Design of a tuned mass disc damper with variable
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Abstract. This paper presents a tuned mass disc damper (TMDD) for chatter suppression during
metal cutting. The design utilizes the vibration of one cantilever beam. By the variation of the
beam length, the natural frequency of the TMDD could be easily and accurately tuned to match
the critical frequency of the primary structure. The damping effect of the TMDD is generated from
the collision and the friction between the discs and the host structure, therefor it is essentially
independent of the environment temperature and very durable.
Keywords: tuned mass damper (TMD), particle damper (PD), chatter suppression, frequency
response function (FRF), impact hammer test.
1. Introduction
As Frederick Taylor has already stated in 1907, chatter is always one difficult problem in
machining with machine tools [1]. It limits the productivity and harms the product quality [2].
Therefore, plenty of researchers are working on different chatter suppression methods such as
passive damping techniques. Many passive damping methods could be used to suppress chatter in
machining. The tuned mass damper (TMD) is one of them. The original idea of the TMD was
introduced by Frahm in 1911 [3]. Another researcher Hahn has first proposed the use of the TMD
as chatter suppression method [4]. The basic target of the TMD is to damp the critical mode of the
machining systems [2]. In order to reach the aim, one natural frequency of the TMD must be tuned
accurately to match the critical natural frequency of the machining systems [2]. The damping
effect of the TMD is mostly realized by using the viscous materials, which are very sensitive to
the external temperature and degrade over time [5, 6]. Alternatively, the particle damper (PD)
dissipates vibration energy by the collision and the friction between the particles and the hosting
enclosure, therefor it is independent of the environmental temperature and very durable [6, 7]. But
the PD generates lower damping effect than the TMD at the same vibration level [5]. In order to
avoid the drawbacks of the TMD and the PD, a few researchers have explored the tuned mass
particle damper (TMPD), which combines the merits of the TMD and the PD [5, 8, 9].
In this paper, we present a new passive damper, which combines the principles of the TMD
and the PD. The particles are replaced by metal discs, therefore we name it tuned mass disc damper
(TMDD). In the second section the structure of the TMDD is explained. Thereafter we present the
measurements of the TMDD in the third section. Then we validate the effectiveness of the TMDD
in the fourth section. At the end are the conclusion and the outlook.
2. Structure of the TMDD
Fig. 1 shows the design of the TMDD. It is attached to the primary structure through the
magnetic foot with a M6 threaded hole. A M6 screw connects to the magnetic foot and works as
one cantilever beam. The identical annular metal discs are installed on the M6 screw. The axial
positions of the metal discs along the M6 screw are adjusted by changing the number of the front
and back washers. The damping effect is generated by the collision and the friction between the
metal discs and the M6 screw. The natural frequency of the TMDD depends on the total mass and
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the axial positions of the metal discs. The measurements of the natural frequencies will be
explained in the next section.

Fig. 1. Design of the TMDD

3. Measurements of the TMDD
As mentioned in the second section, the natural frequency of the TTMD could be adjusted by
changing the total mass or the axial positions of the metal discs. During the measurements
presented in this section, we kept the total mass of the metal discs as constant and varied their
axial positions. The total number of the front and back washers was 30. The number of the front
washers increased from 1 to 29, while the number of back washers decreased from 29 to 1. The
natural frequencies of the TTMD with different axial positions of the metal discs were measured
by the impact hammer tests. Because the mass of the accelerometer is very small compared to the
total mass of the metal discs (small than 1.4 %), the natural frequency of the TMDD could be
measured accurately. The measurement set up is shown in the Fig. 2.

Fig. 2. Impact hammer test

Fig. 3. Results of the impact hammer tests
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The results of the impact hammer tests are shown in the Fig. 3. The first natural frequency of
the TTMD decreases from 69 Hz to 34 Hz with the increasing of the number of the front washers.
This tendency is expected, because the M6 screw works as a cantilever beam, the length of the
beam is proportional to the number of the front washers. The natural frequency of the TMDD out
of this range could be reached by using another screw or changing the number of the metal discs.
The measurement results would be used in the next section.
4. Validation with a z-slide test rig
Because the z-slides of some milling machine tools are long overhanging, they have small
dynamic stiffness. Which means chatter could easily occurs during the machining processes with
these machine tools. In this section, we present the validation for the TMDD with a z-slide test
rig. As shown in the Fig. 4, the z-slide has the mass 410 kg. The frequency response function
(FRF) of the z-slide was measured with and without the TMDDs. Fig. 5 shows the measurement
results. The receptance in 𝑌-direction 𝐺 of the z-slide at its natural frequency 62 Hz without the
TMDD is 1.379 µm/N. Utilizing the measurement results from the third section, 11 TTMDs with
the total mass 7.5 kg (1.9% of the z-slide) were tuned to have the identical natural frequency
60 Hz. They were installed on the z-slide to mitigate its vibration. The maximum of the receptance
of the z-slide is reduced from 1.379 µm/N to 0.415 µm/N by 70 %. The damping effect of the
TTMDs is excellent.

Fig. 4. Measurement set up for the validation of the TMDDs

Fig. 5. Results of the impact hammer tests with and without the TMDDs

5. Conclusions
This paper presents a new passive vibration damper TMDD combining the merits of the TMD
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and the PD. The TMDD has three main advantages. First of all, the first natural frequency of the
TMDD could be easily adjusted to match the critical natural frequency of the primary structure,
whose vibration should be mitigated. Secondly, the damping effect is not generated from the
viscous materials, but from the collision and the friction between the metal discs and the screw.
This characteristic guarantees the robustness of the TMDD under the extreme environment
temperature. Furthermore, the TMDD are installed through the magnetic foot, which means the
threaded holes on the primary structure are not necessary. Because of the aforementioned
advantages, the TMDD is very promising to avoid chatter during the metal cutting.
In the future research, the effectiveness of the TMDD will be validated by the cutting
experiments. Furthermore, in order to better understand the vibration behavior of the TMDD, a
mathematical or a physical model will be developed, which should calculate the natural frequency
and the damping effect of the TMDD.
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