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Effects of Tool Wear on Surface Integrity of Aluminum Alloy Machined in Ultra-Precision Cutting Process (2™ Report)
— Effects of Tool Wear of Single Crystal Diamond Tool with Large Nose Radius on Surface Roughness —

Eiji KONDO, Ryuichi IWAMOTO, Ippei TANAKA and Norio KAWAGOISHI

Ultra-precision cutting of soft metals is mainly used for generating reflection surface of optical equipments. Accordingly

roughness of machined surface is very important evaluation item in quality because the roughness affects performance of

the optical equipments. Workpieces are actually machined with a worn diamond tool in machining shops whereas

ultra-precision cutting with a single crystal diamond tool is well known as a machining method owing high quality finished

surface to a sharp cutting edge of the tool. The purpose of this study is to find out the relation between tool wear and surface

roughness machined with a worn tool in ultra-precision cutting process. Profile of a machined surface was measured at

intervals of a fixed cutting distance, and profile curves in cutting and feed directions were investigated by using spectrum

analysis. As a result of experiments and considerations, we reached the following results. (1) Cutting tool vibrations

induced by tool flank wear increased roughness of machined surface in cutting direction and also increased roughness in

feed direction. (2) Deterioration of copying of cutting edge shape decreased surface roughness in feed direction. (3) Surface

roughness generated by tool vibrations exponentially increased with increase in flank wear of cutting edge generating

finished surface.

Key words: single crystal diamond tool, tool wear, ultra-precision cutting, aluminum alloy, surface roughness

1. #

HfERL 2 A Y RTREZ M - -0 4R OB ED N T
i, =k LT%#&%&@&%P@@&L FINTIZEDN TS 28,
H BT RO S IR OMRBIC R E < EET 2700, WE E
g CEHEARTHE THY ”, _hif‘ 5L OFER R EN T
ZD 2)~9).

RBREEEIHIIN T A ¥ RTEOSFHI 2N LY &
S et B DA INTIEE STV A2, EEOMT
B Clid 2FREEE L TETUHIMTEZ LT 5. Al 54
OBFEGHINTIZB T DAL BT R S OARER & L it
I OFER T OB DR S 2™, E7-UEISME, T AE
I3 LR ST 5 Z L S TS ) Las
LA, TEEER: LR OM SICRIFT BV TS,
GIHIEREN < 7 D DI TTEMNERE L, R EOM S
BT D Z LN ERH SN DI E->TRY, THREREL
FFHE & OEENRBERIT RS, F T HER
I8 A B L & DA REEREIC OV C, SER A MO T
IRETENTNDA Y, R TS MZONTIEREATHARN,

ARFZETBEHETHIN TSz Al BEot B mE S & TE
ERE L OBHRZH SN T2 2 BME L, HiERmA A e

ROR A A R TT VI =0 AERROEHIMZHIIIT.L, T

i

*

e SERk 17426 H 23 A
TOE éa‘ B B ERZ LA (B S RE R BTG 1-21-40)
£ B FIRBIR TR E 2 — (VR R4 BARE AT

ToawvE TRl (ERRERTRNEERIT R TN 1112)
TRV RS T (RE VR R EE VS ER T 1-21-40)

HOBEFE LA RIFH O S & OBIR & E RN ZTI~T2.
2. £ B A &

FERIZ I TR =Yoe N TeE A IV, RS 197 mm D Al
BEROYHII & BifEGmL 1 vEL FOR }J/vr hCIEmER] L
7. EBRICHAWZOIHIT A, 1@IRT LI, A1 YEY
ROF v To/NSIBRERIZA T L, TOERE TERLVA—
IR U CHEET DT> TV D, T & RIS %
bRET D720, BHEHIIZOIEIEER 21772 5 A, B2 2 VLT
BLPR L7= (500°CTC 1 BERIS2IIFR) .

BT S OBIETIE, —EOUIHIFEEEF IR 2 1(0b)
VIR TEAE 30 mm OBEHIBIZASHE L CIEmAEH L, HIEHO#H]
el E£77, HILWTREER L TR (GIHIEERE 2415 km)
IRV IR LTI 2 B0 L, OhARRS & THED &

Table1 Experimental conditions

Material Single crystal diamond
Corner radius mm 2
Tool
Rake angle deg. 0
Clearance angle deg. 4
Material JIS A5056
. Diameter mm 197 (, 30)
Workpiece
Heat treatment Annealed
Hardness Hv 63
Feed rate f um/rev 40 40 10 ~ 80
Depth of cut d pm 30 5~50 10
Cutting distance L km 0~2415 New, 2415
Spindle speed rpm 1000
Cutting fluid Kerosene
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Normalized roughness PV in feed direction caused by decrease of
transferability of cutting edge profile with increase in flank wear land
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