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Abstract. This paper is focused on examination of teeth it@pdn rotating gears during
standard operation and describes the applied agipraad device developed. One of the
closely examined items in planetary transmissigtirig is the gearing. The tooth load of each
wheel in planetary transmission is monitored indiilly. In large devices, also the load
across the width of the tooth is assessed by thedefficient.

Introduction

For load monitoring on any gears, the strain gangasurement is generally considered the
method of choice. For measurements in stationangliions, it is possible to use standard
wired devices supplied by a number of manufactutéosvever, in testing of rotating parts in
planetary transmissions, a wireless autonomous ureaent technology had to be
developed. For instance, the Wi-Fi panels or simitechnology can be used for signal
transmission. The planet is the most complicatedheht of the transmission to be measured
because it rotates around its own axis and atdheegime also around the axis of the other
gears. Moreover, access to the planet wheel maffoeult as it is often built-in in a closed
cabinet. This also hampers Wi-Fi transmission ameteffore a special device had to be
developed as an autonomous recording unit. Its méas must be small so that it could be
placed both inside or outside the gear, includirggtiatteries and amplifiers.
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Fig. 1. Planetary transmission.



Other parameters to consider include for examptatdid space for the strain gauge
placement, temperature conditions of both the destemponent and its lubricant, and
aggressiveness of the lubricating oil. Those factoe of utmost importance in the choice of
necessary wiring, insulation and glue material$ywétgard to strain gauges protection. Also
the electronics must be temperature-resistantaimahge of expected temperatures. To fulfill
of all this, a special recording apparatus was ldges!.

Because the measured gear boxes are ready maugafst@roduction), there is no chance
to modify their design and construction in any way easier placement of the measuring
components. After the testing, if successful, alnponents of the measurement system are
removed and the gear box is delivered to the custom

Strain Gauges Connection

Irrespective of kind of rotation there is recordedsile load “A” (“B”) and than tensile load
from spot “B” (“A”) due to the configuration of stin gauges to spot “A” and “B”. This is
related to connection to w-bridge. Connection @fist gauges was made to % w-bridge

(Fig. 2).

al] e

Fig. 2. Strain gauge connection.

At the moment of mesh of gearwheel with strain gsugh\“ is strain gauge in the spot “B”
compensating the temperature difference and contsa: In this case of w-bridge
connection is evaluating of the data more simplatalfrom strain gauges “A” and “B” are
subtracting “A” — “B”. The result of the data areepented at the Fig. 3. At the moment of
“A” strain gauges measuring (pull) is change inisiesice of the strain gauge "B"
theoretically equal to zero and result data are <AJ = “A”. At the moment of mesh of teeth
with strain gauges “B” (pressure) is theoreticame of resistance now on strain gauges “A”
equal to zero. Than the data measured by straigegatB” is 0 — “B” = -“B”. However
pressure voltage is negative, that is why the fiealilt coming from w-bridge is positive.
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Fig. 3. The signal from strain gauges.

Strain Gauges I nstallation

The prepared strain gauges and measuring appa@tumust be installed on the single parts
of transmission. Technology of sticking again dejsean parameters, which are temperature
and aggression of the lubricant. Location of stganges on tooth must satisfy the following
conditions. Strain gauges should be in place, wiseséress maximum of teeth. Strain gauges
must not come into contact with other gears. Stganges must be in same height of teeth for
following smoothness of gear loading. The apparaulcated to avoid the contact with
another parts of transmission.
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Fig. 4. Strain gauges on ring gear (with epoxigeia

Clockwise planetary gear rotations. In this method of rotation the satellite comesint
engagement with the first crown tooth. This toathmeasured by the strain gauges in the
tooth gap “A”. Side of the tooth crown with thedem gauges is tensile loaded at the time of
engagement. At the time before mesh of measurdtl tedhis side of this tooth also tensile
loaded by deformation leverage of the ring. Toatibeled “B” comes gradually into
engagement with a line of strain gauges when ragaatellite. This spot is than loaded by
pressure. Indeed at the time before mesh is tloslspded by leverage of deformation of the
ring similarly like the gap “A” (tensile load). ¢tan be stated that teeth of the crown are before
mesh tensile loaded and teeth in the time aftehraesloaded by pressure.



Fig. 5. Planetary gear rotations — clockwise emahterclockwise.

Counterclockwise planetary gear rotations. In this kind of rotation satellite comes first
into mesh with the tooth crown which is measuredtogin gauges in the gap “B”. Side of the
tooth is at the time of the mesh tensile loadedh wits strain gauges. At the time before mesh
of gearwheel is this side also tensile loaded dudeformation leverage of the ring. While
rotating the satellite there is gradually comingsmef the tooth crown with set of strain
gauges marked “A”. Differently from spot “B” thipet is loaded by pressure. It can be stated
that teeth of the crown are before mesh tensildddaand teeth in the time after mesh are
loaded by pressure.

Conclusions

There are a lot of possibilities, how getting datasent. For example, we calculate coefficient
Kng. In another case, we represent data to 3D diagfag 6). 3D diagram is made for

comparing with ring gear and it describes measdoadling along length teeth. For

verification the measurement it is compared witlyemar-testing using colour. Tooth are
painted by colour along their whole length. Colagirwipe off after contact with another

tooth. Positioning of loading along length of teetkevaluated by this test.
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Fig. 6. Loading processing along teeth length.
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