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Evaluation method of the circumferential edge wear of the cylindrical

vertical milling cutter based on wear zone reconstruction
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Abstract: In order to solve the problem of large error in the measurement value of circumferential edge
wear, an evaluation method of the circumferential edge wear of milling cutter based on the reconstruction
of wear zone was proposed. Based on the image of the wear zone obtained by video microscope, a 3D
reconstruction and surface expansion mapping model were established. Then the 3D reconstruction of the
wear zone of the flank wear zone of circumferential edge was completed, and the approximate plane
expansion of the spiral surface of the perimeter edge was completed. The geometric transformation was
used to complete the representation of the first and second flank wear zones in their respective planes and

their coplanar representation so as to obtain the equivalent plane wear zone. Through the analysis of
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equivalent plane wear zone, the wear width and wear area of the flank were obtained, and the accurate
evaluation of the circumferential edge wear was further finished. The empirical study on the wear of the
four-edge milling cutter (the cutting time is 57 min) found that the average wear width and area obtained
by the reconstruction method were 0.16 mm and 0.067 mm?® higher than those obtained by the direct
method on average, and the increase rates were 17% and 14.9%. The results show the feasibility and
accuracy of the reconstruction method.

Keywords: cylindrical vertical milling cutter; wear of circumferential edge; surface expansion; mapping

model; equivalent plane wear zone
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Fig. 1 Establishment of coordinate system of

vertical milling cutter
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Fig. 2 Geometric angle of the tip of circumferential Fig. 3 Diagram of geometric parameters

edge in space
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Fig. 4 Geometric angle of the edge at different positions of circumferential edge
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Fig. 5 Diagram of circumferential edge deployment
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Fig. 6 Cutting and tool wear testing system

R1 BNEANEMEH

Table 1 Structure parameters of the circumferential edge of the cutter

EAWE L. AR L. W1Efie,  W2EfMa, HIEEd/mm

1.2 mm 0.54 mm 6° 24° 6

32 BRRBIFRSHUE

Tt ASCR 5 A T S AL A BB (RSS SGO1600BDX) 46 B 41 il el {5 4b 34 5% 495 45 kA 4L il T
TASEBE T T8 70 )5 0 ThD R A5 DX PG I DA v AR BB 451 DX s B S B AR AR R ILIRT 6. FEDTHIE AR b, AR A
IEBETI BB 2~4 min [ 305 B 7E U BE K O Z2 MO B BEA T RBE . e sh BT AU B8 4 A 70 9015 1) I
FIX . 84 B M BRI 458 DX PR A5 AU ) A g 30 0 ol e TR B B R 08, 70 30 4% 90 04 40 X% 401 C A 4
Ho LW 20 T U E M R No. 1 I0 0k JE 5 X R CULIET 7). 15 A0 5 i A bn L3 3.

®2 HEERBWRIIEERE
Table 2 The wear value of the flank obtained by the direct method

Tt JE 451X TR 45 JES X FE B /mm BEHIX AR /mm®

1 0.820 0.426
2 0.824 0.436
3 0.810 0.456
4 0.836 0.481
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Fig. 7 Circumferential edge wear zone of milling cutter
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Table 3 Original coordinates of boundary points in wear area and their reconstructed coordinates

oy 0 45 50D 11 A A S E A S AL bR )5 1
T x/mm z/mm 2 /mm y/mm z/mm ¥
1 —0.988 0 0.317 0 —0.988 0 2.832 6 0.317 0 1
2 —0.914 0 0.241 0 —0.914 0 2.841 7 0.241 0 1
3 —0.805 0 0.143 0 —0.805 0 2.844 3 0.143 0 1
4 —0.703 0 0.128 0 —0.703 0 2.845 7 0.128 0 1
5 —0.544 0 0.109 0 —0.544 0 2.831 3 0.109 0 2
6 —0.377 0 0.089 0 —0.377 0 2.742 3 0.089 0 2
7 —0.217 0 0.127 0 —0.217 0 2.659 4 0.127 0 2
8 —0.111 0 0.181 0 —0.111 0 2.606 9 0.181 0 2
9 —0.024 0 0.304 0 —0.024 0 2.593 1 0.304 0 2
10 0.000 0 0.446 0 0.000 0 2.636 1 0.446 0 2
11 —0.112 0 0.539 0 —0.112 0 2.756 0 0.539 0 2
12 —0.274 0 0.684 0 —0.274 0 2.890 1 0.684 0 1
13 —0.471 0 0.611 0 —0.471 0 2.903 8 0.611 0 1
14 —0.623 0 0.671 0 —0.623 0 2.912 0 0.671 0 1
15 —0.749 0 0.738 0 —0.749 0 2.905 1 0.738 0 1

4 BR5W®

41 BEREBIARNERSETIBRENRFT
MR (6D (7 W S ASE TR e % 48 DX 0 B s DAY T A R B B — 4 o, DL 3R 3 v LM S A A A . AR 20 (8)
e S R 4 70 R e ol TR T . TS RO EE AL AR LR 4, A UL 8,



148 T R K FFHK % 45 &

®4 F1LE2RIIAEMAREFERTAILEIR

Table 4 The coordinates of the reconstruction point and the plane representation of the first and second flank mm

g JR TT 5 T A 5 A B T AL - T R R 19 AL AR J5 71T
i x/mm y/mm 2/mm 22" v (") 2/ (") e
1 —1.007 0 3.000 0 0.317 0 0.001 8 0.000 3 0.367 1 1
2 —0.929 0 2.985 1 0.241 0 0.108 3 0.005 7 0.340 3 1
3 —0.815 0 2.956 0 0.143 0 0.258 5 0.005 1 0.312 2 1
4 —0.710 0 2.931 2 0.128 0 0.360 2 0.000 5 0.351 9 1
5 —0.547 0 2.883 1 0.109 0 0.097 8 —0.0550 0.138 9 2
6 —0.378 0 2.768 1 0.089 0 0.287 3 —0.013 0 0.206 1 2
7 —0.217 0 2.668 2 0.127 0 0.441 8 0.012 0 0.319 5 2
8 —0.111 0 2.609 3 0.181 0 0.528 8 0.022 1 0.419 4 2
9 —0.024 0 2.593 2 0.304 0 0.550 1 0.022 0 0.569 4 2
10 0.000 0 2.636 1 0.446 0 0.484 8 0.012 4 0.704 4 2
11 —0.112 0 2.758 3 0.539 0 0.2984 —0.0150 0.728 9 2
12 —0.274 0 2.903 1 0.684 0 0.463 0  —0.009 0 1.051 2 1
13 —0.473 0 2.941 8 0.611 0 0.322 6 0.003 0 0.888 7 1
14 —0.628 0 2.977 9 0.671 0 0.154 8 0.007 4 0.863 4 1
15 —0.757 0 3.000 0 0.738 0 0.008 0 0.001 5 0.856 8 1

B8 SNBFELRAREHRRURISH

Fig. 8 Distribution of boundary points in wear zone of milling cutters after expansion along radius
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Table 5 The coordinates of the second flank reconstruction point

after the co-plane represents

HWRRFH 2 JFIH

e A 0 e b Gl
75
2" /mm 2" /mm
5 0.517 0 0.416 8 2
6 0.706 5 0.484 0 2
7 0.861 0 0.597 4 2
8 0.948 0 0.697 3 2
9 0.969 3 0.847 3 2
10 0.904 0 0.982 3 2
11 0.717 6 1.006 8 2
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Fig. 9 Distribution of reconstruction

points on the flank
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Fig .10 Operating interface for evaluation of the reconstruction

method of circumferential edge wear
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Fig. 13 The wear increase rate of the reconstruction

method compared with the direct method
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