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Abstract

To develop the photoeléstic experiment method for the orthotropic material under pure tor-
sional moment is the main objective of this research. In the development of photoelastic experi-
ment for orthotropic material under pure torsional moment, the important problems and their
solutions are the same as following. In the model material for photoelastic experiment, it was
found that C.F.E.C.(Copper Fiber Epoxy Composite) can be used as the model material of
photoelastic experiment for orthotropic material. In the stress freezing cycle, it was assured that
stress freezing cycle for epoxy can be used as the stress freezing cycle of the photoelastic
experiment for orthotropic material. In the slicing method, it was found that the negative oblique
slicing method can be effectively used as slicing method in 3-dimensional photoelastic experiment.
In the measuring method of stress fringe values and physical properties in the high temperature,
it was found that stress fringe values can be directly measured by experiment and physical
properties can be directly or indirectly by equation between stress fringe values and physical
properties developed by author. In the stress analysis method of orthotropic material under pure
torsional moment by photoelastic experiment, it will be studied in the second paper.
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(a) Orthotropic material with unidir-
ectional fiber
(b) Orthotropic material bar with longitu-
dinal fiber
(c) Orthotropic material bar with tran-
sverse fiber
Fig. 1 Orthotropic body under moment
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Shearing stresses at the points P, P,
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Longitudinal shear modulus of orthotropic

material with unidirectional fiber
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(a) Shearing stresses at the points P, P,
and A

(b) The relationships between shear
stress and fiber direction at point P,

(¢) The relationships between shear stress
and fiber direction at point P;

(d) The relationships between shear
stress and fiber direction at point 2

Longitudinal shear modulus of orthotropic

material with unidirectional fiber
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Fiber direction
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(a) Isotropic material bar

(b) Oblique slicing method and negative
slicing method

(¢) Slicing method for orthotropic mate-
rial with transverse direction fiber

(d) Slicing method for orthotropic mate-
rial with longitudinal direction

Fig. 4 Slicing method of the shaft under pure
torsional moment
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Oblique slicing method and negative obli-
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Table 1 Experimental £, G, and theoretical G; from equation (4)
Mech. proper S.F.V. Experimental Experimental Theoretical
Vy (%) Fiber direction G;(MPa) fi: (kN/m) G, (MPa)
0 Iso. Mat. 29.4 0.28 29.4
0. 14 X aXiS Gyz 3025 fyz 029 Gyz 298
z axis Gx 30 Sx 0.285 Gax 29.2
06 aniS Gyz A 31026 fyz 0295 Gyz 307
z axis Gax 31.34 Seox 0.29 Gx 30.27
1.62 X aXiS Gyz 325 fyz 0307 Gyz 3169
z axis Crax 31.9 fzx 0.296 Gax 30.51
382 X aXiS Gyz 34888 fyz 03570 Gyz 3606
545 X aXiS Gyz 3626 fyz 0378 Gyz 3755
Mech. Proper : Mechanical property, V; . Fiber volume ratio
S.F.V. : Stress fringe value, Iso.Mat. . Isotropic material
€ 77 0.5mmeb 0.8mmolch, $8 ZaxA £, =z Solw AF wge FA AT AEsHE
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AR fo Gme foo Va(BA 7b2ebgdA$5 $3 '+ Theo. Val. Gyz of CF.E.C. with fiber along x axis.
5’:—%‘7‘] i]' i'“;&l‘ H]%) _%___g_ HLZ“ /l‘. 0” EHO\;] '3]—01‘ IQS 0 :Exp. Val.GuofC.F.E.C.wiﬂlﬁbcralongzaxis.
" X X itk is.
SlEMo T Gyt otk oledh HEE Table 1 Theo. Val. Gz of CFE.C. with fiber along z axis.
o] 1‘“/‘]549\15]‘, Table 10} 4 _1_!/_:\_0] /“J_ﬁz_.!_g_i Gy Exp.Val. :Experimental Value
T3 Gyt ol2d o g 3 Gyo ojud} 3ol n m.QOL Theo.Val:Theortical Value
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The comparison of experimental value

with theoretical value of G,; under high
temperature (7 =130°C)



432 g A A-

4.2 FHIEED) &Sl RHEIBTE

2 o Fo4 = (molding)® CFEC ¥
(Fig. 1(a)) 3 SHAA £58& 283 2 o
ol g AHE Azt o|FA A A
< &4 v EE zulE Ao Ao d4FE 7}
FAA 28 54 Aol Fo] met $HE A3}
o, o)A FAY A £ Aol At B
o] BYETRES BUMES ALl Axdsidoh
2o ghde] xZ3 yZo] iAo ohd Aol
BUETED AMEstEn B9 whde] xst yFol of
Aol ASolv BY BUMES AL36d. 4 4
So we} AFEY AHE o-BEYZERF FF
3} 2} 3 (paraffin) (44 ¥} 1 1:0.585)2) &34 o
Eo] Q¥ F2 o Y o] 25 FHY Hu
A APAA ] §F FA Aol FA s AL F
AA A& Fig. 99} e},

Fig. 99} 544 %59 3% 24L& 74 44
2y wlo) A s}, Fig. 99 (a)~ & 7 =

= 7Sl BUMTES Ko FIEES A&l
de 44 Fxoln Fig 9(d)& 3ol uwhgfe]
ulefol 7 Blolw] 7L 0.25mm, 3o]¥ X
(P& 5mmgl Y8o] ¢4 vEY muled g
o PUIETET o) RUIETEE AR L F
A Fxolch, ol B Fole lolth olFel
A (b-2), (c-2), (d-2) & &Y PUHES
Abgale Qe B4l (a), (b-1), (c-1). (d
-1) 52 POETES AEsle] e BAA FH o
t}, olWl g, d, ], Mz 5 A7 AoAYe A
o] Zo|, B9 27, B9 Aol W z2FZol WY =
dEo|ch FubdAly oA Aol 5 e FILIET

& Agsted Q2 S FH7L RiErzke) 9
g A FH 3dx JQ A9, 53 o
AA NN E olHT Aol Tl 2z o
wAAel 7Sole Ko BUIEES AHEsE Al
o fEE et

Fig. 10 A 443 »d-g 713 3ol &4 ¥
£ 2aled g o 3 Aabel] DAL Ak
2] o] &x®9} Fig 9(a)olld A2 AYAE
i Rold), FelY] AFFRE o4& W AEsEe
A t/Mz=f/2:0N/ono A & & Azt SHe|n
£ £ =X A, IN/one FHeb FH Aol
WA ahgkol) g Fx W3E Jehlls Aot
Fig. 115 Fig. 12€ 774 AA4Y wwdis Ao

b

kS

d

Oblique slicing method /=174mm
M.=0.539N.m g=34mm

(a) Equilateral triangle shaft

(b-1) Oblique slicing method
I=156mm ¢=28.33mm

(b-2) Negative oblique slicing method
M:=1.078N.m
(b) Regular square shaft
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(c-1) Oblique slicing method
/=160mm 4 =40mm

(c-2) Negative oblique slicing method
M:=1.617TNm
(c) Isotropic circular shaft

’

(d-1) Oblique slicing method

(d-2) Negative oblique slicing method
Fiber dia.=0.25mm, Fitch=5mm,
{=160mm
Fiber direction=axis, d=40mm
M,=2.695N.m

(d) Orthotropic circular shaft

Fig. 9 Fringe patterns obtained from each slicing method
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Fig. 10 The distributions of shear stress for equi-
lateral triangular bar of isotropic mate-
rial under pure torsional moment
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Fig. 11 The distributions of shear stress for
square bar of isotropic material under
pure torsional moment
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Fig. 12 The distributions of shear stress for circu-
lar bar of isotropic material under pure
torsional moment
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