EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

On a viscous damper for a two-component dynamometer

Citation for published version (APA):
Bosma, W. D. G., & van der Wolf, A. C. H. (1971). On a viscous damper for a two-component dynamometer.
C.ILR.P., 19, 95-97.

Document status and date:
Published: 01/01/1971

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023


https://research.tue.nl/en/publications/6a86683a-5cbb-402d-96a8-46c1e91eeed2

Annals of the C.LR.P. Vol. XVIV pp. 95-917. Printed in Great Britain 1971

On a Viscous Damper
for a Two-Component Dynamometer

W. D. G. BOSMA and A. C. H. VAN DER WOLF
B Eindhoven University of Technology, The Netherlands

SUMMARY. In the Laboratory for Production Engineering at the Findhoven University of Technology, a
- dynamometer has been developed for measuring cutting and feed forces during turning operations.
Actually, the dynamometer works witha thin-walled tube. The elastic deformation of the tube due to the named
forces is measured with the aid of strain-gauges.
The first natural frequency of the dynamometer is at approximately 1-5 kHz with a quality ¢ of 38.
In order to decrease this g-value, a viscous damper was added. This lowered g to 3. Thus, the dynamometer

mentioned is more suitable for dynamic measurements up to 3 kHz.

RESUME. Au laboratoire de technologie mécanique de 1’Université d’Eindhoven on a développé un dynamometre
pour mesurer I’effort de coupe et d’avance 1ié aux opérations de tournage. Le dynamomeétre est constitué par un tube
a parois minces dont la déformation élastique est mesurée aP’aide de jauges extensométriques. La premiére fréquence
naturelle du dynamométre est approximativement de 1-5 kHz et son facteur de qualité est de 38. Pour réduire
cette derniére valeur jusqu’a 3, on a ajouté un amortiseur. De cette fagon, le dynamométre peut fonctionner en

mesure dynamique jusqu’a 3 kHz.

ZUSAMMENFASSUNG. Zur experimentellen Bestimmung der Schnitt- und Vorschubkriifte beim Drehen wurde
im Laboratorium fiir Fertigungstechnik der Technischen Hochschule Eindhoven ein KraftmeBgerit entwickelt.
Die Messung beruht auf der elastischen Dehnung eines diinnwandigen Rohres, die mit DehnungsmeBstreifen
gemessen wird. Die erste Eigenfrequenz des Gerates liegt bei 15 kHz. Bei Resonanz betrégt der VergréBerungsfaktor
38; er kann durch Verwendung eines Schwingungsddmpfers auf 3 herabgesetzt werden. Dabher eignet sich der

Kraftmesser fiir dynamische Messungen bis 3 kHz.
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INTRODUCTION a lever can pivot. By placing calibration weights on
THE dynamometer consists of the toolbit-holder, a one end of the lever, known forcc?s act on the
. . . . dynamometer through a self-centering thrust-rod
thin-walled tube with strain-gauges, and a stiff
5 . . near the other end of the lever.
after body which can be clamped in a housing
(seenFlg. 1). The after bo.dy contal.ns compensating SPECIFICATIONS OF THE
strain-gauges and electrical terminals. The dyna-
mometer can be cooled with water. DYNAMOMETER
Measuring range: 0 to 10000 N (both directions)
Sensitivity: 0-26 ustrain/N (bothdirections)
Hysteresis: less than 19
Mutual influence: less than 1-59;
Linearity: better than 1%.

DESIGN OF THE DAMPER

A viscous damper was chosen in order to flatten
the response curve of the dynamometer, because
this type of damper could be conveniently integrated
within the existing structure of the dynamometer.
Furthermore, a viscous damper can be active in
more than one direction.

*
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Fig. 1, Photograph of dynamometer.

The housing in which the body is clamped, has a The damper consisted of two concentric cylinders
calibration feature. It conmsists of two earshaped (see Fig. 2). Due to the construction of the dyna-
flanges connected by a grooved bar. In this groove, mometer, the dimensions of the damper were
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Fig. 2, Photograph of damper.

i limited. The average diameter of the cylindrical gap
| was 82 mm, the length of the gap was 22 mm. The
only variables of the damper were the thickness of
the film and the oil viscosity.

In order to optimalize the damper with respect
to these variables, a method described by Peters
e et al.[1] will be used. For the time being, the
i damper base is considered to be infinitely stiff
i1 (see Fig. 3).

It was found for the respective compliances
(displacement to force ratios):

$;4 = 20:05x 1072 m/N,
512 = 8'22)(10‘_9 IIl/N,
522 = 4'46)(10_9 m/N.

The angular velocity at natural frequency w, =
9% 10% rad/s. Now, the optimal value of the
damping constant C can be found with equation (1)

S11
wn(S%Z—Sl 1522)

and is C,, = 0-102x 10° Ns/m. This is a high
damping constant. The thickness of the oil film has
to be made as small as possible and still there is
Hl need for an oil of high viscosity.
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Fig. 3. Diagram of dynamometer and damper.
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The damping constant for a pair of concentric
cylinders can be computed as follows:
3n D*[L L
C = —f—| ——1 —
> 13 <D anh D) )
where

D = diameter of the oilring (m),
L = width of oilring (m),

e = thickness of the oilfilm (m),
n = oil viscosity (Ns/m?).

Because of the displacement of the inner ring when
the dynamometer is loaded, the thickness of the
oil film must be at least 50 ym. Furthermore, it
must be ensured that the damper rings are con-
centric when the dynamometer is typically loaded.
The oil film thickness was selected as 60 um and
with equation (2) the C,,-value for the oil vis-
cosity is # = 14 Ns/m2. This is a very high vis-
cosity; it corresponds to 15700 centi-stokes. For
the initial experiments a silicon oil with a viscosity
of about 12500 centi-stokes at 20°C was used.
Sealing the damper without introducing a signifi-
cant spring constant was attained by mounting thin

Epoxy adhesive

—— Oil film
RTV rubber
sealant

Fig. 4. Sealing of the damper.
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Fig. 5. Response of the dynamometer in cutting force
’ direction.
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protruding concentric flanges on the damper rings
(see Fig. 4). The flanges were sealed with a ring of
RTV silicone rubber sealant.

RESULTS

During the experiments, it was observed that the
ear-shaped flanges were not as stiff as anticipated.
Due to the great damping constant, the system of
both ear-shaped flanges and connecting bar was
closely coupled to the main vibrating system. This
resulted in an upward shift of the original natural

frequency and a g-value of about 10. By lowering
the oil viscosity to 2000 centi-stokes, a g-value of 3
was attained. (see Fig. 5).

CONCLUSIONS

For purposes - of dynamic measurements, a
g-value of 3 at a resonance frequency of about
17 kHz is thought practicable. For still lower
g-values, the damper base should be sufficiently
stiffened and its final compliance be fed into the
equation for C,, [equation (1)1
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