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A STUDY ON CREATING STABILITY LOBE DIAGRAM BASED

ON TOOL TIP DYNAMICS

ABSTRACT

Tran Minh Quang*?", Chun-Hui Chung?
University of Technology - TNU
2National Taiwan University of Science and Technology

Creating stability lobe diagram has an important role in optimizing the maximum depth of cut at
the highest available spindle speed without chatter. Thus, this study was carried out to determine
the stability lobe diagram of a milling machine tool. Firstly, the dynamics of tool tip were
investigated by impact tests that applied impulse loads and the signals then were obtained by using
Metalmax ™. The TXF™ was utilized to achieve the modal parameters by using modal fit. Finally,
a simulation was accomplished by using a Matlab® program to carry out the stability lobe diagram
with Fourier series approach. The result obtained from simulation agrees with that comes from the

software.
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INTRODUCTION

Machine tool chatter is a self-excited
vibration that causes machining instability, it
results in poor surface roughness, and
increasing tool wear in machining [1, 2].
Therefore, this phenomenon should be
avoided during the mechining processes to
improve the productivity. In general, a
stability lobe diagram based on regenerative
chatter theory is a simple and useful way to
predict and control chatter, the diagram
represents the relationship between critical
chip width and spindle speed [1-3]. It has two
regions, stable and unstable zones, which are
separated by a boundary created by a series of
intersected stability lobes. Thus, higher depth
of cut and material removal rates can be
achieved by wusing this method [4-6].
Investigation ofthe dynamics of the tool tip is
required for creating the stability lobe
diagram, and it could be measured using
impact tests and modal analysis [7].

In this study, the impact tests are used to
determine mode shapes and natural
frequencies of an end milling. The model
parameters and stability lobe diagram were
obtained by using the Metalmax™. Another
stability lobe diagram was obtained by using
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a Matlab® program with Fourier series
approach, a comparison of both approaches
will be done to analysis the factor that effect
on the machining stability.
EXPERIMENTAL SETUP

In this work, the tool tip dynamics will be
determined by applying the impulse load at
the tip of tool. The arrangement is shown in
Fig. 1(a). The tests are achieved using a
carbide end mill cutter, the tool’s parameters
and its setup are shown in table 1.

The frequency response function (FRF) of the
tool-holder-spindle assembly in x and y
directions can be obtained by Eq. (1).

6, (@)= G (5)=1) (1)
F. (o) F (o)

where X(w) and Y(w)are the measured
response in the frequency domain in x and y
directions, respectively; and Fy (w)are the
impulse load applied on the tool. The impulse
loads has been impacted by impulse hammer
having sensitivity 1.24 mV/N and the
corresponding displacement at the tool tip is
measured by the accelerometer (352C23)
having sensitivity 5.29 mV/G. The FRF in x and
y directions can be achieved from the output of
TXF™ software shown in Figure 1(b).
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Fig.1. Experimental modal analysis set-up (a), output of TXF™ -FRF in x and y directions (b)

Table 1. Cutting tool’s parameters

. Cutting edge .
Cutting Tool Diameter Cutting edges Iength ’ Stickout length
(mm) ) (mm)
Carbide End Mill 12 2 30 40
MODE SHAPES In this section, the modal parameters will be
determined. Once, the FRF in x and vy
(= Oreatmini ~ Preal maxi @ directions were measured, a model are
a zwm defined by performing a modal fit to the
measured data. To identify the modal
1 parameters, fitting approach will be a peak-
|(qi = 3) picking method where we use the real and
mln(|m[FRFi])Zqu imaginary parts of the system FRFs. This
work was done on TXF™ software and the
k. model fit results are shown in figure 2 in
mqi = _q2| 4) which five modes are selected in x direction
@i and four modes in y direction. Picking the
peak values of real/imaginary parts and the
Cy = 2< m (5) corresponding values of frequencies in x and
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y directions are shown in Table 2 and Table 3,
respectively.
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Fig. 2. FRFs_Real and their model fit in x and y directions

Table 2. Pick the peak values of imaginary parts and the corresponding values of frequencies for each

mode in x direction

Re(FRF)_max Re(FRF)_min Im(FRF)_min
X
direction Value Frequency Value Frequency Value Frequency

(m/N) (Hz) (m/N) (Hz) (m/N) (H2)
Mode 1 1.659-7 751 9.455¢-8 817 -1.045e7 787
Mode 2 1.485e-7 920 -3.245e-8 1023 -1.957e7 970
Mode 3 1.314e-7 2769 9.752¢-8 2887 -4.607e8 2830
Mode 4 1.603e-6 4113 -1.441e-6 4185 -3.068¢e6 4149
Mode 5 -1.140e-7 4452 -5.068e-7 4537 -5.103e7 4493

Table 3. Pick the peak values of imaginary parts and the corresponding values of frequencies for each

mode in y direction

Re(FRF) max Re(FRF)_min Im(FRF)_min
Y
direction Value Frequency Value Frequency Value Frequency

(m/N) (Hz) (m/N) (Hz) (m/N) (H2)
Mode 1 2.544e-7 770 1.510e-8 837 -2.512e7 804
Mode 2 1.485e-7 920 -3.245¢-8 1023 -1.957e7 970
Mode 3 1.603e-6 4113 -1.441e-6 4185 -3.068¢e6 4149
Mode 4 -1.140e-7 4452 -5.068e-7 4537 -5.103e7 4493
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Table 4. Model parameters in x direction

X Model Mode2 Mode3 Mode4 Mode 5
w;i(rad/s) 4945 6095 17781 26069 28230
Eqi 0.0419 0.0531 0.0208 0.0087 0.0095
kqi*log(N/m) 1.1411 0.4812 5.2058 0.1878 1.0358
mqi(kg) 4.6667 1.2955 1.6465 0.0276 0.1300
Cqi(N.s/m) 1935.2 838.4 1220.7 12.5 69.4
Table 5. Model parameters in y direction
Y Mode 1 Mode 2 Mode 3 Mode 4
wi(rad/s) 5052 6095 26069 28230
Eai 0.0417 0.0531 0.0087 0.0095
kqi(N/m) 0.4777*10° 0.4812*10° 0.1878*10° 1.0358*10°
mgi(kg) 1.8719 1.2955 0.0276 0.1300
Cqi(N.s/m) 788.0331 838.4122 12.5032 69.4158

Stability lobe diagram with Fourier series approach
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Fig. 3. The stability lobe diagram from Simulation
In addition, from peak picking modal fit, the  diagram that obtained from TXF™ software.

model parameters can be calculated by using
equations from (2) to (5). These model
parameters in x and y directions are
represented in Table 4 and 5, respectively.

RESULTS AND DISCUSSIONS

The direct FRF in x and y directions can be
reconstructed by using model
parametersobtained by peak picking modal fit
that have been presented in [1]. In this present
work, the slot milling on a block of
Aluminum 7050-T7H51 were supposed, for
the force angle p = 65.91°, and the specific
cutting force coefficient K; = 800 N/mm2. A
stability lobe diagram then was obtained by
using Fourier series approach [3] shown in
Figure 3. Figure 4 represents the stability lobe
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In general, the simulation results are quite
close to that of the software.

Especially, as the range of spindle speed Q>
4200 rpm, the limitation of stabilities are 0.41
mm and 0.26 mm at = 11800 rpm in Figure
3 and 4, respectively. When the rage of
spindle speed Q< 4200 rpm, the limit
stabilities are 7.01 mm and 4.9 mm at Q =
1600 rpm in Figure 3 and 4, respectively. It
can be seen that the most different thing
between two results is in which the TXF™
software consider process damping with
process damping wavelength of 0.6 mm.
whereas simulation results (Figure 3) does not
consider that. This lead to in Figure 4, the
stability lobes gradually move up at lower
spindle speed, but this phenomenon does not
happen in the Figure 3.
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Fig. 4. The stability lobe diagram from TX

CONCLUSIONS

In this study, the impact tests with impulse
loads were used to determine mode shapes
and natural frequencies of an end milling. The
model parameters and stability lobe diagram
were obtained by using the Metalmax™.
Another stability lobe diagram was obtained
by using a Matlab® program with Fourier
series approach. A comparison of both
approaches was done and shown that the
simulation result is very close to that of the
software. Thispresent work also contributes to
a better understanding to create the stability
lobe diagram.

REFERENCES
1. Schmitz, L., Smith S., (2008), Machining
Dynamics: Frequency Response to Improved
Productivity, Springer Science & Business Media.

FTM

2. Altintas, Yusuf (2012), Manufacturing
automation: Metal cutting mechanics, machine
tool vibrations, and CNC design. Cambridge
university press.

3. Tobias A., Fishwick W. (1958), “Theory of
regenerative machine tool chatter”, The engineer,
205 (7), pp. 199-203.

4. Abele E., Fiedler U. (2004), “Creating Stability
Lobe Diagrams during Milling”, CIRP Annals -
Manufacturing Technology, 53, pp. 309-312.

5. Jianping Yue (2006), “Creating a Stability Lobe
Diagram”, Proceedings of the [IIME -
INTERTECH Conference.

6. Altintas Y., Budak E. (1995), “Analytical
prediction of stability lobes in milling”, CIRP
Annals - Manufacturing Technology, 44 (1), pp.
357-362.

7. E. Budak (2006), “Analytical models for high
performance milling. Part Il: Process dynamics
and stability”, International Journal of Machine
Tools & Manufacture, 46, pp.  1489-1499.

69



Tran Minh Quang va Prg Tap chi KHOA HQC & CONG NGHE 176(16): 65 - 70

TOM TAT
NGHIEN CUU XAY DUNG BIEU PO ON PINH GIA CONG PHAY DUA VAO
PONG LUC HQC CUA MUI DAO

Trin Minh Quangl’z*, Chun-Hui Chung2
‘Truong Pai hoc Ky thudt Cong nghiép - DH Thai Nguyén
2Tyruong Pai hoc Khoa hoc va Céng nghé Quéc gia Pai Loan

Xay dung biéu d6 on dinh gia cong c6 vai trd quan trong trong viéc tdi wu hoa chiéu sau cat cuc
dai va tbc do cét 16n nhat cia miy ma khong xay ra hién tuong tu rung. Vi vay, nghién ctru nay
trinh bay mot cach tiép can nham xac dinh biéu d6 on dinh gia cong cho qué trinh phay. Trudc
tién, ddng luc hoc cua mili dao phay s€ dugc xac dinh dya vao céc thi nghiém va dap ma & do cac
luc va dap tir bia va cac tin hiéu rung cia dau dao phay dwoc ghi lai thong qua hé thdng
Metalmax™. Phin mém TXF™ sau d6 dugc su dung nham xac dinh céac thong ) dong luc hoc
clia mili dao phay. Cudi cung, théng qua mot chuwong trinh mé phong trén Matlab®, biéu dd on
dinh gia cong da duoc xay dung st dung phuong phéap chudi Fourier. Két qua mé phong thu duoc
phi hop véi cac két qua tir phan mém TXF™.

Tir khoa: Tu rung trong gia cong, Biéu do on dinh gia cong, Pong luc hoc miii dao phay, Péng
lyc hoc quad trinh cdt
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