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Effective Cooling and Accuracy Improvement in Injection Molding Using a Metal Mold
with Cooling Channels Composed by Laser Sintering (3rd Report)
- Cooling by the Steel Powder Mold with Cooling Channels-

Takeshi YONEYAMA, Hiroyuki KAGAWA, Youji YAMADE,
Toyotsugu ITO,Masataka INAGI, Yorinobu TAKINO and Chin YAN

An injection mold with inside cooling water channels which are difficult to be made by conventional machining method has been
fabricated by using selective laser sintering of steel powders. A box shape work piece has been applied as a test structure. By the cooling
inside the corner of the core, the temperature difference in the core surface is reduced and then the dimension accuracy of the work piece is
improved compared with the work piece injected in the conventional machined mold with outside cooling channels. The core surface
temperature is directly controlled by the cooling water temperature and kept constant at the end of each shot. When the water temperature
of the inside channel in the core is assigned properly lower than that of outside channel in the cavity, the warp of the periphery of the box
became minimum. Although the heat conductivity of the sintered material is lower than that of mold steel, cooling effect and accuracy
improvement are promoted by the combination of cooling channels near the mold surface and adequate cooling temperatures.

Key words: injection molding, cooling, temperature, accuracy, selective laser sintering

1. #%

W, Sy R a A B IDFEO—DE LTERD
Elz L —F 2B LTSS, ZhE2EE L TR EEr
FTAHNMTENRREL, £HOAECHLRHEND L9k T
X720, ZOFEEROIUSTEREOBHEKEE L REIZ S
SRS ORWENTTRETH S, BBl 9 9T, Zor—
PEHEETSEIZ LD = o 7L - 7' a L BN DI HIKEE AN
BT AERERIEL, EBICRHREEREZIT-C, @827
PUC AR AT THET 5 2 & T, &RIRERE)—LL, HIE
OV {HEBENDZEEARLE. a7 ROMEIKE F

Y T o O HEIKOIRE & 2R T2 RFO RN THIAAT

L=y & s 7 DAL X - CER S R IR g
MES, TRFVEIHEZERE L TRKER CTodIl B g E Y
B 7B COMER D -7-. R TOrERNT, FL=y
s T BRI X AR AR T a T IR Ew LT b
DEMELRNEDEDEETHY, BEOLEM B CEIHIIT.
2 & B LR L DB T Coienso Tz, ITERE D
SRRV IRIE R F O AT =il BRHERIZ= v 7R
HOBEERET-H0) ZRWT L —PEEEERT5 2 &5
Redtp-TEY, KRBT, RTF 4 —NBEE RO THRAZKE
ERNTICEOSMEER L, IRICL HHREE, —Kkoe
FUSREA 7> SEIENC L > THRYE S W A48T L D HRTE & okt
BEITY. ZhITE-T, L—VPEEREIC L - THEKK AN
LSRR, B@EOER L SNTRHADRR DY, LD
TR NUESND I L 2R THZEZARNETD.

2. SROSUE

2.1 SROME
e LR B oL 5 IC/MEHETHRE 100mm,

% JFRERfT TR 1647 H 16 8
* %k 2 B ARREIFES @RIVINEF2TH4%E205)
*kok BIRAERFRE
+ &8 asmHI ) NFECRATY Jav—X (B (H’
SRR E T ET 2970)
++ B0 RHBYERT (KEORRCr TRR AR 2—19)

R 60mm, B 30mm, EHEOWE 1.bmm, AEOKWE 1.5
mmOFEFR E Uiz, BB & o — BN KR L BB T 5%
BIroWToEZ 2B 2107, BERO 2 —HERliziEe)
DL IIHIEN L OBMNES L, &TREMN LR U TEIERNT
O AT AIIECIREEESET LT, MESESELRYH
L 7= s D 2 — R 20 OBNNAE MRl & D K& <,
RS DMEES D BNAI~ER T3 L EZ NS, a7 D=~

Fig.1  Shape of the work piece

Cavity

High
temperature
region in the
inside Inside shrink is’
large

Heat accumulatio

Increase in the corner Core
temperature is larger
than the cavity

Heat flow is smaller
than the outside

(a) Core without a cooling channel in the corner

After the
molding

Bending of the plate is large

igh temperature
region in the
middle

Heat flows into Shrink part is
the cooling > inthe madie
channel After the

Cooling channel molding

Increase in the corner

temperature is restricted Bending of the plate is smalll

(b) Core with a cooling channel in the corner

Fig.2 Effect of the cooling channel in the corner of the core

BRI S$EEE Vol.71,No.3,2005 347



SRHAKEAREL s 2 I L2 5RO RAHEE S SHEEL (58 3 )

FER TR A R E TS 2 2, (Do o, BT L EAA Y
L, &FED FRAImA T, a—iRROBIE O HIE R
HEL, BHEAICTER S SRtk A MR AR o e e D
Z T, BPREOBINRA B L LT, F0OREANZ LT
LnTELLEILND.

IOLAREZICHESE, a—RIOKEENET S5 o
T L, =l LN EIT KA RO v BT 4 D
T b, AT 44— ARIC LD LR LT LT, 1
WDk T, EOS #Ho 2T 4 — L HOEETHD.
IO v M A TEESER) SRR, a T OKBMEEZES,
Fo BT o ORISR 4 1ORT. aTZBOL T, R
a—HEchET S BRO 40z T, Bmicef LT 457
HINZ BB KBS ABOE L7, 7277 LR oM P 21,
TSI LB OREREE 2 X A fiEA ) v R E AN T
WlZ B AMIOKBAEE L. 7S+ B o M e
kA JE 20 0 5 < OREE & A SR L D AR & A
FoiE L=, F7- T Hne a— ot -» TR L.
AL, T AME O BVOET R IR A R B D & M
FELIin e T D,

—Ji, —NEDOERATRYE L1 & oM HIReigE e v U b
et AT, 48 NAKSO 76 BN TAC = TR UAME
HEDOERIaT LRy BT 4 HBYELL Zo@tE v b A T
gl LS, Zoea T T, Bso L9, Mwa Y
ST o THRYWERTREZKIE & LT, 2 7 IEAR IS AR e

Cooling channels in
the top part of the ¢

core

Lateral cross section

Longitudinal cross section

Figd  Cooling channels in the sintered mold core

Air hole Lateral cross section

Cooling channels

Fig.4 Cooling channels in the sintered mold cavity

©

(a) Core (b)Cavity
Fig.5  Cooling channels in the cut mold

348 ¥EBI S Vol.71,No.3,2005

AP ARUYE L7z, o PIEHEN R AN R ol kiAo
ANZELHSE, KL ELICAL NS O E S Tk L
7o v UF 10, R AR T A B BT eI A ] [
A KU LN U TR L7,

a7 b Xy BT o BRATERRORER R L bR eo R
HHK O AR 6 1. BEEeR T, a—HE R
ZAEEAELE ST D O L, BIEIER T i dh OB 1
A TP L KSR e T D 2 g,

SRR ORI NEFT AR 7 (T, a7 A~Flia7o
AR (WAL OO y) OiRE, 27 G~Kix=a7 kfio
B (BB OERIOPHD, F+ T+ A~FidF vy EF 1)K
O, v 7 0 H~KIZSF v 25 o KRR c, =7
H~KiZHE & IBEORETHAS, a7 GIZMEEIF+ B
F A4 ONEIZY— FRH Y, 27 G — kb Ot
I SONLERTHS. KEEEOBHIZIE, B8zt L)
12, EFE 0.5mm ) o— ABVE G A MLAGA AT E L A R AR
AN L7 3L B Ol o — A BN o 2 S AT ol 2 B
EEE N BTES 0.5mm OMEETITILT, FIl2—*A
BN RO TR A BOE L. AT, oL
AL 2 T i & PESS,

HEsE SRR D AT 4w T8, FOPHAID AN TE,
FLTHEGO TG 6> T, ZE L —F Mg
L REREIE R TGS BRI ENO L— RS
i LD 2 Rk L, Bk Al Li- L 25, AT
o1V, AR M, AT EOBMAEREENEN 104WmK,
78W/mK, 5.5W/mK Th-o7-. —HFHIEI &R L 4
LD FEEORE 2B L TRV REREZHE L ZA
31AWMK Th o7z, L= - THERS &M OB RS Tl O
RO 355D 116445501 LlgoTnD,

Base plate +—

S%nlcrcd_.___r W ) aP 4] [4]
mold @ @

Base plate——

(a) Sintered core and cavity (b) Cut core and cavity

Fig.6 Cross section of the core and cavity set

Core, (‘I’;" = Cavity ¢ s
A . c:mt:”_
‘ : |
“core ‘ | Cavig ‘
“ore 4 Hcore ; -
L%rt ;;'ore.l ('.un;(s :Lxgu | Cavity B® ﬁa:u;ﬂ
! ;o Cavieyy | IOE
Core I i
o .
o O ! —
¢ Mo 4 avity .
core Core K e Coipap oK | Cop
C . S @ [T
@ =

Fig.7  Positions of the temperature measurement

4 3mm

Sheathe thermocouple
#0.5mm.

Installed sensor pin in the die

Sensor pin with sheathe thermocouple

Fig.8 Attachment of the temperature sensor



SRR A L o ST £ BT LS SR REOSEEE S S BEI L (E I HW)

OOFIFEG (27 400, Fyv T 4 60CELUEY 30T,

3. WHRMER X BT 0 70°0), WS T NEBOR D E < oo TIRE AR
RCTERTIR L Z0E, AR O MG TRFEBFOEMFER R E L VY IR END Z LA MELT, a7 KidEF v 7 1 K
DR LR POM & Iz, i, ) o #h0E 190°C, MED BTG (27 60°C, Fa B 4 40°C), A
ST 86MPa, {#E T4MPa, £/ T 1s, (EIIS 12 L L, mAKR R L, 3Umin & Lz, GEVKEA 1/min (2 L7255
123y b OOREYA 7 0% 30s & Lz, |1IOT L OEERLIT-7223, EROZ Y & 3:"0)%’5%:)\'% ASTARA
AT, A BT o MIFAFNOMEKOIRE R Z{L =& Fefins 2T, 3l/min OYFE ORE RO A
T, 25 2 a v MPORIEEIT, BikoiREE o Ta FHHAIEE, B9t L als, a0 ‘l:}uﬂ, o
OIREELERE Lz 27l ¥+ £F  {IloRED 50CT NEEEOAE A 0T 5 S, BN T 3 1507, 3 donlllEss T
[F—O&G2 AR, Fr o7 oL Ta 7oKL LY FHEIL, FAENoiizByTHIE S EE O R KEv i
ERIZ T A Z L AMFF LT, 27 KIREF v BT 1 KL Fhov e L.
Table 1 Temperature conditions on the cooling water 4. € B & B
Core Cavity Flow rate 4.1 E'iﬂé&.d)‘/ Ul
© © L B4 s L OMIIEIGIIIT 15 B4 O1F B h - o
50 50 3 DY YBIZOWT, 5 vay hTEORNVY, EY ) ok
40 60 3 &4 F 10 b7, EOMEN Y U 2R L T4,
30 70 3 WTROMEKIRIZESWT S Y ) BIROEKEROES 1Y,
60 40 3 BEAS BRSO RPN E, a7 KEREF v EFT o AKRED

HFFSZ kT, Y URERED L, =7 KR 30T, ¥+
B o KR T0CIZRB WL TR, BEESRIZ 0T, Bl U
0 Smm OWN VU, BN 0.16mm O/ U EieoTEY, A

S @l f;b‘hkif? Lo TG, IBHIAEE 2 7 NERICE
\ﬁ LfLL WIHIERITE a7 KIBEAF v BT o KIRE Y FiFD Z
FIZE-TY VENREL LTWAR, a7KEEF¥ET 17K
REDREEL 0CETEHEZ THIMEEBEER OmHEIKIR
S50COEELIRERL YV EE TULME LTuau, Lo
-, WHKKEZ 27 NEIZECE L, KRS UG 25
“ Measured height Z LY U BEORDICIEFITIEATH S,

The warp in the long side
1 2 3 4 5

13 12 11 10 9
Measured points

The warp in the short side

Fig.9 Measurement of the amount of warp

Core  50°C Core  40°C Core 30°C Core  60°C
Cavity 50°C Cavity 60°C Cavity 70°C Cavity 40°C

2 2 2 .,H—'—i Cut mold Core50°CCavity50°C

£
= Cut mold
. Cut mold
st 15 Cutmold | 15
z Sintered mold .’.—H—. Cut mold 8
,; 1 1| Sintered mold | ! 1 | Sintered mold
=
..—0——.—""# .
% 05 F 05 ( o5 | Sintered mold 05
L*] 2
F oo 0 0 0
0 5 10152025 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 Cut mold Core30°CCavity70°C
Shot number
(a) The amount of warp in the long side e
Core 50°C Core 40°C Core 30°C L:ore..' 60?
- Cavity 50°C Cavity 60°C Cavity 70°C Cavity 40°C
= i 1 1
£ Cut mold | ey
08 08 08 08
g Cut mold Cut mold
200 edmold | ] w00 cyimoia | | e—e—e—e—y Sintered mold Core50°CCavity 50°C
< .
0 ey o o4 04| g-E—@-g-g 04| Sintered mold
2 Sintered mold
s 02 02 02 02
= — Sintered mold
2 0 0 0 0
= 0 5 1015 202 0 5 10152025 [ e { 0 5 10 15 20 25

-02

Shot number 0 5 10 15 20 25

(b) The amount of warp in the short side Sintered mold Core30°CCavity70°C

Fig.10 Comparison on the amount of warp (¢) Picture of the products

BTSRRI Vol 71,No.3.2005 349



BEIKEBERBEL ISR E Rl LS FHLRED

Ja T KEEF v ET 4 KRLY
(R T L B &R T
aw MZEbLRHI VIS

Ha < LAz, B
S5V U EAEKLTWS,
mﬁ%&w L, D]ﬁ'JNF'“ b2
T, YUEA 1563 Fl & Tira 2L THheZEL
TWHDIZRL, kﬁeﬁ%’i‘c:m\ﬂi‘ FBL=5vs v A
IOIRERE LI & Ao TnD. IGEIKEE &2 & OBz AS
WA ZRCkoT, FORE Y s v RO LEE XSS
ZLEINTETLA,
=l ¢} 50C v 7 4 Kiln 50°C, B R 7K 30°CsF
¥ BT 4 KR TOC ORI 22U T 0 sl B s L2
FLAB 10z asd, BERG Ao 2 7 KR 30°CH v+ £ 7 o Kl
TOCORETESD Y ) AV SN E il T 4.
4.2 wREEE
4.2.1 13 v MRt 2&RIREEL
RO IR & i EIORFE T, SRR S B TEA R0 ik
1. 'fjs'.iﬁ'n']f,:&ml(f);.mxﬂ A I NAZ A TS 20 23 v bH
Y R, BERE Y L O OB R E A LA kT S
fiﬂ?'ﬂd)/%’f;’ Lok b RO Vi -Tma 7K 30°C,
F v EAR 70CI 20T, a7l ERIREO 2T G, 2 7
WED a7 C, F v BT R T —FREOF v BT 0 A
ORISR e L OB 11 Ths
a7 G LA — RIS ORE U’J{Ju..]\?ﬂ’[_fﬁ
FHEREOIREE EA bR E L :Fthsfﬁtif%ﬁ# IED Fhi-
T, MIHAIRAEIZ S & o T D, BERS S & IR &, i
EROER D RSSO EARE V. ZAUTERIM OB
(R EPBERS SO TS Wi, ZOa v hORIE
OB TIEER LI E VST iZ Lt F R Dﬂé
FOHOBHEI TR LIRSS TR OES & TR R
HOUE, KEBIZLDGHIOOTH S, UHIRR TR J:u»ki&é
AT A A R LT Edis, LA LT AR A 2
TOWRHAKRE LY X500 < - TwaD, 27 Citis
DRI HEB A EATC, A ERT SR LR,k
S b B AR ZEB VTR S AL (208) DRl
BENR—TERoTHAH, F¥ET 4 AlXFy BT cf=a—F
HATOIRETH Y, RT3 » MREORE |-
FlRIIRE V. A AT ECEDIRIEL, ¥y BT 4 KR
1FFE L e TWA,
4.2.2 SHAORRE ORRIHEL

DT CH Y,

a oy MMIE B BRI DIV T, 3T KR 50T,
F 4 AR B0CIZEBITH a7 G o, mnl R 20s >

R BT L 0B 12 Th S
mEAGEIEIER Ty g v MR

KEE AT
IR CTiRe ::e..nu-m\ié’:ﬂ: L,

Nz

-

EEERTERETHOI 10 8 v MEELE LT A0, K
4 AR LT D RERS GO TR 7 HIRED T
STWAZ ERbivs, KBENEICENET S - LG, HEK
9 .
. - 60.3°C
J 57.7°C
i |
: : 78.2°C
| Grd | B15C 14 it
575 |1 e [ . o e267c
[ e e 590 st
(64.1°C [
| , 576 o
?9'2500 | 584? h, | 566C
S e
5458 .
o ellc

(a) Sintered mold at 20 shot (20s after the injection)

350 BEISSE Vol.71,No.3.2005

SRR EREEL (B3

RIS U220 LR
4.2.3 &RBRBEAR

BORLOY v MA 7B THEL AL S LT,

48

EOND I Enbins.

SHHBRAG G 20 BMROEEA Y B, &RoRmEE

g g D)

CIHEVKIERE 50°CIZFs T AlERE & & U]?l’J@*ﬂO’)?m

JEAAT O A% 13 12T

L TR E OREEMTE AL RS, 2T REORET
100 100
90 [ o0
CoreG CoreG
£ 8o 8o }
§ 0 70
F
§ 60 60 b
£ 50 L
K] 50
40 40 F
30 s 30 N "
0 10 20 EC | 10 20 30
80 60
C c
p. CoreC ore
e
Eso - 50
H ‘j\
E
o
fud
40 - + 40 +
0 10 20 30 0 10 20 30
90 90
Cavity A Cavity A
S:’: 80 80
E 70 -—r\
70
K
60 . - 60
0 10 20 3c 0 10 20 30
Time,s Time,s

Fig.11 Comparison of the surface temperature change in the shot

BERS &R Z s T, 27 ki

(a) Sintered mold

(b) Cut mold

cycle in the case of core 30°C and cavity 70°C

Temperature of Core G at 20s after the injection

100
L 80 f Cut mold
[]
3 60 f \
5 Sintered mold
a 40 |
E 20 | Core 50°C
Cavity 50°C
o ; N ;
0 5 10 15 20 25

Shot number

Fig.12 Comparison on the transient change of the mold

Mgz i 2

temperature

Ts81C
1 |
o774 l

66 1 C ?6 5° ‘
. |.675C

e |

* 1
57.6°c 63.7°C '
. " |.578T

(b) Cut mold at 20 shot (20s after the injection)
Fig.13 Comparison on the temperature distribution in the case of core 50°C and cavity 50°C



AHAEERNEL DSR2 EUC LB RO RE S BREL(E I R)

f®)
S 75.7°C
739C
| 3 90.9°C
o 755Ce
| 43.0°C L § 7 de
48.1[C | 49.7°c” | : et 77
| e e 43.8% 1 59
! | 84.7°Cs
42.4°C ! ‘
* ? 74.0°C 79 g°c
N 4?9"(:5 » % |.720
S e ]
45.4ec¢.':.:4 oo ST @ I
6" el

(a) Sintered mold at 20 shot (20s after the injection)

Lt
73.0°C
o R
| “r43% 780Cc ° {310"0
48 | p o ® v P e )
75.5°C,74.8C 86 6°C
74.3°C 84.1°Ce
y .
i o 77.0°C
| L —
5200 )
e =

(b) Cut mold at 20 shot (20s after the injection)

Fig.14 Comparison on the temperature distribution in the case of core 30C and cavity 70°C

FH Lo TWD, — %Y BT g RS — MO AT
Sk L TR IR OEIRE A 45 L fe » TS, a 7{lld
RN LF 60CTHAEDIZT L, Fv BT 1 (iR s
HLT 72°C, a—)TEEE 60CE - T D, DElERC
BT, a7 EREOEREN 80CAH A BEICETERLT
B, 2T EHGOEE 23K 25 COREERHH. — % v
BT I OIS L IR @ OB AT T, 7 — BT
LHET 77°C, 22— 58°CDIRE AR AR 2RO ke
THRIE AR L TR TN D,

=7 KR 30°C, Fv BT 4K T0CIZET BRE O
AR 14 (T BESAICBVLTIE, a7 HEOREILH
45 CICH—{L LTV, ¥ BT 4 EmIL 7 — A LOTE
SLE LI AT, T 90°C, a—FT T 72CTHh S,
F ¥ BT 4 EiOIREFES A 80°C & ThUE, v 7 4 llog

AHREIZ S, a7 HlOSMREITE L E 35 R 2o Tu D,

glflaiz B TIL, a7 KEEZ30CEES Lsbom, 27
FRIOIRIE 25 T5CE TITMAAIZE EE T A, a7 kil
50°C S & e, Kiliz 200C P08, SRRSO FIkR
10°C L7 TWA, Fy B ¢ KLY — bimd T 88°C, =—
FHTI2CE T D,

IO 5 D ZIHAIKEE A o T NI A W BRIl 2 T
FEioiE FEAE L, T ERE KERIRESE LS
DIZEFL, BEKEE A o 7 AR C R OBERS &G, T Em
O 2T A,

5. & ®

5.1 BRROYV ) LSRR

WEHUK A o 7 PSS ECE LR T c s T, a Tk
#30°C, ¥+ 27 4 KiRE T0C LEEDITH I LICL-T,
RGO ) B IEEI NS T A Z N TER. O VY
DEAL L BFRNERE L T D L, Db Ea i aT
At 30°C & ¥ B 4 KR T0CHEE (X 14G) (21, =27 L
O X ¢ BT 4 EEEORE LY L) 25T 2o T
A, MR AATKIR B0COEE (K 13@) & WIElER T
a7 KR 30°C v BT 4 KR T0COE (1 14b) @7 U
MEEH L, ZhALOEE, a7 EEOEEL Sy ET K
AEORFERIFFE Lo TWD, E/-a7 EEiREN T v e
T BEERE L L < A ARSI, v U ORI E L,
e~ Ty ) oA P r(Zii-ST Ao, 27 REiEEE S

BT o EERE L D BEUIC N ARERH D EEE LD,

=T U OFRECONT 2 TFHIL7Z L 31z, #ilsm
DR 2 PR 2 AT 123 A= 01d, B3
a—FRHIZEB O TRORIL A KE {THHERHY, a—F

HAAO TR A o — MU OSRRIE £ 0 IR H Z
Lo Lo, WEIOMEENB i, BHERORRE DL L7
HOLEZILND ’

5.2 MHEERERONE

BERS QAN A D Z S L T EKER & R 2 5 | 2
THILRTES, ZOMBEOHEEEN+TH _LizkoT
ARFIETHY 7 309 A AR eh S D T Z e LK
HARCE TS 2 & TRRMICEIIE A mAI L, BRORE &5 —
LU TR 4 BT 5 Z L3 T& 5. E-RRmI ZAkKA:
FlET D LT, a v hOYsLERRE A ES TS =
LINTE D,

B M OB R ORI L L~ TRz, R
W IR EIRED FRREIT oM O8RS 1 K,
BRI, WHKEE A SRR o < \CRAE TS Z &
T, #MAETHRMAT L ENTES.

6. #& B

L—HH2 L4 AT ¢ — /U EOBESSIR R AT LT, i
DR A b LT 2 TSR RIS 2 B2 R
2 L. o TR Z 5 v 7 1 flomEkiR L0
LIRS 5 2 SIS Lo TR NI Y U A {2
LINTE T, AT 4 LB GO bR ST — AR D d
TRUEE 2 e~ sRm YIRS, (TR O LT R THE e P B 4
FEAN L, SRR OBAOERTT D@ Z i HIZKE B L
AR &2 52 5 2 LT, mAERLEL, R
EVEIEMERD L TED.

SARNNTIZ3HV T R LR OB EATR I Z B 2 e 7
SR BRI LA LIRS RIR RS TITV ), RS O EIR
BRI o 7o, ARBFFEIZRT L, SRR L D ok
14 FEFERFFEBhRY & 52 1T 72

2 F XK

1) PR, FEERE, SRS G T X S RE ST,
fis L6k, 69,9, (2003),1242.

2) ANGERE, L—HIEHRREEE . L AR P, B LEaEE 70,2,
(2004),167.

3) A, Bl AAREERCEIREL 107, 1027,(2004),456.

4) R, 74, EHEUKEE A P L TSR T L A B A
DOEENTHE L R (1), RS TPt 67, 12, (2001),
1991.

5) T, #1074, HEUKE %N LB A aeilc L5 Mg
FeoimAITiE - TSI L (05 2 ), W T/74%it, 68, 8, (2002),
1057.

EBISEIE Vol.71,No.3,2005 351



