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Abstract

During compression molding of fiber-reinforced polymeric composites, microstructural
changes such as the fiber-matrix separation and the fiber orientation are occurred by
the flow of composite materials. Since the nonhomogeneity and anisotropy of composites
are caused by the separation and orientation of fibers. On the other hand, the separation
and the orientation of fibers are inseparably related to each other.

In this paper, the degree of nonhomogeneity which is a measure of the separation is
obtained using one-dimensional rectangular shaped part compression molding. And the
orientation function is measured by the image processing using soft X-rayed photograph
and image scanner. We study effects of the mold temperature on the degree of
nonhomogeneity and the orientation function.

+ o] =& 19939 E AR GedTE| e AYE el ATSHAS
* AR AWNA TR, 471AFF T d7AE

o ZANGE AT gs, SEIASE FHAE} AT

wx IEIOiES 71 A A, AUAHY 9 ST AFAH

—123-



306 ol B A G- ]2

LA B

Ha, % ARFAME FIAMFvieEs 7
stz gtn Eg2EE 2R 3 dH4s &
ey nEA ERARE dtay $AE B
AMEZHZ)E o Q7] wWiZd A4 o] Lo
Vel F&EE v o o] EdAsE=
ZERIFFE/AE) 2 AP @AAE/ LR
1 Ao Hojuw F&e vls 20~50%
Az FFE AL 5 Yt o] B F
o 7= AFFs AsA 27He 4F EEL
AzA RS 23 oq 1 %7 HA &
ez o

78 2R BFAE9] HAPY FoAAM
72 ZHPx AFERL AAE §HEAA 1A
A QP83 Ao, oy {FEEHTA 93
Afok 2AE Bz wAsm, WA @
Afrujgde] veldt ARAHoZ xAE EF
ARz olAdol Hol AYFY JAH EA
o A3ke nlAA €l ol ZAY] AAd 9
SME FE WAL, BEE TN YT
Zd 9IME FgF& Bt

1 ZPx Y F AYEY 983 AL
BAAA Afel A d&da Y7 i &
Aol AT JEzA g% FEAE, A
T 2L AFEHE 58 A § "ast Yo
weta A Qg AE AHAASE A8 A
Fo Aol, 458 Z, fEdF EY YA
A 5o HRTrRd I9FE vHe AdA ¢
Y dxE&E FH2E Fo AHA¥zA d
2al-uge 93 € "asl Ik

2A9 AR B2 2 A/ sz a3
AEZHAY ATE BW, Hojpo"™ 5& a9
A+ (solid-liquid two-phase flow) ©|&o] 24
sted 2A9 Afe FIINE YEE B
BAAE fFEstn BYAs AdE E9EA
o &n®® 52 Mg WFL FPAYE o
R e I K =

YAEP®e gdxzld st 4T
BEEAE Aen, A9 Mgy FMH
o] AS 5o o&EdE Aol olal e
oL W £ AHAE ANEE ALY
o] #el¢ Wi Wl o} M= EIiES

A7 gled, P N2 AABAT ULS
TEHAL®, FENYY NeA} ¥ B
Age - FBAGFo] HAE ez
ole] Aol B AFNN PHAolst A5
ABASE ZARE n@HYI, 28m ¢
2489 a7 nEx 2gwe 44 w
7+ X2 oA FEHe FUE 1)x
E Aadaes et gk ds wx
391" FRTPY =gz Agd N BT
BeA5E 245 E e Asant?,

a3 AR73E Qi 18 BdA s
F2Agel QoA 2wk nE FPL
=9 o] B 7= obA Arh

B dFgNE a7 nER 2¥AaE
GEHRY o A4 = B 2 HH9
o] NE FPLE gPe 2y 9
st} FHo] LEE WINA HPIh olu,
2AG Afe 2o dsA o HE HYE
o BFAANL Vel B2FAT 4o
e e JdelE MBESS A 2o
Wake) nlxs FYLEY o) UE A¥A
3}E AR}

2.0 g

2-1. ¢&=H| Y HMREREY|

Fig. 1& A#73 n¥x BgA59 Zgx
A& P dolA Bl ulge] BAE 2o &
gxoz nAsy) Hetd A4E 08 AU =
d2e] AFzolH, o 7re Fig. 28 o] 1
A WRRYeE Ao dsd A A
829 55L& UYL 743 do|Fozw
HA 3td 271FA hE h7A ¢EAHT A
$2] 424 R 42 BEE

-1- -0
Rer = 1 h, (D
E, A4 2™ A@)e o) Rt
- G
Ay = U1 (2)

A7NA gt ABAY TF ARFERE, o= A
FF9 FF AFdgFEen

—124—



A47s 28R RYARS F2AYe QAR Pl WAL FYLEY 3% 307

U

< A

e OGO CEM
e

A .

-
"/ 7 / f=——— Adiabator
T —2—“0--0—0?

Thermocot lplp[

> Heater

——— Adiabator

T

=

O s O et O wmm— O E—

=
0

Fig. 1 Schematic diagram of experimental

apparatus

7 777, ///l/ 77777777777
B B

Flow front b 4“
)

Fig. 2 Nomenclature for compression mold slab-
shaped part

—125—

2-2. Mw uigEs { ETEL

SEAYE o Bal.wake BAS sy
daie mAls Afe Eelol A ofr)H
= 2EAEe Ao wgdHE JYelie 4
F ERse] 2o WA

Ae MgRdeE LmEY Sol AL AL A}
g3, A4 WFde] BIERL Fry 9
ste] o9, oju), A FHGAL 5
HEA NES FFAEE BEL J|Fdd 23
ek,

s e HYEe FAs Z3 Pojd
Hlatel Wl gky| dEel ARE 239 ARA
24 HFHL x-y FALe] AHr ¥
e A, x5 olFE AH Mg & 0<
o<re Wl ok A4 wWFNEANE ehy
= A% WEggs Jo A% HFLEE ()4
ol AT gL BAA A
Ly oo v 2 sint o1 3

1+] 1-]

ao) = LI
T

o714 J& 24 AR WPAEE o AR
oy gt

Fig. 3& 2/(3)9] A& gz oo 2 d+
Zolste]l BAE Jebd 2@t H7]A A
Aol AAAF Sl dF Adf H
gzt 0BFE e AFZolge] uen. ]
gl Aol wjge] @AY A% J=0,
Aggezw wdsH e F¥E =109,
J=19 W s 90° HH Holgle A¥=
j=-1¢] q_(ld)'

Af7As ngA BHARE Fig. 29 2ol
AEAEFY AHE zA, ZAE dA= &
DAEGFE dFe) PP " FESER
A eJEiA Belst A7H, oz dstd HYF
& 2738A dd. EFAEE Hojo® Fol
e A Argstn, EPzZzdds A=
AN dadtel 24 HHRhRene 2E2Y
] Fach
Fig. 45 ¢454% ¥ 4339 A/¥we
2EXE Jeld @& delny, JREHE BEXC
A dfe Bl o8 AHHY FIHFE
e dPARG HHERee) 2x 4PF

x

o



308 ol F /¥ AAG -] T

FTYWAN Boz T 55 Aen” F 2
dzb st 4E £% 49FL 2R H
ol 2PN AaREe] Fdo] o A Aok

e EEXEZH Qulavge, ari B8F
T2 AR, g APAY FF AFEH
§)8 228283, Hoxsyd oA Al
cl, ¢y c3B TR F A WAL AXlsie &
FAT e A go] Roa?,

I = AbAe 54 /B 4)
10 Orientation principal axis
<
2 04k
gc) J=1
5 0.8
£ 0.6
o 0.4
=
§ 0.2 0.2
o ,
2 0
Z
;___’/ %
0 — E

-90 0 9
Orientation angle 8 (degree)

Fig. 3 Distribution of relative fiber length
according to the fiber orientation angle

Qr = C¢ + CX + C3

»

o

o
wn

Fiber content ratio Qx

()

Distance from center

Fig. 4 Example of fiber content ratio and
distance from center

A71M re Fad sl BE 48F +4
EFEY ZHolo|n, 044 1Alell v 0

9o
ARYAW HPES FAo| A Dok

2 |o

2-3. 55

2RV A% WILGEE 33999 BE
S0l tistel A7) HEd] HAAt A2 %
A AR de Ad, F A+ s SuE
AgE £ e 490 4% WgdEzs 7Y
& itk

Fig. 5o Y&l vpe} 22 AX-4 Alzle] w1
2REe 2dd dis] ARt of 2PN
AL BEol #edfoln. AEF wiRE
FHARY) FHEERY FEAI g AS()
T 3 FERPAE FAgo] gt FxAUL
e ASb)e e SR wgoz Wy
o] itk FEAI o & A WA #
gy AR = k. Bz F=ast 9l
e A sEA0 Q8 Y& Wz Gue
g & gk

AR e FmalZ sdAEE o EXe &%
A(edge) HE2 Fig. 691 e} Sobel 2 3o
H%2 olgste F4 Fax(os sadm
AR 4, FALFY w52 4H, 4VE
Ao, 1Fgsade) FEA 4GE &HAE
A2&3o, 4Ggte] Thresholdgt Bt & H$E
fRHoz F®

(lAHl2+|AVl) )

4G =

(c)

{a) Slightly orientation (b) Medium orientation
{c) Highly orientation

Fig. 5 Model of the minute part of the soft
X-ray photograph

—126—



B35 22A BN FEAYel 2o 2T il vIAE FYLES Y 309

E, EA &FAYE 6= HE)F 2T

6 = tan ‘(—j——)+—g+ 6)

M7 B BYARS A% WYnEE
L odX-4 AR FEARE ol g3t Aol

E , k=012 n-1 (7
2N, )

7|4 n& 0<g<7r9 E¥Fo|8, Noke
(k-1 7/2n< 0 <(Zk+1Dx/2n9 Hl Aot
olg} Zo]l H(NMZE AT Hp(KEFE i o)
FZAEXE FRH

2 Agel AZAM g9 #HAE 10°0)x, A
X-4 A2l FEARE o]83d A A
FEE Hp(W=FREH A+ oisgkgs j& 33
H AEES HAf e AEE ¢ 5 9
=3

I fi-1, -1 f( 1, j-1) f(i+1, j-1)
fi-1, i) fCi, ) f(i+1, j )
f(i-1, j+1) f( 1, j+1) f(i+1, j+1)

Observation pixe! f(i, j)
-1 0 1 1 2 1
-2 0 2 0 0 0
-1 0 1 -1 -2 -1
4H av

AH = {f(i+1, j-1)+2fGi+1, )+ 1£3{+1, j+1))
-{f(i-1, j-1) + 2fGi-1, PD+£G-1, j+1)}
4V = {fi-1, j-D+21G, j-D+1£G+1, j-1)}
~-{f(i-1, j+1)}+ 2£(i, j+ D+ f(i+1, j+1)}

Fig. 6 Sobel operator of 3X3 piexl

34 o

AgAge ujF AZDELAL AE(RA : Zg
299, ZF3A - fFHZAFIE)H, A H
= AR ASA JAA Jod daEsee
40wt%, F7 hot 3.8mmelx, A& 2 E&
zzygde uEFE Zz 25kg/cm’, 0.9g/cm’0)
o},
AHe ZAe e 2 uige A48 93
o AEE 60mm(F)X70mm(Ze])x3.8mm(F
Aye] ANZAYFog HAdsle APHOZE 3}
ot = F3 Avlge e 60mm X 400mm
ola, B3 2=+ 19T, ¥y 2= 20
T, 60T, 1207, 190TC, 4= €5+ 24.6mm/sec
olt}, 7IFAE 08 FUYZHALE AEEH L
9, Fig. 13 Ze] g3 dAHYE F3A7
I, 7t4e & 9 B 3HE A 4EA
el X AR ZFL Fig. 28 2o}
F& T4 dolwrgro 2wt 5 Y.

A e ol && ojulx] e A& Mol
I J&A GT-4000Veld, SAAEE 400X 4003}
Zoli 184 E 1/8mm X 1/8mm, FEAZE 8
E(gray level: 256A1Z, Z(black):0, ¥ (white) :
255)0ltt. 18]3 AX-A(soft X-ray) #9592 ¢
£ MIKASA MAMMO Graphic System2®
ARG o, 982 dE FAA AEFMI-NC
o]8 8 X-ray ¥&, 180mm X 240mm)e]t},

EXAZE FE7] A% APHEY dAxe
Fig. 781 2ol AdHe] FYPHANA xFE g}
A 712 10mmXx A Z 10mmE AMFHsIe] A7z
oA ZZz=gdAL 620TAA 3087 719 «
233, dx AFe FAE AY HAAAE
(1/10,000g7+4] ZH)2 &A% d/8F& &
ZE T E, AF wgds JE FHI
A8t Fig. 734 2ol 4¥F9 Ze] BL2A A
< 71E3Y 50mmX50mme] 4L szl
oz AF WEFds J&§ SA3A.

Fig. 8& F¥X 120T, ¢34 064, M
uiabghs 0380 AW AX-H AR Af
ujakgteele] #AE Jeld & ool Fig. 8
9o (DARHNA AL BEL ZF3HAA KR
oli, & Kol BAU EJZ 2o} AR

—127-



310 SR R

82 B/2 I B2 I B2

Fig. 7 Specimen for the measurement of
tensile strength o1 and o, parts for
measuring fiber content and measurement
area for orientation function J

(a) Soft X-ray photograph of specimen

015+

0104 nyK

005

[ ] 1 1
-90 0 90
Orientation angle (©)

(b) Fiber orientation function |

Fig. 8 Soft X-ray photograph and orientation
function of specimen (T =1207T, Rer =
064, J=039)

—128—

o] 7t REo] H¥EF HFFETd &gt
T B%l HolH, o] AL J|FoE 2, AR
Zr7} 50mm 9 9& A s Afe wgd
(& ujEss J=038)2 ™)l JERIY
=3

Zt Mgl A3 5983 542 Polymer
LaboratoryA}¢] DMTA(Dynamic Mechanical
Thermal Analyser-MKIDE A}83l &243lYg
k. 327171 3mm(W) %X 2.35~ 1.2mm(T) X 25mm(L)
Q! AlPHE -25TCoAX 7HEE&% 4C/min2 &
o] 180C7A] ZA AT dPxAL AEFE
10HzZ 3%, 48 &2 12 3o B3 A5
HAZLS AUt

4. 43t ¥ nE

AH wiggeed BFARE F37) 9%y
FdZ 2o AAQA ANEE Yu 134d HE
AFANHE HAEHG. o] HFEL HH w3
e HAYELS AX-4 8939 d& Ale
2 gAEstn, EFAEE Z9zZegde 4
238ld YHgae BX=Rg Fago

Fig. 95 A+ wiggsot 4Svje] FAolnt
o] A ¢Fu7t 2W 45 4P EFY 39
Fo] AANEZ A WIRr Ut AXL, FEL
=7t € 5% ARY fFol & sHo AR wiE
g4 7 g ¢ F Ut

&, A9 89 2&EF S 2%49 190T
2 A& FF 4FHYel IPYHE Y
227 4R gong 5880 ¥ &
An F9 ANERAAe £A7 F F5 8
< 4 F 9o a3 229 2AE L=}
$e Yoz 4FAHEY 1A% Y HE
FoA ARE F43 B¥4Ho Ay tiF A
o] AN AT FHe L7} 2od A2
7} B o] {FEAFe] FrhEo WHo] & <t
48 ¢ F Ak

Fig. 10& E73x9 45u)9e #A ol
APHe B2FAEE age] vehd niet o)
G=u)7t 28 545 AEFUY dFS 2A
ste] Bz Qe ERAXI} o3t FUtge
4 = 9t} o] A AFHIZF E5E AYEF



A7 R BR8] b5 H el gl - wlEd vixe FHLE

Helgko] Axog, AEgEe Eadres {E
Aol “ﬂE:rL?ﬁ?} UEnAgsEo] M2 e 9A
of gEExe deuue s A dge
oS %.} T ot

Fig. 112 <t=u] H3le] & 45 g
8 Y LESY Ao °) agAA AHY
HEgrs #8eR7 B 4E7 848
FhEge 4+ U3, %ﬂ&i%@—l 4L
ok 176TColnZ T2 448 W %S 4
A FHEA AF A 2 E4E TN
Ael FHLEE & ooz KAt T
o it

Fig. 12& ¢35 Hgo) ug Bgdxe

259 #Aelth o] adeM & F de v
9‘} Zol BEdArE 43yt 45 AEEJ

O
B

E i.( E.u

o] el 2A%e 22 QlEe F48E o
2 otk adgan Felzsdde dudex
‘; 0671 AT= 20T

O O T= GOC

S g 13138% v ¥

§ 04 Dv o

C v

2

5 02} Va °§‘§

< o A

&

=

O b ]

1 . 3 i
0 02 04 06 08 10
Compression ratio Rer

Fig. 9 Effect of compression ratio Rer on fiber
orientation function J

o
w
-

|

A T= 20T
= 0 T= &0TC

O T=120T
Eog_v*r:rgo‘c

A o

w 01 ngqn :ﬁ
% 0 L A 1 1 "]

0 0.2 04 0.6 0.8 1.0
Compression ratio R

Fig. 10 Effect of compression ratio Rer on
degree of nonhomogeneity I’

Lo

<43k 311

(185kg/em®)E 52~60Col 3, FrelAdf vt
Az oA oA, BELEANE BE 4P
HR] G$EE d ¢ U

Fig. 13& Eaﬂi—J FYex W) e 3
o NigEgre ABEFY EFEAEYY #AE
> Vet ago2A AF wWEgest Fote
H Epder F4A%E ¢ F It AR
DEA HFABE FEAHE G 9 = B
g whgko] WA T},

o] 5o 2AdnE AE H4EHe W
of W& BFAE ' 4& WBESE J4lold
718718 iU 73y 15 52 &
At AFEH& 25wt/°l AS$ I'=0.80j], A
FEHTE Owt% AS$E r=08Jolx, £l
WaEe Mz AdadAst %lu £ Wi

ty o

AH7e A BRARE FEHEY 9 1
206 5 a-om

5 D R.=053

'{-; A Ry=064 A
= 041 é o
s A (o]
c

2 a o o

5 02F

= o (o]

@

O 9 ] 1 1 [ )

0 40 80 120 160 200
Mold temperature T

Fig. 11 Effect of mold temperature C on fiber
orientation function J

~ 03
> ’I'OR:=044
i 0 R.=053
A Ra=064
0.2}
A A A
30.1- o i8] [a] o
g o} o [0} O
ol

0 4D 80 120 160 200
Mold temperature C

Fig. 12 Effect of mold temperature C on
degree of nonhomogeneity 1~

— 129~



312
PoA & F YRol FHLEE BEFF ¥H
o] o] A=y FHLEI FotArF Al
ol we BEAEY gol FEE ¢ + Utk

Y E) F5YE IFAE oY FELFY
zpra AT orsbe] AFFEME F317)
gste) A HHL Fig. 7% Zol AFP T UF
AE3te, Fig. 149 AEF] dF3E8%4 o
5 wpaketEote] #AE Jeryo Fig 29 4
Pz Zu3e P& nXHFYYE
A7l ol Afe Zolwgozwt B9
o] frEstrg oo orkth A Hol YH W
357t FoEEE AR S ¢
5 drh

Fig. 15¢ Fig. 16& 2a718 % A8FY
F&H) (Rer)?b Z+2E 0.44, 06490 A9 2%9%
Helotel fA L.

0.2 r

01
O T= 60C
0 7=120C
v T=190C

Degree of nonhomogeneity [
% 5,
>
a 8
&
o
q

O L 1 1 1 ) |
0 01 02 03 04 05 06
Orientation function J

-

Fig. 13 Relation between the orientation function
J and the degree of nonhomogeneity I'

5 3.0

§ i

2 o

B 20F 3

e

B o o2 a7 3¢

P O T=120%

% v T=190T

= 0 1 L 1. 1 -
0 02 04 06 08 10

Orientation function J

Fig. 14 Effect of fiber orientation function J on
tensile strength ratio o./0t1

o]l B - A -] 2

NgHe 2zt meo) AFE FIHHKI
3% fREL g3ges AFYo] FLaE
Zdo] wgto 2 H{uide] Zd AWl WY
o 7% AFL RolI YL & ¢ Uk 9
= EYzzgdy §8L257t ¢ 176Tolmz
FYHLEI 24F 43T 4¥A, F EHU=

293 2R $¥0) ANAD TS o}
HA Afugel 39 & F Aok

250
37 Bt ey
= J=0,
20+ arT= 120'C~J=0.'l‘g 37
= v T=190T J=03! f'
oo §
Z 150} , &
i
g 100 | i)
a8 A
2 /0]
a /A Sv
7|
0 | DAOV-DAOV— mw‘ﬁw"q-"‘v
g L L 1. L |
-40 40 80 120 160 200
Temperature(C)

Fig. 15 Relation between displacement and

temperature at compression ratio

Rer 044
2501
A T= 20T J=024
O T= 60T J=020
200F @ T=120C J=038
. v T=190T J=041 g
g
=150} §
C
£
@ 100+ g
& |
a ¥
o *r Q:Ao/:};
e
ol vDao—0§o=EF=R0Y
-40 0 40 80 120 160 200
Temperature(T)

Fig. 16 Relation between displacement and
temperature at compression ratio

—130—

Rer 064



45738

Fig. 173 Fig. 18& 27+ F 43 F¢
d&u(Re)7t 77 044, 0642 299 &x9
grAd A erel wAeft)

of AP EXRE FYH2x9 MF vy
of & AlgHo] v Al §& ¢ 4 U
o ol AR ulgel FEol BolwEgo
2 oidsE o Aol s v Fsm AFAol
N&E ofwigict

1 T T Ty

YT

Modulus of elasticily (Pa)
S

AT= 20C J=011
Q0 T= 80T J=016
0 T=120C §=022
R v T=190C J=031
10
3 i i i 1. ] - ]
30 0 330 60 W 120 150 180
Temperature(T)

Fig. 17 Relation between modulus of elasticity
and temperature at compression ratio
Rer 0.44

’010

7T

h

&

Ty

Modulus of elasticity {(Pa)
S

A T= 20C J=024
O T= 80T 4=030
0O T=120T 4=038
g L7 T=10T =041
10
H 1 1 i H 3 3
30 0 30 6 9% 120 150 180

Temperature(C)

Fig. 18 Relation between modulus of elasticity
and temperature at compression ratio
Rer 0.64

54 8
A474E nEAN BHARE HEAYRY o

ZER Bz °J%“”3°ﬂ el e - dfigrel ulH e

FYLEe} 4% 313

Bel-wjgo} njxle FYLEY Yoz HE
&% e A9 dUth

D AF siEdaE Jeldis Ah i
e FYeErt B3, &t 48 Frhed.
2y A8Ee B33 vehlle £ 3x
9l BEFAEE 447 AE AsA AN &
Fexe Fguohs dYFe Hye) AujAQ)
g Pgov, &7l E45 FUHE
3) Ezzzydyg §dL o 16Tolnz
Ax AFAHE 9 F5& 44 FEA As
A4 R BAE AN 8 SEEE &
H oldeoz fxsjof @t

2

= ol

1) Hojo, H.,, Kim, E.G., Tamaka, K. and
Nagatsukawa, C., “Separation of matrix
and Fibers during Molding of Long Fiber-
Reinforced Thermoplastics”, Proceedings of
the Third Japan-US. Conference on
Composite Materials, Tokyo, pp. 605-612,
1986.

2} Hojo, H., Kim, E.G,, and Tamakawa, K,
“The Fibre Content Distribution of Com-~
pression Molded Long Fibre-Reinforced
Thermoplastic Products”, International
Polymer Processing, Voll, Issue2, pp.
60-65, 1987.

3) Hojo, H., Kim, S.H., Baek, NJ., and Kim,
E.G., “Prediction of Fibre Content Distri-
bution in Compression Molded Fiber-
Reinforced Thermoplastics”, Proceedings of
the 5th Annual Meeting of the Polymer
Processing Society, Kyoto, Japan, pp. 12-20,
1989,

4) Hojo, H., Kim, EG., Yajuchi, H, and
Onodera, T., “Simulation of Compression
Moalding with Matrix-Fibre Separation and
Fibre Crientation for Long Fiber-Reinforced
Thermoplastics”, International Polymer
Processing, Vol3, Issue 1, pp. 54-61, 1988,

5) &0 {7, dhERER, AL IR, BX
B, “SMETAESHBBEEAOBKEER

fal

Hu

—131—



314

6)

7

8)

*)]

10)

ol TN A G- ] T

AOMOFREXOBMEME", H39E H
AWM TEEGHIEE RCE, No.232, 1988
x0T, eI, RBREX, FR-—, &
A B, ‘R EEBOBHEYRERREMA
W BMRLE A S OWE", HI0E B ARE
M THESHEE RE, No.233, 1988
o]F7], K1 =, £, Aol "EBEH
o g% @RlL SO TRANRY BEEH
B oAET, KEEmee HRxE HI5%
4%, pp. 1177- 1183, 1991.

ZAF, o7, Mo, "RéMAL 55T
gatke Tl AolM BEEE
% it Aol /Y HRT, KEBmRE
& WXE, B15% H3R, pp. 834-842, 1991
olF7, FAE, HolE, "FAKAE nEA
Edwe AP AN Ao R
wjge] gl #d A7, WErAg
3] =&4, A178 A1%, pp. 62-68, 1992.
T84, oI5, "ol “F8A¥EE 4R
aEA E3e] EEf-lEe] AdaAF
o mAE AfFdeld FFd FF AP,
¥ EFA RS A], A6A AlE, pp.19-28,
1993.

—
=

g

Lt

11) °]F7], 819, Heol&, “U4F4¥d Hf %
3} EotaE BERUe HF WPAEE 33
A ol A= nAE Hf FHe&T
HFgeiel 97, dEoARs FAzted
3] =%3, pp. 645-651, 1994.

12) 3, ©]&7), P&, “FRTPY =g 43
o Sleid BFFAFN B A7, W
71A5 3] FASE S =83, pp. 668-663,
1994.

13) A8 ANE, 9dF, o, "#iat
B TEHARS BRI X SA-H#
BRES vind e AT WEENT, K8
BREE ROUE, HB15% 15K, pp. 163-168,
1990.

14) \WHERE, )l 8, 2ATEEES BomX
BT, MAEBMEERTCE, 37, 12, pp. 51-64,
1984.

—132—



