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In this paper, regenerative chatter vibrations in orthogonal cutting process are simulated using MSC ADAMS software
for the first time. To this end, the governing differential equation of the system's vibrations, caused by wave
regeneration mechanism in the presence of process damping and by incorporating velocity- and acceleration-dependent
terms, is first derived. The excitation force terms in this equation are then classified into three categories: the excitation
force due to static chip thickness, the self-excited force resulting from the difference between the current and previous
waves formed on the workpiece (expressed as a delay term), and the frictional force due to process damping, which is
a function of the vibration velocity, acceleration, and spindle speed. Subsequently, by developing a vibrational model
of the process in ADAMS software, and through an innovative approach using the software’s internal functions, all
components of the excitation force, including the static, delayed self-excited, and process damping frictional forces,
are applied as external forces to the system. Through simulations, time responses of the system's vibrations are extracted
with and without the effect of process damping, across stable, critically-stable, and unstable conditions. Comparison of
the simulation results with those obtained from numerical solutions of the equations using semi-discretization method
shows excellent agreement. In addition, the behavior of the system predicted by the proposed model is validated through
comparison with experimental data reported in previous studies. The developed model, while easy to implement, offers
extensibility for simulating more complex chatter scenarios in machining processes.
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Fig. 1 Single-degree-of-freedom vibration model representing
regenerative chatter in orthogonal cutting process
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Fig. 4 Time responses of the system corresponding to various operating

points on the stability lobes diagram in Figure 3: (a) Point A — stable, (b)
Point B — critically stable, (c) Point C — unstable
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Table 2 Numerical parameters used in the simulations of Example 1 [7]

K;(N/m?) k(N/m) c(N.s/m) m(kg)
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Fig. 3 Stability lobes diagram generated for the system using the semi-
discretization method based on the parameters provided in Table 2
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Fig. 7 Stability lobes of the system based on the data provided in Table 2,
considering the velocity- and acceleration-dependent terms in process

damping ( C; = 0.611 x 10°(N/m), a; =332(N) ) together with
experimental data from reference [5]
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Table 3 Numerical parameters used in the simulations of Example 2 [7]

Ky(N/m?) k(N/m) c(N.s/m) m(kg)
2585 x 10° 7.92 x 10° 176.8 1.742
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Fig. 5 Stability lobes diagram for a new tool with C; = 1.181 x 10°(N/

m) and a worn tool with C; = 4.586 X 10°(N/m) based on the data given
in Table 3 [7]
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Fig. 6 Vibration responses of the system obtained from ADAMS software

and comparison with the semi-discretization method for Point D in Figure
5: (a) new tool — unstable, (b) worn tool — stable
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Fig. 8 Vibration responses of the system obtained from ADAMS software

and comparison with the semi-discretization method for different points in
Figure 7: (a) point E — stable, (b) point F — unstable
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Fig. 9 Vibration responses of the system obtained from ADAMS software
and comparison with the semi-discretization method for Point G in Figure
7: (a) incorporating velocity-dependent term in process damping — stable,

(b) incorporating both velocity- and acceleration-dependent terms in
process damping — unstable

saddilyl Jao 3Slos cusyw sy -F-F

5513630 331y 5s oadsll Juo 3)lae Gy sskiieds
slegilodnd elxil gloj ¥ Jsaz 55 @lt zhxiul ey
L ssbotianS—ans sy 51 blite oles b Jae 31 Jol>
ol o dlyl gy 93 (5l s (533e wlowdaid sl

9 3031 Jl38leyi 53 oadalal Jao o silwannd ploj duglio ¥ Jgiz

o 138105 53 (gjlodiunnS —dand (b,
Table 4 Comparison of simulation time between the ADAMS model and
the semi-discretization method in MATLAB
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