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TER L~~~~~~I~ALL~ ~iLLAT1~ RIBRW AS A SRNSGR FOR 
MASS CEANGRS IN CONTROLLiD AfYGSPERRiE 

lnttitut fib MeB-und Regalungttschnik, 
Tschnirclw UniumltM Emtin 

ABSTRACT 
If a ribbon of metal , plastics or fiber web is cktnped at both ends mtd excited ta 

perfem ~an~~~~~ bins ss %il ~~omuus oSmster* t&e frequency chefiges 
in % ~producibfe mmkner v&b rrppiied mess . Tkis effect cm ire utihit to &etwmini~ 
nmssm of cmlensed or edsarbed &ers and precipitated particles. The meesured vah~ss 
are indifferent to the density of the surrounding atmspherr. 

In foriwf pepem it c&d be sham, t&t the 
nstuml freq~ea~ of trmsvetsafly vibmting thin 
ribbons depends 04 the mata of applied layers or 
particles. This enebies ~o~~o~s sen&.ive rmss 
~~r~~~n. Ribbons as mass &maw8 are in so 
far advaatageaus, es the object can be ~resefved 
(IS u document and also later on ene&sed. I1 I 
Fig. 1 shows the relations which are essmtiel in 
this method. A disedmntyle cmsists in the fact, 
that the density of the tunbient gss iofluences the 
frequency of ascilletion md themfore causes 
errars , if it changes vithaut being noticed. This 
gave reason to consider the IangitudinnlIy 
~c~g ribboa as a device for mass deter- 
leimtian. 

MEAS~IN~ RESULTS WITH THE ~A~V~AL~Y VIBRATING RIBBON 

F&. 2 s&ovs ths 
frequency- mess ~~~~~p 
of a Fiber be&d which wss 
kept under constant tensile 
force and excited to perform 
tnrasversat oscillations 8s an 
~~no~~s ascilktor by eke- 
trostdc farces. 
Provided , thpr t&e force is in 
phese with the velocity OF 
oscillatiaa, external and in- 
~rn~&p~g of the ribbon 
do not effect thu fsequenfy . 
A ~n~tivi~ of 0.3 Hx kg was 
obtained. L!l 
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In fig. 3 the dependance of 
frequency on pressure of the 
ambient air is presented. In 
measuring dust concentration, 
this influence can be canceled 
by taking frequency readings 
with and without precipitated 
particles and forming the 
ratio. If however , the atmos- 
phere is a parameter in an 
experiment, as in sorption 
measurement or lhermogravi- 
melry , changes in gas density 
constitute a source of error 

DETE;RMINATIONOFMASSESWITHTHELONGITUDINALLYOSSCILLATING 
RIBBON 

The surface of a ribbon, oscihating in the longitudinal mode is coupled lo the 
ambient gas only by shear forces, which do not induce frequency shifts 

Fig. 4 shows the relations involved 
Experiments have been carried out with metal 
ribbons of various thickness. 121 The ribbons 
were excited al one end by a piezoeleclric actuator 
and the oscillation al the other end was detected. 
by a piecoeleclric receiver. Compared with the 
transversally vibrating ribbon, the longiludi- 
nslly oscillating one has a by far higher nalurai 
frequency The sensitivity depends on the mass 
of the unloaded band. With a metal ribbon of 
0.1 mm thickness, a width of 10 mm and a length 
of 150 mm , a sensitivity of 20 Wmg was obtained 
as it is shown in fig. 5. 
While tensile forces cause a decrease in frequency 
because of strain predominating over transversal 
contraction, Youngs modulus has a direct 
bearing on frequency. 
In the course of development of a dust concen- 
tration meter. the experimental arrangement for 
this measuring technique was improved 131. As 
fig.6 shows, the ribbon is stretched between two 
clamping jaws, each connected to a pair of 
piexoelectric rings which are polarized in an 
opposite sense and work in push-pull action. One 
of the transducers excites the ribbon lo longi- 
ludinsl oscillations , while the other detects the 
forces which are produced by the ensuing 
standing waves. 

Longltudinolly osc~llatmg ribbon 
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The signal of the second transducer provides the 
information, vhether the driving frequency is 
equal to the natural frequency of the ribbon . For 
this purpose, input voltage end output signal are 
compared with regard to phase vith the aid of a 
discriminater . vhorrc output voltage controls the 
frequency of the driving genera&. 
Desired value of ,the phese difference is 90’. it 
corresponds to a mode of oscillation vith nodes in 
the points of fix&ion. 
A band pess prevents the generation of higher 
gte:;ehe amplitude is kept constant by feed 

Results of experiments with ribbons of metal, 
polycarbonate and glass fiber are presenti in 
fig. 7. The highest sensitivity , up te 35 Wmg. 
was attained v&b the glas fiber- ribbon, but 
thinner films of polycarbonate should enable 
even better results. Calibration vas performed by 
affixing weighed cellophane stripes onto the 
sensor band. 
From the partial differential equation for the 
longitudinally oscillating ribbon, the theoretical 
course of the sensitivity for the fii and second 
harmonic wes calculated and drawn in fig. g. 
If sellophane stripes of uniform mass are affixed 

one after another at various points of the ribbon, 
the meesured sensitivity deviates from the 
calculated one only slightly in the points of 
masimum amplitude but strongly in the nodal 
points, where the values are negative. 
This is due to the fact. that the resilience of the 

sellophane stripes hes no considerable effect on 
frequency in the points of masimum amplitude. 
where the strain is minimal but a strong bearing 
on the frequeny in the nodes, which are distin- 
guished by marimumstrain. 
If the ribbon consists of a pure metal, fi. plati- 
num, its temperature can be determined by mea- 
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swing the electrical resistance. Variations of the + *, 
modulus of elasticity vith temperature can there- , 
by be corrected. Mass determination by longitudi- .,, 
nai oscillations can be combined with meesure- 
ment of specific heat capacity with the aid of 
temperature fluctuations according to the method 
developed by JacobsI 
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CONCLUSION: 
Experiments have shown , that the longitudinally oscillating band is well 

suited as mass detector in controlled atmospheres. 
Its natural frequency is sensitive to mass changes and indifferent to the den- 
sity of ambient gases. Masses of continous layers and precipitated particles 
can be determined In the region of maximum sensitivity , i.e. in the central 
part of the ribbon, the consistency of the affixed layers does not affect the 
frequency. 
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