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Analysis of Machined Surfaces by Ball-end Milling using the Ridge Method

Tae Sung Jung*, Sung Ho Nam**, Jin Ho Park*** and Min Yang Yang”

ABSTRACT

Ball-end milling is one of the most common manufacturing processes for the parts with sculptured surface. However,
the conventional roughness model is not suitable for the evaluation of surface texture and roughness under highly
efficient machining conditions. Therefore, a different approach is needed for the accurate evaluation of machined surface.
In this study, a new method, named ‘Ridge method’, is proposed for the effective prediction of the geometrical
roughness and the surface topology in ball-end milling. Theoretical analysis of a machined surface texture was
performed considering the actual trochoidal trajectories of cutting edge. The characteristic lines of cut remainder are
defined as three-types of ‘Ridges’ and their mathematical equations are derived from the surface generation mechanism
of ball-end milling process. The predicted results are compared with the results of conventional method. The agreement
between the results predicted by the proposed method and the values calculated by the simulation method shows that the
analytic equations presented in this paper are useful for evaluating a geometrical surface roughness of ball-end milling
process.

Key Words : Ridge method (541 #Z %), Surface roughness (EHEXE), Surface texture (Z7FFH 37, Cut
remainder (%t} 22}, Ball-end mill (¥ =), Finish Cut (3 2})

71349 (ridge)

R, = effective cutter radius

O — XYZ = coordinates on the machined surface

= effective cutter radius ratio( R, 1)
H . = maximum surface roughness '

Trep
C,= profile of the n” cutting edge, n=1,2
R = tool radius

» = radius of cutting edge
f, = feed per tooth & = rotation angle of the cutter(CW)
’

®  =trajectory of the n" cutting edge, n =1,2

fp = path interval IT = maximum cut remainder section

S . I' = cutting-edge plane
w = profile of characteristic line of cut remainder
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C,S,R,L,V = subscripts denote the values
corresponding to the conventional roughness
model, the scallop height, the right-half ridge,
the left-half ridge, the critical-velocity ridge,
respectively
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Fig. 1 Analysis of machined surface by Spherical-tool
approximation model
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Fig. 2 Analysis of ball-end milling process of Disk-tool approximation model

(a) Surface topology predicted by Z-map simulation (b) Photograph of actual machined surface

Fig. 3 Analysis of machined surface by Disk-tool approximation model

54



=AY A A21 W A1

Fig. 1(a)% ¥wdd 7]&9 o&3 43 o
2 AL ¢ F Jon, AEYolHE T de
Hd 39 ARVE S 25um 2 A (1)l 93
Add Hd ®E 7127] 125um ¢ 2 W] Ao
& Bk =8 Fig 3(0)9 A 7HEWA 544
Hd 38 A= 235um 2 AEHOM A3
g o F dAFS AU + AN

3. 549 35 &4

3.1 EEY 7139 9 Y |

43 oA BES o] 431H 7|E9 EW A
7] Bl wate 71FHe Al (texture)E KT}
AR 458 4 Jdo, HAd 2WH AFS] F
S @7) H8ME 71 200 wE AlEEHed S
Fslol 3= ofFHFo] At B AFAAME
Ed=d 7MF 248 2o 41 AYSA 953
7] 95t A ZAEE V22 Fo HAS 4
% & v 7138y EANE dMHos 13
o]E o] &3l Ed=w 7tFoAe BE 2%
&3kt
4y 7tade HE g4 7z 49 HF 3

f

T

2olH 47 7hEEY FPoz oFoixih ue
A, 2= by KA AF Be] ANFS o
£37] AaAE shte E A2 Qs
e 34 928 olH¥ ast ok

Fig. 4 Surface topography and ridges generated by single
cutting path

Table 1 Sequence of surface generation

Rotation angle (8) | Tool center position o G,
[-7/2~0] [E_, ~ E,)] Generate machined surface RS,
[0~ /211 [E, ~ E] Generate ridgey, |, Generate machined surface LS,
Generate machined surface LS, Generate machined surface RS,
[7/2~ 7] (£, ~ £, Generate ridgey, | Generate ridgey, ,,
. Generate machined surface RS,
[x~37m/2] [E, ~ E3] Generate machined surface LS, .
Generate ridge Wy Wiy
G te rid Generate machined surface LS,
~ ~ enerate ridge
(3z/2~2nr] [£; ~ E,] ¢ Wyav Generate ridgey | ,
Generate machined surface RS,
[27 ~57 /2] LE, ~ E] Generate ridgey , ,
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Fig. 5 Surface generation mechanism of ball-end milling process (top view)

(a) Left-half ridge

(b) Right-half ridge

(¢) Lower critical-velocity the ridge

Fig. 6 Characteristic lines of cut remainder
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Fig. 7 Analysis of cut remainder by Ridge method (R =5Smm, f =0.5mm)
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Fig. 9 Surface texture predlcted by Ridge method
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