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Abstract

The impact of sub-zero temperatures on energypdisen levels is very
essential in Polish climatic conditions. Experingmesearch results (made on
shimmy self-oscillation damper used in a landingrgef a small plane) show
that energy dissipation level of an elastomerictiish damper (in opposition to
hydraulic) is decreasing with dropping temperatiit@s situation is a result of
significant differences in thermal expansion of enalls, especially the specific
elastomer feature — large thermal expansion (atastdnave thermal expansion
about 50 times larger than steel). Simulation ofper work, using Finite
Element Method, confirmed those dependencies. Aimagon of the friction
coefficient has been made between the elastomealandnium surface. It has
been ascertained that those values are relativedyl,sfrom 0.13 initial moment
declining to 0.085 then rising to 0.256.

Introduction

Significant changing of energy dissipation levets & very important
problem during the operation of a vibration damfshock absorber) in the
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highly changing temperature condition of Polishmelte. Hydraulic dampers

have a high gain of energy dissipation levels mgeratures below O degrees
Centigrade, and it is cause by the increase ofigwosity of fluid caused by

dropping temperature. Elastomeric friction damperay be the alternative,

because they have a smaller sensitivity for changiorking temperature. This

article represents an assessment of temperaturacinom elastomeric friction

dampers used to damping shimmy oscillation thatiecin landing the gear of a
small plane.

1. Energy dissipation level research of damper

The tests were made on damper applied on a Cessoplane — shimmy
type, serial number P/N-SE-1069-2, and patent nur@#90,038, produced by
LORD. The damper consists of a tubular aluminiunsecaan elastomeric
friction part, and piston rod. The elastomer isdiigfixed to the piston rod.

@ d, d, — elastomer diameter
d, — case diameter

d; — piston rod diameter

=

Fig. 1. Section scheme ot damper

The research was done in the Institute of Machiesigh Fundamentals
(Warsaw University of Technology) in the Departmeat Mechanics
Laboratory and also in the Institute of Fundameift@athnological Research
(Polish Academy of Sciences) in the Division of Exmental Mechanics.
Figure 1 represents a record of the damper worlecst 10 Hz frequency
(typical range of damper work) at a temperatureldPC. Figure 3 shows, for
comparison, the same cycle at 25°C.
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Fig. 2. Damper work cycle in -15°C temperature
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Fig. 3. Damper work cycle in 25°C temperature

The measure of dissipation energy is the areaersig cycle, and to assess
this, a level amended program from work [1] wasdudRissipation energy
amounted to 0.795 Nm in the plus temperature cyahe, below zero it was
0.305 Nm, which is 60% lower. It is noticeable thiag¢ elastomeric friction
damper has a lower dissipation energy level bel6@ i opposition to the
hydraulic damper. A lot of research conducted leyahthors confirms that it is
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a very powerful dependence (the disparity of desim levels compound with
increasing frequency). It was noticed that one eydissipation energy
insignificantly grows with escalating frequency,dathme dissipation energy in
relation to time quickly increases with increasireguency.

2. Temperature sensitivity analysis of elastomerifriction damper

The main cause of energy dissipation is frictiotween the elastomeric
element and the inside surface of the casing okthstomeric friction damper
made of aluminium. Energy dissipation levels angetiglent on contact pressure
between those elements. Changes of dimensionshwiage an impact on
pressure, are caused by thermal expansion of raksteri

Differences in coefficients of thermal expansioe sery large. There are
some average values, which are used in textboolextomple:

[2] steel — 12-16 % aluminium — 22- 1'6%, elastomer — 600- fo%

If we take the simple model casing, the axisymmettastomer and steel
elements will be subject to temperature changesefbore, we can calculate
longitudinal strain using this formula:

&, =a,AT ande,, =a,AT, and for transverse strain:

&, =—aVAT ande€,, = —a,VAT .

Changes of transverse dimension can be calculdtey ube following
formulas:

W, = —%gvlalAle and W, = —%svzazATd .

The difference of the above values is a measuietefference, and it can
be compute with the following formula:

U= (Vvl _WZ): %AT(Vlaldl - Vzazdz)'

If U takes the zero value, the whole system willupaffected by changing
temperature as follows:
v,a,d, =v.a.,d,.
Then calculation of case diameter is
I/10’1

d, =
? V2a2

d,,
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If numerical values are used

-6
d, = O.499|:€BOOE|.(_)6 d, 040d, (1)
0.34[22110

It means that the damper casing must be 40 timdsrwhan the elastomer
element, and this is impossible to achieve becdasger will be too heavy. In
the case when we take all damper elements (Figvd);an use the following

formulas:
E,=aAT; E,, =a,AT; Egz=aAT.

The very small strain, caused by rigid fix of elensel and 3, in transverse
dimension evaluation was omitted. So the followioigmulas will be used:

W, = —%VlalAle, W, = —%VzazAsz, W, = —%VscraATd3
Interference U is calculate from

1
U=-W +W,)-W, = EAT(Vlaldl +v,a,d, -V ,a,d,) (2)

Taking a condition of zero value

v,a.d, +va.d, —v.,a,d,=0,

d,

V.a, V.a, V.,

_03M1210° + 049960010

= d,,sod, = 048d., +40d,.
2 034@200°% " 0342000t 2 3 !

The condition of zero value can be achieved by gimgnof dimensions —
increasing gdiameter (inside steel shaft — piston rod) or legwvik diameter
(elastomer element) without modification. It is pie to fulfil these conditions
with a change of casing material from aluminiunstael to plastic with a larger
coefficient of thermal expansion. The analysis hagualitative nature, and
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precise calculations require considering many meali phenomena. It can be
computed by numerical analysis.

3. Simulation using Finite Element Method

The Finite Element Method was used to analyse thst@neric friction
damper work cycle using the ABAQUS program. All hwear phenomena were
taken into account, i.e. the contact problem wiittibn, the large deformation
of the elastomer, and they were described by acestlsixth order polynomial
model. The model was made from cubic elements, thadcalculation was
made with retention of all Gauss points, withoutueed integration. The
damper was made as an interference fit. The extedastomer diameter is
larger than the internal case diameter at firdie first stage is the simulation of
making an interference fix (thermal or mechanic@hen stages of temperature
changes and work cycles can be repeatedly mades fEsk requires the
delineation of the thermo-mechanical problem with possibility of changing
temperature and tension. The elastomer was deddoye reduced polynomial
model, according to test result shown above, withdoefficient changing as a

function of temperature function as in [3], a dgnsif 200%, and damping
proportional to the inert matrix with coefficientar 0 at 25C and increasing to
a value of 1000 at -30C. Aluminium and steel was described as elastic
materials. A simulation of pressing the rollerefikto the elastomer element
was made, with an insert to zero point (work stdiris possible to assemble the
damper by hand, and we presuppose that the dangseemade that way, so we
can acknowledge the obtained results as real valihes coefficient of friction
was assessed by a comparison of obtained presaluesv(average values on
the surface) with figures from experimental reskaiite coefficient of friction
was 0.13 at the start (speed 0), and decreasenlvaspeeds. The minimum
occurred at 0.008 m/s and had a value of 0.085t, Nlex coefficient of friction
increased, and at maximum speed (in the analyssvzam/s), it had a value of
0.256.

These coefficient of friction values will be used further calculations.
Executed examples confirmed the nature of the phenon noticed during
experimental research, i.e. dissipation energyifsigmtly recedes with lower
working temperatures. This phenomenon can be cershty reduced by
changing elements dimensions, according to anafyeis Section 2, and it was
validated by subsequent calculated examples.

In conclusion, it can be said that an elastomericrittion damper is a
possible alternative to the hydraulic damper in appances working in an
environment with changing temperatures. It is posdile to achieve more
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regularity of the energy dissipation level in an ewironment with a high
fluctuation of temperature. Using of this type damgr can be especially
advantageous in winter work conditions (sub-zero t@perature).
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Rozpraszanie energii w ttumiku elastomerowo-ciernym
w warunkach ujemnych temperatur

Stowa kluczowe

Thumik, elastomer, tarcie, badania, temperatura.

Streszczenie

Problem wptywu ujemnych temperatur na zmiesgnmoziomu rozpraszania
energii w polskich warunkach klimatycznych mazma znaczenie. Przedsta-
wione w pracy wyniki badadaswiadczalnych (wykonane na przyktadzie ttumi-
ka drgaa samowzbudnych typu shimmy w podwoziu matego samplookazu-
ja, ze tlumiki elastomerowo-cierne (w przeciwswie do hydraulicznych) cha-
rakteryzuj sie obnizaniem poziomu rozpraszania energii z spadkiem teatype
ry. Przyczyny takiej sytuacji wynikajze znacznych dhic rozszerzalni
cieplnej materiatow, w szczegékw specyficznych cech elastomeréw, istotna
jest dua (okoto péc¢dzieskciokrotnie wieksza od stali) rozszerzalftocieplna
elastomeréw. Symulacja dziatania ttumika wykonaretddh Elementéw Ska-
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czonych potwierdzita te zalrosci. Wykonano réwnig oszacowanie warfoi

wspotczynnika tarcia poriilzy elastomerem gciarng wykonary z aluminium —
stwierdzono,ze g to wzgkdnie mate wartéci od 0,13 w chwili pocztkowej

spadajce do wartéci 0,085 i nastpnie rosice z pedkoscig do 0,256.



