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Abstract — This article deals with problem of torque
measurement on the turning shaft and the signal
transmission to the measuring equipment. There is
described the experience with contact transmission and both
non-contact and high frequency transmission (with ESA
M esstechnik equipment). Also the examples of the practical
realization are presented.
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|. INTRODUCTION

Torgue measurement on rotating shaft by the metiiod
strain gauge measurements, especially with thetimgis
equipment, brings usually two problems:

- the first problem is the installation of the strgauge to
places giving representative data. These are ysuall
areas without mounting, the groove for tongue area
and similar discontinuities — simply such locatiom
the shaft, where the relative deformation is in
accordance with the torque value (under known
formulas);

- the second problem is the transmission of thasmed
signal from the rotating shaft to the recording
apparatus.

Our article deals with these issues. - -

Il. CONTACT TRANSMISSION Fig. 2: Hottinger torque sensor - detail of thersafjtransmission
The contact transmission by means of rings anchesIs 15 system was used successfully in many appsicati

used to be the only option for the signal transioiésn  _ for example for signal transmission of strainggmdata

the past. There were usually the direct signalsifstrain ¢ the industrial automatic washer drum and sHaify. (3

gauges transmitted, that is why the apparatus daiet anq Fig 4), or articulated cardan shafts of a mgllmill
reliable and with only very low transition resistan (rig. 5 and Fig 6).

values. Despite the use of high quality materials
especially precious metals — such devices wereonigt
liable to failure but also unfit for measurements the
existing equipment.

Contact transmission of signal is still used atspre —
the Hottinger sensor is one of the examples (sgelFand
Fig. 2). :

The torque measurement by means of the existing |
equipment is very often required in practice. Fhis t :
purpose one very simple, cheap and at the same tim
reliable signal transmission method was developgd b
professor Dejl and his colleagues — the signaktragsion
by means of rings and ,wire" brushes. There argsin
with peripheral groove mounted on the insulatiarinkj.
The signal is then transmitted by a wire encirclihe
rings which is tighten by means of springs or coils

Fig. 3. Wired signal transmission on industrialomaétic washer drum
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gauge measurement on the automatic washer drurasserv
as an example (Fig. 7 and Fig. 8).

Fig. 7. Some strain gauges placed on the automvasher drum
Fig. 4. Wired and wireless transmission
on shaft of an industrial automatic washer drum

s o e & W’

Fig. 8. Detail of strain gauges

[ll. TELEMETRY WITH DISC AERIAL

Modern electronics has brought a miniaturizatiod an
also possibilities of non-contact signal transmiss
telemetric systems. The telemetric system by ESA
Messtechnik GmbH, Munich is an example. Its prilecip
is described in Fig. 9, one of the practical redions
(experimental stand — Faculty of Mechanical Engiimeg
STU Bratislava) is in Fig. 10. The strain gauges ar
connected in the module with strain gauge amplifier
bridge charger and transmitting block. By meansaof
fixed aerial and a rotational aerial system bbthpower
supply of strain gauge module and the signal tréisson
from the strain gauge bridge to the evaluation wané
secured.

Sensor Signal
Amplifier

me

J

Fig. 6. Torque measurements on the cardan sheftil d Strain
Gage

The application of this system depends on certain 5%
experience; it is necessary to set the angle of wir
encircling, the tension of springs and also theedisions

and material for the wire and the groove in a appate
ratio in accordance with the shaft diameter and its | Evaluation Unit Output

-
.

peripheral velocity. pa— e
By means of this equipment it is possible to trahsm \\F’U ™ J?‘ 27"7@7'"“@‘ ooy
not only the torque measuring strain gauge signalalso 500
signals from the strain gauge measuring any other
guantities or from quite different sensors.  Theis Fig. 9: Telemetry block diagram
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Fig. 10: Torgue sensoring on the experimental stand

The example of such telemetry usage in practicelmay
torque measurement of a conveyor belt drive. Tleeep
for the sensor locating was very limited and caedirfsee
Fig. 11) and besides this fact it was necessapface the
strain gauges near the shaft mounting, which reduir
additional specification of the scale between
measuring voltage and torque by means of FEM (&Y.

Fig. 11: Torque measurement of a conveyor beledriv
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Fig. 12: Calculating of conversion scale
Jmeasuring voltage — torque* by means of FEM

the

Above described system is relatively simple as for
installation and usage; it is necessary to haveespar
placing of the rotational and fixed aerials. Maximu
possible diameter of the rotational aerial depemuithe
power supply unit output. The output 1 W is enotigh
the diameter of 400 mm, the output 3 W is suitébiehe
diameter of 750 mm.

Despite some problems with sufficient space
equipment was installed into the gearbox of fofkttiick
Jungheinrich  Hamburg (Fig.13) and performed
measurements during test operation with the optibn
switching between strain gauges for the tensilesgne
strength and strain gauges for torque measurentents
the conical gear pinion (Fig. 14).

this

Fig. 13: Location of aerials and strain gauges
in the gearbox of fork-lift truck

: Static
2~ Strain

~ gauge

Fig. 14: Location of the amplifier and connectirag for strain gauges

This equipment can be used (after applying some
suitable insulation measures) even in environmeithh w
running water — we have tested it during measuré&an
a running mill in Budapest (Fig. 15).

The conditions of cylinders fixing unfortunatelyusad
such shifts of the cardan shaft both in horizoraad
vertical directions that the fixed aerial could nog¢
installed properly — so the data obtained were only
informative.
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Fig. 15: Telemetry on the cardan shaft of a rollimig in Budapest

IV. TELEMETRY WITH AERIAL RIGHT ON THE SHAFT

If there is not enough space in the vicinity of aft,
it is possible to install the rotational aerialhigon the

shaft. In our case this solution was used during J—
Strain
gage

measurements of torque on Skoda Fabia half-axles.

The rotational aerial is installed right on the fsliaee
Fig. 16 and Fig. 17)) and the fixed aerial ishistcase
closer to the shatft.

Fig. 17. Torque sensoring on a car half-axle

The used aerial incorporates also the revolutiosae
At each shaft revolution there is a short rectasgplilse
on the output connector. Then it is possible txwdate
the current revolutions from the pulse frequenand in
this case also the vehicle velocity (speed).

V. TELEMETRY WITH HIGH FREQUENCY TRANSMISSION

This telemetry is used in more difficult conditiofihe
transmission is realized by means of high frequeoicy
433 MHz. The strain gauge (or other sensor) signal
filtered for values over 1 kHz (antialiasing) anditized
by the 12-bit converter. The digital signal is then
transmitted at a distance of minimum 50 m (in fpace),
then decoded — and the final output is an analcigreal
again.

The block diagram of this telemetry is in Fig. 18,
realization in Fig. 19. This system is now beingtéd and
will be used for measurements on an experimentainca
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Fig. 19. High frequency telemetric system real apgece

The device can be also used for the signal scgnnin
from moving objects. An example is the measuremént
the go-karts frame loading, which realized a studéour
university as part of his thesis.
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Fig. 21 — Receiving point

CONCLUSION
Despite this article looks rather as an advertisdadiet

for ESA Messtechnik products, its aim is to inform

colleagues in our branch. Especially those of thvemo
need to measure the torque or other tensile stresfgh
rotating equipment — we would like to inform themf
some options we have experience with.
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While the strain gauge system is based on the
evaluation of the voltage on the Wheatstone bridge

measurement diagonal, it is possible to connectodimgr
sensor (which output is voltage) to the amplifiand then
transmit this signal to the evaluation unit. Foample
temperature, force, vibrations and other quantitas be
transmitted in this way.



