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The author associates th@nteger multiple of harmonics
shown in Fig. 19 with rigid body frequencies. Would the author
elaborate on this, and perhaps provide a theoretical foundatibfposhang Heshmat, Ph.D.
that supports such an association? It is our experience that integer
multiple of harmonics may be present at any rotational frequency
(unrelated to rigid body modes/frequengiégcause of misalign- o )
ment and deflection that cause intermittent rub between rotor andP'- Green has inquired as to whether some theoretical explana-
stator(see also Vancél] p. 356. In the author’s experiment the tion for.the partlcula_r expenmental observation that | .have re-
speed is supercritical and the harmonics shown are integer fr@@rted in my paper is available. We have for some time been
tions of that speed. Rub will also cause the same phenomenordi4estigating the observed phenomena in foil bearing systems
subcritical speeds only that the harmonics will occur at integ8Pth theoretically and experimentally. The program is fundamen-
multiples of the rotational speed. This has been observed by Liin nature and is well underway. Once conclusive evidence and
and Greerf2] in experiments of a flexibly mounted rotor face Seaq;orrelatlon is complete to the .author's satllsfactlor), it is our inten-
(the association with journal bearings and particularly trust bedfon to publish the results. Incidentally, this peculiar phenomenon
ings is, of course, trivial The analysis by Lee and Greéa] IS m(_)st releva_mt to f0|l bearing systems. Investlgatorg, skll.le(.j in
reveals that the integer multiples result from a Fourier series éke field of foil bearing technology, have been reporting similar
pansion of signals that are contaminated with rubbing charactéftuations for more than two decades; unfortunately such informa-
istics. That analysis also gives an explanation for the varying hdlen has not been published, but privy to those intimately involved
monics magnitudegvhere some may not even show)upn fact 0 foil bearing development. ) )
there is a clear envelope in Figure 19 of the harmonic magnitudesP!- Green’s discussion of rub phenomena and harmonic excita-
which may disclose the arc extent of rub. Not only that this ruplon IS consistent with experience related to more conventional
bing phenomenon can be monitorébu and Greer3]) it can systems suqh as ball begrlng supported rotlors..Howeyer, | bellgve
also be eliminated by either passiteee and Greefi2]) or active that _thls reviewer Ijas misinterpreted the brief dlscussm_n referring
control (Zou et al.[4]). It is worth of note that the power gener-t0 Fig. 19. First, it should be noted that we are talking about
ated by such rubs is not high. Rough estimates of some of tfractional subhar_monlc V|brat|ons_wh|ch lock onto th_e rigid _body
parameters, and assuming a generous coefficient of friction of o7gitural frequenciesa subharmonic resonanceThe discussion
reveals that the power generated in such a case would be faitftes that in rub phenomena the harmonics will occur at integer
low (perhaps 50 Watiswhich is insufficient to cause a “major multiples of the rotational spee_d. In contrast, Fhe author has ste_tted
system melt-down.” But rub over time has a detrimental effect othat the phenomena observed in gas foil bearing systems is strictly

the bearing surfaces that would ultimately lead to their failure. related to conditions when the operating speed is an odd multiple
of a rigid body critical speed. If the reviewer would review Fig. 18
it can be seen that the subharmonic vibrations do not track or
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Addressing first the potential for rub, it should be noted that the
1H. Heshmat, 2000, “Operation of Foil Bearings Beyond the Bending Criticad@rgest peak-to-peak amplitude of vibration occurred at approxi-
Mode,” ASME JOURNAL OF TRIBOLOGY, Vol. 122, No. 1, pp. 192—198. mately 570 Hz(34,200 rpm as the rotor decelerated through the
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rotor bending critical speed. If a rub were to occur it would beontact load. Hence, for a given hardnesasperity yielding
expected during critical speed transition, not when overall vibravould require less contact area to support a given contact
tions were experienced at the operating speed of 74744820 load.
rpm). Regardless of the vibration condition experienced, during Smaller contact area for a given surface roughness means that
post test examination of the bearings, no evidence of a high spdeder asperities are required to carry the load. Hence, higher sepa-
rub was detected. ration would be expected when the contact is more plastic. This
The author next takes exception to the reviewer’s heat genepiysically realistic behavior contradicts another statement made
tion calculations and conclusion that “no major-system mely the authors in discussing their Fig. 4 that.'. the plastic
down” would be expected. The rough estimate of power gene@eformation, which is the main feature of the CEB model, should
tion does not include the dynamic force contribution which i¥ield a lower separation due to the plastic deformation of the
often significantly higher than the static component. Howevegontacting asperit. . . . In fact, even the authors present model
even assuming the reviewer's value of 100 watts heat generatig@sults in Fig. 4 show increasing separation at a given load, as the
and taking a typical high speed rub contact area as examined@§tact becomes more plastic and the plasticity index increases.
the author in numerous other foil bearing systems, the expected’he experimental and theoretical results of Kucharski et al.
power density for such a rub would be on the order of 1 Kilowatiere obtained for extreme loading conditions, deep into the plas-
sg-cm. Clearly this localized heating would cause great distressti regime, whenw is much larger tham, . Under these extreme
the very thin foil material and should be readily evident in podilastic conditions the measured experimental appreatiich is
test examinations. Again no evidence of high speed rubs was &€ opposite of the mean separajicand real contact area should
tected which would lend credence to the reviewer's contentioR§ Smaller than the prediction of any elastic-plastic model like the
that the observed phenomena is rub induced. CEB model. Indeed, in Figs. 11 and 12 of Kucharski et al. this is
In summary, the subsynchronous integer harmonics of rigif€ case. The results that are shown in these figures for the GW
body critical speeds have been experimentally observed to ocfifpdel are completely false since the GW model breaks down
when the rotor spin speed is seven times the rigid body criticQluch beforew, is obtained and hence should not be considered
speed. This author believes that it is related to nonlinear bearif®j comparison with the other models. Again, the CEB model is
system. No evidence of an intermittent rub has been detected'48Y Much physically reasonable.
the reviewer contends. It is the author’s intention to bring to light Finally, itis interesting to note the similar results of the present

this experimentally observed phenomena so that our understaftRde! and the CEB model as shown in Figs. 4 and 5. This is

ing of foil bearing performance may be enhanced and to gui@éobably due to the fact_that selecting the mean pressure KH in
direction for future investigations. the CEB model for plastically deformed asperities is not such a

bad choice after all. Indeed, it overestimates the mean contact
pressure of asperities in their early elastic-plastic state wiése
close tow; but at the same time it underestimates the mean con-
. . . . tact pressure of asperities deep into the plastic state whase
Discussion: “An Asperity Microcontact close tow,. Using an average contact pressure in a statistical
Model Incorporating the Transition model like the CEB for the entire population of plastically de-

formed asperities seems to have a global smoothing effect equiva-

from Elastic Deformation to lent to the empirical smoothing of the contact pressure on indi-
. " . vidual asperities in the present model.

Fully Plastic Flow” [ASME J. Tribol., P P
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Technion, Haifa, 32000, Israel Microcontact Model Incorporating
the Transition From Elastic
Deformation to Fully Plastic Flow
[ASME J. Tribol., 122, No. 2,

The authors have presented an elegant way to overcomgsa
shortcoming of the CEB model by smoothing the transition frorii * 479 (2000]
elastic to plastic state in a single asperity. Their physical interpre-

tation of the results, however, may be misleading. Yongwu Zhao, David M. Marietta, and L.

On several occasions the authors criticize the CEB results @hang
being “physically unreasonable” e.g., when discussing the differ-
ences between the GW and CEB results in Fig. 5¥er0.7, the
authors state that ! .. The asperity yielding would require in-
creased contact area to support a given contact load than other-
wise . .. ". This statement is a common mistake often made in The authors thank Dr. Etsion’s interest in the paper. We agree
connection to the contact of rough surfaces. In fact asperity yieMith Dr. Etsion thatwith a higher contact pressure a smaller
ing, or fully plastic contact, means that the asperity mean cont&@ntact area is required to support a given loaHowever,
pressure has reached the value of the material hardsessEq. Whetherasperity yielding would require less contact area to sup-
(9)). The mean contact pressure in the case of an elastic contad?@ét @ given contact loadepends on what particular problem one
certainly less than the hardne&bviously with a higher contact ~ Studies and what assumptions one makes. This statement is clari-

pressure a smaller contact area is required to support a given fied by two types of problems described below. )
The first type of problems is a rigid flat in contact with two
Yongwu Zhao, D. M. Maietta, and L. Chang, 2000, “An Asperity Microcontat:trough Surfaces(l'e" two separate Cont.aCt proble)_mBoth th.e
Model Incorporating the Transition From Elastic Deformation in Fully PIastiJOUgh surfaces have the same material properties but different

Flow,” ASME JOURNAL OF TRIBOLOGY, Vol. 122, No. 1, pp. 86—-93. roughness. Then, for a given load applied to the two contact sys-
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tems, the one that generates more plastic deformation is likelyisoagainst Dr. Etsion’s assertion but meets the fact thigt a
(but not always yield less real area of contact. The result is corhigher contact pressure a smaller contact area is required to sup-
sistent with Dr. Etsion’s assertion. port a given load.

The second type of problems is a rigid flat in contact with two The results presented in Fig. 5 of the current paper are for the
rough surfaces, where both the rough surfaces have identisatond type of problems. For this type of problems, it is necessary
roughness, but one is elastic-plastic and the other is assumed taHz¢ any micro-contact models with plastic deformation yield
perfectly elastic regardless of contact pressure. Then, for a gianger contact area than the GW elastic model. It is this analysis
load applied to the two contact systems, the one that generattest leads us to conclude that the CEB model could yield physi-
plastic deformation would yield larger area of contact. The resudally unreasonable results.
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