1.0724 4.447%10 * 2.0 3.492X107% 2.185%10°*
50 1.192 1.115%x10 " .0 8.749X 107 5.337x107*
55 1.428 2.254X%10 ! 10 1.763%10" 1.032x107"
60) 1.732 3.445%10 ! 20 3.640x 107" 1.966x10""
70 2.747 6.125%10 " 40 8.391x107" 3.808%10""
30 5.671 9.671X10 ! 80 5.671 1.034
89.9 572.96 1.793 89.9 572.96 1.793
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Schematic block diagram of vibration-damping

thin-plate test apparatus
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DEEEE IR T A, R, HUERESRE ©RER TR
NEMRNALEE L DT, A=A TLME & )
T TFR 25 TAZIT G, S 512, IREVEGLA A
ERBIE RO AW BIOT T B, HAHE
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-7, FREOBAEFREMIE AT L2 5Kz, 2
2L, BSOS MEDIE N EERINETE 5,
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W IERE AT & S0E LT, JREERHDE 2 1T 0 2%
EERO MG IR RN AL, AN 2cmBDT
LIEY RS A, L — LT A HV S,

EHEMRD 1RO R, 1 X0 EHK
CTHR L, HIEY— 7 DiRSEMA oL T,
AR RTERKEABHAL 2% IR (FIET 52 &
L OBLILE, kL, ZoOREHHIRFOT o 71(E
B #1/30ctBPF 2 i L 72 #, 12bitdA/D&EM#RC L D&
YL Ty SEEETY T 7L T, -
LA E2—9 2R TEHHREERL Y 7 72702
&0, F72, 1/30ctBPFufitkon T+ o 71{E%» 6 LRk
X OARFRRENT S,

4, BEAFHELER R

(X3 DIFERFEWEIZ L O 45 5 L2 IE N IR MRS O
1RO B EHIREN D S SFAR ARSI EIC L) %
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%2 HMAKET—7 R
Samples used for experiment and length of data
No. 1 2 3 4 5 6 7 8
BT SUS 304 | = 4 spee | ogmm | osus o0 | B B T ISP
Ak s ‘ T52F 97 | 75 2F 7
Fi#E(mm) | 2007 X 1.2t [101.5"X10.5t| 200" X 1.2t | 200" 2 | 100X 1.2t | 103.5" X 8.5t [99.3" X 8.0t| 100" X8.7t ¥
T (gr) 365 170 360 1080 95 86 85 170
f, (Hz) 96.85 120.0 176.35 233.8 388.8 555.4 627.0 1642
ENix 2.781 0.019 2.20 0.500 2.781 0.011 0.013 0.05
MAX#: " " " " " " " "
To
PP3:(1) 0.500 " 0.500 " 0.500 " " "
(sec)
PPi:(2) " " " " " " " "
LR 75 0.05 4.0 " 20 0.04 0.07 0.07
1) #ilEH & 12SPCCIsis — M 2EAT L2 L,
2) SPCC &Sy — Fonsriild, £2200°X2.95mm, 200 X0.3tmm T 5.
3) 37N = RDOEEERE)—TH Y, FHDI S %0,
K3 M7V TR ET— 2RI T L IRER
Variation of loss factor for sampling frequency and data length
fs Ts To N, CN, HILBHNC L BHURIE p (X10Y)
(kHz) (msec) (msec) | CN. ENiE | PPi#E(D) =1 | PP#E(D)—2| PPi(2) | MAX#
80 3.44 3.36 3.34 3.77 3.36
20 160 3.58 3.52 3.52 3.71 3.52
320 N =54 3.52 3.46 3.46 3.60 3.50
25 00 500 CN, = 42 3.50 3.46 3.46 3.56 3.48
60 320 CN: =52 3.58 3.56 3.56 3.58 3.52
100 320 3.54 3.50 3.52 3.36 3.50
180 320 3.70 3.69 3.70 3.58 3.58
80 N =43 3.38 3.44 3.44 3.38 3.38
20.00 20 160 CN, =31 3.44 3.48 3.48 3.38 3.42
320 CN. =41 3.48 3.50 3.50 3.42 3.46
80 N =36 3.38 3.44 3.42 3.46 3.57
16.66 20 160 CN, =24 3.46 3.50 3.50 3.50 3.54
320 CN, =34 3.46 3.46 3.46 3.48 3.48
80 N =22 3.26 3.24 3.24 3.14 6.82
10.00 20 160 CN, =10 3.40 3.40 3.40 3.34 7.12
320 CN2=20 3.52 3.50 3.50 3.54 6.72
i) 7= F BUA &85 fs=25kHz ) & 52,88k, {s=10kHz & 57,200 TH 5,
F) LRI BT 2 HE RO i 7 =3.50X10 *TH 5,
m’, 6=0.25& LT (17) X» 5Lk B &, K2 97.39Hz, FREMIL L2, 72, PPE (1) & (2) TETwR

389.6HzTH Y, Lnf & L —HT 5,

Toid# > 7)) > 7l #25kHz & LT, H>71) >
T 2T =g L LTy 325, B FLHHRE) O EE
OREIZENREORESE2EZTw5, Thbb, HERE
B S AU RIS A T ENGE & o
A 72 NDENHFEEHREE L, BN - MAX
HET, Told TEBZTR RS Thl—7— 5 5k

(b EIEAIRROSHIFI L KBS B 20T, Tod il
Lo Tll—DT—sm LK EEEFEH L2, —H.
KREATRE TR A HRE) DB 4 7 L
Pl T, FRHEIINL TE—D T 5BEBL 72,
Zeds, LRI £ 2Tl 3 M EEEARD IERA N o 5 BF
WES 2%, T, TodEEIIMNT 2K ERHOR
HESEADEE L BN D 2o, FHEMSEIC L KR

—— -
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7R o B atin i e b, PPE: (1) —2
TICRT kic7a . Lz o 7o Z.ﬁffh&rmi?bfﬁmﬂ‘
PRS0 S e B s 2 8k v 2 0 T, &
w79 7RO T B L LB ETRY Bt
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$ERT = ZUGA AL R 2 65 2 R R o
HOEEYEG I EHbA A, (HL, ENZEMAXF:H:
DTN A T ADOEDTE DTSR R
DIHFIE I CHIFTE BT, T—RIIR LS
WDk b, F12, PPEHzIHOGTE, Yo 7o zdbifhk
DEAT B 7L 6ME %5 L 912, NSFXNEF
b NS & 3o 4408, FRIRE D BRI (35 <
MBTEIL_20bh 5, s, ¥, 7LROH LT
RTINS 249 > 7Bz BUlE 8ok

KL E (=8l T2 hh b,

sao| T Tl o
N T ‘ o lile=snE
U 1 ] |T-PP= (1)]
N Ll Tees ey
I N ° ! To-MAXE
o 3 R —
10 ‘ ——
o I * 7 T
i [ o) !
] %’: I | 1 |
T N 23 .
RN ‘e P
1 1
N
\
100 |

Factor

/

A

10 =3 :
: ;
i [ [N ]
' [ !
' i !
T ] -
L | : b
Tl T
- L P
4 ; !
10 - & =
axl(’)si T \ NS 113
2x10' 1c,2 1C =10

Natural Fregquency f, (Hz)

M4 &PAE DR IRE

Loss factor of some samples

Sz, B4 SRRy LR AT RSN EE (Hz) (25t
T, &bk SR L 22888 0, 4 S UICHDED
e R 220dB/sechr & B L 728 R R A EH T
B ZOEBLL N OB R B - A 5D T,

Zaea ok L TR SR R & SR Y
5. 37, MEREAERDEL Y LR VBALR, #
W L B HIRRE TR —DHEA R L TV 5D T,
FRHNEN & T EDRRRH LN TEZ S5 2 Eathy
b, ZOBOI ALK, §E, AKEOELRMO T
O bl EIZND 2L, LREDEEHZITE
30dBH A+ v 7Ly it ByGTHEHBEZRT I,
G, GREOREIBIZETH Y, WEDL Y T o 7H
BUFTHDZEnbh b, —h, HEFREIEROME L
DL AEVHGE, ENBLLWZPPE (1) & (2) 4
SRR L o U R BN T — o R L TV B2,
S DIZ I TMAXE D 5 L 728k R R E <
LR & i L 72485 2/ 2, 20 k) #EHk:
T E L TiE, MAXETIIBIED B L w2 b
SAE TS, LRETIZEMZ 5 2 2 HEEEN EIR
a8z T b epn/ 3 CHEENL I EWETS
iLh,
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fit> T, FEHUEDOKE HAKAEII OV TE, ENE
L5 WIPPE (1) & (2) 268l L 2R R Eh
x5 22E52605, b, N 7TOT—5124
T 2RI RIE, ENEEMAXZ T3 L H,
PP#E (1) & (2) TIEH3IMTH- 72,

UEnZ &b, ENEEPPE (1) & (2) 13, 12w
PO RIRE A+ SRE THEWIC B TE S 2 L7,
MAXEHE 10T AT O SR8 A LR L LI Rl T
b5 Ehbhh oz,

5. BEAMRBINZEEDIFH

HHRABORRFR Y SHIZCHLT 5721208, i
FEHMERLSME T ILE e s i,

22T, FHEEDRERE T HEMES, AL
REH R E O AIZEH X 4L smibl ke X T B =
EIZE ) REEET B,

s IRE) o & (3RO RE & IR F 72
THIWMES 20 ETIIRL T, NEESmD7— ) T %
»OBRFHRY RS HETH DL, U3 RO
RAETEA & Ko 2 IR, RIS OKD £ i L
TE7— ) ZZHBL, B~ PERAHCTA >0
AGEBEN L Ro—79 5K FTED, L H U0
WA =7 ZHRE» S5 KD DHEMWA > 0 —5 0 2
FOLEhH L, b TILY, BEREDNE
BERRFENDEREENRORED S D, L 5T,
HEREDN 2 CHAEIIRE — 7 L THEMICE
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5ThHD, Tr, ABEAMRT 272002 Rk 2 ik -
EENZEET 5803, FORMNE T REA KD B
BIREAZILT 2 Z &0 S IEHELIRERED R S L h v
Rand b, Flzi8, HENEK» BERIZEEH 2
W BRI S A RET S L, REAROBMOEE
HAkbild oo, HEREREIAKRENMELY) L KEL
LB ENEL, KR, TIARAF 0 IR TLLE TS
BlIzHTE&RS2» DT, FOBBIEREY, B4,
BUTE R L &2 & ST B a2 o IR n
HiE, TobbRAK IR & EMEICHFF T3 D1
B T, RRRROEHMEIIETT 5, —7,
RE A EROIEEMINIRT 2 20 518, ARHIRBMERC
RS LED, F3RERAR THILUL, oMt
2B DU TIIRT 20T, /N OB IK D T i 5
B CHBTAERBIIARERNMEL ) LRE( Y
AREMH DL, F12, HERFEOEHIZFH LR H

”5,

AMSEHL, 3TN ko Rk ko R Aihs
2, MEARDHUAR & CRE TIETE B 180 &
T2, T4bt, ke — 713 152 mlE L Tho KR
Wi % 52 B A IREN L A ik T x££ 72, iR i A
B TR 5T 2 0 TEBA A O BRI 7 0
DY, B, A7 THREMIET 2720, S50
DHMUNRFENIRTE S 2 & L2, A0 Jeseiig
T5IEh0, HEREANRIETIETE 5,

6. &

BRESRAPRECSE I 250 UL L, IR TR HCIRIR o 1
KOEEEH g A &, =V FLarEa—FEN
TIRRERA WML 22, F72, fifia 42 2 Mgedinih
SEHAER L TEIRIIE 0N T 5 A HURE D HiPH & )
fEl L7z, ZAL% G L T AR ESTL D IS
WA Rt L, SRR EIE o i & T 2850, LUF
D & 72,

(1) IHMOM R E & SRS TR T3 5
ENZEEPPED 2 DOHUKARESN Y 7 F 7 2 T Ol sn:
T &7z, 90~ 1600HzDEMAS RGN EL - 150 -2, 8X10 *~0.2
DIERE A SGRE T 5 2 ABEET X 2205 i
B DA R SR AL 8N SN T — 512k
LTL, MR TE2 L TMTES, £72, W
SRR A ST AIERL AL T, 10 LU o
FAR B R SR DT A MAXSEo U R ET Y 7 ¢
T THRBETEL, LoD 772 T Tk
FATNADY > TR a7 L T
HEETr7 70, Ly, PPETivra 7o
BATRORENT 20 7 A 6 M X g, kR
FETHSIEIC A T &, BRI LR s e i i -
~NTHAREARL:,

(2) LR&ZFEIZDv-TE, Hftix 5 2 5 Mgf4on [t %
PET A HEAREL, UL VSRS TR S
PSR- AL PR AN AR
(3) HEFEHMEELDOTIE, MEEA O E
AERWETIETESL Z 2L, AR KE V8
AR S 405 shil BN I U THPERTE L 51T 5 1#
fEEEB Sz L7,

1. HEHa&

R TR L 2R EREN Y 7 P72 T, BltE
AR TH ), Bl TERZIEN) THENT, &
PAEDA/DLHRER, HE 7ot Y, =Y FLarta—
FhEERGLILIZLY, 2, BV T7 T %
URT 228 ) HRREOGIREHNILKR, S
b L UEHBEROERIL L SO A 5% LT LT
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Identification of sensory evaluation on viscosity

et R

Hideo Asazawa

The panel made judgements about the subjective viscosities of sugar water (0~60%) and

silicone oils (1000~60000mPa-s). The judgements were made by three procedures : shaking or

turning the bottle containg the liquid, stirring the liquid with glass rod with eves -blindfolded,

and stirring with eyes-open.

The scaling of the subjective viscosities were made by large number of magnitude estimation

and Scheffe’s method.

The results were obtained that sensibility of subjective viscosities became dull with raising of

objective viscosities and the sensory evaluation followed the psychophysical nth power law by

S.5.Stevens.

o)

1. #&

NIBIAHR D 2 & D & dllE RS o YRR 2 6 78 T e,
PR RS L UG 2 .0REEN R X R #
B 2 A -3 5 2 GRS TH S, ZHUEA
D&Y, BRI LTI e H AL AL & g

RECRL), ANHRADKENHIRE 25072 TH
5.
UNGITESE 5= AR R TR AP (R D = (TP Nl

WY 5. Zodtigk Licfii s S Tliao et 2tk
RIEE vy bW 5 ARIEEOHAEL £ 5
TIEDTHEIRIENHR SIS, T&‘bfy!ﬁ“@ﬁﬁttl H
W) ADITH I EERIEHE S

HWHEBLSL D & 9 B Aok /)‘JF'.';’H; TR ILH M
an 2 fES 12, TOWRGGHEMRIED L ) L R IET TR
HEH b EH2, TDORMET TO AR ILHERL
AEETERETH D,

MRS 2 M CoT L THB &, LS IETXTH
TIMEOERE V25, & I THBIHMR L LT

FA- DA LML TH BRI ATH L 7s, 2 iU
HEBREAA AR O IFH E R b ) L &, Z Ok
ﬁbkmﬂﬁmi¢L WAL E D LSS THDY.

A2, RS & AN >
HETH S,
Ziﬁ’fjl..’({i Ko I’Tt\,x‘) ﬁi{?””" ;"I,C e ﬁf}]

DIYIRE H9ET 5 2 L A°

* SRR A A BIF A S

(2 D—H% R 2D Zitd Al
BT H?Fﬁ]ﬁ’]%*/) B TV b AERIHTL S
 KPERT IR D TOM RN 2 RHE T 5 iy

MER D RIE % K> B 2 & HfhitE IR AR ETE R il

AL R L N A, 15RO RS TL (19

iti‘%ﬁ%&ﬁ’?‘ﬁ‘%ﬁ‘ BE) Lok B ARIEIE & HHES 5 T

") ELBZLNTHB,

VT HEL 2

. ERFE

2-1 EERABSIUEE

KD S0 ) SRIE O E T, MK TKD 6 il
FTOILEIZ 72T, ME v s ciuz iy
DADKEIZE BHAECHDGTOMEL EHTDH L1
L7,

1 EBAROMREE
Material data for experiments

HAGIE R (low viscosities)

il ¥ # A B C D E

EEREKEROBIE(%)| 0 20 40 60 65

¥ J% (mPa-s)| 1.00 | 1.97 | 6.22 [ 56.76 |148.63

I F[1.000|1.08311.179(1.289( 1.320

SRS EE R (high viscosities)

i ¥ # FI G| H I J K

D)3 F A LK

1000| 3000{6000 [ 10000 [ 30000 [ 60000
(mPa-s)
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— Rl ERIOKIG IR E SR F 73 & ) MUK
fFLAVOT, HEE 72 IO 200 L ) Mg %
BT 28002 2 0 KERA I S LD, L7zhi-> T
F% (1 ~148.63mPass) TABIEIENMiN L W5 729
I, BB OE AL IR TR 5 =2 — b 2K
Th DB A W7z, BE I TAHIAT TR g
WA T, MBEMIEIR20£ 2 CH L F Tl 12, £172
STEETE (1000~60000mPars) TOKETENE T2, KL
HD U as 4z, DML KR -
m&:;l—b>WWTﬁétmt.%W%ki?@i
Bz XL s 2 2 o IS A8 Th D, 11
THSDMREA L 12,

21— TFEHREHZE

R DK R &, 250mIDIEF D £ 7a L
>R I200ml B AL DT AR E DT H 2 ik
O ANEBZYRR D 5 7 S REVE A PR S B S A L 5 7

HIRAS R I Scheffen—ifltbiidi b L =7 =F 2 — F
HEsudiz Lo L7z, 400, =Nt T, 2

SNIZT 7202 23 D24, £ KR E S
PO Pl L OB 2w

KL AR AE AR o &7
%, =7 =Fa—FHEEDI 2 LD 1.00 (mPa-s) ?ikk
Al ELzzRE, foilkHE E L o Ak B
& Pz Bt T %i?%t.

SRED ) 3 A A ARG TOWEM T, =

=Fa— FHEEED A T2z, 72120, WE A AL
AERYT7TarEL > "{"r"(,‘:’W)"{an‘ffﬁli)()lnl £ 250mlon 2 Ko
HIME AR 8 & W, AP AN S AP

L.

FU 7oL cHEEAHGIINL, BT A
FPEEEAERET S, L, £
LIRS A L) PR 7eH TH D, 25k
FUEMRE D XMEFEL T RS X 42 52, 100m] &250
mIDFEM AR L 7,

7o, R DL BRI TR <, 250m A s
ADHE ) RF K E XD L cmE X 20cma 777 At 4
ANiL, €D77 2 THGNIO S ) a s+ 4L Hrh

%ﬁﬁ# T ORESE P TS EL 728 mﬁAz

AHEL, ML TRKESZWS 2 I
&Lémﬁmfdﬁh m*&m%&n.&%_Ltm
BRIDFDEKMTH S, NI EG~KAF i
L THIEICRL Hitd s, ko 3 KOs )ik
Ty 20NN A TZI2 L ) BREZAT- 72,

. REHERLUER

3I—1 RREERCE
3I—1—1 {EK¥EIZH T BScheffedd—XLEE %R

Fiffigaeiz &
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22 5 MM AR R

Result of survey by method of numerical estimation

Hieodd 2088 () [ +2 ] +1] 0 [ —1]—2
A-B 0| n 3 1 0
A-C 9 5 1 0 0
A-D 11 4 0 0 0
A-E 13 2 0 0 0
B-C 6 7 2 0 0
B-D 7 7 1 0 0
B-E 9 6 0 0 0
C-D 3 9 3 0 0
C—E 5 7 3 0 0
D-E 0 8 7 0 0

#3  EWME, MboeaR, gworiik
Analysis of variance

Fx % (Primary effect)

A B C D E

—1.16 —0.72 0.13 0.72 1.03

A d (Match effect)

A B C D E

--- —-0.67 { —1.53 | —1.73 | —1.87

0.67 - —1.27 | —1.40 | —1.60

1.53 1.27 --- —1.00 | —1.13

D 1.73 1.40 1.00 - —0.53
E 1.87 1.60 1.13 0.53 -

T #E (Analysis of variance)

LW | B F | CEEES | A8
B/ S 4 518.13 129.53 367.595 *
HEw DR 6 21.20 3.53 10.027 %
Fie = 280 98.67 0.35

# it 300 638.00

*  HEK#E 0.05 (5%) THE L5,

BEEEHORKBA~EZD0T, T 74l 2>
NDAK A R TI25 2, FEYAERICFTRE O S,
FOMMN LA BET B 2 212 & ) K4, [»%
Db, T LM, A EErKr v, T2
LHI7H 7L T3], (L0 HI3H7THL] N5k
PSS X7, FAUZ DT 4 2 ~— 2 00 5 [alat

FROCTERETLE, 207272, K200
HEREINLZT— A RELIDESRI 0/ (F0R,
A, T, ﬁ%)%ﬁ%um? FhRIZO
TIRHETHD Z L1, #HAEEHRIZDNTL
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[a}kRiZ

BTHo1,

FROM A —

LDt A1 2R L 72,

HARB KL (mPa-s) # &7,
1.00 1.97 6.22 56.76  148.63
-1 0 +1
1 —xPReEcEc & THESE S 4L KB

Scaled value estimated by method of paired comparisons

ZOW L oL

F TOIEE IR R Tl 8
7 5148.63%F TIELRFBIZHIEII N T 2 KA By F 00k
I ki, R
(D& 6 E) (250 2 PRI 3150150 <
S LBLATHD,

%5,

TwbZ
I—1-12

—adEHI DV

s

1z,
1 R TR0

B (ADSB) &ieds

BHECEFTITIFa—FitEE

SEME & 2R (2o

T, 7 (1.00mPa-s) #*
L REDREE & DIE L R B 728,
ICBETEZ 3G Ev 0 =F 2 — FH#EF 2T 7.

1./
51Ty

AL T, GHMEL 2842 LT, W—adlE il <
T9 &, FEMDOGAEILD ) FA T B I LT
HENT, REME L TXENEHEHCT, 2747
10 —
< R | ‘
: N ////
® ! L : y{
[ REE A ]
—— %
B ; %l
i3 RS | ! !
2V ] f
T g H | ““\ :
| /!IP [ 1 l‘ 1 1l
AR I i
100 ! P L c e
10° 10! 10? 103
fh ;-4 (mPa-s)
2 U =F a2 FHEEHC & BRI X RO RS O MR

Relation between viscosities and senstive scale

F4 MEOHTITHER
Applying coefficient by method of least squares
a 0.113 ST O E
b 2.087 FUEAKEL%THE

MBfEONE (X dh)
Y =aX+ b nfR#

FAEMORE (Y )

Kt bio&L2R
Bl DR il £ 1L F

1.0074556.22 (mPa-s)
6.22

Tk

Cille -

IR BAS: T
Ak A LYNATE
il
KiEE1.00~148.63mPa-s)

2 E IR RIS 27, D TR &
03K 5 AL A S & TSR E L7z, B
I2R5% (mPa-s) %, #HEtc 2 FHDFFEM A X,
WX 7 F 7 Tt Lz LA A2 Th b, RS & 5
(LD B Py D B v T B D & Tz o % fv)s
2 HG S LT, WIS B X B s R L T A
(HEATN) DB & 4R/ L 72 X o — kB gy - by
MF 252 Ehbh oz, ZOHE, ANOKILIZ I35
BORIEZ £ L A ERDBI D Z DL T LD 5
nr,

HBEN 2 U DINE 2 KRNI KB E (1) Ao

eI S, JAUSIE E WP Bt T A B KL A
U IR ATH B,

(/5:1'()495“4-"7-" .......... (1)
2T GIEERENT (TR, S I
(K% (mPa-s) TSI ERCHENM) ¥ &ET

AT 4 =T 2D~ X FEHY (psychophysical
nth powerlaw) * ¥+ 23 L THY, ANBIKED KD
i S AR B OB R ARIETED oy T3 2 MRl T
DGR L LR TH D Z L hbhir o1

Thbbh, RY7oelr izl Al i
9 L7 dh)% (1.00~148.63mPaxs) (204§ 2 i&itay
ZdBELL, RIS G S TR AL B A
SEIXBBTH Y, WIEPKRE L DI T, T
=8 QRN (I A AN T A

ZALS D KRB K S HEENTAY, IERS N TH B &
ol (B2 32 5100 AL B & 9 L2 Ffeor o Esk ]
BhhdEd5E), THUELOMIEIIHT 5 25E D5
Aidize B & 2 A TREW & 40 B3l (4 h 5450

KERAt) 2 KHTHB &, K5DLHIL~=/ T /872D
i hosKken 5105,
K5 MBI AT B EOEDHI RN (=T 2 AN

Boundary values of response

£ 1% (mPa-s) 1.97 6.22 148.63

FEL AT B Anf -1y 1.60 3.05 17.81

2T e AN

16.73

‘ 2.51 ’ 4.44 ‘

IN"T I ZADONME TRt LT, H DR
A BFEMARE UL, FAUIKICT BRI ML L
LKW E —ICHEET A 2 EDTTE DL, Thbt, &
D2 518, FREtiA2.51 5 U /&I 10E1.97 (mPars)
NRK ALY KEITFIUL6.22 (mPass) oFRR LY
MNTEB,

1-2 BHMELCBUTIFai—FHEESRE

CIHIEDHEF ~K 2 M, KD 300 & 4F Tl
N 2HERIT-72, Thbb, QRBOA-2EE
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ATTIRY O S8, RMERABEL2SG, DT 2
W AR THRIEL 25, TOREID R + Bl

L7zste, D77 24k TR 2 3 225 B O RE LR %
ECWL T, FIIKE ARBUIST TEHET AL
3O NI, w2 F o — FHEEETF RE
Pl YLy, oI 20252 2
I8, SEVER L L B2 WAz, 250ml
DEFER 392 100mIDFEEH £ DIKIND80% £ Tik¥H &
AL, I E 2L B R TT 72,

3-2-1 RBEMBLIBHEOTFEENLLE

1ooml = 250mINFrds (fL{€(£4.6cm £6.0cm) (= 1L
fiLS)nllL>00n1kﬁuA+l B VANAS TN S S 3 oh Y

DRI LE L TH S, Lo L, iioFEiy)L

'MMWm%&mU#$§<aofv&

e 9 BRI A A T AR T 2 Bl L
WHN,, w2 Fa— PR s, K127
i) CHIED KB E ~ K & AJue 588 % K2 DTk L
g%ﬁﬂ@“ﬁmﬁv&MS:ﬁLt,W%ﬁumkﬁ
mmwm%ﬁLhﬁ_n¢m¢&m i{kon.;
DFEGHD S, Wl LD FHT L 2R s 20 5 (100
mlj JL A 30)) (250ml) f:l't’\". #2815 H S #1815
EAL ST $A SR
BT, KE NGO ITREIZ NS A B
W ThH A, ZALTHLIER S DR (L)
HUNELC RS20, KN 2 ODEEII G TERLC
WXL B VAL THD L EL D,

(4 a2k SR DIEH AL 72, 143
DEYED S LHHET 5 205, LR Sy L &
] LHIEDRE T L 2 N3z fsd Lo Tvd, 20
ZEhdh, AHOEBOKRIE & Ao L) i 5 &
W, AR LB N TRHIE A HEE ML T B 2 2 a s
b,

VOEEMEIRNES LS I L b b

[y

Ea——

KEHRICHAT HPMEHEOBY

0 10 20 30 40 50 60
il = (Pa-s)
3 o L BHIENFTEEM
(K zl1eLzEs)

Rating values of viscosities on difference bottles

53

102

w10

. | o _
lO103 104 105

(mPa-s)

v
=

44 @kEREHZ BT ERNE G L 5|
—@— AEdE, il N, A KISHT 2/ ofE#EL
EIE L W NE TR

Rating values of high viscosities

31-2—-2 MEFELITHENTE
W goE 1l BEE ORI OV TERET S
72 HERIE REF ~ K & Eif n250mIn 785 2200mlA 7L,
#7AMTHRNIIRE S S, T0L EHAHORTLE
L aAtS, e By TRiokl 2 E5E2T
T Rt LR ZEAKLE (1000mPass) #1 - L7285,
KB HEE =7 =F 2 — FHEERIZLNEZ S
HIz, DR A S IR,

102

e
itz

]00 i . ! Ll B L
103 104 10®

33 )i 4 (zPa-s)

5 BIFLArn, HHNMERTHE IR THE
L7z x 20l
—@— Wah s Wik, il B THRERE, - A R
Rating values shaking or turning the bottle containing
the liquid, strring the liquid with eyes-blindfolded and

strring with eyes-open
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o HESENIE R VWTEIELZEE, T0b
BRI L HEPUE /ST CHIMTT S & 13, EENILE
Brt& N RECHETL T 0b2b, 20D
FEBRICHOZARTIRESRNEZ R 2 120051
LR, TUIIEL S B EBNIEEE /2 (ML 2
BB D EICEBbISE, 2T, FLIZHL 20
BEORE L, WO ER L KA1 BEDOMEH
fFotlhhro7, T bbb, HEREL FoOWIETLT
Y, FIIEU SEP A IRERTICTHIT 5 2 LA
HTHDZ D brT2,

Frz, k&I NRE (D) LIkT 2, 2HEOMK
HHEE (QEQ) D hnzFndEMizE ->THY,
FRHoBFHNIN BRI+ B%ET 2 (O:Q) Ha, #
B0H (Q) H72ZRIZBET S (D) L0 LEh-
Tvg, ZAUE, MEE LTSRN, FIZEL K
P FEME KRES LTV D EFHZI LD,

IHHDZ X, HIEICEL T, oo nERIC
HH L 28R BN TlE, BEs Lotz T
U P L RN LRI I EETH B 2 b o
AN

3—-2-3 RBELTFEDEUR

ERIEORRHCEL T, THENOERFTELISWT
N7 =F 2 — FHEEEDRERD b, HHfE & FEE o
BATEH DIz > THEANS TipH 2 R/ 2 F
HBIZEVITY &, ek iz a s, Edsne
M (Xd4h), et (Y#) »5Y=aX+bs ¥
b, INT, 1 BOBFEEKETHEEL V25, (LD
AL AR, RIBIE O MR FFE I O X — KM
BRI H D 2 Enbn b,

F6 EHERRCIBT AR TEs

Applying coefficient by method of least squares

% # a b
8 (100ml) Ehe 0.643 —1.907
%2% (250ml) EHE 0.626 —1.854
FRNEEBEL 47 s i 0.836 —2.491
FaNA LB 2o TR 0.985 —2.977

SRR EEAKE1 BTHE

512, ZOBERNSH TtHH o R & FFEfl &
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Axisymmetric Transient Thermal Stress Analysis of a

Multilayered Composite Hollow Cylinder
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