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Abstract

Natural convection heat transfer in high porosity and high anisotropic horizontal porous layers with insertion of

thin circular cylindrical rods was analytically studied. Critical Rayleigh number at the onset of natural convection in the

high anisotropic porous layers was obtained by linear stability analysis considering both of Darcy and viscous terms. Non-

linear heat transfer equations derived by energy equation coupled with Navier-Stokes equations were solved by collocation

method and Newton-Rapson method.

Insertion of thin circular cylindrical rods with high thermal conductivity in horizontal fluid layer increases effective

thermal conductivity of horizontal porous layer, which yields increase in conduction heat in conduction region. Whereas the

insertion suppresses the onset of natural convection, which may yield decreases in convection heat in high Rayleigh number

region. Heat transfer augmentation across the porous layer was estimated by the comparison of the heat between with and

without the insertion for wide range of Rayleigh number.

Keywords: Critical Rayleigh number, Natural convection heat transfer, Anisotropic porous layer, Conduction heat,

Convection heat, Heat transfer augmentation
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Table 1 Critical Rayleigh number and critical wave number
corresponding to 7 and K, /i*

=1 r=0.1
K k Rac K k Rac
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0.1 32949 2049.34 0.1 44126 965.49
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0.001 3.7642 3221440  0.001 6.3295 11746.39
0.0001 3.7641 295631.40 0.0001  6.6453 105655.79

7001 7=0.001

K k Rac KW k Rac
100 4.6933 706.60 100 4.7651 692.53
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1 47201 717.02 1 47932 702.58
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Fig.2 Plot of critical Rayleigh number against 7 with Darcy number
as a parameter
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Abstract

The present paper aims at the formulation and investigation of the effects of orthotropy for two-dimensional steady

thermal stress problems in functionally graded orthotropic materials (FGOMs) by the stress function method. All material

properties are assumed to be exponential functions of a variable x. The general solution can be obtained by use of the stress

function method. The numerical calculations for the functionally graded orthotropic strip (FGOS) are carried out under a

steady temperature field. The effects of orthotropy of the FGOS on thermal stresses are shown.

Keywords : Thermoelastic problems, Functionally graded orthotropic materials, Two-dimensional problems, Stress function

method

1. Introduction

The functionally graded material (FGM) is one of the
advanced high-temperature materials capable of
withstanding extreme temperature environments. The
initial concept of FGMsD 2 was proposed by
researchers in National Aerospace Laboratory in
Sendai, Japan. Since then, many researchers have
studied many kinds of thermal stress problems in
FGMs. For examples, Noda and Tsuji® 4 studied
steady thermal stresses in a functionally graded plate
with and without temperature-dependent material
properties. Obata and Noda® investigated steady
thermal stresses in a hollow circular cylinder and a
hollow sphere of FGMs. Noda® firstly overviewed
the thermal stress problems in FGMs. In recent years,
Hetnarski” edited the Encyclopedia of Thermal
Stresses. Many entries on the thermal stress problems
in FGMs have been introduced in literature.

However, as for the recent developments of
thermal stress problems in the FGMs, papers dealing

with thermal stress problems in functionally graded

orthotropic materials (FGOMs) are few. Sladek et

al.® treated heat conduction analysis of 3-D
axisymmetric anisotropic FGM bodies by Petrov—
Galerkin method. Sladek et al.” discussed transient
heat conduction analysis in FGMs by the meshless
local boundary integral equation method. Tarn and
Wang !9 discussed heat conduction in a cylindrically
anisotropic tube of a FGM. Ohmichi et al.'D
investigated the analytical method for plane heat
conduction problems in the FGOM in the Cartesian
coordinate system. Steady and transient temperatures
for the FGOM, in which material properties were
expressed by both exponential function and arbitrary
function of x, are discussed in the paper. Ding et al.'?
treated a non-homogeneous orthotropic cylindrical
shell for axisymmetric plane strain dynamic
thermoelastic problems. Pelletier and Vel'® discussed
an exact solution for the steady-state thermoelastic
response of functionally graded orthotropic cylindrical
shells. Kar and Kanoria!® studied generalized
thermoelastic functionally graded orthotropic hollow
sphere under thermal shock. Kansal and Parvez'®)
investigated thermal stress analysis of orthotropic
graded

rotating discs. Ootao and Tanigawa'®
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discussed transient thermal stresses of orthotropic,
functionally graded, thick strips. Zhou et al.!” studied
transient thermal stress analysis of orthotropic
functionally graded materials with a crack. Moradi
and Mansouri'® investigated thermal buckling
analysis of shear deformable laminated orthotropic
plates.  Chen et al.'” treated thermal fracture
analysis of a functionally graded orthotropic strip with
a crack. Chen?® studied thermal stress intensity
factors for an interface crack in a graded orthotropic
Dag?)  investigated

coating-substrate  structure.

thermal fracture analysis of FGOMs using an
equivalent domain integral approach. Dag et al.??
treated mixed—mode fracture analysis of FGOMs
under mechanical and thermal load. Yildirim et al.?®
studied delamination of compressively stressed
orthotropic functionally graded material coatings
under thermal loading. Kim and Amit?® investigated a
generalized interaction integral method for the
evaluation of the T-stress as well as mixed-mode
stress intensity factors in orthotropic functionally
graded materials under thermomechanical loads.

The purpose of this paper is to investigate the
general analytical treatment for plane thermoelastic
problems in the FGOMs in the Cartesian coordinate
system. The material properties are assumed to be
exponential functions of a variable x. To obtain the
general solution for plane thermoelastic problems in
the FGOMs, the stress function method is used. The
numerical calculations for the functionally graded
orthotropic strip (FGOS) are carried out under the
steady temperature field. The effects of orthotropy of
the material properties on thermal stresses are

discussed.

1. Two-dimensional steady temperature in the

functionally graded orthotropic materials

When the thermal conductivities along the x and
y directions in the FGOM are expressed by the
arbitrary functions of x only, the plane steady heat

conduction equation is given by 'l

0

T
oy

—=0 (1

0 oT
Sy A () Z 1+ 4, ()

where A (x) and Ay(x) are the thermal conductivities
along the x and y directions, respectively.
When the thermal conductivities are expressed by

exponential functions of x

ﬂ’x(x) = ﬂ’xoeix’ ﬂ’y (x) = ﬂ’y()e/ix (2)
where 7, 20 and 2 L, are material constants,
Eq. (1) reduces to
2 l 2
6_72-' + a_T + LO a ]; — (3)
Ox ox A, Oy

By using the separation of variables, we obtain the
general solution of Eq. (3) as

T(x,y) = Ay, + Ay, e ™ + B, y+B, ey

+(4, e+ 4,6 cossy+(B e+ B e M)sinsy (4)
where Ao1, Aoz, Bo1, Bo2, A1, A2, B1 and B> are constants
which are determined by boundary conditions for
temperature, s denotes separation constant and s; and

57 are given by

2 2
slz_i_'.\/rszqz, Szz—i— L_'_quz (5)
2 4 2 4
and ¢ is defined as
A,
g=.]- (6)
AXO

We consider the functionally graded orthotropic strip
(FGOS) shown in Fig.l. The general boundary

conditions assumed are

T=T,g,()=T[ &,(s)cossyds at x=0 (7)

T=T,g,(») =T, g (s)cossyds at x=h (®)

where

g(,(s):%figa(y)cossydy, gb(s)%rﬁ?gh(y)cossydy ©)

T=T.gay) T=Thg(y)

v

=

Fig.1 The boundary conditions of FGOS



The temperature which satisfies these boundary

conditions is shown as follows 'V.

T =[] < 0 - T k™

(10)

+1Ty8, () = T,Z,(s)e”" Je”>"} cos syds

or

T(x,y)= I: C,[T,g,(s)e ™' sinh(h— x)\| 14+ ¢’

+ Y}gb(s)e(h”‘)i/2 sinhoxy £ /4+q*s* Jcossyds  (11)

where
1
sinh iy 2% /4 + g5

G = (12)

As an example, we consider the following specific

boundary conditions

T(0,y)=0,T(h,y)=Te " (13)

where a is a constant.
The temperature which satisfies the specific boundary

conditions (13) is given by

T,g,(s)sinh(/ — x)1//7.2/4+q s

sinh iy 42 /4 + 25

20 T, (s)sinh x4/2° /4 + ¢°s”
e

sinh h\//lz /4+q%s?

T(x,y)=e Zj [~

Jcos sydy  (14)

2. Two-dimensional steady thermal stresses in the

functionally graded orthotropic materials

The equilibrium equations for plane thermo-
elasticity are

oo

yx

oo,

Xy

oo
— -0

& o x v

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

oo,

05

(15)

and rotation are given by

_% _% } X - y
gn—&x»é}y—aya xy—z(ax @) 2(ax @}) (16)

where & (i, j=x, y) denote strains, @ is a rotation, and
u; (i =x,y) are displacements.
The constitutional equations for the plane problems in

the FGOMs are

Exy = Oy + 010, + T, &), =0y Oy + 030, + T, &, =050y,

17)
(18)
where aj, bj (i, j=1, 2, 6) and £ (i =1, 2) denote the

material properties which are dependent on the

O =D& +bpey + BT, 0, =by6 +bye + BT, 0y =Dt

positions x and y, &, (i =1, 2) means the coefficient of
linear thermal expansion along the x and y directions,
respectively. The following relationships are formed
among aj, by, aiand B (i =1, 2).

ay

ay = dy, by = by, by = (19)
Ay —apdy
- - a
b= Ao 2by = % 2by= 5 (20)
Gy Gy~ Oy Gy Gy~ Gy GGy — Gy Oy
1 a0, —a,a a0, —ay, o,
bé(,_i, ﬂl:_ 2271 1272 , 1172 21771 (21)
Qg Qy1y — Ay, Qy1Gy — Ay,
The compatibility equation is given by
0¢ ole o%e
e (22)
oy ox O0x0y

We introduce stress function y which satisfies
equilibrium Eq. (15) identically.
o’y oy o'y

O zy’ Oy = o> > Oy =~ % (23)

Substitution of Eq. (23) into Eqgs. (17) and (22) yields

4
a
22
ox*

6a22 o oy
ox ox’

o'y
1?

0
—Z+(a, +a, +2ay) 2;{2 +a,
azazz

+6a12 62}(+ a(al2+a66) oy +262‘166 o
ad

o ¥ ¥y oy ady

+(

N %ﬂ{+(02€21
¥y oy
i3 81 6‘0{2 Ga,

az 2+ 2 2
PR PR,

2 2 3

+aazzl 67}2(+26(a12+a55) 67(2
[ 87 604 or
ax 5x @/ @}

o+ =0 (24)

When the material properties are the functions of one

variable x, Eq. (24) becomes

4 A A4
azz%*(“lz+”21+2a66)&+a1|0/;( aapal aa37al
Ox ox*oy? oy o o' ot o’
~2 3
azazﬂci;f+ Ny, +ayq) 8;{2+ 6Zf &r da, 2(”&g 0 (25)
& oy & Ay o o* aﬁ ar ax

Here, we analyze the model whose material properties
are expressed in terms of the exponential functions.

A () = Age™ = Age™, 2, (x) = Age™ = Apge™,
@ (X)=ay,e™,
“*(26)

Aos 4205 G110 1205 21052205 dego»X19 and

a4 (0)=a,", af)=d,¢", ax)=ae",

Age(X) = agee” ", oy (x) = e, @, (x) = aye

where



a5, are material constants.
Referring back to Eq. (11), the change of temperature
becomes
w5, y)=Tx,))~T, == T, +[; C[T,g,(s)e ™ sinh(h—x}W £ /4+¢’s*
+T,8, ()" 2 sinhxy 22 /44 ¢25? Jeossyds  (27)
where 7o denotes the reference temperature.
The general solution of Eq. (25) consists of the

homogeneous solution y ¢ and the particular solution

x".
x=x"+x" (28)
The homogeneous equation is given by
ot e ot ye o w83 5F
a226x7€+(a12+a21+2a66)6x27§/2+a“ ay{ +2§ ajg
+ 82a22 o’y 82‘121 o’y 26(“’21 +ag) 0’1 =0 (29)
ax2 aXZ 6x2 @}2 ax axayZ
The homogeneous solution is expressed in the form
7(x,y) = e (Ccos sy + D sin sy) (30)

where &, C and D are constants.
Substitution of Eq. (30) into Eq. (29) yields
A&t +20,,,6E +[A006" — (g + g +2a050)s” 1E
—2(ayy + Ay )5 E+ a8t —ay,67s7 =0 3D
Using the roots of Eq. (31), we obtain the

homogeneous solution.
4
7(x,y) =Y e (CS cos sy + DS sinsy)  (32)
i=1

In the next place, the inhomogeneous equation for

particular solution is given by

i otyP Oy Ga, &y Fay Py
L+ (ay+ay + —=—+ +2—= +—==
(25 Py (ayp+ay; +2ag6) a2 apy @)4 & o PP

@}2

Oa, Ot
r+2§a] (33)

~2 2 3 2 ~2 2
Oay 0y +26(a2,+a{,(,)6;(” o't ot O

t pe @/2 p &x@yz ={az§+a1§+ e

Substitution of Eq. (27) into right-hand side of Eq.
(33) yields

o'y o'yt 8 y?  Bay By Olay, 3Py

X
a +(ay, +ay +2a4)—"—
22 P (@, +ay, 66)8)52(,3;2 6)/4 o a2 ad

Bay 3’y +20("u +ag) 0’y
o o ax o’

= e j;'[Dj, sinhy 2 /4+¢’s (h—x) + D coshy 22 /4-+ ¢*s* (h—x)
+ Df sinh 1M2 /4+q*s?x+ D} cosh \| A /4 + ¢s” x]cos syds

where D!, D2, D}, D! are given by

(34)

_ A2
Dy = CL,g,()aw (@ - === q’s* —a’) +ays’]

12 —

D} =C,T,T,()A*/4+q°s> 2a - A)asy

2
D} = T, ()™ ey (@h — = 47" )+ s’

(35)
D} =C,T,g,(s)e™ > 22 /4 + ¢*s* (A - 2a)ay,

The particular solution is expressed in the form
;(‘”(x,y):e””J:[Eisinh,//lz/4+q2s2(h7x)+Efcos 2 /4+¢°s* (h-x)

+ EXsinh 22 /44 q°s?x + E cosh [/ 4+ g*s*x]cos syds  (36)
Substitution of Egs. (36) and (26) into Eq. (34) yields
e ([E o [n® + 6(2 14+ @’ + (A2 14+ ¢°s*)']

=2y + age) T+ A4+ q757)s” +a,08" + 2a05m +3(F 14+ ¢°s7)]

+angs (P + A0 1A+ q7s7) —ay6 s = 2(ayg + ag )5’

+ EX[Aang B |4+ G5 (7 + 2 14+ G57) + My + e S B 14+ 45

DA 1A+ g5 G 4 22 14+ q7sY) = 2anycn AR 14+ gPs”

+ 2ayy + agg)ss A T4+ g7s ]}sinh A4+ g2 (h - x)

+ {E\' [4a,,gn/ Rla+q’ s’ (" + 7 /4+qzsz)+4(a2“, + )] SX 14+qs”

Dy o R 1A+ G + R 1A+ ) =200 F IR IAES + e+ ) S5 A4+ ]

+E andr +6F 14+ @S 0T +(F 14+4°s") 1= Aar g+ Ao 0T + 4 /4+¢°57)s>

a8t + 2006 [ A3 14+ @)+ o™ (77 + X 144G ) —ay,6°5
—2ay0+ggy) ¢ 77 57 ycoshy| 2/ 4+ g2s? (h—x)

HE al +602 144G +(B 14445V 1~ Uayo+ i) + 2 14+'5")s°
+ay,65" + 20,61 +3(A 14+ @5+ Ay (7 + 414+ q°s7)
_azmgzsz —=2(ay, +0660)§7752}

+ Ej[4a2207]\/m(772 + 2 /4+qzs2)—4(ay0 +a660)l7.s2\/m
+ 20022 14+ g2 (On? + 22 14+ g7s%) + 2any ¢ [A 14+ qls?
—2(ay + ag s siAJAP 4 + qlsz 1} Jsinh A4+ qzszx
HE A g A 14+qs” 0 + X 14+q"57) ~Hay ) +ae s £ 14+'s”
+ 2[4+ qP5? (Gt + 221 44 g25Y) 4 2y 22 14+ g5
—2(ayyy + gy )5 S A 14+ 757 ]

FE an it + 62 14+ @S WP (B 1444757 =2t g+ e ) 0T + 7 14+¢757)s>

+ a8t + 2ay6[n* +3(27 14+ ¢ + anes* (7 + 2114+ ¢7s7)
—dy06787 = 2(ay + agg )sn s> 1) cosh A[A7 /4 + qzszx)cossyds
—el@? 2>~‘J':[Dj sinh 22 /4 +q%s2 (h—x)+ D? coshy| 22 /4 + ¢%s? (h—x)

+ D} sinhy| A2/ 4+ ¢°s>x + D? coshy| 22/ 4 + ¢°s> x]cos syds (37
Comparison of both sides of Eq. (37) yields
n=a-¢=A/2 (38)

ENayn[n* +6(2% 14+ q*sn* + (A2 14+ q%sH)?]
—2ay 1+ a7+ 14+G7H)s +ay 5" +2antl +3(2 14+¢%57)]
Fapyc (NP + 2714+ qPs?) = daygcist = 2(ay + agg )sns )

+ B2 [Bangip’ + 2 14+ @S WE 14+G5" +May+ a2 14+¢°s
e+ 14+ @SN A+ 45 — 2B 14+ g’s>
A l4+q’s*1=D)

(39)

+2(ay + ag )68’



E[angn 2 /4+¢%5> (i + 2 /4+q2s2)+4(a210+a660);7s2,/42 /4+q’s®

2 5[ R4S G+ 2 ) 26 WA IS 42 a6 A s
+E a1t + 602 1A+ @SN (B 14+ 57 1= 2y o+ a0 + 2 14+¢7s7)s”
a5 200l + 32 14+ G357+ a7 + 214+ ¢P5%) — ay 6757
(40)

Eap i +68 14+ 07 +(B 14+4*s"V 1~ Ay g+ a7 + 72 14+4°57)s”

~2ay 0 +ag) 6 71571} = D}

Fay st + 2ay0snn® +3(2 14+ q7sH) ]+ anys* (7 + A2 14+ ¢°s7)
0678 = 2(ay,y + Age)SNS”}
+ EXdangi(p + 2 14+ @SN 14+ 7> —Hayg+ageo)s A 1 4+¢°s”
+ 20006307 + X 14+ g S IWA T4+ s +2a,, A 14+ g s?
—2(y0 + g )5 A 14+ q°s* 1= D} 41
E gy (7 + 2 14+ W72 14+ 4257 8y + ag)y s 14+ 4%
+2a,6C30 + 14+ @S WA 14+G5" +2ay,6 W A 14+47s
—2yo + )5 A 14+ 75 ]
+Elan i’ +6(2 14+ V7 +(£ 14+4°s 120+ )07 + 7 14+¢75)s"
+aq, ]0s4 + Zamgn[rf +3(A/4+q 57+ amg2 W+ A 14+q°s%)
—ay067s% = 2ayg + agg)sns’]= DY (42)
Coefficients E!, EZ, E! and E! in Eq. (36) are
given by Egs. (39) - (42).
Thus, the stress function is obtained in the following

way
o4
r=x+y"= J.o z CEe™ cos syds
i=1

+ e”“J:[E". sinh 42 /4 + 252 (h—x)+ E2 cosh {22 /4 + ¢%s* (h—x)
+ Ej sinhy 22 /4 +¢%s%x + E:,' coshy/ A2 /4 + g2s* x]cos syds

Then the thermal stresses Eq. (23) result in

(43)

02 4 B N
= 2 { = -J, X Cge“"s?cos syds
¥ =

— " [ S’[E} sinh| A /4 +¢°s” (h—x)+ E] coshy X’ / 4+ ¢°s* (h—x)

+ Ef sinhy 2 /4+¢°s* x + Ef coshy 2%/ 4+ g2s? x]cos syds (44)

Cx s e
ox i=1
M [AL07 + R 4+ E ~2p B 4+ 0’5 E]sinby B/ 4+ (h—x)
+F + A /4+¢°s")E: 20| X 14+¢°s E Jcoshy 4 14+ ¢"s* (h—x)
+[(7> + A A+ @ sTVE] + 2|27 14+ g sP El]sinh (|27 /4 + s x

7 + 22 4+ GE + 27 1 4+ 5 Eleosh [ 4+ ¢ 0] E! yeossyds (45)

PR

cos  syds

o’y
Oxdxy

+e" [ s[(E! = A 14+ ¢’s’ E})sinh| A / 4+ ¢°s* (h—x)
+(ME} =27 14+ q*s*E})cosh \J A7/ 4+ q°s> (h—x)
+ME +| X 14+ q*s* EX)sinhy 2/ 4+ ¢°s° x

o, = - = IS CoE e sin syds

+(EL +[ 2 14+ E¥)coshy 2/ 4+ s’ x]sinsyds  (46)
Unknown coefficients C (i =1, 2, 3, 4) can be
determined by boundary conditions for stresses.

c,=0,=0 at x=0 47)

c,=0,=0 at x=nh (48)
Substitution of Egs. (44) and (46) into Egs. (47) and
(48) yields

C+C+C+C=F sinh/ Al h—E cosh/ Aldrgsh-E  (49)

EC+EC, +EC+EC, =+ 14+ ¢S E)sinh| 2 /4+¢5'h

AW A 1A+q S B - EDcosy £ 14+’ s h—| 2 14+¢’s"E. —n E; (50)

Che™" +Ce™ +Coe™ + Clye™”

=—"(E? + E sinhy £ /4+¢’s*h+ E. cosh 2 /4+¢’s*h)  (51)
fleﬁlhc.fl + ‘fzeéhcfz + *fze;}hcscz + §4e§4hcf4

=M R 14+ E - By B+ R 14+ EVsink| 2 /4+4s*h

—(\JA* 14+ q°s*E} +nE}) cosh

By solving Egs. (49) - (52) numerically, we obtain the

4t qisth (52)

thermal stresses O > Oy,and Oy, .

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 ax and ¢ are
expressed by the exponential functions of x. For this
case, they are denoted by

E (x)=E e =E ", E (x)= Eyoe”‘ =E,e”,
a () =a e, =oqe”, a,(x) :ayoe“” =™ (53)
For the plane stress problem, the material properties
(26) can be expressed as follows
a(x)=a, e =1/E =e ™ /E,,
ayg =1/Eyqg, ¢=-7,
Ay (X)=apge™ =1/E, =e ™/ Ey,
ayy =1/ Ey,
ap (%) = apge” =—vi, | By =—vipe "/ By, (54)
A0 = Vi3 Ey, 6 =-7,
@y (x) = ayyge” = vy | Ey =—vye "/ Ey,
ayo =—Vo !l Ey s aeo =1 +Vvy)/ Epy
where vj (i, j=1,2) denote Poisson’s ratios.
The material properties of the FGOM considered in
this paper are shown in Table 1.
We introduce the following non-dimensional constants
and variables.
x"=xlh,y =y/h E =Eh, y

vh,
A= Ah, s =sh, a" = ah, a = ahz, 77* =nh, g* = ¢h,
a;u =0,/ a,, Dsp = D:h/(Tba]U)’ Dsz‘ = D:h/(Tb(Z]U),



D.f‘ = Dgh/(nalo)a D:t :D:h /(L) E:v = anoE.: /(Thamhs)a

E\z* :almEf /(Tl;amh})’ E?‘ :auoEi 1T, hz)’ E\A* :anuE\4 /(7;0‘101"3)’

2,(5)=8,()/h, g,(s ) =g, (s)/ I,
Oi\:zal l(p_xx/@{%O):O_xx/a;’{%OE](l)’ O-;y:al 1(P}w/(72040):o}w/(7;04051())a
Oy =10 [ Tt0) =0y, [ Ti010E, ), G =Col o dr),  (55)

w67, _Too)-T, T/ G-T,/T _T)-T;

o,  L-T, 1T/ -7

a

T(,y)=

7,=T,~T, T . )=TC))/T;, T, =T./T,

a

5,=1,~T,

Table 1 The thermomechanical properties of ZrO:
and Ti-6Al-4V

Material Thermal Coefficient Young’s | Poisson’s
conductivity | of linear modulus | ratio
[W/(mK)] thermal [GPa]
expansion
[X10°K]
ZrO, 2.036 7.11 110 0.333
Ti-6Al-4V | 18.1 10.3 66.2 0.321
For this case, Egs. (2) and (55) give
A'=-2.1849, y=0.5078, o'=- 0.3706 (56)

In numerical calculations, the ratios of orthotropy of
material properties of the FGOS are assumed as

A0l Ax0=1.2, Eyo/ Exo=1.2, cp0/ cax0=1.2,

ae60/ Ex0=0.9467 (57)
The Poisson’s ratio is assumed as 14,=0.321 and we
put a’=1.0 in Eq. (55). By using these non-
dimensional constants and variables, the non-
dimensional temperature change becomes

20 0)= l?ﬁﬁfsin g 1‘2;4+q2§2 g6 e Asinhi—x W2/ 4+

+ §;(s*)e(""‘)f "2 sinh x*\/m]cos s'y'ds®

The non-dimensional thermal stresses become

(58

oG . gt e X e
o, :7J'“ Z CE et s cos 5"y ds
—en¥ rs‘z[E}* sinhy[ 47 /4447 (1-x")+ E2 cosh[A? /447 (1-x)
0
+E" coshy 47 / 4+¢°s"x Jcoss y'ds" (59)
» 3 ..
- [AFAEPEIE v tds
6”—'[0; CGé e cos s y ds
Lol J:‘“(,,‘z + A7 14+ q?sTES 27 EX Jsinh A7 /44 4?7 (1-x7)
+[—2,;”,//1‘3/4+q%\-‘3E"‘ %+ A% 1A+ gPsTVE Teosh| A2 /444757 (1-x7)
2 2 2 3 + [ 22 R 2 2.7 *
072 + A% 4+ g2sDED + 2 22 14+ g2 B Jsin A7 14+ g%
2L 144 7+ 12 14 s DB Toos 2 14+ Y] kos ™y ds

o PP B * ™ »
ol =J02Cf,§,s &5 sin sy ds
P

) *

+Esinh\JA% / 4+ ¢7s 7 x

(60)

4t j:‘s'[(n*E:* A4 g2 EY ysinh (27 144 g% (- k)
(-2 T4+ g2 B+ EX yeosh A[A7 14+ g5 P (1-x7)
+ (TEY 442774 1 g2 TP E ysinh AJ27 /4 4+ g2y
WA 14+q7s?EX +7"E  ycosh A7 14+ ¢°s7 x " sin s"y"ds™ (61)

Fig.2 shows the 3-D visualization of temperature
change ;" in the FGOS. The maximum temperature

change occurs at x*=1 and y"=0.

- Al AEL S A= 0.1849

m0.8-1.0

m0.6-0.8

m0.4-0.6

m0.2-04

m0.0-0.2

10

Fig.2 The 3-D visualization of temperature change
7" in the FGOS

Fig.3 shows the 3-D visualization of normal
stress o, in the FGOS. The compressive stresses
work on both low temperature side (x"=0.0) and high
temperature side (x*=1.0). The maximum compressive
stress is -0.2611 at x"=1.0 and »"=0.0. On the other
hand, the tensile stress works at the middle part across
the thickness. The maximum tensile stress is 0.0850 at
x'=0.61 and y*=0, which is 32.6 % of maximum

compressive stress.

A/ Ag=1.2, A°=-2.1849, E,(JE, =12,
o/ =12, agy=1.321, a*=1.0,

« 7=0.5078, o= - 0.3706,,,=0.321
m0.0-0.1
®-0.1-0.0

-0.2--0.1
m-03-02

Fig.3 The 3-D visualization of normal stress o ,,
in the FGOS



Ay/Ang=1.2, A"=- 2.1849, Ey/Exo=1.2,
o/ axo=1.2, asse=1.321, a’=1.0,
7'=0.5078, &'= - 0.3706,1;,=0.321

m0.005-0.010

0.000 -0.005

m-0.005 -0.000

Fig.4 The 3-D visualization of normal stress o .,

in the FGOS

Fig.5 shows the 3-D visualization of shear stress
o, in the FGOS. The maximum shearing stress is

0.0151 at x"=0.85 and y*=0.8.

A Ang=1.2, A'= - 2.1849, Eo/Ey=12,
o0/ 0=1.2, age=1.321, a'=1.0,
}"=0.5078, o=- 0.3706,1,,=0.321

m0.01-0.02

m0.00-0.01

-0.01-0.00

m-0.02 --0.01

Fig.5 The 3-D visualization of shear stress o ; in

the FGOS

The maximum normal stress (o ., ). 15 3.40 %
of the maximum normal stress (o), and the
maximum shearing stress (0, ) 18 5.78% of the
maximum normal stress (o ,,),,, which occurs at
x"=1.0 and y*=0.

Based on the features characteristic of the
functionally graded isotropic strip (FGIS), we
consider a new FGOS to clarify the effect of
orthotropy on compressive stress at x*=0. That is, one
material property is orthotropy but the other material
property is isotropy.

Fig.6 of the

the effect thermal

(Ayo/ Ax0)

shows

conductivity ratio on thermal stress

(6,,) ., in the FGOS. The maximum compressive
stress increases with the increase in (Ay0/Ax0). The
maximum compressive stress for (4,0/4x0) =10.0 is
4.17 times of the maximum compressive stress for

(0! Ax0) =1.0 at y*=0.0.

1.0

Aol A
2=2.1849, E,i/E =10, V0
05 || @0/@10, ag=1321, — <01
: a=1.0, 7=0.5078, —— —0s
(0 s | | @=-0.3706,5,=0.321 o
0.0

-0.5

Fig.6 The effect of the thermal conductivity ratio
(A0/Ax0) on thermal stress (o, ) .., in the FGOS

Fig.7 shows the effect of Young’ modulus ratio

(Ey0/Ex0) on thermal stress (o ,, ) -_, in the FGOS.
The maximum compressive stress increases with the
increase in (Ey0/Ex). The maximum compressive
stress for (Ey/Ex) =10.0 is 7.88 times of the
maximum compressive stress for (Eyo/Exo) =1.0.

Fig.8 shows the effect of the coefficient of linear
thermal expansion ratio (ay0/ax0) on compressive

stress (o ,,) in the FGOS. The maximum

X" =1
compressive stress increases with the increase in
(ayo/ ax0). The maximum compressive stress
(g:y)x*zl for (ay0/ax0) =10.0 is 12.90 times of the
maximum compressive stress for (a0 oxo) =1.0.
According to these results, the orthotropy of the
material property gives significant effect on thermal

stresses in the FGOS.
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A'=-2.1849, A,/ A,=1.0,
L Hawa=10, ag=1321, | T -0.1
a*=1.0, y=0.5078, - ==05
(0"))e=t1 | | @=- 03706, v,,=0.321 1.0
0
-1
2
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Fig.7 The effect of the Young’s modulus ratio
(Ey0/Exo) on thermal stress (0,,) .., in the FGOS

3 . ayO/axO
A'=-2.1849, /Iyo//ixozl.o,
2 — = — |—-=0.1
EyO/Exo—l.O, age=1.321,

1 ] a=1.0, y=0.5078, -=-==05
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'yo S e e bbbl 2.0
B e bt %
..... _- g veeenenn 6.0
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Fig.8 The effect of the coefficient of linear thermal
expansion ratio (¢;0/cx0) on thermal stress (o5, )

in the FGOS

x"=1

6  Conclusions

The analytical method to solve the plane
thermoelastic problems in FGOMs whose material
properties are expressed by exponential functions of a
variable is presented in the Cartesian coordinate
system.

The effects of orthotropy of the FGOS on the
maximum thermal stresses are discussed. According to
numerical results, the orthotropy of the material
properties gives significant effect on thermal stresses

in the FGOS.
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Abstract

We participated in ARLISS 2016 and got third place in the Comeback Competition category. It was a perfect

match for conducting various evaluations of the planetary exploration rover we developed. Our rover was launched to 3,000

m above the sky by the rocket, released from it, descended to the ground with a parachute, and traveled to the goal point

by autonomous running. At that time, our rover acquired various log data such as GPS positioning information and voltage

change of the battery. In this paper, we describe detailed analysis results of the log data acquired by ARLISS 2016.
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Recognition of Motions Given to a Stuffed Toy
Using a Smartphone Acceleration Sensor
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Abstract

We propose a new concept of smartphone applications which can recognize user’s motions added to a stuffed toy,

for examples, “lifting up”, “hitting”, and “stroking”. This application is installed in a smartphone, and the phone should be

added to a stuffed toy. Using the acceleration sensor included in the phone, the application can estimate the toy’s motions

given by the user. Since the duration of the motions is variable, we introduce Dynamic Time Warping (DTW) to estimate

users’ motions. Experimental results show that the average F-measure was 0.81 by using four user-independent templates

per one kind of motions.
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Abstract

Recently many kind of robots based on autonomous technology is getting more popular in the world. Especially
autonomous robot technology with SLAM (the simultaneous localization and mapping) is important technology
for automatic driving vehicle toward the high-level capability of mobile robot exploration. This paper describes the
introduction of practical educational approach through engineering design of campus guiding robot using autonomous
driving technology with SLAM.

F—7—F ISLAM, ROS, EWNHRY b, HEETH
Keywords: SLAM, ROS, guiding robot, autonomous vehicle
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Engineering Design using Autonomous Robots for Student Education
(Practical Engineering Education with PDCA)
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Abstract

This paper described about a method of structural design using a small autonomous robot for student engineering

educations. Engineering education which has R&D on practical evaluation and functional design of small robot produced

by education activities and extra-curricular activities in University. We introduced some examples of effective method

for engineering education using both the mechanical design and the electrical design. Our Robot designed by students

had new architecture with many sensors including GPS electrical compass. As the results, student could achieve practical

engineering knowledge and technology effectively through robot designing.

Keywords: Autonomous robot, Engineering design, Engineering education, Student education, CAD, PDCA

1. Introduction

Recently the importance of practical education for
industrial engineer is being recognized in Japan and also in
worldwide. Especially technical design process with practical
skill and technology promote professional technical engineer
in University of technology. Fig.1 shows an outline of the
practical education for industrial Engineer. We have been
approaching many effective educational programs for students
to acquire practical skills and knowledge. Among those, robot
designing was the most effective education for engineering
design.

This paper describes how engineering design using small

autonomous robot!"¥

is useful for practical designing abili-
ties and furthermore, develop education process utilizing con-

tinuous spiraling up of PDCA. 1

2. Designing for Autonomous robot

2.1 Requirement of designing structure

Here, as a structural design method of a robot, we show
how basic design structures are imaged satisfying various
requirements and utilizing student's existing knowledge
and expertise. Table 1 shows the requirements needed to

handle the Small Autonomous Exploration Robots". The

The Practical Education

g

Industrial Engineer |

Technical Design Process
Practical Skill and Technology

Professional Technical Engineer

Effective Education based on Robot
Fig.1 The practical education for industrial Engineer

targeted autonomous robot is assumed to be a small rocket to
withstand the impact of a landing, with a weight of less than 1
kg. This requirement has been considered by ARLISS™, one
of the demonstration test competitions aiming for future Mars

exploration. For this reason, considering weight reduction of

Table 1 Requirements of Autonomous robot

Items Requirement Items Requirement
Weight 1050g max Navigation | GPS, Electric compass
Size $ 146mm x 240mm | Wheel drive DC geared motor
Altitude 5000m max Power Rechargeable battery
Envi Similar landform CFRPbody,
to Mars surface g Sponge wheels

*

JAPAN
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the motor drive system and the power supply unit with heavy
weight factor and enhancing structural strength of the body
were important factors of structural design.

Optimum structural design was made possible with the
consideration of weight balance and durability. Prior to
starting the concrete structural design, we sketched the entire
apparatus to preliminary examine and understand whether it
can cover the requirement conditions. After sketching, CAD
system is used to design in 3D. By utilizing CAD, detailed
designs that are difficult to check in sketch diagrams are
inspected in the three-dimensional structures. These include
but are not limited to part interference, installation of electric
drive circuits and drive units. Furthermore, we repeatedly
reviewed the design while considering the balance of the
center of gravity of the whole, and reflected these changes to

the robot design.

2.2 Designing method

As the first step of engineering design, the most important
approach is the basic designing process based on sketch
drawing by taking sufficient imaginative and original idea.
Several experience of sketch drawings can be formed more
better design idea. After basic design was performed by
sketches, detail design can be decided by concrete dimensions
and 3D image using CAD system. 3D CAD and CAE are
useful for the checking of assembled parts and combination
balance of weight, structure size, body strength, etc.
Following detail design, prototype parts were manufactured
using CAM and 3D printer. After assembling prototype,
practical design process was produced through extraction of
the problem and creation of the improvement from evaluation
tests.

Fig.2 shows a basic design flow for prototype robots.
Robot body was designed by “monocoque” structure of CFRP
and two wheels were made using the urethane sponge for the
impact absorber. The material of sponge wheels was selected
by means of evaluation of the impact absorber at touchdown
using acceleration sensor. Fig.3 shows the evaluation
experiment of the impact absorber of sponge wheel. Several
kind of sponges for the robot wheel and we selected a suitable

sponge which can be absorbed impact acceleration effectively.

2.3 Designing process using PDCA
PDCA cycle has been popular among engineering

education as an effective method to design and is highly

Design Requirements of Robot

Weight, Size, Material, Machining accuracy, Shock
resistant, Power consumption, Mileage, etc.

———

Drawing and Detail Design
Sketch/Hand design drawing, Modeling, CAD, etc.

CAM / 3D Modeling / Prototype

CAM / 3D printed modeling, Prototype modeling
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Performance evaluation

Problem-clarification / Problem-solving

=

Fig.2 Basic design flow for prototype robots
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Fig.3 The evaluation experiment of sponge wheels

recommended for educational success. We have used PDCA
cycle for development of robot through “Plan” of engineering
design, “Do” of making model, “Check” of evaluation and
“Action” of redesign

PDCA is performed repeatedly in order to develop more
higher perfection and is utilized in this examination, can lead

to the spiral-up effect in the design process. At 1st stage of
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Fig.4 PDCA cycle of design flow

PDCA, P as “plan of engineering design” was produced in the
process of structure designing by many creative sketches, D
as “do for making model” was produced by making prototype
robots, C as “check " was produced in the evaluation of basic
performance and A as “action” was produced by redesigning
process.

After 2nd stage of PDCA, P as engineering design was
produced by CAD mainly and evaluated in more actual
condition of requirement. Repeated redesign through the
spiral-up of PDCA as mentioned above produced more
realized design that can put to practical use steadily. Fig.4

shows PDCA cycle of design flow.

2.4 Total designing including electrical circuit board

In terms of electric circuit, we applied CAD system as
well as structural designing. CAM machine produced the
circuit board in order to carry out precise substrate processing

enabling high-density mounting.

9 axis sensor module
(Accelerometer, Electronic Compass)

SD card

GPS Micom board

Fig.5 Design of electric circuit board
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Fig.7 Integrated methodology for design engineering

Fig.6 shows the circuit board section. This equipment is the
same as those used in the university classes offering students
to use theory into practice and improving effective education.

In regards to the control circuit we have designed the elec-
tric and electronic system which program controls the wheel
drive motor and various sensors (GPS sensor, gyro sensor,
direction sensor, etc.) to make an autonomous robot. This
configuration is shown in Fig.5.

By the parallel creating aforementioned mechanical struc-
ture and electric and electronic circuit through utilizing PDCA
cycle, ultimately leads to forming a practical engineering
design. Fig.7 shows this integrated methodology for acquir-
ing practical engineering design which was carried out in this

study.

2.5 Structural dynamics analysis by CAE
In conducting an empirical evaluation test of the final

designed robot, we have used CAE’ s structural analysis



Fig.10 The internal stress distribution at landing

tool to understand whether or not the robot meets the
requirements. We have evaluated the impact force received
when launching a rocket, the impact when landing from
the sky and the impact vibration from road surface during
running. This tool is extremely useful for practical industrial
education that is linked to CAD design. Fig.8 shows an
example of mesh model for the body of the autonomous robot.

The internal stress during moving of robot is not so easy
to be able to analysis by theoretical calculation. We have

used CAE’ s structural analysis tool (Motion solve™). Fig.9

shows an example of the internal stress distribution while the
autonomous robot runs and Fig.10 shows an example of the
internal stress distribution at the time the autonomous robot
lands.

CAE is useful to understand complicated analysis as some
internal stress in body structure especially. Student can
recognize speedy through this CAE process and can take
a feedback to more improved design. CAE is also useful
real time body analysis even if robot is running. Fig.11 and
Fig.12 show simulation analysis of body vibration while
robot is running. It is important to decide suitable condition of
constraint in CAE process. We considered elastic behavior in

wheel and body.

3 Evaluation of design performance

3.1 Practical evaluation in ARLISS competition

In order to evaluate the success of the autonomous robot
which was designed and manufactured in this research,
evaluation test was carried out at the demonstration
competition event of “ARLISS” . The term of the convention
is to separate a robot from about 4000 m above the ground
using a small rocket and free descend by a parachute landing
on the ground. The robot is then to autonomously travel to the
exploration ground target. The purpose of this convention is
to confirm whether autonomous traveling and investigation
of the ground target could be carried out. Fig.13 shows the
outline of ARLISS. ™

([

Y

z IZ
X Y
» Force ® Fix joint "' Revolute joint ' Translational Joint

Fig. 11 CAE model of body vibration in running

Fig.12 Wheel vibration analysis in running
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Fig.14 The result of running trace of robot

3.2 Evaluation test result

Evaluation test showed no abnormality in the mechanical
structure at the time of landing and running since the
launch of the rocket and confirmed the demonstration of
the structural analysis result. In addition, Fig.14 shows the
running trace chart calculated from the log data taken from the
running control data of the microcomputer embedded into the
autonomous robot.

Start point in the figure means the touchdown point of
robot dropped from a rocket. From the running trace chart
onto goal point in the figure, we understood that robot was
running away searching own location point and seeking goal
point at initial stage. After robot detected own location to the
goal point, robot was reaching goal point gradually. From the
running trace of robot, we could recognize the direction from
the embedded GPS sensor and electronic direction sensor
had successfully calculated the direction to the destination
target controlling the motors of the left and right wheels, and

also we could make sure to be leading autonomously towards

New Practical Engineering Educatlag

Computer
Engineering

Practical Engineering Education
using Robot Engineering e

Establish of practical education in
comprehensive design engineering
- '

Mechanical
Engineering

Electrical
Engineering

Industry 4.0
Robot
loT

The present trend
of Engineering

New Faculty Course of IoT Project

Fig.15 New practical engineering education

the goal point as target point. We were therefore able to
confirm that the autonomous running control was successfully

achieved.

4. Conclusions

Through the fabrication of a small autonomous robot, we
demonstrated the usefulness of comprehensive technology
design education method from both aspects of engineering
method in structural design and electric circuit design
in autonomous control design. Through this study, it is
demonstrated that by implementation of PDCA into design
is an extremely effective method to cultivate engineering
technology education.

We are planning to start new project for student education
with implementation of PDCA as mentioned into several
engineering designs according to IoT (Internet of Thing)
field. Fig.15 shows a diagram of new practical engineering

education as IoT project course.
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Abstract

Recently, new technologies related to robots, IoT and artificial intelligence have increased in importance. As a

result, it is imperative to train talented engineers and experts. The authors propose practical engineering education through

lectures and experiments using sensors, actuators, microcomputers and robots. The purpose of this effort is to develop

students’ practical engineering abilities. We have brought the educational approach to two lectures, “Mechatronics ” and

“Mechanical design for robots ”. This paper shows two examples and discusses the results of this effort.
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Abstract

In regional revitalization,it is important to obtain the participation of various entities including universities,

region, government and NPOs. This paper describes how my laboratory of the university created partnerships with

local government and NPO, and expanded its field of activities. In conclusion, I think that the participation in regional

revitalization has educational effect on the university stud

ents.
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Abstract

This paper describes development of a semi-automatic conversion tool which converts Excel data into XML

documents using HTML form. In recent years, in order to make administration transparent to the people, government and

local governments are being released various data to the public using internet as “open data” . Although the formats of the

recently published data are many in Excel, it is desirable that it is also data such as XML and JSON when considering the

use of a large amount of data to cooperate between documents. Then, we considered converting these open data to XML

format and processing the data as XML documents. Conventionally, tools for converting to XML have the tools built in

Excel and the tools for CUI (Character User Interface) already. We made it possible to create XML documents with Excel

tabular format in two direction, that is, in the one that takes records by scanning in the horizontal direction that is usually

done, and the two that takes records by scanning in the vertical direction. In this semi-automatic conversion, data after

conversion for one record is prepared, and it is changed from Excel's CSV (Comma Separated Values) format to XML

format via Tab Separated Values. In the experimental result after the implementation, some examples were tried and could

be converted well.
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Abstract

This article explains the outline of IEC, one of the international standardization organizations for the electrical

and electronic area, and its activities. The author has been acting as a member of sub-committee (SC) 48D of Technical

committee (TC) 48. So, this article mentions the activity of 48D and the merit of standardization.

Keywords: [EC, international standardization, TC48, SC48D
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THFHUCIE 196 D E ( HABUFAVEKR L T A [E ) HiF
£9%. BHEICEERENDD, THRULGZHEL T
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T BICHID, FEDIE OERSAT T I HhHE S
Y ORGHHEZED TOTIE, TR B OHHe
SO DR TE 5> TLES. TD&X
IR S, RIMFLOE & @SR T TR 2 RGET,
BhE, (IHTZ%, H250ViE, HAKKERTEZ LI
PRGSO ELRERUC I T B A > 2 — T 2 — A2 1k
HTW5. TOMFIGESM A E2im L, Hitsbz X
> T3 DD EBEHELHEITH .

C OEPEEREE E LT, —E—HoRFEEZGL

Tt I CTEHENTWA DI, ITU (International

Telecommunication Union: [E F& 78 & {5 8 &), 1EC
(International Electrotechnical Commission: [E[5 88 <UL HESS

gi )9
BAEE(LNE ) THD. AT, FHEDLHDoT
W3 IECICTDWT, FHREME RSO L RS ER 7 1 &

ISO (International Organization for Standardization: [E

A, N U SC48D OREAE(LILE) & pEE & DR
EIZDWTRT.

2. IEClcoWnT"?

IEC DIEMHIALIIHEBU R TH O, A A ARGE 60
FEFEIE > TAEHENT, AEIEAA R « PV ax—TIC
H5.

IEC (&, ®5 - H TRk CBHEEAIC B9 5 FEE
MZRFEL, FTd2LLtll, RRTICHI @AM
Al B9 2 R S 2 BB, EE 9 2 T H 5.

IEC 13 IEC BU& DTG 2T % 728, [HBAREAE(L
F%BE D ISO (International Organization for Standardization)
723 U ITU (International Telecommunication Union :
[E R EAUEEH S ), UNECE (United Nations Economic
Commission for Europe: [EHMUNFEHZEZ ) FOEER
BB & B R Z R B RS iR 2 LTV 5.

IEC 1& 18O & 1976 fEIC I8 245 TF, 1EC &5 « &
THATTE, 1SO (3% DAthod T3 77 B 72 Th B i &

OEEMITRRY T WA T ¢ 7R,

T 443-0047 EHIRHEASTIEENT IR 50-2
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BT Eicixo T EREMCOVTIE, IEC £1SO T
TN NEBEELIEE) 2 LT\ ehd, 1987 4F 11 HI
ISO/IEC JTCI1 (Joint Technical Committee 1) &1 L 7z.
F7z, IEC & ISO & 1989 4T ISO/IEC S IZEH IR
ZFITL, TR Z O —)V 2 ak L.

HR BT THICE WV TIEC O TC(Technical
Committee: FZEE 72 ) % SC(Sub Committee: )R ZEE
2 MY LT RWnW o E R L 2 (2T % 72
I, EFRANCIEE L TV 2 ERHE LR R &l BN g E
ZAECY, SR LR DOBISIC X T v a dzT LT
Bl & LTRITTE 2T &2 2001 FEICHE L. Th
ICHDE 2002 4FIC TEEE (Institute Electrical and Electrics
Engineers: KEEBXETFE) LE T, HMEREIT
IZ& 72D 1IEEE & DA & 7a U, 1EC HIF&IC IEEE 1
dffEnB T Licko Tz,

IEC & WTO (World Trade Organization: [H5 84 iR )
75 RO OBUHEE & B IndfRZ R > T, D
oo, WA BT 2 /B DOLEMHICIEC L DS EE
BRI B LEHD.

IEC & Hb 1 # B, 61 Z &, CENELEC (European
AU
HEFH #2258 ), CANENA (Council for Harmonization of
Electrical Standards of the Nations of the America : KM &
SUBNTESRR S
Standards Institute : FUNEXGAEEEHERGE ) HFOBHE(L
B E LTS,

Committee for Electrical Standardization : K/

235 ), ETSI (European Telecommunications

21 Exm?
[EC ORIFRIZ 1906 FE 6 H26 H~27HOB Y RS
T, TAUN, AFVUX, 4£FZUT, A=AV 7T,
FT VR, F R, ALY, KA, HAR, N HY —,
TI5UVA, N)VF=0 13 HEORFRIC X > TEKEIM

FESEICTARIC AT DE RIS 2 HIE 9 % B2 HlE L7z 5Hic
HBES.

2.2 iARER Y
IEC I3 B T&% % NC(National Committee), N U4EF -

AT - FARBEBIE ISR A TR E NS, NCIEARD
BABR (BLERE, 1S, BUTER, ¥R, 1%

2%) ZRE{L TV AT EMEREINS. UN (United
Nations : HFEHE) MARICEDTWBETHD, &%
ENO | BTN REERZEDEN, NCE LT
IEC fRRDERZIFT, IECNIMHLTREICES. H
A, HARTEGEERES J1SC) AHAEDEHERE]
ELTERRINIMELTWS. ZRIFIESE (01743

HIERIT 60 AE) EHERER (F 23 AED IZ75N%.
HAREZATHD, FX0HEEZIH->TV5.

HEEARR T Fig. IR X1, #E (TEC D
HPUEBEEE) FTE2 (CB: Council Board), $#UTEZE SR
(ExCo: Executive Committee), HEFMEZEEZ (MAC:
Management Advisory Committee) , FEEE FIFIEE TS (SMB:
Standardization Management Board), E&MEREMGRESES
(CAB: Conformity Assessment Board), milZHkIgFEREE
(MSB: Market Strategy Board) mn"57%%.
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Systems Work IECQ

IECRE

Fig.1 1EC %X
http://www.iec.ch/dyn/www/f?p=103:63:0##ref=menu

HMEA RS LRSI E A & (TC: Technical
Committee) ZHFE103H D, TCH FIch S 0REE
2= (SC: Sub Committee) IX 78, 727 =4 )LV 7 (TA:
Technical Area) I 14, {E 3 27 )V — 7 (WG: Working
Group) & 546 5.

[EC DIZEIZ, 2B, 2EAM GiaEXEXAEE),
AIEE, UWBEHERRURFEHRETHS. 2RI 3 4
DIHTHS. 2EBRITHVTZHANZIHT, 1977
NS DA G221, 2002 F05 OEMIK (5
3010, 2014 FENSDIHIX G340 THS. HI=
E2HHIHARNIHGIK T 1994 £ 5 4 FEBED .

HREFER (CO: Central Office) FAA A + ¥ a2 F%—
TILEBINTVS. £z, IECIHEOMHAREIAANDOE)E
MFHEDTZHITLITICRT 4 DO IEC Hil 2 > 2 — 73
BN, ZTNZNDY Y Z—O & E%5% L RIRT.
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7 VT REPERIERIC 351 B TEC OFRAIEL M LT Y

7 RFPE-IE D = — RN S T il T — 7 > 3 v T

DFENE, 77 =Hh)AT 4P L LT TC/SC DHEHX
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(2) IEC-ReCNA : T — A X —

7 AU A > 2—T, 77V AT oL
T TC/SC D HEER SR 2T 5.
(3)IEC-LARC : Y >/8v 1

B AV AHIEIC I B TEC OFRHIER |, TEC ~\D
SR E 2175 .

(4) IEC-AFRC : 1t

77 AIEIC B B 1EC OFEFIE [, IEC D%
IR 872175 .
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IEC DB R % &, 2017 4 FHULA X 23,050,000
AA AT TV (CHF) (1 7538 114 ) T, ZOHE
NI, ZEOHE 46%), a1 YV T+ (35%),
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SRR, AEOERKBEE, ANONUCEEERZ
MEL TS, HAREWHE, 75X, FA4Y, A
FURA, TAUYAEFET 892200 AL ATFE LT
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2017 4F 4 AKTE, 103 D TC, 78 DRRTREZITHB VT,
AARADEEHEEEZBD TS0 12 T, ZTONRIZ
TCT6, SCT6TH5B. HEEHHEIIIST, ZTDOWNER
X TCTI10, SCTSTH3. EHEHEEDTII6FT
3EOFEHNRD 5N TS, EEH T RN
F& SC48D DEIFEHEZ 2010 5D TN 5.

2.5 BAICHIT S IEC XFhSHEE

IEC OMMICH =0, HAFISC (HA TEAEEE
HE) EETIERMICO I 2R & UTHRIZL,
JISC ZHARDNC & LT LTz, FHRE, B

AARTREERES (JISC)

=R
TR P A PE R DN BRI )
(M) AABUR s A T - B
IEC {GHhiEtE 2k TR 2B (EH
PFFRELR)

Fig.2 IEC [E N AR

BEEHINBERTH S, TENHFOBIRERZITS 12
&, JISC IZENDEER T ESTIT TC/SC DIEREMIE
ELTWA. TOBREZ I ANDEERDTHESOHRINE

BEFEOHAD, #IST S IEC TC/SC DRI EHEIT
> TW5%. IEC EAXHOHIKOME Z Fig.2 ITRT .
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EB AR OMEREE 7Oy 2 7 b e U TH ST
N, 7 DDORFEERBEDTRN TR GEENED SN S.
RS CRESCEMERN S NS, BRI TOXISEE
Table.1 IC/R9.

IEC EFEIE RO FIHOBELIRD K 512> T 5.

Tablel 7Tz 7 O & BECH

PR PPN mERE

2 B
T BEb TR H PWI
TR BrEGHERE NP
VERR B TERRRLZR WD
ZE DB RERIARE CD
HEENET BENEESRE CDV
TR B B EIBR B 52 FDIS
FEAT BB [ I

(1) FE%ELRS

REINTENPICHLUTHYTZ TC X/2iE SCOP
AUN—IC X BREMNMTDONS. AFIKIE, P A N—
D23 LLENERL, B ULIEP AVN—D 5L ENT
OVl MCBT 2T ENRETHS. NP EKRHH
FEER DL L 75 5.

TTT, PAYN=LIFTCRSCIIBMT R L%
FIHL 7= NC T, TC/SC NDTXTDFERRANDHIEE
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JELIRWEWIT R, ZHICHLT, 0 XAV3—1F, X
HOBURZZT, TRAY NOFRH & iR A\OMER &
o, L0oEVDHS.

(2) VERCERRS

HYF 2 TC XUE SC D P AUN—DEHT B TF A
IS— R WD Z{ERRT 5. WD OEBIIHREP A VN
— D23 LU LOEENRETH 5. FEESD S 1 4L
AHBHZ L IR> TN 5.

() AR

TCXIESCDOP AYN=KT O AVIN—=DNCITX



5T CD DM 1hbN 5. AR P A N—D2/3 L)
TFORENRETH L. BIGELN S 2 LN HZ L
ToTW5.

(4) MBS

ZAEZBRME 2 L7 BIgERIE, co (RRFEHER)
MEETONCIC CDV AEffE N, KECIMTFENS.
FNCIEERL, K, BEOWI N ZHGLT 5. B
FEICBOTE, MELOHEMWARAZRIETESC
CILE> T 5. MAEBRRBEOAERRICIE P X2/ /3—D 2/3
DLEDERE, KNDREERBD 114 LTTH B &N
WETH S, BBESENS 33 HADNHZ > TV 5.
C DEBEDHRKGEMNE S S 5 FTHELEWERIE, FiH
EBSICELRL &R 5.

(5) HKREERRE & 71T

HAGRERMEClE AT O NC I FDIS Al &, REX
N3, FEMERTERINIZS IS ELTHRITESNS.
ELRMND IS ETOWRIE 36 WA L ENT V5.

CNETOHRFRITORZ RN EE LT Fig3 I
N

2.6 HAIZEMERE (JIS: Japanese Industrial
Standards) & DESf%

1995 4RI PG ESEA K D JIS & IEC 7% & O [ BB
LT EZEMDHE N, ThZEZTT, IS
IEC 72 E OB ORERZHEAR L 350, ENFETES
LaWEa e, FICRMIZ ANS R E L Vo TG
LEET S THIRDHENZRD LS IR RTEHT L
IZx -7z,

(1) Identical (IDT)

RIS 2 2k e UTEFBRRICRHLTWS. &RIK
FROME EOAFRLINIET—H LT3,

(2) Modified (MOD)

FEERRUS 2 B U CESBSICRI LT 5. [EEH
1% & DHEATHT N K OIS O A D 25 B 73 s B PR
T, PRI S N, D, B E N T 3.

(3) Not equivalent (NEQ)

B EANHIPNE K CRERRIC 35\ T RIS &[]
HETRW.

HAKRAS 20 Web VA MMEHIC K HUX 2016 £ 3 A
IR T JIS DFFTENZ 10,542 TH B 7.

New Work Item Proposal (il BRE) NWIPX#
i
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Working Draft.”Committee Draft¥Efk, Bfi WD/CDXE
|
b
|
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ﬁlg
Final Draft for !ntenatirna] StandardfERE., &2fi  FDISXKE
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3. TC48 &U SC48D

3.1 Es®

TC48 (%, 1954 FFICE Pl OBBERRZ L LTH
U TC4 DNEERZRFE T S, [EFHEDE
TR (Electromechanical components for electronic
equipment)| OFINEEZE LT, 1961 FEICHEEL, #]
ZHM 1961 4 6 A, Interlaken TR S Nz, ZDIE 4
DD SC IR E > Tz,

SC48A 1 FED Y 7w b LA (1977 4
10 A fiRHO

SC48B : 37 X —

SC48C 1 AA v F

SC48D : T 1EEE OGS (1975 4FFE)

1992 4£1C, SC48D D R A K %2 S 9™ 2 il i
5, TC48 DEA RN [HE LB DOMRME & E T
FEAET N, (Electromechanical components and mechanical
structures for electronic equipment) | &2 Uiz, 7z,
1992 FFICIS FEIK DB M 5 E 2T % T LD SC48C %2
TC48 X DAL SC23I(EEM A A v F) LRIG L.

TC48 DEB RN FMNIFIET 2 DI LWV 5 FHT
2013 41T Electrical connectors and mechanical structures for

electrical and electronic equipment & AR E N7z,

SC48D & Bodahl-Johnsen XY 1975 4FICiEE & LTk
EURE LT, BMMEE LTA Y FRN—ADBIE
(IEC 60297 2V —X) Sefrof T, KO FTA—MIVHR
N—Z DK (IEC 60917 > U — ') A 1988 4= Modular

order Bifg & U THRITES NIz, L%, A—FILRZEAN
— A BAV R A E RGBS 1EC 61587 U —X, B
NZREEE I E A DG ERBI IEC 61587 1) — XAHBIK{L
ENTe. EHIC, BWMIEN T A V2 —T 2— AN 5,
F R E F E AR OB 9R I P BRI, i



FER D EI M RERL BRI D MET N\ & sC48D & LCHH

5B IET TV T2, 2001 4 9 HIC Bodahl-Jonsen X
DETDORITE LT Wallers FAY SC48D #EICHEHUT L,
2010 4F 10 A H DY SC48D sk EICHET LT, HIEIC
FoTW5. BHIESC48D I3 DD WG ZHL, THIC
HRUCHUS A > 75 > A e F— L 2017 4E D[
RERICTHIE LTz,

SC48D D P A 2 /N—®D NC & 10, O A > /3N—D NC
317 TH3. HEBRREIFAYNCHHSTNS. P
AUVIN=L O AVN—DEHFBFHHIIRD LD TH 5.

PAXYN—IT CHTORFEDDICHRHE NS RE
CDV DR U FDIS IS 2 REDEH ZH, =ik
O HESEEEBICREMNIC ST 5.

O AVIN—1FTH—N\E U TRHEHNEOMRNEZH L,
EESEORAZZ I ER 2T 5.

BB, PAYN=LLTHMLINC Bk L TZD
HEINANERTH 5, Hiki L T2 ED TC/SC RFEND
SNz Rs, HREICH I NRIFICREZEIERS &
W T2 A, dEl T 2 IEC SR EN NC IS LTS .

WE 22 TE TRz NC ARG R0 & HEIIC
P AUIN=I5 O AVN—ICEFEINS.

HAE N D TC48 S U SC48D DZEE &I T BEY
2N OB EME B R KR U NEE R YA
JSL Tz, UL, ZahETEREYR, ETHER
WEY R EET ZHT, EEEHOMEE LTO
2 ANGEGRMDE T D, TR 11 IS HARE R 3
23 (EIAT R 12 FICHARE FTERBG 2 A0 L,
BIE B I HEN PEE 22 (JEITA)) A TC48 BTRD AT
K& 7257z, SC48D DEINZE B EIXFHET IS, 4 11K,
N, RBINERDCNE THSTETED, BifE, Bt
N2 BOENEZETEIC4 REEEREBEmE LT
W5,

3.2 HARIEDREFRU BRI

SC48D MBI RIS E 21T > TV 2 Heffi /01 K U B8
%9 2 HUELER F LT Table 2 1R .

SCA8D ICIE 3 DD T—F T T )—7 (WG) HH D,
WG2 & IEC 60917 72 3EA &5 % BE AR D BERE S 1 5 D B%
BESLARE, U IEC 60297 & IEC 60917 A LT % RN
DFE 125 E H E RO BRET N U BMEASE 8 1% 75 £ OiliiT
i, WG4 X IEC 60297 25 & U - (KRGS DO AE
PRuE, WGS FEARNGAMERERHE, ZHfinEre LT
W5, THLMCLUEGE WG3 W b, B/ EEE A ER
ORMERE LB AL THh - 7. BIfEE, WG3 I1375&<,

Table 2 SC48D MHIKSALICHL O FHTS iy 70 17 & BIFRHIR (2017
£ 8 FIRREAT )

Project Reference ~ | Title [~ ] Wi ~|
IEC 61969-1 ED3 Mechanical structures for electronic equipment - |MT 1
Qutdoor enclosures - Part 1: Design guidelines

IEC 61969-3 ED3 Mechanical structures for electronic equipment - |MT 1
Cutdoor enclosures - Part 3: Environmental
requirements, tests and safety aspects
Modular order for the development of mechanical |WG 2
structures for electronic equipment practices -
Part 1: Generic standard

IEC 60297-3-110 ED1  |Mechanical structures for electrical and WG 4
electronic equipment -Dimensions of mechanical
structures of the 482.6 mm (19 in) Senes - Part
110: residential racks and cabinets for smart
houses

Mechanical structures for electrical and WG 5
electronic equipment - Thermal management for
cabinets in accordance with IEC 60297 and IEC
60917 series - Part 2: Method for the
determination of forced air cooling structure

IEC 60917-1 ED2

IEC 62610-2 ED1

IEC 62966-1 ED1 Mechanical structures for electrical and WGh
electronic equipment - Aisle containment for [T
cabinets - Part 1: Dimensions and mechanical

requirements
IEC 62966-2/Ed.1.0: Mechanical structures for  |WG &
electronic equipment - Aisle containment for it
cabinets - Part 2: qualification of air flow, air
separation and air conditioning reguirements

IEC 62966-2 ED1

AT F U AF— LD WG3 OO FIE DTV
5.

EEREE U TRITEIN TV S HEOEIL, WG2:
15, WG3 :3, WG4 :10, WG5:7TbH%. ¥TENnT
WA SRR £ LD T ERITRT

3.4 SCA8D #ig L EH L DRAR

SC48D TORUEILDIEZENEFIZ, 1EC 60297 KT IEC
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HEEORLREE E LTI, Figd4llRTKo7% 40T
TIVHEA SN TED ¥, ZTORARZIX, Fig.s IR
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TR, Y TIv o, FrYExv b, MEETHKTE
CHBEVIEZICHDINTNB Y
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