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A Study about Dynamic Behavior of the Face
Milling Cutter to Minimize Resultant Cutting Force

Jung-Hyun Kim*

ABSTRACT

On face milling operation a newly optimal tool, which can minimize the resultant cutting forces resulted
from the cutting force model, was designed and manufactured.

Cutting experiments using the new and conventional tools were carried out and the cutting forces result-
ed from those tools were analyzed in time and frequency domains.

The performance of the optimized cutter was tested through the dynamic cutting force experiment and
surface roughness test. The feed directional dynamic cutting forces resulted from the newly designed tool
are much reduced in comparision with those from the conventional tool. By reducing the dynamic cutting
force fluctuations. machine tool vibrations can be reduced, and stable cutting operation can be carried out.

Key Words : Face Milling(3824), Optimal Tool(H &3} $F), Cutting Force Model (2418 o & =d),
Dynamic Cutting Force (F24H)
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2.1 M3 nd

£ A7 AgE ok mdteid o] AMEJ 9
s G E 3 BHel Agets 4 kel ¥ (Tangential
Force) Fr(i, @) & 3wz AGI(D) 7} w2k A
( Specific Cutting Force Coefficient } K7 2] Fo8 FA|E 4
ola, W ake] 8 (Radial Force ) Fr(i, @) & A
HANF A A4Kp 9 FoE feglen) Kg=
Ke/Kp2 EA1813, 243ke] 3 (Axial force) Fy (i, @)
& Aoy AGID)) ¢ 20 AN As Ky F
sz vehia K, =K, /K; 2 319 (2.1)43} Zo] &
AE 4 9.

Fr (i, ®) = KrA(6i(®))
Fr(i, ®) = Kp A(6i(®)) = K F; (i, 6)
Fy (i, @) = K, A(Gi(®)) = K, Fr (i, @)
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F(®)] , [sin6i(D)-costi(®) 07[F(P)
Fy(i,®)| = —cosBz((D) sm&z(d)) 0| Fp(i,®)|(2.2)
EGO)| ™ 1]|FG®)

Fe(®) : A 37 zto] O] X Fo) o] 47,
F(®):AE 8] #dzo] @ I yHeke] I 4L,
Fp(®): 7E1 o] 2| Azko] @AW Z 39 9 AL
Zc BN AALEE se YMES £

H2.D% 42.2)22 8 2% AYdM, dAMEE
A Ag o TAHE o3 § dh2ds w2
AN S 45E 7 i,

2.2 3|X5 28

A4 e #22 £ T (Objective function) £ 3
&, 930 AA1ZHRadial rake angle)® &9
AT (Axial rake angle) B #]9]= ZH(Read angle)
<+ A (Variable) 2 8o 8.Q.P da2aFE o &3t
o 2% zdg Agsdct. Ae2A (Constraint
Condition) & 493 2= #4544 3148 234 &
B9 A 2 A AdHD e AHY F&
a3 d7HE 2 ZAAL (Negative rake angle) 7HA]
G en 2(2.2)0A 354k Aag-S neEd
4g FFHH 2 Y (2.3)4 7 2},

Find x=[x1,x2,x3]

minimize Q= [2 JEE(@®)+ EX®) + BA@)}/n

=1

Subject to constraints:

glx)=-12-x1=0
g2(x)= x2-15=0
g3(x)=-12-x2=0
gx)= x2-15=0
g25(x)= 0-x3=<0
g6(x)="x3-45=0

(2.3)



54 W F AR A13E A4E (19961 44)

4 (2.8)9A x& AARFEA x1,x2, 335 4 WA
Az & AAGE gelezkg e Qe
AN 2R T e & e B
olt}, gl(x)gb(x)e 2zt AA RS W3 AF =HFo|
I, gl(®)- g2(x), 3x)yg4x) € 47 A AA 3
whek Aajzto] -12° oA 15° Apele] BHLR A o
37 3= Ao, g5(x)gb(x)e Bo]=de) 0° oA 45°
Atole] BAoz 4A dax s =UE v Hrt,
Fig. 1 S0P guel&¢ o 43 X3} AH9] 55%
£ vehdr}, 24z & Metal Hand Book™2] 3333}
E Agd A4 23vide §3%S nRsy ZE)4
A1), ()AL, F(E)BNi)e 438 Table
1 o Jelsich, Aag 2doa dazd @ £59
HAZ, 7t AMNEFY 7] X124 Fo| gl 3%
wepel AaE HREE 4(2.2)2 ¥8 AN, o] 3
= gkl HAEEL 2(2.3)2 Q(resultant force) st
o] W x1, 22, x3 70| A2 AEHo] EAFs
g TR A48 2N A=A ERPre &
A% 292 SARAN A2 5 FA T4 AR
#ES ¥¥a= QP subproblem © FAEL. QP
subproblem® & (solution)® A22 AW 74
ko g MAL 7, descent functiond HA3stoz
N AR = L5025} §4 A2 dANsE ¥4
o] S84 g FAaAA ukith old #F2
HtEsie FEZAE USSR NHEPGA WAL

t}. o] A3} Table 4 o JehA1ct.

Initinl design

V:rlabla g /
other {nput / l

o me Cutting force m

model
Cutting

process

| g

Cutting fo:

Objsctive funotion

| ‘

Resultant

|
|
|
‘l_—_ imu furen— J

Varinble

Fig.1 flow chart of optimization.

Table. 1 Cutting conditions

R (i) (i) {1ii)
23 A% (rpm) 180 265 370
o]4&% (mm/tooth) |0.0424 | 0.0410 | 0.0429
A2t o] (mm) 1.0 1.8 2.5

3.1 A A
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Fig.2 Schmatic diagram for experimental set-up
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Table. 2 Specification of experimental set-up and

cutting condition.

Milling machine WMV-1100(1100 % 280( mm?))

Workpiece 845C(150% 100 x50 (mm?))

.Tool-dynamometer KISLER Type 9257A

Accelerometer One Sokki, VP-36, 9257A

Conversion rate : 30KHz
Resolution : 12bit
Input range @ £10(V)

A/D conveter

Charge amplifier KISTLER Type 5008E

DPM-2300
Up-Milling Milling type
Spindle rotational speed 180, 370 rpm
Feed per tooth 0.043 mm
Depth of cut 0.5 ~3 mm
Width of cutting 46 mm
Number of insert 8

Table. 3 Tool and insert geometries.

M 115 8P 04 R/L-10 (Wg34)
Lead angle : 15°

Radial Rake angle : 0

Axial Rake angle : T°

Cutter diameter : 106(mm)
Insert diameter : 100(mm)

Conventional
cutter(1)

58

Lead angle : 45
Radial Rake angle
Axial Rake angle
Cutter diameter
Insert diameter

Optimal

cutter(2)
-9

115

1 128(mm)

: 100(mm)

S

Lead angle : 4%
Radial Rake angle
Axia) Rake angle
Cutter diameter : 128(mm)
Insert diameter @ 100(mm)

Optimal

cutter(3)
I

115

SPKN1203EDTR(P25) (W3+54)
Thickness : 3.18(mm)
Clearance : 11°

Insert

(1) AR AL

SEAN1203AFTN(P25) (H3E4)
Thickness :3.18(mm)
Clearance angle : 20°

Insert

(2) (8) 7Rl AL

3.2 xR AE

EHZE A AHeE AEEL 3T utRA AHES

90

W AR B9 AeE FF 2 AR 29
%, B8 =549 23 ( Stylus tip )2 A9 w4
e AYE FE7] ( Amplifier )lA FF A71% A/
Boto mtola2z AFHA A 3%
t}, ol wof nfe]lAR HFHE 0.0005%29 ZHHLE
1024709] Helete d&Ado2 A AF7] ( Rmax )
#E ol B EW AR SR 0.512271
B3 &F3o] 71EEE AWWhs AfE 1.536mmeo|
o, o] Aze A& 74 AMESL & 36707 Azt
Aot}

AFHA A7AE dolelE FFT(Fast fourier trans-
form) g1e]EE ol&sld FHpddon Wgste] £
R
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(a)conventional cutter
(b)optimal cutter(light cutting)
(c)optimal cutter(heavy cutting)

Photo. 1 Configuration of the conventional and new
proposed cutter
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4.1 BENE

Table 4% #47ke] AX=27NA FHE 729 4
4 A 3o A2 IR FP/ AAE S 703
4 B A, v A48 Hy e, Y-

8 AMESRRFS] A7 B §ES vag Ao, F
(E)H4 2704 FAEe) F3& 55 No| 4 89

AEB)RA 2HME 25 N o] 248 AL ¢ £
gk dagel dE(fluctuation) ¥ o] 7Hd TS
& F U0 F(EE} 220F Y el dage
HEake] 3 Z24xE 217 N o, A ()= 234
A HDAE 4 80 N o|%ch. o] 492 HF3 T1=
V3 FEAGZ 0] F7hel] W Eelthen,

3
%

Table 4. Tool angles and cutting force.

TTER TR | XYY | g | %Y
R A L |mean(N) |mean(N) |mean(N) |mean(N)
AdA 70 | 0,715 | 9899 |-257.45 | 114.09 | 30245
#83 F7G) |-9,15, 45| 11542 |-20751 | 140.95 | 277.22
AR FF0)| 07,15 | 125.66 |-659.25 | 21659 | 712.91
HAAG T7Gii) -4, 15, 45 | 19752V | -526.56 | 347.81 | 667.42

(R: Radial rake angle, A - Axial rake angle, L : Lead angle)
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9 A3E AAs %2‘1"3%01] & Power spec-
tramg TEHHTE. Fog dHdA AHEE FH 4
£ 32744 J-'rr"]%“r Bol dse AE
¢ ¢ A} 2§ gF B2 Fuse AAgL A
#He FFEG 43 I #FE Gk AFE BA
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< 3Ttk Table 5 & A4 F79 455 FF2
2% HAEe] AN 4P 27 2 €Y, Y
vhgkel Mg Fo|th. F(E)HA FUAM A3 3
o Xurgkel W B4 Eol 0.89 N ] 4 gz,
Y W3k B HEL 1243 N o] 4 diglw, 7 %
el 58 JEo] 4.02 N o] 71 84 A4 AR
o F¥EL AR F7o] FaFHe v 8.25 N
o] 74 dtg}.

7A(R)A4 200 A HA35 37 XYB BE T
7_&14/@_“?_.0] 0.63 N o] 71-}« O].ﬁ—p Y H]- }:_Q] ‘6211 15)3‘?__
2 3.39 N o] &4 sler, 7 @] 8 A¥o]
0.55 N o] &7} 3t A F4L] BEgHL A
#& F7o] HaEH w8 3.05 N o 24 st
FAH AL Y ik g WEHT AW EE A4
F79 FANES] HgFe] Al 22728 N oA &
& -237.62 N 742 ¥3 stfem FHg 37& 3
t) 181.37 N 94 -192.88 N 224 A3 F7
TH A2 A AYY 27 vE 2A FA
G, o Zad WEFL /1FEY EUREE 43
A she AR A ez Andr

Table 5. The comparison of dynamic components between
conventional and optimal tools by experiment

37%% 34 || vHE| 29| §9 Y#%

R, A L {rms(N) | rms(N)| rms(N) | rms(N)|  #%3HN)
AAY (1) | 0,7,15 | 609 | 959 | 2.80 | 13.24|116.3~(-92.5)
AR (1) [-9,15,45| 627 | 620 | 3.35 | 10.19| 87.9~(-68.8)
AR | 0,715 ) 2106 | 41.10 | 11.07 | 47.721227.3~(-237.6)
A84ii) | -4, 15,45 | 20.17 | 32.47 | 15.09 | 39.47|181.3~(-192.9)
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Fig. 3 Measured dynamic component of conventional and optimal tools.
(370 rpm. depth: 2.5mm, feed per tooth: 0.043mm)
2 2
10 (N )l T T 10 (N )I T T
8 - 8| .
6 6
4 4
2 2
0 ! ! ! 0 1 1 1
200 400 600 800 1000 200 400 600 800 1000
Y-Conventional (Hz) Y-Optimal  (Hz)

Fig. 4 Power spectra of measured dynamic component in Y direction.
(370 rpm, depth: 2.5mm, feed per tooth: 0.043mm)
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Table. 6 The comparison of dynamic components between
conventional and optimal tools by experiment.
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Fig. 5 Measured dynamic cutting force of conventional and optimal tools.

(370 rpm, depth: 2.5mm, feed per tooth: 0.043mm)
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Fig. 6 Power spectra of measured dynamic component in

Y direction.
(370 rpm,depth: 2.5mm, feed per tooth: 0.043mm)
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Fig. 7 Power spectra of measured dynamic component in
Y direction.
(180rpm.depth: 1.0 mm, feed per tooth: 0.043mm)
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Fig. 8 Surface roughness of workpieces at heavy cutting
condition. (time domain)
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Fig. 9 Surface roughness of workpieces at heavy cutting
condition. (frequency domain)
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