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The Characteristics of Damaged Layer According
to Depth of Cut in Micro Endmilling

Jong-Hwan Lee', Jeong-Suk Kim*, Dong-Hee Kwon®, Jin-Hyo Park’, Byung-Min Kim',
Yoong-Ho Jung”, Myung-Chang Kang™, Seong-Yong Lee™

lL Abstract “F

The study on damaged layer is necessary for machinability improvement in micro machining. The damaged layer
in metal cutting is derived from plastic deformation and transformation of metal structure. The damaged layer affects
micro mold life and micro machine parts. In this study, the damaged layer of micro machined surface of copper is
evaluated according to various machining condition. The damaged layer structure and metallurgical characteristics are
measured by optical microscope, and evaluated by cutting forces and surface roughness. The scale of this damaged
layer depends on cutting process parameters and machining environments. By experimental results, depth of damaged
layer was increased with increasing of cutting depth, also the damaged layer is less occurred in down-milling compared

to up-milling during micro endmilling operation.
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OIFE - YYM - BEH - WHE - UMD - YBE - YYY - 014
MEHAEe FEARE VAV P o 1 39 32 160,000rpmo] 1, AR 59| HHAFYEE 1ymoldte] 7
REHOZHE o]l Zo|7Az|9 #FHF o Vet RAS Zha1 glrh 259 FAEA FriolAe 42y Fasn
e 444 7 wAd Folrh 7HEHES e o9, & of i F¢o] g Al 2AG AAsteth AP NI1E
SEISY, 85, HES, o229 29 5 94 o]-§3t H} WL A (Tachometer)2 2t74e] Fobof) e}
Q40 ot M | Z2A S, A (Dislocation) U9 187 2959 3ALE S50, 348 10mm=
Ao, AA(Twin)e] A4, B424, dubdd), 7hgo o stlch. B S LA E Dajete] 2L 240t} 1034 &
Ao Wy, ool ogt Q24 22H} gt WA, 1 At & Ho S verglc
21 AR 5 A fiof oot 9hE Uk 4 g, 2 AYUE B & ofojgyl AmE i Y 3
HA7LEA Are REFL2RE BA Ato]oA EA £71(0.30~0.55MPa)& MA3IA L, o|2 UAsAl %A
e WAL 37 B 7HEEY 45 E of$Y dFS S5 AET 5 Ut B3, 204 ofofHyl ARG F
HHA gt E3], mlA9 T A AEste AV EAQ AEE YoiA A5EAS Z 9T ¢ Y= AE )
o QleiA 7hgol o5t WAo] Asid, 73 FEEE 7t &% A (Accelerometer, B&K Response Freq. : 15kHz)9}
TEY SHAA HEE Fo] o]FHL o] YT 2= F571(Amp. : B&K NEXUS 4374S-4ch) & o] &3t¢irt.
FilE e, 7)o R-Fo| WAt gt A 7HEAl 59 et FAdel 7 & 4% AR
T A4 9 At WAz Ee EA sk WA At E AUE sheAf o]wnt wAYGgO R NEEAE
Lol Agso] g™ a1y =Y AL AhF H2Zsle] FHEE NBE P55, ATE £50 42 A
o7 wo AT} ALLE S olsto] WA MYAL & 7GR ASE AE% A3, ofSWY AT M Es) b
7t A7) g 2o 44 ddo] Yol Ao & WAL BA ZHEEe) 3t Bk o 2A F7kstr 91w, 120,000rpmt
231 ot E3 npo|2 2 A=W (Endmilling)d] 71 130,000rpm F2of| A 1] Z(Peak)S LtEFY QT ojA & ot
B4 Hrtof qlolA AAY AUz Hgt At wol =3 5*°1f et 2829 ME fHo] Oe& Hol 7, o] ¢
Holou njA A ko] AHA A7 ofF RES AA g ol FHo] st U & 5 YUrh
o]} 10-12),
2 Ao nlo]22 7Hg Al A E R Ao 9% 3. AlSiZix| ol iy
& 248t 7|l 214 ofofElR] AW E(Ultrahigh-speed
air turbine spindle)} o430 ufo]a2 27 ¥ Ay 3.1 HEEH ¥ x| 24
(Flat endmil)E A4}715-& 3 stoirt. iié o oj gl 2 A0l 2% oofgRl 2uE] SR Y(Flat
AHUEY 452 2479 AL tfE AeEHS 245t type)o] A=YE BeG L, 7HEAES 14 A GAH
R, TS oflolggol 7P PR 2o w et (MAKINO V55)9] &0 AMEE FAAA ARGS9
g Fdstgt). noj2 2 7hgAAEE o83t F2|(Copper) 23l 7 HASY Zolg B7kst] el Fet dulA A
uto]Ag dedye 7HEA ¥ B HASE 7R L9 o] §8te] HASE M AR HHSIGTh E3 H4)
ueh Frisgich 12l nto]I 2 7o) FAE 5 9 24 g 342 75 3AES H44 29 234 (Clamping)
S Yl5to] A ALt otolA FEFEAG ol8sto] vl st ZAsH= A AHOR FAFATH
BAEL A4 oA B, AR A s PetEn] A APFA e 142 Fig 1o Yebfilz, A9
7(Optical microscope) 22 1 542 H71stgz, HWids of AH&-H Aujeb A% Table 13 2tk
o Az7j7r A4FA getulEY Tl &t e
A8t} ghct. ojHe A¥E F3) 214 o ofgjRl AW 3.2 Olo|3 2 7|2 AMguk 4 (|8
& ol g3 nAZkE Y A AeAE nA A AUE F3 ol AEYHA| 7hg2 Hate| WE e ¢
oAl BrlstaA; st 7he S 548 Bostr] Y8 -2l(Copper) 245
EEF}er Asgdt. 713482 20.8mm nfo|aE
2. =72 0oE{H! ALISO| SHEAN FTE 150m/min FAM&E o9 pl7kEE Adste =
A Ug steith. Z oo} AWE 4% 60,000~160,000rpm
B A AR 234 ool AUEL Ay Hs 0.2 747} 20,000pmd F7hA17|8, diold Yo} 4
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PC Optical microscope
system

Fig. 1 Schematic diagram of experimental setup

Table 1 Specifications of experimental instruments

Instrument Specification
.. MAKINO V55: Max 20,000rpm,
Machining center 50m/min
Air spindle 160,000rpm(0.6MPa)

& 800/m, 2-flutes flat endmill

Micro endmill (TiAIN-coated tool)

CCD camera | Neocom(x1~450) / PULNIX(x150)
Dynamometer 3 Axis, Freq. range: 5~10kHz
Oscilloscope 4Ch, Max Sampling: 400kHz

Surface tester Taylor Hobson, Surtronic 3+

Optical microscope

STM-MJS2 [OLYMPUS]
system

Workpiece Cu(Copper)

5 H %%4_ 39 dojgt Hiﬂ3ulr) ‘33 5% ﬂﬁ
#

A%o B4 AU 2o vt 37 % ANSY HA
QAsHE st} 42t by wet AHE 73
ojc g

32

T, 5350 U 7HEHE E4ote L, vtojaz o
E HEH 7hF2 AL Table 29} 2t}
AlH ) ohe g (Mounting)o] glojAl $AHAHE FRE
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Table 2 Machining conditions of experiment

60,000~160,000

Spindle speed [rpm] (Step: 20.000)

Feed per tooth
[tm/tooth]

Cutting depth [¢m]
Cutting fluid

3,456

Copper(Cu)

50, 100, 150, 200
Dry cutting

(a) Rounding + Contraction

(c) Contraction

(b) Rounding

(d) Normal

Fig. 2 Improvement of mounting
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O|F% - 23N - 333 - Wig - Y - 835 - AYHF - 0148
4. 71EMEEC] EN WA 34 U HolF 4T AR Lol
AT, AR AFUAFE HAUS Botel Yok
4.1 7KBHESe| HY U 37| WAz 24sdth 220 54008 st 2 5
274 840 vlola2 A=Y ARA A, 9§ o WASH: WAFS 435 3PEOB el 240
o S AUl oA AR b H & ISR WSS Fig 33 Fig 454U
BE Su9 2 guaFe WA Folg 4ol wdto] et ek
913, Fig. 5% Fig. 62 sH¥URA 7HgAAS) B4
20]8 A47ol W] uet vhehhgic,
739959 Zolk Fig 49 43U Bk Fi
o shFUa o w7 A7) Uepdek o)t sl *ofak%_
uoh BAAY U AERFSUS A WE Aoz AR
th. E3 71gE vlo| Az Agsle] AL Bl 4
7 93 o487k E4 A9tk Fig 33 Fig. 59| Hol

Cutting depth Sym ~ 100m 150¢m

200/m
(a) Spindle speed: 60,000rpm, Feed per tooth: 4/m/tooth

Cutting depth 50;m 100m 200/m
(b) Spindle speed: 120,000rpm, Feed per tooth: 4ym/tooth

150/m

4.784m

3.93um

i

2.634um [ :

1.88m |

Cutting depth 50¢m 100¢m
(c) Spindle speed: 160,000rpm, Feed per tooth: 4/m/tooth

1504m 200/m

Fig. 3 Depth variation of damaged layer according to
machining conditions(up-milling)
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Fig. 4 Relationship between depth of damaged layer
and spindle speeds(up-milling)
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Cutting depth 5im ~ 100m 200/m
(a) Spindle speed: 60,000rpm, Feed per tooth: 4/m/tooth

1504m

A
i

Cutting depth 50/m  100m 2004m

(b) Spindle speed: 120,000rpm, Feed per tooth: 4im/tooth

150/m

100¢m

1504m

Cutting depth 50ym
(c) Spindle speed: 160,000rpm, Feed per tooth; 4/m/tooth

200¢m

Fig. 5 Depth variation of damaged layer according to
machining conditions(down-milling)
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Fig. 6 Relationship between depth of damaged layer
and spindle speeds(down-milling)
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Fig. 7 Relationship between cutting force and spindle
speeds(feed direction)
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Fig. 8 Relationship between cutting force and spindle
speeds(radial direction)
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Fig. 9 Relationship between surface roughness and
spindle speeds
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