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Abstract: Planetary power transmission are characterized through more complex design and kinematics parameters compared to involute
gear trains with parallel shafts. It has been established that their components should be measured and monitored more frequently in order to
avoid intensive wear. The paper presents a design project of an advanced experimental device for measuring vibration and wear of planetary
gear components. As it is well known, approaches to direct measuring of wear and vibration parameters are difficult to be implemented in
these gear trains. The application possibilities of a measurement system that includes a micro-electro-mechanical system, a temperature
sensor and wireless modules assembled in a planetary gear trains have been considered. The advantages of micro-electro-mechanical
measurement systems have been analyzed precisely. The main characteristics of micro-electro-mechanical sensors are low power
consumption, small size and good control and monitoring capabilities. A suitable advanced methodology for the experimental study of
planetary gears has been created as well. Conclusions and recommendations have been deduced.
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damages in planetary gears, reducers, electric motors, compression

springs, pumps, fans. It also makes it possible to investigate
Planetary gears are used in power transmissions systems and in ~ resonance phenomena of rotating mechanical components.

driving systems such as wind turbines, automobiles, helicopters.

The specific design of the planetary gears allows the transmission of

high torques within relative compact housings.

1. Introduction

The possibilities of planetary gear research have been presented
in a considerable number of publications and some of them are
summarized in [1]. The most widely applied experimental methods
[2, 3, 4, 5] are based on vibration diagnostics.

A significant group of scientists investigates the modal specific
features properties of planetary gears, emphasizing the relationship
between the natural frequencies and the parameters of the technical
systems studied. Relatively often, the analysis of the mode of
operation of planetary gears is carried out using ANSYS
opportunities, [6, 7, 8, 9]. A significant group of scientists
investigates the modal specific features properties of planetary

Fig. 1 Leonova Diamond for vibration and temperature measurement

gears, emphasizing the relationship between the natural frequencies and Airius - wireless sensor for vibration measurement and analysis,
and the parameters of the technical systems studied. [18]
Significant experimental research on planetary gear trains has If there are tooth failures in the planetary gear trains, the device

been done by several groups of world-renowned scientists. The  creates periodic pulses or serious modulating phenomena into the
authors of [10, 11, 12] mainly focus on the modal frequencies of vibration signal.

gears. The vibration modes of complex planetary gear sets have . . . .
been studied by the authors of [13, 14, 15, 16]. In one of these According to [18], the corresponding charac_terlstlc fregl_Jency is
papers [16], experimental modal analysis procedures have been  related to the frequency of the damaged unit. In addition, the
applied in order to analyze precisely the dynamic behavior of aL_Jthors_o_f [18] investigated vibration signal models for fault
planetary gear trains. diagnosis in planetary gear sets.

L. . . The device Airius is a MEMS (micro-electro-mechanical) type
2. Investigating the options for remote measuring  sensor. The main characteristics of micro-electro-mechanical
of planetary gears trains sensors are low power consumption, small size and good control
and monitoring capabilities. The device a digital dynamic output
signal (allows processing and analysis) and simultaneously
measures vibration along 3 axes (horizontal, vertical and axial) as
well as temperature. The sensor is offered in two versions: the first
version realizes measuring in the frequency range 10-1000 Hz, the
second version - between 2-5000 Hz. The sensor supports several
different vibration measurement tasks, with a number of
measurements de-fined by the researcher within a certain period of
time. Characteristic frequencies, including gear rotation frequency
The vibration research is planned to be carried out using two ~ and meshing frequency, are having a great importnce for gear fault
methods: using the Leonova Diamond - a multi-channel portable ~ detection.
vibration analyzer for complex diagnostics and/or applying Airius -

a wireless sensor for measuring and analyzing vibrations along  oparacteristic frequencies that can be referred to a certain damage
three axes, [18]. [19]. Studies and comparisons in this topic have been made with the
The device “Leonova Diamond” is a multi-functional, portable ~ different types of teeth damages in the planetary gear trains, [20].
analyzer for vibration measurement. The analyzer has a modular ~ Data processing is performed through a virtual processor.
platform that allows step-by-step improvement and expansion with Additional hardware is not required. Results have been monitored
other additional functions, such as: detailed determination of  Via specialized software or a mobile phone, computer or tablet
damaged elements in the examined mechanical components, precise ~ application, [20].
analysis of vibrations and establishment of various mechanical

In order to select the most appropriate approach, it is necessary
to analyze the most commonly used experimental instruments for
remote, wireless research of planetary gears. During an
experimental investigation with accelerometers, the location of
these devices in the planetary gear set is extremely important due to
the circumstance that the satellite gears create similar vibrations
passing through the sensors assembled [17]. Besides, wireless
sensors are known to offer more spatial advantages than wired ones.

The identification of faults is related to the occurrence of the
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3. Specific design features of the planetary gear
train tested

The design of the planetary gear train to be investigated
experimentally is as follows: one central gear with external teeth,
two sets of planetary gears and one central gear with internal teeth.
The most important design feature of this two-stage planetary gear
is the large value of the total gear ratio, which is 31. The driving
shaft and the sun gear have been manufactured as one component.
The driven shaft is connected to the carrier. The ring gear with
internal teeth is fixed to the housing with the help of an elastic
component. This specific design features reduce the influence of
uneven load distribution be-tween the planetary gears, which is due
to inaccuracies occurring during the manufacture and assembly of
the various components of this gearbox.

4. Methods for experimental investigation

As it is well known, planetary gear trains are characterized by a
more complex de-sign and more complicated motions compared to
cylindrical involute gear trains with fixed shafts. This feature of
planetary gears makes it difficult to observe and diagnose the
occurring failures.

A possible diagnostic option is to check the gear elements
frequently in order to avoid excessive wear. The author's team
offers an advanced methodology for the experimental study of
planetary gears, including the following five stages:

The first stage envisages the improvement of an existing
experimental machine, described in [21].

The second methodology stage involves the assembling of
wireless external sensors that can register vibration and temperature
signals. In accordance with the study of [22], a micro-electro-
mechanical measurement system (MEMS) will be implemented
according to the preliminary conceptual design, which includes a
three-axis MEMS accelerometer, a temperature sensor and wireless
modules integrated in the planetary gear train.

The third stage envisages the development of a virtual software
tool based on LabVIEW, with the help of which it is possible to
obtain and display data for different frequency domains in order to
detect planetary gear faults in a certain period of time.

The fourth stage includes experimental investigations of the
planetary gear train at different rotational speeds and loadings.

Within the framework of the final stage, an analysis of the
results obtained is to be carried out.

5. Conclusions

Through the investigation presented it has been established that
the components of planetary gear trains are to be measured and
monitored more frequently in order to avoid intensive wear.

The paper summarizes the options for remote measuring of
planetary gear sets through advanced experimental devices for
measuring vibration and temperature of planetary gear components.

The application possibilities of a measurement system that
includes micro-electro-mechanical components, a temperature
sensor and wireless modules assembled in planetary gear trains
have been considered. The advantages of micro-electro-mechanical
measurement systems have been analysed precisely.

A suitable advanced methodology for the experimental study of
planetary gear sets has been created as well.
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