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Abstract: In order to improve the surface quality of micro machined parts, micro milling experiments
were designed to study the variations of surface roughness and sidewall residual burrs of micro
grooves. First, from a theoretical point of view, the model of processed surface formation and micro
machined surface roughness theory were introduced for the purpose of proposing changes to the side-
wall for tool run-out. Then, typical parts were selected to process the micro straight grooves by the
developed 3-axis linkage micro milling machine tool; the spindle speed, axial cutting depth, feed

speed, tool run-out, and material organization structure on surface roughness were studied in depth.
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Finally, the milling surface roughness of the grooves was researched by adopting multiple factor or-
thogonal tests and analysis of extreme difference. The best surface roughness values for the three
kinds of micro grooved bottoms made of aluminum alloy, steel, and titanium alloy are determined as
1.073—1.481 pm, 0.485—0. 883 pm, and 0. 235—0. 267 pm, respectively. Without tool run out, the
maximum height of the micro groove wall burr is found as 7. 637 pm, and the maximum height of the
micro-groove wall burr is found to be 21. 79 pm when the tool has a radial composite runout of 0. 3
pm. The experimental results show that the parameters are listed in the effective order given below:
feed rate, spindle speed, and axial cutting depth. With the gradually increasing feed speed and axial
cutting depth, the surface roughness Ra of the groove bottom gradually increased. However, increas-
ing the spindle speed caused Ra to decrease and then increase. Under the same conditions, if the arc
blades are without wear, the tool run-out on the micro straight groove sidewall surface quality has a

greater impact. At the same time, different metal material properties are also potential factors affect-

ing the surface quality of the micro channels.

Key words: surface roughness; milling parameters; milling thickness; tool run-out
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Fig.3 Surface morphology of milling groove wall without tool run-out
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Tab.1 Physical and mechanical properties of selected materials
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(kgem HNem™?) Fa/Pa &/% EEPa(Wem K2
X10 *  X10 *  X10° X10* X10" X10

5083-0 2,70 0.852  =0.270 >0.12 0.720 8. 876
6082-T6  2.70 105 >0.205 =0.14 0.725 8.878
TisALV 4,40 195  0.539 =0.10 1.100 0.795
45 7.85 2,29 <0.355 >0.16 2.100 4,768
304 7.93 <187 >0.520 =>0.40 1,985 1.540
SKH-9 861  <2.62 3.430 —  2.180 1.675
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Tab. 2 Slot milling factor level code

FhHiH A HE DIHIRE
= n(r+ min~?) fo(pme+ s ) a,/pm
1 70 400 5 2
2 76 800 10 )
3 83 200 20 10
4 89 600 30 15
) 96 000 40 20
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Tab. 3 Comparison of cutting and spindle speeds

R (r + min™H) P11 o(m - s™1)

70 400 1.1
76 800 1.2
83 200 1.3
89 600 1.4
96 000 1.5
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Sequence K, K: Ks K, Ks K K Ks Ky Ks R;
1 680 1529 1459 1 339 1 544 336 305. 8 291. 8 267.8 308.8 68. 2

feon>a, 1251 1324 1552 1601 1 823 250.2 264.8 310. 4 320.2 364.6 114.4
1 487 1 398 1543 1438 1685 297.4 279.6 308. 6 287.6 337.0 57.4
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Tab.5 Results of experimental measurement for Tis Al, V

)= n(r/min)  f,(pm/s) a,/pm Ra/nm

1 70 400 5 2 278
2 70 400 10 5 322
3 70 400 20 10 353
4 70 400 30 15 276
5 70 400 40 20 451
6 76 800 5 20 305
(03D EFILH 7 76 800 10 2 283
(a)3-D surface topography 8 76 800 20 5 282
5 Z range:6.000 um 9 76 800 30 10 310
10 76 800 40 15 349
11 83 200 5 15 197
E‘ 12 83 200 10 20 250
5 0 13 83 200 20 2 265
§ 14 83 200 30 5 302
15 83 200 40 10 445
,575 = % 16 89 600 5 10 222
Xrange:10 um 17 89 600 10 15 256
(1)2-D ZFE L5 18 89 600 20 20 292
(b)2-D surface topography 19 89600 30 2 326
B8 Ti ALV i T G 20 89 600 40 5 243
Fig. 8 Groove bottom surface topography for Tis ALV 21 96 000 5 5 249
380 22 96 000 10 10 213
360 F r 23 96 000 20 15 360
30 | . 24 96 000 30 20 387
5 ) Y 25 96 000 40 2 335
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Fig. 9 Tendency chart of factors and roughness
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Fig. 12 Surface morphology of micro-grooves on titanium alloy
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