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Explanation of Automobile Wind Tunnel and Introduction of Newly Established
Automobile Aerodynamics Measurement Equipment
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Abstract

In this paper, we introduce representative examples of the ground simulation method which is a feature of the wind
tunnel for automobiles. Next, we introduce the newly established aerodynamic measurement device for the wind tunnel
of the Aichi University of Technology. Then wind tunnel experiment and aerodynamic calculation results of simple car

models carried out in a graduation research will be introduced.
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in Functionally Graded Orthotropic Strip
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Abstract

This research is concerned with the transient plane thermoelastic problems in functionally graded orthotropic

materials. The material properties such as the specific heat ¢, the density p, the thermal conductivities A, and 1,, the

coefficients of linear thermal expansion a, and «,, the Young’s moduli E, and E, in x and y directions, respectively, are

assumed to be functions of position (x). Laplace transform and separation of variables are used to analyze the temperature

field in functionally graded orthotropic strip. The stress function is used for the plane thermoelastic problem in the

functionally graded orthotropic materials. As a specific example, functionally graded orthotropic strip was analyzed.

Numerical results show that orthotropy has a major impact on temperature and thermal stresses in functionally graded

orthotropic strip. The proposed analytical method is useful in the design of structures exposed to severe temperature

environment.

Keywords :
function method

1. Introduction

In severe temperature environment such as the
cosmic space, thermal power station and internal
combustion engines, it is necessary to protect the
structural materials from wear, corrosion and
delamination. The composite materials such as
multi-layered plates were used for thermal barrier
coatings, but sometimes, thermal destruction occurred
at the bonded surface between the layers" because of
difference of thermal expansion. To reduce the
thermal stresses and residual stresses, the functionally
graded materials (FGMs) have been developed. By
changing the material properties continuously, FGM
can avoid the destruction. The concept of FGMs has
been introduced by researchers? ¥. Noda and Tsuji®
investigated steady thermal stresses in a functionally
graded plate (FGP), and Noda and Tsuji® studied
steady thermal stresses in FGP with temperature-

dependent material properties. Obata and Noda®

Thermoelastic problems, Functionally graded orthotropic materials, Two-dimensional problems, Stress

presented steady thermal stresses in a hollow circular
cylinder and a hollow sphere of FGMs. Noda” took
a general view of thermal stress problems in FGMs.
Hetnarski® edited the Encyclopedia of Thermal
Stresses. Many topics on thermal stress problems in
FGMs had been shown in it.

However, the analytical treatments of heat
conduction and thermal stress problems in the
functionally graded orthotropic materials (FGOMs)
are not so many.

For the investigation of FGOM thermal stresses,
Ootao et al.” treated the transient thermal stresses
involving an functionally graded orthotropic thick
strip.

Huang et al.'” investigated the bending problems
of a functionally graded anisotropic cantilever beam.
Jabbari et al.'" presented the transient solution of
asymmetric mechanical and thermal stresses for hollow

cylinders made of FGM. Kansal et al.!? dealt with the

*
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stress analysis on orthotropic graded rotating annular
discs. Takabi'® studied the transient plane quasi-static
thermal stress of an orthotropic hollow cylinder.
Ohmichi et al.!¥ investigated the analytical method for
plane heat conduction problems in the FGOM.

Concerning the research of thermal stresses by use
of the stress function in FGOM, Ohmichi and Noda '»
presented the conditions of single-valuedness of
rotation and displacements in the multiply-connected
region for non-homogeneous materials.

As a further development, an analytical method of
thermal stresses by use of the stress function in FGOM
is discussed. The governing equation of thermal
stresses expressed by the stress function is derived. As
a specific example, we analyzed the thermal stresses in
the functionally graded orthotropic strip (FGOS). The
material properties are assumed as exponential
functions of a variable x. The numerical calculations
for FGOS are carried out under the transient
temperature field. The effects of orthotropy of the

material properties on thermal stresses are clarified.

1. Transient heat conduction

graded orthotropic strip (FGOS)

in functionally

When the material properties in FGOM are
functions of variables x and y, the two-dimensional
transient heat conduction equation in FGOM is given

by

oT a oT
oY) o = Ao ) o

e T+ wenm

where c(x, y) denotes the specific heat, p (x, y) is the
density, Ar (x, y) and A, (x, y) are the thermal
conductivities along x and y directions, respectively.
W(x, y) denotes the internal heat generation per unit
time and unit area. For the steady state without internal

heat generation, Eq. (1) reduces to

BT]

:—x [zlx(x, y) g—i] + % [ly(x, ) = @)

When the material properties are arbitrary functions of

x only, that is
c=cx), p=px), A =2A(x), 1, =2, (x) (3)
Eq. (1) reduces to the following equation for the

transient state without internal heat generation.

PG =2 [T+ @

When the material properties are expressed by
exponential functions of x,

c(X)p(x) = copoe™, 2 (x) = Axoe™ = Agpe™
Ay () = Ayge™ = Ayge

where cg, pg, A, Ax0, A10, Ay and Ay, are constants,

(5)

Eq. (4) becomes

16T

__ aT 26T
ot +A() +

dx2 ay?

(6)

where g and K, are given by
q =\ Ayo/Ax0, Ko = Axo/(Co, Po) (7
We consider the FGOS shown in Fig.1. The initial

condition is given by

T =T; (constant) at =0 ®)
The boundary conditions are considered as
T =T +Taga(y)
=T; + Taf Ja (s)cos(sy)ds at x =0 9
0

T=T+Ty9,()
=T+ TbJ Jp (s)cos(sy)ds at x =h (10)
0
where

2 o
5.9 =7 | 9. Ocostsy)ay

3065 = = [y OcosCe)ay an
By use of the Laplace transform

Fo) = [ roevar (12)
Eq. (6) can be transformed into

A+ LT = LT, (13)

By use of the separation of variables, we obtain the

general solution of Eq. (13) in the Laplace domain as
T*(p; X, y) — %‘l‘ fODO(Ale‘HX + Azerzx)

X [Byco s(sy) + Bysin(sy)]ds (14)



where A4i, A>, By and B, are constants which are

determined by boundary conditions for the temperature,

s denotes separation constant and 71 and 7, are given by
ro=—1/2+J12/4+ s2q?,

T, = —AJ2 —\JA% /4 + s%q? (15)

=

T=Ti+ Taga(y) T=Ti+ Trgn(y)

v

=)

=

Fig.1 The boundary conditions of FGOS
The Laplace transformations of boundary conditions
(9) and (10) give

1 T, ®
T(p,0,y) = T+ [ guyeossmras ae)
0

1 T, ®
T hy) = ST+ [ @ eosemas an
0

Then the solution which satisfies the boundary

conditions becomes

*® 1
T =T;/p+ J
‘ o p-sinh(JAZ/4 + p/Ko + q2s2h)

X {Taga(s)e_%sinh[\/kz/él + p/xo + g%s%(h — x)]

A(h—

X)
+Tpgp(s)e 2 sinh(JA2/4 + p/Ko + q252%)}

X cos(sy)ds (18)
Performing the inverse Laplace transformation of Eq.
(18), the temperature is obtained as

T(t,x,y) =T,

+ was {Tag_a(s)e_%x sinh[\JA2/4 + q?s? (h — x)]
0

A
+Ty G ()ez " P sinh (/A2 /4 + q2s2x)}cos(sy)ds

[o9]
oo
+ZJ e ro(A?/4+q?s*nnt a0ty
n=1"0

X {Tag_a(s)e_lz_x [sin(1 — x/h) nm] +

Ty, Gy (5)eA? =912 sin(xnm/h)}cos(sy)ds  (19)

where

Cs = 1/sinh(y/A2/4 + q?s?h),

Dg, = 2nmw(—1)"/[(A%/4 + q%s®)h? + n’w?] (20)

2. Two-dimensional transient thermal stresses in

the functionally graded orthotropic materials

The equilibrium equations for plane thermo-
elasticity are

do.

005 xy
7 ax +

ox

90yx _
dy

+

20

aoyy —0
oy

where oy (i, j=x, y) denote stress components. Strain

components are given by

ou 1/0u
-y — (>
ay’gxy 2(6x+

_ou
ax ’

‘Sxx - ‘Syy -

2x) (2

dy

where &; (i, j=x, y) denote strain components and u; (i
=x, y) are displacement components.

The constitutional equations for the plane problems in
the FGOMs are

Exx = A110xx T A120yy + 4T,

Eyy = Ap10xx + Q220 + A3T, Exy = 60y,

Oxx = b11&xx + b12€yy + 1T,

Oyy = by1&xx + bzzgyy + Ba7, Oxy = beégxy (23)
where ay, bj (i, j=1, 2, 6) and S (i =1, 2) denote the
material properties which are dependent on the
positions x and y, &, (i =1, 2) mean the coefficients of
linear thermal expansion along the x and y directions,
respectively, and 7 denotes the temperature change
from the constant initial temperature 7:.

w(t,x,y) =T(t,x,y) —T; (24)
The following relationships are formed among aj, by,

aiand Bi(i=1,2).

— _ _ az2
a1 = Qqp, by = byp, b1y = T110s—C1gss

_ a2 _ az1
b12 - , b21 - )
A11Q22—012021 A11022—012021
aq 1
byy = —————— bge = —,
QA11022—0Q12021 Qg6
B, = QAz201 — A12Q2 0101 — 411X
L= -

21 222 g =21 2172
A110A3; — Aq2021 A11A32 — Q12021
(25)

The compatibility equation is given by



2
0%exy

0%exx + ey _
dxdy

ay? dx2

(26)

Here, we use the stress function method which was

discussed for the thermal stresses in FGOMs ).

The thermal stresses are expressed by use of the stress

function y.
9%y %y %y
Oxx = ay2’ Oyy = %27 Oxy = " 9xay @7

Substitutions of Eq. (27) into Egs. (23) and (26) yield

the governing equation of the stress function y.

*x

oy
a22 50 4+(a12+a21+2a66) Za 2+ 1154

da,, 3 9%a 9% ay,) 82
+2 220" X + ( 22 4 12) "X
dx dx3 dx2 ay? ] 9x?
+2 d(a1ztaes) Oy 0% ae6 0%x dai 63_)(
ay dx20y dxdy 0xdy dy 09y3
0%a 0% a,,\ 02 d(ap+ags) 03
+( R 21)_X+ 2 12+ ds6 X
ay? dx2 ) 0y? ax dxdy?
2%t 2%t 0%a, , 0?2 0(1) da, 0T
=g, g, L (T2 —p %%t
U252 "% 5,2 ( ozt a2 )" ax 0x
dog 0T
—2 2z (28)
dy ay

When the material properties are the functions of a

variable x, Eq. (28) becomes

oy
a22 Py L+ (ay2 + az1 + 2a66) —26y Q11 50s

da,, 83 9?% a,, 92 d(az+a, a3
422 X 229°X +2 (az1+ae6) X
dx 9x3 dx% 9x2 dx dx0y?
0% ay, 0%y 9%t 9%t 62 ay da, Ot
L=, - : & 70
dx2% dy? ax ay? dx dx O0x
(29)

When material properties are expressed in terms of the
exponential functions of x, they are denoted as
a11(x) = ag10e%, a;,(x) = agyee®,
az1(x) = az10€%", azy(x) = azzee®,
a66(X) = ageoe’™, a; (x) = azpe™™
az(x) = azoe™ (30)
where ay10, @120, @210 Q2200 660, A10and @y are
material constants.
We consider the thermal stresses in FGOS shown
in Fig. 1. Mechanical boundary conditions assumed are
Oxx x=0

=0y, =0 at

Oxx at x=h

€2y
The general solution of Eq. (29) consists of the

=0'xy=()

homogeneous solution x€and the particular
solution yP.

x=x+xP (32)
The homogeneous equation is given by

34 64XC
a2 50t (az +az + 2a66)

9 ay, 33x°¢
ox 9x3

aZ asz, aZXC

26((121"'“66) a3x¢
0x? 0x?

+2 ax dxdy?

+

62 az1 aZXc _

ax2 9yz

(33)
The homogeneous solution for FGOS is expressed in
the form

x(x,y) = e¥*[Ccos(sy) + Dsin(sy)] (34)
where &, C and D are constants.
Substitution of Eq. (34) into Eq. (33) yields

azzof4 + 2a220(E3

+[az208% = (a120 + G210 + 2a660)5%]E>
—2(az10 + A60){5%E + a1105* — A319{*s* = 0
(35)
Using the roots of Eq. (35), we obtain the
homogeneous solution.
4
x°(x,y) = Z efix [ C&cos(sy) + DEsin(sy)] (36)
i=1
The governing equation for particular solution is
o*xP xP o*xP
a2 50t (ay; +ap + Zase)Tyz‘l' Q15,0
+2 0 az, 3xP | 0% ay, 0%xP d(azi+ass) 3xP
dx 9x3 dx? 0Ox? ox 0xdy?
62(12162)(7"__ 6_21_ &_azaz
axz ay? a2 ax2 a1 ay? dx2 T
da, 0T
ax dx G7)

Substitution of Egs. (19) and (24) into the right-hand
side of Eq. (37) yields

o*xP xP o*xP
a2 750t (a1z + az1 + 2ae6) —26y2 +aq; oyt

+2 0az; 33xP | 8% azy 0%xP d(azi+ass) 3xP
dx 0dx3 dx2  9x2 ax dx0y?
0% ap; 0%xP _ e(@-1/2)x
dx2 9y?



X foo[[Dslsinh[\MZ/él +g?s?2(h—x) |
0

+Dg,cosh[/A? /4 + q?s?(h — x)]
+Dgs sinh(4/A%2/4 + q%s? x)
+Dgy cosh(\J A2 /4 + q%s%x)

+ Z e —Ko(A%/4+q?s?+n?m? /)t
n=1

X {Dgp1 sin[(1 — x/h) n]+Dgy, cos[(1 — x/h) nrr]
+Dgp5 sin(x nm/h) + Dgpy sin(x nm/h)} cos(sy)ds
(38)
where Dgq, Dgy, Dg3, Dgy, Dsp1, Dsno, Dsnz and
Dg,, are given by
Ds; = Taga(s)Cs[azo(a{l —A%/2 - q*s* —a?)
+ay052]
Dy, = T,g,(s)Cstrz0(2a — D)22/4 + ¢2s?
Dgz =Ty, (s)Cse™/?
X [azo(ad — A2/2 — q2s? — a?) + ay5?]
Dy = Tpg,(s)Cse™ 2y (2 — 2a)\/ A2 /4 + q?s?
Dgny = Taga(S)Dsn
X [azo(ad — 22/4 + n?m? /h? — a?) + aqp5?]
Dgnp = Taﬁa(s)Dsnazo(Za — Anm/h
Dsn3 = Tyg, (s)Dsne™/?
X [azo(ad — A2/4 + n?m? /h? — a?) + aq45?]
Dsna = TG, ($)Dsne*? ey (A — 2a)nm/h - (39)

The particular solution is expressed in the form

xP(x,y) =e™ fw [[Eslsinh[\//lz/él + q%s%(h — x)]
0

+Eg,cosh[\/2%2/4 + q?s?(h — x)]
+Eg3sinh(y/A2/4 + q?s?x)
+Eg,cosh(y/A%2/4 + g?s?x)

+ 2 e~ Ko (A%/4+q?%s%+n?m? /h?)t
n=1

X {Egpq Sin[(1 — x/h) nr]

+Esn, cos[(1 — x/h) nrt] + Egzsin(xnm/h)

+Eg4 cos(xnrt/h)}cos(sy)ds

Substitution of Eq. (40) into Eq. (38) yields
n=a—-{—A1/2

(40)

E. = Ds1K15—Dsz K> E., = —Ds1Ka5+Dsz K15
s1 — 2 2 » Hs2 T 2 2
Kis—Kjs Kis—Kjs
E.= Dg3K15+DsaKas E., = Ds3K35+Dss K15
s3 — 2 2 y Hs4 — 2 2
Kis—Kjs Kis—Kjs

_ Dsn1K3s—Dsn2Kas _ Dsni1Kas+DsnzK3s

Eg 1= Egnp =
snl 2 2 » Hsn2 2 2
K3s+KZs K35+ Kss
Dgn3Kss+DsnaKas —Dgn3K4s+DsnaKzs
E — Dsn3K3s+Dsn E = Tosn3lasT Ssna B35 44
sn3 sn4
KERE, Kaekz, (D)
where

Kis = azoln* + 6(2%/4 + q*s*)n?
+(2?/4 + q*s?)?] — 2(az10 + A660)
X (% + 22/4 + q%s?)s? + ayq05*
+2az30{n[n* + 3(A*/4 + q*s?)]
+az0*(* + A2 /4 + q*s?)
—a310¢?s? — 2(az10 + Ae60){NS*

Kps = —4az0n(* + 22 /4 + q*s*)\[ A2 /4 + q?s?
+4(az10 + ageo)ns/A2/4 + q*s?
~2a2200 (317 + A/4 + q*s*)\J22 /4 + ¢7s?
—2a5500*NA%/4 + q?s?
+2(az10 + ag60) (5% A2 /4 + g?s?

K35 = az00(n* — 6n°m?n® + n*m*/h*)

—2(az10 + ageo) > — n?mw?/h?)s? + aysos*
+2a320{n(n* — 3n*m?n?)
+a320¢*(* — n’n?/h?)
—0310{?*s* = 2(az10 + Ag60){Ns>

Kus = 4az0(n/h)n(n? — n*mn?/h?)
—4(az10 + ageo) (nr/R)ns?
+2a550(n1/R)¢(3n* — n*n? [h?)
+2az20(n/h){*n
—2(az10 + aes0) (n1/h){s?

Thus, the stress function is given by

(42)

X=x+xP

o 4
= f Z ebi*CScos(sy)ds + (@S~ HDx
0 =

XJ- [[Eslsinh[ A2/4 4+ q%s?(h — x)]
0

+Eg,cosh [\ A%2/4 + q%s?(h — x)]
+Eg; sinh(y/12/4 + q?s?x)

+E 4 cosh(y/A%2/4 + q?s2x)
_|_e—x0(12/4+q252+n2n2/h2)t

X Z {Espasin[(1 — x/h) nm ]

+E,, cos[(1 — x/h) ni] + Egp3 sin(xnm/h)

+Eg,4 cos(xnm/h)}Y]cos(sy)ds (43)



Then substituting Eq. (43) into Eq. (27), we obtain the

thermal stresses

2% © <

Opy = — = —f Z cSeé*s%cos(sy)ds
dy* o &
i=

—e(“_{_%)x foosz [[Eslsinh[\mz/él + q%s2(h —x)]

0
+Eg,cosh[\/21%2/4 + q?s?(h — x)]
+Es3sinh(y A2 /4 + g?s%x)
+E 4 cosh(y/A%/4 + q%s%x)

+ Z e —Ko(A%2/4+q%s2+n?n? /h?)t
n=1

X {Egp18in[(1 — x/h) nr]
+E,, cos[(1 — x/h) nm| + Egp3 sin(xnm/h)
+E4 cos(xnm/h)}cos(sy)ds (44)

FEESER ,
Oy =577 = f Z CSeli*EEcos(sy)ds
0 =

tela=i-2/2)x f (% +72/4 + g%52Ey,
0

—20\/22/4 + q?s2Eg;]sinh[22/4 + 252 (h — x)]
+[—2nJA2/4 + q2s2Ey; + (0% +2%/4 + q%s?)E,]
X cosh[\/m(h —x)]
+H(? +2%/4 + q*sP)Eg3 + 21 A2 /4 + q%5?Eg)
X sinh(\/mx)
+[2nJA2/4 + q2s2Eg; + (0% +2%/4 + q%s?)Ey,)

x cosh(y/A?/4 + q%s?%x)

" z oK@’ /4+q2s2+nin? [hP)t
n=1

X [{(n? — n?m?/h?) sin[(1 — x/h)nn]

—(2nmn/h)cos[(1 — x/h)nm]|}Esny

+{(2nmn/h)sin[(1 — x/h)nmn]

+(? —n*m?/h*)cos[(1 — x/h)nm)}Egy,

+{(n? — n*n?/h?) sin(xnm/h)

+(2nnn/h) cos(xnm/h)}Esn3

+[—(2nnn/h) sin(xnr/h)

+(1n? — n?n?/h?) cos(xnm/h)]Espal)cos(sy)ds
(45)

%X

. 4
Opy = — oxay L Z CSeb*s¢;sin(sy)ds
i=

[ee)

+ e@g-1/2)x j
0

x sinh[{/A2/4 + q%s?(h — x)]
+(_\/ 12/4_ + qzszEsl + nEsz)

(01 =274+ qP52E )

X cosh[\/m(h —x)]
+(MEs3 +A2/4 + q*s*Egy)
X sinh(\/mx)
+(A2/4 + q*s?Eg + nEgy)

x cosh(y/A?/4 + q?%s%x)

n Z o—Ko(12/4+q2s?+n2n?/h)t
n=1

X [{nsin[(1 — x/h)nmn]
—(nmn/h)cos[(1 — x/h)nm|}En,
+{(nmn/h)sin[(1 — x/h)nr]
+7 cos[(1 — x/h)nm]}Esny
+[nsin(xnr/h) + (nmt/h) cos(xnm/h)]|Esps
+[—(nn/h) sin(xnm/h) + n cos(xnm/h)|Esna])
X sin(sy)ds (46)
Unknown coefficients C(i=1, 2, 3, 4)can be
determined by boundary conditions Eq. (31) for

stresses.
3. Results and discussions

For the numerical calculations, we consider the
case where the Young’s moduli E, and Ey, and the
coefficients of linear thermal expansion oy and ¢, are
expressed by the exponential functions of x. For this
case, they are denoted by

Ey(x) = Exoe?* = Ejpe?™, E, (x) = E,pe?™

= By, ay(x) = aype™ = aype™, ay(x)

= aype™ = azoe™ 47
For the plane stress problem, the material properties
(30) can be expressed as follows

ay;(x) = ay10e%* = 1/E, = e [Ey,,

ai10 = 1/E10, =V,

a2 (x) = agyeet* = 1/E, = e V¥ [Ey,

Az20 = 1/E3,

a12(x) = a130e%* = —v1,/E; = —vi,e7V [Ey,
A120 = —V12/E20,

a21(X) = az10€%" = —Vy1/E; = —vo1e7V¥/Eyy,

az10 = —V21/E10, @s60 = (1 +v12)/Eqo (48)
where v (7, j=1,2) denote Poisson’s ratios.
We introduce the following non-dimensional constants

and variables.



x*=x/hy" =y/h § =&h, y* =vyh,
t* = Kkot/h? A* = Ah, s* = sh,a* = ah,
a* =ah? n* =nh, {* =h, a3, = az /a5,
9a(s) = ga(s)/h, gp(s™) = gn(s)/h,
Dgy = Ds1h/(Tp@10), Dz = Dsh/(Tpaty0),
Dg3 = Ds3h/(Tp@10), Ds4 = Dsah/(Tpat10),
E5y = ayq0Es1/(Tyagoh?),
E3 = ayi0Es2/ (Tpaioh?),
Eg = ay10Es/(Tyasoh®)

sa = a110Ea/(Tyazoh®),
Egny = a110Esn1/ (Tpa10h®),
Einp = a110Esn2/ (Tp10h?),
Egns = aq10Esns/ (Tya10h®),
Egns = a110Esna/ (Tpa10h?),
Oxx = A1100xx/ (Tp@10) = Oxze/ (Tp@10E10)s
U;y = a1100yy/(Tba’10) = Uyy/(Tba’mEm)'
Ux*y = a1100xy/(Tba10) = ny/(TbaloElo):
Csi = C5i/(Tpazoh®)
T (x%y") = [100y) — Tal/ (T — T0)
=[T(x,y) = Tol/(Ty — Ta)
= [TCe¥)/Tp — Ta/Tpl/(1 = Ta/Tp)
=[T"(y) - Tgl/(1 - Tg),
Tq =Tq =T, Ty =Ty =Ty,

T(x,y) =Tx,y)/Tp, Tg = Ta/Ts (49)

The material properties of the FGOM considered in

this paper are shown in Table 1.

Table 1 The thermomechanical properties of ZrO»
and Ti-6A1-4V

Material ThermalA ' Cpefﬁcient of | Young’s Po%sson’s

conductivity | linear thermal | modulus ratio

[W/(mK)] expansion [GPa]
[X10°K]
Zr0, 2.036 7.11 110 0.333
Ti-6Al-4y | 181 10.3 66.2 0.321
Egs. (5) and (49) give

=-2.1849, = 0.5078, o’=- 0.3706 (50)

In numerical calculations, the ratios of orthotropy of

material properties of the FGOS are assumed as
Ayo/Axo = 1.2, Eyo/Exo = 1.2, ayo/ayo = 1.2,
as60/Exo = 0.9467 (628

The Poisson’s ratio is taken as 1,=0.321. We
put T, = 0.0 for temperature boundary condition Eq.
(9) and a"=1.0 in Eq. (49).

Fig.2 shows the variation of temperature t* at
¥"=0.0 from #*=0.01 to #'=c° in the FGOS. The figure
shows that the temperature rises with time. The
temperatures at x'=0.5 and #=0.1 are 0.124. It is
61.9 % of steady state (/"=00).

Fig.3 shows the variation of thermal stress oy, at
"=0.0 from #=0.01 to *=c0 in the FGOS. The thermal
stress decreases with time. The compressive stresses
work on both the low temperature side (x"=0.0) and the
high temperature side (x"=1.0). The maximum
compressive stress at x' =1.0 and #=0.01 is 0.935. It is
3.58 times of steady state (0.261 at £*=00). On the other
hand, the tensile stress works at the middle part across

the thickness. The maximum tensile stresses at x"=0.75

and £=0.01 is 0.255. It is 27.3 % of maximum

compressive stress at x*=1.0 and 7=0.01.

1.0
Variation of temperature t*=0.01
0.8 | change 7 with time
aty'=0.0, A A =12, | | eereeees *=0.02
0.6 - === t*=0.05
T*
0.4 — - — t*¥*=0.10
------- t*=1.00
0.2
-_— -— t*:OO
0.0
00 02 04 06 08 10
*
X

Fig.2 The variation of temperature change ¢* in the
FGOS

0.5
t*=0.01
0.0
................. +=0.02
'*0'5 | Variation of thermal stress v | ----- t*=0.05
o, ", with time at y*=0.0, \
1.0 HAAe=1.2,4=-2.1849, || _._._x—0 10
EWEw=1.2, ay/ay=1.2,
ageo/Ep=1.321,a™=1.0, | || ________ t*=1.00
-1.5  H 7=0.5078, o’=-0.3706, [ '
V,y=0.321 — = tE=eo
-2.0
0.0 0.2 04 *0.6 0.8 1.0
X

Fig.3 Variation of thermal stress oy, with time £ at
*=0.0



Fig.4 shows the variation of thermal stress oy,
with # at x"=1.0 and 7=0.1 in the FGOS. When the
inhomogeneous parameter of the Young’s modulus
increases, the compressive stress increases.

Fig.5 shows the variation of thermal stress oy,
with ¢" at x"=1.0 and 7=0.1 in the FGOS. When the
inhomogeneous parameter of the coefficient of linear
thermal expansion « increases, the compressive stress
increases.

Fig.6 shows the variation of thermal stress oy,
with 1° at x"=1.0 and /=0.1 in the FGOS. When the
inhomogeneous parameter of the heat conductivity A"

decreases, the compressive stress increases.

0.6 : : : :
Variation of thermal stress o7, | | [ ==--=-- y*=0.1
0.4 H  with s atx*=1.0,7'=0.1 [
Aol Ag=1.2,2°=-2.1849, — = yx=02
02 N EyEF12 aga-12, [
O age/Eyg=1.321,a=1.0, —— yx=04
00 1 2=.03706,1,-0.321
—ert | y%=0.6
_02 :— —.....
T | == pe=0.8
0.4
v*=1.0
0.6
0.0 02 04 *0.6 0.8 1.0
Yy

Fig.4 Variation of thermal stress oy, with the
inhomogeneous parameter of the Young’s modulus y*
at x"=1.0 and 7"=0.1

1.0 r : - -
Variation of thermal stress a*yy a*=-0.1
with a* at x*=1.0, £"=0.1,
05 7=0.5078, A,4/2=1.2, Hl----a*=-02
o, A'=-2.1849, E(/E¢=1.2, ayy/ag=1.2, .
’ g/ E=1.321, a"=1.0, v,=0.321 —-— a*=-04
0.0
-0.5 —_— - 0*=-0.8
- —- a*=-1.0
-1.0
0.0 0.2 04 06 0.8 1.0
y

Fig.5 Variation of thermal stress oy, with the
inhomogeneous parameter of the coefficient of linear

thermal expansion a* atx*=1.0 and #"=0.1

0.3

Variation of thermal stress 6", A*=-0.1
0.2 with A" at x*=1.0 and #*=0.1,

Ay Ag=1.2, Eo/Eyg=1.2, ====M\*=02
01 ay/a=1.2, ag/Ey=1321,a'=10, || _ A0
Oy a'=-0.3706,v,,=0.321 -
0.0 x
-0.1
-0.2
-0.3
0.0 0.2 04y*0.6 08 1.0

Fig.6 Variation of thermal stress oy, with the
inhomogeneous parameter of the thermal conductivity
A" atx"=1.0 and £=0.1

Fig.7 shows the effect of thermal conductivity
ratio (4,0/Ax0) on thermal stress oy, at x=1.0 and
£=0.1 in the FGOS. Increases of thermal conductivity

ratio (A0/Ax0) causes the increase of compressive stress

O-yy'
1.5
L. « /Ivo/ﬂ’xo
Variation of thermal stress o7,
10 H with 4,94, x'=1.0and "=0.1, |- [~ — 02
A'=-2.1849, Ey/E,(=1.0, ----05
0.5 H o/ a0=1.0, age/ar =1.321, | 1.0
o, a::I.O, 7=0.5078, R 2.0
00 LL&=-03706,v,=0321,7=0.1] | — 40
-0.5
-1.0
00 02 04 06 08 10
y

Fig.7 Variation of thermal stress oy, with thermal
conductivity ratio (4y0/Ax0) at x"=1.0 and /'=0.1

Fig.8 shows the effect of Young’ modulus ratio
(Ey0/Ex) on thermal stress 0y, at x"=1.0 and /'=0.1 in
the FGOS. As Young’s modulus ratio (Ey0/Exo)
increases, the maximum compressive stress increases.
The maximum compressive stress for (Eyo/Exo) =10.0 is
7.82 times of the maximum tensile stress for (E,0/Exo)

=1.0.



6 E}{)/EXO
Variation of thermal stress — — o1
4 H a,,with Young’s modulus ratio i '
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Fig.8 Variation of thermal stress gy, with Young’s
modulus ratio (E,0/Exo) at x'=1.0 and £'=0.1

Fig.9 shows the effect of the coefficient of linear
thermal expansion ratio (oy0/ax0) on thermal stress oy,
at x’=1.0 and 7'=0.1 in the FGOS. When the coefficient
of linear thermal expansion ratio (&/ax) increases,
the maximum compressive stress increases. The
maximum compressive stress oy, at x"=1.0 and
'=0.1 for (eo/ax0) =10.0 is 10.9 times of the

maximum tensile stress for (50/ax0) =1.0.

3 ayO/ Ay
Variation of thermal stress a*yy —_ — 01
2 with o/ 0 at x"=1.0 and £=0.1 05
A'=-2.1849, E (/E,;=1.0, A,/ A;=1.0,

1 age/an=1.321,a"=1.0, y=0.5078, 1.0

7, a'=-03706,1,,=0321 || |-=----- 2.0
0
-1
-2

0.0 0.2 0.4 v 0.6 0.8 1.0

Fig.9 Variation of thermal stress oy, with coefficient
of linear thermal expansion ratio (ayo/axo) at x'=1.0
and £=0.1

According to these results, the orthotropy of the
material property gives significant effects on thermal

stresses in the FGOS.

6  Conclusions

This paper discusses the transient thermal stresses
in the functionally graded orthotropic strip by use of
stress function for FGOMs. The conclusions are
(1) The stress function is very useful for the analysis
of thermal stresses for FGOMs.

(2) The transient thermal stresses in FGOS can be
analyzed by use of the stress function method.

(3) The inhomogeneity and orthotropy of material
properties give significant effects on thermal stresses in
FGOS as follows.

(D Decrease of inhomogeneous parameter of the
thermal conductivity A* results in the increase of
compressive stress dy,,.

)

coefficient of linear thermal expansion o results in the

Increase of inhomogeneous parameter of the

increase of compressive stress gy,,.

@ Increase of inhomogeneous parameter of Young’s
modulus »" in Eqs. (47) and (49) results in the increase
of compressive stress gy,,.

@

and linear thermal expansion ratio (/) cause the

Increases of thermal conductivity ratio (A,0/4x0)

increase of compressive stress gy,,.

®

the increase of compressive stress 0y,,.

Increase of Young’s modulus ratio (Ey0/Exo) causes
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Abstract

In this paper, we describe detailed analysis results of various sensor data acquired at ARLISS 2017. In recent years,

many contests targeting CanSat have been conducted. We participated in ARLISS 2017 for our own planet exploration

rover evaluation experiment. As a result of the competition, we got third place in the comeback competition category. In

addition, since our rover has many sensors besides GPS positioning sensors, various sensor information can be acquired.

The sensors equipped in our rover are two 3-axis acceleration sensors, 3 axis gyro sensor, barometric pressure sensor,

temperature sensor, humidity sensor, light sensor and battery voltage sensor. Our rover acquires sensor data at 1/100 s, so

we can obtain very detailed flight data.
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Fig.1 Front View of the Rover
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Fig.3 Electrical Circuit Board of the Rover
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Fig.4 Block Diagram of Electronic Circuit
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Fig.5 IM920 Receiver

Fig.8 Map of Transmission and Reception Location at
communication distance 1 km by Google Map
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Fig.10 Map of Transmission and Reception Location at
communication distance 2 km by Google Map

Fig.12 Map of Transmission and Reception Location at
communication distance 4 km by Google Map
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Fig.13 IM920 Radio Reception Situation at 4 km
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Fig.15 Rocket Launch of First Flight
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Experimental Verification of Influences and Risks of “Texting While Driving”
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Abstract

As smartphone become popular, a lot of accidents due to operation smartphone while driving happen and this gets
to be a social problem. We measured the driver’s behavior and his/her eye movement in order to verify the risk of operating
smartphone while driving at a course of a driving school. The following tendency about drivers looking SNS, playing
game and using hands-free communication while driving was found: late for starting car and signaling, unstable steering

operation, late for noticing rushing objects, and missing a red light. Thus, it was found that it is dangerous to operate

smartphone while driving.
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Key words: Vehicle, Smartphone, Eye direction, Gaze measurement, Driving behavior
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Gaze Characteristics of a Pedestrian Texting while Walking on the Platform
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Abstract

Nowadays, there are many reports that people walking with operating smartphone collides other walking people or

he/she dropped into the railroad track. In order to verify whether people walking with operating smartphone pay attention

around his/her, we measured his/her eye movement and verified the effect about walking with operating smartphone.

We analyzed subject’s eye movement on walking on the platform at “Seibu Shinjuku Station” with operating following

four tasks: (1) walking without any task, (2) walking with reading a brochure, (3) walking with looking Twitter® and (4)

walking with playing smartphone game. As a result, it has been found that the horizontal looking area of the subject gets

to be narrow significantly on SNS task and gaming task, and it gets to be difficult to look surroundings while operating

smartphone.

F—T— R AY— R T4, BIFE B 7T bh—L

Keywords: Smartphone, Pedestrian, Eye direction, Platform
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Estimation of the Distance to Speaker by Deep Belief Network
from Input Speech of Single Microphone

Takatoshi Jitsuhiro*, Hiroshi Miyajima*, Takahiro Nunome*, Kazuya Takeda**

(Received September 30, 2018)

Abstract

We propose a new method using Deep Belief Network to estimate the distance to a speaker at the front of a speech

dialog system with a single microphone. Two methods are proposed: the method (a) using accumulated scores, and (b)

using a majority decision. In the experiments, we evaluated the performance to discriminate between near speech and far

speech. Experimental results show that the method (b) obtained 85.92% F-measure, which is better than the method (a)’s

performance, 83.46%.

F—T—F D HREHEE, H—~ 170K, Deep Belief Network
Keywords : distance estimation, single microphone, Deep Belief Network
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Text Compression for English, Japanese and Chinese
by Grammar Based Compression

Shigeru Yoshida*, Katsutake Ashida*
(Received September 30, 2018)

Abstract

With the spread of the Internet in recent years, the number of electronic documents which can be obtained free of
charge has increased. In this paper, we examined the characteristics of grammar based compression methods in multilingual
documents by using documents that are available free of charge. As a method, we took Re-Pair and picked up three
languages of English, Japanese, Chinese as multilingual. Re-Pair is a method of storing the entire input data temporarily
in the memory at the time of compression, obtaining the most frequent two-character pair, replacing it with a new one
character, and repeating this process. The compressed data becomes a character pair table and a replacement character
string. Decompression retrieves the replacement character string one character at a time and restores it by looking at the
character pair table. During compression, the load on the CPU is heavy, but it is a very lightweight method when restoring.
In the previous report, we improved the compression rate by sorting Re-Pair’s character pair table and encoding it. In this
report, since Japanese characters and Chinese characters can express one character by 2 bytes in the UTF-16 code, first
we tried a method to increase the processing speed by registering 2 bytes of one character in the character pair table. As a
result, processing speed in Japanese and Chinese documents could be greatly improved without affecting the compression
ratio almost.

F—U—F:OXLX -« F—ZTHE, ERTHE, BPE, Re-Pair

Keywords : lossless data compression, grammar based compression, BPE, Re-Pair
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Abstract

Authors participate in many solar car races up to now. The race experiences are utilized for senior car making. In

this study, the solar panel was installed in the senior car and the charge effect was inspected. And also, automatic braking

system was added as the stop help function. As a result, automatic braking system operated well. And it was proved to be

able to serve the power consumption of the senior car by the hours of sunshine of 4.6 hours from 3.4 hours a day.
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A New Method of Calculation of Probability Density Function for Random Variable
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Abstract

By using basic properties of Dirac’s & function and the method of integration by substitution, we show a new
method of calculations of probability density functions for some kinds of random variables. The definition and properties
of d function are explained briefly, and the role of & function in calculations is demonstrated clearly. The normal
distribution, X % and X-distributions, t-distribution, F-distribution and sample correlation coefficient distribution, which are
necessarily used in the test and estimate of mathematical statistics, are calculated from the new method of calculations. We
obtain probability density functions for various statistic with assuming a normal population throughout the calculations.
The normal population appears specially in many kinds of objects as a population distribution. Since two different
representations for a sample correlation coefficient distribution, an infinite series and an integral, which are very complex
forms, were given already, we show an equality between them afresh.
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Keywords : Mathematical statistics, Random variable, Probability density function, Dirac’s § function, Test, Estimate
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Abstract

In this manuscript, we show the basic approach for statistical analysis on engineering. We show three basic

methods of statistical analysis on engineering: (1) understanding the tendency of data, (2) consideration of the difference

between groups and conditions, and (3) consideration of the relation between groups and conditions. Actually, the methods

shown in this manuscript are relatively basic and easy method, however young engineers tend to mistake how to use. Thus,

the methods shown in this manuscript should be useful for these engineers.

1. FLC®IC

2RI BT 2 FEMNE IR 2 ED T <, A
KD BT —2 20T % T LIdZ < DRI THET S
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=
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FHIINE THIE -2 LT, WIS HE
B2 S RMLTE. BihiED/N\y 77592 Ric
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Table 1 Difference between qualitative data and quantitative data
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Fig.1 Difference of distribution of the data.
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Fig.2 Descriptive statistics and inferential statistics
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