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Stability Analysis in Transient Cut during Endmilling
Seokjae Kang *, Dong-Woo Cho*
ABSTRACT

Virtual computer numerical control (VCNC) arises from the concept that one can experience pseudo-real machining with
a computer-numerically-controlled (CNC) machine before actually cutting an object. To achieve accurate VCNG, it is
important to determine abnormal behavior, such as chatter, before cutting. Detecting chatter requires an understanding of
the dynamic cutting force model. In general, the cutting process is a closed loop system that consists of structural and
cutting dynamics. Machining instability, namely chatter, results from the interaction between these two dynamics.
Several previous reports have predicted stability for a single path, using a simple cutting force model without tool runout
and penetration effects. This study considers both tool runout and penetration effects, using experimental modal analysis,
to obtain more accurate predictions. The machining stability in the corner cut, which is a typical transient cut, was
assessed from an evaluation of the cutting configurations at the corner.
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7| s ' i = Index of flute

J = Index of cutter rotation

fo
M

m_, m_=Modal mass in the direction of
X & Y axes

C., C,=Modal damping constant in the

k = Index of disk element
N # = Number of flute
6, = Helix angle

direction of X & Y axes
k_\. , k . = Modal spring constant in the
direction of X & Y axes
6( j) = Cutter rotation angle
A6 = Cutter rotation angle increment
¢ = Angular position of a cutting edge
¢ = Flute spacing angle
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Aa = Height of z-axis disk element
F_,F_, F_=Cutting force components in

Cartestan coordinate

K

»» K 7,0, = Cutting force coefficients -
normal specific cutting force,
frictional specific cut-ting force, and

chip flow angle, respectively



¢emr_\- = Entry aI_lgle of a cutter
¢e_\.,-{ = Exit angle of a cutter

chlting
R = Radius of tool
t.= Uncut chip thickness
f, , = Feed per tooth

&, = Rake angle

(X,,Y,) = Actual position of a cutter

= Immersion angle of a cutter

center

(X,,,Y,) = Nominal position of a cutter
center

(X o p) = Deviation caused by cutter
runout

1% , &, = Radial runout offset of a

cutter and its location angle
X,,. X, X, =Relative acceleration,
velocity and displacement for tool in

the direction of X axes

Y, Y., Y,

va» £ v ¥ ,q = Relative acceleration,

velocity and displacement for tool in
the direction of Y axes
d,,d,. = Depth of cut and width of cut,

respectively
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Fig. 1 Schematic diagram of tool vibration model
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Table 1 Modal parameters of the tool.

Mass
(Kg)

Freq.
(Hz)

IDamping
ratio

>

-axis 6.76 839 0.0314

'Y-axis 6.62 861 0.0382
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Table 2 Cutting coefficients and runout parameters

Kn Kf ec P arun
(N/mm?) (rad.) | (mm) | (deg)
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