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Milling Force Modeling and Optimization of Variable Reduction for
Cone Ball End Milling Cutter

Liu Kuan, Sun Jianfei

Abstract: Radial cutting force and vibration have an essential influence on machining quality while machining aero-

engine impeller. In order to reduce cutting vibration,a milling force model has been given based on finite element simulation

and MATLAB numerical method in a certain machining condition. Besides , the structure of mill cutters has been optimized

for achieving minimum vibration amplitude and minimum cutter bending deformation.

Keywords: cutting force model ; finite element simulation ; amplitude frequency characteristic of vibration ; bending de-

formation

1 5|F

KRR T Y o in AL =S A5 R,
M REE R R B B o R R ER S BT
AR I G R 5 o L DX S E AT UDEI I L, O HL
REDR/INIE )R BT BLARS , M i 5 e A 2 T o
TER BB -8 BE I A v, BEHI 7k 5 T
ASTE RISl % 4 0 TR A R e
i AL B SRR X BRI AT A, m] EAXE
Hil i R AR SR BEA T RO B T . ZATEL 22
AR XA T B g HOE T4 RSk B
JIHIAHSCHIE TR

FLHER A BROCOT B PR AN BE T I BEH
BEAT O A i SRR B TS5 E 8], O B 5y i B
P A A BT A T T SRl L, R
MATLAB R FEA T2 RN A U e 1) 32 T3 15
DU AT AT SR R R

2 BIYIHI R

AT T B VI g ] a2 % AT 2] oo
PAT TR 35, DIEIET AN 1 froR, e
HI 7] EHBIOT, or IWOCIESE L, 15U B D Bt

s EHH3: 2018 453 A

JVIRBES , d S YIHI 2R .

E1 YHTNERTEAS
9% Koenigsberger F. 2L LD T R
AR DI 1 5 U2 B A E— R LU BIE &R
Beix — Ll R K, B 5 UTHIR R DT 2%
K R AU SH0E

Ky 0 0

KS{O K, 0} (1)
0 0 K,

EIWIRS RIS S Ed BNk E 5 S )
dF, f(V,d,dz)
{dF,.]:K{f;(V,d,dz)] (2)
dr, £.(V,d,dz)

A, d Ae it s oCAe It EfiE .
Wi 2 PR, 1 S I ) A, BEE— A
=R TIGEHIAL, J1 U UM S o AT IR,
Feit e s HAE A5 6 S PRtk 2 i f, A, B
s=fi +f2 +f5 (3)



2019 4F55 53 48 No. 4

El2 $hIIEERIEEhEE
xR SOC YT JZ R BE d
_[[sing,m/2 —c<f<m/2+c
B {O,ﬁﬁh (4)

c=arclan(1 _ré))

S AR NS S, o

HESEBETT VI E TT AL T T e AR bR R OX'Y
Z' B3 R O BIRSREIE 2 ST 20 R Sk
(5 A ZYIHI T B DT 2580 WP 3 e i 2 AE
X3

B DIy y
! —
\

B3 WHITEVIEERFEE
Be—HIE R g (2) , FIEAE ¢ P ZIROTIE
AT UTHARES , Wl R

'y = —tanB(x', —wrt) (5)

1 (a'y<a'y<ad', HO<Z <a,)
’ - s 6
s ={ (6)

Zig(4) - KX (6) 1 RNZ I oC ERyTIHI 2
JRJE d KRB

d =, sin( —rtagﬂ+wt)g(2) (7)

i (6) M= (7) Aot 2 1 B, I i

TR TS o« i 20 B SR DD HI T 19 2 07, S AL B ALK

’
z

L I )

F, _r cos sing  0,[/.(V.f,sinfg(2) ,dz)
|:F),]: fop[ —sinf cosf O |:ﬁ(V,fnsin0g(z),dz):|

F, 0 0 1Ly (Vf,sinfg(z2) ,d2) ®)

z — 21
+wt,0 <t <=—

- rtanB o
XFRA 3 MERIBEIT, B N DR EEH A
YISO R B AR U

55

—Fx..(t + ilﬂ/a’)_

Fr (1) -

[Fh(t)]= P+ Y g/w) (9)
Fo(t)

_FZn(t + Zz,l/,./w)_

3 TC4 SEEIEETIRISER

IR HRHE R ShATLI 56 R i 5 R A1 A Y
BRKBETIILAT RS R TOL, gl 1 R
F1 ERLGNILARTRIR

L ERd | WRISEAD JIK L HEE AR 0
(mm) (mm) (mm) (°)
6 10 100 3
HifA y H—J5fa W2TEff B FRhEEH n
() () (°) (1/min)
10 10 45 4000
I o e f VK ERE a, VIHIARE a,
(rad/s) (mm/1) ('mm) (mm)
418.9 0.067 0.2 5

A Advantidge 4 BROCHT HARMF, R A = 4ED)
HIls By 5 BB 0 2 AR A = i VTR ey
F, =3698.8ds
F, = -437540ds’ +16948ds> +2559.4ds  (10)
F,= -1289.8ds
2, ds HPIHIITHOC R o
F T BERI TR A A R, SOC A ] a5 2K
REBOR, PRI MATLAB B0 B A T35,
REFP IR UL 4o H 7R P AR 2 B BE Iy b AT &
AT LA BB ASBE TR YR

N, WL
o ISR

KAV IO
Ve, RS, R
JRE. e

e 3N S 1 )
VIBIF N ARRF, HhiF,

T ] P T DI proes
PIRF fRIF, i,

B4 SEHEHINTERRE




56

5 255l 2 IR A A5 I B GE R K 4 T 4%
H 3 REES 18] 22 A5 D o

50

A

125" Y\\TE F. 371‘/% G
s | \

*375} L._J s\

=50

PIEI 1 (N)

ES5 HRESTEABHRN=mEENHTE

4 ANERBERIRGE TN

FEMAEIN Tl B b, TR B F, BRI
IR RS P A 0 B R A, PR ) 2 2
BExt kAT

4.1 BEEIAIRNBEELL

FEVIH| A, VI 2R 48 b 0 iR AL Tk
PR FE LR EAEE R TE O N, UTHI 7 i S s
PEFI R G R SRS L IEASE . Pid i o Bl
J7 AR Sl i AR AT LR DD H AR 5 0 IR 3h AR
E[B] .

TEAR S 3 AT R, — A IR A (o)
AR R I S L AL D A B TR MAT-
LAB B 1 R el HL -2 48 o K50 FFT R] RS i
S RO s BAL B

U 6 7, Xof S5 1 8] 3 A0 A S5 447 1 s (24 8]
1 110° 120° 130°) P BE T ) DT H S 93 247 1
XFECIrMT . AL, 5545 BEBE T T HI ) 5t 4R
HTE 3nw, b, TSGR FEGE ) BRI 18500 ) 8 (EL

A 23R, W 0 B R AE S 2 0y BV s o) A T
RSN .
40
30
20
10 l
1
OO 5 I10 15 20
(a) S RESE )
40,
30
20
10
ol 1 1 l . Tt i
0 5 10 15 20
(b) REEHEEETT

6 WAL IUIEIAiR3NEE

T AR

H T AARBAR R VTEI 18 B o, SRR A
BER 77 AR IR S BE i . 5 IR E T4 9 R
FBEHI TIZER -, NP 7 B, BOE 514 A
ANV TE] A D 105°, S Rt )£ Dy 135, #3156 1) 145 (1]
for A3t 240 41, A AT MATLAB B {4 25 i 0 1L
PR, AR B AR /N P RS (E

A MATLAB R e Hb AT 315, YIHI 1% 30
TR EPLALS RO 112° (135° (113° fR G i/ ME
90. 0546N, 5 S5 W AL T AR LU, IRl i (i 2 (/)
T 8%,

Tl

I AUEEUIEE
a=0, Blhﬂlﬁﬁ[ﬁb:()

[E(F\)ni)\ﬁﬁMax (a, b)]

B /NE (F)HE,
Bt i HEC C,

1 %
\’/ a=a+l1
W = FN
It

i th h<16+g
{4E,, mﬁ

44 1 £

P i T2 i
TSR R

7 $£71i51Ef MATLAB #RaRE R E 5

4.2 YEBEI AT ETRSW

KHUR— TR R GIEME R — B2, 84
TN AE T 1 BRI 5k 2 (o 8 R 5 ke A S iy A
B BN RS D R AT LR ) B—
THRGERIRNETE

faifbfE g A an &l 8 firs ., e, 1, VI
TREE, Y B e DI Iy ) L3 Bl 2 3850 4 A o

Xof T R B A A R LUK LAy R 2
DA TR ) = B %&ﬁ%ﬂ)‘ﬁ%’iﬂﬂ PNTiEEE b oNe
AR T A %

wl(x) :_M

3E1 "

@, (%) = HF(%((Z )

ve (L +1 - 1)
0 (x) -ij(”ngl) 4y + Cow 4+ D,
ve (I +0 1,0 +1)

o R o B B

F() I

e (0,0,)

x)dx +Cx + D,,
(10)

C, =6, =-

D, = w,



2019 4F55 53 48 No. 4

F(1)(l -x)

C, =0, :_f T Gy = 0

I(x) = 6l4d(x)4 = 614 |:(6 + 2tan3°) - 2tan3°x :|4

(11)
[P [y AN

8 BERTHEHEE
FIH MATLAB # {4 4m G 27 KX (10) W5 A
FRF, 6 FBY. LY mYIH 1S dh A2 o B
PR AL CULIE 9) o 53 B4 18] A 45 2R o 109°
125° 126° , JJEL PR B AR TE O 39um, 5 45 U5 I
TIFALE PR B AT e KAB N T 11% Y ) I W {E
JIMEE S —44. 02N,

BN AU Y
a=0, Bfli’lgﬂ'wu‘l'!flbzo

5l A% T e KA @, (a, b)
e /N AR U e,
Itk v fic,C,

Wt dg /ol )
0, 5 £
s (C, C,) /| YEBEE TG
: ST TR

oA

E9 YEGHNERIEERER
5 #£hiE

AR SCLAE Bk Sk B T 410 ) 555 MATLAB 57
i EEA, 456 AdvantEdge B PTHI FLR MATLAB 4K
PHEBNECE T SR T W ARG 1 oR O T4 Bk Sk
JIH R ) A T T AR

SERFRI], AU PR % T 5 A B A i e s/ B)
I 0 . WA AR AL JE U TR AR A i o 1120
135° 113°F1 109° 125° ,126° , X5 7 14 4 M £ {EL A1 e
KA AT 43 5N T 8% F111%

%30k
(L] Vol e A ) e o B AR P BRI [ AL B 5E [ D .

57

Jeat bt Lol K5 ,2013.

(2 130 WERECEBE I PR s i BN PR P58 [ D ] iDL A v
BHI R ,2014.

[3]RELHE. BT VNI ZH05 71 BB B ) IR 358 m R 3R
WEFE LT 1. UM ST 5 BT, 2015,28 (4) 57 - 59.

[4 ]Kolluru K, Axinte D, Becker A. A solution for minimising vi-
brations in milling of thin walled casings by applying damp-
ers to workpiece surface [ J]. CIRP Annals-Manufacturing
Technology,2013,62(1) :415 —418.

[5]Wang T, He Ning, Li Liang. Vibration model in milling of
thin-walled components[ J]. Chinese Journal of Mechanical
Engineering,2007,43(8) :22 -25.

[6] Altintas Y. Manufacturing automation ; metal cutting mechan-
ics, machine tool vibrations and CNC design [ M ]. Cam-
bridge : Cambridge University Press,2012.

[7]1Geng L, Liu P L, Liu K. Optimization of cutter posture based
on cutting force prediction for five-axis machining with ball-
end cutters[ J |. International Journal of Advanced Manufac-
turing Technology ,2015,78(5 —8) ;1289 — 1303.

[8]Peng C,Wang L,Liao T W. A new method for the prediction
of chatter stability lobes based on dynamic cutting force sim-
ulation model and support vector machine [ J]. Journal of
Sound & Vibration,2015,354.118 - 131.

(9T AR AR AR, BRI ) AR ATE S S2 B xt b [T ]
BB 8 3C,2015,10(4) 2391 -393,398.

(10 ] 5k v B4 B i ik 7 Bk 1)y s %y L R G bE &

[D]. Kt b Tl K4 ,2011.

[11] TG4, #h el &, Bk —. P A5/ Rt A TR BE1 40
BIfFE[T]. THH AR ,2015,49(12) ;28 - 30.

[ 12 ] Koenigsberger F,Sabberwal A J P. An investigation into the
cutting force pulsations during milling operations[ J ]. Inter-
national Journal of Machine Tool Design & Research,
1961,1(1) .15 -33.

(I3 Y03 BEHIn ToRsh T sh4=H [ D], b F g ok
2#,2009.

(L4 RIS, ML, SOLH, 55 B BT AR I ER Sk BE 7]
BEHI @A S BT ] HLBR TR 2441, 2002, 38 (3)
108 - 112.

X T, AR L, EMEMRAFIART

& R B oL F B, 100191 Hb 3T
First Author : Liu Kuan , Postgraduate , School of Mechanical

Engineering and Automation, Beihang University, Beijing

100191 , China
BEEE ISP, LTS MK R FHRTAER

B 3 1t 2% Bt , 100191 b3
Corresponding Author; Sun Jianfei, Lecturer , School of Me-

chanical Engineering and Automation ,Beihang University , Beijing

100191 , China





