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Analyses of Structural Dynamic Characteristics and
End Milling in a Vertical Machining Center

S. Y. Lee*, S. G. Kim*™, J. M. Lee***

ABSTRACT

In a high speed and high precision vertical machining center, chatter vibration is easily generated due to
unbalanced masses in rotating parts and changes of cutting forces. In this paper, modal test is performed
to obtain modal parameters of the vertical machining center. In order to predict the cutting forces of end-
milling process for various cutting conditions, a mathematical model is given and this model is based on
chip load, cutting geometry, and relationship between cutting forces and the chip load. Specific cutting con-
stants of the model are obtained by averaging forces of cutting tests. The interactions between the dynamic
characteristics and cutting dynamics of the vertical machining center make the primary and the secondary
feedback loops, and we make use of the equations of system to predict the chatter vibration. The chatter
prediction is formulated as linear differential-difference equations, and simulated for several cases. Trends
of vibration as radial and axial depths of cut are changed are shown and compared.

Key Words : Vertical Machining Center(F87F871), Chatter Analysis({¥ #14), End Mill Process(1=% #%4),
Structural Dynamic Characteristics(72%5%), Cutting Dynamics(¥2t& 98, Feedback (3 =)
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Table 1. Cutting conditions for tests

end mill diameter 16 mm, 2 flutes
radial depth of cut (mm) 2, 3 4 5 6
axial depth of cut (mm) 10, 13, 16
feed rate (mm/min) 80, 100, 120
spindle speed (R. P. M.) 400, 600
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Photo. 1 End milling in a vertical machining center

Table 2. Specific cutting force coefficients

2

0.107Ell, -0.114E13, -0.232E12,
0.611E15, -0.192E15,

~-0282E14, 0.212E14
0683E14, 0268E13, 0.890E17

0538 , -336

=
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Table 3. The modal parameters of the vertical machining

center by LMS

equivalent mass | equivalent damping | equivalent stiffness

(kg) (kg/s) (N/m)

x-direction 44.840 43675 1.3613E08

y-direction 36.355 3387.4 1.3193E08
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Table 4. The results of the dynamic analysis I (max-
imum displacement only)
(axial depth of cut=16mm, velocity of spin-
dle=600rpm, feed rate=120mm/min.)

—d ra;gialf
epth o
disp. \\ cut 2 mm 4 mm 6 mm 8 mm
(pm)
x-displacements 7.49 42.25 1065 4343
y-displacements 1041 75.50 188.2 7449

rd=2mm, ad=16mm, rpm=600, feed=120mm/min
40

20

X -20

-40

Disp. of x-direction (micron)
o
| £ ] T | ¥ ' L ’ i)

Disp. of x-direction (micron)

0 1 2 3 4 5 6 7
Time ( sec)
rd=2mm, ad=16mm, rpm=600, feed=120mm/min
40

20

-20

-40

Disp. of y-direction(micron)
[~
T l S

o
-
N

3 4 5 8 7

Time ( sec)

Fig. 1 Dynamic displacement analysis of a vertical machin-
ing center ( radial depth of cut=2mm, axial depth of
cut=16mm, 600RPM, feed =120mm/min)
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Fig. 2 Dynamic displacement analysis of a vertical machin-
ing center ( radial depth of cut=4mm, axial depth of
cut=16mm, 600RPM, feed=120mm/min)
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ig. 3 Dynamic displacement analysis of a vertical machin-
ing center ( radial depth of cut=6mm, axial depth of
cut=16mm, 600RPM, feed=120mm/min)
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Table 5. The results of the dynamic analysis II (maxi-
mum displacement only)(radial depth of
cut=6mm, velocity of spindle=600rpm, feed
rate=120mm/min.)

axial
disp. PR L W0 mm | Bm | 16 mm
(um)
x~displacements 8.76 36.16 1055
y-displacements 2457 59.45 188.2

rd=6mm, ad=10mm, rpm=600, feed=120mm/min
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Fig. 4 Dynamic displacement analysis of a vertical
machining center (radial depth of cut=6mm, axial
depth of cut=10mm, 600RPM, feed=120mm/min)
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Fig. 5 Dynamic displacement analysis of a vertical

machining center (radial depth of cut=6mm, axial
depth of cut=13mm, 600RPM, feed =120mm/min)
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Table 6. The results of the dynamic analysis III (maximum a
displacement only)(axial depth of cut=16mm, veloci- Time ( s6¢)
ty of spindle=400rpm, feed rate=120mm/min.)
. Tadal Fig. 7 Dynamic displacement analysis of a vertical
d@ ~depth of |, 6 mm 8mm | 10 mm machining center (radial depth of cut=6mm, axial
Sop depth of cut=16mm, 400RPM, feed = 120mm/min)
x~-displacements 10.18 15.60 19.11 519.0
y-displacements 12.49 3328 5047 8339
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Fig. 6 Dynamic displacement analysis of a vertical Fig. 8 Dynamic displacement analysis of a vertical

machining center (radial depth of cut=2mm, axial
depth of cut=16mm, 400RPM, feed =120mm/min)
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machining center (radial depth of cut=8mm, axial
depth of cut=16mm, 400RPM, feed=120mm/min)
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Dynamic displacement analysis of a vertical machin-
ing center (radial depth of cut=10mm, axial depth of
cut=16mm, 400RPM, feed=120mm/min)

Fig. 9

Table 7. The results of the dynamic analysis IV (maximum
displacement only) (radial depth of cut=6mm, velocity
of spindle=400rpm, feed rate=120mm/min.)

axial

disp. depthcgg 10 mm 13 mm 16 mm 19 mm

(um)

x~displacements 13.22 1492 15.60 16.23 -

y~displacements 31.49 33.36 3328 34.90
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rd=6mm, ad=13mm, rpm=400, teed=120mm/min
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Fig. 10 Dynamic displacement analysis of a vertical
machining center (radial depth of cut=6mm, axial
depth of cut=13mm, 400RPM, feed = 120mm/min)
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Fig. 11 Dynamic displacement analysis of a vertical
machining center (radial depth of cut=6mm, axial
depth of cut=19mm, 400RPM, feed=120mm/min)
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