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Effect of Blunt Radius on Milling Performance
of Carbide Cutter

MA Shujuan , WANG Ben" ,ZHENG Yaohui ,WANG Minghai

(Shenyang Aerospace University, Key Laboratory of Fundamental Science for National Defense of Aeronautical
Digital Manufacturing Process, Shenyang,China,110136)

Abstract; In order to analysis of the influence of rounded radius of cutting edge on cutting per-
formance and machining quality, a cutting machining test was carried out and the change law of
tool performance was studied. TC4 titanium alloy material, which is widely used in aviation indus-
try ,was machined by carbide milling cutter. The cutting edges of the milling cutter had different
rounded radius,and the cutting parameters was constant in the cutting test. Cutting force, surface
roughness and tool wear law was taken as main factors during analysis of cutting performance and
machining quality. When the rounded radius of cutting was 10. 35 ~ 13. 78 pm, the result shows
that; with the increasing of the rounded radius, the strength of the cutting edge increases, but the
sharpness of the cutting edge decreases; cutting force is slowly increasing,and the relationship be-
tween the rounded radius of cutting edge and surface machining quality is nonlinear. This study can
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provide a reference for the machining of titanium alloy using carbide tools.

Key words :rounded radius of cutting edge ; milling force ; surface roughness ;tool wear

it 7 7 L il AR A R R R B 2% Y
DI HAAL AR A B, G045 L bt Il
itk AR AR, T B O R B TE L BR T
HLFRIFR AN 704 [RIBH/IN 1T 70 101 B Ao e
FURIEREG , i 97 11 R DLW B A — 2 A
9, M SE K ) ELi i At T H I
Bl Ak b PRIV AR 5 T UTEI N T A A i) T HLd s
Cind i 151 I R B =N (A NTTRPS b | DS U 4]
PR I, DT R ek A R g T
Fih T

FEVE TIHURN 4 WA 0 s 1) A 1) e ot
A I RIS R DI DI
P YIHIRSh A N R S80I DR KR 5
M 10 ~50 wm SHOMLER . 3% A T B A %
TH] 0 e TR B AT T AR, T Lol 7 HL SR THT AL
PRI T i g AR S 2 R R
YEF R 7= AR e R A fifr ) DTS 350 T 44 f
B G I LB P 8 LA SR AR R, AR AUK
WA T 0 B FH A5 4, T L B0 T8
0D ST 5 T i U 11 2 RS S
B4 JIET] b B AR 5 0 T3 i T LY
PIHIPERE 2 6.

[ PN A — 22z %t 1 LT DAL AR
77 24 J7 W5, 1. Rech 2505058 5o %5 AN [+
I 712442 1 v s AR B8 0 16 0 L0 5%, JIE
ST H DI J) AR AR I HLAT DA AR
5 JJEEBE s K. D. Bouzakis 251 3 i5f %l A
A4 PVD IR)2 J0 R GE i B v i B i R
WF5E A5 B By 70 1 242 7T A 5 ) B 75
fir;J. D. Thiele "7 5% FH 7 7 B AL il ik J)
HAEFXT AIST 52100 ¥ k40 2% b4 L2847 11 H
WY UESE TN T BB 7] 1 ih LR AR
AN T A A A Bl 3 K 9 25 [ 11 52 B A
BN T A2 TR B A s e H AT Geih2#
B BRAESE AR 58 1 ) 2 R S0 T] F )
TR AL I, 75 TR AL Y 50 04 ] /AT LA

P N TR E Pk HLSR AL SO T bR R) 45
L X O R A PCBN A 37 A
FEARIE A L B A 0 e, LA ( ADT) %6 3R 7k
BREHEAT RN I T G 0t A7 22 1
6 A T 7 0l [ 2 A2 X o T AR Y v
AYIHI 7 AT 22 i o 77 00 5 A A TR, A
T ] 10l 5 4 ] AR 5 0 HL ) fil R
fr s AR AELR 4" 3@ 3 Advantedge 3D 15 ELAY
5 BFE T AN[6] T0 10 243 0 R 5 4 4 7 4k
JIRIN TAERE, HEAR 8] T R 20 1A R 4%
B 45 FARUIEI U0 0 A B R 50 8
T P R P T A I R A
EDEM 455448 57 J1 2 7] TVl Ak A AR Y
W58 T S e i fb i B Al Ak S 800 ) A
J1 R B K SRR e R A R e LA O i
VINIER A &l A T Bk 5 12 0 Bk g
AR LR s BT RSO TR BlAR T EL D
Al tb ] Bl i RS Uk A ekt e
RIS AFFE T AR R4 M0 2 50T W Rp ) ELAE
TR AR BRI T AR 0 T 2R KUK
AR AR ; I i 5 R IE 2SI g i
FOWMHTIE , LTI 2R I S5k 3
BN R T BEEIN TR A B A
4 BE AT LR T A3 KRR 2 1) A8 AL .

TG & A R URE SUSh
PEGF A B R AR, HoAe s sl &
PLESF 155 AU rh AR 3]z i . SR
TS & LA IR BRI | 5 30
FEUAL g TR G EE— RIS
FICHE SR 3 T AL RE. Bk A 4 DI R
Y ) LA (] B 43 5 Y AL A R T K
B SRR I T A B = AT B T
HMELLRUE.

H AT, B X bl A 4 70 2L 71 4 [R
2PEAE T) E RE AN N TR A R e 1 A AT A
b BlARSE 0 71 BLAEER G A E N TR RN



55 1]

Ll A5 A A5 ¢ I 1B A2 B S5 < T B RE A R 939

TR A P R v A ERR AN, T
S VIR g BE RS 4 TC4 Sy hin Toxt
S YIS B R B 2500 F R R R ) 0
g B > A28 1) 3 AR A J5T 45 4 37 Bk JT X TC4 £k
A A PATEEEIIN T8, AT n T ad 72 o
VI 0TS w0 T A 4 2% TRDHDRS )32 Fn
JIHEEFME s R, B 2R . 1 B
B2 AR 7E 10,35 ~ 13,78 pm, B J1 H 7]
PG B A% Y 385 4 (AR B & 4 485 70 D11 |
DI ROEY: N i i (ER 71l DANRE L= 11)E°S
BEZ N R, UIHI ) 218 B i ry ks, J) B
P R AW /N, H ) Al R 242 5 9 T
TAF B TORLRS B AR X R,

1 gt

SR AN ] I 15 5 4 A% e S AR B T 75 4
SEBETTBEAT VI AN Tk, % Tad A p
FEA R YD | 3 THURLRE B R T LS A T
43HT.

1.1 RIE##

TAFA R TSR RS 4 (S TC4)
HARB AT 1 Fiow.

JIE MR} 3 HUE 7] 42 % 8 W) GU25UF
WAk A S0 55 5 4 ) W b ) (R T 2 B 4y
12% ) , HAW B 2 pros, JJ BS54
W= 3 iR,

R1 TC4 A G ETER

Table 1 TC4 titanium alloy chemical composition list

FE RS B E % 2% ST E %o
Al \Y Ti Fe C N H o HoAb
2.5~6.8 3.5~4.5 A <0.30 <0.10 <0.05 <0.015 <0.25 <0.50

F2 JIEME YR

Table 2 The main thermal properties of knife and rod materials

FE/(g-cm™®) E/HRA  PUSHRE/(N-mm-2)  SEPEEE/GPa VAL BESHR/(W.m' - KTD)
14.10 92.5 4200 600 0.23 50
*3 JIAZHGR
Table 3 Tool parameter list
Esill DIEy e/ () i/ () JEf/(°) JIK/ mm BT B/ mm
Bl 4 42 5 12 50 100
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Fig.1 CNC tool grinding machine
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Fig.2 Tool passivation polishing machine
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Fig.3 Ultra depth of field optical 3D microscope
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Fig. 4 Vertical CNC machining center
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Table 4 Orthogonal test scheme

pifbmtE],  IEREE AR

JIRS ‘ &yl
min BfEIEE (r-min~')
Ml 15 I:1 25 1
M2 15 1:2 30 2
M3 15 1:3 35 3
M4 21 1:3 25 2
M5 21 1:1 30 3
Mo6 21 1:2 35 1
M7 27 1:2 25 3
M8 27 1:3 30 1
M9 27 1:1 35 2
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Table 5 Milling parameter

FaEe , BRI BRI FL AL A H) , BRI S5O0
F 5. BEBIT AN 7 BN, BRI A R
F Kistler9257B i J3 43 XF Y1 Hil g 47
>R F DynoWare {4 AT X 5T ) Fy o
YIGPiH Fy  EVIEI D F, 64750 W58 %t
Hil i an sl 8 Fros.

F} KEYENCE #5862 = 4 i il Bt
WS 3D = 0 s ] HLYTE 90 11 )
PERAE, Qi 9 FIR.

TR EE3isprinsen Ve BRHIREE/ BEHI e/ BEH HERHEE/
(r-min~!) mm mm mm (m-min~!) (mm - min~!)
1 500 0.1 0.5 16 75.36 600
NN NN Y
K \l/ NN
i b
—~ /Jr\ —~ -
\_/
T OO0
N N N
1 =3
wv
W
16 ﬂ»ljz_‘tl v
z 740 B9 T i

7 BEHITRER
Fig.7 Milling scheme drawing
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Fig.8 Milling force measurement diagram
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Fig.9 Tool wear measurement diagram
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Fig.10 Curve of milling force
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Fig. 11 Curve of surface roughness
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Table 6 Results of tool wear

1B DINRE: R VAT JTIHEEBE/ um
M3 10. 88 24.3
M9 11.26 21.1
M2 11.65 16.6
M8 12.03 27.8
M1 12.39 33.3
M4 12.75 26.1
M7 12.87 22.0
M6 13.16 21.8
M5 13.68 17.8
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Fig. 12 Curve of tool wear
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