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Abstract: The reliability method was introduced into the prediction of modal coupling chatter in
robotic milling. Firstly, the reliability model was established and the limit state equation was
obtained. Secondly, the fourth-order moment method was used to calculate the reliability and
sensitivity to analyze the influence of various parameters on the milling stability. Finally, an
example was given based on the engineering background of robotic milling bone. The results
showed that the two-degree-freedom stiffness, cutting force coefficient and feeding direction of the
robot will affect the stability of the milling process. Within a certain range, increasing the stiffness
in X divection, reducing the stiffness in Y direction, reducing the cutting force coefticient and
choosing the feed divection resonably are helpful to avoiding modal coupling chatter. The system
is more sensitive to the change of cutting force coefficients than to the stiffness in X and Y
directions, and has more significant benefit influence on stability.
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Fig. 1 Robotic milling model and machining force analysis
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Fig.2 Two degrees of freedom simplified dynamic model
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Fig. 3 Reliability without chatter with 10% variation of the parameters under different depths of cutting(a =150°)
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Fig. 4 Reliability in different feeding directions
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Table 2 Sensitivity of the system to random variables
(oc=105°)

FEFLAZHR »=0.2mm b=0.3mm b=0.5mm
aP/ou(k,)  8.92e+37 1.14e+41  1.78e +39
OP/ou(k,) —-8.92e+37 —1.14e+41 —1.78e+39
AP /ou(K,) -1.63e+52 -2.08e+55 -3.27¢+53
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Table 3 Sensitivity of the system to random variables

(ax=135°)
FEMLER  »=0.2mm b=0.3mm b=0.5mm
OP/ou(k,) 1.23e+42 8.80e+34 3.98e-12
OP/ou(k,) —1.23e+42 -8.80e+34 -3.98e-12
OP/ou(K,) -2.26e+56 —1.6le+49 —7.28e2
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Table 4 Sensitivity of the system to random variables

(ax=150°)
FEMLAER  »=0.2mm b=0.3mm b=0.5mm
oP/ou(k,) 1.16e+42  9.46e+38  5.72e+8
OP/ou(k,) —1.16e+42 -9.46e+38 —5.72¢+8

OP/ou(K,) -2.13e+56 —1.73¢+53 ~—1.05e +23
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