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Aging/Weathering with 3D Computer Graphics

Toshio HIRA

The 3D computer-generated images have been more photorealistic through the remarkable development within both of
hardware and software in decade. As a result, it could be said that the 3D computer graphics has become a conventional way
to make the product images in the conceptual design review and the advertisement for consumers. These virtual images always
depict the brand-new products just shipped out, since these are rendered as the smooth and clean objects. On the other hand,
real products in service have often dirty appearances with aging. Thus the aging and weathering effect, such as rust and/or dust,
on the surfaces of the product should be taken into account to generate more realistic image.

In this paper, we proposed the two models to simulate the process for generating dirt accumulated pattern on wet planar
surface and to spatially evaluate the geometry by means of ambient occlusion with voxel-based object. The dirt accumulated
pattern on the wet surface is iteratively formed through flow of water in the process, which consists of water adhesion,
transfer, and evaporation and dirt accumulation and washing away. The cellular automaton was utilized in order to simulate
this phenomenon. The local interaction rules heuristically given and defined among neighbors for water transfer and growth
as droplets demonstrated the capability to generate the pattern that was similar to real one. The aging/weathering effect at
the specific area on the object is affected by the degree of how that area is occluded from or exposed to the surrounding
environment. The simple model that evaluates the dirt concentrated area by means of the ambient occlusion with voxelized
object was shown and exemplified through the examples.

1. LIS 2. B =

FTHD 3D CGC DERIIN—RT =T « V7 NU=T D
FEPOERELVLORS . =& 21, 1IR3
BITEENMER (K1 @) OASLTEHZOETY > 7T,
SRR 20 A BE DAL IR OFRE & L CHEBRH AR Y)
LiZbDTHY, BMAR—2TH BT RN RTINS

PR EBITE DI TV DRI B DAL O 512 1R
EOONBRTHD. FOEHBO—2 L L TRESBlOR
FEEERZET BN, 22T @) Dg 2L (b) DR L
FEERSTIE, REROBIC T H U < WEA T ERTT
DECNRIHHND. W (€) ODEIENY KT, FLo

D) BELNTL ) REERER>TVD. ZThboft

AU TIE, BELEHE S BB 3D CG Iz Xk 5

B4 2R MBRORELR 7 ARISNIZERIC BHOLDIZE, BELLEOBEPLELRD.

B D REERIC L » LT 2 FIELRET L.

R, FRICEBERERE T THERA SN TV HDIZRS
T, EANIZIIATY, BRMZROTETOLDICH
bivd. Lizho»T, 3DCCIZHWNWT, KW EBEENREK

WikoRFELE, (1) &, His Lo erEk, 2)



2 R TR M AR

B, Bk, HERE, BEEOUUSRHBNR E OMIRIETEE,
() HrhlickiEmBRIcRIEhs Y. Zhb
% 3D CGIZBWTHBETA720IZ, LEiNLEHESCTBED
HRANEFNTZEHBEEWEREOT 7 AF v & LTS
L, RA R TBEBRIZLES>TAKRT DI L0, #ioni=7
I AF X @G E 3WILET NMUF T bR L ZY
VITTAHZEMTONTE L. L Laens, ZOFREE,
R e ER N L, Elo, ZRE/AFLIX NBRLDD
MG, BUEFERE CIRONSE T LABENTITR
vy (2).

Zhizx L <, Dorsey 1%, Bl oFm o
Ko zg, &, BE JE, Rols EHicEsn
SRR ET LI L > Ty Iab—ar L, Bko
NBLOEZFHET 2 FE © 0, (MEFEHEORHT DR
FyIal—vardHrFEYZRLTVS. ZhbD
FIETEH, REELL WM E, ANTFENTHZ
ERLBEEMTHET LI ENTRTH LD, Wik Kk
COMEERAOA N =R LDETF LV EEANCAETS 2
ERMTL 72D, Cheng HiE, KV IAWEFHORELLE
HET A0, BFELNEET SED y-ton & FES{RAR
BRIV D FIEAREL TS Y. Z o 4E 2
Biv-1%, BREEHICEC S, WIRRE TOES (reflect),
BriR v (bounce), WL (low) % & 7= ICWIRREICE A
(settled) +%. ZOFETIE, BHERREOEITS, a7
EENORIFETT, A BOBRILD X 5 72 KA 7 — L OFK

(a) Valve parts
Fig.1 Rendered Image

(b) Pens

Fig.2 Actual Image

WHFEACE

#5145 (2015)

TAENERTES., —F T, LubidvI=Lb—ya T
172 <, EMO 3Tk LM kI EHEIL, %
IR BN BORELCICRIET R BE BT T2 & T
N—EHEL, TREHT-2wikics L CEAT 5T
EEIREL, DX )BT 7 AF v % Context-Aware
Textures & IEA TS @,

AFMILTIE, *Gme LTS 2Bz L, Zost
BLORELNDY I 2 L—3 g VFIEOKRHEIT Y. BE
BALBRE T, KORMADOMNE, Bl BRECEIHN
IRE = DGR & BATER DB DI 2 TR, o IIR
NEALT D &9 ZRIERCEREITIR Y b 7.

3. ASRAREADEFEN/NEZ—2DER

3. 1 ASRARADFNNE—2 DK
T, MBITRT L SR, WA T AREOHND R

Belh s, ZOLIRIGIONT =L, TT A%
H&, ZRPOME, WAZEOHAEEMIEES LT

5. ENELTHALND DI, KiZEGENTWDH A
PRI N T AT T AREIZE RS LTI b D, WEZ
DOLDONHDH. FFICHIFL, AWERO A2 —2 2L,
BOWBRETERWVW I ELH T /K TG 21T O QW E
cBOWTREE 2> TS @,

ZO &S RGN,

1) #F7ARMEIZ, KENT XA ETH.

(2) AoriE, EABLOREENC K ELOKS LA
ERZALT, KilizBk (BE) LLD LT 5.

(3) [RIMFCAEFZI BRI LY, A EITHDT 5.

4) HHREDOEREFFOKBBERINIGE, 1T A
KEOWEITIKFE L bIZTHF~REIND.

(5) —FH T, KMEFERTELWKSEDOSLS, WEIXE
DFTE EESD.

EWVYIBRAEBRIKT I ETRE BRI TS L

EZbND. ZOX)RiEfRIIIAAEE LB, 2 2T,

® /14— = k> (Cellular Automaton, CA) % FI|f5 % =

L TCRE— U EBORR O BHBLZ R A 5.

‘A — b= bL, BEEALEFEINDEIRIZKY)
b, ENENOENDRIERE, BELILELE DR
WHEAEHNOEE DB /RIREETEH LTV, Hx o
BV, EFHEELOREEDA TRER SN D Hiliz L —1L
(RPLEFRND 1LV EFHF I TEY, Ho2RICETS
EHIRE 2 5T &b RS2 FNEAERT
XHFETHS D TSR E LT, B8R
TOMEERE 2RI LEBRETHOTT ALY 2, B
TRYEEC G % T 5 Al & B QI ORIl L - BB S o
EFUE Y REBRHLND.

3. 2 BILA—FIbUICEKBFENARZ—BEIBIE
DETIVE
3. 2.1 YIal—yavg#l
TN A= P ACLB VI 2L —va ilHEoT
%, BETYERRT T AREEEEL, KoOumEhL&m
FHRROEELZ T e 35, I T AREITAKFEIF M



3D Computer Graphics |

(a) Pattern 1
Fig.3 Lime Scale on the Glass

(b) Pattern 2

N, EGHEMIZHEISNZELTHRL, REEL LTK
srEwy (=1, -, N, j=1, -, M), WEEDOHER R (I =1,
<N, j=1, -, M) o, FEEOKTFEI=L j=1
THRL, EAOBERIIIAIRASLGEZHAT 5.
LMD RFHEE/ERICOWTIE, EAICL D KSED
BEIL, REBNCLDKDEOREEEZE XD, £, —
72 VA — b~ R T, BREEDRISL OB &R
BlCxnEnD, RKOERETHIRAPELA— b~
Fi: " AT EOEFEITS.

(a) EAICKBKNEDKE

FEINZE D ENEOKIEOBENCOWTE, HET?
TICERET S 8 DBV (LA—T i) OKSEICHER
T5. B v N EICk L CEMESp; (=-1, 0, 1,
i=-1,0 1) #&%EL, —#kEEg =0, 1) X >TH
HDONEEBEE TR LOBMIAKSERNBETS. Lo
T, B+l izB I 200/ L oKy w, X, BREEtIZ
BiFoREREEHWT

1 1
WI(;+1) — Wl(\;) + qupijwl(t-zi,\]-#j ...................... (1)
j=-li=-1 i=l, j=Jd
ERIND. EHFEVIIROE/VCEE LToKEDRK
DREEES.

(b) BEICLBDKNEDIEE
BHIHA L TWAHIKGE, REENZL > TEEL, K
WEERLEY ETD. 22T, FLoBLOKSEN
BE 6 2 2 7235612, EFEELOKGEE R THOIT
BEISES. LaERoT, M HLIZHIT L FoLEALDOK
SrEwy iE, R IR T S REREANT
W) W <0,)
W|(§+l)_ J+1 1+l

RED N

j=d-li=1-lizl, j#J

(otherwise)

LRIND., ZoLE,AFEALDKRIEITETOLRD.

3. 2. 2 MEHMEHBE

WEOEEIL, ELOKSEIGCTETS. 22T
1%, KOENRDDHEE 0 1D 0y DHFEIT, TDOERNIC
RIGT 2WEBITHEEL WL L, M6, 2T

BT DL R 3

LA EDORMTHIGT DR EIIARSIC L > TH SN D
95,

3. 83 YIalL—iasER

ACEJF AN N=100 431, TEE 7 EIZ M=100 4%l L 7z 2
WILZEMIZ BT, B/VREROTEH % 200 [T 5. FEF
RO CATHHDT, 1EIOBOFEIICENTIE, &k
VH 10000 Z 3T V88 9 TR LD LR T v & A
W2, AIENOR L2 E B L OEEIC L 5 K0 EoB
B L IEEHERE R O EHM TN D, ZOEFHOMZICE N
TIE, @KSEIIET-ND. ZhEiEple, &+ 5
KD, BRENKZVNMTT & DATONS.

HNDEBEIZHOWTIE, HEHEADKGE W, (23 LT,
4D kHigdEArp w52, Q) LB TKSE
FEHISESH. 2T, HEELOE EOEALNS DK
NEMOMEEERLREL L, RONTLEOELEDEALDD
OB OMEL LT TWND. FERELOLEELWNTF
SIIKRSOBENTIE U, EEREICOWTIE, KoE
73 0.001 ~ 0.1 DEPAICH HEHTHMNT S b0 L L, ik
2B 5 BEIE 0,205 & 5.

X 50%, WEICBETIBMm &L T03, 055527
HLOTHD. BIE OB NIWGE, BESBIITL,
WENTE Lo W ER3 05, BiEE 05 & LZGE,
EEEDIBEN (K3) LHELDONRE— BRSNS L
DR STz,

4. YARSRDIRBDERIC & HEHE

B TIX, B A — b= b ko TEN Y — Uk
OFBERATDN, WIREEORMIBIROREITEE LT
WV, — 5T, ETCIE, BATEE D ~DIEOHERERS,
MR TRIT 72 > TV D E D TOWIEE DR NN 7R &R BLER

END. T, BEEIZHT B RATRIROFBOF
D 7= 17, BaEHER%  (ambient occlusion) OF| %% 2 5.
4. 1 RIEER
1/8 | 6/8 | 1/8
gravity 0 w, 0
0 0 0
Fig.4 Weight for each Neighbor Cell
T R

(a) Threshold ¢, = 0.3 (b) 6,=0.5
Fig.5 Simulated Dust Accumulatione



4 R TR M AR

BEER L 1T, 3R aAL Ca— R T T T 497 ALE
WT LV EBEENRERESD 70T, HIFIC L D ERERD
TR, BEXRO LS KRBT T VA2 ERRIC
HHTHEDICERSNTEZHLOTHS. MK LOEZED
IZBWT, BRERITTFEOMIRIC X DI X - Tl
DHb0E L, TORBEREENGEE TS L,

A(x,n) = % [V (4, 0)(@- 1) e ®

B, BHR7 MLaERT. VX o) ZrfEEERTHY,
EERXDD o FANCHEBH O, BENLEKRINT
WIUIE 0, i1 2 &5, Fiz, BEOERQIE, —%
SRR E L OERRIC ﬂbr#waﬁémlbt#ot
_®%ﬁAi,%5ﬁﬂﬁﬁ_ﬁﬁéh1m5%éﬁ§
WRFIZ 0122 &, RS I TWRWEIEG B LRI 11
O e EMRD. HE IR RT L OIZ, MP, T
R AW D b oRb R, HP, TS b O
ML 725,

BRILAL Ea—F T T 4 v 7 ATIE, Z OB

amblent exposed

object

occluded

Fig.6 Concept of Ambient Occlusion

REA Z S LICEREDEL-A L L TRIBBHOUEEUT A
TWAEN, BE~OBHEEZRL TNDL I ENLRER
E~OEBEZFMTEENTEELEEZONS. Thb
5, WIKRFEOEATZE 3, BRE~OBHRDRNE)N
5, YR LB, Koy, Mo EoBnBsREINICLL,
7R RSy i#ﬁ«@%mmgw$zg fth Wik & D EEER
B A LT <, BEOHPNSBERER ENELTST
V. ZITE, OB A RIS T D TR
ORBOFHHIHAND Z L Mt 5.

4. 2 ZTEEORYEILREIZEK DREERD A

ATE Tk~ 7- BB R ORIz, mE#lbE BB LT
Bx BFEMERIh TS @ 22T, BiEICRL
T A— b~ b ATk baiEF — ‘/fDﬁfEka%ﬁfﬂ
PEEBE LT, H5LT WKL REER ORI
IJENEREHNDLZ LD LT 5.

M 7R T LI, SKITEMEE /NS HFEROES L
L CHEBMIICEREL L, Z O HFEDOFEE R 27 &L (voxel)
LIRS, ZZTIE, 3WILEMNOER 7 A ORIER L

WHFEACE

#5145 (2015)

(a) Torus

(b) Voxelized torus
Fig.7 Concept of Voxelized Object

Q4 [T
voxelized ;
sphere
[
overlapped i
voxel [TT
: 1T voxelized
ambient - object
Q

Fig.8 Voxel-based Ambient Occlusion

LT, MEOEEBFEETLINEI MO 20 %EH %
5.

R B NVREL I WP IRI T 5 B BLE O 3L
IR T L 912, HDHEOFHBEEEE L TR &
NERBLENIARBH 2R E V5. 22T, 3WITZEMN
DNLIFERD 2 fEOREERE E LT oy ={0, 1)) &%, &
B1OEETWEPFE, ODLZTHFELRNET 5.
Fiz, X Q) BT HHSHPE Q I, FEER ORI
e L, FUOEIN2R+L O HFIENT 2 EOIREER
S (510, 1)) IZR > TERET D, ZEHHNDE Py IZBITD
BREZ DIEWE ¢y 18, ZFDF I THIR L RBERDO R 7 v
BE BIHFET 25T O

Z z ZOIH J+], K+ksljk

-R k——R

Cik = OIJK .............. (4)
IPIPICH
i=—Rj=—Rk=—R
ERBISND. 2B, I TIRREIRINCET 5 R

EREATDHZDICHOC OGN AR A E (a4 V) X
EBE L. £, AifioX Q) TERSN-EREIERIR
Bl 13w, o OEE, BFEREICER I TWDIEE
LIZES< b DLy, REEHRELIESZ L LT 5.

4. 3 RERUFHE

FRAEZAIC KT 2 TR OZALOFEAMMIBI & LT, K9
D 3OO (@) N T Ry b, (b)) 7V T R,
() 7 VB MT) 2L 0HBITD. oD 3RIEAT
Y7 M LT, 8, &, BITEORKTIED 1/256



3D Computer Graphics (235 1T D fRAFEL(L R R 5

(a) Valve bonnet (b) Valve body

(c) Flange joint
Fig.9 Target Object

occluded/exposed ‘
0% 100%

Fig.10 Assigned Color

E1HOEESE LENHRIZE > TRZ B EEITY, 2
& 12 ORFEERIC X - CTERELEHUE 2 RO, Zh b0y
EH EOR 7 A6 LTRD bz BB E IS
CTCHEBNPDLRIFEZBE LA E2HY TR0 %K 1012
T

B 11@) OV T - Rty MY, REERUE OV R
MK LTH, BUVWARZ BEICK L TEAEZE!STT
W5, ZhE, BRERETEATHD EZATIE, RE
FRBREITRE LTRG-Sy, B ERRESNICSL, 8
RV ENFAE, FEELLTWRE (K2 @), (b)) I
RIGELTWAD. #ig, K1), () TiE, BRECERE O
WA ECH LTH, WA Z7 s LRz E
BTCTWD. ZoRAEF, K128 X5 eREELIC
RISLTEY, MEREOMRHS T, BERICK2BES
REPEOHANERIEL Z 03 <, TORFBR, #n4EL
TR TVEEIRBGERL TN LARED.

5. BhYIC

BAEZAL & PE O #R S5 o0 3D Computer Graphics (2 &
DEEMERBZAME L, AR EOBERHERE Y — ok
OFH L, R7VAVEHIC L DBREEENGHE IEORE S
1T-o7-.

AR EDIBENHERE R F — 0%, K DRTE, BE), K%
EWEEOMAE EHPEUE SN D Z E TR ESND. 2D
HEIZK LT, ®AFd— b= hr2Hn, BABDOKSD

(a) Valve bonnet (b) Valve body

(c) Flange joint
Fig.11 Evaluated Result

(a) Bolt head (b) C-clamp
Fig.12 Actual Rust on the Rubbed Area

BE#cx LT a— Y AT 4 v 7B X RIHEAEER
EEBRBRIZEAT 2 Z LT, EEOHENE — 2 LEED
R LI A — U BRFB T LR L. £, &
HEILEBIR T, WIEREOZNENDOEFTNEDTRIC
FoTREALDIIICEHSN TV IR EEL X
L. ZIZTH, A7EAREINE 3RWIRICH L TER
BEERLOFHG 21T 5 FikZ s L, REL(bICKT 2 &ME
WORBLHFEIEOND AR L. ThbDFED
FRICRB S SEIRA BdR 5 Z S icBmarb o, &
NFE— b= N UBRFEICEY 3R EOFR R EDIE
NWARE =TT A ENRKROBETHS. -, B
TILEMRNC LAMTZ TV, ) & Ol FiE DT
LS 2D

B, AUFFRICET DR EoERYER Y — o'
F— < b OBBUCET S Y 7 b Y = 7T OFEEIZON
T, REEH ABHOE, K7 v ARHIC X DREE
OIS Y 7 F =T DEEICHONTIL, BESE
B IRGREOWM 25, L THELZRT 5.

X

(1)Merillou, S. and Ghazanfarpour, D., “A Survey
of Aging and Weathering Phenomena in Computer



6 R TR M AR

Graphics,” Computers & Graphics 32, (2008), pp.159-
174.

(2)Dorsey, J., Pedersen, H.K., and Hanrahan, P., “Flow
and Changes in Appearance,” ACM SIGGRAPH 1996,
(1996), pp.411-420.

(3)Dorsey, J. and Hanrahan, P., “Modeling and Rendering
of Metallic Patinas,” ACM SIGGRAPH 1996, (1996),
pp.387-396.

(4)Chen, Y., Xia, L., Wong, T-T., Bao, H., Guo, B., and
Shum, H-Y., “Visual Simulation of Weathering By
g-ton Tracing,” ACM Transactions on Graphics (TOG),
24.3 (2005), pp.1127-1133.

(5)Lu, J., Georghiades, A.S., Glaser, A., Wu, H.,
Wei, L-Y., Guo, B., Dorsey, J., and Rushmeier, H.,
“Context-Aware Textures,” ACM Transactions on
Graphics (TOG), 26.1 (2007): 3.

(6)&Emmgth, BXf—, ./ o— Mtpllta—7 07
H T A%, FiEHi, Vol.6l, No.l, (2010), pp.30-
35.

(7)MFEARER, R, Lve, Bt — b~ bk
—HEHER O B Ok &S LEE, (1998), ARk
Ji.

(8)KEFHT, /NEFAEM, BAA— b~ N AR L Dl
HiRE O I 2L —ay, BARANL—v g X -
U W —F RIS SCEE, 51, (2008), pp.94-111.

(9) BMHESr, HtaE, HRTE, EArd— b~ gk
LBWIERIRE DET ML, B A2 D&D i
15« FHHIEGEEGR SCAE, No.01-5, (2001), #228.

(10) gsARHB, EERFNEZAT2IEHN LA — b~
o DZEMNE — R EBERT AT Y XL L
DRI, ML FFE A, 2003-MPS-047, (2003),
pp.13-16.

(11) Kontkanen, J. and Laine, S., “Ambient Occlusion Fields,”
Proc. ACM SIGGRAPH 2005 Symposium on Interactive 3D
Graphics and Game, (2005), pp.41-48.

(12) fREBE1, ARFZ, REBA, MR O dh==E i
La7oen s A=Y a CORFIRIAET L
b, T2 AMFIEM s, Vol.2010-CG-138, No.13,
(2010), pp.1-6.

WHFEACE

#5155 (2015)



ARANEB 2T L 7e P~ O BEERO BRSO 7

AAMER) 215 L 72 P A~ O EBRO SO

|

@i ', WE RkE, 0 =, HOE, JE

|

o, RE[EX

Contribution Education Using Extracurricular Activities

Hiroshi FUKUOKA, Kenji KODAMA, Yukinori TANIGUCHI, Shinichi ENOKI, Kazuki HIRO and
Masanori YAO

2NN OBFROIZOIWZFEEDO A EFE 2R T 25 Z L IREREREH T 5 WS TS, K
WLFR O K DR E I E B 5 A — 2 OMIEIZIE, FrgemTRERMk S < W o7z, AT

FHECBBOMEZMHAAAT. ZORE, 24 L FHE O Win-Win OBIRRAIEEE 72 0,

L CHRAITHRE L T 5.

1. IZC&HIZ

T, THZ2 D B REITASMAESEE L > TR
E EboTETWD. DIz kD7 7 2%ORD. H
BALICHST A7 00 7 a— VEE. B omss
BRI L 0RO bR EECEMEE 0L VP, &
DIZZNHH LRI LY BB IFZZICICRY, OED
UL Y OF RIS T BRI LTns @,

ZOXDRBEOBICH Y T4 RBEHFIENR
RENTWD., FERR—JERNCE A D ZEHR ORI LT
W%, FHEOHODOEERRTRESNRRETCHDT 7
FUTFT—= VHE Y. REOHRIEEDE L ED
572 e-learning, ¥ 7L v b, BFERARLEICT V—
NEERLEHE Y. ST 257475 —=v 7kl
T DRI OHE FHIEE LTPBLAGENEAI R
TWa. ZOX BRI LT DRI E DY kA 72
WEIELIY AL TNDG @,

AAMEBN A TE R LB L WHITE OB A Hig L72IY
A HITON TS, SRTERETIE, MTEIT 2T
FOBER] #EIZETEEZHLL, FAEOAEREEZ X
BLTWD., BTEIEX, (1) 7474 T2 FFITTE
DHAREZEM, (2) HfiEORARL LTORE A VHE
(3) Hififi-EA & v 712k D b D3 AHRE, (4) $1E-

ot (5) L8 T —va VBERIOMER & E
E, 5 DO A T\ 5. ORI SCHR K

EEOZE, FMabdHET 07 7 5 ORI
nhbRImERTNS PO,

A REE, AR HOBFEREBEL CREDEE
HREE 2 BT A A REHL—L (B LA B 2
bl ZBELLTWD., BE LT, TEIFESS-> TH

FERY 7B 3 g &

%] EAHEICRAENHIREZECSE 20178 V=27
7Z0ERK50 FHOTENRNS L. SHic7ay=7 hOkk
iR d, BT X 2 FAEO RN - AlEER 27O
EEELTVD I L LM THD O,

DX D BRI B IANEE O BUEL A 1T B2 K
SLLFRBREW. —F, ZoXIREBEORES, T
= 7 MO L < SMERIC L A5, fhF s x
LR om LICITRRENH 5. 2 ThivbhiL, N
MR OB E AN LTI rY 27 NEORHRIZ L D50
AIa=F—vaVRRIOER, HE L FEORHEEHED
T2E DN R — M X2 EBROBEDOEAEZHIEL
FA & FE O Win-Win 72 BAGRB3RK 0 SEOMER A LD BT
7L: (11),(12>.

AL T, W TR OPREIC X DT E XET
BHA— A (G@Fr - MeCafe) OM#LGIZ L &I, P4
OHEREE XET DML LD B 5BRICEE T X
EARFEEFNT 5.

2. HMBIFHE

B LrRtE (UUT, MBUR) 1, B LY o&H
BERBA~OBRATH L. BESITPERINEMRT L%
BsRT, %2757, 7T A, AEICLDEHIER LO%%
BoOFAEREMT 2FHRE, FATESICI D2 AT —V4H
REDDLRD. MBUIERAER L OMR#EZ 121 T — i
DF % £ Thx T, ZIMEFTEFERLZ 20004 THD.
BAEIZ 11 AFAIOLH &ELTWD. MEBRA~EEDE
W XIEF IR DS, SIHERE NS/ N FER b o & b
L. FORFEHIT, FExBINEET TR, H26 EE
19104 ThH-oTe.



8 R TR M AR
3. HEXERAHOEE

RETIEBAEORHE BTN 72 D5 £ TORFEICEH
i 58 & REPR ORI DN TR D

3. 1 H23&E

M1IICHZS EEORBEZII LD ETHIRMA X D
PAR— MESI RS, EE AT TIRE LB R R &
LOGREZKIEL, THENOPRECHYHE 2RE L
oo RHBIZBOWCEEREN 1 7 — R L LTRIBITAN—
AEMER LT, - MBIROT- O DOBERIER, SR,
B, KEFEOxIN R ET RN TEEE FATIEm L 7.

3. 2 HMA&EE

H23 FEDNREN R KA RIL T4 O Th 5.

1) F—ZFEETOF — L LNRNT=DI, RS RER
TE Ty hOFIREEBHIEZR .

2) BEO7 =AYz T, BHREKROER LFE T A
UNR=TITo e DABERKE L, WEEIZRITTA A
—MREE L.

3) TATTHL, I—=T 17 HERLHLTIZ, 2
IR 23035 . S HICERBKME R0z STk
DA TS BT

4) BHE-FAMOaIa=r—a R RICEDEFA
— a3 VOKT

X 2 |Z& R G L7z R — MARI ZoRd. 1) oxt
FELTE, Mo Y oMW HAEBECKCEE 0D
=7 ML, TRTOFEPHEBRICSMTEDL L OITL
7. FEZNCADE T —ZOEH BT, 2) OXf
Hix, AU AR—FRRBRT—2HEE (Lo v LF
BIEEE (X2 NBWITH) KadieThd. I
X, ATEEIZEL OFRERLYHDORDAR v 7 & LTNME
LT NERBRNOEAICE>72. 3) 1%, ®3IRT
ko7 VF—varI—F4 7 P OFEEZRY
ANz, 4) OREORISRE LT, BEERIOWFEE Dt
A BBICRRZ YR — b3 2k MeCafe (%24 JA#)

MELE
L=zl 428
[ 24 | 4 [ B } =TI
= [ ]
[ 3£E$ + %ZE J > EEXZIVT
[azx |+ [ma] -
cwE L /] [GERAN b

» AU REYT
> HR—rREYD

IR AR — MR (H2342)

X 1

WHFEACE

#5145 (2015)

23 h B, HAMIBOT Y 2 b AL A—EART
EHIRHE- 7. 51T, A ToEER X OHEIT
T A VEEETERT D00 A R X Live Z AL,
BRI R R TE AL IC L.

3. 3 HH&EE

H2A IS L7 Y =7 R R, AL —nY
S, DETE, O LWDIREERE, A R D X Live 0#
AZ Lo THIFE E TORA RITIZIEMETE . —H,
FARRIC L DEERIEN L Z o 72, BHFHEICL ST
nYxs ML, REKTRHOEWILIZI2=r—v
aVOHLILHY TERKIBICTND Z LR R I, #
DO EHBEERTE CEENET X, FHBLUESS
DIRTRA LN, SBITENRRIE, A N—DFFX
— Y a VERTIRRFEICBINTE R0 e CEMRER
Bl L7,

FZCH2 R, BEERART 570 0ICHi 212 3
DOOFEEZHEA L. —oHIE, EMCTey s FO
HETRW 2 WET 2B RESE I A, =20,
FUITTFT L DITER AT Y 2 — VA ERNCER L, R
LRyl haBHT LRV A NOB T
FEMALL., 22T, RAELBILOERGOET TIE
K170 T <, WA ORERY], i E CoORH
728, AMEEICRIE & 7o 7o Fh 0 & AR L CHE R 21T
oz, FREEHRESTHAROTEEZLTAND LT
L, BEWZT = v 7 TX LA EESTZ. =2HIZ
MeCafe &K D BZZHEL, TOHEICHbETE T 1
Y/ NOSEREEBRET D & TIEEARMOBREE H
Bl

3. 4 H26 FEELIZF

H25 EFE TS B L ORA 7Y 2 — L ORER % E Y
IZATH 2 & CEBRITIZTUET L2 N TE . 20
728 H26 1T RT4E ST FER O T4 C MeCafe 23 L
. FEROKARIBWTHEMAFEIC W TRITIER
R oT-. —JF, Tuvxl NEEREO NEDIZE LT

_{ MeCafe: Z & F
HDIKYBE

JasIyr I
(1 E~ERHRE)

[ Jaszik2
|

N E~FERRE)

RBRAZ - HE

ARUEBITHE
A\ ol P A REYT
(1 E~BFEWHE) b FR—rRBYT
S&E4A -
2 RERIEENY AR — MMAH] (H24 ~)



SONEERN A TG LTI~ a T o BT 9

M3 7y UTr—varyi—T427

X, MG THLFELERP DNV ESDRNE
WO E R

2T HT AR, FE7R A L N—ZEE D 7 912 MeCafe
DEMIZDOEET, Mk %z FHSERE RITIZEVZ
HIEEBOEED | F2i3 T LFROFAEIC L 5Hhs
Bz X+ 5 A—2] & L7, X412 MeCafe TiEH
L CWBAEEMOR Z/RT. ZAUTFAES BRI E R
THZLENTEDORFUEIN—FIZHBT D A 3 —
EL, BT A N—70NE0 REWVIRICERNL, ik
R it 3 L OV IC BT 2 &£ VWO BEX HTH
5. FOMOMEE FIEITAHERETH D.

4 . MeCafe [Z2DLVT

4. 1 HEXAH
HDOSDEE, A2 MBI &4 T D MeCafe
AU AN—ICIE L TEX DB 2 G, BEiRESHICBW
OEVOEYDRFLT v 70k (MeCafe) 7217 T7
STEANZERLEESEDLZETHD. ZOEZHIZPFE R
Foh—" 0 IBIRICEREZADED VI 2L, A
MEBRTZ2E VW) ZETHD. | 2BEZIC L. Thb

F1 FEMWAFrTa—

AR+ MecCafe (LD TLVH) MeCafe (f X2 BT RE)

48 MEFFAEA T T—2 3 JOvHbEE
TFATTHLE—TFT12T
58 TOCIINRE
6A EBRES, BEHIS—T2T RE—k RERAFEAVN—FE
78 - E R TE L RERAZ) N—YIL
8H RERAZE ﬁ
98 RBRARRE—5K
108 FRARBAR - FRIARFHART —ZAANETR, FER CEBEKERAVTAUN—FBE
MEEERE, PTrR, TaL—YavEfRE

118 EES CBELKT-XAEF, ET

HPEOEH
128 BERKRYVIRYS—T125
18 REEFAEL) IO T—Sa R
28
g 4

Hhigi & R
SR AL THEA

"k

Bl SFERDFM

FREM

maeen 10D R
BAOER
_ o P BHERDATIVTYTIZ&EBY
B R RO EAE BAI=EBT =T~ DR =T DEELE

B4 fEA - #RkIC

L HHEMDE 2T



10 R TR M AR

%2 BRERTE D=/ MBEUSMEK

H23 (B RS MAE % REE)

R L E OIS ERIRAE S TRHIZDOEF)
T ERBACM2E)

B/ N X)L (34E)

AVE 1 —RITkBERET, BEEEDOSLEEGE)
H24 (RIRSMEH:495N)

IOV DAYRNETIVERTOS O
SEEAXLTAS IO
LZESAERAIRI{EBOXT O Tk

H25 (RIRSME: 627 A)
SEhoEREToC ok

h—kZaszsk

ScHWAI N2 i D% 271 5
R—)—JYyyoroszyr

H26 (RIRSMEH:910A)
SEhOERETOC oD
h—RZal—47ad vk
ISRATYyTTas ok

b, BECESZAEDLEDZLICk-T, a33a=/r—
2y, F—LAU—7, HOER, AMBREVI, #HMLL
AT HERICBVWTEAENRKDLNE TH A ) AR
1)« R OBEREARRIZTDHENVWIZEXF THD.

HRE W 9B 2L, T E T RGEIcBs VT
ERFFORNWEREROREL LIF Wb, ZoEXFD
HOLIETE, SEBIEENCRT 5 HC PR £ 72tk (c& T
DAFNEBREX Y UTERO—ERE LT, SMNFEAI
ELTEZ., L LIEEALDRAEADEFN— g 0T
Bt Lxhote. —0, BEROS % BEEIZ, EADAF
T o TINTN—T~DOEER, FHER~OEEBRA~E NS 2
LERIBHE LSS, 2L OFEREVEFR—2 g U hE
WTAHZ LN TEL. [FREOKRIIEBROZEZ T 2R A
NTHELTWARERHEHEA T = AFIZB N THHT
ETW5.

FHELBHEORBBRIIBEWRBHEWZEH 5 Win-Win @
Btez BE L T\ 5. FAERE SHEICH G842 1T
22 &T, TH, EELT, BAMLOSR EOIEH
REZHGIZENTED. HEIFFELIETHZ LT,
BEIEEFORREMZARIGENERNT A LN TX S,
MeCafe Cix, H DI D BTV WEAERW DA,
TEH OSEROWIRZ mHEE M BRI E L, BRI
EOEDLTDICHE IR AV a— VER, HTHT KA
A D LS LTHREEZELTCVD

4. 2 BEEETE

Bk SSEICTRE T 254, Wi BR - R ERET
LZENEETHD . £ T MeCafe T, /Ihagg
ICHS T2 OHRA S 2525 2 L2 AL L, Hil, &SR8
EE, B TR oEM bz HEE & L7z, MeCafe &{kD
R OFHEET, SR M BRI EREZFRA LTV,
FEEIFZLDODI—F 4 7 ICB W TEERN 2 B A E
WETHZET, HADOEREBLOIV—7, HMiE~DH
BkE Rl 5 2 ENTE B,
BADBEOREIFTERT D7 V—TICL o TED-S
TL 5. bOS VHUCHTRT 2#E0%E, HIZoTT7k

WHFEACE

#5145 (2015)

#3 R THF & Cafe &[R4

H24
MEFAEA)TIUT—L3Y
ERREYT—

H25

MEFwAEAIIUT—I3Y
RRIREYT—

REREYT—

IR NE a2 TR

H26

s MEERAEAYIUT—aY
RERREYT—
IRILMEO RN T AT 7T AR

WEEPREIER, B, AF o iiEplicala=sr—v gy,
BERR, TP TF—ay, V—=FTyFERIT T+
nU—yy T HOBGEBERELE LTINS, A2 MBI
HOgGE, Bl-ala=r—ra i, 7rni—v
RN OBEBEREL LTWS., BEMREEL LT
W, RBRAFESINEAE A~ O EEFRE O T2 AV TiT-o
T3,

4. 3 HR—rEH

4. 3. 1 MeCafe &£&

Ak L7= & 9 ICBIED MeCafe O — MEHNILK 2 &
WY THDH. HTEEIZAAL VHAEN—AN, FHR— N NEE
BZHTHD. THRITREEDSEZHERAL TV S.

4. 3. 2 HMOOCYH

ATFEEED A N—F NS B A VN —Z BT
5. AuNA—jF—A—o27uv=7 rEEEL, LBV
27D, Iav= FORED, TrvIT—valr AL
ANVDERI =T 4 TIZE > TTY, 2~421TK 5.
BIINT-7B V2l MZAVAR—EZED T Ty =/ b
EAZ— b F5. AUAN—FEEIT e FREREII
TR R CHEBICEMRRA S — 2R LT, £V
FD Y —& L 3BT MeCafe U — X ZRIT T\ 5. EHHR
ELITEEME L 2T V- T HET S, £V bO
FTRIZEY S (T, WERRE) #R3~5HME
L, 7avxy hAZ— MNEZT R TOEANE H B H>
CLOBELTCND. =L, FxyLboryyav=s bl
BITYRZEHRL TWA T Y7 MBI L TIREAE
LTE#M LAY, HITEEDOTa Y 27 MI4OTHAE
BT 114 THD.

4. 3. 3 ARUEBTH

BIMA L N—1T b DL Y P& FERIZRIFED A 2N —
ol E LIBEIZMA T, KA X MEICEEIZAY v
THEDORAZ =LA LTEELTWS., ¥ v 7T
EELTLKDEL DRERN I 22— a VEEHDM
FERD TS0, KBRS EESERENA X2 R
OBAIFEHE OV N—H L EE L, Loy ST
HEIITLTNWAD. H26 A N MBENTHEE, ME



ARANEBN 2 TE ] L2 P AE~ DS BERO BT 11

HANEAV =T —vay, RBRAY, BEHEORAY v
TLELTARY bYA= b L. H2TFETA /=73
UATEFEL TS, TRIFREOT 2 v— 3 VHEHCO
HEREBEHRA L T 5.

5. ChFETOERMBRKE

H23 AEFEMN S H26 SEEICMIT T MBHR CEE L7127 1
Yz MBLUSKHEREE 2 IORT. FRlOTu Ty
FMEIZ3~4 7 N—TT, TNEND I N—T DRI
L2~ 12 ANCTHD. ZNENOFEEIZEBT D HKFHEEIL,
EHAEMBOTZH2A S HB FEE TENLENE T495 A,
627 N, 910 ATHDH. ZONBITHEEICE TS HES
ERLTEY, FFCHEFEITEZELD S 200 AEEB X
DRFHEDR D STz, ZOBIMIEEA ZRERICE D b0 LEE
ZHALHD, H26 FEEITEHICE O, O SEREE O
TEMIMSSERL L, /R HEECE D X ) I
BN TE B E, MO LT A D HEAER LT
ZENERERELEEZTND.

F 3ITHEM T 2%k & MeCafe A34L[E CAEmE L= A N> b
D—EERT. FNENDA X2 MIFA L HE OREFEN
Win-Win {2723 X 5 IZBE LT 5. BilxiE, HIAELY
T T — g DA, MeCafe [T A v X—54E L ¥
VT a vy AR EOLESRDLZENTE D, BE
&, FAEOEBRNPLFRO Y XA, REKR 7 & & B A%
RN LTH BWAREZDORLZEDOME > T 5.

6. SROFE

MeCafe IZFTIET 20 VU E D O EEM L= 3
ODZELEBEILTVWSE., —oHIE, TPz T,
EANZ & OB BEORETHD. TR EO B
BERFEREEZANTEREDEFN— g N LR -T2
TEeHRZEBIL, RERNLEL~D¥%E L LiIAREH S T
5. ZoRE, FEO=—RIEoTTEHOMETHS.
I FETIESLE R TEMN 3~ 5 HOEAITREEBS, 10
FRETHNITFENF vy Lo o7adar FE2BIRLT
W, SRIZSDICHEEDO T —< ST B0, FHD
M - 2T A MR CEEEMEAT O MEERL TR L
W EBZ TS, =281, HikicERCTE 57—~
EDOXETHD. BAEOFFR « A ® LI [0 72 Hiulik
~DOERD S, HIBIZESIOE ) S3< 0 21TH, BN
MR EMKICE XD 2 & T, MEREZHALE—FIC—EDft
REWM OAFEM A E U TR TR Rt S B IS ENC AT
THIENTED.

7. BhYIC

IHNETIRA_TZANEE, WCRPAEIC L DS E#RE X
BT A= 2DOMBILEIT )OI Do TEET N
AREHETHD. ZODEBRHEMBILTIEHE, b0
FEARFEHICIZ THA ORIE TR, LI FEROfEEZH
BIATr T ENA L= XIS H EIFIZ oM B7EA9. Th

¥ T MeCafe 326 EIF CAFENKE L, FEEHMAIZITE
RN BOO, FHESEMBREOEEIORI Y, bT
PTEHINFIRZEZBE LTINS, Ll LY%< oA
D=—RZZ 2 DITITHBORME L, bk TR
LB LI AN TONRITIER S 720,

SE XM

(1) CERL A, T2 B O BN R FEDTZ O DR -
THADOHERE SV~ “bolzbnn” 2EH
T LB DHE ~ (2014).

(2) CEBRFE, HREBEFRHDEEFE SRS E K
BIEAES BRE &, (2015).

(3)HFHEFT, “BEBYSOME L ITHHHE O, Ik
BRZPHE LIRS B8 FERE 6 (2004).
()L~ “TIT 47« F—=2 78 ADEER

RE”, (2007).
(5) Hhpmf, hEEE . “ICT Z7EH L7 By 3e
EOWREDRS : [T 4 v FAEENLD 7T HD#RE]

DHFEF” , BAHE L P CH 314 (2008), pp. 479-
486.
(6)FIEET, “TI7T7 47 - 7—F—%BFCTHRHY

FEOHMEICEIT D PBL HEOEFXLEAOTR”,
21 427 +— 5 A% 8 £ (2013), pp.13-21.

(7)REBE—, RAFIESS, AWIER, “LH¥RGE & 20t
IREBREE” T22#H, 54.2 (2006), pp.3-8

(8) tHASARR, AIESR, WREE—, “@RLERFICE
FAEBRETR Yy NEET, TFHE, 546 (2006) ,
pp.128-135.

(9)iEZH, “BbLATuY=7 MILDZZODOREL
Ltk OBE, KFHE, 6(2009), pp.61-72

(10)iZ% 8, “HFAEO B ERRIGTTSETE ORSIFOE
EHIE”, KFHE, 7(2010), pp.47-56

(11) S. Enoki, H. Fukuoka, Y.Taniguchi, SOME
ARRANGEMENTS FOR INCREASING ADVANCED
COURSE STUDENT’S MOTIVATION AT THEIR
RESEARCH, Transactions of ISATE 2015,(2015), pp.147-150.

(12) Y. Taniguchi, M. Ozakib, T. Sasayama, H, Shimada, T.
Inoue, K. Kodama and H. Fukuoka,”ACTIVE LEARNING
VIA MECHANICAL ENGINEERING-BASED
EXTRACURRICULAR ACTIVITIES”, ISATE 2014,
International Symposium on Advances in Technology
Education,(2014), CD-ROM.

(13) #REESL, /DMAJIE, “Tm =/ FEE % U7 Hul
R—=F A SO AT TR AR, B AR
B r 2 RE RS TR 5 K am SCE, 26.0 (2011), pp.
339-344.

() KaMEA, “2oo=FT V7 - 77 V75—V =
YVOELAWEIIFELFEEHDLAI 2= —Ta -
A7, FRALHIAR, (2011), pp.11-24.

(15)PF. RS vl —, fFaR: FWHEA, e reyaF
NDEHE—DICEREE ST, RET L0, ¥4 YE
> F#t, (2000), pp.83-93.



12 R TR M AR

WHFEACE

#5145 (2015)

ST A oA A o allssk Hh R

FEs i)

— ==
—Fx

Spinnability of Various Au-Based Binary Alloys in Rotating-Water-Spinning Process

Mitsuyoshi SHIMAOKA

The spinnability of pure gold on the In-Rotating-Water-Spinning process is not good because of the low formability of the
oxide film around the molten gold jet. The spinnability of Au-based Bi, Ge, Sb, Si, Te and T1 binary alloys has been examined
by ejection into a water pool. In cases of Au—86.8at%Bi, Au—27at%Ge and Au— 19at%Si alloys, short fibers were obtained.
Especially, in Au—19at%Si alloy, long wire of 2280mm in length could be produced by the In-Rotating-Water-Spinning
process. In cases Au—Sh, Au—Te and Au— Tl alloys, powders were only produced.
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Fig.1 The Principle of the In-Rotating-Water-Spinning method.
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Fig. 2 Experimental apparatus for ejection of molten alloys into
static liquid pool.
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Fig. 3 Equilibrium phase diagram of Au — Bi alloy system.
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INZAED L RBE DR DO KE SOBRBEMI ST,
Ea&OQOEEY & X TRENDEERIZHE LN TH T,
Au—20at%Bi &4 (54@) ThH,Fig. 40) IZR-T X IIT,
HeQ L FRROEBBEYR S LN, BRE EToRmRS
IZAUD B LV 3ERERE S, WERTICL2REAEE
FTOETFERS AU BI LD REWZ &, F7o, MMEREK
HLAUNRBI LY KEWY ZLa2EZLEDES L, BN
BOHEKIZHEY, TOBREORFERE _ LoOFREEINIET
T2, KMEREGIEML TN EEXLNLDT, K



14 R TR M AR

MIOREMRE ST TWBDIE, Z ORMARE OH K
DEEBELTNDILOEEZDLND,

AR D Au—86.8at%Bi A4 (A&@) A kkHic
W L7-fE R, Fig. 4(de) IR T X 51, DR X
DOFCIREEE D 3G DT, KT E2ERY = v b 23T
72, KETY =y MBAEMHINDOTRIFH—IZh b
TN D OIZR D 0IERh 2520, EIEEY 'y
N CHRDIE T TN TLEIIZEDIEFITHTENEDOTH
STz, HEEFARTIL Bi Z KEICE T2, Bi OfaV S
BENTZBDOEBZ BND, ZOHa% 8T0K F2E IZME
LS L8403, Fig. 40D o X 910, BFRRoOERHE
MEipole, WRMENRDHLZAESHMRTYH, LEIEE (514K)
X0 RIEIRET D ERRMEIZ 2L < RoTLEH Z
EERLTWD, iz, BEVENRKEZ W & CRmEENIC
X DEREE oM EXoFRmER O EARRGE N2, H
Au TV, FEREEDIC > T,

3. 2 A—GeBAEnHiRMH

Au—Ge A& O FHkiER % Fig. 51271, 20/
oM THY, LMK 27at%G6e TH D, =HiRfT
SETCIX AU O Ge ~DEEIZZ2 WV, Au~IT T nIC Ge
WEET D,

Au—b5at%Ge (H54:®) #FILAKHITHER L7-K5E, Fig.
6@ 2T LIS, MRROEREY L 72572, B T-2I1X
200 ~ 500pm F2E T, —D—DORITIZ S0pm FEDZEH
TETVWDLIHENPAU-BI A& LB 7> TWD, Ge DA
B EOFHRENEIB LV IFKENHOD, Au LV IiT/hE
U OEPERRENE BI OB TF NSO T @, s
Ko—oL LT, B SNZEMERBAKL, Z O
IZ X o THRUTERMEGEOLmM/KITiN & 2 A0
DEEE L, AV CTHERE L7233 X R m IR 11C X - TERIRIC
ERLEO TR NEEZLBND,

Au—10at%Ge (£40®) DG, Fig. 6(0) TR X
N HRIRDEERE & 7257205, EEOEEREY &SR
STNDLDELLFERTE, A0 L AEOZE bR
Tz, %< OEREA EE L CHET I GmRIC
DT EITRDIN, FDOL D REEMIIE LN oT,

AR D Au—27at%Ge (G4 @) @ EIRE . 629K
T, ALY 250K 1T EIEE L CER K PICER L2GES
121, Fig. 6(c) 2T L 5 ITHRIRDEREY & 72 o723,
Fig. 6() ICi b2 X5 REEIIH CThoTe, PrEME
X Fig. 6(d) 12”9 & 918, BROLBIEABIE SN T,

AR XV 100K F2EEEEL L C 713K TS L7245 A
I, Fig. 6(e) ITRT LI, BRRTIT L, BREIAR
ROOEEM NG LN, ZOXIRFICRD LN Z &
WL, WIZERARIZZR DI W b, BEESACm AR &
S TITHIBMENE D D Z L 2R LT 5D,

2T, WG EVE & 50K FREEIC L C 683K THEK L7,
TORER, Fig. 6(fg) IR T X H 7, BEETERNEOOD
Au—Bi e EEDEA XY, WiE HESMZIE R AR
DELNT, F, HBEHEENSAUFY THDZ &b,
MBI Th o7z, 6T, Frty NTHATHIN
RORREOIEMENH 7=, LA L, Fig. 6(h) 2R3 XD

WHFEACE

#5145 (2015)

‘C 110 2|0 310 510 '?IO 91(}
1 1 00 1 L : L 1 1

1
N
10001 S (636)

900 %
et
\
\

500 é \ E 4
400 \f

300

20QE) 10 20 30 40 S50 60 70 80 90 100

Au at % Ge

w%j

700
600

27
(sz

Fig. 5 Equilibrium phase diagram of Au — Ge alloy system.
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Fig. 6 SEM views and photograph of solidified products
oﬁtained by ejection into a water pool of the molten Au-Ge
alloys.
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Fig. 7 Equilibrium phase diagram of Au — Sb alloy system.
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Fig. 8 SEM view of solidified products obtained by ejection
into a water pool of the molten Au-Sb eutectic alloy.
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Fig. 10 Equilibrium phase diagram of Au — Te alloy system.

(a) Au—lat%Te

(e) Au—5at%Te
Fig. 11 SEM views and photographs of solidified products
oﬁtained by ejection into a water pool of the molten Au-Te
alloys.
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Fig. 12 SEM views and photographs of solidified products
obtained by ejection into a water pool of the molten Au-Te
eutectic alloys.

wt %
T 10 30 50 70 90
1200 . l| 1 L L 1 1 |
1063 :
1000 :
' 1 N ;® ®m
- Ve \\ 3
600f o :
400}, N
~ i 302
200 } \\i/, 23
oL ' N

0 10 20 30 40 50 60 70 80 90 100
Au gt% Ti

Fig. 13 Equilibrium phase diagram of Au — Tl alloy system.
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Fig. 14 SEM views and photographs of solidified products
olt;tained by ejection into a water pool of the molten Au-TI
alloys.
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Tadahiro WADA and Koji IWAMOTO*

IACSIT International Journal of Engineering and Technology, Vol. 7, No. 6, pp.445-448, December 2015.

In conventional tapping steels with machine taps, such as the
spiral pointed tap, the spiral fluted tap, or the fluteless tap, the
emission of chips has a large influence on tool damage of the
tap. In particular, when tapping with taper pipe thread taps with
a straight flute, the thickness of chips increases with the increase
in tapping processing, these chips clog between the thread of the
tap and the workpiece, and the thread of the tap very frequently
causes tool breakage. It is considered that the helical milling
method with thread milling cutters in thread tapping is effective
against problems associated with tapping chips. Thread milling
is a method for producing a screw thread by a milling operation
[1]-[3]. Internal thread milling operation is possible for stable
operation because chips are divided and chip clogging can be
prevented. However, for internal thread tapping of chromium-
molybdenum steel, there are no studies examining how to
improve tool damage of pipe thread taps.

On the other hand, in order to improve resistance fractures
of the thread milling cutter, cemented carbide, which has good
fracture toughness, is often used as the substrate material for
the tap. The physical vapor deposition (PVD) method is a
widely used coating technology because of its lower treatment
temperature, namely 470 K -870 K [4].

Recently, it has become possible to cut hardened steels with
(Ti,Al)N-coated cutting tools. However, as machine parts are
often cut at higher cutting speeds for mass production, tool
materials must have excellent fracture toughness and wear
resistance.

A titanium/tungsten-based coating film, namely (Ti,W)
N coating film, has been developed. A (Ti,W,Si)N coating
film, which is a titanium/tungsten/silicon-based coating film,
has also been developed. Furthermore, titanium/tungsten/
silicon/aluminum-based coating films, namely (Ti,W,Si,Al)
N, (Ti,W,Si,Al)C, and (Ti,W,Si,Al)(C,N) coating films, have
been developed. And, compared with commercial (Ti,Al)N, the
tool wear width of the (Ti,W)N/(Ti,W,Si,Al)N-coated tool was
smaller than that of the (Ti,Al)N-coated tool.

*  OSG Coating Service Co., Ltd.

However, it is not clear whether these coating films are
effective tool materials for helical milling with a thread milling
cutter.

In this study, chromium-molybdenum steel was helical milled
with two physical vapor deposition (PVD)-coated cemented
carbide thread milling cutters in order to clarify effective tool
materials for tapping chromium-molybdenum steel. The coating
films used were (Ti,Al)N and (Ti,W)N/(Ti,W,Si,Al)N coating
films. Tool wear was experimentally investigated.

The main results obtained are as follows:

1) In thread tapping of chromium-molybdenum steel at a cutting
speed of 0.67 m/s, the tool wear width of the (Ti,W)N/
(Ti,W,Si,Al)N-coated tool is smaller than that of the (Ti,Al)
N-coated tool.

2) The mean value of the friction coefficient of (Ti,W,Si,Al)N,
which is the outer layer of the (Ti,W)N/(Ti,W,Si,Al)N coating
system, is 0.564, and that of (Ti,Al)N is 0.817.

3) The (Ti,W)N/(Ti,W,Si,Al)N-coated cemented carbide is
an effective tool material for thread tapping of chromium-
molybdenum steel.
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A machine part having a complicated shape can be mass-
produced accurately by powder metallurgy. After the sintering,
the sintered material is quenched and tempered to improve the
mechanical properties and wear-resistance. For dimensional
accuracy, it is often necessary for the sintered steel machine parts
to be machined by the metal removal process. As the sintered
machine parts are often cut at high cutting speed for mass-
production, the tool materials must have good wear resistance.

The polycrystalline cubic boron nitride compact (c-BN)
seems to be an effective tool material because it has good heat
resistance and wear resistance. However, in milling, a major
tool failure of c-BN readily occurs by fracture because c-BN
has poor fracture toughness. Coated cemented carbide tools,
which have good fracture toughness and wear resistance, seem
to be effective tool materials. TiN, Ti(C,N) and (Ti,Al)N are
generally used for the coating film. So, there are many studies
on the wearresistance of these coating layers. Although there
are some studies on the tool wear characteristics of the PVD
coated cemented carbide tools in the cutting of hardened steel or
sintered steel, there are few studies on tool wear in the cutting of
hardened sintered steel.

An aluminum-chromium based coating film, namely (Al,Cr)N
coating film, which exhibits a superior critical scratch load, has
been developed. The aluminum-chromium based coated tool was
evaluated through the machining of sintered steel, and showed
greatly improved performance. So, the effectiveness of the
aluminum-chromium coating film is clear when cutting hardened
sintered steel.

As a result, it was clarified that the wear progress of the
(ALLCr)N coated cemented carbide tool was slower than that of
the (Ti,Al)N coated cemented carbide tool, and the (Al,Cr)N
coated cemented carbide is an effective tool material in cutting
hardened sintered steel. However, it was considered from the
results of our study that the critical scratch load, which is the
measured value by scratch test, of the (AL Cr)N coating film is 77
N and the micro-hardness is 2760 HV0.25N. Therefore, in order
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to improve both the scratch strength and the micro-hardness of

the (Al,Cr)N coating film, cathode material of an aluminum/

chromium/tungsten target was used in adding tungsten (W) to
the cathode material of the aluminum/chromium target.

In this study, to clarify the effectiveness of aluminum/
chromium/tungsten coating film for cutting hardened sintered
steel, tool wear was experimentally investigated. The hardened
sintered steel was turned with the aluminum/chromium/tungsten-
based coated tool according to the physical vapor deposition
(PVD) method. Moreover, the tool wear of the aluminum/
chromium/tungsten-based coated tool was compared with that of
the (Al,Cr)N and (Ti,Al)N coated tools.

The following results were obtained:

(1) In cutting hardened sintered steel at the cutting speed of 0.42
m/s using the (Al60,Cr25,W15)N, the (Al60,Cr25,W15)
(C,N), the (Al64,Cr28,W8)(C,N), the (Ti,Al)N and (Al,Cr)N
coated tools, the wear progress of the (Al64,Cr28,W8)(C,N)
coated tool became the slowest among that of the five coated
tools.

(2) The wear progress of the (Al60,Cr25,W15)(C,N) coated tool
was almost equivalent to that of the (Al64,Cr28,W8)(C,N)
coated tool. However, at a high cutting speed of 1.67 m/s, the
wear progress of the (Al60,Cr25,W16)(C,N) coated tool was
faster than that of the (Al64,Cr28,W8)(C,N) coated tool.

The above results clarify that the (Al64,Cr28,W8)(C,N)
coating film, which is a new type of coating film, has both high
hardness and good adhesive strength, and can be used for tool
material in cutting hardened sintered steel.
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An aluminum-chromium based coating film, namely (Al,Cr)
N coating film, has been developed. The aluminum-chromium
based coated tool was evaluated through the machining of
sintered steel, and showed greatly improved performance [1].
So, the aluminum-chromium coating film is effective when
cutting hardened sintered steel [2].

As a result, it was clarified that the wear progress of the
(Al,Cr)N coated cemented carbide tool was slower than that
of the (Ti,Al)N coated cemented carbide tool, and the (Al,Cr)
N coated cemented carbide is an effective tool material in
cutting hardened sintered steel [2]. However, it was considered
from the results of our study that the critical scratch load,
which is the measured value by scratch test, of the (Al,Cr)N
coating film is 77 N and the micro-hardness is 2760 HV0.25N.
Therefore, in order to improve both the scratch strength and
the micro-hardness of the (Al,Cr)N coating film, cathode
material of an aluminum/chromium/tungsten target was used in
adding tungsten (W) to the cathode material of the aluminum/
chromium target [3]. Furthermore, the hardened sintered steel
was turned with the (Al160,Cr25,W15)N, (Al60,Cr25,W15)
(C,N) and (Al64,Cr28,W8)(C,N) coated cemented carbide
tools. And, compared with commercial (Al,Cr)N and (Ti,Al)N
coated cemented carbide tools, at a low cutting speed of 0.42 m/
s, the wear progress of the (Al64,Cr28,W8)(C,N) coated tool
became the slowest among that of the five coated tools and the
wear progress of the (Al60,Cr25,W15)(C,N) coated tool was
almost equivalent to that of the (Al64,Cr28,W8)(C,N) coated
tool. At a high cutting speed of 1.67 m/s, the wear progress of
the (Al60,Cr25,W16)(C,N) coated tool was faster than that of
the (Al64,Cr28,W8)(C,N) coated tool [3]. However, the tool
wear mechanism of aluminum/chromium/tungsten-based-coated
cemented carbide in cutting hardened sintered steel has not
been clarified. And, the characteristics of aluminum/chromium/
tungsten-based coating films have not been clarified either.

In this study, to clarify the tool wear mechanism of the

aluminum/chromium/tungsten coating film for cutting hardened
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sintered steel, SEM observation and EDS mapping analysis

were carried out on an abraded surface. Furthermore, the

characteristics of aluminum/chromium/tungsten-based coating
films were investigated.
The following results were obtained:

(1) The main wear mechanism of both the (Al60,Cr25,W15)
(C,N) and the (Al64,Cr28,W8)(C,N) coating films was
considered to be abrasive wear.

(2) The micro-hardness of the (Al60,Cr25,W15)(C,N) or the
(Al64,Cr28,W8)(C,N) coating film was 3080 HV0.25N or
3050 HV0.25N, respectively.

(3) The critical scratch load of both the (Al60,Cr25,W15)(C,N)
and the (A164,Cr28,W8)(C,N) coating films was over 130 N.

(4) The mean value of the friction coefficient of the (Al64,
Cr28,W8)(C,N) coating film, 0.53, was smaller than that of
the (A160, Cr25,W15)(C,N) coating film, 0.63.
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