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Milling Force of Disc Milling Grooving of TC4 Titanium Alloy
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Abstract  Milling force is large during disc milling grooving of titanium alloy because of big diameter of the
cutter and large cutting output, which leads to obvious vibration of cutter and shorter tool life. In the study, in order
to optimize and control the process of disc milling grooving in titanium alloy, single factor experiment and orthogonal
experiment are designed, and milling force is measured by three—way piezoelectric dynamometer. The prediction
model of milling force is built by linear regression method, and the significance of model is checked by “F” test
method. The effect of technological parameters on milling force is analyzed by the extremum difference analysis. The
interaction effect of technological parameters on milling force is studied by response surface method. Experiment
results show that the sensitivity to changes in cutting depth is in the order of milling force F, >feed speed>spindle
speed. The sensitivity to feed rate changes is in the order of milling force F, >cutting depth>spindle speed. The
sensitivity to milling force F, changes in the order of spindle speed>cutting depth. Milling force decreases with the
increase of spindle speed and increases with the increase of cutting depth and feed speed. In addition, milling force
F_is greater than F and F,, which plays a leading role in machining performance and tool wear.
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Tab.1 Chemical composition of TC4 titanium alloy'"*'wt%

Al 4 Fe C (0] H N

5.50~6.75 3.50~450 <03 <0.I <02 <0015 <0.05
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Tab.2 Mechanical properties of TC4 titanium alloy'
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Fig. 1  Microstructure of TC4 titanium alloy
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Tab.3 Geometrical parameters of disc cutter
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Tab.4 Experimental parameters

Bt

Yiys . MAIEUEAEE

P .
n/r* min ap/mm v/mm * min

A ZESIEY 40.55.70.85.100 2.4.6.8.10 40.55.70.85.100

TEAC S5 40.70.100 3.6.9 60.80.100
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Fig. 2 Schematic diagram of milling force measurement
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Fig. 4 Waveform of milling force
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Tab.5 Experimental results of milling force of single factor

No  pfremin” @/mm p/mmemin” F/N  F/N F/N

1 40 6 70 1425 1240 1137

2 55 6 70 1320 1053 992
3 70 6 70 1215 966 857
4 85 6 70 1110 917 721
5 100 6 70 926 809 553
6 70 2 70 836 742 512
7 70 4 70 963 831 587
8 70 6 70 1215 966 857
9 70 8 70 1657 1415 834
10 70 10 70 2033 1906 1197
11 70 6 40 986 763 613
12 70 6 55 1034 865 679
13 70 6 70 1215 966 857
14 70 6 85 1341 1126 976
15 70 6 100 1466 1227 1078
FHIMEIT.Z  hitp://www.yhelgy.com 20214 %5 64l
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Tab. 6 Orthogonal experiment milling force
measurement results

No  pAe*min™ a/mm p/mmemin” F/N F /N F/N
1 40 3 60 1021 879 893
2 40 6 100 1759 1450 1356
3 40 9 80 2146 1749 1453
4 70 3 100 1032 921 829
5 70 6 80 1225 1102 896
6 70 9 60 1427 1124 910
7 100 3 80 805 706 457
8 100 6 60 1004 816 532
9 100 9 100 1565 1280 958
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Tab.7 Significance test of milling force model

7. \/b 7.
FIHHE ¥Z::m * GI\T;W] FHHR F (3.11) Fy o (3.11) W3

F=—""——~F(pn-p-1 (14)

e

e

3 0.12 0.04 16.4 6.22 3.59 W&
Foo 11 0.027 0.002

14 0.148
3 0.1 0.035 17.01 (e
po 110022 0002
"4 0127
3 0174  0.058 35.34 e

11 0.018 0.001

14 0.19

2.2.3 I ZSHEXIEEHI MR ImAE
HR 4 3% 5 Hh R 226 T 2 S B0 BEE 1 i s
M AR 2, an & 5 B . HR LS (a) AT, BEHI T P
FRIME T2 hip://www.yhclgy.com  20214F 4561



FF BB 350 o g i/ , 345 a1 (8 43 1 1
A5 A 3 B 43 5 42 (926 N, 1 425 N].[809 N, 1 240
NJ.[553 N, 1137 N]. EHGX— G0 e F 202
PRy Bt 32 A e sl 15 K K - A B 2 i e (17
KA bR SR AR TR R 0N, ST IR/ T ) B
55 R R Z (] B BEHEE ) R B 3t S AN, Y ki
T, BT AN S UY I ARAS /N FEAE [R] 69 55 D) 5 B
T, TR U AR AR T By U s . DL R
R RBEEI 7 bl 3 b e i i i/ o
P 5 (b) (e) AT T, AHXT T 32 Sl 7 ok 1, DT
TR EE R 25 2 B X BRI 0 FLF F AT 2 AR A2

1500¢
1300F

1100F
z

E -
900}
700}
00— 33 70 g5 T00
n/r * min™
(a) T
2000}
1600}
<1200}
800}
400
zxp/mm
() UM q,
1400f
1200F
<1000}

800F

600F

30 35 70 g5 T
v/mm * min™'

(c) HELTHL v,

K5 T ZSEONBEHI 1 f 5

Fig. 5 Effect of process parameters on milling force
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Tab. 8 Significance test of milling force model

SETTRL SFEPETTARN
ss MS

%
% FIHRE FOHR F (3,5 F, (3.5 BEE

3 0.1478 0.0492 136 12.06 541 B3

F. 5 0.0018  0.0003

8  0.1496
301261 0.042 142 BE
5 0.0014  0.0002
F)
8 0.1276
302042 0.0679 37 e
v 5 0.0091  0.0018

8 0.2134

2.3.3 TZSHNBHI DR mMNE
WA 6 P Y IE A2 S50 Bt , SR IR 22 73 Mk
245 T EZ BN BLHI 1 B2 i kS 8, dn &l 6 B



No AL BEHIFF F BT 2 2 A
P PR 2R S 56 [ < B 1 i 3 i ) 0 A S i
e, {E )R R 2 T R A 7 A A X BE I TR
AR PE AT, RIVEE A 152 B0 38 R B I ) 2 7 1
K HBEHI ) FORTHEEI F 88800 F A/ OE
A2 S B 0 A A5 RS BN R S i AR B — B
(Y INTTE AT PSS vaep N U 74

16001

—— [x
== _F
1400} oo Fy

—h—
1200
z
1000F
800

Fz
600 ———ut 080 00 100

F

30 50 60 70

1

n/r + min~

(a) EHhEEHn

1800
16001

14001
Z
=
1200
1000

800

(b) VIHIEE a,

1500 -
B Fx
1400 —®— Fy
—A— [z

1300}
L 1200f
= 11oof
1000}
900}

800

60 70 80 90 100

v/mm * min™'

(c) LR v,

Ko T AZSEOBEHI IR

Fig. 6  Effect of process parameters on milling force
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