;
T

By E AGER, 2012 5 F22 & 59 #],969 ~974

doa ; 10, 37727}, isen. 10020470, 2012.09.013

AR B G I RTT LR RARC

1 EHD 3 o FEAHE RAR
(AXTRA$UMTES LR FHAER L 100124)

i OE HTMEAv&TOMHTSEEEY R THAFEFET F WA T#1 &
TR FE AL TTHOTETNS LLAHRE, ETTHE TR TN THRRE %D
G RHYRAE _SEMEL RATDENERTEER 20 LT 8 HTHE
EHETH _RETEE, HHBRISLAZARTI TN TITHRER T, 27 HT
THEUEEREDRSLTHEE S0 TLAE&S TN LR, & F Matlab T K4 ¥
THHTRAHGATER A G RETER LR S BERTWHTACE FMTHEN
MEH, EFERAMEINELAFETRARPRATUHN A TR GRUIGEH
ERFABEETHATFRAABE AR Y TRARGIC LA IR PO IRERER

f— R

Y] THEAIE, LAEE, RAAT, dLR

0 5 &

HEE A R AT RS T I T, E
TR TR TN RR RS WNEEFR
FLOREERE, ST, ) gl &
) 6) A1 () ML A, WD A R AR 2 4 B A B
FRSEOTEE T, WEICHKRIE.
Tlusty* FF5E TR 7S BEH] ) OB 21 80 AE) it
BEEH 1067 (s Konig'* B35 T SEHT 5 R M8 it
HLiR 50 A7 ok MR M) 7 05 B Shin VT BF ST T AT ST B
T RS T T R A R e e BE B A
% ; Devor'® BT T 864 11 6515 901 55 TR, 345 B 58
gk L 5 T 0 T A 0048 B A T T Alein-
tas {45 WL 3 5k ]y B0 1B R o3 # R e 4 ) ) 4 B
77 % 5 4k B U0 ) AR B T ) Ak 4 B A 6
WO M SR ST A e, T BT A
EXFRARTRENSEENNERMEE &
SIRY S SE R 2 AR, EEE T
R, TR AT U B ) S A L B A Y
V15 A AR A< 1 Y o ) R
BEGEM T RERFORESRZ —,
I TIER A B AR Y SRR EEXEE

BtER. BIRTEPABTS KX R TS
B L SE IR A S TL AT LA R, R F e A s
B8 LR BB AR, il T AR AR
SRR RAER B NA. Kine By TH
HESL LTI LT REAY, 33T T 5 70 BLBE S i v i
BB LI N, R S S AR T A,
Kima X§ 0] % {37 g6 71 47 TILFT 8" i F
QEavak Wil i) PIE-F 3.3 4:iMCR 2 [0k 4 2
HEE, BTSRRI R AT R TR SRR

&% bR, $t X3 ] S 4u 37 6821 Q08 70 4 oT
JUFE SRR MR ADTIE M S RS, Bt &
JCE RO R AL SL SR T B L 2 AR EE S LR
ATRETRBIT, B =8 ) BRI E
RPTES 7OH T ROCH L 2%, i TR
(I BTG T L &8 a Lt BA R, 6
FimImeEZ LR RRE DT, M FRA R
HEXEMMTHEEANTBEHRAE —FHEiE
o

1 W #ALTT e JLAT B

AT §R 4 71 A AR A R s o R AR SE iR i T7%
KAR. RAFEEENEL, BT8R

(D S W % 0 (20107 X0401 200 1) # b m2 ih#H-EE TH3 ( DI0T 1040487 10002 3 BEEAW 5 .
& BT 4 WL B R B CIME BB E A E-mail; 1@ bjut. edu. co

{ G F R 2001 -10-25)



EFAER 201249 R 22 FoM

i TEER R, YE A1%m EREEAR ¥,
g e SRR E Y, AR . BiER B
¥HE, A, TRAEEn T IHLE TR
QIS £330
U{m,n) = {l{m,n), R(m,n), ¥r(m,a),
Yelm,n), ¢p(m,n), B (1)
HNERASSRLERED, AL B THEA
AR KILEESHTERTE f, FHIRILAFER
BEMNECEOFETEESE QRENSVHETT
HEINRS S &MY FEEEL A —Ba. ]
- AU TR L — A LR, B T )W) 7064 fh]
¥ B & BRI 71K B E A s p e 2

L
X

LR

&

Ao

£

b B

AR AR, BT ETH] 776 L AT 82 50 A i 18y 42 b £ B
YR NE 7] S BT —FE R A i, (BRI 7 R L
T {H B R TG him 1 8 9L MR AC R, BH I, BT e {u
LTI LR 7760 JL TR A o] ELUR B P AR 9
AT .

2 RFHETAHS X ARE

A EIEE ST BRI VA T e R AR L LA K
A0 B e LA T 7, O S fi < 8k T8 L] B AY AT 14
i - TIROT T S . el st
N ATl a, § 50 0 4 A R
7T, AT FEHE, - BEHERMOTRE,. HitH
AT N TR m DT85 L5 n BHSE & 4
fO0 FRNh, SE T B S T (R W & T ROT Y
JUTER, BRI TR 3., RIE0TH
SEEETIHE AT RIEAR e B L U ¥ SO T A i R
[0 K 713 O HE A e i s TLeT A R T T
B BRI NERALEERED, HhY S in
R TIEb% o R, SR R KR B R e,
EDROE, ehrREE, BRiR A RE. $F
ERUNNEE, S4B HER BLERRE T
HR e AR, U ED s, aTE M
BFFEmeE 2 .

B B¢
-
-4
. - m
e i
R e e PR ()

B2 WHrrzTHERFE

F 711 i ETTER R AT K IR T8
e E—— T E RS R Y, A
THEEREEUR ¥, FkEs. THVFET
SE1EBATI A R sE A gk

1Hmﬂ;iﬁmﬂxmﬂ-;mmﬂ(ﬂ

Y;(m,n) = ¥y(m,n) +1(m,n) x cosf
(m,n =0,1,2,3,.] (3)

— O -

B HA hylmn) RrBm P~ TIEEREET R
EgkiE.

a8 3 SR E-T U T T R T 4
THE LS m 5% n 58 PR iEH = BB AT
E-Lel: o Find Wi

gim,n k) =mxd +nxd, +{kxAa

+ Aas2) x (tan8)/R {4)

THHTR HP Aa BAUIMAECH KA, ¢ B




A5 - A R T T A L T B IR (B 8 57

HETHI 2B, o, JA8E MR,

3 AHABMTIERBERTLARE

AN ZRANHEMTIR B TFHERME
FAMESE R 2, KRR TR, o] LI &
TE#, Mesx AR B TREmNLER.
RE FE e, #0E ARs = - R AR
TRy BEET], - Bl 8 v =T R & 7T R M e LT
B8 BN =R TILAS8NE0rR
NG W N s L T R A |
il e L 28 e TR N R EWE 3 fn, K
NERIDRE®R, NrRFTTR W, K(a) HFH
R E 71 BT, aln) RS BT K
A TR .

Hﬂ)‘{niu!fﬁa F.l]l

Trltl"ml TR TR
3. S,

I WA ST R
BE e LR Sa

i rmﬁﬁl?;l
AL EO

B3 YNNeTlAsEitEREEE

31 AMHBENTIRISKTLAED

B0 In T oo s At R RO D TR AL R A
P T S8 A T B T, AT AL (7 1 R 4 T B T A d
SR A BE A 4 ) R RS R E
mE 4(b) R, SRR T A 4T EL
#®J1.

a] ¥ {ir 3 JE ST 56 7T 4 il A TT A i HE G R

M. MAEEEEN A ZRIAESHERNMAERE
E. G5z RaaRAnNEENRAa, 827K 2H
H A A8/ 77 F (6] FE A, VT 35 4 2 70 1 R I 44 A
fry e i B L AR R T AR 80 F -
Fe(m,nk) =nxlxcogf-nxh, +%xI
% { cos) /K (5)
Yolm,n k) = Yy(m,n, k) +1 x (cos8)/K
(6)
AT TR m i L a EPE L TR
A LU F T E ),
dim,n k) =mxd +nxd,
+{k xAe + Aa/2) x (1ang) /R
(k=0,1,23,--.K) (7)
HP Ao RARMTHMEE, KBRS MNEATH
VIH 718 5 F oo

T o
wﬁ’i -

(b} TNEESiH- N

(a) 1Tk

0 150 200 250 30 .!Iﬂ]f']
{c) YIMI iR

H4 mMIEHREATRITER

RS 1 IR LA E B T ks
TR AT ROT S 5%, 38 7 RLL A& A 4T 7
WoCHE TR, R A Matlab HEBBHEHTIRTTH
CILUPIEENRGE S o BowiN:NIRGT. 8.y g X1
TIAROTEY LT 8%, In{E Matlab 8 D Ahi A g2,
2,1) AJLEE] ¢(2,2,1) = 15.0335°, HERHE
1A LB 2 ZEOMITE 2 T MRS
15.0335" . [Fl#F A LATS 8 714k k& & TT e 8l o) frh

— 97] —



BEAMA 20124E9H E228 FOH

MkifrE Y, 5 Y, T Matlab (5 @RI TiEE

A i 1 6 A B T 40 M TR M L S 8

B 4(c) fim, F4(e) B T UIH 70 89851 50

71t b B B 1 1 LA ST A0 0

3.2 EEsSEIEENTERSTNMER
T s T B R IR 5L

SR i S B AV T S S0l 70 B 9 HE A 2 L
M MERSEE T ZE A ARNBENEEER
B, BhzE A AEN GRS, 82T R ZE
A #Rpy A (a5, R0 T & R
THEAMMTRERMAE 5(e) B

P TLE] Hﬁﬂﬁﬁfﬂ “rmmr e

o H _____ I ...... 1 _____ L

(a) AL ~EM

jé“fl | |

(b) TMEEE ARG F BT AN

| I

0 S W0 150 20 150 300 350 400(°)
ic) PIRIAMiTR

S NINE&NEIHARDRITTEE

Bl ) {3 5 AR 9, 0 LR A O L
JILEERT RS, HPTAUE T2 Rk
R R BRI T

Yp(m,n) = n xIxXcosB xcosf —n xhy

+k %! ®cosf x (cos8)/K  (8)
Yo(m,n) = Yz + (k+1) x! xcosd x (cosf)/K
(9)

B R AR TR L 4 MEAm, 18

o 71 THE A FSEBERE | ¢ 4 (SR, T4 Y1H]
77 B % g A 704 24 93 B ) M AR T A Al i AL,
Af LS B B E E 70 LA RT3 7)
fraegd, HEMEME S(b) Bim. i A
8 T BRI RoT R ) TR
B HELZDTFARR:
R =R-(lxN —(N -1} xhy) xsind
+(kxI/K + I/(2 xK})} xsinf)
(10)
dim,n k) =mxd +nxXd,
+ (kx /K +1/(2 xK))
x (tan3) /R, (11)
F R Matlab 880 TH LM R BHETET
esh B T T LT 2 8, i S (c) iR, M
WS IVE NIRTRRE _S2HEiE P B
RTNAStEENTI RN I, 8E TH0H 715
TR HLN | 188 T AT 54 <r 8 77 VDA 70 a4 fur B A BRI
e Y

f{rEAir, & Matlab 8 0O P E workspace B 0]
LiEHATRTHLATEE. NMFASETLE
4,0 TR ERE & 8 TR TTHES BB .
J& 1o} fl B ], BT BT 5 A A R i L ACE IR ) 1)
et L, £ EE LT EBFIMEIEE ER
Vg e SSRGS S kiR
13 WL TAELRBRN LM
HERMM T Em b Enm, RS kEE
FREEEEMNSEZ— TE &8 P e
BRAKIMT REENE6(a) iim. MTEHT
Vi ih A A BBt 7) s 5 in T 2e$hdE T4 e’ B S0 B
TIREEL, ARZAETRASEER | 4 #
MR E AR, Bicm TiEZERFRE

BB ] T4 ERRE L 4 HORERR, T ER N
R— T R R

% PR B AR E Y, R
tinE ATEARERE, HAnTE 208 TF
FUR I T] , e i fa R S 1R FE S B9 L.
SR . EREEM AL T A e
AANG, BhzRBERHRENERA, §RIKFZ
61 B4R 77 i (6] BB f , 9l o) AR B 9 E T A2 [
HAAMHRMHE RS KA, THEMBREL ] T3
;if 49 F) B R 4R B e el £ ) R fE MO R RN, 7R
JEUIR 7] e ad R af TTHA E i TR A an i 6(b)
R




e Al §e (i RN TRk LR R s KA R

ia) T

(b} THF IR AL 0 o W

TIth fi i BERE FHE

O0 50 100 15 0 290 M0 300)
ic} 71 REMFEIN N ai X

Bé¢ mINSLRIFaaBsgNEBEE

BRI E SO R M B AR, B2
W S TT A R T R R A R T A A AT L
% W A
t, = 4P ={r-L+4)° (12)
, =R= ¥ -(r-L) (13)
R, =1 +1; = -,-"’rz-{r-.[,+.-i]1+R
-JSE-(r=LY  (14)
dlm,nk) =mxd +(n-1) x¢,
+{sxa(n)/(kin) x2)
+1/(2 xK)) x (tang) /R,
(15)
A Matlab TAFABI TMIHEZRAT
(] T L T 7D 0 T e e LT S8, i 6 () BY
. ERERE T RO S I A T eashmfr M
b7 F A o 4 43 B AL 6K, 7E Matlab ™ O 5P Y workspace
P LREE RIS N. (TRHERE
7 T L0 70 A HE IR N, 70 4 Bl e T AR LA B AT
) 77 6y 43 A BB E i o T D e EE T R I T LA R
SEEMMIEE, In Tl L EmS KRG
NEERSPNEESIMTIERTLE, 4R
i, BRI 7 WA S E, LUER B
JLAEE e R L&,

4 & ®

A X A A LB T ) B AT T LT HE R
ST ISR BT SULMTEE ; # R AT $e i
71 R TH =R E BAHER D,
K 1t B ERRTRMN T &, B8 TEEFHE
HEEEHTH/LMEN, EhETATRINE
MEFEILTES AE AR - FEBLTHE

e =1 ¥ B i T RY (A &% 0§ B A Bk 7D L nf 48
£, #H Matlab THESATHEILES8. ZILH
BRI S R H D R AR ESSRER S
FriR{t T HSKRE, W TRARKH S RSN TH
BAMTHBEHAEBEWA L ERNE.

$5I

L1] FEERA, SR, FiE MTHEEE EEY A
fith i CADACAM. TRHE A, 1999.33(3):16-18

[ 2] REX, VigH, FES. THLRERIE LGS
. W Tl b, 2000,2001); 16-19

[ 3] Musty J, Mec Neil P, Dynamics of cutting forces in end
milling. CIRP Annals, 1975 24(1) ;21.25

[ 4] Konig W, Bouzskis K D. Determinstion of the values of
the technological parameters which are used to desenbe
the ime course of cutting force components in milling.
CIRP Annals, 1985 ,34( 1) :141-144

[ 8] LiHQ, Shin Y €. A comprehensive dynamic end milling
simlation model. Jowrnal of Manufacturing Science and
Engineering , 2006, ( 128) .86-95

I 6] Sutherland J W, Devar R E. Improved method for culting
foree and surface error prediction in fexible end milling
mystems. Joumal of Engineering for fndustry, 1986, 108

(4] :269.279

[ 7] Engin S, Altintas Y. Machanics and dynsmics of general
milling cutters { Part [ helical end mills ). Internationol
Journal of Machine Tools & Mamgacure, 2001, { 41):
2195-2212

[ 8] MaigaT, Ebin, FHEFY. RERIIGNHmEE
WA REAT R, 1999,4(5) :56-60

[ 9] X BETERINHZUN TGS THAER,
2009 43(5) 5860

(10] RA#e, TEE HEEFHSHETN N AR
AR, 1984 (1) .23-M

— 973 —




GHAER 2012490 $22% Ko

(1] SKEER, WA, WA SN LRR SR XRL 1982,22(1).7-22
FARAE, 1991,(3) 7380 [13] Sung-loon Kima. Feedrate scheduling for indexable end
[12] Kline W, Devor R, Lindberg . The prediction of cutting milling process bused on an improved cutting force modet.
forces i end milling with application t comenng cuts, fndernational Jownal of Machine Tools & Mansfacture,
International Journal of Machine Tool and Manufecture, 2006 460 1) 1585 - 15397

Simulation research on micro-element geometry
model of an indexable forming milling cutter

Liu Zhifeng, Zhuo Xu, Cai Ligang, Zhao Yongsheng
( College of Mechanical Engineering and Applied Electronics Technology
Benjing University of Technology, Beijing 100124 )
Abstract

Based on the discontinuous cutting edges, a generalized geometric model for indexable milling cutters was es-
tablished and a micro-element method for the indexable inseris of each layer each tooth was proposed. According 1o
the shape features of an indexable end mill cutter, the three-dimensional model of the cutter body was expanded 10
the two-dimensional structure. The plane coordinates were used to describe the geometric parameters of the various
paris of the cutier body, and then the two-dimensional micro-expression for each edge of each tooth was deter-
mined. The forming milling cutter for processing the three typical processing surface of tumout and tip-rail was
taken as the research object, a cylindrical cutter body geometry model and a non-cylindrical cutter body geometry
model were built respectively, the mathematical geometric models were derived, and the formulas for calculating ge-
ometrical parameters were given. And then, the geometric parameters of the cutting edge micro-element were ob-
tained and the simulation on micro-element parameters was conducted with Matlab system. This method provided a
new means and theoretical besis for multi-layer indexable mlling cutters’ cutting force prediction, simulation and
dynamic stability analysis,

Key words: indexable insert, geometric model, molding cutter, tip-rail turnout
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