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The Effect of Planetary Ball Milling Processing on Fabrication of Fe-G Sintering Carbon Steel

—Strength Variations on the Sintering Temperature and Ball Milling Conditions —

Yukinori TANIGUCHI, Fukuda RYUICHI*, Tatsumi ICHISE, Mitsunori OZAKI and Kenji KODAMA

Effects of ball-milling processing on the mechanical property of sintering carbon steel were discussed.

Atomized iron powder and graphite powder were blended and ball-milled by Planetary Ball Milling device which

had been designed in our laboratory. Vickers hardness and tensile strength were determined by micro Vickers

test and upsetting test in sintered specimens. Fe-04wt.%G and Fe-08wt.%G sintering carbon steel were produced

in the condition of two different rotational speed in ball-milling which were 760rpm and 1333rpm. Sintering

temperature was selected as 1000C and 1150C and relations between rotation speed in ball-milling and strength

of sintered specimens has been investigated. Results showed that HV,, value increases with increasing of

rotational speed due to the amount of pearlite in crystalline of ball-milled specimens increase. Grain size became

small by 3hrs. ball-milling processing in 760rpm rotational speed and HV,, value gains 25 in all tested specimens.

It is considered that ball-milling processing promotes diffusion of G into Fe in sintering.

1.4

[l

WHRESH (Powder Metallurgy, JLF PM ) &3,
SHEEERR LR E LTENEMERE - B+ 52
ETHEBRREZBEZTFETH Y, KBRS OIERR,
BRI ORI % EFE R AT ) 720 OFE L LTH
HAEns., ek HnEENLFEE V) Bi D
CHEEbEROI LR THY), WIHIZB T,
T, A=AV Ta4 7 P¥E (Mechanical Alloying,
LI MA L) EIMEN 2 5 E&mRIERTE BLUZ
NERETH I E L DHMEORIEIETRIIThNI
Twa., MAEE, BESERKRFE L 2 BN 5oL
F—OMNGIZLoTHMLIRKT LI LT, FiRIZTHE
MHOFFEEMKEERTL2FETHY), TNEBEET
% T & T OB TS S L Wil il ok 22 9F
ARz E ORI R T B BEE R R ER T & 2SS
% PMIEIZBIT 5 MA 0@, R oM
MEAVETH S Z LR, MA BWEIE T 5 @l EE
* OUREMEI DA EReEA, B (k) o— 24

fk, SEMALEY, BLOESEME EORELTRL -
FFRET D700 T T A BEREE L E O A EE &
VLS5 2R EOBBDIz, BEREMME O AT
B L COMEIIBTEREIEHDRE S 725T b0
O, EaAEEFEE L TOMEICBWTIIZORIR % i
KIRITERATE R, LALRDYS, 50 UOEER
FICH L TMA W BEMEEOR—-VIY) v 7
(Ball Milling, LM BM) HE %l TH LT, &
BR T AR T HAL TR ik L 72IREE L 2 & &
bICHEMNFEIREE LIBLZ 00, BEOEENE
SURIC X BB ORI BT, IRIRAL R 0 45
fif, B L OBERSEOBMEE oM L2 NS b o L
FEND Y, 2 THEE LI, MR R4 E T &
L Co PM #E0#EHBITH 5 Bk REMIBMHIZBVT,
FERRIZH S Lod 2 FEO BM WL A @ H L 72
BAEIEON DRI OWTHEEL 7. ZOfRFE, A
K= I )V % F\v 7z BMALEIZ X - T Fe i & B4k
W& d b FERET 2 2 ETRETH Y, ThUcLoT
I - FERER T OBERE S T I BV TRERS R OB [5RIEEE



2 AR TSR ML

BLOE Y =AM PSRLEM L) LM+ 22 L %
ALY, 22 CTAMZETIZ, BMAEEO ) > 7
Sl b BEASIRE DSBS RO Y Y 1 — A& B X OF [Eif
SR TREETAL /2.

2. RERTED KURERSEM

2.1 ERIR

— I 7 BEAS S BB AL, Fe #p & B O
A — TR — B H OG- ek & v o 72 TREZ T
BMEINTVD, EBTIE, RAEICBM LH % v
CLTFeICBOTAEMGT 5L LB Fe & HER
DR A, HEOBELIN L DR B OB
BIZED L) BN ON L0052 TAE L7, Fety
13 JFE A F — VLT b~ A Xk JIP300A % L 7-.
Z® SEM GE % 1 12R T “PHAEIZH 100 um T,
TEARIEIAHAERIRTH 5. BEAIIRAE L um DU O
Mob 0% V7. BEREA 04wt%G B & U8 0.8wt%G
DHFEITDWT, N2 BM LI & RO O BE
KEith O & A L7

2.2 BM LB

BM MLER | IZEEH & AR ICB W CHEL A
A= VI VEBRHEH L. M2 ICHBEONBIGEL R
TRy PBLOR—VOMEIESUS304 L L, Ky b
EAE ¢ 10dmm, NERE 930ml Db D%, K—IVIZHE
FPO8mMm DD EMA L7z, K= VoOEEIER Y k
WA L7280 B EOREA R Yy PEREOK 1/3
LB EHICHE LR 460 & L7z, —FEICR— L
I UM EBIMREIZT0g L L, Ky MR
FFPSUE BM A O LEIH 0 72912 Ar A Tk
L7.
WRAR—VINVEBEICBNT, By FHIZHEALL
R= VI LTHA DI EDTELRADECINESE
Unax FRARTHZH5N5 9,

L (g (e M)
max =5 (W) 2( N_A) (1)

72721, Na/REsPIER% [rpm], Np: HEL[AIEEE [rpm],
DA FAE [m], do Ry NAZE M) Th 5. AHROHEREL
AR, Ry MR, HEAEILOMEATE C 2 iud &
DRE R AL F -2 BERIHGTE D, 2EE
FRIEAREE ¢ 300mm, HEAEIEL1:4THD, K
WFgeCld, HEZMERH N = 760rpm & 1333rpm O 5%
fC, IV 7RI Shrs. —E & L, IV Y 7BF %
I BM L Z 1T 5 7z

Wroeicsd 54775 (2011)

2.3 BHEIADIER

BM WLEE % it L 7-Ap R &, elch & L CALER & fi L C
W2 WL O FURRR K & B L CRERSICHE L 72 F v
YT 4 Wt ¢ 20mm % A9 5 a8 % v TR R % e
WL, EE¢ 20mm O MARIRES A A ER L7 B
RO TEE A Z OB E L IERFOBRICH L 2
&, BLU, FeGREMHETIIBVTIIRMEREIZBIT
LEBIGHESEHTELIFENE VW EEEEL, T
WEOBEEL GAREMICBIAHEELEOR) 57 090
DEBEL %5 & 912, JETI % 300kN (BB T1#
1000MPa) & L, ZoOBIZERMEDE S H5% 20mm &
BRBHEIICHEREEZRELL. 2B, REEOMEEIE
INT T A 2Ty 7 AR K & SR AT L CAT o 72,
T A& 8 3 R i B9l 2 4 — R X5 B sl B b UH-
500kNT %, BERS SIS —E 2 27 A BEKIF MV-
8X12 # Z NN/ L7z, BEEIZX 3 I2R$ & 9 1)
PR L 72 AT ¥ L A& T Ar T AR T
f1o7z. FHREFEH 05hr, PRFFFEM lhr. TR CTORET
Fl—& L, BEAEIREZEZ 1000C B L 07 1150C o =5k &
L CBERMR 2R L7z, Ar A3 & 5l/min THEAE L
BelF, BERER OB H OB 101/min NI S 72 4B,
BEEDOBNAIERE, A7V LVARREDIIT LIV
LBk ER T 72




Fe-GRRBEREHO MR B ARV IV IMBOPRIIONT  —528 )74 SRR R R 3 8- 3

2.4 BHEAR OB IS E

Y — AW S OFFMiIC BT, B ik x sl s
BT L 7= DI iE A WP L CUIINC X 2 I LARfL & 0L Y R
W2 BT, w47 a s — AW S EREREIC XD, Wi
OLEB, TE, L E ZOLEED 5 TV TER
Zh 3o, BRI 196N (B E & 200gf) T#H15
FEFTOM SHE ATV, & TOUBMOFIGHEHH L
TFOBEARRD HVa fli & L 72,

FIRSR 1%, HB 2 AMREMABRIC L > TZOMEME %
K7z FIREIRBERE R 2 P10 T EAC X o TH B K
BNCEAEATE S, AR E & B S o2 b x 5Hill
T5ZETHEIL-BEOTAOME, ThbbEREN
MR A X, 2 OZEDS n TR b 0 LKE
TH5IET, KRICE > THIERSZHM LA,

n
o = F(G=9)" 2

ZCT, op: BIREME, FOWMEREL o« TR
TBHTH L. FliEd X O n fEIZETESTH & K/ 5
AL CRE L7z, P LR & BURHEART & o o
BEYE % 72 BRI B 720, 1 OB EIZ7) —
AT HIELT, RENCEHERILAELD LIS
L7z, 72721, Fe08wt%G MR CTIERK L 72 S Ak 12 D
W OB OBES TH I N D 720 R ERIIATD
Lol

YRR L 7 BERG R O MLIRBIZE AT o 72, Sl 5 G kiR |2
DWTO0lum OKEFETOTIVI FIHERIZL ST
o MIziLeEmE L) AT, T8 — VLl
65% D% 10 : 05 OEIGTRA L, Wb b+ A
& — VIIZ 10 ~ 158 BT 5 & & TSk & B L 72

3. RRERDIUER

M4 BLOM5Z, BMABIZEIT Ky b HEEREE
Blbtdhory h— AWM, 5IRESOBREENE
TR, BEEAY 012817 55K 1E BM L %2175 T
WRVIlEMEZRLTWAS, WEELY), BMAEIZLDY
BeRb AR E DS L, oM@k ) v ZEER s 2T
EMRERICH LD b2s. HVEIZBWTIZETO
SHEHIB W, HERMEEE 760rpm ¢ BM ALH % i $ 2
LT, BET 25 RREHMINL W5,

HERINE D 04wt %G OB 4, 55 b b &
I, BIRRE IO W TIFETOREHZB W T 350 ~
400MPa O#FAIZH 1), BEASIREOEVIZB W THEE R
ZEHN TRV, L2LHVEICELTIEK40H
HE AR 760rpm D¥EE A THD L, 1000CI2B VT
HV160 (2% LC 1150C O¥A1d HV140 &K<, BEfGIR

240
Ball-milling time: 3hr.
220
200
180 |
> 160 Fl-
= -7 TN
g -
L - -
140 _- - P |
- -
m”_.-
120 B = B =0.4wt.%G, 1000°C
= B = 0.4wt%G, 1150C
100 | —— 0.8wt.%G, 1000°C
—— 0.8wt.%G, 1150C

80 1 1 1
0 350 700 1050 1400

Number of rotations rpm

K4 HEHEBICIZYEy 7P — AWM S D% L

420
[]
Cd
< 400 --’m
: c22-
<380 | _ -
f0f -7
e
2 340 Ball-milling time: 3hr.
= Fe-0.4%G
E 320 = B =1000C
- B -1150°C
300 . - .
0 350 700 1050 1400

Number of rotations rpm

M5 HEizEEEIC & 55k S 0%k

BEDOWENNC X o THERRPRPETLTWE30EEZS
N5, Thbh, BEEEO/ VKL L COMEZR L
Th A0, WUNEIRIZBIT 55 1000C O FH R R
=2

— T, BERTRINED 08wt% OHA O HV i, BE
K25 1000C DA £ ) b 1150C DA DTS 25,
BM MLEL >4 8|2 B4R 7 < BT 40 12 & HV DS <
ToT\W5h.
INSOMENEEET L2016 BLOKTIIRT
MEEE2SRY L, 9, BML-Ro=E1CH
NTHBLTCWE83=F 1 MEEIRD R, ZOMEn
1 04wt %G OWGEIZEHETH L bbb, Zhid
BEAEHRICEBOAFEB L ORRPE LD THHLEE
ZHND. F7z, 1000C OB A ITILHEREE DMK 2 & A



4 ZRIT¥EBEEMER WHREE  £475 (2011)

i.'-'. A-...':.;"_ Y
(d) Non Milling, 1150°C

(a) Non Milling, 1150°C

(€) 760 rpm, 1150°C
6 Fe04% G ¥rABERE KO BM AR X 2 M2 L

(f) 1333 rpm, 1150°C

(b) 760 rpm, 1150°C

7 Fe08% G MyARBEFG AR D BM ALILIZ X 2 HIHRZL

5, BTCOERMPREFRTLLTE—ATF 4 M
DAFENTIS, —EITEERLT O F T BERSRNES I TRAT
LTWaZELMEMEIND, 2D, 08wtBwG 128
W T BERS IR E AT 1000C DA 124 7 B Sl &R &
BMolzbDEEZLND.

WIZBM LI OB L A D L, 760rpm O AL T,
08wt.%G, BEAEIREE 1150C OB AICBVTH L 2% &
NS =F A4 FMHOHHES SN TBY, &ToRE
ICBWVCRLE & ) DS il & % o THTIE L
TWw5, ZOZEid, BMAHEIC X > CTEA S NzHEA

DB IS B W CHRE S OERZMRL, UL > T
RHED Fe ~NOILEDEH o072 2 L RRIELTEY,
BAEROW S OWME 726 LbDEERTEL. 2
DT EIE, 04wt%G I2B T BM MLEE L 72 3 D A3 F AL
A LD 8= T4 MEEILTHEML CWb I enb
bbird, ZOHEIZBWTEMIREA 1000C 0 b 0
B1B0CObD LY bECHVEZR L7-DIX, Bk
RO RAEORRSIHI SN TnD &L b IZ, BM L
B EA SN LS L TCwaeEZ NS, /-
721, BM LB BT 2 M T 4 )L F — D E\v Bz



Fe-GAARSER BOTERFRC

$2 85 1333rpm DA IZB VT 760rpm OHE L D H HV
mﬁﬁw._ﬂi,ISHm?iO;,BM%@%®%
FHFRIRICE Db DEEZ OGNS, $4bb, X8(b)
@ B ¥z x5 1333rpm DEFEII BV TIIRD R AL
LTLE- T a7edI2, BBEROR T DR A A —
&R0, %ﬂi)“ﬁ?ﬁrﬁn*@*i?*ﬁﬁ@ﬁ??fﬁﬁk%ﬁﬁﬁé X
IHMEHL72b0LE2 60599 4%, LDHEOD

DN E R = v TR 2 TV, RPL 2 ]
L7z BM ALEBHRIZOWTHE S 2 L EDPH 5.

RFEMLZOREERD M TH LD 513 LAMKE
ﬁ&i:k&<ﬁﬁ%ﬁi#é’tﬁf%étb,é%
A SR A UL T & % X 9 12 BM ALE S & AL
?6;tﬁféﬂi,ﬁlmw$~T®%$%&%*ﬁ
FEIRFWOEENTREL 5 b D L HIfFEN D,

5.1

[l

RIFFETIE, PM 3% F v 72 BEAS 5 35 50 5L o0 BT i
DEEXTEELT, ?ﬂ%*?%%Pb%&E@%’ﬂ
LTHohLddLEED BMEE % L 285461215
5D BERE RO EE O R R % ﬁ?é &
*HBE LT, ZNEN18E0 O BN & PR
BT L7238 BHDwT, By — A SR BRI &
% HV i3 & O 2 ASEMGABRC & 555k S % 04
R L7 ZofB%, BMAHIC X 1) B AR5RE 2SN
L, ZOMEMEI) ¥ 7 E (ZITERBERICH S
&, WS omhiE BMARIZ & > THRAERD /S =T
MADERAMEE SN D & & HI2F O FRED AL
BN THY, AELIETOLEMET, HizhlEg
760rpm, 3hrs. © BM ALEL T HV A3 £l T 25 A2 1

MT&5Z &pbrol. —7T, 1000C, lhr. &5
S CBER L2 BHC D W T BM AL 2 L C b+

DHEMEELERST, EEROBKIALVF—(LZX 2
213 & 5 7% 5 BM B S o frad AL & WS 5
R b,

SEXH

1) FEFL: AA=ANT0AL VT -
% LI &4 % V8 % B,
43-45.

(2) MEFAE, ME)IEE, fRILE  SUS316L & O 9 A
PM 70t A OB X 5 AL, AL &
Wy RIB4E, Vol49(2002), 479-485.

(3) frEEMERE, BHFEE  AH= ANV TUA L TIILD
Fe-Cr & 0#F, =HEAFHMRIA L > ¥ — T

IRRE B Dl #y
4, vol71, No.1(2001),

BUBR=N ) IBDRIONT  —E28

G

VTGN, BRI RS KRR TR R 5

i >a$x@m:fc1333rpm o
M8 BM B EOB AT

SEMFZEE 7R S No.26(2002), 6-10.

ATHTEHRE - BERAR A, BRI (1997), 97.
AR, BETR, mEEDR, RTHE, IR
HE : Fe-G My RBEM M OERIEIZB T 5 KR —
3 Y TRBEOMBIIONT, BRAEEIELE
No.44(2009), 1-6.

KEF R, EREXE, ZR A IV
FIZBIIERERI VDA — VT v TFEIC
DWT, HARHH No51(2004), 2-6.

Mif t ARG, =N« SET 3B %
B (1980), 10-15.

BURFTE BRI SRIREEL 25 VOB Sk - ik -
WrRE4, M (1982), 449-450.
MILFE R, ZAHE, SAE
HF T34 (1972), 113-115.

Ml B R G E5



FRITERFEMER WL E #4777 (2011)



B 1 e R DOBEANE SN RATTBEANRMFDOEE 7

BRI 3 o 3Rl D BEA AR S I RATTBEANSKM ORE

i =3 - HH Bt - KM

[ M NI e s o S B S

Effect of Quenching condition on Hardness of Quenched Structural Carbon Steel

Mitsuyoshi SHIMAOKA , Yosuke YOSHIDA® Naoki OHHATA™, Satoshi YONE*** and Arisa TSUJII*™***

The hardness of the carbon steel for structural use increases with increase of the content of carbon. It

has been cleared that the hardness is also changed by a heat treatment such as quenching, annealing and

normalizing. Especially the hardness of the carbon steel increases remarkably by quenching. In this study, on the
carbon steels for structural use of S15C, S25C, S35C, S45C and S55C, the detailed relations between the hardness

and the quenching conditions have been examined experimentally. The increasing of the hardness of the carbon

steel was confirmed only in the case of quenching from the temperature above A, transformation temperature.

The hardness of carbon steel increased with decreasing the temperature of water coolant used in quenching.
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Table 1 Thickness and diameter of samples.

unit : mm

Sample S25C S35C S45C S55C
No.1 3.0 3.7 3.7 3.6
No.2 32 4.0 34 3.8
No.3 34 3.6 3.4 3.5
No.4 3.5 33 4.0 34
No.5 3.5 4.0 4.1 3.6
No.6 3.7 4.2 3.9 3.5
Average 34 3.8 3.8 3.6
Diameter 25.0 25.0 25.0 22.0
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Fig. 3 The relation between the hardness and the holding time.
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Fig. 4 Schematic diagram of experimental apparatus
for dipping of high temperature horizontal
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Fig. 5 Cooling curves of the platinum filament.
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Fig. 6 Effect of the temperature of water coolant on
the quench hardness for the structural carbon
steels.
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Fig. 7 Effect of the coolant on the quench hardness
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Flow Transition and Development over a Flat Plate and in a Circular Pipe

Mizuki KITO and El Sayed ZANOUN

Fluid phenomenon can be seen in ordinary life everywhere and the most of the cases are turbulent flow.

It would not be an exaggeration to say that this common phenomenon take the critical and expanding role of

every engineering performance, continued existence of all creation and the global environment including earth

atmosphere and ocean. It is however still challenging to elucidate the turbulent phenomenon. The importance

of wall-bounded turbulence such as an external flow, a pipe flow and a channel flow that is obvious since most

engineering turbulent field and natural science belong on the wall-bounded turbulence. Moreover, of particular

interest to aerospace plane designers is a transition between laminar and turbulent flow because of the great

effects of transition phenomenon in performance of aerospace planes. In this paper, a comparative study of the

flat plate and pipe results is carried out. Also, a criteria for fully developed turbulent flow (the entrance length)

from the aspect of moments of centerline was studied.
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Sequential formulations for dual semi-De Morgan algebras

Kenichi ARAGANE

/Nt 0 EAKTC 1 % D O ECH (bounded distributive lattice(BDL) : F1~F7° %723 ) T3 HEGER (78, F8°
DF N mmw=ax) R BLH U EY, F9°) L0, LIZOWTOME (F10, F10°) &7z TECRAS [7] TR
SRTWB B - E LA 2488 (dual semi-De Morgan algebra(DSDMA) : [2] © MPP & MP ORi2% 2 ) Th
L. DFENRER BV RE(B) ERFRRERTH DL . K LTI, BGTEN - BV RETHER Y LoWE
RRNRL. L TR R - BT REE L ERRICFEE S, GGentzen D ([6) TOY =7 v M (R)I2X B
AR GDSDMA 2% 2 5.

§1 D-R
(3], [4], [5] £FERICY — FZ2ERT 2.

E&E1] (7-FOER)

[

(1) E#0,11E7—FTh3.

(2) ZE p1,p2y--es Py 17— FTH 3.

B) ztyBIV—FDEE zAy, zVy, ~xd7—FTbH3,

(4) BLED (1), (2), 3) K& > TR S NG ZIDADY — FTH 5,

V- FAetkofar A L L, 2HE v, A L 1IEEE - 2 bOoREHR A= (40,1, V, A, ) &%
2.

§2 XF R - EILHVHKE (DSDMA)
[E& 2] (DSDMA DEE)
A DEBDOIC x, y, 2 ITRLT, XD F1 ~ F10° 2D 2o & &, fREGR A 2R R - vk v R
(DSDMA) & X5 ([7)).

F1 zA0=0 F1° xvl=1

F2 zANl=z F2° zv0==x

F3 zAhz=zx F3° zvVz=z

F4 zAy=yAz F4° zVvVy=yvVz

F5 (zhy)hz=xzA([YyAz) F5° (xVy)Vz=zV(yVz)

F6 zAN(xVy) =z F6° zV(zAhy) =2

Fr1 zA(yVvz)=(@Ay)V(zAz) Fre xzvyAz)=(@Vy A(zVz)
F8 —zA-——z=-2 F8° —zxV-oa--z=-z

F9 —(zAy)=-2xV-y F9° —=(zVy) =-—-zV-y

F10 -0=1 F10° -1=0
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[E&E 3] (FAEADER)
T,y % ADIEEDITLET S, sAy=2 DRV IUEDEE, <y EHL.

(1], [3], [4], [5] & ERIC LT, XRDOEHANE Y 3L,

[EE1] REFE A2 BOHRER - LA R (DSDMA) TH D (DF D FI~F10° 23R Y 322), D
EEIICED o<y WERINDG <= ADTEDITL z, y, 2 ITRNLT A TRD T1~T12° 3 H 3L,

Tl x<zx

T2 z<Ly, y<r<zxr=y
T3 <y y<z=—zxr<z
T4 z<Ly<=azVy=y

75 0<z T5° x<1
76 zANy<z, zANy<y T6° zxz<zVy, y<azVy
T7T z<z, z<y=z<zxAy T7° r<z,y<z=—zVy<z
T8 axA(yVz)<(xAy)V(xAz) T8 (zVy)A(zVz)<zV(yAz)
79 2<y=—-y<2
T10 —x <=z T10° ——=—-zx< -z
Tl —(xAy)<-zV-y T11° —=(zVy)<-—xV--y
T12 1<z T12° <=0

(RIERH)

— .

T1~T8 & T12 1% [3] DB 1 DFHERUTH %. T10 & T10° & T12° 1 [5] OEH 1 DFEH L [FE U
Th5.

T9: o<y £T2LEER3I LD aAy=2. COMACHKELESLE FIDS ~axV-y=-2 T F4° &
T4 6 —~y < —ax DY D,

T11:F9 & T2 » 5 Y L.

T11°: F9° & T2 26K i,

—

ERIICED o <y BEBRINLI L L FI~FT & F10° 3| OEH 1 OFFH LRI THS. F8 &
F8° L F10 I3 [5] DEH 1 DFFHLEFRIL TH 5.

F9: T6 TT9 Zfli) L ~z<—(zAy), ~y<-(zAy). INLIZTT 2{HH) L ~zVv-y<-(zAy).
INE TR T2 20T = (xAy) =2V -y DD D,

F9° : T6° TT9 2[5 L —=ax < ~=(zVy), ~my < —-=(xVy). NI T Z2fli)L
gz Vony < a-(zVy)., Z0E TP 12 T2 2fioT == (xVy) = ——x V -y DIKD VD,
(REWIHE)

KD (1),(2),(3) 1 [5] DHEE 1 LFLTH D, (1)°,(2)°,(3)° DB EL D 7D,

s,

AEEL1] W(T1~T4ET6~T7 DEHILD) BT, RD I EHKD LD,
1) [T10(mz < —==z) D (2 <~y= "~y < 2)] <= (< ~~y = ~y <)
)= (zVy) <—axA-y <= T z<y= -y <-x)

)o@ Ay) <oz Anny = (2<y = onx < oy)

)0 [T10°(n——2x < —z) D (hx<y=-y< 1)) = (-x<y = ~y<x)
2)° mzVay<-(xAy) <= Tz <y= -y < 1)

3)°mmaVony<on(aVy) = (e<y = ~nx<y)
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(L)

() :=: == <y LTHLEHREDPS ~y<—=-2THY, ~~—2x < —2 XD T35 -y < —x
WD D., <= T1 &0 m—x < =2 TIRED?PS ~—-2 < -z BVEHIZED. RIZ -z <y £T5.
<<y LDREDPS —y < -z DD IO,

(2)°:=: 2<y LTBLEL3I DS zAy =12 INZREDAERDLHHINRATEE ~zvV-y < -2
FT6° &) my<—2Vay TTIDS ~y<-cPWDIUD. <—=: T6 DrxAy<z, xzAy<y TK
ExR[EIE ~x<—(xAy), "~ y<-(zAy). T7° Z{HioT —zV-ay<-(xAy) DD LD,
BY:=: 2<y tTBLT4H»5 aVvy=y T-=(xVy) =~y INZREDAHERIAALT
VoY <y T6° & nmx <=2 Vany TT3IDE nnax < -y DD IO, —: T6° &
Daex<zVyy<azVy TREZMEIE ——z<-=(zVy), " ~y<=(xVy). TNHIZT7° Zffi>T
—mrVoany < - (zVy) DD IO, (RIEHH#%)

F7, RD (1),(2),(3) 1 [5] DIEE2 LFHLTHD, (3)° BT D 37D,

[FE2] HITBOLT, XRDI LD D,
(1) [T9(Jj§y:>ﬂy§—|x) f))/) _‘_‘_‘Z':_‘.T] — [Tgo(ﬁﬁxg—\ﬂy@—\yg—\x)}
(2) [T90 ﬁ)‘/) TlO(‘!{L‘Sﬁﬁﬁ[L‘)] > ="

(3) —“(xVy)=—-zA-y — @-—=(zVy) =—z A~y
= @ﬁ(ﬁxvﬁy):jﬁ(‘r/\y)
(Fg)ﬂ(x/\y):—q:\/—\y @O—\(x\/y):—\(—\ﬁx\/—\ﬁy):ﬁ—\(—u[/\—\y)
(3)° (F9°) = (zVy)=-—zV-y <= Q° w==(zAy)=—-zV-y
ATy =X ®O—|(—|QL'/\—|:[/):—|—|(£L'\/y)
(RLEHT)

B) = (Vg = (e VY) = (2 (V) = (Vo) = 2o (nz A-y) ED D° 2
JROAVD. RIZ === (zAy)=—~(mzVay)=———zVa-ny=—-aV-y kD Q° BKH LD, 7
S(mzAmy)=—maVoany=--(zVy) £D Q° YLD,

— RE D° £XIFQ° Ty Z 2 llT5E F3,F3° 6 n=—x=—x BRHZD. RIZ ~(zAy) =

o

X 5T, RO EDHLD .

(EES3] ACBLT, KT LAY o,
(1) [ﬁ,’]}\/ﬁygﬁ(l‘/\y) VN _'J?:_\_'_\I] — [T9°(—\ﬂx§—|ﬂy == ﬂyg—\x) D> (,’L‘g

2
(3

Y
)(ﬂﬁx<—\—|y = y<z) = (<o = oo <o)
Y@<y = ~y<nx) = < nog

(REWT)
(1) : mm2 <~y ETHLEERI DL —mxA-ny=--2T(m"z2A-~y) =-—-z KREX
D ==z Vany < —a(mmz2Any) = —mmx =2 T6° KD wy=-——y< =z Vamy
6 —y < mx BEDID. HEEL D (2)° XD T9 DBEDVZODT —y <~z = ——z <~y
DDV D, R, 0 <~y ETBEEFEI DS oA~y =2 T -(zA-~y) =~z RKELD
—zVanmy < a(zA-mmy) =2 Tay=——ny<azVanay 26—y < -z BEKD D,
(2) : "z <amnr tTE 2%z IlTBHLE nnr < annnx TIREDPS m——z <~z DR 2D,
HOLAEDFARTSH 5.
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(3) : T1 &Y m—=z<—-z TRED»S —x < ——-z DY LD, (RIEHH#%)
§3 DSDMA DY -4 MMCKDFAHIEFR GDSDMA
[3], [4], [5] LFERICY =7 v P DOEEET S,
[E&E4] (7P R) DER)
7—FOHBRINZX )T RLFT, A ETRY. V-FOERI a1, ...,a; ZT EL, by, ....0, 2

A LT2EE DSDMA TORER g Ao Aam <by V- Vb, =72 b ()T — A THET.
ELTHEDOLE T =0 E8EL), 1<bV---Vb, L, A=0DEZE a1 A Napm <0 EF 5,

I=A=0DERIFELR0.

ZDEE BPER - LA RE(DSDMA) O — /7 v iz X 2 AW AER GDSDMA % [3], [4], [5]
EMBRICRD K ) ICERT 5.

ﬁb — T Q

-a — T -b — T

—(andb) — T

(=—)

[5] £ FHERICRD Z & HSHD LD,

[E&HS5] (GDSDMA D)
[1] h¥
(Bl)a—a (B2)0— A (B3)T —1 (B4)—-a—-=--a (B5)-—--a— —a
(2] HEGmALI]
(1) HEE I BT 5 HEas
r—A r—A
a, ' — A (w—) I'—A a (—w)
a,a, ' — A ' —A a,a
a, ' — A (e—) I — A a (—o)
Fl;aa bvl—‘24’A (6 ) FHAIvaa ba AQ ( )
— —
F15b7a7F2—>A F—>A17baa7A2 ‘
Fl i Al, a a, FQ i AQ ( t)
cu
[, Te — Ay, A
(2) FwBEL S ICBY T 2 HEFmBL A
a, ' — A ( ) b, — A ( )
_— — _— —
anb, I — A ! anb, T — A 2
' — A a ( i) r—ADb ( Va)
- — - —
I —A aVvb ! I —A aVb 2
a, ' —A b T — A (v ) ' —Aja T'—Ab ( )
aVvb, T — A I —A/and
a—b

(~—")

—=q — [ -=b — T

(= —)

-=(avbd) —T
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[EFE4] XD 2 ODRMEMELERD LD,

I — A —a

B4) =
( ) F—)A,ﬁ—\ﬁa

§4 DSDMA & GDSDMA ODEfErEIE!:

3], [4], [5] & REICRDERET 5.

[EE6] (FDER)
=T — A 73 GDSDMA TiafHHTRETH S &, FT — A EEL.

[BET] (EDER)
AEHX a <bHDSDMA TRDDEE EFa<b LEL.

[E&S8] (DSDMA TOHSDERE)

a, b 7—FtT3. Fa—bPOFb—aDPEZE a=0beT0UL =% AMEFERTHS. 22T
A2 (A D =L 2TEM) 2H07DTALL, =% = LARLEZLDEZ DSDMA TOHS LT 5,
(2F 0, V7Y A3 (Lindenbaum algebra) %2 %)

ZDEE, (3], [4], [5] EFERICLT, XD 2 ODEHERY 32D,
[EE2] a,b%7—FETBLE RDIEDWY D,

Ea<b %51E  Fa—b

(RIEH)
DSDMA O §XRTORE (F1 ~ F10°) »* GDSDMA TAEHHAIRETH % 2 & 2R X kv, 2hs L
fiize T1 ~ T12° 2% GDSDMA THEHTRETH % Z L 2R .
T1I~T9 & [3) DEH 2 DFFHEFE U Th %. T10,710°,T12,T12° 1% [5] DEH 2 DFFHLHL TH 5.

T11 : -y — oy

T xr —> X
—\:L'—)—\:L'v—\y —|y—>—\1'7—|y

ﬂ(l‘/\y) — &, Y

“(zAy) — -z Vy

T11° :
—\ﬁgj‘%—\—\x’—\ﬁy —\—\y—>—|—|x,—\—\y

"o (@Vy) — ohaVoay (REPH#%)

[EE3] an,... ambiye by 27— FET2EE, KD EDIRD L.

Fai,...,am — b1,...,b, % 51E EaANayp <bV---Vb,
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(RIEP)
L2 ay,....0m PDEZ ay AN~ Nay, @z TRET. ADby,....b, DEZ byV---Vb, & y TET.
GDSDMA D= (B1), (B2), (B3), (B4), (B5) l&Z 024 T1, T5, T5°, T10, T10° »>5 DSDMA T
D7D, RIZ GDSDMA D&l ExX (Eos —7 v ) ichind 2 R%X%8 DSDMA TH Y 320
ERET S & E, TRUITHINT 2 4% D DSDMA T D 22 Z L 2RI L\,
(w —)~(— A) X 3] DE 3 DFFHERIL TH 5.
(F— ) :iEa<b iTBETINS E-b<—adIKD LD,
(-—):Ea<z, E-b<z tT2ET &) E-av-b<z TI1 XY E-(aAb)<-aV-bT
T3 ZffioT E-(aAb) <a LD D,
(nm—)iEma<z, Ea-b<z &TBETT XD E-—aVv--b<z. TI11° XD E-=(aVd) <
==aV-=bTT3Zli>T E-=(aVb) <z WKL, (RIEH#)

P EIZX ) DSDMA & GDSDMA ASE#EMICHEETH 5 Z L 3b 5.

SE
1] F4®E— MSalgebra |2 AT & BRI OWT |, Z8 B B 7efd 2 28(1993), 105-111.
2] weE—, 77 VARBICEET 2 RER IOV T, REEEIFEHE 31(1996), 81-89.
3] &E— MSHREEAN—REDY—F7 v ML BEAL, BREHEMZELE 33(1998), 119-127.
4] WeE— X F—REOY—47 v M BERAL, 28BS0 40(2005), 87-94.
B] WeEE— FF - BVFUREDY—7 > M X AL, &R ESHEZELE 41(2006), 109-114.

[6] G.Gentzen, Untersuchungen uber das logische Schliessen, Mathematische Zeitschrift 39(1935), 176-216, 405-431.
[71 H.P. Sankappanavar, Semi-De Morgan algebaras, The Journal of Symbolic Logic 52(1987), 712-724.
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Ribbon 2-knots with ribbon crossing number four. IV.

Tomoyuki YASUDA

ZRIe) R VRO HIZ, mfEOZRICERTE A S % 2 B2 ZRITHEA BT LT, m— 1o kot REE %
BT LICEoTHELNAZRIEHKMOZ & T, 5209 FWKRITEL—27 ) v FERNTINEEZ %5, ZIRILY
RUHUHRK OO EDOMEEZRTIOFERROZEEZKED) RV FERENV D
Fro, VARYVFIRICB W T ORIT MRS H A 2 IR TTHAH LT HHBOZ L%, 20 KU FRO) K
VRERE VI, KEDTRTD) KU FREFZZ 2L ED) R U REHOR/NU K2 OFR/IERE Jidh b,
CNEZRICY RV CHOBEMS 2 EA 2 EELMETH Y, [1] THOTEA SN, [1] 2BV TdR/hEE
BHRIUTOZRIG) RVHECHIZITHELULPFEEL W EHDREN, TNFNIH L TR E = FEBT S
VARVERNPGZ BNz BIZ, [2) [8] KWBWTUIRIRER» 4 ORI R UFETHD S HC, [2HOK
JLERME & 1O ZRITTHBRES 2 BT 2 LI X > TRONL ) RV TRV AR A #EBT 250 250X
S, HITEZENS ZBRE (3O RICEK & 2 o Rt HBREEBZ BT 2 L 1c k> THEONE ) KU ER
WIINZEB AR ERT 500 PRASNLNTV L, R, CTNSIEEDETHE A 56 HLMFEEL 2T L35
TWwbe F/z, [A TEINS 56 % B 7z 1T, [4 o ZkcEkii & 3o ke MBS BIF 52 FH 2L 5T
BOEND )Ry EBRVRANZEHAXER]T200] xRONTV5, R, INHIEE4 BELIFEL R
W EDH 5TV,

LNELLEDSATIIZE TR S N7z 91l % B & L[5 8 0> ik JeERIE & 480 e MBS 2 BT 5 2 &2 k-
THOND )Ry BRVERNLERAZFERAT L0 20 R INOEE 4 21 LA L 2w
Ghrotze TOHEEDNL, RIKERA ZFFOTRIL) RV HIEE 4 112\ L 2HE LR WESER SN D,

1.4 & RS A BRI & X ET ARBOZ L% R
JRUVEEHEW W, cr R) TEENL, TZITK?
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D
D

ZRIC) R UREOCR ERIIKRIC L — 2 ) v RZERIZE
WTmfH O ZRICEKTH # m — 180 ZRITH BRI T
BCRIZL VMR SIND ZRICERECH S, HIH TR W
TWICERIE & L TR R VRGO H R STl
Ko OEDDOZRIT) R UAECHEMELT HDIZEAL
FEND L0, ERENMEEHOFTEDVH 2 D9,
) EICELS b 7o T E 72,

COMBEORFIIZEDL—DD L L TR R
O H OBRNEEREPIET 5 L) HEPH b, 22
TRDNZEBREEIUTO L) IZkO 55 2RI R
WOHOAEETH D, KEEBKT 27200, HWZA
TWITHEAE & TRITHREE L OO Z L E K2 D)
RYFREVI, VRVFR R IZBWT, Thztf

FTRTCO)KRVEREEZ L E, 20 R UZERD
RN K ORI LEETH D, Thider (KP) TH
SNhb,

TWRIL) R KB T A RANEEROBEST (1]
WCBWTHD TEASN, €9 LT [5] Tldi/hgE
AN 2 B0V EONEA SN, b —F AKEOH
DANVAECH E LTERENS ZRIT) R FHIE
FTNTRINRERDSRE END Z L5720 F 72N
AR IR L L7220 R U OTH o FEE I B
LTEZRIE 1] BT, mERSIUTOK
TR AECEP TR TRES N, BET17TEHTH S
ZEDRENT, Fh. ENLORNEER Y FER TS
DARYFERLRENT WS, FIZ[2], [3] [4] TlEHR/D
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RERPAOZRITT) R VHETHD S B, 2O
JCERM %2 1 E 0 “RTHBRFEIR TR CHIC L VRS
%) Ry FRVWERANLEA®FEH]T L0, [3HD
TORICERTE & 2 M O R TC BRI TR CHIC K ) AR
END)RVBERVPRANLERAZEBTL00], &
(2[4 R ICERTE % 3 M 0> ZRIC BRI TR CF
WX DRSNS ) Ry ERDPEEMAZERN TS D
DIFRERENT VL, 2N OREITFE 4 I HTH S,
KL TIIRD Z L 2R,

il RIERAOZKRITT) RVFETHD ) B 4R—
AN R Y FIRDEINL R R FEBLT 5 L 0L [1], [2) [3],
M| EN- bR BEIFTIEE 4 21 TH %,
LD, ROZEDHEwREIND,

EBE RAZEBS 4 ORI R AE O HoMEIE
ma LN2METH %,

2. % &

2.1E& (1D
D u =12 m}l ZEVIZZEbSZRVIURKT
I—271) v FEH RTWNOZRICEREOEE 34, F72.
oD!=0" LB,
—7Jivfh: D*X1I — R*
(r=12 -, m—1; i,,j, =12 - m%, G2 HL
WIZR DL RWVHLOAADEE L, 222, ROMWHE (1.
(2) &7z b DL T 5 HLDATRITERE. T = [01]
Thb
(Df%JszDﬂOf—jfmr®2XmD(L=M

L. O x{1) (G,=pn)

1¢ (ZDfth)
@ (U7, f1; (D" XI) ) NCUT,07) iddkh
Z 2T K? & RoeEkIE
(U™, 0°) U (UL (D 1)) =T
45, fHL
T=U"" 1, (D* XI) TH) TIZ T OWHEET, =
OB, KEDZ &% ZRIe) RURHEUH &S,

2.2%F& (1D

o = ULD, B = U" fl; (D"XDeBLEX
(0, B)DT LRI R FEUHKACHT Am
N2 1) R FR (BDCITZHIZ) RUFR) LR, £
72 BN—AL B ERANY FEIES, HIZ, KT K>
WOHRKICHTA2TRTO) Ry FREER 2 ETD
N—= 2ZHDOENED Z & % KEON— AR E DD (K

THET, TOEEXRKIEDKY)N—ZAZRKITY RKUFEY
HTHhbEWVS,

2.3 (1D

0, =1L (Ox1) (r=1,2 -, m—1):B<, AL,
{0 ED*OHFLETHD, 22 THK L, 2% o ITHBRME
DETEEIIZDLLELTE . ThHDHEL 0, ©
FHNZHES T an, awm, -, a & L0, B)D KR 5EE
LIRS, HLK 0, oA 04 25 0% A JilA)
LY Ho Ok

nzzla%U$>%%@U£y§%ﬁ&WU\um£)u
n XEVRYFRTHDLEVI), £ LTRIZHT S
WCD)RYFEREEZEZ I LETO) R REORN
DL K OFRNLER (R ITHIIEZ) LY
crK?) THEJ,

2.AFE
arl, a2, v, ars WIS LT, st O FENS 7 55
wr 22 Bo DK N HIE 0, A D) 1T ay (v=125)
TIEDOMPSZDLHEE, weDVEHDLT % x 4n
BOMPEELLEEEAME x| LT2bDET 5,
ZDEHITLTOLENZFE W, w2, w1 ZFIH
LTKEOEPBE#HE T (R — KB OEEFRE KO
KTE %o
Gk [ x,;0=12 - ml|x,w x w/

r=1,2, -, m—1 ]
HLEx Z 0P, DRA) T4 7 VEEITEET S (6] 2L
FORLGHEET) KR (0, B) 6078
FREDOZEE (0, B) ICHEL)RIBRRE
5, T2Bwe DT &% ZDY RV EFIRDGE LR,
—H. VRVEER (k) 251k, SOFIHTY) K&
RO, B) ZEBOLNLDOT(6,B) DI LEYKRY
IR (% 1) ICHELZY RV ER LS,

3. fEDEA

BANEEBAD) R FECHDH B, 5= R
FIRDR/ L ER A EBT 5 D%HET 5,

BL, R=Z2OBBYFIZEY, LT X2 6)6) O
2005 A4 TIZHFTENELT) o

() ROVARVHFRGICHELLZY) RV FRRE H LT

%o

G = [x1,x2,x3,34,%5 | x1 win x2 whit, x1 wiz x'3 w'iz,
X1 Wis X4 Wiz, X2 Wit X5 W]

Z 2T wjl. Wiz, wis, wia 1$ 10 FEOXF x1, x4, x2, x?



WK ERADOZIRITT) RUECE N 39

x3, x50 x4, x40, x5, x5 OVWTATOLONE K4
1 XFOFETH L, 22 TL0MHOLFTOELIENZ =
DIETH 5 LT Do wi, Wiz, Wiz, Wit & ¥IT7- 4 X570
i 2 FEE T T X TaE, (10, (2] (3] [4] 12BWnT
FIZEENT2) R VFREFLZRIL) RUECHEET
VRVFREE L &L RD 16 HAFES .

Wy = X5 , X2 , X3 , X4
_ -1

W93 = X5 , X3 , X3 , X4
— -1

Woy = X5 , X , X3 7, Xy
— -1 -1

Wgs = X5 , X2 , X3 , Xy
— -1

Woe = X5 , X2 °, X3 , X4
— -1 -1

Wo7 = X5 , X2 , X3 , X4
_ -1 -1

Wos = X5 Xy , X3 o, X4
— -1 -1 -1

Wog = X5 , X, X3 -, X4
_ 1

Wioo = X5 , X2 X3 X4
— -1 1

Wior = X5 , X3 X3 Xy
— 1 1

Wioze = X5 , X2 X3 , Xy
— -1 -1 -1

Wios = X5 X3 X3 , X4
— 1 1

Wioa — X5 X, 7, X3 X4
_ -1 -1 -1

Wios = X5 X, , X3 Xy
— 1 1 -1

Wioe = X5 X, 7, X3 Xy
— -1 -1 -1 -1

Wior = X5 X2 7, X3 X4

—J. &Gz LT [7] 2B 5 kT K U0 HE
OT VXY Uy —ZHAGHREEEMT 5 L. HHIT)
RYFRYOERT L R RV THOT L F4
v =% A (mod = t°) 2RO L HIKE D,

Ay, -1+4t-5t%+3¢t?

Agy = 1-4t+6t2-21¢°

Ay, = 1-3t+5t2-3t3++t*

Negy = 1-3t+5t2-3t%+t*
Nygsg = 1-3t+5t2-3t3%+¢t*
Ny, = —-1+4t-4t2+3¢t3-¢t"*
Aoy = 3-5t+4t?-1¢t?
Ngo = 1-2t+5t2-4t3+¢t*
Aoy = 1-4t+5t2+2t3-t"*
N, = —-1+4t-5t2+3¢°
Nig, = —-1+3t—-4t2+4t3-¢t"*
Aoy = 1-3t+5t?2=-3t%+¢t*
Aoy = 1-3t+5t2-3t3+t*
Aoy = 1-3t+5t2-3¢t%+¢?
Nios = —2+6t—-4t2+¢3
Ay, = 3-5t+4t?-1¢*

WoT () OFAT ITYT L) R VERIIRDK
EHAEBT L RT) RUBECBIR I6HTH 5,
HL. B2 & Rz , Rz & Rwe , R & Rios

Ros & Rioa , Ros & Rz, Ror & Rwe , R &
o1 . R & R , WFEFENRENEWICEGOBIRIC
@60

() ROV RVBHFRGIZHEL) R FRE R T
5o

Gi=I[x1, x2,%x3, x4, x5 |

x1wi1xew!j1, xiwijexlswljz,
X1Wi4a x5 whial

wia4 Z10HEDOLT
X1, x '1, x2, x2° ' x3, x3° ' x4,
x5 'OVWTFNhTOLENEL%4 ]
WFEDOFHETH LD, 22 TI0MOLFOBELNEMZ Z D
JECHZBET D, Wi, wiz,. Wiz, wja =T
72 4 FOFEE FEERNEFE T RTIEA [1], [2], (3] [4],
BLO LB () I2BWTHIESI ) R FIR L
LRI RV HERT ) R VEREAC L, RO
5 i %55% %

1 1
X1Wji3X 4W j3,

CCTWi1,Wj2,Wij3,

x4 ', x5,

o

Wios — X3 , X4 , X5 , X3

_ -1 -1 -1
Wipg = X3 , Xy , X5 , X,

— -1 -1
Wiio = X3 , X4 , X5 7, X3

_ -1
Wi = X3 o, X4, X5 , X3

— -1 -1 -1 -1
Wi = X5 °, X2 7, X3 7, Xy

—J5. &G LT [6] I2BIFB%RIT) R0 HE

DT LFY Uy —LHAGHELZEAT 5L, BHIZY

RAUFRR jOEHT L KT RV EOFEHOT L *

Yoy —%HNA Aj (mod * t) AKRDEHIZKF D,
Aoy = 1-4t+6t%-4¢3

Nige = —-1+3t-6t2+4t3-1t"
Aoy = 1-4t+5t2-4t3+t*
Ay, = —-1+4t-6t2+3t°%-1
Ay, = —4+6t—-4t2+¢3

feoT () DFATIHEET B )R Y FRDVERANK
EREEBT LRI KRR 5HTH 5,

HL. s & Rz, R & R FENZEFNHE W
SR DOBEIRICH 5o
GET)

fHE
Bl ™ 3. FEHTD (i) 12B1F D) R FROFED) B,
Wb we, T TOEIZDOWTREDLFDOURAFD
FTRT2IIHoTWED, TXT1IDORY THHDTE
EPLETH S,
F/20 Ay, = 1
X Ag, = 1

-3t+4t2-1¢3
-3t+4t%2-31¢°3



40 FRITERFEMER BIELE #4777 (2011)

DFY) THHDTRIEDVRLETH %o

SER

[1] Yasuda, T. Crossing and base numbers of ribbon
2-knots, J. Knot Theory Ramifications 10 (2001),
999-1003.

(2] “HE 2, RIKERAOZKIL) RUFECR, &
BTSSR MR 7eA 25 44 %5 (2009 45 3 1),
69 - 72.

[3] ZHR 2, ®DZEBAOZRIL) RV #UH T,
B L E S P2 BT Je i 2255 45 5 (2010 4F 3
H), 59 - 61

(4] ZHEZ, W ERAOZRT) RA#CH 1T,
7% BT SE & S5 P O JE A 2248 46 5 (2011 4F 3
H), 45 - 48

[5] Yasuda,T., An evaluation of the crossing number
on ribbon 2-knots, /. Knot Theory Ramifications 15
(2006), 1- 9.

[6] Yajima, T., On characterization of knot groups of
some spheres in R |, Osaka J. Math. 6 (1969), 435-
446.

[7] Yasuda,T., A presentation and genus for ribbon
n-knots, Kobe J. Math. 6 (1989), 71-88.



NGB Y ¥ =12 BT L IBREOS ) LT =) ¥ IEE R OEEEREE 2B A e 41

AN E L 5 —IZ BB EDOA) 27— U7 IEE OB R EE B A 05

BB - ABRFIAIA

A study of work intensity during orienteering of the children in outdoor activities center

Hironobu MORI and Kazuto KUBORI

The purpose of this investigation was to analyze about the work intensity during orienteering of the children

in outdoor activities center. Heart Rate and step counts were measured as an index of work intensity.

The results were summarized as follows.

1. The averages of activity time were 44min. and 36sec. = 6 min. and 23 sec.,, and the number of steps was

4304.7 = 476.2 steps.

2. Average heart rate was a range for a part for 106.8beats/min to 131.1beats/min.

3. Heart rate had most distribution of 101-120beats/min.

Key words : orienteering, work intensity, outdoor activities center, heart Rate, step counts
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The machined surface is an important index of the
quality and functional performance of a machined
component [1]. In turning operations, ideal surface
roughness is the best possible finish that may be
obtained for a given tool shape and feed rate and
can only be approached if built-up edge, chatter,
inaccuracies in the machine-tool movement, etc., are
eliminated [2]. Surface roughness is dependent on both
the tool geometry and the feed rate “S.” For example,
in turning by an offset tool with the side cutting edge
angle 0 degrees and the corner radius “r,” the theory
value of surface roughness (the maximum height
roughness “Rz") is similar in S%/(8r) in the case of the
feed rate “S” being lower than “2r.” Thus, using a
larger corner radius or a lower feed rate is effective for
obtaining a good machined surface. However, turning
at lower feed rates decreases productivity and it has
a negative influence on the turning operation because
of continuous chipping. On the other hand, turning at
a larger corner radius increases both the productivity
and good machined surface because of the higher feed
turning.

Incidentally, in the turning of a shaft with a step of
specified corner “R,” it is important whether the corner
radius of the turning insert is the same as the specified
corner “R” or lower than it. A turning tool with a large
corner radius cannot adapt to cutting a shaft with a
step of the specified corner “R.” Therefore, a finishing
blade is formed at the point of the intersection between
the corner radius and the straight cutting edge. This
finishing blade is called a wiper edge [3, 4].

In this study, the surface roughness, cutting force,

and tool wear were experimentally investigated in

* Faculty of Advanced Engineering

order to clarify the cutting performance of the turning

insert with a three-arcs-shaped finishing edge. Work

piece material ASTM D2 (JIS SKD11) was turned with
two types of turning inserts that had different radii of
the arc-shaped finishing edge.

The main results obtained are as follows.

(1) The machined surface of the insert with a three-
arcs-shaped finishing edge was better than that of
the normal insert.

(2) The wear progress of the insert with an arc-shaped
finishing edge was slightly slower than that of the
normal insert.

(3) The cutting force of the insert with an arc-shaped
finishing edge was almost the same as that of the

normal insert.
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Creative Human Resources Development by Co-operation with Engineers in Company

Mitsuyoshi SHIMAOKA

Relative lowering of economical superiority of Japan in the world has been a serious situation. Teachers in

college of technology must have the ability to instruct the design and manufacturing of a machine system to

students, but their ability seems to be declined. In this paper, problems in education for enhancing creative ability

through manufacturing and engineering design in college of technology have been described and the some solutions

offered a way out of this serious situation has been discussed. In order to keep and develop the total engineering

design ability of students, the education in connection with the well experienced engineers is more effective.
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