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Computational Aging/Weathering on 3D Computer Graphics: Establishing a Workflow

HIRA Toshio

Three dimensional computer-generated images have been more photorealistic through the remarkable advance within

both computer hardware and software in a decade. As a result, 3D computer graphics (3D CG) have become a popular way to create

product images for design review and in consumer advertising. These virtual images always depict the brand-new products just been
shipped, since these are rendered as smooth and clean objects. Besides, virtual reality (VR) and augmented reality (AR), which
renders the digital images onto the real-world object in real-time, have been installed in smartphones and anyone would have been

able to access these technologies easily. The smooth and clean 3D CG mentioned above is far from the actual appearance of the

object. This is suitable for advertising images, but it is expected to cause an unnatural appearance in AR, where a digital 3D model

is displayed in the real environment, because the appearance of real object have been varied to dirty one during its use.

In this paper, we show the workflow to produce the 3D CG having weathered and aged appearance without individual

artistic ability. It is observed on the tools in use that the dust and/or rust is accumulated in the concave area and worn or paint chipping

is shown in the convex area on the object. In the workflow, texture images, used as the input to Physically Based Rendering material,

are generated by spatially evaluated exposedness or occludedness on the object surface by means of the ambient occlusion in the CG

technique. We demonstrate the procedures to generate the aged images through the 3D rendering of some tools, anvil, hammer, and

height gauge, and to create the model for AR.
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Fig. 1 3D Rendered Guitar
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(c) Height gauge (base)

Fig. 2 Really aged tools in use
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Fig. 4 3D shape models
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Fig. 6 Voxel-based Ambient Occlusion
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Fig. 11 Synthesized 3D CG image with aging

Fig. 12 Equirectangular image for environment map
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MHF Point Temperature and Behavior of Vapor Film Collapse under Forced Convection Film Boiling

Due to Quenching of Small Platinum Sphere into Polymer Aqueous Solution

Mitsuyoshi SHIMAOKA, Shigeto NAKAMURA and Nobuhiro IKEDA

It is necessary to improve the repeating characteristics of the immersion quenching experiment in the
rotary-arm-type quenching test system. The vapor film around the Pt sphere at the tip of the rotary-arm
collapses not only due to the temperature, but also due to the surrounding flow conditions. Therefore, the
authors have been examined whether the vapor film can be forcibly collapsed by shaking or rotating the
arm, or whether the repeatability of the immersion quenching experiment can be improved. Using a
polymer with an aqueous solution concentration of 20 vol.% by volume as a coolant, and the rotating arm
was rotated in five swing patterns at a tangential velocity in the range of 30 to 180 mm-s™. In the case of
the tangential velocity is 180 mm-s”, on the arm swing patterns that are the maximum rotation angle of 120°
and the return angle of 60° (type A), and the maximum rotation angle of 100° and the return angle of 20°
(type D), MHF point temperatures were relatively good agreement. In the case of the arm swing pattern A,
the MHF point temperature was increased with the tangential velocity. In addition, the relatively good
agreement of MHF point temperature was confirmed in the tangential velocities of 70 mm-s’ and of 180
mm-s’. The collapse of the vapor film around the Pt sphere was often observed at a location other than the
connecting point of the Pt sphere and the arm. In the case of the tangential velocity of 30 mm-s’, as the
collapse type of vapor film, not only the ruptured type but also the turned up type, which is more
interesting, was observed.
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Fig. 3 Cooling curves at V=30 mm-s ' and in the arm
swing type A.
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Fig. 4 Cooling curves at V=30 mm-s ' and in the arm
swing type F.

F72, ZOBEMERE T MHF AR 200C EMT
WXk ez on, BLAEIM S 2OFELTHREST 5548
WRBRIEI D B IR EE (RESEZE)) & 52563
DT, BEBHREIMEL 2 51T ERBRNREE (RS 3tk b
WD T/NE o) Thoe.

MHF pi i B 258 189C D BEFE 1Y i ¥E O KkAH % Fig. 512
Y. MG R Pt BT NIRRT Pt BRE T — A D
TR W e b2b. BRSPS BEL RS
HiNLTWwWE, PtERI %2 B o 72000 R BRI HR & 16t

#ii L TR L T /2.

Fig. 5 High speed video images of vapor film formation

and its ruptured type collapse pattern at ¥ =30 mm-s .
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swing type A.
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Fig. 8 High speed video images of vapor film formation
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Fig. 9 Cooling curves and heat transfer coefficients at 1/
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(1, MHF point temperature is 405C ).
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Fig. 11 High speed video images of vapor film formation

and its ruptured type collapse pattern at V' =100 mm-s ~*

(2, MHF point temperature is 279C ).
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Fig. 12 High speed video images of vapor film formation
and its ruptured type collapse pattern at ¥V =100 mm-s '

(3, MHF point temperature is 176 ).
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Fig. 13 Cooling curves and heat transfer coefficients at
V=140 mm-s ' and in the arm swing type A.
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Fig. 14 High speed video images of vapor film formation
1

and its ruptured type collapse pattern at IV = 140 mm-s

(1, MHF point temperature is 488C ).
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t=T74ms
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Fig. 15 High speed video images of vapor film formation
and its ruptured type collapse pattern at ¥V = 140 mm-s '
(2, MHF point temperature is 384C ).

t=110ms

Fig. 16 High speed video images of vapor film formation
and its ruptured type collapse pattern at V' =140 mm-s ~*
(3, MHF point temperature is 280C ).
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Fig. 17 Cooling curves and heat transfer coefficients at
V' =180 mm-s ' and in the arm swing type A.
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Fig. 18 High speed video images of vapor film formation

and its ruptured type collapse pattern at V' = 180 mm-s .
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Fig. 19 Effect of tangential velocity on MHF point
temperature in the arm swing type A.
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Historical Study on the Spread of ‘Badminton’ into 19"™-century Great Britain
: An Overview of Articles and Advertisements on ‘The Field between 1873 and 1877

Yoshiaki MATSUI

It's not well known of the details on the beginning and the spreading of Badminton in Great Britain. In
this paper I show some new facts relating to the above matter and the historical issues in the future
through the examination of the articles and the advertisements on ‘The Field between 1873 and 1877.

We cannot find out the description of ‘Badminton’ as a name of the new’ game on the above newspaper
by 1873. The first reference was a query to ask the readers about ‘particulars as to the manner in which it
[Badminton] is played, what implements are required’.

I examined 19 articles making reference to ‘Badminton’ in this period including the above query. There
were 4 Indian local rules included in 1873. And there were 9 articles referring the game in 1874. And I
found the record of a Ladies’ Badminton Tournament held at Teignmouth in Sept., 1876.

In regards to the advertisements on Badminton in the time, the number of retailers that had advertised
the equipment or some books of the game was 9 including James Lillywhite, Parkins and Gotto’s, Cremers,
Jefferies’, Millikin and Lawley’s, E. Pearson, and J. Buchanan.

The number of the advertisements and the articles referring to Badminton in the period didn’t increased
drastically but that did gradually. So, it is incorrect to say that Badminton replaced the superiority of
Croquet in Great British and Lawn Tennis became a new British national pastime by 1877, but Badminton
had become known as one of the new games for both sexes between 1873 and 1877 in the country. We
need to continue researching the spreading of the game in south England especially and the historical

relationships between Croquet, Lawn Tennis and Badminton of the same period.
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Vol PHEYBT L [ Pastimes) HTORFTH Y,
EWT UMD o720 TRUSMOEFIE, whwd (%)
WINZBIFBRENE D72 DAR= () 7y b,
W, $90) BT FOHR T FRBH SN,

ECICARICHL CEELEZONLIHIHEZ T LD
L UToEBY ER D,

1) V=V EELY— ANBEDOHEI

20O/ VCOTHRAENTZNFI YV F YDV — VDU
WEFLDOLZONFES (71— F] HIHERSALLV—
V) Thb, Inbidwind 4 v FTirbhTwn/z [H
F—L] OV—=NVThb, I—FOKE SIIHH 15 ~ 20
74— NTHEDT28 ~39 7 4 — b, BEEFEEZZ VLI
EhREERE T LEFTICH D GHFEIL20 x 447 4 —
FOESH), FIIZIESNE A Y benwlLIiZE—T D8
SWF4~574—b64vF BHEES574—F) T ¥
TNVADE - &b —RWZH, M) TIVA, 74 T TN
AH L SN BEHEZCDW BT A F 7 MMl (4
VTR @15 75— LTy 13 A — VoA 5 A,
UEF—VOBEIIIHOy T4 v (34 TL—2)
BAT) LD LN T W BARARIZT +— T XML
CORETEDNT r v VEEPOOBHTH Y, A%
D) ZTHEMPEZLBRRT VD, ANV &, FTR—
V. R L= — Vi3l L Twaoix, 7 — 2 BIRO
F—THERL AN LG 20N 0WETLHETH -7
TVLAXY =2l AIWZHCEZHEEINMV T ED Y ML
Iy I THHN, FTT—=NDF—LIZONWTIIN IV E
T OB, Ty VHDT Y FAMEH S Nk
"o dH 5.
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25567 (2020)

WHEERIZBWT, NFI VNV IRBATLENTHIT
AL —KE LTRASR TV, BITiigechighisn
TV LI, QODHFRMEIZOED I HIZHBRT V5B,

[z LIERWICHBEL S 5 TT7 4 — 7 XMEpiedi &N
FIV VDX —2DN—N%HmALTE LI Bl
DEZATHY M) =T AZATHBOE LT,
REGRZESTHH LI, BNTTELIXEERED
ODOERENL VT 7 YA X&) = 2dRni
BHOIM LR AEAIE LIBILIEERLTE LI
SRV ) IHA. b LAEDMALPDIIZBIINNFI v
MUBVOBRBENTT LS ENDh, FLThzLED
DRDIZH S 7MBDH x5 BV — A IZOWTHZT
ANBHL, HHIEERVELFIEEZB-6 LT NSET
LiJo TV R, BRTYEONAZ30 7 14—
FX40 74— bFDFESLEAY O T7OT BV LILE
RIZ 100 R FUFTHRTOENSLTL LY. WKITOT
T, WL OREEBENRE), T L TELL OB LAL
BRI THOHDZ L OBl Z2 8T E50b L E
A

®lF, (74 =] MBS NANFI 2 b ICHT
BRRFIIERLZZDBDOTHY, [NFI VP TEIA VY
EHiCBICT LAY =20 F T DR MT L7720, u—F
ZETHHMT S Z L FEY, Fhidu—r 7= 2200w
TOHTIEFEL L LDOREAD o720 T [FNA Y
FeHWAEZET, a—bMIVLOKMTE—YT=A -
I—=MIHNFIV P a=bMIb%b] EliRTWA,
WENRY, B— V7 =R & DN TOFUEAE M R X
LHRECIEHETH 5o HZBIE. AECCONAL VDS [ 2
U—7—OFR] [IOWTEMR LK., EHLE, NFI ¥

F1. BATHRICES [74 =)V K] BT LK v b oG

1873 ¢

Hillway; p.33)

2016) ., Everitt & Hillway, p.27)

(Guillain, p.51)

Hillway, p.33)
1874 5

¥ 5%, [3/21] (7bdd, p.38)

O IRMAVERTONRRIV by - F—2a) CETIEMRES BRSNS, [6/31] (Guillain, p.48)
Q@7 =T RNV v X THIRLIEANRI U by KT v 7 0388 &3, [10/11] (Everitt &

@A v FD<wL— (RuPx7M) CHREASATWEA—ARBREINS, 7. 2hE R 24 LK
VY —RYUA FBF—LOFEHRE NV —LVEZEIR L T2 EAREND, [10/18] (Jacobs, #aFH (2015,

@ T2RKER] Oa— 2RI BREIL 100 R FIFE-ZR2WET 3 2EE=EN B H N5, [10/18]

ONRFIVIAZ TR TR EFEATIIE I NEOBERTENBR INS, [11/8] (Bveritt &

®Y =3 +H-~1/v (All England Club) %% 7 o —4,—DFiBD]EKL] ~DRFEOHT, Tm—rF=
Z] & IRV Ry, « #—2A (the game of Badminton) | #7275 7N TEAT A AREMICOVWTE R
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#2. [74—=F] BTN v b RS (1873 ~ 1877 4F)
1873 4

OQ B Y= NDREFEEEM) T NMETO IRNFIV by - F—n) CET2EMEEE 2458

wEshs, [5/31,6/7,6/28 (&10D)

©@ (8% Pastime) @ [NXKIV hoDHF—A] T, IVIvE, FITTF—N, =L —DL—LBEHKEIN
%, ¥z, VA bR V) —KTA MZEBL—N~DEENRRENS, [10/11, 10/18] (F12B)

® EX) T, [BRNOARIV b RB#ENS, (1018 (R1@)

@ [E) T, ARV b (LF4—2 722 LREREDBREND (F7y YD bT =R

LlTwa L o®El) [11/8] (X1®)
1874 %

® BRE) E#ishE [/ue—br—0FR| T, ARIVIF~DEEHY, [3/21 (X160, 3/28]

® &E) T AFIVRrOAL—UZONTIE, LEODTEEEZSRTIEOEEDH Y, [6/6]

@ ZIVryR) TV FERUVN ITFTEH T — - I3 TOREREREBIDELFT. 2FKIC 17—
r—, B—=rT=RA ARIVIRTZIIVR] BRESAWTQWEEOELRD Y, [6/13]

® URHE) Efichilc lm—r 7= T2 ET. AFIV Yy a— DT A DEIEHFITON
TEK. [7/25]

@ K © TB—rF=X] T, SAFIV B (L0 RMERETHE] LOSESY, [8/1]

@ W) O [ RT77L VAT 4TV LiIFR—rT=X] T, VAT T 4=V FMERSFIV
=k [8/15]

@ (FH8) @ TA—F7ATheMoors [/ —R + I—2 7)) KHTAXRETARIV F~DE K [8/15]
FFRITRESRRE LS RY, T4 F a3 VEBRDZT Z L LSNT/NRBOBREN S X Mgt Eh 5, i
B bNEEMR/NBIZEE Y Y—FRE, 72— — XFIV b/, BT = RADD DR,
NEGETR E B BB b DRH B, ]

@ BBE) © To—rF=xX] T, ARIVIUICER [10/24]

MBEVXy hERAWAZ LT, a— b ro¢ LERBTr—VT=R «c a— b MZbHFI v bz
—MZHRD,]

@ B 0 a—r7F=2] T, YVar -H- ~ABRNRIV I AZEK [1212]
20K, DI UIINARIVRUBTU Y AT LA ENDTF— L THDZ L EMLTIZED T — %N
FIV R EFEATHWE LT,

1875 4

@ $0) o THRZTHY | ICETHRET. SFIV P CER [116]

8 HDA —R b + "2 East Ham TEEE BT B DX W~AB Lo, 7 u—r—iE s
L. ARV MY (KBHOFIA) rn—rT=RIBTHRI Z L I 2D o7,

® WBE) © le—rT7=RERXRIV ] T F—N ATV Iu—Yr— - 7F3TOERER
Committee BV 4 TNV Ry DI TR TV FO—EER— T2 RENRIV M T B 0E
EfTofel L OFEE [4/17, 4/24]

® WBE) © Te—rF=X, XRIV IV, IJa—F—]| T, =N AV TFU ¥ Iu—br—-77
TDI8IBEDNT RS T ANE (R—rT=RENNRIV M2ED) MMM SHhD [4/24]

@ GEEM) NFIVPrOA—NVFQEBRTE LN, B—VT=ADA—VZOWTIE, BHEONY
—arvRbariedh, AINR—V 7V 7y VNI 7T DT = ARBS\CRERIKE L L ORLFE [5/8]
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1876 £

Gadt) o T2 — R ) 7 o&BE] T, ARIV e Zu—br—o %] 25 k[4/15]
O TLFg—RRNFIV Iy h—F AV R (FAUTR)| OREEROTE [9/2]

1877 4
BRYULERL
#3. [74—VF] MRS /v —v
BRHEE|JHFEW Major Forbes, S.C. Ladies’ Rackets W. M.
4 (RBH) (v o) (F7F—n) 810K | (w1—) 8/20fF
(#142)
a—ph | K& X FEHERL | 2874—bX2074 |807 4 —FX15T74— | 8397 4—hFX207 4 —
(BH) —k (RFEF] b (FTVAR) (&F | b (BREHE(R Y M
) 43 DH))
A% 4 4, 6, 8 4 (6, 8) 4
Xy b 474—FRWVWLIZ| 5T74—R6A4VF | BT 4—k 574—k
(m— | Zhllk
7) OF
&
Za7 | 15 Al 15 sl 15 sl 15 s, 2 7 —A%m|
Ty 7| EBRARL BT A4V 18RA | By TS (18 BA | BT 47 (18 KA
47 —VORFE 5 L4 | — AV ORFE 5 R, 14 8 | —/VORHE 5 R, 14 1
DREE 3 /A) DREX 3 R) #1725 | ORI 3 R) #1725
£ Dt NIV ETEYY | cANMVETEYY R | ¥ IV s NBMUVETET¥ B
2= nvayy ROV —THEXL | ray
“BAIDVT—THEIT 1 ADH BP0V — U1
ANDFH I YT RETNVRE | ADH
¥ MBS Y MT HE
Y=g, ¥
— 71X 3ERA~D
ZENTED
c DT D TR
N—n (B —
TORLYBRBLE
ERTE5))
Higt 07 June 1873, Vol. | 11 October 1873, | 11  October 1873, | 18 October 1873, Vol.

41, p.541 (p.19 of 56)

Vol.42, p.371 (p.17 of
44)

Vol.42, p.371 (p.17 of
44)

42, p.409 (p.31 of 44)

130) “clean over the net” (L» Mid7Z% L) [WL— =] VA LX - JY—FTAL MIEBV—
I~ L — b=V EIRITERRZED, T — IR - 720 (18 October 1873, Vol. 42, p.409 (p.31 of 44))
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FUHBR=DVTERL Yy MVaAy 72 EE5) 5 —A4T
HHEOEBEFFo TP ERHBLTEBY, 2
ELRNFI VP EO— Y F o ADENIOWT DM
NELEEIRE 2 E&A TV 1874 4E 3 H 4 0 IR % H6 1Y
WHZENTE 5,

3) A&

Lo e BET 505, @ 1873411 H 8 HoRH:
X T4 YT T4 =V RENRE = VT = A ERTET AR
WZHEPNZZDH DT, BEEDONF I ¥ b O RE R CH
NHELEHIT, NRI VW) AT T 0IES
LCWhdro/zl ez R LTWwh,

[LitogEnzr—2% [LF14—A] T=ALIERZ L
PRESHTCTEV, TRIETF=ADTr—22%RLT
BOT, 77y VXD BWMAT=AIUTVE T, €D
F—HEZNKIV IV EERDIZZOr =212k F 57
{HTIEINFIHAL, ZWANANRD D B IHHHEK
DM ERFE) T LR F9,.]

®lF. KlFESANT AECCONA VB ERm L7227 a—
r—oORBLhbr—2L LT, NFIVMroHEET
TRPIDFERETH S, ZOHT, PRIIOED L HITHBRT
Wb,

[FLlZEDLH T LTHRHE Lz ua—r—To
ERBBFEDOECETFETRELDD, 70—7 —7R&
WMzZBZEIFBRVIEAID, 7 u—Fr—oNE L
ABEFELLTTHoTHEMLIK LA MPH LD D
MRDLNTWD, 4, S54RI, blzLidzu—r—H
HEZHWTT7—=VTHEIFIIv FTLT VLA TELTIE
LLWFr—=2%%HA L7 [EUY—FR] LIRS
BRI T — 7 CHES N, KESIFE30 74—k x20
T4 —=b8Thb, 7ZH, REZZTVLAY—DOKIZL-
TEHLTHRV, Th5DFXr—2% 70— —n—
HTIHoTwiekhb, b9 —FHTEAFINANI V-
F—=—AZEBALTHOEP-72b LNV, NFI VMY
Dr—2it. AV F - T2HD24 VFROBPZEDR—
NWEHT5ZETEDMERT LI Lev, 722
DEITREKEINL72D12, =71 AFKD X HI12F
nNEhOa—F—I12H 53 71— MUK > TIH N
bo AV POFIWFT LAY =1L o THEINLERE
Thbdbo —H 74— "W TH5LEHSTH

%ol (M3 %2ZM)

F 72 CORFICEMEL > S OIELPF SN TH W,
WHEIZUTOEBY) TH %S,

[(BZ5L, MORFTRBENTT ZAPYREIND
DVEREDBEIIN T HME L % L0b Ltk wv,]

Bh, =T =R DREEBL TN ¥ b O
PEE LTSN TW2DA, NFI Vb rds [X) ok
ETHD| LOFHTHo7 (©)o Tl ZOFFED 2
AMBEO 18748 A 15 HIZE, w4 v 77 4 =V F Mk
HE2, B—=YF2ATNHNMVRIT7ZMBHLTIZE) e
WO ROFEE D OFEITH L, [Ha¥ 7 Y KIENN K3
YEVERYEZ TWDLIENR W] EBRRTWDS (),

RBRIC1876 44 A 15 HiF @ [7 4 —v F] #RICIHHER X
NZRRFEZRTBE (B®), T [AF—1 ) v 2
OF AN ] \ZEH LR TRONAZS 0T, 2ot
HTWE, NFI v brEezo—r—3 i W] &
LTCELENTW, ZOHD (#3) OB T, #£H1
ZH)BRTWB,

[Fex OftEDOR T, @—5— 247 — I (skating upon
wheels) OFEIT ERMP OB ES L 72 8Id &
Vo ZH—F— NFIV Y, ZOMOEBEBIZH LT
FEMiTE BB OFYNLES EEFON THIK C A 7 —
FMETORKOREE DRI BHETL F 572

LBEAHA. TORFEZIFTLLEVIINFI VD
BIZED BASN LT LDIREFTHS ). #1875
FE1IHI6HD ($90) MBS N2k &) Ridd b
HOH, ZZTE INFIV Y] BFr—204E LT
T BBEND I ozl VI HORERLTHEL Z
LI, (@)

[8 HDA —A T - /N4 East Ham TS A BOUF 2 0l
T2OANABEL o7z, 7= —I13F72E720L, N
b (BRAMORK) Lu—r T2 RIETHEY) 2 L
SR eholz]

4) R & EhERN
WRICRTBEZVOIR, NFI Vb oK EFHERN
T AR TH B, T, 18744E6 H 13 HIZIBIR X
NEZ7 07y PRGSO RICHT 2FHTHS (D), b
Hix, 6 Ao HIATbh Yy FEV R 25T LY —-
75 TOREREREBER TR, THEBR LTV,

AR RBIRICL DBl EN, Ju—Fr—, O—C7=
A, NFI Y MYHZ S5 Y ¥ F (the croquet, lawn
tennis, and badminton grounds) XV 9 iLd 72V NA %
RhbWizsiz, ]

T2, FAMNERLTHT2ODONEI VU BoREIC
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DWW, [W4E8H 15 Hfto (M) Tk
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UHU

[FREIHEPIKRELS L), 4 Fa v 2B ERT t
PAMNRBEORE A 2 Mt S D, TREPICHR 2
L@l Zz/NEIik e Y —FE, Z2u—4—, ANF
IVMY, U= T ADODNE#R. N ED S
PD5HLDONH 5, ]

DEDRFHL, FANDZOOEETIED HH, ko
FUED RICEERRHEWZ L, FUE, oBblca—r T
ZADF =TV - b—=F AV bEFMET D AECC IZBIT
LLFLENLTH A,

187542 H. AECC X AR TH L7 4 VTV VD
ra—4r—=go—ifr, Hrzlca—rF = AENRFI Vb
YIRS BE R T o P [ 74—V F] KiZZED
Za—A%MEAHITHE -ABBEDO 24 HOZEITH
o THELTWS (1), &0 bIFEEREVDIZ, 24 H
oML, 1875 DT 1 7 T A HFEMICHA SN T
W TH Do LTI FitHEOHERTH 5,

[AECC D 1875 4ED Y — X ¥ - TUF T ADSHRETHIC
JaWTz, FLEEBHESD [ 9 7R TFHERSZOTO TS
LE LI ENLIBHDOLE, YA EBLT—
75 R —= YT AENF I U VD7D #E i
ENB] LoOHEREMRA L. 2OT7a 50134 H8
Hffcd s, HERIZZTRMA ST/, v—rF57=2
ENXFIV P OBBEIUTFTOEBY) THAS,
[R—=ntvxy P VidZ7 5w Y N4 (gardener) 12X
DRESNREE7 7 7B»HRABII DRS00y
— x5y b, A=, Ya—R, 7T RNVELRE
ERRECTE, ~FEMOHENEIS YY) Y S THDB, 7T
THIERRMEEINLE T ry b, Ya—X, FEOHDAT
TLALBWEIMIROONE, 75 TETPHERD
F =T VBTN T T v FRER I T B
X, =722 WANNI UV MO LRV,
TLALBWI FTERPE Y Y — 12X B HHWICHT
Ll —=Nidrza—r—oRaLREE RS .]
INHIZOVTHRRTBE720DlE, F5 ol
HIZOWTONV—=VIEHHDOL DT, o & bkLWwR
EEUTICTLEIEDRROONLERETIE RV, b LZ
ILAENE, EBENHLIDHLVIZEEORY vy 5
THZWLIRE Y =25, —FrE oI, —2H2 3T
%&Li&wlbﬁ%&ﬁx—?%%’52%#%Lﬂ

R\, &&iit\7D77A FEE SN TV RV,
DEOFRAE I Ty WA — L4 RO ELK
%ﬁ%ﬁénék%wfwéo

77 TRICRMEENZPE~ONFI vV b ro—r
TZAOEM, £ LU THMEZENT HEMIEEENZ L
K7 T TTOFRENRFRRE LR AHTZHHe 2F=—D%
BTOUPIEL DI LWL ND7259 D]

P WRIERE
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25567 (2020)

BRHECSNTBEZVDlE, 1876 49 H 2 HIZH#RS
N7z [LF4—=ANKIVbV - b=FRAV}F (T4
RA)] ORFETHL (1),

[EOHBEH AV V—RIVEEPRES LT/ —
ANKIV Y- b=F AV MREVHESI Nz, F—
AR B VRS T, BERBESEHEET 5701280
LT 5 o T MU & Uelfiid & < ICHk T,
HE LR E e o720

RFEICIRE F—F AV IOBHIZF - A-uLEry
VEAM-TIA YT, L2y TEM s =52
L& %o orze WMHEBIFRIIN - TR EA - 7 V=0
FIL 720

BR T INATISTIEMNS 1877 HEIZH T [7 14 —
VR MBI NE—DNN I v b UERSICHET A
HTH b,

(2) =%

F4ix, [74 = F] HK (1873 ~ 1877 4F) 2B H S
NENFIV M ICHEDEIEER2TEDRLDTH D, B
HEIEFEHTIDOH 57205 FOND 3G HBWICET

HIEET, HHSZ 5301 7T THo720 SO 4
ATFZECT TN R I Y PV HEZI) o Tz 2 &8
BRHENTVWEIDIE, Y242 X -V )—FKTA4 + UhFE
JE). N—=F 2 X&Tv b— UNERE)., 7 L~— (B
H)y V7)) —AWa (BEEE). Y AAX - TRy
F v (BEEE) THH. V) —FT74 PPUSITRD
Oy RYO¥EEREST, 2L, IVFY&TTY —
LE - ET7Y VIEARMEICE o THO TRASNALEHZT
Hbo IVF&TIYY—13 187545 H 22 AU o —
V=L LT, T2A RIS, 2y b,
sa—4—, 7T—F ) =L EDHEEZEWLTEBY., E-
E7Y L1876 4E4 H 29 HUBE, 7—F ) —, O—v
FoA, 7= — NFI VM VOMBEZREL TV,
Witk e IEGTT v Foicdh - 72

SEBHCTIRMICARNI U M HEORESEZEKRL20
EV AL X)) =FT A o, Zo¥z 4174t
(18734E 10 H 18 H~F4E11 A8 H) 22 THh o720 %

R L. [WAES H 3 HULRRIZIR S 28T LIRD 53—
VAT F—=IE, s a—r —HEBORE S 728,
FIWXTVX v IR T I TEu—r - €YY — F2b
D (F4E5 H 10 H LK) V1874 4E 4 F 25 HIZiX [BAL 7 —
LAOFHHE] ORIZANRI Y MMz bz, E 512
18754E5 H 8 HULREIE MR L C/N NI > M Y HEADLE
EHEL TV, Zodb. 7L~y —, V7)) —A@EE
INVFU&TIIY—, E-¥ETV Y, ] TFR I UHNHK,
INEI VN OEEXBBLUAO R NFI VMU
HOIRE R I EEORBIZ® 202N L 72,

RBIHBEMMEEIZBWTE L IHERTREF 2 G
WMLTBEZV, ZRIT 187449 H 19 HA 5 1875 4D
G ETHHEIN TV Y 27 ) — AHEDIEHEIZBV
T, [AHORFHFSNEZNFI VPOV Y bvay
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IR [F=N AV TSV F - NIV Y257 T
EHENTVS EDRERIFEHEN TV TH S, W7
7 7T OFHMIAWTH 525, BEk o X 9 12 AECC 13 1875
PR, Wy o7ora—r—YEa—r 7= ALNF3
YEFVIZHARLETIEERRELTBY, £ TRHttoN
FI Vb HEMEHSNAWTEEEYD D, 72N A B
W
DEITHICOVTRTAR L S . AT TT TICHR
WENTWLDIE. HHOV—VT v 7 OFEIETH D 1B
JFF 1873410 H I8 HAF [7 4 — v K] MoiFHE» 5
1873411 HETICYV 24 X - Y Y —KT 4 FAMED
W= NVEER L T REESSWZ L Z2BHLTw5
M, TR Y =R T4 bPOEFICENERT A
KRBT Y 725 %D 5720 T2, WAL TVS
DEFARIEHTH D F—< A + 7 - F - L—Ra&Hh 5 IR
ENF ARV TFA v vaNy)—-TVa—rA)F[a—
Y57 = ALINK3I Y MY (Lawn Tennis and Badminton)].
J - 7FxFrF [Za—- 7 =4, U—VTZAENF
IV b ®DIV—)V (Rules for the New Game Lawn Tennis

#4.

and Badminton)] T®H Y. & T 1876 FEDTIFT & &N T
WADRIEDIREIX 18754 12 A 18 Hf D[ 7 4 — v K]
ISR EINTD Wz, EHIIN=F U X&TY =
TLTwz [BArY — 2 08B 1SN FI ¥ ravmb
HDON18744E4 A 25 HNDILE»SDZ ETHY, I
F &I 7)) =M 18754 5 H 22 HAF LD [ 3 I MR ]
WARI V25 E91ChoTwiz, £LTCIKR—
A X Fo v Ty 2] 1876 EWICIZ, B =Y F =X,
NFEIV Y, TWT, Y UTADRREND L)oo
72 [1876 4 12/9 11 1o

1873 ~ 1877 FZHIME NN I v b VBB D)L %
Boé, ZoMBRYTELZV OO, ZO, ©5
RPICEMLTW 2 e bhrb, [714—=IVF] KDL
HERRZMO I NFI ] v AR 1874 4 LIFE,
EHLTWwozd)iclBbhs, $72 1875 KX, &
WCTITbhbr—2n—>2k LT, & IT 1876 FELIEIX,
U—YFTZAENFIV MRy MILZV—VT v o
BT S, BRAR SN TO2Z &5 pdsbhz,

[7 4= F] #& (1873 ~ 1877 4F) TSI N7 FI ¥ b Y HEOIA G T~

LT oIRE,

Gotte,

O N—FrRX&Ty +—[1873.5/3-] - v FrD/NFRIE
B a—4r—HBEORE o708, 5/10[1878] P v 7 X« T5ATu—r B ¥
— RN 3, 4/25 [1874] IZTEA — A DFHAZBNC AR IV FrdMaz bivd, 5/8 [1875]

ARETHE anﬂﬁt Ba.,
s R S S

BADMINTON (Parkins and Gotto’s). — The new game. Price, 30s., 42s., 63s., complete for
tennis also, 84s., 105s.,Sphairistike (by licence of the patentee), L6. Out-door games of every
description. Lawn bowls, Aunt Sally, Jack’s Alive, &c. — Parkins and Gotto, 27 and 28,
Oxford-street, London, W. List of games post free.] [08 May 1875, vol.45, p.450 (p.24 of 56)]
8/12, 1876 ([Z/S KX ¥ b U ~DFEWMH R 725

—=Farking and
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)

®

CxzA LR VY —FRUAL b (F=)L+FLs) [1873, 10/18, 10/25, 11/1, 11/8]

THE NEW OUIDOOR
INDIAN LAWN GAME

(Prettior, healthier, and mivrier Lhan Croguet)

BLD MINTON,

OR LAWN RACQUETS

Bola Registered Proprietor for the British lalee,
JAMES LILLYWHITE,

KD T!I

-
&
I

T s — = _———— - —

[The New Outdoor Indian Lawn Game

(Prettier, healthier, and merrier than Croquet)

BADMINTON, Or Lawn Racquets.

Sole Registered Proprietor for the British Isle,

James Lillywhite, 3, Queen’s circus, Cheltenham] [18 Oct. 18783, Vol. 42, p.410 (p.32 of 44)]

7 L~— [1874, 7/11-] William Henry Cremer

AWN

[Lawn Tennis, Badminton, Croquet, Cricket, Archery, Bowls, Loaded Shuttlecocks for
playing Badminton, superior Rackets...] [11 July 1874, vol.44, (p.12 of 56)]
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@ Y=7VU—2x [1874, 9/19-1875]
CTTyY, 27Uy b TEA RV T = RAORERE
o)

Jll‘m CELEBEATED EACQUETS.

Jm m]u'l.mm TENNIS

Jmmll' PATENT CANE-HANDLE
RACQUETH,
JIITIEIH' le GLTG'DT SEAMED

PATENT !H’D’I’I‘m
hrlmIE.ﬁIul i oeed by tha All Eogland Baa-

J lﬂ% R T o
SUPERIOR mcqm

L wﬁ%ﬁﬁﬂ‘hu

SPHATRISTIKE,

OR LAWN TENNIS.

BOLE AGENTS,

o p— e

[19 September 1874, vol.44, p.322 (p.36 of 48)]

2

(D=7 ) —=ADARNTryY, 7= Ny b, BFRRINT—V NV V- T Ty
VEEFRBINTE Ty NBREMPNIEZ Uy b e R—N | BFREENZAARIV M RO
¥ hvayy (FA—NAVIT TR ARNRIVINY ITTERAShG), 779>, 77
AT TF=ADEBRR—N . Fr oY 774 T EBOEEHS =—X 1, Lower Wood-
street, Woolwich, S.E. |
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®

JEEFERIES

[Patent Shuttlecock for Badminton, as used by the All England Badminton Club
1, Lower Wood Street, Woolwich, S.E [26 December 1874, vol.44, (p.39 of 44)]

VX &F VY — [1875, 5/227]

TR AEEE] (2 IRV by OFEH, ToAEARIV DI IT7HE Y Mi

SUMMER NUMBER,

Witk spécial additiotal (Unstratons, of

BUMMER BPORTSB AND PABTINES

TRAVELLING BAGS, &e,

T T
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RETERBEMR L E 8567 (2020)

[F=R e F—Lh +EY

(v PAR, R—L 28, FHLECRIHE2R, Xy b, W, BE, 714V RUOXHE
BT BTNV — KL= T v ) 2R F2V )7, BERR3IRU R
0OV Vv, ARV 4V v T, BRVKEEV YUY, 6 R K6 )T
TZRERNRIV DI TT <Y b

(EFEZ 7y hAR, R—VAFR, vx bray 7 4, BHECRIE2AR (Wi H
HICRAERE, FLBRNTOFERARAFIV b2 VA TBZERTED), Xy b, LW,
FA v, IBE, IFEETLMTIDIHON~—LRBITERE, RULV—ILT v 7B AoTz
BNEERE) TRVFTVI VS

NIV h»

1RURLIVI VY (5Hy bAKR, Yy Mrav 7 Afl, BEHLEURIR 2R, S4v2
— R, (W&, KOLV—AT v 7)), BEMIT1IR 153V F, 5=V kv b (TF7
vh6AR, V¥ INVIVIE6AR) Z2RVF10VY VS, Ty R8REYV Y PV
SHIIIAR P10V YT, ARV R4V VT, BRYFEVY VYT

NIV IRV MVvay s ETF=RAR—

¥ PVay 73RBS LTI —RBIZ3Y I VT 6 RUVR, AV I VT ERVR, B
UV TERUR, TVY TRV AR, 10TV T 62V, 12V T 620,
153V 76RVAR, 18V NV TB6RVR, T2AR—ILF—AEBIZ5V )T 6
NRUR, BV TERVR, DAL EBERLOIZL 2V V76 RVR, IEBFEY B
BB,

NRFIVERCHARY B

HARIZ4T I V76 VR, ANEIXSYI VI 6_VA, T=ZAFy b (RFVLA ) iX
TV T6RVA, 1O0VIVTERVA, 15V IV T6_VAR, 25V V0T, 7
R e Ny NIREILHBEIBLTINTREIZ2VIVITE6VAR, 3V I VT 620
R, AVIVTERVR, BYVUTERVAR, TYVUTENRVR, 10V )T 6y
A, 12VV TRV R, 18V IV TE6RVA, 253V U7,

(AT, H8) ]

[22 May 1875, vol.45, (p.15 of 58)]

® F-35-1— [1875,12/11-]

Xy N T gy va [B—rT=REAFIV ]

Awr TER TS i B DM NEToN (wita

L aised Laws). By™ Covendiah™ Of

[11 December 1875, vol.46, (p.8 of 51)]
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©)

@ E-:¥7Y.r [1876, 4/29-]

lArchery, Lawn Tennis, Croquet, Badminton by E. Pearson, 42, Baker-street, London. W. |

a—yF=RX, NRIV Ry, INT VUTAREHENS,

BECHEKY.—A Buperior BTOC
--I-lF lfl'HIﬂ I;ﬂmﬁlﬁﬂm#ﬂhﬁ

AWa 8 Croqust,  Badmimte
ﬂl !I-iﬂ-,.l-l! E -

%m?w the late Q. Bower), i,

[29 April 1876, vol.47, (p.13 of 56)]

[R—A X Fv>r Ty ] 1876 /R [1876, 12/9]

THE BEST OCHRISTMAS
IIIIII'.I.' lﬂl A BOT.

THE lun nn_pool: a complete

TheiRt Lo

'Dhl“..lﬁﬂ h.
muu'm- 0 pd
'—i—'.‘“ un-mmw'm“"uurﬁ,_

"’"‘m.::::::.._......u. e
'l'lnnunnqn H-lbmum- 'ﬂl'ﬂhnl-

CROSBY, LJUCKWOOD, & CQ,,
T. STATIONERSY HALL COURT, RO,

[09 December 1876, vol.48, (p.9 of 52)]

J« X% F > [1877, 4/28] James Buchanan (1876 Eic/V—/ 7 v 7 #T4T [SeATAIZE] )

GLESS TENNIS—J. BUCHANAN
B i

=

[ Wingless Tennis. -J. Buchanan has a large supply of the fashionable game LAWN
TENNIS now on hand. Also Badminton and Croquet. | [J. Buchanan, Archery Manufacturer,

215, Piccadilly, London, W.]
[28 April 1877, vol.49, (p.55 of 60)]
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ZFRE 1874 LI, B LGOI L) ThH otz T2
1875 £ LIk IE, Bt CTH b B —20—2 L LT, F
721876 ELBEIF. e —Y T = Ak y MILZZV—V Ty
ZHTUTEN BRI EN-DDEEZ L (52,

bokd, [74 =] HIZEEEDONA T ADHFFE
L2222 THENTBLALENDH LA, I2L 2
I, NF I b BEER Y 1875 AELLREIZIRA L 72 D1,
MEMRLTEDNFI VP I u—r T ALY KR
ELRBLEEEL I ol W) T2 LET L0
Whb. Tl IREOREPT Y F ek §5%E
WCEDBLDZE ST LB FMONAL TR EEZ L ON Y]
ThrH,

SHBOMEE LTHRBTE2DIEE L2 Y RD 2 HET
Hb, OV KNI TOWTEE (L) birf v
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TIZHEWERDSD 50, WINIZLTH ZORHAD NN F
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&3

1) Adams, p.25.

2) Guillain, pp.49-51.

3) #a3F (2015)

4) Ia] I

5) Everitt & Hilway, p.26.

6) Ibid., pp.2-28.

7) Ibid., p.30

8 [7 4 — VK] MHPAITIEN/zDIX 183 FETH ., it
RATbHo b ihwEH (Rural affairs) OHEPIHKTDH 5,
AR=VHERTHER S- 714X RS
Surtees) ZFEEDFRIIENPS DXV N=TH ), AKR—
V. R¥E B Y FYOEFICOWTHEL 72, AT
OMEEEI~—2 - LE Y (Mark Lemon) 725% ®,
1857 4ENH 1888 4EF TV a v AV ) —- 73T
(John Henry Walsh) 2SRz H07z. [7 14—V K]
MO 10 SEDLAREFED/IZA-D - N—"x1 (A D.

25567 (2020)

Harvey) (2& 5 & [z ERYZHIEIC L7201 +
Wy afolzbwnd, Hhidd &b LIRBET, RED
WL T 2 EEZ ML CTH iz fhidny 74
VI RIR Y TERITIAR=Y T THY, Wko
LI ICAECCOEV RN DX Y )N—=T, HHEE
(Honorary Secretary) % B & T W 720 & ® 72 8,
AECC ML TwWiZ7au—r—K&0idfFizdbAA
DL, NFIVbrRU— VT A0OBMEHS L
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YT = ZAWOATIIE TR FRKOFLIFRILEI L L
WY EFonTEzy £ v 77 4=V FAME
BH—VT A RAEKLT2L, AECCHEY 1 v T
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23 5. Harvey.

9) Todd, p.87, Prichard, p.52, Smith, p.11.

10) B33 (2017 4 (b))

11) AFald, AR — PHEARH 33K (20194412 H8 H)
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1. Bernard Adams, The Badminton Story, 1980, British
Broadcasting Corporation: London.

2. George E. Alexander, Wingfield: Edwardian
Gentleman, 1986, Peter E. Randall Publisher:
Portsmouth.

3. Robert Everitt and Richard Hillway, The Birth of
Lawn Tennis: From the origins of the game to the first
Championship at Wimbledon, 2019, Vision Sports Pub
Ltd: Kingston upon Thames.

4. Jean-Yves Guillain, Badminton: An Illustrated History,
2004, Publibook: Paris.
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6. Tim Henman, The Original Rules of Tennis, 2010,
Bodleian Library: Oxford.
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8. Nicky Smith, Queen of Games: The History of Croquet, 22, DRl E] 40 11 ~ 17 ', 2010 4,
1991, Trafalgar Square: Pomfret. 12. BRIHEB (19 A EEICBTHH 75 —2 [SF3I U b
9. T. Todd, The Tennis Players from pagan rites to V] oA LW KA T A0F5E - 1873 E DB I DO
strawberries and cream, 1979, Vallancey Press: Tl [BRAEEFEVZEES) 200 17 ~ 33 H, 2017 4F
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76 Cutting Performance in Threading Turning and Grooving Turning of Ti-6Al-4V Alloy with a High-Pressure Coolant Supply

Cutting Performance in Threading Turning and Grooving Turning of Ti-6Al-4V
Alloy with a High-Pressure Coolant Supply

Tadahiro WADA

Proceedings of 2019 IEEE 10th International Conference on Mechanical and Aerospace Engineering
(ICMAE), pp. 507-512. (Novotel Brussels City Centre, Address : Rue de la Vierge Noire 32, 1000
BRUSSELS BELGIUM)

INTRODUCTION

Titanium alloys have high specific strength (strength/density)
and corrosion resistance. Due to dimensional accuracy, titanium
alloys are machined using a metal removal process. Titanium
alloys have low thermal conductivity and show high chemical
reactivity with many cutting tool materials [1]. Therefore, in
cutting titanium alloys, as the cutting temperature is higher, and
strong adhesion at the interface between the cutting tool and the
chip occurs, the tool wear becomes large. The machinability of
titanium and its alloys is poor due to the inherent properties of
the materials [2]. In cutting Ti-6A1-4V alloy, complex wear
mechanisms such as adhesion and diffusion are caused at higher
cutting speeds [3]. Therefore, in cutting Ti-6A1-4V alloy, a slower
cutting speed is necessary than that in cutting carbon steel.

To improve productivity, a high-speed cutting method is
desired. In high-speed cutting, because the cutting temperature
increases greatly, the tool materials are required to have both
excellent wear resistance and heat resistance. For cooling and
reducing tool wear, a wet cutting method is effective.

Due to the increase of the cutting fluid flow rate by injecting
fluid at high pressure into the cutting edge, the cutting
temperature decreases and the flank wear decreases [4]. High-
pressure coolant cutting, which supplies coolant to the cutting
part at high pressure, is effective for lowering the cutting
temperature and reducing the tool wear [5, 6]. Furthermore, by
supplying high-pressure coolant, the chip breakage performance
is also improved [7]. For this reason, high-pressure coolant
cutting is used for cutting of difficult-to-cut materials such as
titanium alloy [8-13] and Inconel [4].

However, in the threading turning and the grooving turning of
Ti-6Al1-4V alloy with a high-pressure coolant supply the effects of
the coolant pressure on the cutting performance have not been
reported.

In this study, in threading turning and grooving turning of Ti-
6A1-4V alloy with a high-pressure coolant supply, in order to
identify an effective PCD tool for the high-speed cutting of Ti-
6Al1-4V, the effects of the diamond content and the diamond
particle size on the tool wear were experimentally investigated.
As the Ti-6Al-4V alloy was threading turned and grooving
turned with a high-pressure coolant supplied, the chip
configurations and the tool wear were experimentally
investigated.

Conclusions

In this study, Ti-6Al-4V alloy was threading turned and
grooving turned with a pressurized coolant supplied, and the
chip configurations and the tool wear were experimentally
investigated.

The following results were obtained:

A. Cutting Performance in Threading Turning Titanium Alloy

with a Pressurized Coolant Supply

(1) The main tool failure of un-coated ISO K10 cemented carbide
was flank wear with a pressurized coolant supply.

(2) Comparing the conventional coolant supply method and the
pressurized coolant supply method, the flank wear width of
the pressurized coolant supply method was smaller than that
of the conventional coolant supply method.

(3) Comparing the coolant pressures in the case of the
pressurized coolant supply method, the flank wear width
decreased with the increasing of coolant pressure, and the
flank wear width “VB” became significantly smaller.

B. Cutting Performance in Grooving Turning Titanium Alloy

with a Pressurized Coolant Supply

(1) The high-pressure coolant supply method was effective for
improving the chip breakage performance.

(2) In the case of the conventional coolant supply cutting, the
fracture of the cutting part was becoming bigger at a cutting
distance of 106.2 m. However, with the high-pressure coolant
supply cutting, although wear is observed slightly on both

sides of the flank face, no major fracture are seen.
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INTRODUCTION

Hickel-based alloys such as Inconel 718 are difficult to cut due
to their outstanding mechanical properties [1]. A major
requirement of cutting tool materials used for machining nickel-
based alloys is that they must possess adequate hot hardness to
withstand elevated temperatures generated under high-speed
conditions during machining. Most cutting tool materials lose
their hardness at elevated temperatures resulting in weakening
of the inter-particle bond strength and consequent acceleration of
tool wear [2]. Therefore, in the cutting of a nickel based-alloy, due
to the high cutting temperature and strong adhesion generated
at the interface between the cutting tool and the chip, the wear
of the tool becomes large. Thus, when cutting nickel-based alloys,
a slower cutting rate is required than when cutting carbon steel.

High-speed cutting is desirable to improve productivity,
however in high-speed cutting the rise in cutting temperature is
significant. In particular, when cutting nickel-based alloys the
cutting temperature rises rapidly, so the tool material must have
both excellent wear resistance and heat resistance. Wet cutting
is effective for cooling and cooling of tools.

High-pressure coolant cutting is effective for lowering the
cutting temperature and reducing the tool wear [3-6]. By
supplying high-pressure coolant into the cutting edge, the cutting
temperature decreases and the flank wear decreases [7].
Furthermore, by supplying high-pressure coolant, the chip
breakage performance is also improved [4-6]. Therefore studies
on high-pressure coolant cutting of difficult-to-cut materials such
as titanium alloy [8-12] and Inconel [7, 13] has been carried out in
addition to the above. However, in the grooving turning of nickel-
based alloys with a high-pressure coolant supply the effects of
the coolant pressure on the cutting performance have not been
reported.

In this study, in grooving turning of Inconel 718 with a
pressure coolant supply, the chip configurations and the tool
wear were experimentally investigated.

CONCLUSION

In this study, Inconel 718 was grooving turned with a
pressurized coolant supplied, and the chip configurations and the
tool wear were experimentally investigated.

The following results were obtained:

(1) The pressure coolant supply method improved the chip
breakage performance.

(2) In the case of low-pressure coolant supply cutting, the mass
per chip increased with increasing cutting speed. However, in
the case of high-pressure coolant supply cutting, there was no
difference in the mass per chip even if the cutting speed was
increased.

(3) It seemed that the bending of chips caused by high-pressure

uid has a large influence on chip breakage in high-pressure
coolant cutting.

(4) Comparing the cutting of the conventional coolant supply
cutting with the cutting of the pressure coolant cutting, the
tool wear with the pressure coolant supply was smaller than
that with the conventional coolant supply.

(5) Comparing the cutting of the low-pressure coolant supply
with the cutting of the high-pressure coolant supply, the tool
wear with the high-pressure coolant supply was smaller than
that with the low-pressure coolant supply.
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INTRODUCTION

Comparing the performances of the AICrN coated tool and TiN
coated tool, the AICrN coated tool can increase the depth of cut
by about 33% [1]. Furthermore due to the better heat resistance
of the AICrN coating film, the tool life of the end mill with the
AICrN coating is longer than that with the TiAIN coating [2-3].
However, our study results show that the critical scratch load of
the AICrN coating film, which is the value measured by the
scratch test, is 77 N and the micro-hardness is 2760 HV0.25 N.
Therefore, in order to improve both the critical scratch load and
micro-hardness of the AICrN coating film, a cathode material of
the Al-Cr-W target with tungsten (W) added to the cathode
material of the Al-Cr target was used [4]. The Al-Cr-W based
coating film has both high hardness and excellent critical scratch
load and can be used sufficiently as a coating film of WC-Co
cemented carbide cutting tools [4]. Furthermore, the friction
between the face of the cutting tool and the chip decreases when
W is added [5-6].

The addition of Si to the TiN coating film converts the [111]
-oriented columnar structure to a dense fine grain structure.

Thin films of Ti-Si-N have been dep051ted by physwal vapor
deposition to improve the wear resistance of TiN coatings [7].
Cutting experiments showed that the TiAISIN coated end mill
with a Si content of 4.78 atom% had the least flank wear and
improved its milling distance by about 20% over the TiAIN
coated end mill [8]. Furthermore, at a temperature of 700 ° C or
lower, the hardness of the AICrWSIN film is higher than the
hardness of AICrN [9]. The addition of Si leads to the refinement
of crystal grains and greatly influences the phase composition and
mechanical properties due to its formation. Amorphous Si3N4 [10-
11]. Many multilayer coating films have been developed to
improve tool life [12-16].

The rate of wear of the AICrWN/AICrWSiN-coated tool, which
has the multilayer coating system, was slower than that of the
single layer AICrWSIN coated tool in the cutting of hardened
steel at a feed rate of 0.2 mm/rev [17]. In addition, the tool wear
of the AICrWN/AICrWSiN-coated tool, which has the multilayer
coating system, was investigated in the cutting of hardened
sintered steel. [18]. Furthermore, the properties of the multilayer
AICrWN/AICrWSIiN-coating film were also clarified [18]. However,
the wear mechanism of the multilayer AICrWN/AICrWSiN-coated
tool has not been clarified in the cutting of hardened sintered
steel.

In this study, to clarify the wear mechanism of the multilayer
AICrWN/AICrWSiN-coated tool in the cutting of hardened
sintered steel, the rate of wear in the cutting of hardened sintered
steel using three types of coated tools was investigated. The
Type I tool had a single layer (Al60, Cr25, W15)N coating film, the
Type II tool had a single layer (Al53, Cr23, W14, Sil0O)N coating
film and the Type III tool had a multilayer (Al60, Cr25, W15)N/
(A153, Cr23, W14, Sil0) N-coating film. SEM observation and EDS
mapping analysis of the abraded surface of the coating film were
performed.

Conclusion

In this study, SEM observation and EDS mapping analysis of
the abraded surface of the coating film were performed in order
to clarlfy the wear mechanism of the AICrWN/AICrWSiN-coating
film in the cutting of hardened sintered steel. The Type I tool had
a single layer (Al60, Cr25, W15)N coating film, the Type II tool
had a single layer (AlI53, Cr23, W14, SilO)N coating film and the
Type III tool had a multilayer (Al60, Cr25, W15)N/(Al53, Cr23,
W14, Sil0) N-coating film.

The following results were obtained:

(1) The wear rate of the Type III tool was the slowest.

(2) The area of the worn surface on the rake face "S" and the
contact length between the rake face and the chip "D" were
measured. Comparing the three types of coated tools, both the
“S” and the “D” of the Type I tool were the smallest, and those
of the Type II tool were the largest.

(3) The main wear mechanism of the Type II and the Type III
tool was abrasive wear. However, the main wear mechanism of
the Type I tool was both abrasive wear and adhesion wear.

(4) The critical scratch load of the Type I tool, 81 N, was lower
than that of the Type II or the Type III tool, over 130 N.
Therefore, comparing the Type I and Type III tools, due to the

wear mechanism of the Type I tool being both abrasive wear and

adhesion wear, the wear rate of the Type I tool, which has the
lower critical scratch load, was slower.
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INTRODUCTION

Because of its extremely high strength to weight ratio [1], 7075
aluminum alloy is used for highly stressed structural parts
including aircraft fittings, gears and shafts and various other
commercial aircraft, aerospace and transportation equipment [2].
The machinability of metals is estimated by the cutting force,
tool life, surface finish and chip shape. Due to the strength and
hardness of aluminum alloys, the cutting force and tool life are
relatively unproblematic, and the chip breakability is the most
important feature to ensure reliable operation in automated
machining [3].

One improvement in chip cracking is the use of free-cutting
alloys. Conventionally, Pb is added to aluminum alloys to improve
the chip breakability. However, due to the negative impact on
the environment, the addition of Pb has been banned in many
countries. The addition of Si improves chip breaking performance
[4]-[6], but when turning Si-added aluminum alloys with high
speed steel tools, tool wear increases with the increase of Si
contents [4]-[5], [7]-[8].

On the other hand, supplying coolant to the cutting area at
high pressure improves chip breakability performance [9]-[11],
and supplying high-pressure coolant to the cutting edge lowers
the cutting temperature and reduces flank wear [12]. This
method is also effective in reducing tool wear [9]-[11], [13].
Therefore, many studies on high-pressure coolant supply cutting
of hard-to-cut materials such as hardened steel [14], titanium alloy
[15]-[19], Inconel [12], [20], cemented carbide [21] have been
conducted. However, there have been no reports on the effect of
the coolant pressure on the chip breakability performance when
aluminum alloys are turned with a high-pressure coolant
supplied.

In this study, in turning of 7075 aluminum alloy with a high-
pressure coolant supply, the chip configurations, the mass and
thickness of chip were experimentally investigated.

CONCLUSIONS

In this study, in turning of 7075 aluminum alloy with a high-
pressure coolant supply, the chip configurations, the mass of chip
and the thickness of chip were experimentally investigated.

The following results were obtained:

(1) In the case of a cutting speed of 5.0 m/s, a feed rate from 0.05
mm/rev to 0.50 mm/rev and a depth of cut from 0.1 mm to 3.0
mm, chips were not broken at a feed rate of 0.15 mm/rev or
less in the conventional coolant supply.

In the high-pressure coolant supply, the combination area of

feed rate and depth of cut that can be broken chip was wider

than in the conventional coolant supply. In the high-pressure

coolant supply at a coolant pressure of 7 MPa, there is a

combination area of feed rate and depth of cut that can be not

broken chip. However, chlps were broken in all areas at a

coolant pressure of 20 MPa.

(2) In the case of both the high-pressure coolant supply, which
has a coolant pressure of 7, 14 or 20 MPa, and the
conventlonal coolant supply, the thickness of chip increased
with the increase of the depth of cut. And, the thickness of
chip did not change depending on the cutting method, namely
the high-pressure coolant supply cutting method and the
conventional coolant supply cutting method.

(3) In the case of both the conventional and the high-pressure
coolant supply, the thickness of chip decreased with the
increase of the cutting speed.
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INTRODUCTION

The hardened steel AISI D2 has high hardness, strength and
wear resistance. In cutting hardened steel AISI D2, the tool wear
increases. Polycrystalline Cubic Boron Nitride (PCBN) is
generally used as the cutting tool material in cutting hardened
steel. Linhu Tang et al. investigated the wear performance and
mechanisms of the PCBN tool in dry hard turning of AISI D2
hardened steel at various hardness levels (40-60 = 1 HRC) [1].

owever, in milling, a major tool failure of c¢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 cutting tool materials. TiN,
T;(L N) and (Ti.,ADN are generally used for the coating film [2].
r-Al-N is expected to play a very important role in the future
of Surf’\cc Enginecering. manufacturing industry and in
preventing wear of critical components in a wide range of
applications [3]. When investigating the potentials of newly
developed (Cr.A1)N coatings compared to uncoated tools,
CrxAlyN coatings with different chromium to aluminum contents
were deposited onto indexed rbide inserts. In order to find
improved coatings for dry machining operations both tribological
and wear tests were performed [4].

The machining performance of AICrN and AIlTiN coated
cemented carbide inserts were investigated during end milling
of MDN 250 maraging steel. As a result, the AICrN coating had
better wear resistance and machining performance compared to
the AITIN coating [5]. The performance of mono-layered AICrN
and multi-layered AITIN PVD coatings on mixed alumina inserts
were investigated in the turning of hardened AISI 52100 steel.
As a result, the AICrN coating exhibited superior machining
behavior at higher cutting speeds indicating the suitability of the
coating at elevated machining speeds [6]. Tadahiro Wada et al.
reported that an (ALCr)N coated cemented carbide is an effective
tool material for cutting sintered steel [7] and hardened sintered
steel [8].

The incorporation of Si [9]. Y [9]. W [10]. Fe [11]. Zr [12] or Ti
[13] into (Cr. A1) N was reported. In cutting hardened steel [14] or
sintered steel [15]. the wear resistance of (Al Cr, W) N codted
tools with W added to (Al Cr) N coated tools was improved. The
wear resistance of (Al, Cr, W)(C,N) coated tools with C added to
(ALCr,W) N coated tools was improved [14]-[17]. Furthermore, the
wear resistance of (Al Cr, W,Si)N coated tools with Si added to
(Al, Cr.W) N coated tools was improved [18].

On the other hand, gradient and multilayered coatings
composed of different nitride layers show superior mechanical
strength, such as hardness and wear resistance, as compared to
mono-layered coatings due to their specific interfaces [19]. For
this reason, many studies on multilayer coatings have been
conducted [19]-[24].

In addition, many studies dealing with multi-layer (ALCr, W)/
(A1,Cr,W,Si) coating films handled in th
reported [25]-[28]. As a result of comprehensive judgment of the
study results of Tadahiro Wada et al. the following two points
were clarified. (1) The wear resistance of PVD-coated tools was
improved by adding W and Si to (Al Cr) targets. (2) Multi-layer
coating films have better wear resistance than single-layer
coating film. However, the effect of components (Al Cr, W, Si) on
tool wear have not been clarified.

n this study. two types of aluminum/chromium/tungsten/
silicon target cathode materials with varying constituents were
used to improve the wear resistance of coated cutting tools in
cutting hardened steel. For comparison, a cathode material of one
type of aluminum/chromium/tungsten target was also used. In
addition. multi-layer coating materials were used, including
combinations of aluminum/chromium/tungsten/silicon based
coating films and aluminum/chromium/tungsten based coating
films. Using these three types of targets, the hardened steel was
cut with a cutting tool in which cemented carbide K10 substrate
metal was PVD coated and the tool wear was examine

Conclusions

In this study, a carbonitride coating film was deposited on a

cemented carbide ISO K10 using three different Al-Cr-W-Si

targets. The coating film structure consisted of mono-layer film
and multi-layer films. The hardened steel ASTM D2 was cut
with five types of coated cemented carbide tools. The tool wear
of the coated tools was experimentally investigated.

The following results were obtaine

(1) Comparing the wear progress of the (A153,Cr23,W14,Si10)(C.N)-
and (A158,Cr25W7,Sil0)(C.N)-coated tool, the wear progress of
the (Al58.Cr25,W7. N)-coated tool is slightly slower than
that of the (A153.Cr23,W14,Si10)(C.N)-coated tool.

(2) Comparing the wear progress of the (Al60,Cr25 W15)(C.N)/
(A153.Cr23.W14,Si10)(C.N)- and the (A153.Cr23,W14,Si10)}(C.N)/
(A158.Cr25W7.5i10)(C,N)-coated tool, the wear progress of the
(A153, Cr23 w14, SilO)(C N)/(A158.Cr25.W7.Sil0)(C.N)-coated tool
is slightly slower than that of the (Al160.Cr25.W 15)(C.N)/
AIB3Er23 W19 T0)CN)-conted tool.
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