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DESIGNING AN EXPERIMENT OF A FRICTION MODEL DERIVATION
FOR AEROSPACE APPLICATIONS

In the paper, the problem of friction model derivation and its importance for the
aerospace applications are considered. A method of non-flight experimental evaluation of
the relation of friction forces to the flight conditions is proposed. The mathematical basis of
the experiment and the schematic representation of the stand for trials are presented. The
implementation of experiments will lead to the derivation of a novel friction model which is
acceptable for the aerospace applications.
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Introduction. In the aerospace applications the numerous systems,
conducting control or tracking contain electromechanical parts as actuators.
Tracking is one of the main objectives of surveillance systems (Fig. 1 a) mounted
on aircraft or satellites. To track objects in the surveillance systems it is required to
direct the sighting line to them. A tracking system (Fig. 1 b) as an automatic
control system, generally consists of a setting device, controller, control object, and
sensor [1].
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Fig. 1. Surveillance system and tracking organization

The dynamics of the control system depends on the characteristics of the
control object, which is an electric motor in this case, since in the aerospace
devices, as actuators, electric motors are often used [2].

The generalized forces due to friction in the mechanical actuating devices
can be large even for normal (ground) conditions and can be up to 25% of the
forces required for the movement of the components [3]. Therefore, friction has a
significant impact on the dynamics of the whole system. The main method to

113



improve the accuracy of the electric motor control is the friction compensation.
There are many methods for friction compensation based on different friction
models [4-7]. All contemporary friction models define dependence of friction from
angular velocity produced by the electric motor.

It is true for normal cases (on the ground). But there are g-loads (overloads)
(Fig. 2) while flying, which define the normal reaction force in aircraft structures
[8] and affect the friction forces and torques there. It means that g-loads have a
significant influence on friction torques in the electric motors in flight and can lead
to the uncertainties in the control plant model [9].

fycg.

Fig. 2. G-load distribution in the maneuver of aircraft

There is not any friction model depending on g-loads now. To develop a
friction model depending on g-loads, it is required to construct a trial stand. In the
tests, it is possible to recreate the g-load effects based on the changes of the masses
of the electric motor shafts leaving its moment of inertia constant.

On the whole, the problem of precise tracking of objects is urgent and its
implementation, using a new friction model based on the dependence later from
both angular velocity produced by the electric motor and acting g-loads has a
valuable practical application to improve the reliability of surveillance systems for
the aerospace applications.

Mathematical basis of the non-flight experiments for the friction model
derivation. As mentioned above, the effect of g-loads during the flight is expressed
by the changes in the reaction forces between the contacting surfaces which lead to
the variations in the friction forces. As we consider the electric motor-based
rotating actuators, it is meaningful to analyze the effects of the g-loads on the
frictional torques. To have a similar to the g-loads effect in the non-flight situation
for rotating surfaces, it is possible to keep their inertia moments as constants,
changing their masses which will variate the reaction forces without affecting their
rotational parameters.
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Let’s consider the cylinder as the most gear systems are based on the
cylindrical elements. The axial moment of inertia of a cylinder (Fig. 3) is expressed
by the formula [10]:

J, = —mr? s
2
where m = pzr’h is the mass of the cylinder, p is the density of the material of

the cylinder, r is the radius of the cylinder, % is the height of the cylinder.

Fig. 3. Definition of the axial moment of inertia of the cylinder
To have the conditions of the same axial moment of inertia with different
masses, let’s consider two cylinders — one with the mass m = pzr°h and moment
of inertia J, =0.5mr”, and the second with the mass m, = p,77;’h,, k times greater

than m (m, = km), and the same inertia moment J_, = 0.5m> = J. .

z

From the relation of masses of the cylinders we can obtain:

1> kph
1_2 _Lpn . (1)
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From the equality of the axial moments of inertia of the cylinders we can

derive:

r h
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Based on expressions (1) and (2), we can write the formula for the
coefficient & :

= ppl—;’l. 3)
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Thus, based on the desired coefficient of the mass relations we can get two
cylinders with the same moment of inertia by the variations of their material
density and height. The coefficient £ can be interpreted as the expression of the g-
load in the non-flight conditions.

Experiment description. The basis of the experiment is the construction of
a trial stand (Fig. 4 a) to the test numerous varieties of the electric motors with
shafts of different mass and the same moment of inertia.

To construct shafts with different masses and the same moment of inertia, it
is required to calculate the characteristics of each shaft based on the formula (3)
(Fig. 4 b).

The normal reaction forces on the motor defined by a g-load in this case will
be calculated by the ratio £ of masses.
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Fig. 4. Diagrams of the trial stand and shafts for the experiments

After trial stand construction tests will be carried out on the electric motors
to derive the influence of the g-loads on the generalized friction forces and create a
novel model of friction acceptable for aerospace applications.

Conclusion. The proposed experiment will lead to the derivation of the
novel model for the generalized friction forces, taking into account the angular
velocities produced by the electric motors and acting g-loads in the flight. This
would allow creating new friction compensation methods to improve the accuracy
of control and tracking systems used in the aerospace.
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h.U. PUlSPU3UL, U.L. PUTIP3UL

udhusht6rUUUL uhrrunnrE@3nkuLerh KUUUN cPUUL UN1GLP

ususuuv g¢hsuenrah LulugouuL UuUbL

Yhwwpygwsd Gu 2hdwu dnnbiubph nnipupbpdwu fuunhpubpp U npwug Ywpunpnt-

pIntup wyhwunhbgbtpwlwu Yhpwnnyeniuubpnid: Unwownlqwsd £ othdwu nidbtiph enhspw-
Jhu wwjdwuubphg Yuiudwu quwhwwndwy hnpdwpwpwlwu dbpnn’ wnwlg pnhspubiph
hpwlwuwgdwu: Lbpywjwgdws tu ghnwthnpéh dwebdwnpywywu hhdpbpp U npw hpw-
Jwuwgdwl uwmbunh gdwwwwlbpp: Ghwwthnpéh hpwlywuwgnwip Yhwugbguh wyhw-
whbgbpwlwu Yhpwnnigyniuubpnud punniutih othdwu nidbiph unp dnnbijh unwgdwup:

Unwtgpuypti pwnbp. pngnn uwnpbin, snp othnwd, 2thdwt wgnugtipdnid, thnpéw-

pwpwlwu wpunwoénud:
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N.C. BAXTHUKSH, A.A. BATUSIH

O IPOEKTUPOBAHUMU 3KCIIEPUMEHTA ITO BbIOAY MOJEJIN
TPEHUSA JJI1 ADPOKOCMUYECKHUX MMPUJIOXKEHUMN

Paccmotpena mpobiema BbIBOja Mozeield TpeHHWsS M IOKa3aHa €€ BaKHOCTh I
a’POKOCMHUYECKUX MPHIOKEHHUN. [Ipemtoxken MeTon HSKCHEPUMEHTANBHON OLEHKH CBS3H
CHJI TPEHUS C YCIIOBUSIMH ITOJIETOB Oe3 MX npou3BeaeHus. [IpencTaBieHsl MaTeMaTHIecKue
OCHOBBI DKCIEPHUMEHTa M CXeMa CTeHAa A HUChbITaHuil. Peanu3anus »KCHEpUMEHTOB
NpUBEAET K BHIBOJY HOBOM MOJAENM TpPEHHs, HPUEMIIEMOH M adpPOKOCMHYECKHX
IIPWIOKEHUU.

Knioueevie cnoea: neratenbHble almaparhl, CyXoe TPEHHE, KOMIIEHCAlUs TPEHUS,
DKCIEPUMEHTANBHBIA BBIBOJ,.

£S5 681.5.09

<.4.HWNMrPPL3UL, L.L.LEMUPUBUL, U. L. HUUE3UL

N vNRULULUYNC TUrdhLGrk FEUSUYNCNRULE, NUNUUGESPENh BY
L2urch nhkdh NPNSNKUL

Ywuwnwnyby b wuonwsnt ensnn uwppbiph (UrGU-Gph) Ywnnigwdpnd wuthnfuw-
phubh Jwu Juqgunn, wwhwueynn swihbpny W hgnpnipjwdp swpdhsubiph nt plwwwunnt-
wmwlubiph 62gphwn punpnienuu: LHwpwagpyb) £ npwug hbnwgnundwt hwdwp bwfuw-
wbujwsd thnpdwpwpwlwu unbunh Yunnigwdpp: Upryntupubipp b thnpduwywu wndjwi-
ubipp unwgyt b dowyyt Gu LabVIEW dpwgnpwjht dhowywypnud:

Unwugpuyhti punbp. thnpdwpwpwlywu unbun, WU, ny lunquuwlwynp swndhs,
pwnzhs nid, wwnnnwy:

Lbpwénipynmiu. Uprynibwybicn U ny pwulwpdbp UfGU-tiph twjuwgddwu
Ywplinp fuunhputiphg Gu uwwnwpnnuywunyentup, enhsph npwyp W ptinh nbnw-
thnfudwtu niwwynyeniup: WEU-Gph hwdwp hupuwdwn ninnuhwjwg pnhsph W
Jwypkoph Ywpnnnipyntuutipp Ywplnp, vwlwit hwwuwlwu fuunhputip tu hw-
dwpynid: Ninnwhwjwg pnhsph Ywd Juwiptoph Ywpnnnipjwt hhduwlwu wwhwg-
ubpu BU' Gogphin ninnnieiniup U gnuph uywwndwdp onh hnuph Yuwnwywpnudp,
husp Yauuwlywu tpwuwynieiniu niuh onwuwyh hwywuwpwynnypiwu hwdwp:
Epp wofuwwnnd Gup EGYunpwywu uwppwynpnudubpny (puipdhsubp W Ynuwnpn-
Gputip), Yuplnp vawuwyniejwu dbfuwupyuywu b fEYunpulwy ywpwdbupbpp
bppbdu wuhwyn Ywd Jwuwdp hwynup Bu |hund, hbnbwpwp' wbwnp § pwjbp
adnuwpyb] win wwpwdbnpbpp npnobint ninnnigjwdp: Ugfuwwnwupnid putiwny-
ynw Gu pwpdhsubph wwpwdbupbph npnpdwtu b EiEYwnpwlwu ne EGYunpnuwht
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