:% i =AU Tk A 29 M43 1995, 4
Al Journal of the Korean Society of Precision Engineering Vol. 12. No 4. April. 1995.

o

gzt vhal AERYe AR BY AT

#od oy =R H g

A Study on Machining Characteristics of Single-insert and
Multi-insert Face Milling

Seong-11 Kim,* Wie-Roe Lee,* Tae-Young Kim™*

ABSTRACT

Face milling is required to study cutting process with a view of multipoint cutter. This
experimental study mainly deals with the single and multi-insert cutting characteristics using
coated tool. Because metal cutting of the single and multi-insert has a large relation to the
improvement of productivity, the economic cutting process can-be achieved by the analysis of
proper metal cutting mechanism. Therefore, machining characteristics of face milling in this
paper has been studied by investigating the role of different insert number which is concerned
with mean cutting force, the RMS values of AE(acoustic emission) signal, tool life and sur-
face roughness in milling 88 41 and SUS 304. The cutting force and AE signal are monitored
to make an analysis of cutting process. The surface roughness of the specimens machined by
inserts of different numbers is measured at different speeds, feeds and depth of cut. The
width of flank wear is also observed,

Key words : coated tool(ZBET), single-insert cutting (F¢184Y), multi-insert cutting (Thel@2h),
face milling(FH¥EH), tool wear(FF7tR), AE(acoustic emission), surface rough-
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Fig. 1914 Pt(tangential force)® Pr(radial
force)d AEEL Wy A7t 4 ddhdie A&
B3, &334 e ol$wFd EE (feed
component) Fx, A2bdeke] £¥ (main cutting
component) Fy¢ A2tzlo]l Hrahe] E¥ (thrust
component) Fz& HoFo),
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Fig. 1 Force system in face milling
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Fig. 3 The AE signal parameters
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@438 AE(acoustic emission)dZz} dRBE=T
Fig. 3& AE parameterS& ¥ Frh

AEY dudzx #&H&€ A TPd R
count £¥ count rate FFBETF FE2 RMS(root
mean square) A4S Algsted olg oHE 1)
data® H¥HQ F42 LdgYsy] 4olF AE data
9] #Be3}t(smoothing) 2} count rate 71€# Z2
& U7 (sensitivity) £98, 3) HEAY A%E
£ Tt gaind ¥ 97, 4) WEAdad 2HE oA
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1T &,
Vs = /E f’ VA(t)dt M

V(t) = signal function, AT = period of time
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Al E (erosive wear), H2A9l% (corrosive wear),
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N.H.Cook™& nlRyg-& 4783 (443 mtE (flank
wear), AR "R (crater wear), =273 #iR
(nose radius wear), 2FH vl% (outer diameter
groove)) & FEHGEH 471A FFAN FAl] e
)Rk Egtaol Ay d71A9] vlEsF AujACE
vehdtts Basiach ULy 3Ty &dde e,
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Fig. 48 48< 9% Avle] wixdele 58 4
FE9 MNAAAE Holm Ut ALY 3F
vrgke] AAaE g 2387 st FFFEA
(KISTLER 9257A)E Algsiged, F1BdAAM
e HAHANEE 5387 8 FZ7)(charge
amplifier, KISTLER 5001) & AMg-siaic, A4z
© Table 13 23 A4 SAHE deolehe 22~
FZ (oscilloscope) & B3 EUEH (monitoring) &7
FAld A/D converter® %3 1.5 Khz2 A&
IBM-PC 4869 AAsArt. HAAz#AA feed
speed (m/min) & ®lo]E9 oldols, feedrate (m
/rev) £ feed speed (m/min)/F&3 74 (RPM) ©]t.
AE 3% g5ata 245 4§ AR SHAHEA
LOCAN-ATE #8890, AR AM2= 348 %
09 AME AMEEE T 100~300 Khz9 band pass
filter& 7}A& preamplifier®& AM4-3%ith AE 414
% high vacuum grease® =Fsa AJHe] Ist
channel, 275844 2nd channele A Z

Table 1 Experimental conditions
universal milling machine(vertical milling machine)
MI15SPOR-12(CH 8134, § 100mm, insert &7) 7438
lead angle:15" axial rake angle:+7"
radial rake anple:0°
TiN coated tool(VIN, VALENITE, 9} =, SPEN 1203 08)
clearance angle:11° thickness:3.18 mm
tip shape:S-type nose radius:0.8 mm
D71A F24 FA7HESH)
(80%80%50, 92 o] § 31 mm FHF)
2) & ~E)ue| E7 SUS 304(80 % 55 % 10)

machine tool

milling catter

milling insert

work material

environment

dry

cutting speed  :83,163,311 m/min
feedspeed 87,187,342 mim/min
feedrate :0.011-1.291 mm/insert
depthof cut  :05,1.0,1.5 mm
number of insert;1,2,4,8

center-milling

cutting
conditions
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3o dasie WY FFFE/ANA Ak Y
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25t JMEV FAE AHR 12 FFEAA
A BFEn HE A nlre] £4E e AAEY
7 (profile projector) & AM&8IAth. <¥|dd A
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A: Cuiting Part
D: Cutting Force Acqusition Part

B: Amplifier Part

C: LOCAN-AT Part
E: Pre-Amplifier

Fig. 4 Arrangement of cutting test
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e Al ARfRN THPOE AFH njE 2 5
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Fig. 6& % A 990, feed speed 342 mm
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3ol tisjA AE RMSE £ ¥} g8-¢ BoFr),

Fig. 7& Zatgle] 1.5 mm, feed speed 87 m
/minell A AAEzsl AR RMS9e] A8 AME F
of wel m=AlE afelth. HA&wrl Frlge] wheh
AE RMSE 3718€ & + Utk olgzo] Ha&x
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zd Hl#Hste Age AY¥ILTs) Fokse A
AT J, ARER A4 w2 Qe mpEA
%7t AAZ] ezt 4Z4HE,

AME o] ¥ighel FAzdd g AE RMSe #
AE T4 BY, JME 9 S} we AE RMS
£ 718t Eg AE RMSe #2430], feed speed
At Fol= nag UH, ANLEETL ARl whet
Z715HE 9 5 Aok

Photo. 12 8S 41% SUS 3049 7154 ZHFT
o wRFHE BojFe ARlo|t) (a)e SS 4179 7t
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A9 At AR #EZE F Ak (e SUS
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Fig. 5 The relation between AE RMS and number

of insert(RPM = 990, a, = 1.0mm)
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Fig. 6 The relation between AE RMS and number

of insert(RPM = 990, feed speed = 342mm/

min)
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Fig. 7 The relation between AE RMS and cutting
speed (ap = 1.5mm, feed speed = 87mm/min)
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() machining of 3341

(b) matchimng of SU3304

Photo. 1 Wear of coated tool

7o) 2EFo] d&sta, HAE AP wel 2HE
o] gt Ao] Yol WA wlazl A=, Ho] FT
of 2ty &AvlEst wAEE HoFe AR,
Aol F7o &3, AaAe FAAAY] 7} Bdddt
A He 59 A9 uAER Fr JFA A=g
g Ay EAE uslokgitts A& Bl

Fig. 82 SUS 3049 7}1FA IHE Fo Wzl

& FTFTHE RSy, £F A 715, feed
speed 187 m/min, Aol 0.5 me A F+
739 AU AFE vtz Z 0.3 mE 71E2R B
JAME ¢ o WE FFeEE AHE ez, o
NE & S7H7E F75EE T2 B, 9
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9 £x7t 4] ol

24
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Material : SUS 304
T s
T 400
[?. | \
3m -
200 —_—
[{ I | 2 4 [ 8 10
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Fig. 8 The relation between tool life and number of
insert (RPM = 715, feed speed = 187 mm/min,
a, = 0.5 mm)
Fig. 9~Fig. 102 8§ 41 71&A FFuiid ua
AE RMS, BE8AZYY §4& Hogth

Ak,

Fig. 9¢ #% A+ 265, feed speed 187 m
/min, AAtde] 1,0 me) FatzAdA FFulRe o
£ AA¥3 AE RMS9e] #AE EdF3 gt #
F7b mpRge] wel AE RMS7F $74E Belz 9l
o ol FUt uEHA, A8V AAREHI] B E
o|t},

Fig. 10& = 87 520, feed speed 87 mm
/min, A2ze]l 1.0 me FAA FTTeid wa
A4 F9AL7) (Ra, Rmax)9e #AAE HolE
th 27t JgEEs FRAA7]) Rae vidA F
7Vl M Rmaxe 49 S71stn ok, £ #
TFetEst APge] wek EHAE7] Rmax’t Radot

140 15
—&— Fx-mtsn
120 |
—&— Famean 113
E 100 |  —w-ABRMS B
§ 5 11
& Bof g
X [ 09
g 60 | 3
w0t 167
20 . P : 05
-0.05 003 011 0.19 027 035
Width of fiank Wear, VB[mm]

Fig. 9 The relation between cutting force, AE RMS
and width of flank wear(RPM = 265, feed
speed = 187mm/min, a, = 1.0 mm)
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Fig. 10 The relation between cutting force, surface
roughness and width of {lank wear
(RPM = 520, feed speed = 87 mm/ min, a,=10
Frovar))
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FAAR7 Y 9¥FE urisld AMEY $& A
ofof 8w, FFutEe] utel AAHd AE RMS7 £
Ve R FTY AfH uE ZFad FAEI AR
RMS7 AH8E 4 S EAFi, E9AA7
Rmax7} Radl #l3te] FFviEd @& Hge] F&
HojFrt,

Fig. 11~Fig. 12 S5 41 7134} 9ME o o}
g ZUAAYY BAE HoFEs Jfelh

Fig. 11& $&3A%+ 520, feed speed 187 m
/min®] 27A AME $9] Frtd] e FAALY)
Z AAglole] wsld) we} AME Aoz, AMES ¢
7} Z71gt Wl EUAL7] Ras AY 433 6d
Rmax® A4dte A4L & £ olvh, =3 TAAAY
Ra® #2zlolgl =24 #A7 52 & & At

Fig. 12% feed speed 187 mn/min, A4tge] 1.5
me] ZAJN AME ¢ Frld WtE FHAA7
BAE AExe W Wl Haf ASR, JME
F9] Z7lol B2} Rax= A9 €4 & I Rmaxe 7
A8te A4L 4 Uk E£F feedrate’t =24
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—e—Ra, a.-O.S[mm] -9 Rmax, a’-l.O[nm\]
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—s—Ra, ap-1.0[mm] - -+ Rmax, a°-1.5[m]

15 : - R

10

Surface roughness, Ra and Rmax [um]
o

o ) L . L
o 1, 2 4 6 8 10
Number of insert
Fig. 11 The relation of surface roughness and num-
ber of insert(RPM = 520, feed speed = 187
mm/min)
—, %0
g —*—Ra, V=83 [m/min]
75 b—8 -0 Rmax, V=83 [m/min] | |
! —#~fa, V=163 {m/min]
5 60 -0 Rmax, V=163 [m/min] | |
'g ] ‘o | R V=311 [w/min]
«-» Rmax, Vu311 [m/min]
& 45
@ -]
g 30
PR - ER
B s f—bmmiie B
é 3 T W P o
9 l—t== * =% .
w 1] 1 2 4 [ 8 10
Number of nsert

. 12 The relation between surface roughness and
number of insert(feed speed = 187 mm/min,
ap = 1.5 mm)
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speed”} S7ige) w2t EAAZY] Ra, Rmax’t 3
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Fig, 13 The relation between surface roughness and
feed speed with number of insert(RPM =
520, a, = 0.5 mm)
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Fig. 14 The relation between surface roughness ratio
and fesdrate
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Fig. 15 The relation between surface roughness and

feedrate
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Fig. 16 The relation between cutting force and sur-
face roughness
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