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Research on Rotation of a Rotor in Gari-Gari Dragonfly
(1st Report, Experiments on Rotating Direction of a Rotor)
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Abstract

The gari-gari dragonfly is a toy in which the rotor is attached by a pin so that a rotor can be rotated to both

directions at the tip of notches of main body . Rotation of the rotor is generated by rubbing the edge of notches of this

toy. The influence on the rotation is admitted by the difference between the inside diameter of the hole of the rotor and

outside diameter of the pin. The rotating direction of pin track will be explained in the following paper.

F—T—F 1 AVAY EAEDOPROREESF ], FRE E 2 OBBOMR, ARNE GO E DR, <

EREHOJENERES

Keywords : Rotating direction of rotor in Gari-Gari Dragonfly, Clearance effect between rotor and pin, Gravitational

effect of main body, Angular effect of stroking stick
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Fig.2 Direction of external force (Oyama)
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Fig.3 Gari - Gari Dragonfly (Oyama, D/d=1.31)
Hole diameter D=2.1mm, pin diameter d=1.6mm
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Fig.4 Hole diameters of rotor and pin diameter (Oyama)
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Fig.5 Gari - Gari Dragonfly (Oyama, D=3.0mm, D/d=1.88)
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Fig.6 Gari - Gari Dragonfly (Oyama, D=5.0mm, D/d=3.13)
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Fig.7 Effect of diameter ratio D/d (Oyama, 90° = B > 0°)
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Fig.8 Gravitational effect of the rotor (Oyama, 90° = B > 0°)
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Fig.9 Main body fixed with vise (Oyama)
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Fig.10 Main body supported by hand (Oyama)
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Fig.11 Main body fixed with vise (Oyama)
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Fig.13 The sectional views of the Gari-Gari Dragonfly made of
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@ HhHig
O EMHE
® FEMig
—~ 100} —@
X
80} o
B |
E 60
= 40} ° g.
20 8 o
0 30 60 90 120 150 180
ShokfEm 8 ()

Fig.15 Gari-Gari Dragonfly (Daiso Co.)
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Abstract

The gari- gari dragonfly is the toy in which the rotor is attached by a pin so that a rotor can be rotated in both
directions at the tip of a notched body. Rotation of the rotor is generated by rubbing the edge of a notched body of this
toy and the rotating direction is explained by the rotating direction of pin track , and gari- gari dragonfly can be analyzed
perfectly by the forced vibrations x, y, and phase lags 6, , 6, of gari-gari dragonfly.

F—T— B HHRD) v, p, PR, (NS, 5, & T ORMIES, - 5, AKBIEDRIE k. k, A1k

W, n,

Keywords : Forced vibration x, y, Rotating direction of rotor, Phase lag of vibration 6,, 5, and difference of phase lags

6,~0,, Unequal rigidity of main body k,, k,, Damping ratio of main body ,, n,
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Fig.2 Gari-Gari Dragonfly (Oyama) is supported by left hand
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BEEH e (rad/s) 3.70 —
BEEH v (rad/s) 8.14 —
BEE  nn 0.074 BiRE
W nyoy 0110 BHE

Table 2 Gari-Gari Dragonfly fixed with vise (Oyama)

B ﬂ;“)mm é» ) gome
FRESE  ~ (radss) 256 201
HiEE% », (rad/s) 556 509
BEFH o (adfs) 6.65 138
WEHE ny (eds) | 1246 28.1
HEE ne 0.0260 0.0585
HEE /oy 0.0224 0.0552

K7z, ARIROEE O WHRENEL, WEFRRSB X
CIRERICEDK D BB R 52 20 2ifiNbT0I,
ARG 5 280mm D el & J5 /1 TEE L T Table
1 LAk DFTERZITo T2, Z D% Table 2 (1), (2)
ITRT.

AEBNESTEWE (b<h) D728 Table 2 (1), (2)
EEMREE p, (Ep, D12~ 13158755, ke
Fonlp & x AW, y e & PRE LI R TR Z
D76 2 ~ 355 KEL.

Table 1 (1) & Table 2 (1) OEEFERKLD, A7
ORI 72 Fi § MU AR Z FeF TR Te i B OB
nlp W) 0.1 THBDICHK U, AtkZJ7HTEE L
BOWEL n/p 3F0.02 &, 13~ 1/5 56/ 7x{HEIC
ToTWadZeabhd. £, FRBICHANTH AR
EDGEFMIRIIE p, & 515, p, E 85 KELRS.
COXSICFRBLEANEETIIREREVDDHZ L
3RO L THB.

FRDXSICFREB L THEE L TEAY A & AF
DOFHREIE, R, WERTERENDZD, FR
DOmfFER CGE1H) VI L TIdIF & A ZAERME
DT, PROEFEDREMMEDET IV E LT Table2 (2)
DA ZRETT NI K.

22 AVAYEAIZFDIREIETIV

AHVAY LAIFZ 1 Bl ldha e kit 2 I E
Zlzx, y TNEN | BHERIROREET IV (Fig.3)
TBEZB.

Fig.3 Vibration model of one degree of freedom system x, y

XIS, AVAV EAE CRILD) DxAmE yH
W ORI p,, p, 2 KDB. FHVU AV L AR EAKZ
JINTCEEL, AR EBICH 2D EOHEMTIT 5.
AVA) EALEARZRFEBROICESIHA, E5IC
Fig.1 DK iREIR %2 Fig.d DJclin DAt - E ERIC
BEHAL .
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Fig.4 Vibration of a concentrated mass system x, y

KICARDWIH —RE—AV M, e VYV TRE, 13D
DEZINSAVHY & AFIAREERD LT, EA75M
DIFRRER k2. BRI, 3REHR e FMEPEE
DNOMREIARES. T T, FRITHOBITRAY
AV EAE CKILD) OB m, BLXULLEEIROMD T
H5.

HUAHV EAEOLER m=0.030 kg
AROIREER 7 OB = my=pl=0.02023 kg
FIHOBIUE (m—%) LEVOEE m, =0.0030kg
doRT O E 0.903

C T T, Figd DARMGEW IO EIE, b=5mm, &
=16mmTdHs. LEHICETEEDHZFFEHBIED
D1 EBESR (Fig4) OO RIS p=Jk/m,
L, Fig.] OHEGARE RO | XE— ROMRE%”
o =(1.875/1V JEL,[p £ 7% p=p, LiEL T LT Skt
Bk m, 3R THEABNS Y .

m, =0.2427m, D)

ARWFEDAV) HY & AEOFMEFEREm, X, 5
IZIEREDPIR (m—2) LV OHE m, ZA 5.

m, =0.2427m, +m, =0.00791 kg )

Ric, AV EAERKROME - RE—AV N, %
HWTHIRDIXQER k ZRD D . Ty > T
E=1225x10"N/m> TH D, O-xHliE b D DOWim X
E— AV ME I, =0 /12=1.71x10"m*, O—y #iEDHD
DM —RE— A ME 1, =bh’/12=171x10"m* &%
b, EE1=0280m &b, x HDZQERE k=3EL/"
=279.6 N/m, y /5D RERI k=3EI,/F= 2863.0 N/m
X O ARDOFHRENE p,, p, 1&

p.= £2188.0 rad/s
mé.’

(3)

¥
m

e

=601.6 rad/s ))

p, =

bixs. X 3), @) OFFE{HEIE Table 2 (2) DFEHIME
PP CIEWVETH 5. EAIREE, £, 3XKLG) Ln%b.

fx:é’—x:z9.9Hz, £ =2 _9s58m, ()

T T 2r

3. BEHLHBZHYAHY LAIFDERFIIRS

AV A L AEARERD eI ER T 2 i) P 7%
Fig.5 lCR9 .
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Fig.5 Direction angle B of external force P

mEs Pk, OCED (Vv F) HECITDZRED
B ¢ & & BICEARIREI O T=271/0 TZILT B

P =P, + P coswt + P,cos (2wt + f3,) + P, cos (3wt + f;)
RN

(6)

&%, —RANCIE, PRZ AR S & 2 OICBHRNTHR
DIFE (6) DABH DR HIKVES 2 IH P, = coswt TH
5. XoT, xJiaE y JFiosilit ik

P =P coswt, P =h, cosmt @)

L5, RITHYAY EAIZIE Fig3 DL SIS, XRE
Bk, k L& SOBWEF ¢, ¢, THERE N,y D2
SIS ZNZNINIO 1 BHERIRZEZ % (Fig3).
SRV DMERS 2 L BRI 50003, 1307, e



1, BHNNID=DTH NS, —a—FrDOH 2%
ZHOVT, x, y BT 2EBTERZROTHZ L, &
¥

x=0,,M, cos(wt—3,) ®
w18%. T x HmOE bR S, =P, [k Ths.

Flz, BERE n,=c, 2m, EHOR (8) OIRIEN AR
M, kRN S, ERR (9), (10) £7%53 7"

5T 2 2
[1_,602] +_(2*u.aiJ ©)
2
D, P. P
2n, o
é‘x :tan—l px P;x (10)
®

y Db 8, = P, [k VAL y &

y=0,

sty

M, cos(wt—5,) an

&%, L D DM, 5,13k (12), (13) THX
5Nz*"Y. T, ny:cy/ch%ﬁﬁb\%).

f 2 2
1— a)z + 2}’1}, ﬁ (12)
p,’ p, p,

4P, P, (13)

PO E AV AV L AE CRIL) OfctiZz )] THEE
L7z Table 2 (2) DOFRERERMD S IER n/p = n/p.=np,
=0.1 2w, X 9), (12) KOFHEUIREILAR M,
DFRAIN I DFIREEL 0 \HHT B 2L DOREER Fig.6 1
Ry Y.

FeX (10), (13) ZHOTHELZAMENS D
sE 54 1 D AIRBENEL o 1x g 5 2 L DRk %2 Fig.7 D
FHTRT . Fig.7 MOBHUIAINIE 6 -5, T, E2D
WEfOAIE, KE Rk S KYIEMELRS. Fig.s,
Fig.7 1 HHRIGHE AR CAHRENEL o 1
ULCx,y HAITCTKRIRICES T EMWbh 5. Fig.7 DNHiH
7200, \& x FIM OIS p, 2 Z 7z 0 TR EEH (160°)
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Fig.6 Magnification factor M, M, and angular frequency @
(Oyama)
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Fig.7 Phase angle of lag 9., 6,, 6,-6, and @ (Oyama)
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4, FEEEEZEEDEY DEE)
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Fig.5 DN D@ 18 p=45° L [HE L TE X, AR
o BEZILEECEDX S BIRFINHEET S0
WX THTz. 0=150 rad/s D & T DHRMEHE KR M,
M, fitHENS, 5, fifHZESs-5,13, X (9, (12) B
KUK (10), (13) &9

M, =2.5196 , §,=0.4138 rad =23.707°
M, =1.0648 , &,=0.0531 rad =3.044°
8,-8,=20.7°

MRHEND. TDOEED x,y HEOREHIEX (8),
(D) koROENB. O DOIRBILIE % HERHE A
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Fig.8 Non-dimensional displacements and time
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Fig.9 Tracks of pin (0w=150 rad/s, 6,-6,=20.7°)
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Fig.12 Phase difference due to inequality of spring constant
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5,=2.1252 rad, 5,=0.0748 rad Z 5 Z U, x, y DAEMKX
i, Fig.10 DO—-QDHXEb 0 OB %% (AT =
0.031s).

% 72, =600 rad/s O & ¥ M,=0.1086, M,=5.0116,
5,=3.0772 rad, 6,=1.5688 rad Z 5 Z NF, x, y DEHK
X, ©O->QDHEHLD DD Fig.d1 £7%% (FHAT =
0.010s).
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DR 6,6, DZE{L% Fig12 1SRd .
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L9 5.
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Fig.13 Phase difference due to damping ratio (Oyama)
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Fig.14 Phase difference due to inequality of damping ratio
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Fig.15 Arrangement of experimental apparatus
(Gari-Gari Dragonfly is fixed with vise)

Fig.16 Photograph of experimental apparatus
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Unsteady Thermal Stresses in the Infinite Strip with Slanting
Boundaries to the Functionally Graded Direction

Manabu Ohmichi*
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Abstract

Unsteady thermal stresses in the infinite strip with slanting boundaries to the functionally graded direction are

studied theoretically. The rigorous solution is derived using the stress function method. The material properties are assumed

to be exponential functions of the position along the functionally graded direction. The strip is free of surface traction and

the prescribed surface temperatures are given. The initial temperature is assumed to be zero over the body. The numerical
calculations are carried out for ZrO, /Ti-6Al-4V functionally graded materials (FGMs). The relationship between thermal

stresses and elapsed time is illustrated for certain slanting angle.

Keywords : Functionally Graded Materials (FGMs), Unsteady Thermal Stresses, Slanting Boundary, Partial Heating,

Stress Function Method

Introduction

The concept of FGMs was first proposed as high tempera-
ture resistant and heat barrier materials by Niino and his col-

D,2)

leagues in 1984. At early stage of the studies for the ther-

mal stresses in FGMs, the one-dimensional steady problem

»* and Tanigawa et al.”.

was discussed by Noda and Tsuji °
Obata and Noda® also investigated steady thermal stresses
in FGMs for a hollow circular cylinder and a hollow sphere.
The one-dimensional unsteady thermal stresses in FGM plate
was discussed by Obata and Noda”. After then, main discus-
sions of thermal stresses in FGMs were performed for plane
problems. In plane problems, Shabana and Noda® studied
combined macroscopic and microscopic analysis of thermo-
elasto-plastic stresses in functionally graded material plate
by the finite element method (FEM). Shabana and Noda”
"9 discussed thermo-elasto-plastic stresses of FGMs with a
substrate and a coating, and thermo-elasto-plastic stresses in
functionally graded ceramic/metal composite with two-dimen-
sional temperature gradient by the FEM.

On the other hand, plane thermoelastic problems in a
functionally graded plate (FGP) with an slanting boundary

to the functional graded direction are discussed for the semi-

infinite body'", the strip'” and the plate'” by Ohmichi and
Noda. When FGMs are heated cyclically, since the maximum
thermal stresses in FGMs are predicted to occur during the
unsteady state, it is very important to study unsteady thermal
stresses in FGMs. It becomes indispensable to analyze the
unsteady thermal stresses in FGMs with slanting boundaries
to the functionally graded direction upon the design of FGMs.
The target of this study is to clarify the effects of slanting
angle on unsteady thermal stresses in the functionally graded
strip with slanting boundaries to the functionally graded direc-

tion.

1. The Unsteady Heat Conduction in the
Functionally Graded Infinite Strip

The functionally graded strip subjected to partial heating
SX) whose width is 2a on the upper surface is shown in Fig.1.
Two Cartesian coordinate systems are defined. One Cartesian
coordinate system (x, ) is concerned with a functional gradu-
ation, the other coordinate system (X, Y) refers to geometry of

the strip. The relationship between two coordinate systems is

*
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Fig.1 Functionally graded strip subjected to partial heating

X =xcos@— ysind
Y =xsinf@+ ycos@
x=Xcosf+Ysinbf

y=—Xsinf+Ycost ey

where 6 denotes the slanting angle between x axis and X axis.
When the thermal conductivity k(y) upon the design of FGMs
depends on only the variable y, the unsteady plane heat con-

duction equation in the coordinate system (x, y) is

k)2

2
ay()

or o or, 0
C(y)P(J/)E = &[k(ﬁa] + a[

where T(x, y ,#) denotes the temperature, p(y) is the density
and c(y) the specific heat of the strip. We assume the thermal

conductivity k(y) expressed in the exponential form:

k(y) =k e/lv =k e/»(szinHJchosB)
0 0

3)

where k, is the thermal conductivity at the origin. When £, is
a known conductivity at the position (y = y,) along the y-axis,
the coefficient 4 is given from relation (3) in terms of k&, and
k, by

A=(17y)In(k, / k,) (4)

By substituting the relation (3) into Eq. (2), we obtain

ar _ k(W(VT+ A
ot

I,
. )

where k(y) is the thermal diffusivity which is given by

k(y)

0= )

Q)
To simplify the problem, let it be supposed that the thermal

diffusivity is a constant.

K(y) =k, @)

As the temperature boundary conditions, the prescribed

temperatures on the surface Y=0 and Y=/ are assumed to be:

T(X, h, 1) = 7,0(X) (3)

7(X,0,6)=0 9)

where 7, denotes the constant temperature and 7(X) is the
known geometric function of temperature on the surface. The

non-dimensional variables are introduced.

X =x/hy =ylh t =tx,/ W, T =T/z,, A =Ah,

X =X/h Y =Y/h (10)

By the use of these non-dimensional variables, Eq. (5)

reduces to
671 :VZT*+/1*8T* .
ot oy (11)

Transformation of Eq. (11) from the coordinate (x*, y*)
which relates to functional graduation to the coordinate (X,

Y") which relates to geometry of the strip gives

* * *

T
o

oT

— =

VT + A" (~sin@ or

—+cosfd
oX

(12)

The temperature boundary conditions (8) and (9) expressed

by non-dimensional variables is

(13)
(14)

"X, L,)=7X")
T°(X",0,{)=0

where 7' (X") denotes non-dimensional geometric function of
temperature. By means of variable separation, the tempera-
ture which satisfies the boundary condition (13) and (14) is

obtained:



T (X* v t*) _ e(f/z)(x‘ sin 0-Y" cos 0)
[T (B eos X+, (") sinp X Jsinh B+ (2 12V d f

—(f a2y

+jnz e (T (B )cos p X" +T, (B )sin X JsinnzY df'}
(15)

where T,'(8") and Ty (8") are the coefficients which are deter-

mined by boundary conditions and Fourier integral theorem:

Lot ;
- e? » 77351115 . "
T,(B)= — e 7'(s)cos fsds (16
T asinhy[B7 (47 /2) L (16)
icosé’ .
. . e 2 © 7735m9 . . .
L,(B)= Lﬁe r(s)sinfsds  (17)

zsinhy 7+ (47 /2)

As the initial condition, we assume that the temperature is

zero over the body:

T"(X",Y",00=0 (13)

By using the initial condition (18) and Fourier integral

theorem, the coefficient T,*(ﬁ*) and T ;(ﬂ*) in Eq. (15) can be

determined.
. e 2nm(=)"sinhy/B*2+ A7 /4
L= L+ 27 /4 T (19
. oo 2nm(=)'sinhyB*2+A7%/4
T,(B)= e b T (20)

Brnint+ 174

Substituting Egs. (19) and (20) into Eq. (15), the tempera-

ture which satisfies boundary and initial condition is obtained:

T'(X°Y )= e (AT (B ) cos X7 +T,(f)sin X'

22222 )"

sinhy/B7+ A7 /4 Y'dp 2] Y e
n=l

N na(=)""sinh/ 7+ A7/ 4

Bren*nt+ 27 /4 sinnzy"dfy] @

where TA*(ﬂ*) and TB*(ﬂ*) are given by (16) and (17).

2. Analysis of Unsteady Thermal Stresses
in the Infinite Strip

The equilibrium equations for the plane problem are given

by

00 4, N 00y, -0, 00 4y N 00,y -0 22)
oxX oY oX oY
The compatibility equation has the form
0’y . o’y 5 e,y
ov*  ax*  ~oxoy (23)

The constitutive equations are

1 , 1
&y :E(O'XX —Vvo,)+a’T, &, = E(O'n, —vio,,)+aT,

_ % (24)

E=Ev=v,a=a for plane stress

E .
—V :L,of =(l+v)a for plane strain
1-v 1-v

(25)
Ee— e

and the material properties depend on the position. The plane
problems in FGMs can be solved by stress function method

proposed by Noda and Jin'?. We introduce the stress function

x which relates the stress components as:

2 2 2
oy oy oy 26)

c,, =—>%, 0, =—", Oy, =—
) CHRELY:) CHRE ) ¢7) 4

Substituting Eqs. (26) into Egs. (24) and Eq. (23), the gov-
erning equation of plane thermal stresses for FGMs which the

stress function must satisfy is obtained:

Vz( 1 v ]_ o (1+ve o’y _ o (1+v° o’y
VX 2 " 2 2 e 2
E oX E° oY oY*\ E° oX

o’ (1+v" o’y
oXoY\ E° oXoY

+2

]+v2 («T)=0 27

Young’s modulus E° and the coefficient of the linear ther-



mal expansion o° may be expressed as a function of a variable

», and Poisson’s ratio is constant:

E‘=Ee"”,a =a,e’ v’ =v,=const. (28)

where E, a, vy, y and § are material constants. When Young’s
modulus and the coefficient of the linear thermal expansion at
the origin (y=0) are given by E, and «,, and those inside the
body (y=y,) are given by E| and «, respectively, coefficients y

and 6 become

y=0U/y)In(E / Ey), 6=(1/y)In(e, /) (29)

Substitution of Egs. (28) into Eq. (27) and introducing non-
dimensional variables yields the governing Eq. for FGMs

whose boundary is slanting to the functional gradation.

. . 0 . . 0 . . .

Vi 2y sin@0—(V’y') =2y cos 0—(V’y") + y*V?

X +2y e ~Vx)-2y 37 Vy)+yrViy

. o AN A o'y
—72(1+v,)(cos* —2= +sin’ f —Z= +sin20—Z—

7 )eos 0oy or”? xor
__ e(/+,5‘ =X sin0+7" cos 0)

. .. oT" . oT" o s

x(VT" =25 sm6’y+25 cos@ay* +07°T) (30)

. . . * . .
where non-dimensional stress function y , non-dimensional

material constants y*and, & are given by:

=—>—,y =yhd =06h 31
d a,Eyry i r=7 @D

The general solution can be expressed as sum of the com-

plementary solution . and the particular solution ;(p*:

X =x+7, (32)
We assume the complementary solution ;(C* of Eq. (30) by

*

2= [ g (Feos f X + FysinfX)dp (33)

E N
where d is an unknown constant and F, and F, are unknown

coefficients. By substituting (33) into the left-hand side of Eq.

(30), the following equations are obtained

Gg(Y)E +G,g(Y)F, =0 (34)
G,g(Y)F -Gg(Y")F, =0 (3%

where G, and G, are differential operators given by

A & O, N &
G= =27 cos ——+[2d - B ) +2d Y sin 0+ - (1+v, )y sin* 0
et [2d°-p7)+2dy y =4y ]dY‘Z
. — e d e
+2ycos @[ —d " —-(+v,)dy 51n9]dY*+d 6d " +p
+2d'y'(d” =347)sing +(d” - B7)y " [1-(1+v,)cos 4] (36)

2

PO d - . . d
G, =28 (2d +y sinf)—-2 cosf2d +(1+v,)y sinf]—
, =2 (2d +y sind) e By cosd2d +(1+v,)y sind] g

+2B72d"(d” - +3d =B )y sinf@+dy P ~(1+v,)d'y *cos’ ]

(37
The function g(Y") is assumed to be
g=e" (38)

Substitution of Eq. (38) into Eqgs. (34) and (35) yields

[D,(p")=iD,(pHID,(P) +iDy(p)] =0 (39)
where
D, (p)=p* =27 cosf p° +[2d"* - f*)+2d 'y sin@+y” —(1+ VO)}/z sin*4]p”

127" cos O[S —d> —(1+v,) d'y'sin0lp" +d" - 6d”B” + p*

+2dy"(d”? =3B7)sin+(d” - )y [1- (1 +v,)cos’ 0] (40)

D,(p)=2p'Q2d +y sin@)p? -2y cost[2d" +(1+v,)y sind]p’

RB12d°(d? - B7)+(3d” = )y sin@+d y” —(1+v,)d y"* cos’ 6]

(41)

Two characteristic equations are obtained from Eq. (39):

P2 s Op +[2d - B+ 2d Y sinf+y F - (L) i’ 0-2if(2d +y sind)]p

27" cos 047 —d * —(1+v,)d 'y sin 0 +if[2d" +(1+v,)y sin 0]} p’



+d " —6d B+ B 2dy (d =38 )sin 6

+(d 2 -p *2)}/ 1 —(1+v,)cos 2 9]—2iﬂ*[2d*(d "2 -p *2)
+(3d =By sin@+d’y P —(1+v)dy Tcos?0]=0 (42)
and

B0 s 05 A )4 2y s By P-4y s 0+ 2 (0 47 snf)]j
27 cos O P —d 7~ (1+v,) d'y'sin 0-if'[2d" +(1+v,)y sin 0]} p’
+d ™ —6d B4 B4 2d Y (d " —3B )sin 0

+(d 2 -p *2)}/ 11 —(1+v,)cos 2 6]+2iﬂ*[2d*(d 2 -p )

+3d =B )y sin 0+dy P —(14+v,))dy Peos’0]1=0  (43)

The complementary solution (33) becomes

»‘004 « " "—i“ ~y " ‘x¥+i¥s .
2= [T IA (BT (BT NAB (44
k=1

In the next place, we consider the particular solution of
governing Eq. (30). Substituting the temperature distribution
(21) into the right-hand side of Eq. (30) yields

. . 0 . . 0 . . .
Vi 2y sin——(V ') -2y cos 0—(V’y ) +y 7V’
X +2y e ~Vx)-2y o7 Vx)+y Vx
0 , 0y L 0y, oy (748X Y cx)
-7 - (1+v,)(cos” 0—25 +sin” 0—=+sin20—"—)=-¢ 2
X or oX oY

*

xj:({[(/l’z 12=82+6 )T, +(A -28")B T, sin O]sinhy/f "+ 27 /4 Y

+(28" = AT, B+ 27 /4 cosOcoshyB >+ A7 /4 Y icos B X°
+H[Q8 = AVB T, sin@+ (A7 /2-6"A" +7)T,]sinhy/ > + 17 /47"

128 IV AJBT+ A7 14 cosBeoshy[B T+ A7 14 V' )sin ﬂ*x*)dﬁ*

© n+l s *2 *2
+26(7‘+J'—/.",f2)(7)(‘ sinf+y" cosf) J‘w Ze*(ﬁ‘zi*ﬂzﬂ'zi»;fzru‘) s n”(_) Slnh ﬂ + ﬂ' / 4
0 Brnn + A7 14

n=1

x({(2(5* =T, (B )cosOcosnaY +[(A7 147 -n’n* + 67 =8 V)T (B)
+B° (A =28")T, (B )sin@]sinnzY Ycos B X" +{(26" - A )naT, cosOcosnzY”

{08 -ZVB T sing+ (2% 4= B2 -rir +67 =0 A Ysinnal Jsin X' ) dff

(45)

where 7,(8") and T,'(8") are given by (16) and (17). We
assume the particular solution Zp* of governing Eq. (30) by

7= [T, sinh f7 427 147+ B coshy B+ 27 /4 ¥ )sing X'
+(C,sinhy/? + A7 /4 Y + D, cosh/ 7+ 27 /4 Y )cos X 1d
+e§”x”+n”y* J':e*[ﬂ'z+ﬂ'z+(i*/2)z]fﬂ(_)nﬂ sinh ﬂ*z +/1*2 /4
xE;(cosﬂ*X* + F; sin 8" X ) (cosnzY” + G; sinnzY )df" (46)

In the particular solution (46), A p*, B p*, C p* and D p* are
constants which are determined by solving the following

equations which are derived by substituting (46) into Eq.
(45):

o
a
s
a
%]
a
2
N
~
éﬂ

CBS CAS CI)S Ccs BP _ Tcs
CLS 7CDS CAs CBS CP TSL (47)

where

Cu=E"+2y E%sin0+[2n" -2y’ cos@ -4+ y? + 17 1 2)E7

2y Esin@(2B7+n "+ A7 14 +n"-2y"'n" cos @
B3 124y =2y ) cosOQ2 B+ 3AT 1 4) + ¥ A 14+ (471 2)

~(1+v)y UE? = B7)cos” O+ (B +n + A7/ 4)sin® 0+ £ " sin 26]
(48)

Cus =2B7 + A7 14120 (E+ 2+ A7 1 8+ 2y E ' sin @

—y cosf (£ 430 "+ A7 1)+ ¥ = (1+v,)y 7 sin@(y" sin@ + & cos )]
(49)

Ces=—4B°E° -6y E%sin0-28'E" (20" + 27 12-2y'n" cosO+y7)

=287y sinf(n” + A7/ 4)+2(1+v,) By cosO(& cos @+ 7' sinO)
(50)

Cos =48\ B>+ A7 14QE R +y'n sin@—y & cosh)

+(1+v) By sin 20y B>+ 47 /4 (51)



=B (A =25, (B)sin0— (A2 /2= A"+ 3T, (B)
(52)

T =(A =28 )T (B )cosO B> + 17/ 4
(53)

= (A2 2=8 A + 3T (B)+ (25" - )BT (B )sind

(54)
=(A =28)T,; (B )cosO\ B>+ A7 /4 (55)
E=—(+6 —£)sin¢9
- 2 (56)
=+ —£)COSH
Ty 2 (57)
Similarly, in the particular solution (46), Ep » »and G

are constants which are determined by solving the following

equations which are derived by substituting (46) into Eq. (45):

H' H, H, H, ||E, S;
T HHH G, )| S (58)
-H, -H, H H, |EF, S;
H, -H, -H, H ||EFG,| |S,
where

¥

H = 40" "'y

+4(y' ' rtcosO— FE? —n"nin? — 7y E sin6)

~(A+v)y?[(E? = B*)cos> O+ (7 —n*m”)sin® @+ £ sin 26]
(59
Hy=2na(2n =7 cosO) & +n° - B -n'n’) + 4y En'nasind -4y ' n cosd

270" nr — (1+ v,y nx(2n" sin> @ + £ sin 26) (60)

H, =282 +y sind)(E” +77 - B2 -n'z)) + 4577 E7sin0 -4y En cosd

RBYE (V) QE cos O+’ sin20)  (61)

H; = B'na(8n +4y'n sin@—4y"E cos@—(1+v,)y sin20] (62)

+(2y'E sind-27"n" cos O+ EP +07 - 7 -n'7h)

228" - A)n*z’ cosO

S =- -
(B2 +n*r + A7 4)

1

T,(8) (63)

[ na =A% 4+ 8K - 8PT(F)+ (25 - ) B sin6T;(F)}

S’ - #) 2 2 #)
: a(f +na +1714)
(64)
. 2A =28Yn*rtcosO . .
S, = T,
Poa(Br it + 27 4) 2 F) (65)
- 2na[(A" =267 f siné’T;(ﬂ*) (B +0’n’ =57+ 5 A- 2" 14T, ()]
=

(B +n'n + 271 4)
(66)

Thermal stresses can be obtained from Eq. (26) using (44)
and (46):

E o0 4 * * *
ou(X Y )=e" IO Z[(pszkeM Dy 2A e Yeos B X
k=1

—i(pP A — A Ysin B XS

el j( (B + a2+ 27 194 + 2 B+ 47 14 B Jsinh [ 7 + 2% /4 Y

2B+ AP T4 A +(B 7+ + 27 14)B Jeoshyf 7+ 27 14 Y sin X

{[(/3*2+,u +/1'2/4)C +20 B+ A7 /4D Jsinhy/f 7+ 27 /4Y"

B AR C (B 427 9D Teoshy B 447 /4Y}cos,BX) f

il IOZ Ty sinh 57 44 4 E (cos fX+FsinfX)

n=l

x{(n " —n'n’ + 20y G, )cosnzY " +[2nay +(n " -n’x’)G, JsinnaY Yd

(67)

o, (XY)= Li(é —B-2E BT (€7 - P42 B A Teosp Y

k=l

2B E (B~ + 2 E -ip7 =N Jsinf X'
yef XY J. ({l(&7 =p™)4, -2p°¢°C, Isinhy 2 + A7 /4 Y

H(E? = B7)B, —24°¢' D, Jcoshy 7 + 27 /4 Y }sin f7X°

+{[2,B*§*A; +( &7 —ﬂ‘z)C;]sinh Br+A%14Y



[zﬂ‘g'B;+(§*27ﬁ*2)D;]COSh BP+A% /4 Y*}cosg)(*)dﬂ i Api+ §+;ﬂ ]=B "+ ﬂA +§C ﬁB +§D
-nz ¢ () sinh [T+ 271 4 EL(EX+B* ) *+n1G))
(73)

n=1

E *F :x:co . *2 2 2 *2 * . * *
T J‘O Ze (B24n*r+272 14y (_)n+ls1nh ﬂ2+/7-2/4
n

XE (&7 =B +2B°EF))cos X" +[-28°8 + (&7 - B7)F, Isin fX}

S iU+ ) 5 1=\B T A -FC) (B -FD)

x(cosnzY” +G,sinnzY )dp’
(68) =
4 4y eI o [T 0714 B (£ F Y naG)
jﬂ ; VR M 4 (E +iB) P A ] cos B X (74)
(B +iE ) pidie" +(B —iE ) p 4™ Jsin f X }d
4 . ~ ot
. SHIE™ - B7 -2 E e 47 - B+ 2if € 1A
(€A - C) BT+ AT IAE B, - D) s B+ 24T -
=" ID{R2B*E (B, + 4)+(E7 = fA)D, +C))] e
B2 EL-FC) 47 (EB - f D ooshyf7 422 /4 Y Jsinf'X
H2B°E (B, - 4)+ (&7 = f)(D;, - C))le V™
I (B A +EC)+B>+ 2714 (BB, +£D))sinhyB7 + 27 14 Y’ )
127y eV Sinh [ B+ 27 4 E(E7 - BT+ 2B EF))
n=l
(75)

BT AT A B A +EC +n' (BB +E D Veosh 67+ 2714 Y tcos 5118

4 - * ok . *: *:
DARBE +i(E? - M +[25E ~i(€7 - f)]A ™)
k=1

T jﬂ'Ze"ﬂ“”?’“"”""(f)"“ sy f7 + 2% (AENE +FF)easf X +(F +EF)snfX]
=l

(7" +nzG))cosnaY" +(-nz+n'G))sinnzY 1}df’ (69) — (" /(B - ENB, +A)+25E (D) + C;)]e\//ﬂ”
H(B? =B, ~ 4) +2F°E (D, - Ce

The boundary conditions for stresses are assumed to be:
(70) +2n2 eI Sinh BT+ 27 1 4 E[2B'E +(E7 - BHF)
(76)

oy =0w=0 on Y =0,1

The unknown coefficients 4 ; (8), A (B, (k=1,4) \
in thermal stresses expressed by Eq. (67), (68) and (69) can DB +iEVpL A" + (B —iE)pl A e ]
be determined by the following equations obtained from the
boundary conditions (70). =" I+ + 27 /4][9&*(3; + A;)—/?*(D; + C;)] el
[0’ =B7+ 27 1 41[E (B, - 4,) - (D, -l e V"
{[6" fP-2i BETAH[E -B7+2FEVA =2 EB +(B7-EPD p 27y, e inn B+ 271 4 B~ +EF ) +n7G )]}
n=1
a7

N g

+7rz o By ()" sinh ﬂ*z +172/4 E;(ﬂ*z _5*2 _2p¢E Fp)

: an
4 YUE —ipIpide’ +(& +if )b Ae" ]
AP E+I (B -EN A -2 E +i (B =€) A ) =(B*-E")B +26ED,
(" I+ AT ANB (B, + 4)+ & (D, +C e

k=l

4 eV Cpsinh [P 174 B 2 R4 - ENF ]

P
(72) =B+ A7 4B

(B, - A4))+& (D)~ C)le T



+27y, e P sinh B + A7/ 4 E (& +BF)n*+nnG))]}
n=l

(78)

3. Results and Discussions

The numerical calculations are carried out for unsteady
thermal stresses of infinite strip whose boundaries are slant-
ing to the functional gradation. The boundary conditions of
temperature in Eq. (13) and (14) are definitely given by the

following forms.

*

C(X)=H(1-|x"

)COS ﬁ (79)
2

where H( ) denotes the Heaviside’s step function. Substituting
Eq. (79) into (16) and (17) gives the definite form of coeffi-
cients 7T, *(ﬂ*) and 7, B*(,B*) in temperature distribution (21).

ZX LR 2
Lot Aasing r

o' (f L snfsina s ™0 s s ot MO A g, T
T'(f)= 2 da”
(B) e il T snd

X 9 T Ty sinv,, s Ty sinv, ,

h, |8~ +—(f +—) +(—)(f —) +(——)

a sinh, | 4[(ﬂ 2a*) ( ) f 2a*) ( ) )]
(80)

s ¥k PPN $ . )

o197 sindeos i o0 i g i 2 SO g, T
Tip)- z p

R o AT owy Asinby . om, Asind,

inh, [ +—{(f +—) +(——)(f ——) +(—)

a sin Jﬂ 4[(ﬁ 2a‘) ( ) B 2a,ﬂ) ( ) )]
81

The thermo-mechanical properties are determined by the
following manner. When the thermal conductivity k,,Young’s
modulus E, and coefficient of thermal expansion a, for ceramic
at some position (-b*, 1) are known and £,,, E,, and «,, for metal
at another position (b", 0) are known, then the non-dimensional
values of A in Eq.3 and y, § in Eq.28 are given by the following

relations.

8 =In(a, /a,)/ (2b"sin@ +cosh), y" =In(E, / E, )/ (2b"sin 6 + cos §)

A" =In(k,/ k,)/ (2b"sin@ + cos &) (82)

where §'=6h, ;/*:)/h, 2.*:}.17, b'=b/h. The values of Ko, E, and

o, in Eq.3 and Eq.28 are given by the following relations.

_ 5" sin6 _ 7'b"sin@ _ 2" sin6 83
a,=a,e ,E,=E.e Sk, =k,e (83)

Non-dimensional temperature and stresses are defined by

the followings:

T'=T/1,,00 =0,(1-V)k /(@ Ekt,), 03 =0, (1-Vk | (@ Ek,T,),

U:{Y =0, (1=vk. /(a.Eky) (84)

Functionally graded strip which is made by the partial
stabilized zinc (ZrO,) and Titanium alloy (Ti-6Al-4V) is
considered. The material properties of ZrO, and Ti-6Al-4V
are shown in Table 1. Poisson’s ratios v for both ZrO, and
Ti-6Al-4V are assumed to be 0.333. The constant to indicate
the positions for known properties of ceramic and metal are
taken as b'=5.0.

Fig.2 shows the unsteady temperature in the strip ¥'=0.5
with slanting angle 6=30°. The initial temperature is kept at
zero over the body and the temperature rises with the lapse of
time.

The unsteady thermal stress o yy on the heating surface
Y'=1.0 with slanting angle 6=30° is depicted in Fig.3. The
maximum compressive stress occurs at initial time 7'=0.0.

Fig.4 shows unsteady thermal stress ¢ yy in the strip ¥'=0.5
with oblique angle 6=30°. The tensile stress reaches to the
maximum value at #=0.04 at the position .X'= 0.0. After that,
it decreases with the lapse of time.

Fig.5 shows unsteady thermal stress oy, on the lower
surface ¥'=0.0 with slanting angle #=30°. The compressive
stress reaches to the maximum value at £ =0.04 at the position

X'=0.0. After that, it decreases with the lapse of time.

Table 1 The thermo-mechanical properties of ZrO, and Ti-6A1-4V

Material | Thermal Coefficient of Young’s

Conductivity | linear thermal Modulus

W/(mK) expansion GPa
x10 1/K
Zr0O, 2.036 7.11 110
Ti-6Al- 18.1 10.3 66.2

4V




0.6 T
t%=0.00
0.5 Zr0,/Ti-6AI-4V
a’=1.5, 0=30° ——t%=0.01
0.4 L o | R %=0.02
0.3 —a—%=0.04
————— t%=0.06
0.2 —o—1%=0.08
0.1 t%=0.10
t%=0.20
0.0
‘ tk=o00
-0.1

Fig.2 The unsteady temperature in the strip ¥'=0.5 with slanting
angle 6=30°

The effect of slanting angle 6 on thermal stress oy, on the
surface Y'=1.0 at initial time is seen in Fig. 6. The compres-

sive stress increases with increasing the slanting angle.

0.01
Pt —o—t%=0.00
0.00 ++++ 5 t
%+ ——t+=0.01
-0.01 S t+=0.02
¥ ——t*=0.04
Y% T N N~ I S A A A ) t+=0.06
= -0.02
e ——+=0.08
R
-0.03 | + t*_0.10
Zr0,/Ti-6Al-4V t*=0.20
-0.04 L a*=1.5, #=30° t¥=00
Y*=0.0
-0.05 I I T

0.05
—_— %=
0.00 ++++ o R t+=0.00
——t*=0.01
005 QT d L e t%=0.02
0.10 —e— t*=0.04
a - == t4=0.06
S Lo0.15 — e t*=0.08
—+—t*=0.10
020 [ |Zr0./Ti-6AI-4V t%=0.20
*=1.5, §=30°
-0.25 “ 1}]5*=1€0 || t*=00
-0.30 [T 1

Fig.3 Unsteady thermal stresses o yy on the heating surface Y'=1.0
with slanting angle §=30°

0.030 . .
Zr0,/Ti-6AI-4V
0.025 a*=15, §=30° — o t*=(.00
Y*=0.5 —t*=0.01
0020 [ | | Akxl =S ) =002
0.015 —s—t%=0.04
W - == t%=0.06
S 0.010 ———t%=0.08
—+—¥=0.10
0.005 & t¥=0.20
F % =,
0.000 +++F++++4 L4+ tF=c
-0.005

Fig.4 Unsteady thermal stresses 0 ¢ in the strip Y'=0.5 with slanting
angle 6=30°

4. Conclusions

Two dimensional unsteady thermal stress field in the
functionally graded infinite strip with slanting boundaries to

the functionally gradation subjected to partial heating on the

Fig.5 Unsteady thermal stresses O'*XX on the lower surface ¥'=0.0
with slanting angle §=30°

upper surface is discussed. Unsteady thermal stresses with
certain slanting angle in the ZrO, /Ti-6Al-4V FGM are shown

in figures for prescribed temperature boundary condition.

0.05
——0=0°

0.00 XXXXXXXX xxxxxx - XXX XXX XXXKXXX

-0.05 \3\%#/{:’7 —x— =15
RRT) | I A I ) U 0=30°
© X

A y
-0.15 X Zr0 ,/Ti-6A1-4V[{ |------- 0 =45°
\ a’=1.5,1"=0.0
-0.20 ¥ =1.0 9=60°
-0.25 ‘

Fig.6 The effect of slanting angle on thermal stress o yy on the
heating surface Y'=1.0 at initial time.

The conclusions are:

(1) An analytical technique for two dimensional unsteady
thermal stresses in the infinite strip with slanting bound-
aries to the functionally graded direction is proposed by
introducing the stress function.

(2) The maximum compressive stress on the heating sur-
face with slanting angle =30°0occurs at initial time
£=0.0, while the maximum tensile stress in the body

Y'=0.5 occurs at £=0.04.



(3) The compressive stress on the heating surface at initial

1)

2)

3)

4)

5)

6)

7)

time £'=0.0 increases with increasing the slanting angle.
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Experiments of a Microwave Doppler Speedometer Make Use of
an Automatic Door Sensor
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Abstract

An X-band microwave Doppler sensor commonly used in the automatic door system has been applied to compose
a speedometer. The microwave of a frequency of 10.525GHz has been collimated by using a dish antenna of a diameter of
0.3m. Intermediate-frequency output from the sensor has been processed and fed to a counter, decoder and display. The
maximum detectable range observed was about 77m for cars and 27m for men. The setup is easy to be manufactured and

can be used as an apparatus for electronics experiments.
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Photo-conduction Characteristics of Titanium Oxide Films
obtained by Rf Sputtering Method
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Abstract

Photo-conduction characteristics of titanium oxide films prepared by rf magnetron sputtering method with

introducing water vapor were investigated. Photo-response current was drastically increased and transient response time

constants were decreased. These mean that OH groups terminate the dangling bonds in the film and electrical defect states

are non-activated. Further it is found that oxygen ambient gas influences on the recombination process for the UV exited

conduction electrons.
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Key word : Photoconductive characteristics, Amorphous titanium oxide films, Stretched exponential function
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Fig.1. Schematic drawing of the RF sputtering system.

Table.1 Deposition conditions for the TiO, film sputtering.

R (#1) R 2 #2)
Rf power, 13.56MHz 250[W] 250[W]
Gas flowrate 2.0[ccm] 2.0[cem]
Vacuum pressure 3~4[Pa] 3~4[Pa]
Deposition time 2[hour] 2[hour]
Target TiO, TiO,
Sub target Quartz, Si(100) | Quartz, Si(100)
Water bubbler temperature | 70°C
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Fig.2. FT-IR spectrums for of #1 film(a) and #2 film(b).
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Fig.3. Photo-response for the electrical conductivity of the #1 film (a)

and #2 film (b) (UV light intensity: 16.5SmW/cm?2).
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Table.2 Results obtained from fitting procedure between photocurrent
and calculation value on the #1 and #2 films.

Current T, a T B
bR 1#1) | 1.67mA 16min 0.8 50min 0.7
AFl2#2) | 16.5pA 100min 0.9 80min 0.5

Table.3 Influence on photoconduction parameters by introducing

oxygen gas.
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oxygen gas, parameters are oxygen percents in argon gas.
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Recombination Process of Photo-excited Carriers in TiOx Films
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Abstract

Decay kinetics of photoconduction has been discussed in titanium oxide films prepared by rf magnetron sputtering

method. It is proposed that the localized electrons in the conduction band tails recombine with the band-tail holes in valence

band through the percolation path in the conduction band. This process produces a long term decay of photoconductivity.

From the decay time constant important physical parameters such as electron-hole pair distance can be estimated.
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Keywords: photoconduction, titanium oxide films, recombination, trap , capture states
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Abstract

Around 1980 years, restoration technology of damaged old painting has not been well developed. After technical

development of image processing and material analysis of old painting structures, restoration of damaged old painting is

rapidly accomplished,mainly by handwork with cooperation of traditional Japanese artists,without computer processing.

Recently, restoration of Genjimonogatari-emaki was shown by traditional Japanese artist. The authors make

up data-base programs of color transformation between damaged old painting of Genjimonogatari-emaki and artificial

restoration performed by traditional Japanese artists without computers. In this paper, based on data-base tables of the color

transformation concerned with restoration of Genjimonogatari-emaki, restoration of damaged old painting — bandainagon —

emaki is studied by computer image and color software such as Photoshop.
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Keywords: restoration, image processing, Japanese-emaki
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Abstract

Digital AV equipments, particularly, network consumer electronics and digital consumer electronics have been

very rapidly developed. However, audio-visual medical and welfare systems in hospitals mostly consist of analog AV

systems. Computer digital network including internets are now in progress with PC clients of home terminals, as broadband

network for visual image contents. Digital AV consumer electronics have reached to high level technologies of image

processing, memories and transmissions, as terminals of client-server network systems. These digital AV information

technologies can be applied to effective medical and welfare systems, as digital AV-LAN systems in hospitals for normal

image information contents. In this paper, suitable and effective designs of digital AV and computer networks for audio-

visual medical and welfare multimedia systems are shown. Further, a new routing algorthm with neural network was

proposed and practical video coding for digital AV systems are shown.
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Abstract

This paper presents library software which makes our formerly proposed XML-document compaction method easy

to use. The compaction method is format transformation of XML to XML, in which plural non-key elements are compacted
by using CSV (Comma Separated Values) format in order to lighten burden of XML data-processing. It is applied to the
target XML- documents before data-processing is performed, such as data retrieval and sorting. However, the problem was

that users needed to modify slightly their application software when treating compacted XML-documents instead of the

original ones. Therefore, the API (Application Program Interface) software, with which users can treat compacted XML-

documents as if they were the non-compacted ones, was studied. We implemented the API software of trial purpose, and

confirmed the software function. In this paper, we clarify mechanism of realizing the function, and report the performance

evaluation of the software.

F—T—F XML 7— 2B, 7—XEHE, XML HEAE CSV, XSLT
Keywords : XML data processing, data compaction, XML compression, CSV, XSLT
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use XMLCompactionAPI;
# Pk
$doc = XMLCompactionAPI->new();
# JEME XML 7 7 A b« =T~
$doc->openFile( "elts12-csv.xml", "ATOM" );
# La— N, ERH/LVa— FolE
$rlen = $doc->recordLength();
$elen = $doc->elementLength2();
# L3 — P4 O
$record_name = $doc->getRecordName();
# 2L a— FNazEA
for($i = 0; $i < $rlen; $i++) {
# EFEL NAME (R+4) 28 [Zirconium| % 4
if($doc->getElement($i, "NAME") eq "Zirconium") {
# LUK, By bl a—FEBLLAERA,
# EENREERTFTD
print "$record_name $i ¥n";
# RERFE(EEH) L ER
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$element_name = $doc->getElementName($j);
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#CSV ## 4 [Information) (XRS5 5
$element_value
= $doc->getElement($i,$element _name);
print " $element_name= $element_value¥n";
}
}
print "¥n";
}
}
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$doc->closeFile();
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7) XMLPPM @ XML-Conscious PPM Compression. http://
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<?xm] version-"1.0" encoding—"UTF-8"?>
<PERIODIC_TABLE>
<XMLCompaction-header>

CAPACITY,THERMAL CONDUCTIVITY</Information>
</XMLCompaction-hcader>

<ATOM>
<NAME=>Actinium</NAME>
<ATOMIC_ WEIGHT>227</ATOMIC_WEIGHT>
<ATOMIC_NUMBER>89</ATOMIC_NUMBER>
<SYMBOL>Ac</SYMBOL>

22.5,,5.17,0.12,12</Information>
</ATOM>
<ATOM>
<NAME>Aluminum</NAME>

<Information>OXIDATION_STATES,BOILING_POINT,
MELTING POINT,DENSITY,ELECTRON CONFIGURATION
,COVALENT_RADIUS,ELECTRONEGATIVITY,ATOMIC_RA
DIUS,HEAT_OF_VAPORIZATION,ATOMIC_VOLUME,HEAT
OF _FUSION,IONIZATION_POTENTIAL,SPECIFIC_HEAT_

<Information>3,3470,,10.07,[Rn] 6d1 7s2 ,,1.1.1.88,,

ATOM 111
NAME= Zirconium
ATOMIC_WEIGHT= 91.224
ATOMIC_NUMBER= 40
SYMBOL= Zr
OXIDATION_STATES= 4
BOILING_POINT 4682
MELTING POINT= 2128
DENSITY- 6.51
ELECTRON_CONFIGURATION= [Kr] 4d2 Ss
COVALENT RADIUS= 1.45
ELECTRONEGATIVITY= 1.33
ATOMIC RADIUS- 1.6
HEAT OF VAPORIZATION= 590.5
ATOMIC_VOLUME [4.1
HEAT_OF_FUSION= 21
[ONIZATION POTENTIAL- 6.84
SPECIFIC_HEAT _CAPACITY= 0.278
THERMAL CONDUCTIVITY= 22.7

ATOM 223
NAME= Zirconium

(a) JEAE XML 3 (elts12-csv.xml)

b) HRIFR
(cSV BEZEEL THRR)

Fig.8 [EifE XML 3 & & BsRKiIRER
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Abstract

This paper presents the measured results of electromagnetic noises from the mobile phones under the different

communication modes, such as data communication and voice communication. The results show that the emission noises

of the data communication mode are larger than those of voice communication ones. We found that the noises of mutual

affection under communication modes can be evaluated with the root-mean-square-sum.
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Making of a Traffic Access Movie for Our University
Using PIP(Person In Presentation)
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Abstract

Nowadays, Web site is one of the main information-sending tools. Various and attractive contents in Web site are

indispensable to invite so many people. Especially, PIP(Person In Presentation) is expected as a new method which attracts

many people. PIP is Flash-contents in which a person appears and gives some explanation. As the person explains products

and service in Web site, anyone can utilize the Web site without feeling any stress. However, PIP-making procedure has

not been standardized yet. This paper describes an effective procedure with making a traffic access movie for our university

using PIP.

F+—7—F ! PIP, Flash
Keywords: PIP , Flash.
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Differential Form Maxwell Equations in Minkowski Space
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Abstract

This paper shows how briefly Maxwell equations in ordinary 3-dimensional space are summarized
in 4-dimensional Minkowski space. From the fact that exterior derivatives for zero-form, one -form, and
two-form correspond to grad, rot (curl), and div operation respectively, we can expect differential forms
and its exterior derivatives represent Maxwell equations concisely. And we actually show that Maxwell

equations can be written in two very simple differential form equations in 4-dimensional Minkowski space.
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Keywords : Maxwell equations, Minkowski space, 4-dimensional formulization, Differential form
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Abstract

This paper reconsiders sinusoidal AC-circuit theory, especially the basic principles of its computation

methods. The lecture of sinusoidal AC-circuit theory usually precedes using complex number calculation

in Gaussian complex plane. These computation methods are very simple and clear. So, many students

could master how to solve various kinds of sinusoidal AC-circuit problems. But, where those calculation

principles are derived from might not deeply lectured. So, this paper tries to derive AC-circuit theory

from Maxwell equations.

F—U—F IR, M, Y7 AT ViR

Keywords : Sinusoidal wave, AC-circuit theory, Maxwell equations
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Abstract

It is very important to reduce the consumption of energies for green houses from the viewpoints of the

environmental and economical problems. Utilizing new energies is supposed to be one of the practical and important ways

to do so.

There are many kinds of local new energies which could be used for green houses in this farming district. In this

report both wind energy and solar energy were preliminarily discussed. These two energies would be useful within the

limited range.
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Development of Retrieval System of Problems for Auto Mechanic Examinations

Hiromichi Takada*, Masahito Oba* , Junichi Ono *

(Received September 30, 2009)

Abstract

Past problems for auto mechanic examinations are necessary to educate the students in our college. The authors

think that it is very important to develop the convenient retrieval system for the problems which were used in the past
examinations. The system developed by using RDBMS(Microsoft Office Access) was indicated in this paper.
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Abstract

Test flight of the second man- powered aircraft was carried out on November 9" in 2009. This aircraft was made

by the members that belong to Club of Aeronautical Engineering at Aichi University of Technology. It was regrettable that

perfect taking off could not be confirmed. But all the participants surely could get a lot of experiences from this test flight.

This report briefly indicates some aspects on the test flight.

F—T— R NIRRT
Keywords : Man- Powered Aircraft, Test Flight
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