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Abstract: This paper describes one of thepressure, dynamic torque, the electrical
uncertainty contributions which can be derived frontharacterization of measuring amplifiers and
sinusoidal force measurements. These measurementathematical and statistical methods and modefihg
are based on the application of a scanning vibremetThe investigation of the uncertainty contributions
and the use of triaxial accelerometers. The meaguri sinusoidal force measurement is crucial for prowgdh
of many acceleration points on the top mass of theeliable dynamic calibration of force transducerA.
transducer makes it possible to obtain accelerati@inusoidal calibration is usually performed with an
distributions from which a standard deviation can belectrodynamic shaker system. Thereby, the force
derived; the triaxial accelerometer allow thetransducer, mounted on this shaker, is equipped avit
observance of certain effects, like rocking mod®s, top mass, and the acceleration on the surfaceisf th
other problems related to specific excitationmass as well as the force transducer signal isumegs
frequencies of the force transducer. Botlduring the sinusoidal movement. A more detailed
measurements can be related to each other. description of the whole calibration process can be

found in [2].

Keywords. Dynamic force, sinusoidal excitation, laser
vibrometer, rocking motion, triaxial acceleration.

2. SCANNING MEASUREMENTS

A big advantage for the acceleration measuremsent
1. INTRODUCTION a scanning vibrometer which offers the opportuiity
] o _measure many points, e.g. on the whole surfacheof t
Force measurement plays a major role in indalstri 555 block. By averaging the signals measured at
processes, statically as well as dynamically. tnghst  hese points, one can obtain realistic standard
a very versatile system of static force calibratieas  geyjations, e.g. uncertainties. The dynamic behavio
established, which last but not least can be razedn during such a sinusoidal excitation depends orkiti:
by the many high level force calibration laboratsri ¢ coupling of the top mass on the transducer ds we
and services around the globe. Nevertheless, nfost & 51 the mounting of the transducer on the shaker
the processes where force measurement is involveghie |n addition, of course, the internal mecbahi
have a dynamic nature. So far only static. Ca”mates_tructure of the transducer is of fundamental
force transducers also have been used in dynamiGportance. One result of such a dynamic calibraiso
applications. The deviations in  measuremenghe gynamic sensitivity, which is the ratio betweke
associated with this may rise to the order of sEVerforce” transducer signal and the measured dynamic
percent and, especially in the vicinity of reSOr@nWP  force, which is the product of the acceleratiorthuf
to 10-100%. To close this gap, some development§y mass and its mass value. Due to the imperfect
were carried out in the past to provide dynamicédor rigidity of the transducer, which depends on the
calibration. These developments have also triggarediniernal structure, rocking modes may occur dudng
project currently running in the European Metrologysertain frequency. These rocking modes can be
Research Programme (EMRP), the  “Traceablgetected, for instance, from the uncertainty as a
Dynamic Measurement of Mechanical Quantities’synction of the frequency drawn for certain measgri

which includes, apart from a work package ORthannels. Figure 1 shows one example of such an
dynamic force, also work packages on dynamic
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278 In order to investigate the possible rocking psd
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0.040 I ansducer output signal during the periodic excitation, the transverse
| acceleration was measured.

For this purpose a special arrangement of fouxitia
accelerometers on top of a test mass was chosen.
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Figure 1. The figure shows the uncertainty of treasured
acceleration on the top mass as well as of thefvems-
ducer signal. The uncertainty was obtained by ameg62
acceleration measuring points and their 62 appaitgpforce
signals at a certain frequency. It should be nttad the
uncertainty of the vibrometer contribute additioB-

0.3 % and the uncertainty of measurement of theefor
conditioning amplifier additional 0.1-0.2%. Theawars
reaching 0.04% have to be multiplied by a facfoBdr5.

analysis. In this special case the uncertainty haf t
acceleration shows several frequencies where th
uncertainty is significantly higher than elsewhere.
Surprisingly, this behaviour does not corresponthéo |-
synchronously measured transducer output signal. |
seems that this special kind of force transduceois
so susceptible to interference from external infles.
The origin of the relatively large uncertaintiesthé
transducer output signal at 200 and 300 Hz is uwkno
obviously this increase has nothing to do with paes
rocking modes.

In practice, one could conclude from such a

measurement of the uncertainty distribution thas it Figure 2. The upper picture shows the whole arnavege of
advisable to avoid the regions where the transduc#e force transducer with the test mass, which evaspped
perhaps shows some irregularities. with a special plate where four triaxial accelertere

It should be noted that the uncertainty given abieve Mounted. The lower picture shows the plate with fihe
. .. friaxial accelerometers.
not the whole uncertainty because the contributions



Figure 3.Schematic representation of the arrangemet
the four triaxial accelerometers with their cert
acceleration vectors in the transverse dires, x and y. In
addition there are four accelerations perpendictbathe
shown plane, in the z direction.

Figure 3 presents two pictures of theup. The upper
picture shows the force transducer equipped an 8
kg test mass fixed with a mechanical adapter or
transducer. On top of the test maiss plate with th
triaxial accelerometers can be seBesidss the force
transducer one can see one additional accelero
mounted on the shaker table. The fctransducer was
an interface typavith a nominal force range 25 kN.
Amplification of the force transduce output was
realized with a DEWETRON conditioning amplifie
The lower picture shows the arrangement of
triaxial accelerometers on the plate ch is mounted
on the test mass. For a better fitting of
accelerometers on the platecertain area of the ple
was milled out. The sensors themselves \ screwed
in place from the reverse of the plate.

The accelerometersenre arranged in such a wthat
the x and y components have an equidistant sepg
of 45 degreesThe sensors themsel were from
Kistler, type 8762A50, which have <ar sensor
elements that featurextremely low thermal transie
responses and havehagh immunity to base stin and
transverse acceleration.nAadvanced hybrid chart
amplifier is incorporated il a wide frequency rang
from 0.5 Hz —6 kHz. The acceleration range of
sensors is in a scale of +50 g wheréy peak limit is
by £80 g and the
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Figure 4. Thisfigure shows th measured acceleration,
observedn eight different directions at various frequersc
on top of the tesinass. The scale on the is the amplitude
of the acceleration given as a percentage of-component
of the acceleration. Ne the widel-varying scales.

sensitivity is 100 mV/gwhere g is the gravitation
acceleretaionThe three outputs of each accelerom
were fed intathe Kistler 5134B conditioning amplific



which also provides the power supply for thethe origin of such behavior arises. The origin loé t
integrated amplifier of the sensor. large transverse amplitude at 500 Hz is probably
Figure 4 shows the acceleration measurement valuesnnected with a cross resonance of the transducer.
according to the eight transverse directions as Bhe main resonance of the setup is around 930 Hz.
function of the excitation frequencies. The behavioExperimentally, the uncertainties are large beythed

can be quite well demonstrated in a kind of windimilresonance frequency, which is also to be seenisn th
plot. The length of the wings is proportional teth data, see e.g. Figure 1. If one compares both
amplitude. The opening angle of the wings can bacceleration measurements, the scanning results
chosen arbitrarily, but is equal for all directiol®@n according to Figure 1 and the transverse accebemati
the scale on the left-hand side the amount of theccording to Figure 4 one can see a good
acceleration amplitude in percent in relation te #a  correspondence at problematic frequencies, e.g. 500
amplitude is given. At first glance one can seé¢ tha Hz. In summary one can conclude that distinct highe
transverse acceleration distribution changes with t uncertainties of the acceleration of the top masshe
frequency. If one observes at certain frequencies ralated to rocking modes.

rocking in the direction of 45°/225°, e.g. at 100 &hd

1250 Hz, the picture changes at frequencies of, e.g 4. CONCLUSIONS
1750 Hz and 2000 Hz, where the rocking occursén th _ _ _
direction of 0°/180°. On the other hand, therecarite This paper describes some part of the uncertainty

different amp”tudes of the transverse acceleraiom contributions which can be derived from sinusoidal
function of frequency, which reach from a few petce force measurements. In contrast to single point
at low frequencies up to 100% at high frequenciegicceleration measurements, the measurement of the
related to the z-amplitude of the acceleration. whole acceleration distribution on the surface la# t
top mass makes it possible to observe effects, like
rocking modes or other mechanical deficiencies.
Surprisingly, the effects seen by the acceleragignal

s [ are often suppressed in the force signal.

‘ -30 It could be shown by transverse acceleration
measurements that the measured uncertainty
distribution of the acceleration on the top mass
corresponds to the transverse motions at leaswbelo
the resonance frequency of the setup.

T 40

604 |—m— ny
1 ® O mean

501

404 25

304 20

% of R
0in grd

4 | \ | L 15
* 20 | \ L

R _in

104 8 ol [ & Acknowledgement

The EMRP is jointly funded by the EMRP participatin
0 500 1000 1500 2000 countries within EURAMET and the European Union.

Frequency in Hz

Figure 5. The amplitude of the transverse acceterads
well as the angle of inclination of the accelenati@ctor in 5. REFERENCES
respect to the vertical of the top mass surfacax(@) as a
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acceleration was calculated. According to the
coordinate system, shown in Figure 5, the thre¢ovec [2
components give one acceleration vector in spatie wi
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respect to the normal of the force vector, which is
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given in Figure 5 as a function of frequency. Fribm
figure one can see that quite large rocking motions
occur at certain frequencies. The question of what
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