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Experimental study on process parameter optimization for

high speed milling of ductile iron
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Abstract; Aiming at the optimization of high-speed milling process parameters for difficult-to-machine ductile

iron materials, a four-factor four-level orthogonal experiment was designed to obtain the impacts of milling a-

mount on machining process force and surface roughness, and multi-regression analysis was used to establish

an empirical model of the milling force and roughness. Results show that the per-tooth feed has the most signif-

icant impact on the roughness value. Different milling parameters will produce different milling forces. The a-

mount of back cutting depth has the greatest influence on the milling force. Optimal milling parameters are ob-

tained respectively for the goal of a minimum milling force and a minimum roughness.
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Fig.1 Milling process ( unit;: mm)
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Tab.1 Chemical composition of the ductile iron

1 4=290'% S & P Ti Si Cu  Mn

B 0.8 < < 2.7 0.5 0.2
% ~12 005 006 ~3.0 ~07 ~0.5

2 KWt

TE = LI BR AR P B L g i F vh, FETH
SRR EREHE 0 JESR R S, B2 T) A o, I
JI4t a, , AN [A) R 28 OB AN [R) gk 25 7= AR AN [R) i) 25
R HTFREZ  BETEERTE, A XESH
BRILAE 1, %45 N Z AT BUEBR 2 Ok 4 &
PR E - e SRR AR I S B 1Y 5~ 10 A%, T LA
g B A BZ B AR, £, 0 2~25 m/
min; AR A& K BN FHE LSS 0.1 mm, H
AN V= nxexf R N B ARAE £, =2 m/min §%
b, 195 £,=0.042 5 mm, 15 H A5 2 45 5 A BUE
JEH £, 70 0.042 5~0.1 mm , FEZEAHEE 2, EHL £
40.042 5.0.062 5 .0.082 5.0.1 mm; @iz J]
YRR E < AS SR BT TRG N T Tz )
WIEHR 0.1~0.5 mm, HEEH 0.1,0.2,0.3,0.4
mm ; Sz T] 5 WA« TS0 B 2
%R 8 mm, It Iig KUTHI T8 E N 4 mm #7254
B EMINZ T E R 2.5 3.3.5. 4 mm, [EAXRZE
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Tab.2 Factor levels of the orthogonal experiment

Fe Tl n/(r - min ")

A B UE S f,/mm

Wzl a,/mm nz 71 & a,/mm

1 10 000 0.042 5
2 10 700 0.062 5
3 11 400 0.082 5
4 12 000 0.100 0

0.4 2.5
0.3 3.0
0.2 3.5
0.1 4.0
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Tab.3 Results of the orthogonal experiment
FhhEE AREESR FizJlRE filiz )
THeA » rﬁi’; C oo oo F/N F,/N F/N Ra
1 10 000 0.042 5 0.4 2.5 73.033 0 29.034 3 17.770 0 0.442 8
2 10 000 0.062 5 0.3 3.0 71.240 9 28.576 4 25.266 7 0.615 3
3 10 000 0.082 5 0.2 3.5 71.340 0 28.940 2 21.720 0 0.728 0
4 10 000 0.100 0 0.1 4.0 43.291 8 23.289 0 23.806 0 0.608 7
5 10 700 0.042 5 0.3 3.5 64.090 0 34.892 2 20.255 0 0.5117
6 10 700 0.062 5 0.4 4.0 108.006 0 73.250 0 55.616 0 0.746 8
7 10 700 0.082 5 0.1 2.5 36.508 9 26.754 0 21.706 7 0.518 7
8 10 700 0.100 0 0.2 3.0 86.216 9 33.286 9 45.212 9 0.692 8
9 11 400 0.042 5 0.2 4.0 72.448 0 102.780 2 34.482 0 0.4660
10 11 400 0.062 5 0.1 3.5 45.308 3 43.788 5 20.325 0 0.452 4
11 11 400 0.082 5 0.4 3.0 140.392 9 192.874 9 55.107 1 0.624 3
12 11 400 0.100 0 0.3 2.5 104.438 9 167.785 6 41.540 0 0.630 2
13 12 000 0.042 5 0.1 3.0 27.990 0 42.376 0 13.1227 0.454 1
14 12 000 0.062 5 0.2 2.5 50.190 0 68.053 3 29.094 4 0.483 8
15 12 000 0.082 5 0.3 4.0 77.148 0 126.593 6 39.788 0 0.795 8
16 12 000 0.100 0 0.4 3.5 118.186 7 266.464 5 100.120 0 0.810 4
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Tab.4 Range analysis of the milling force F_

—_— %l ik GLA iz,

B A AR B JIEC JIED
k1 64.746 4  59.390 3 109.904 7 66.042 7
k2 737055  68.6863 79.2295  81.460 2
k3 90.6470 81.3475 70.0487 74.731 3
k4 68.378 7 88.0336 38.2748 75.223 5
WER 259206 28.6433 71.6299 154175
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Fig.2 Test curve of milling parameters V.S. milling force and surface roughness
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Tab.5 Coefficients of the empirical model

b2

b3 b4

0.209 872 685
0.300 350 296
0.253 101 410

0.246 299 804
0.271 550 891
0.056 506 928

2.0351 619 49
-1.600 401 815
-0.805 969 520

F, C, bl

F, 24.261 765 68 6.791 655 539
F, -22.868 381 58 6.336 506 276
F, -16.738 169 50 4.657 971 806
Ra 6.459 934 508 —1.442 276 460

0.718 134 320

0.134 423 325 0.155 010 191
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F=(S8S:/m)/(SS,/(n-m-1))
A SSy SS, A3l AR B H -7 Fn Bk 225 T L
ZATEHK AR FEHSZT IR 6,

x6 ABREFE

Tab.6 F value of the empirical model

70U Y 0 11 R 71 I £ 8 1
Y Y Y Y

0.05

FiE 22.21 16.86 8.57 10.23 3.36
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