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Abstract \/

Focusing on the influence of various factors of cutter and work -piece in i process,
such as force, wear and vibration, using discrete method t mpute t ry of each
points, and get the coordinates values of discrete points 0 utting t any time. A

new method has been proposed to obtain the dyna sponse\flscrete points by
transforming deformation of those values into wo 1@ g coogdiqate, System. At the same
time, a new policy of retention has been proposed to=efvoid ina te statistics and large
number of statistics. Retaining coordinates whi€ht\¢an effec influence the formation of
surface topography, the prediction model,of e topog can be established with the
consideration of force, wear and dynami onsg e ball-end mill. This prediction
model of surface topography has @rove ‘@;ﬁectlve and practicable by an

experlment

Keywords: ball-end cutter; ?U&e top\g\%force wear; vibration

1. Introduction

When using a b &:utt illing, various factors may cause deviation between
theoretical traj d actual ct ry. Comprehensive consideration is the key for the
success of th@ tion of urface topography [1].

There are Xistin ds of ball-end milling surface topography simulation. One is
the use of the path en urface of cutter to intersect with the work-piece. Lmani BM [2]
has given a surfac raphy model of intersection between envelope surface and work-
piece. CHIOU [@osed maximum potential field path planning, with good computational
efficiency. Fapgyu“Peng [4] proposed a bounding box to obtain the surface topography. The
other is Z- A method. OMAR [5] studied the influence of different axis rotation error in the
m|II|n system for the surface contour. Some points have influence on the surface

but, these methods are only equivalent to random census part of the point, and
%accurately describe the points. And those surface topography simulation methods
rarely involves in force, vibration and wear. A double-buffering mechanism [6] involved
force and vibration, but it does not include wear.

In this paper, a surface topography simulation model has been presented, which contains
the force, vibration, wear information. In this model, coordinate file of useful points can be
updated with the machining, it also avoid the inadequate statistical and large number of
statistical. Accuracy of the model has been proven by experiments

ISSN: 1975-4094 |JSH
Copyright © 2014 SERSC



International Journal of Smart Home
Vol.8, No.1 (2014)

2. Establishment of Trajectory Equations of Cutting Edge Discrete Points

2.1. Point on the Cutting Edge Mathematical Description

Ball-end cutter is the main tool of milling, an arbitrary point Q on the cutting edge, relative
to the center of the sphere, can be represented by (u, v, w,). As follows:

u Rsinacos(tan glIn[cot(a/ 2)]+6)
v |=| Rsinasin(tan gIn[cot(a/ 2)]+ &) 1)
w —Rcosa

£ is the helix angle of ball-end mill; z is the number of cutting edges; R is the radius of the

ball-end mill. If you select a time interval t, then @ is the angle of rotation of the tt ge
during the time. CV

2.2. Trajectory of Discrete Points on the Cutting Edge %,

rk—pie\cgﬁdmate system.
N/

Point coordinates of sphere center need to be converted
Translation vector can be computed by the followin

p 0 0
[X _(Xl’yl’zl’l) ) ’ o' 1 0 (2)
t ft ft 1

2
\
0 NA e cen dinates of the sphere when t;=0, f,,f ,f
s i~ x1 tyr 1z
2 &

0
Letwm, = 0

is the feed amount of, t?—Q@ in the dlrectlon X, Y,z 1S the center coordinates of the
sphere when t=t. %

Because pre- t-inclina le B, , B, and number of cutting edges z, the trajectory
of the centerﬁ all d to convert. Transformational matrix of the pre-inclination
post-inclinati gle a er of cutting edges isM, M, M, .
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Fully consider formula (1) - (5), the following formula can be obtained.
X = (Xi 1 Yir Zi )= (XO’ Yos Zo’l)M1 +(uv, W-l)M2M3M4 (6)

X, 1S the coordinate vector of any point at any time, and the coordinate P(x,y,,z) of any

point in the cutting edges can be obtained at any time. Integrated over time, trajectory of
points can be obtained in the work-piece coordinate system.

3. Modification of the Trajectory

3.1. Modification of the Trajectory based on Force of Cutter

The cutter is assumed to be a cantilever beam. O X,Y,Z, is established as e\y
coordinate system.O; is the origin point of coordinate system O, X,Y,Z,, it is er of
sphere. 6
/

/\\<</
\»V

\ \@
Figure 2 @\nat z mConversion

Regardless of the force, point 0 het enter to be the origin of coordinate, the
direction of axis for the z a he defo of X and Y direction at the point (0, 0, -z),

2(0,2)and x,(0,2) {Y]QQ e expre e

(9 7)= % -2 ~(L-2)+3(L-2) (L2
o ™

2ER4 (sz—z> —(L—Z)3+3(L—Z)2(L—ZFY):|

E is the elast| us of milling, R is the radius of cutter, F, (¢)andF,(¢)are the cutting

forces of t dlrectlon when cutter rotated ¢ degree, L is the length of the cutter, Z is
e cutter that generates tool deflection; Z_ andZ. are the distance between

the positi
cuttin@ point and the origin of the coordinate along the axis of x and y directions.
f

F% () is awindow function.

The deformation can be converted into the work-piece coordinate system by the following
formula.

a,a=0
<a>:{o,a<o ®)
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1 0 00
0 1 00
M=l o 0 10 ©)
2:(0,2) x,0,2) 0 1

3.2. Modification of the Trajectory based on Vibration of Cutter

The cutting point be the origin point, the direction of cutter axis be the z-axis, the normal
vector of the intersection in zZ,0Y, plane, established following coordinate system O,X.,Y,Z, .

The relationship between two coordinate systems, O, X,Y,Z, O,X.,Y,Z,, can be shown as Fig.3.

feed direction
leed Cirection

Figure 3. The Relationship of Transforn@n bet\iv thé Coordinate System

. \
Vibration function of the ball-end mill be t@i as the follows:
&
Y, (z) =c - osﬁrz& ' Z+5in £.z) (10)

This equation corresponds natural ff y of the milling
Q@ . &g—g(rﬂ,zs---) (1)
. Q pA
Parameters p. ' deter@y the flexural vibration characteristic equation of
milling cutts fechpL = E is the elastic modulus of milling cutter. The time of
sampling aboutthe poin e cutting edge,t is set to m/ @, (m>200w,). Transformation
matrix can be obtaine ows.

coso sino 0
U, v;,w,)=1,+(0,Y,,z,)| -sinc cosc 0 (12)
\& 0 0 1

3.3 ICation of the Trajectory based on Wear of Cutter

e following coordinate systemO,X,Y,Z,, the wear [9] along XYZ directions can be
expressed as the follows:
de =AAh(At)siny/(i,a, z)
Mdy =AAh(At)cos://(i,a, 2) (13)

M, = AA, (A1)

M, . My is necessary to compensate respectively for the amount of radial direction and y
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direction along the X decomposition rate of compensation, M, is the compensation required
by the axial. The transformation matrix is as follows:

1 0

M = (14)

= O O O

0
0 1 0
0 0 1
_Mm _Mw _Mm

3.4. Discrete Point Trajectory Equation

Fully consider formula (6) - (15), any point on the cutting edge, coordinates (x;, Vi, z,) in
the work-piece coordinate system, can be computed by the following formula.

L 4
(Xi!yi’zi11):(xoy0201)M1M5M6+(ui'Vi'\Ni!1)M2M3M4 OVX’)
4. Surface Topography Simulation and Experim@’ @

4.1. Discrete Point Trail Reservation

Not all points on the cutting edge were invovathe cu}?m, and in order to avoid
unnecessary coordinate statistics, participants oﬁ@utting.e@eed to be determined.

AN
“,

\Q :
OQFi @ I);articip

Shown in Figurg(S\@7is the angle between the rotating axes and the normal of the deepest

ants of the Cutting Edge

point of the cutti y calculation, the policy of reservation of trajectory can be obtained as
follows:
Ifa> -, the point is never involved in cutting.

-, the point has been involved in cutting, information need to be reserve.
It70, <a<6,+6,, the point is intermittent participation. If the following equation holds,

information of trajectory needs to be reserve. 6, =(n —1)2—”,(Osns z), @is the angle of
zZ
rotation of the cutting edge during the time interval t.

3-2cosf;. tana

cos(, +6) < ——
sinasinéd, tané;

(16)
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Otherwise According to the third case. Set t to be the time intervals, coordinates for each
discrete point can be gotten at the time. Coordinates of points formed at different times to
meet the following type (t,, >t,.,), as Figure 6.

{xn <X, <X an
yn < ym < yn+1

\/‘
Figure 6. The Method of Retentb &

When the other point fall into this area, the distan this p0| \(Q(xm, Y., Z,) from the

design surface e need to be compared, then t inimum \% also need to be remained.
When the length of QN is bigger than PM,r he coordﬁﬁ of P, discard coordinates of

Q.

4.2. Logic of Surface Topograp yélatlon s\\
MATLAB and visual C + progr |s used in Software, MATLAB is used to
generate m files; VISUAL_C++ 1s us nerate the main control program, and call

MATLAB in a variety of@cedures & logic of surface topography simulation can be

shown as Figure 7. &Q *

ASV file
updates

Di
point
calculation
1oop

Tool Tool
wear vibration

Coordinate value
udgment reserved,

dimensional
map basis on
AVS file

Figure 7. System Logic Diagram

212 Copyright © 2014 SERSC



International Journal of Smart Home
Vol.8, No.1 (2014)

4.3. Milling Experiment

In order to find out the accuracy of the model, a series of experiments need to be carried
out. Three - dimensional graphics of Helmet and experimental processing is shown as Figure
8.

Experimental parameters
Spindle speed (r/min)
Tool Feed (mm/min) Q 800 im, 1500mm/min
Cutting depth (mm) . O ,0.03

Tool material \ @—th—speed steel
Tool diameter (mm) 6 *\ 10
Cutter teeth s\\ 2
Tool type @ Ball End
Tool heli * % 30°
Work-piece material \ AISI 2024
CNC machin@equipmen® XH715 Machining Center
s kNnstrumeat Coordinate Measuring Machine
%S‘ Reference 600
isdible

@“ (1.0+L/350)

I and Simulation Result

4.4. Analysis of Experij

Within the gree of each line to take five test points on the three lines p, g, r.
Simulation value@xe actual value comparison processing in Table 2. Figure 9 shows the
tual m

comparisomoj ac icroscopic surface and microscopic surface of simulation.
f\.

le 2. Error Comparison between Experiment and Simulation

wﬂng Measuring points Simulation value (mm) Error

ag

(46.8401,-50.2002,-0.0379) (46.8401,-50.2002,-0.0292) 0.0087
(46.8339,-50.3118,-1.0325) (46.8339,-50.3118,-1.0407) -0.0082
(46.6695,-50.2045,-2.0291) (46.6695,-50.2045,-2.0443) -0.0152
p (46.8446,-50.2002,-3.0397) (46.8446,-50.2002,-3.0299) 0.0098
(46.7164,-50.6863,-4.0395) (46.7164,-50.6863,-4.0245) 0.0150

Z average value-2.03114 Z average value-2.04272 A\éegalgleg%rror
q (46.0445,-52.4472,-0.0981) (46.0445,-52.4472,-0.1093) -0.0112
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(47.3637,-51.9918,-0.0559) (47.3637,-51.9918,-0.0446) 0.0113
(48.2972,-51.6107,-0.0587) (48.2972,-51.6107,-0.0515) 0.0072
(49.8743,-50.8885,-0.0729) (49.8743,-50.8885,-0.0840) -0.0111
(50.6878,-50.4773,-0.1151) (50.6878,-50.4773,-0.1249) 0.0098
z average value -0.08014 z average value -0.08026 A\geroalg(;alzrror
(45.9341,-52.1874,-0.0908) (45.9341,-52.1874,-0.0998) -0.0090
(46.9462,-51.8789,-0.0492) (46.9462,-51.8789,-0.0417) 0.0075
(47.7335,-51.5768,-0.0473) (47.7335,-51.5768,-0.0564) -0.0091
r (48.7574,-51.1337,-0.0494) (48.7574,-51.1337,-0.0367) 0.0127
(49.5795,-50.7524,-0.0588) (49.5795,-50.7524,-0.0697) -0.0109
z average value -0.0591 z average value -0.05906 A\geroage eror‘

Figure 9. Actual Re&%mpareéﬁ@h the Simulation Results

5. Conclusion

(1) The establishment Itlple co e systems is the key for the success of ball-end
milling simulation dé& of the \aria Ies are converted into the work-piece coordinate
system, which mak dicti el of surface topography can be established with the
consideration ear and
is correct.

(2) Not all of the poj
intermittent cutting.
statistics and larg

mic response. Through experimental verification model

the cutting edge are involved in machining. Some of them are
new policy of retention has been proposed to avoid inadequate
r of statistics.

(3) The gegults of experiment show that the values of simulation model and test values
have a go ment. But this model also has errors, if the heat of tool and work-piece, and
thermal c&ling power into account, the accuracy of the simulation model would have

rovement
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