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Abstract 
 
The location and the size of a geometrically defected region in the side wall of a corner, which is generated during 

the flat end-milling process, are investigated through experiments and geometrical analysis. A corner with inner and 
outer surfaces is assumed to be made up of one arc-surface patch and two flat-surface patches. Based on the previous 
findings that the change of material removal per tooth affects the geometry of the end-milled side wall, it is expected 
that the geometrically defected regions are located around the corner when the tool is approaching and leaving the arc 
surface. In this respect, analytic models are proposed to predict the location and the size of a geometrically defected 
region, which are then validated via comparison with the experimental results. 
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1. Introduction 

There is no question on the importance of mold and 
die in mass production. For example, the quality and 
the cost of injection molding parts are affected by the 
mold. The general 3-D part shape is represented as a 
combination of flat-surface and arc-surface patches. 
As a result, the end-milling process is commonly used 
for making a mold even though there are several con-
ventional and non-conventional manufacturing proc-
esses. The time and money for the finishing opera-
tions, which are inevitable in mold making, are de-
pendent on the geometrical accuracy of the mold 
surface just before the finishing process. It is thus 
required to understand the geometric characteristics 
of the end-milled surface. Many attempts have been 
made to examine the relationships between the geo-
metric features of milled surfaces and the independent 
cutting variables in the machining system [1-7]. The 

effect of the elastic deflection of a tool during end-
milling on the surface integrity of a part has been also 
investigated [8-11]. Furthermore, geometric charac-
teristics of the end-milled flat surface and cylindrical 
surface were studied previously [12,13]. 

In this paper, analytic models, which reveal the lo-
cation and the size of the geometrically defected end-
milled corner surface, are developed. Proposed models 
are subsequently validated by comparing analytically 
the simulated surface with the experimentally end-
milled surface under the same cutting conditions. 
 

2. Defect zone length, valley angle and valley 
depth 

The exaggerated typical profiles of the end-milled 
outer and inner corner surfaces are given in Figs. 1(a) 
and (b), respectively, showing two distinctive charac-
teristics. One is that the true depth of cut on the arc-
surface region is either larger in case of the outer cor-
ner or smaller for the inner corner than the true depth 
of cut on the flat-surface region, even if the feed rate 
and the apparent depth of cut are kept constant during 
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(a) Outer corner 
 

 
 

(b) Inner corner 
 

Fig. 1. Typical profile of end-milled corner surface (exagge-
rated presentation).  
the process. Another is that gradual changes in true 
depth of cut occur just before entering and leaving the 
arc-surface region. Each portion, which shows the 
gradual change in true depth of cut, is named as ‘de-
fect zone’. As a result, the corner surface always has 
two defect zones. To maintain the consistency in ter-
minology with the previous work [12, 13], the range 
and the relative depth of the defect zone formed just 
before entering the arc-surface region are character-
ized with the help of ‘defect zone length (Dl)’ and 
‘valley depth (Vd)’. Similarly, the defect zone shaped 
just before leaving the arc-surface region is character-
ized by ‘valley angle (θ)’ and ‘valley depth (Vd)’. The 
defect zone length and the valley angle are depicted in 
Fig. 2. 

Fig. 2 is a schematic illustration of the relative mo-
tion of the end-milling tool in the process. If the spin-
dle speed, the feed rate and the apparent depth of cut 
are kept constant during the process, the material 
removal per tooth is also constant in region I, fol-
lowed by gradual changes from this constant value to 
a certain one in region II. It is then maintained for 
some duration of time in region III, and changes back 
into the first constant value in region IV. Finally, it is  

 
 

(a) Outer corner 
 

 
 

(b) Inner corner 
 
Fig. 2. Classification of regions according to surface geome-
try. 
 
kept constant as the first constant value in region V. 
From this point of view, the corner surface can be 
regarded as a composition of five regions. For con-
venience, they are named ‘steady cutting region in 
flat-surface’ (I and V in Fig. 2), ‘entry region’ (II in 
Fig. 2), ‘steady cutting region in arc-surface’ (III in 
Fig. 2) and ‘exit region’ (IV in Fig. 2), respectively. 
Each region is defined as a location of the tool center. 
 

3. Experiment 

Fig. 3 illustrates the shape and size of specimens, 
made from general purpose carbon steel, (SM45C). 
The CNC vertical milling machine used in the ex-
periment was a Model TMV-40M. Prior to the ex-
periment, the machine table movement errors were 
measured and calibrated, so that the errors were kept 
to less than 0.5µm. Titanium-coated standard 2 flutes 
high speed steel end-milling tools were used for the 
experiment. The diameter and the helix angle of tools  
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Fig. 3. Specimen. (No scale, unit: mm). 
 
are 20mm and 30°, respectively. Table 1 shows the 
experimental cutting conditions. The spindle speed, 
the feed rate and the axial depth of cut were set equal 
to 381 rev/min, 70 mm/min and 10mm, respectively. 
The radial depth of cut was varied from 0.5mm to 
1.5mm. As expected, the surfaces corresponding to 
the regions II and IV were geometrically inaccurate 
compared with the surfaces of the other regions. To 
obtain a more precise profile of the specimen, only 
the regions II and IV were measured by Form Taly-
surf Series 2 system. 
 

4. Defect zone modeling 

It has been recognized that there is an intimate rela-
tionship between the change of material removal per 
tooth during the process and the defect zone, which 
arises from the machining elasticity phenomenon [12, 
13]. As mentioned, the defect zone length, the valley 
angle and the valley depth are introduced to develop 
analytic models. The ranges of the defect zones in 
regions II and IV are presumed from the models for 
the defect zone length and the valley angle, respec-
tively. The valley depth, which signifies the relative 
difference between the after-machined surface in 
radial direction and a reference surface, is assumed to 
be proportional to the change of the material removal 
per tooth. Via the comparison between the experi-
mental results and the simulation ones obtained by 
using the valley depth model, the proportional factor 
can be found. 

 
4.1 Defect zone length and valley angle 

Because the tool radius is not zero, the material re-
moval rate on the corner surface is not equal to that 
on the straight surface even if the feed rate of tool 
center and the apparent depth of cut are kept constant. 
Therefore, the existence of a geometrically defected 
region on the surface is inevitable around which the 

Table 1. Experimental conditions. 
 

Cut conditions Value 

Feed rate (mm/min) 70 

Spindle speed (rpm) 381 

Axial depth of cut (Ad ) (mm ) 10 

Apparent radial depth of cut (Rd ) (mm ) 0.5, 1.0, 1.5 

Feed per tooth (mm/tooth) 0.09 

Tool diameter (mm) 20 

Tool path down cut milling

Tool revolution direction clockwise 

 
surface patches with two different curvatures meet. 

Figure 2 shows the coordinate system and the tool 
location at the instant of occurrence of the change in 
the material removal per tooth. The origin of coordi-
nate coincides with the arc center of the after-
machined surface. It is assumed that the X and Y axes 
are passing through the final point and the initial point 
of the arc in the order of surface generation, respec-
tively. The point 0 0( , )II IIP x y  indicates the tool cen-
ter location when its periphery meets the crossing 
point of before-machined corner surface and Y axis. 
The change in the material removal per tooth starts 
when the tool center is located at ),( 00

IIII yxP , and 
continues until the tool center meets the Y axis. Thus, 
the defect zone length, lD , is equal to the distance 
between ),( 00

IIII yxP  and ),0( 0
IIyP . The coordinate 

of ),( 00
IIII yxP  satisfies the following set of equations: 

 
 (1) 
 
 (2) 

 
 

 
where R is the after-machined corner radius; r is the 
tool radius; dR  is the apparent radial depth of cut; m, 
δ and υ are dummy variables. As a result, the defect 
zone length, lD , can be expressed as 
 

 (3) 
 
Similarly, the tool traveling along the circular path 

meets the crossing point of before-machined corner 
surface and X axis when the tool center is located 
at ),( 00

IVIV yxP . The material removal per tooth is 
changing from this instance, and arrives at another 
constant value when the tool center reaches the X axis. 
The angle between the X axis and the line connecting 
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),( 00
IVIV yxP  and the origin corresponds to the valley 

angle,θ . The values of IVx0 and IVy0 , which are 
required to obtain θ, can be found from an intersec-
tion point of the following two circles given by: 

 
 (4) 
 
 (5) 
 
 

 
The valley angle, θ, can be expressed as follows: 

 
 (6) 

 
 

4.2 Material removal per tooth in region II 

The material removal per tooth is defined to be the 
amount of workpiece material removed by a cutting 
tooth when the tool moves the distance that is equal to 
the feed per tooth, ft. It is determined from the equa-
tion 

 
 (7) 

 
where F is the feed speed of the workpiece, N is the 
rotational speed of the tool and Z is the number of 
teeth on the tool periphery. If the displacement of the 
tool center is equal to the defect zone length, the total 
number of the material removal by every cutting tooth, 
n, is 
 

{ }/l tn INT D f=  (8) 
 

If the tool center is located at ( )II
i

II
i yxP ,  when the ith 

material removal occurs in the region II, II
ix  and 

II
iy  in Figs. 4 (a) and (b) are expressed as 

 
 (9) 

 
 (10) 
 
A point, ( )**, ii yxP , is the location of contact be-

tween the tool and the workpiece surface at that very 
instant. Thus, *

ix  and *
iy  must satisfy the following 

set of equations: 

 
 

(a) Outer corner (region II) 
 

 
 

(b) Inner corner (region II) 
 

 
 

(c) Outer corner (region IV) 
 

 
 

(d) Inner corner (region IV) 
 

Fig. 4. Coordinate system for valley depth analysis. 

( ) ( ) ( )22
0

2
0 δ+=+ Ryx IVIV

( ){ } ( ) 22
0

2
0 δυ =++− IVIV yRx

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

<
>

>
)(
)(

0
0

,0
0

0
0 cornerinner

cornerouter
y
y

x IV

IV
IV

)
2

0(tan
0

01 πθθ <<= −
IV

IV

x
y

ZN
Fft ×

=

( )nifixx t
IIII

i ,,2,10 ⋅⋅⋅⋅⋅=×+=

( )δ+−= Ry mII
i )1(



 K. S. Lee and K. Kim / Journal of Mechanical Science and Technology 23 (2009) 525~535 529 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Outer corner 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Inner corner 
 
Fig. 5. Area I I

iS  after the ith removal in region II. 
 
 (11) 
 
 
 (12) 
 
 
 

 
To find the ith material removal per tooth, an 

area, II
iS , is introduced. As shown in Fig. 5, II

iS can 
be expressed as a function of sub-areas, II

iS 0 , II
iS 1 , 

II
iS 2  and II

iS 3 . Figure 5 (a) shows these sub-areas and 
points for the case of outer corner. The sub-areas are 
defined by points, O1, O2, B1, B2, B3 and B4. The  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
points O1 and O2 are the center of arc ( ( )0,0P ) and 
the tool center ( ( )II

i
II
i yxP , ). The coordinate of B1 is an 

intersection of the before-machined arc-surface and 
the line X=r, is ( ) ( )( ){ }( )dd RRrRRrP ++ − /cossin, 1 ; the 
coordinate of B2 is ( )**, ii yxP ; the coordinate of B3 is an 
intersection of the after-machined flat-surface and the 
line X= II

ix , is ( )RxP II
i , ; the coordinate of B4 is an 

intersection of the Y axis and the line Y=R, is ( )RP ,0 . 
Therefore, the angles αi (∠ B2O1B3), βi (∠ B1O1B2) 
and γi (∠ B2O2B3) can be written as 
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 (14) 
 
 
 (15) 
 
 
The sub-areas, II

iS 0 (the area of polygon O1B2O2B3), 
II

iS 1 (the area of sector O1B1B2), II
iS 2

(the area of 
sector O2B2B3) and II

iS 3
(the area of triangle O1B3B4) 

are also written as 
 
 (16) 
 
 (17) 
 
 (18) 
 
 (19) 
 
The sub-areas and points for the inner corner case 

are depicted in Fig. 5 (b). For this case, a pseudo cen-
ter, O3, with its coordinate ( )RP 2,0 − , is introduced. 
The coordinates of the fixed points for B1 and B4 are 
( )RrP −,  and ( )RP −,0 , respectively, while the co-

ordinates of the points, B2 and B3, corresponding to 
the initial and the final contact points between the 
cutting edge and the workpiece surface in the ith mate-
rial removal per tooth, are ( )**, ii yxP  and ( )RxP II

i −, . 
Even though the definitions of αi ( ∠ B2O3B3), 

II
iS 0

(the area of polygon O2B2O3B3) and II
iS 3 (the 

area of triangle O3B3B4) are different from those in the 
outer corner case, equations (13), (16) and (19) are 
still valid. There are no changes in the definitions of 
the γi ( ∠ B2O2B3) and II

iS 2 (the area of sector 
O2B2B3) compared to the outer corner case. The 
newly defined βi (∠ B1O3B2), ξi (∠ B1O1B2) and 

II
iS 1

(the area of polygon O1B1O3B2 - the area of sec-
tor O1B1B5) can be written as 

 
 (20) 
 
 
 (21) 
 
  
 
  
 (22) 

Therefore, the area, II
iS , is given by: 

 
 (23) 
 

And each sub-area for the outer corner case can be 
found in Eqs. (16)-(19). On the other hand, for the 
inner corner case, Eqs. (16), (23), (18) and (19) are 
available. 

In consequence, the material removal per tooth at 
the ith occurrence in the region II can be expressed as 

 
 (24) 
 

and the initial value of the material removal per tooth, 
IIA 0

, is equal to the material removal per tooth in the 
region I. It can readily be obtained as a function of the 
feed per tooth and the apparent depth of cut in this 
region as: 

 
 (25) 
 

4.3 Material removal per tooth in region IV 

If the angular displacement of the tool center corre-
sponding to the feed per tooth in the valley is θt, it is 
given by 

 
 (26) 
 
 
The total number of the material removal by every 

cutting tooth in the valley, n, is 
 
 (27) 
 

such that when the ith material removal occurs in the 
valley, the angular displacement of the tool center, φi, 
and the coordinate of tool center, ( )IV

i
IV
i yxP ,  in 

Figs. 4(c) and (d) can be expressed as 
 
 (28) 
 
 (29) 
 
 (30) 
 

If the point of contact between the tool and the work-
piece surface is ( )** , ii yxP  at this moment, *

ix  
and *

iy  must satisfy the following set of equations: 
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(a) Outer corner 
 
 
 
 
 
 
 
 
 

(b) Inner corner 
 
Fig. 6. Area    after the ith removal in region IV. 

 
 
 (32)  

  
 
 
As shown in Fig. 6, an area, IV

iS , and sub-areas, 
IV
iS 0

, IV
iS 1

, IV
iS 2  and IV

iS 3 , are introduced to find 
the ith material removal per tooth in region IV. The 
points, which are used to describe the sub-areas for 
the case of outer corner, are shown in Fig. 6(a). The 
points O1 and O2 are the center of arc ( ( )0,0P ) and 
the tool center ( ( )IV

i
IV
i yxP , ), respectively. In this 

case, the coordinate of B1, which is an intersection of 
the before-machined flat-surface and the line Y=-r, 
is ( )rxP i −,

* ; the coordinate of B2 is ( )** , ii yxP ; the 
coordinate of B3, which is an intersection of the after-
machined arc-surface and the line 21OO , 
is ( ) ( )( )rRRyrRRxP IV

i
IV
i +×+× /,/ ; the coordi-

nate of B4 is ( )0,RP . The angle, φi, is given by equa-
tion (28) and the angles γi (∠ B2O2B3) can be written 
as 

 
 (33) 
 
 

The sub-areas, IV
iS 0 (the area of triangle O1O2B2), 

IV
iS 1

(the area of triangle O1B1B2), IV
iS 2 (the area of 

sector O2B2B3) and IV
iS 3 (the area of sector O1B3B4), 

are expressed in the form of following equations: 
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 (37) 
 
The sub-areas and points for the inner corner case 

are also depicted in Fig. 6(b). The pseudo center, O3, 
and the fixed points, B1 and B4, are located at ( )0,2R , 
( )rx i ,*  and ( )0,R , respectively. The coordinates 
of the points, B2 and B3, which correspond to the  
initial and the final contact points between the cut-
ting edge and the workpiece surface in the ith ma-
terial removal per tooth, are ( )** , ii yxP  and 
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i −×−× /,/ . Hence, the 

angles, αi (∠ B2O3B3) and γi (∠ B2O2B3) can be writ-
ten as 
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gon O2B2O3B3), IV
iS 1 (the area of triangle O3B1B2) and 

IV
iS 3

(the area of triangle O1B3O3 - the area of sector 
O1B3B4), are also expressed: 

 
 
 

 (40) 
 
 (41) 
 
 (42) 
 

Therefore, the area, IV
iS , can be written as: 

 
 (43) 
 

Each sub-area for the outer corner can be found in 
Eqs. (34)-(37). For the case of inner corner, Eqs. (36) 
and (40)-(42) are available. 

In consequence, the material removal per tooth at 
the ith occurrence in the region IV can be expressed as 

 
 (44) 
 

and the initial value of the material removal per tooth, 
IVA0

, is equal to the material removal per tooth in the 
region III. It can readily be obtained as a function of 
θt and the radial depth of cut in this region such that 

 
 (45) 
 

 
4.4 Valley depth 

The apparent depth of cut is usually greater than the 
true depth of cut. If the difference between the two 
depths is larger, the defect zone depth appears to be 
deeper. This has been known as ‘machining elasticity’. 
For the application of the machining elasticity con-
cept, a coefficient of machining elasticity, K, is de-
fined by the ratio of true depth of cut to material re-
moval per tooth as 

 
 (46) 
  
 

where T0 is the initial value of the true depth of cut 
equal to the true depth of cut in the steady cutting 
region, Ti is the true depth of cut at the ith occurrence 
in the defect zone, and A0 and Ai are the values of the 

material removal per tooth in the steady cutting re-
gion and at the ith occurrence in the defect zone, re-
spectively. Thus, the valley depth at the ith occurrence 
in the defect zone, (Vd)i, is the same as the difference 
between T0 and Ti, such that 

 
 (47) 
 
  
 
It is very difficult to find the value of K theoreti-

cally, because it is affected by a variety of factors. It 
is determined by comparison between the simulation 
results by using this defect zone model and the ex-
perimental results by trial and error. 
 

5. Results and discussions 

Fig. 7 shows the measured valley profiles of the 
experimented specimens and the predicted valley 
profiles from the simulation results. Each vertical line 
of 0.0=II

ix  in Fig. 7(a) and (c) is the straight line 
passing through the arc center and the ideal start point 
of arc, whereas the horizontal line of valley depth=0 
corresponds to the after-machined flat-surface. Simi-
larly, each vertical line of 0=iφ  in Fig. 7(b) and 
(d) is the straight line passing through the arc center 
and the ideal end point of arc, whereas the horizontal 
line of valley depth=0 corresponds to the after-
machined arc-surface. To help in understanding the 
milled-surface geometry, the valley angles are shown 
as negative(-) values in this figure. The values of 

II
ix  or iφ at the crossing point, where the valley 

profile intersects the horizontal line of valley depth=0, 
refer to the defect zone length or the valley angle 
respectively. 

All curves in Fig. 7(a) show that the true depth of 
cut is gradually increasing compared to that of the 
already machined flat-surface when the tool is ap-
proaching the arc-surface. Fig. 7(b) also depicts that 
the true depth of cut is gradually decreasing compared 
to that of the already machined arc-surface when the 
tool is approaching the flat-surface. In summary, it 
can be presumed that the after-machined outer corner 
surface is rendered lower relatively near the arc, with 
a constant curvature in most of the arc-surface, and 
then becomes higher just before meeting the next flat-
surface along the tool path. This presumption well 
matches the typical profile in Fig. 1(a). In the same 
way, the after-machined inner corner shape can be  
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(a) Outer corner (region II) 

 

  
(c) Inner corner (region II) 

 
Fig. 7. Defect zone profile. 
 
deduced by using Figs. 7(c) and (d), such that the flat-
surface is rendered higher relatively near the arc, with 
also a constant curvature in the arc-surface, and then 
becomes lower just before meeting the next flat-
surface. The difference between the typical profiles of 
the outer and inner corners is caused from the differ-
ence in the material removal per tooth values. Even 
though the same machining conditions are applied for 
both cases, the material removal per tooth can be 
different depending on the curvature of the tool path, 
because the feed rate on the workpiece surface is dif-
ferent from that of tool center. 

Even if there is some discrepancy between the 
measured values and predicted values, the predicted 
defect zone profiles provide the same tendency as the 
measured ones overall. It is presumed that the dis-
crepancy is caused by the assumption for defining the  

  
(b) Outer corner (region IV) 

 

  
(d) Inner corner (region IV) 

 
machining elasticity and the experimental errors in 
the end-milling and the measurement processes. All 
profiles describe that an increase in the apparent depth 
of cut makes the defect zone wider and deeper if the 
cutting conditions except the apparent depth of cut 
remain unchanged. 

Through the modeling, it is expected that the defect 
zone is strongly affected not only by the apparent 
depth of cut, but also by the tool radius and the radius 
of corner, as can be ascertained from Fig. 8, in which 
the normalized Eqs. (3)-(6) including the parameters 
divided by the radius of corner are plotted. The defect 
zone lengths for both outer and inner corners remain 
the same under the same cutting conditions, so that 
curves in Fig. 8(a) can be valid for both cases. The 
valley angles for both cases are, however, governed 
by different equations. Fig. 8(b) includes the simula- 
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(a) Region II 
 

 
 

(b) Region IV 
 

Fig. 8. Effect of apparent depth of cut on defect zone length 
and valley angle (Simulation). 
 
tion results of both cases where positive(+) and nega-
tive(-) values of the horizontal axis correspond to the 
case of outer and inner corner, respectively. As ex-
pected, the defect zone becomes wider when the ratio 
of tool radius : radius of corner increases. If the corner 
radius is given, the use of a bigger tool and larger 
apparent depth of cut would lead to wider and deeper 
defect zones on the corner surface. It is particularly 
critical when the tool is just before leaving the arc-
surface and meeting another flat-surface in the case of 
inner corner. It is therefore recommended to design a 
corner with large radius and use a slender tool under 
cutting condition of the small apparent depth of cut. 
 

6. Conclusions 

Experimental and geometrical analyses have been 
performed to identify the location and size of a geo-
metrically defected region in the side wall of corners 
during the flat end-milling process. In consequence, 

the following conclusions have been drawn: 
 
 If a corner surface is considered as a combination 

of a flat-surface, an arc-surface and another flat-
surface patch, it has been found that the geometri-
cally defected zones are always generated just be-
fore the tool is engaging the different surface 
patch. 

 As a result, two defect zones exist in a corner 
surface, which are caused from the change of the 
material removal per tooth. 

 It is also revealed that they are affected by the 
radius of corner, the tool radius and the apparent 
depth of cut directly. 

 From the viewpoint of geometrical accuracy, it is 
more appropriate to machine a corner with a lar-
ger arc-radius using a slenderer end-milling tool 
under the cutting condition of smaller apparent 
depth of cut. None of them, however, can have 
values of infinity or zero. Thus, even if the size of 
the defect zone becomes smaller under the careful 
selection of cutting conditions, it cannot be elimi-
nated or avoided. 

 

Acknowledgment 

This work was supported by research program 
2006 of Kookmin University in Korea. 
 

References 

[1] E. Budak and Y. Altintas, Peripheral milling condi-
tions for improved dimensional accuracy, Int. J. 
Mach. Tools Manu., 34 (7) (1994) 907-918. 

[2] J. G. Choi and M. Y. Yang, In-process prediction 
of the surface error using an identification of cut-
ting depths in end milling operation by simulating 
surface, J. of KSPE, 15 (2) (1998) 114-123. 

[3] S. L. Ko, S. K. Lee and S. M. Bae, Study on the 
design of end mill geometry, J. of KSPE, 18 (8) 
(2001) 24-30. 

[4] S. K. Lee, and S. L. Ko, Analysis on the precision 
machining in end milling operation by simulating 
surface generation, J. of KSPE, 16 (4) (1999) 229-
236. 

[5] S. H. Ryu, D. K. Choi and C. N. Chu, Optimal 
cutting condition in side wall milling considering 
form accuracy, J. of KSPE, 20 (10) (2003) 31-39. 

[6] J. Tlusty, S. Smith and C. Zamudia, New NC rou-
tines for quality in milling, Annals of CIRP, 39 (1) 



 K. S. Lee and K. Kim / Journal of Mechanical Science and Technology 23 (2009) 525~535 535 
 

(1990) 517-521. 
[7] J. H. Yoon, M. S. Cheong and H. C. Lee, A study 

on transition of dimension error and surface pre-
cision in high speed machining of Al-alloy, J. of 
KSMTE, 9 (3) (2003) 96-102. 

[8] H. D. Cho and M. Y. Yang, A study on the predic-
tion of tool deflection and precision machining in 
ball end milling process, KSME Journal, 16 (9) 
(1992) 1669-1680. 

[9] Y. H. Kim and S. L. Ko, Improvement of the accu-
racy in cornering cut using end mill, KSME Jour-
nal, Vol. 25/A (3) (2001) 399-407. 

[10] T. I. Seo and M. W. Cho, Tool trajectory genera-
tion based on tool deflection effects in flat-end 
milling process (Ⅰ) -tool path compensation strat-
egy, KSME International Journal, 13 ( 10) (1999) 
738-751. 

[11] T. I. Seo and M. W. Cho, Tool trajectory genera-
tion based on tool deflection effects in flat-end 
milling process (Ⅱ) -prediction and compensation 
of milled surface errors, KSME International Jour-
nal, 13 (12) (1999) 918-930. 

[12] K. Kim, Unavoidable geometric errors in the side 
walls of end-milled parts -flat surface-, J. of Mech. 
Science and Tech., 21 (1) (2007) 48-56. 

[13] K. S. Lee and K. Kim, Unavoidable geometric 
errors in the side walls of end-milled parts -
cylindrical surface-, J. of Mech. Science and Tech., 
22 (2008) 522-531. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Kun Sang Lee received his B. 
S. degree in Mechanical Engi-
neering from Seoul National 
University, Korea, in 1982. He 
then received his Dipl.-Ing. 
and Dr.-Ing. degrees from Te-
chnical University of Berlin, 
Germany, in 1991 and 1993, 
respectively. Dr. Lee is cur-

rently a Professor at the School of Mechanical and 
Automotive Engineering at Kookmin University in 
Seoul, Korea. He serves as a Staff of the Korea 
Engineering Education Research Center. His re-
search interests include precision machining, high 
energy beam material processing, and creative de-
sign methodology. 
 
 

Kang Kim received his B. S. and 
M. S. degrees in Mechanical 
Design and Production Engi-
neering from Seoul National 
University, Korea, in 1982 and 
1984, respectively. He then re-
ceived his Ph.D. degree from 
Purdue University, USA, in 1992. 

Dr. Kim is currently a Professor at the School of Me-
chanical and Automotive Engineering at Kookmin Uni-
versity in Seoul, Korea. His research interests include 
material removal processes, and concurrent engineering. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


