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Fig. 13 Minimum film thickness, combined roughness R, of shaft and
seal and friction torque versus speed

compete with the fluorescent technique. The disadvantage in
the present configuration is the fact that the complex axial
profile of the lubricant film cannot be recorded simultaneously
but only by axial displacement of the transducers.This would
demand further miniaturization. On the other hand, there are
the following advantages:

—The input and output signal are transmitted by the same
device (no separate optics for ingoing and outcoming light).

__ =High resolution_over a wide range of film thickness.

o 4o mmisimal cavwfon

— The seal counterface keeps its original surface microgeo-
metry (no optical transparency required).

Initial measurements have already given important infor-
mation about the behaviour of the lubricant film under a radial
rotary seal lip. Moreover, experimental measurements com-
pared well to theoretical predictions of part I (Gabelli et al.,
1990).

T pp. 280-289. T

Extended measurements with a variation of various param-
eters are in progress, to provide a deeper insight into the mech-
anisms governing the lubrication of rotary lip seals.

Acknowledgments

The authors would like to thank SKF-AB and especially Dr.
I. Fernlund, Dr. I. K. Leadbetter, J. Bras, and S. van Ballegooij
for initiating and supporting this work. A. Blond and V. Tadic
played a major role in developing the concept of measuring
lubricant film thickness utilizing magnetic fluids.

The authors would also like to thank Dr. H. H. Wittmeyer,
Managing Director of SKF Engineering and Research Centre,
for his kind permission to publish this work.

References

Kawahara, Y., Ontake, Y., and Hirubayashi, H., 1981, “QOil Film Formation
of Oil Seals for Reciprocating Motion,” Proc. of 9th International Conference
on Fluid Sealing.

Wernecke; P. W., 1987, ‘““Analysis of the Reciprocating Sealing Process,”
Proc. of 1th International Conference on Fluid Sealing.

Ocata, M., Fujii, T., and Shimotsuma, Y., 1987, “Study on Fundamental
Characteristics of Rotating Lip-Type Oil Seals,” Proc. of the 14th Leeds-Lyon
Symposium on Tribology, pp. 553-560.

Schouten, M. J. W., 1978, “Elasto-Hydrodynamische Schmierung; Theore-
tische und experimentelle Untersuchungen zur Erweiterung der EHD Theorie
auf praxisnahe instationdre Bedingungen,’’ Forschungshefte Forschungskora-
torium Maschinenbau EV, Heft 72.

Jagger, E. T., 1957, ““Study of Lubrication of Synthetic Rubber Rotary Shaft
Seals,”” Proc. Conf. on Lubrication and Wear, paper 93.

Smart, A.E. and Ford, R. A. J., 1974, “Measurement of Thin Liquid Films
by a Fluorescent Technique,”” Wear, Vol. 29, pp. 41-47. )

Ford, R. A. J., and Foord, C. A., 1978, ‘‘Laser-Based Fluorescence Tech-
niques for Measuring Thin Liquid Films,”” Wear, Vol. 51, pp. 289-297.

Kassfeldt, E., 1987, “‘Analysis and Design of Hydraulic Cylinder Seals,”
Thesis, Tekniska Hogskolan, Lulea, No. 56D.

Gabelli, A. and Poll; G., 1990, ““Formation of Lubricant Film in Rotary
Sealing Contacts—Part I: Lubricant Film Modelling,” published in this issue

Bupara, S. S., Walowit, J. A., and Allen, C. M., 1967, ““Gas Lubrication
and Distortion of High Pressure Mainshaft Seals for Compressors,’’ 3rd Inter-
national Conference on Fluid Sealing, Cambridge, England, Paper A-3.

Denny, D. F., 1961, “‘Some Measurements of Fluid Pressures Between Plane
Parallel Thrust Surfaces with Special Reference to the Balancing of Radial Face
Seals,”” Wear, Vol, 4, Part 1, pp. 64-83.

Reiner, M., 1960, ““Cross Stresses in the Laminar Flow of Liquids,” Phys.
Fluids, Vol. 3, Part 3, pp. 427-432.

DISCUSSION

A. O. Lebeck!

The authors are to be congratulated for contributing a new
method of film thickness measurement. This technique has
already been proven valuable for measuring lip seal film thick-
ness and may well be applied to several other tribological
situations.

" 'Mechanical Seal Technology, Inc., Albuguerque, NM 87109.
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In their various optical studies have the authors observed
cavitation streaks in the lip seal fluid film such as have been
observed by Nau in mechanical face seals? How would mag-
netic resistance fluid film thickness measurement respond to
such cavitation, either as stationary with respect to the magnet
or moving tangentically with the fluid? Have dynamic fluc-
tuations of output been observed? Can one distinguish between
output caused by cavitation from signal noise?

Transactions of the ASME




Authors’ Closure

The authors would like to thank the discusser for his re-
marks. In recent investigations, G. Poll et al. (1992), we were
indeed able to observe indications of cavitation in the fluid
film of the sealing contact. As the measurement of the film
thickness, using a magnetic fluid, detects the volume of the
fluid and averages over an area larger than the cavitation spots,
it is not possible to distinguish between cavitation and other
effects:

o If cavitation should occur while the distance between the
surfaces remains constant, it would appear as if the film
thickness was decreasing.

e If cavitation should occur while the surfaces become
further separated, it would appear that too small an
increase or even a constant film thickness is indicated.

Both conclusions about film thickness would be affected by

error, which is indeed a shortcoming of this method, as for
most others. Furthermore, because of the averaging character
of the measurements and the induced alteration of the film
thickness, we see no possibility of correlating dynamic fluc-
tuations of the measuring signal to cavitation.

On the other hand, it should be considered that the cali-
bration of the transducer in a dynamic condition similar to
that of the application, see section 6 of the paper, should
provide a fairly good compensation for the effect of uniformly
distributed cavities or air bubbles present in the magnetic oil
volume of the fluid film gap.
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