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ANALYZA MOBILNEHO PROSTRIEDKU S DUALNYM POJAZDOM

AN ANALYSIS OF A MOBILE VEHICLE WITH DUAL RUN

V' prispevku je urobeny teoreticky rozbor rovinného pohybu
modelu mobilného energetického prostriedku s pridavnym zariade-
nim. Dalej sa zaoberd priestorovym riesenim pohybu kolesa
v dudlnom pojazde a dynamikou jeho pohybu. PouZity postup umoz-
nuje velmi jednoducho a efektivne riesit vplyv zvolenych parametrov
na vytypované parametre stroja. V prispevku je poukdzané na vplyv
zmeny rychlosti, hmotnosti, tuhosti a tlmenia na jeho pohyb. Je
navrhnuty tiez skiusobny stav na zistovanie zdkladnych vlastnosti
dudlneho pojazdu.

Uvod

V ¢lanku je analyzovany trakény mobilny prostriedok (malo-
traktor vo funkcii tfahaca s pridavnym zariadenim - navesom)
s dualnym pojazdom (obr. 1).

Dualny pojazd umoznuje ¢in-
nost tahaca v pasovom (obr. la),
alebo kolesovom rezime (obr. 1b);
je teda kombinaciou pasového
a kolesového pojazdu. Zabezpecu-

Plane motion of a model vehicle with additional equipment is
theoretically solved in this paper. The paper further deals with some
questions concerning spatial motion of a dual-run wheel and
consequences of such motion. The used method allows changing an
arbitrary parameter in a very simple and effective way. The objective
of the paper is to compare velocity, mass, stiffness and impact of
damping on the vehicle motion. A test stand to measure properties of
wheel-track-ground interactions was also designed.

Introduction

A traction mobile vehicle (a small tractor used as a trailer
equipped with an additional device - a semi-trailer) with dual run
is analyzed. (Fig. 1).

Dual run enables the tractor to
operate in a tracked regime (Fig. 1a),
or in a wheel regime (Fig. 1b); it is,
therefore, a combination of a track-
ed and wheel run. It provides an ope-

je funkciu pasu, resp. funkciu kole-
sa, odvalujuceho sa po vnutornej
strane pasu, ktory je z vonkajsej
strany v styku s podlozkou. Preto
pri ur€ovani odporu takto rieSené-
ho pojazdu je potrebné uvazovat
aj s vnutornym valivym odporom
kolesa po pase. K rie§eniu takéhoto
pripadu je vyhodné riesit problém

ration of the track or a wheel rolling
along the inner side of the track that
is in contact with ground on its outer
side. When resistance of the run solv-
ed in this way is determined it is ne-
cessary to take into consideration
internal rolling resistance of the
wheel along the track. To solve this
case it is advantageous to pay atten-

v§eobecného pripadu odvalujiceho
sa kolesa. Z dovodu radidlneho
kmitania elementov pneumatiky
boli zobraté do uvahy aj straty
energie, vznikajuce pri kmitani.

Pre zvoleny dynamicky model
(obr. 2) s rovnakymi parametrami
vsetkych naprav boli odvodené
prislusné pohybové rovnice [6]. Pre rozne hodnoty parametrov
naprav bol vytvoreny dynamicky model (obr. 6) rieSeny pomocou
programu DYNAST [4]. Hlavnym zamerom rieSenia modelov je

Obr. 1. Malotraktor s ndvesom s pdasom a) nezdvihnutym,
resp. b) zdvihnutym
Fig. 1. Small tractor-semi trailer and a track:
a) non-lifted, b) lifted

tion to a problem of a general case
of a rolling wheel. Because of radial
vibrations in the tire elements, ener-
gy losses resulting from vibrations
were also taken into consideration.

For the chosen dynamic model
(Fig. 2) featuring the same parame-
ters for all axles, the corresponding
equations of motion [6] were derived. A dynamic model (Fig. 6)

was designed for different values of axle parameters and was solv-

ed by means of the program DYNAST [4]. The main objective of

* Prof. Ing. Vladimir Hlavia, PhD., Ing. Pavel Fitz, PhD., Ing. Rastislav Istenik, PhD.
University of Zilina, Faculty of Mechanical Engineering, Department of Railway Vehicles, Engines and Lifting Equipment,

E-mail: hlavna@fstroj.utc.sk

2) « KOMUNIKACIE / COMMUNICATIONS 1/2001



analyza vplyvu niektorych parametrov malotraktora (hmotnost
motora, vplyvy tuhosti a timeni pneumatik, vplyvy niektorych roz-
merov a pod.) na jeho ergonomické vlastnosti, mechanické nama-
hanie atd.

Na overenie niektorych vlastnosti dualneho pojazdu malo-
traktora bolo navrhnuté prislusné zariadenie, umoznujuce merat
jeho vlastnosti pri priamej jazde a pri zatacani.

1. Dynamicky model sustavy s rovnakymi
parametrami naprav

Na obr. 2 je znazorneny dynamicky model tahaca s navesom,
kde su za suradnice zvolené: zvislé posunutia x,, x, taZisk 7,, 7,
a natoCenie ¢,; tahaca. Systém ma 3° volnosti. Deformacie pruzin
¢, ako aj suradnice x a ¢ boli merané vzhladom na rovnovaznu
polohu. Potencidlna energia tiazi bola zanedbana.

Predpoklady: (x)t x, %, X, Fo; (H)U @, ¢ & ¢, = @53 X, = X,
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the model solution is an analysis of impact of some parameters of
the tractor-semi trailer (engine mass, influences of the tire stiff-
ness and damping, impact of some dimensions, etc.) on its ergo-
nomic properties, mechanical stress, etc.

To verify some properties of the tractor-semi trailer with dual
run specific equipment was designed to measure its characteris-
tics during a straightforward run as well as during turning.

1. A dynamic model of the system featuring the same
parameters of all axles

Fig. 2 presents a dynamic model of a tractor-semi trailer in
which vertical displacements x,, x, of centers of gravity 7,, 7, and
swivel of the ¢, trailer were chosen as coordinates. The system
has three degrees of freedom. Deformations of springs &, as well
as coordinates x and ¢ were measured with regard to the equilib-
rium position. Potential energy of masses was neglected.

Assumptions: (x)1 x, X, X, Fi; (F)U @, @ & @1 = @3 X = X,

a
< d+e
1 ' m1, J1 p=c
E.31 X1 Y / I m2, J2 ’Fi&ls
L)1 2
7z I , 7 o b
u k k
7 e Y p

Obr. 2. Schéma tahaca s ndvesom
Fig. 2. A tractor-semi trailer

Deformacie pruzin mézeme vyjadrit pomocou geometrickych
rozmerov, uvedenych na obr. 2.

L=x1—uy—(@a—¢o) ¢,

Spring deformations can be expressed by means of the geo-
metric dimensions given in Fig. 2.

=K —x—(a—c—d) ¢/d+e)

G=x—u;—(p—e)-(x,—x,—(@a—c—d)- ¢/(d+e).

Ako kinematické budenie bola zvolena ojedinela nerovnost
tvaru:

gy = 0.05(1 — cos(7 - x)),

uy = ult],

uy = ult + apl,

Rare unevenness of surface was chosen as kinematic excita-
tion:

ugy = 0.05[1 — cos(m v+ 1)],

us =ult+ (a + p)h].
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Pohybové rovnice boli zostavené pomocou Lagrangeovych
rovnic druhého druhu:

d [ OEk oD O0Ep d (O0Ek
—N =ttt =—=0, — (= |+
dt \ 0x, 0%, Ox, dt \ 0%,

Ich aplikovanim na rieSeny pripad mozno dostat vysledné
pohybové rovnice (platia pre malé uhly ¢,, ¢,) danej sustavy
(pricomplatiL=d +e,P=p—e,N=a — ¢):

AR AR LNV P (P P . PN
m1+? ATE I e 7‘P1+x1 2+7 b—x, Z+F b+ ¢ (2c—a)—7

Equations of motion were constructed by means of Lagrange
equations of second type:

O0Ep d ( OEk oD 0Ep
+—=0, —|—]|+—+—=
0¢, 0¢, d¢,

Applying the above mentioned for the solved case we get the

0Ox,

resultant equations (hold for small angles ¢,, ¢,) of the system

(while the following relation holds L =d +e, P=p —e¢, N=

=a-—o):

)b— b — iy +

(P P? P P PN P
+ il I b+ x, 2+7 k — x, Z+? k+ ¢ (26—[1)—? k — uk — uyk + uy 7 k=0, (1)

Bt

P2b+ 1+P2b+ PN+P2Nb 1+ 2)s
% a\T Tt L\UETT

2 P P? P
k+x2 1+ k+(p1 LN+PNk*u3 1+Z k:0, (2)
J2N N\ PPN\ (PN PN P’N
L +L2 o T X 2—? b+x2 T+7b <p1c+(c—a) + — B b —

PN PN PN
— b — b — b-i-xl +t—5 kt x| —+—%
L L L?

—wk — uyk — 143( 7 )k 0.

Pri poziadavke zohladnenia rozdielnosti parametrov jednotli-
vych naprav (radialna tuhost pneumatiky, kinematické, dynamické
a energetické vlastnosti ...), musia byt tieto vo vypoctoch respek-
tované, ako je uvedené dalej.

2. Kinematika kolesa v dualnom pojazde

Z hladiska kinematiky su pri odvalovani kolesa mozné tri
pripady. Ak v stykovej ploche kolesa a podlozky nedochadza k vza-
jomnému pohybu, ide o idealne odvalovanie (pripad vleceného
kolesa). V pripade, ze v dotykovej ploche dochadza k relativnemu
pohybu, ide o odvalovanie s preklzom (prenos hnacej sily), resp.
odvalovanie so Smykom (prenos brzdnej sily). V dualnom pojazde
je mozny vyskyt vSetkych spomenutych pripadov. Nezavisi to len
od toho, aka sila je prenasana (hnacia resp. brzdna), ale aj od
toho, ¢i sa koleso odvaluje po pase s hladkym vnutornym povr-
chom, alebo je zabezpeCeny bezsklzovy styk kolesa a pasu
vhodnym dezénom pneumatiky kolesa a tvarovanim vnutornej
plochy pasu.

Pri urCovani sucinitela odporu valenia dualneho pojazdu je
potrebné zohladnit jeho Specifika. Dochadza tu k odvalovaniu
pruzného kolesa po vnutornej strane pasu a k odvalovaniu pruz-
ného pasu po pruznej podlozke. V pripade, Ze bude posobit bocna

P2N2

(3)

In compliance with the requirement of paying attention to dif-
ferences in parameters of particular axles (radial stiffness of a tire,
kinematics, dynamic and energetic characteristics, ...), these have
to be respected in calculations, as will be shown later.

2. Kinematics of a wheel with dual run

From the viewpoint of kinematics there are three possible cases
during a wheel rolling. If there is no reciprocal motion in the
contact patch of a wheel and ground it is a case of ideal rolling
(a case of a towed wheel). When there is relative motion in the
contact area, it is a case of rolling with slip (transmission of trac-
tive effort) or rolling with skid (transmission of braking effort). In
dual run all three above mentioned cases are possible. It does not
only depend on type of effort which is transmitted (tractive or
braking), but also on the fact whether the wheel is rolling along the
track having a smooth inner surface or whether slide-free contact
of the wheel and the track is provided by means of a suitable tread
of the wheel tire and also by the shaping of the inner surface of
the track.

When determining the coefficient of rolling resistance of dual
run it is necessary to pay attention to its specific features. A fle-
xible wheel rolls along the inner side of the track and a flexible
track rolls along flexible ground. If there is side force acting on
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sila, bude dochadzaf k vytvaraniu mikrozon preklzavania nielen
elementov behuna pneumatiky po vnutornej ploche pasu, ale aj
elementov vonkajsej plochy pasu po podlozke a k bocnej defor-
macii pneumatiky i pasu. To sposobi hysterézne straty v pruznych
¢lenoch systému. Dosledkom tohto je ekvivalentné zvySenie vali-
vého odporu dualneho pojazdu.

V pripade, Ze je potrebné riesit nielen kinematické ale aj
dynamické problémy odvalujuceho kolesa, je vhodné zaviest tri
suradné pravouhlé systémy, ktoré su charakterizované jednotko-
vymi vektormi a dalej uvedenymi stvislostami - obr. 3.

Prvy - vztazny, nepohybhvy system so suradnymi osami x,,,
¥, 2, a jednotkovymi vektormi 7,, 7, k,.

Druhy suradny systém x, y, z (i, j, k) je situovany do stredu
kolesa tak, e jednotkovy vektor J je totoZny s osou otacania kolesa.
Smer pohybu kolesa je vSeobecny, pretoze ZohladHUJe uhol sme-
rovej odchylky kolesa (nie je totozny s z ani s 1)

k,=k,

Treti siradny systém osami x 0 Vpr 52 Jednotkovyml vektormi
Ips Jps k je spojeny s pasom tak, ze i, = =7a k =K.

Vzajomné suvislosti medzi uvedenymi suradnymi systémami
mozno vyjadrif pomocou natocenia jedného systému voci druhému.

Napr. pri otoceni vektora 7 o maly uhol k (kedy mozno predpo-
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run, micro zones of sliding not only of elements of the tire tread
along the inner surface of the track but also of the elements of the
outer surface of the track along the ground occur together with
lateral deformation of both the tire and the track. It will bring
about hysteresis losses in elastic members of the system. The result
will be an equivalent increase of rolling resistance of dual run.

When not only kinematics but also dynamic problems of the
rolling wheel are to be solved it is good to work with three
coordinate rectangular systems characterized by unit vectors and
dependences introduced further - Fig. 3.

The first reference fixed system with coordinate axes x,,, y,, z,
and unit vectors 7,,,;,,, l?,,.

The second coordinate system x, y, z (7, j, k) is situated in the
center of the wheel so that the unit vector J is identical with the axis
of the wheel turning. The direction of the wheel motion is general
because it respects the slip angle of tire (it is identical neither with

i, nor with 7).

k; + kM.

i,‘ + i.th

iy +inF

<4 = kvahz

Obr. 3. Situovanie troch siiradnych systémov; sily a momenty
Fig. 3. Location of three coordinate systems; forces and moments

The third coordinate system is connected with the track by
means of the axes x,, y,, z, and the unit vectors i f jp, k so that
l =7 and k =r.

Mutual dependences among the mentioned coordinate systems
can be expressed by means of swiveling of one system against
another. For example, when the vector 7 is turned by a small angle
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kladat, Ze sin k = k a cos k = 1) - obr. 4 - vyplyva pre natoceny
vektor vztah

k (we can assume that sin k = x and cos k = 1) - Fig. 4 - the fol-
lowing relation results for the vector of swiveling

Fo=T 4 KT 4 ro=TE KT, 4)
Ak jednotkovy vektor TI, vyply- r If the unit vector TP results from
nie z otoCenia i o (e + B) - k,,, o the swiveling of i by (e + f8) - l?,,
potom plati vzfah KF then the following relation holds
7,=1,+(e+ Kk, 1, resp. K R (r.sinK) i,=7,+(e+ Kk, 1, or
Ll
T,=7,+(e+ K, (5) r T,=7,+(e+ k), (5)

Obr. 4. Natocenie vektora r

v ktorom € je odklon nadstavby
vozidla od zvislej osi a B je nato-
Cenie kolesa - Cize relativny uhol pohybu nadstavby. Vyraz (e +
+ ) je absolutny uhlovy pohyb kolesa.

Podobne aj pre7 vyplyva z dvoch natoéem’f’,, o(e+ p)- 1?,, +
+ & Tl,, kde ¢ je uhol odklonu kolesa

J=i,t (e+B) -k, +&ET,+&(e+B)7) T, (6

Ak budu zanedbané malé veli¢iny druhého radu, potom platia
vztahy

J=int(e+B) -k, +ET) T,

resp. priblizne j = —(e + B) 7, +j, + £k, (7

Pre vSetky dalSie prepocty vratane vztahov (5) a (6) mozno
pouzit dalej uvedené schémy vzajomnych vazieb:

i, T k,
7 1 e+p 0
7 —(e+B) 1 13 (8)
k 0 —¢ 1

i T k,
i, 1 e+ B 0
7, —(e+B) 1 0 9)
k, 0 0 1

i, Iy k,
i 1 0 0
j 0 ¢ (10)
K 0 —¢ 1

Rychlost 7,( taziska kolesa mozno v pohyblivom suradnom
systéme urcif zo vztahu

V,=Xxi+yj+zk, (11)

Fig. 4. Swiveling of the vector r

in which € is deflection of the vehicle
superstructure from the vertical axis
and 3 is steering of the wheel, i. e. a relative angle of the super-
structure motion. The expression (e + ) is an absolute angular
motion of the wheel.

Similarly, it also results for / from two swivels off,, by (e + B)
. l?,, + & 7,, where £is a camber angle

=it e+ Bk, + &0, +E (et P)]) T, (6)

If small quantities of second order are neglected, then the
following relations will hold

J=int e+ Bk, + &) T,

or,approx. j = —(e+ B) -1, +j, + &k, @)

The following diagrams can be used for all other calculations,
including the relations (5) and (6)

i, T k,
7 1 e+p 0
i —(e+P) 1 3 (8)
K 0 —¢ 1

?’H 7" En
i, 1 €e+p 0
J, —(e+ B) 1 0 )
k, 0 0 1

i, Jy k,
7 1 0 0
i 0 1 3 (10)
K 0 ¢ 1

Velocity 17k of the center of gravity of the wheel in the movable
coordinate system can be determined from the relation

Ve, =%i+yj+zk, (11)
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a pre zrychlenie plati vztah

d;k_..-.)+.. ~.+.. E+.di+.d7+.d1€ 12
a tTrTE Yyttt 2

V uvedenom vztahu pre zrychlenie mozno derivacie vektorov
pohyblivej sustavy vyjadrit pomocou vektorov nepohyblivej
sustavy v zmysle prepoCtu (8). Derivacie vektorov nepohyblivej
stistavy podla Gasu st rovné nule. Teda pre 7 = 7,, +(e+ B) -7,,
plati

—

i .
— = E+h) T (13

a vektor 7‘,, mozno transformovat spat do povodnej sustavy. Ak
budu zanedbané malé veliciny druhého radu potom platia vztahy

—

ai L

i CR R

T _ e+ B)-T+éEk 14
a B)-it+ &k, (14)
dk £

i A

Po dosadeni vztahov (14) do vztahu (12) a potom do vzfahu
pre pohybovu rovnicu - obr. 3, ktora ma tvar

av,,

my ?=F7;+ Y,j, + Zk, = F,i — F,j — G,k — G/k,,

sa ziskaju tri skalarne pohybové rovnice pre smery
Tomli -y (e+ Pl =F-F,, (16)
Joooml% 4y &+ B) — ] =Y, — F, + &2, — G).(17)
ko om+58) =2, (G, = G) — &), (18)

Zmena momentu hybnosti, je rovna vyslednému momentu
vonkajsich sil vzhladom k fazisku kolesa

K, =Y M,. (19)

Moment hybnosti X, « je funkciou nezavislej uhlovej rychlosti
i+ o)+ ok

0= o,

(20)

ktorej zlozky mozno vyjadrit v pohyblivom siradnom systéme,
takze

Ek: (‘]xwxi'] w 7'Ixzwz).7+(7 nywx+‘]ywy7']yz wz)'7+ (7nywx7‘]yza)y+‘]zwz).]€'

Xy =y

Dosadenim zloziek vektora uhlovej rychlosti o (a pri zaned-
bani malych veli¢in druhého radu)

o=¢-T+¢j+E+ Pk, (22)
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and the following relation holds for acceleration

d;k_..?+.. f+.. F+.d7+.d7+.dE 12
g YRty sk eyt (12)

In the above mentioned relation for acceleration derivations
of the vectors of the movable system can be expressed by means
of the vectors of the fixed system according to the calculation (8).
The derivations of the vectors of the fixed system according to
time are equal to zero. Hence, for 7 = 7,, + (e + B) -7,, holds

& (€+B) (13)
== (e 7
7 B) “Jn

and vector 7,, can be transformed back to the original system. If
small quantities of second order are neglected, then the following
relations will hold

di BT

dl = (€ B Jns

dj .
—=—(é+PB)-it &k, (14)
dt

dk 5.7

dt = J»

After substituting relation (14) to relation (12) and then to

the relation for the equation of motion - Fig. 3 having the form

(15)
we get three scalar kinetic equations for directions
ioml¥ = (et Pl =F - Ey, (16)

m% +y(&+ B) — £ =Y, — F, + &Z, — G).(17)

s

Tl

m; +3€) = Z, = (G, = G) — &Y. (18)
The change in the moment of motion is equal to the resultant
moment of outer forces with reference to the wheel center of gravity
K=Y M,. (19)
The moment of motion K, is the function of independent
angular speed
i+oj+ ok,

0= o,

(20)

whose components can be expressed in the movable coordinate
system

(21

Substituting the components of the angular speed vector w
(neglecting small quantities of second order)

0=¢& T+ ¢ j+(E+P -k, (22)
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do rovnice (21) a s uvazovanim, Ze deviacné momenty su pri vyva-
Zeni kolesa nulové, vyplyva vztah pre moment hybnosti

Ko=J& T+ 1, J+I+p) K (23)

a jeho zmena v Case je dana vztahom

—

- . - - .o i dj . dk
Kk=Jx§~i+Jv¢~j+Jz(é+B)'k+J,V§Z+Jy¢>j+lz(é+ﬁ)z.

di

Vektor vysledného momentu vzhladom na tazisko kolesa sa
sklada z vektora momentu posobenia napravy ]\7,,, vektora poso-
benia pasu v styku s pneumatikou ]W‘ a vektora 7,” XF »» ktory
predstavuje moment sil posobiacich v styku kolesa s pasom k jeho
tazisku

(25)
F,=F-i,+Y,7,+2,k,

P

-

S=r-§-?,,—r-kp.

>l

Dosadenim rovnic (14), (24) a (25) do rovnice (19) v surad-
nom systéme x, y, z, s uvazenim rovnic (10) a za predpokladu, ze
J, = J.aJ, = J,, vyplynu tri skalarne rovnice pre smery:

i JE+Te(et B) =My, — M+ Yyr + Z,rE (26)

7 Jk¢ = Mh,y - Mv,y = Fr— gjwv,z’ (27)

ko JEE+P) +IGE=M. — M.~ &M, (28)
v ktorych vystupuje aj gyroskopicky moment

My=J 1=+ p)-T+ &Kl (29)

pricom M, , je moment valivého odporu a M, , je stabilizacny
moment.

3. Niektoré dynamické a energetické vlastnosti kolesa
v dualnom pojazde

Tak ako klasické automobilové koleso aj koleso s pneumati-
kou v dualnom pojazde ma moznost deformovat sa nielen v radi-
alnom smere, ale aj v smere tangencialnom a bo¢nom. Na pracu
kolesa v dualnom pojazde ma preto podstatny vplyv nielen jeho
tuhost, ale aj hmotnost a vlastnosti vizbovych sil vystupujtcich
medzi jednotlivymi elementmi pneumatiky.

into equation (21) and considering that the deviation moments are
zero at the wheel balancing, then the following relation for moment
of motion is developed

K, =J& T+ j+I(e+p) -k, (23)

and its change in time is given by the relation
(24)

The vector of the resultant moment with reference to the wheel
center of gravity consists of the vector of the axle impact moment
]\7,,, the vector of track impact in the contact point with the pneu-
matic tire M, and vector 7ps X F, »» Tepresenting the moment of
forces acting at the contact patch of the wheel with the track to its
center of gravity

My =M T+M,]+M.-F

Mv: _va' ip _ny'jp _Mvz' kp’
(25)
F,=F T, +Y, ], +2Z-k,

-

S=r-§~7p—r~k,,.

Sl

Substituting the equations (14), (24) and (25) into the equa-
tion (19) in the coordinate system x, y, z, taking into considera-
tion the equation (10) and providing that J, = J, and J, = J;,
three scalar equations for the following directions develop:

i JE+ Tp(et B =My~ M+ Yyr+ Zyré, (26)

.7 JA@ = M/i.y - Mv‘y - Fr— nguz’ (27)

ko JEE+B +IoE=M,.—M,.— &M, (28)
in which also a gyroscopic moment appears

M,=J¢l=(e+ BT+ &Kl (29)

where M, , is the moment rolling resistance and M, , is the
stabilization moment.

3. Some dynamic and energetic characteristics of the
wheel with dual run

Similarly as in the case of a classical automobile wheel also
a wheel with a pneumatic tire with dual run can be deformed not
only in radial direction but also in tangential and lateral direc-
tions. The performance of the wheel with dual run is, therefore,
substantially influenced not only by its stiffness but also by mass
and by properties of binding forces existing among individual ele-
ments of the pneumatic tire.
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3.1. Vplyv radialnej tuhosti

Za predpokladu, Ze otacajice
sa koleso uhlovou rychlostou w sa
sklada z nekoneéného poctu ele-
mentov hmotnosti dm (pre elemen-
tarny uhol dg) su tieto zatazené
radidlnymi silami dF, a silami trenia
dF,. Nech kazdy element sa pohy-
buje v radialnom smere v tuhom
spojeni s obvodom kolesa - pozri
obr. 5.

Hmotnost jednotlivych elementov dm, ak u charakterizuje
zmeny rozmerov pneumatiky hmotnosti 7 mozno urcit zo vztahu

dm=pw-m-Q2-m "' do. (30)

Elementarna radialna sila dF, od sil pruZnosti pdsobiaca na
elementarnu hmotnost dm pneumatiky s radialnou tuhostou £, je
dana vztahom

dF, = (r—ry) " k.- do, 31)

dr .
aak (bz + F) je trecia sila na jednotkovej dlzke (d¢ =1) priCom

prvy €len v zatvorke charakterizuje straty imerné rychlosti a druhy
ostatné straty. Pre elementarnu treciu silu dF, potom plati vztah

dr
dF, = (% + F)dgo, (32)

dt
Spominany element vykonava v skuto¢nosti dva pohyby:
« tangencialny s obvodovou rychlostou Ve = T,
« radidlny vyplyvajuci z pruznosti pneumatiky.

Po upravach je pohybova rovnica sledovaného elementu dana
vztahom
d d d d
Pt b it (k= W) 1y Py — F
dm dm

33
dm dm (33)

Zo vztahu (30) vyplyva, Ze na jeden radian uhla (dg =1)
pripadd hmotnost w - m - (2 - )~ L. Cast prvého clena pravej

de
strany rovnice (33) - k, d_ je kvadratom uhlovej rychlosti, teda
m
plati vztah
( 2k, )“
W= .
wm

Pohybovu rovnicu mozno teda napisat v koneGnom tvare

(34)

. wz. 2 2 wi
r+b-k—r+(a)k—w)'r=7(k,-r0—1’).

r

(35)

/

Obr. 5. Zdkladnd schéma a vseobecné rozmery
Fig. 5. Basic diagram and general dimensions
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\ 3.1. Influence of radial stiffness

Providing that the wheel rotat-
ing at the angle velocity w, consists
of an infinite number of elements
- of mass dm (for the elementary

angle do); these elements are
@ loaded with radial forces dF, and
do

Ry 1o

friction forces dF,. Let each
element move in radial direction in
a rigid contact with the wheel cir-
cumference - see Fig. 5.

If w characterizes changes of dimensions of the pneumatic
tire mass m, the mass of individual elements dm can be determin-
ed from the relation

dn=u-m-Q2-m ' do. (30)

The elementary radial force dF, from forces of elasticity
acting on the elementary mass dm of the pneumatic tire having
radial stiffness k, is given by the relation

dF,=(r—ry) -k, do. 31

dr
and if (b; + F) is friction force along the unit length (d¢ =1);

where the first element in the brackets characterizes losses pro-
portional to the velocity and the second characterizes other losses.
Then, for the elementary friction force d, the following relation
holds
dr
dF,=(b—+ F |do. (32)
dt
The mentioned element actually carries out two motions:

« tangential, with circumferential velocity Vg = o,
« radial, resulting from the pneumatic tire elasticity.

After the arrangements, the kinetic equation of the observed
element is given by the relation
do do

—F—.

Crg— 33
Yo dm dm (33)

d d
bt (k= o)) - 1k,
dm dm

From the relation (30) follows that to one radian of the angle
(de =1) corresponds the mass y - m - (2 - )~ '. A part of the first

de
element of the right side of the equation (33) - &, d_ is a square
'm
of the angular velocity and, therefore, the following relation holds
( 2k, )"'5
o= .
wm

The equation of motion can be then written in its definitive
form

(34)

. wz. 2 2 wi
r+b-k—r+(wk—w)~r=k—(k,~r0—F).

r

(35)
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Ak sa parametre k,, w,, b, w a F nebudu s ¢asom menif, tak
rovnica (35) je linearna diferencialna rovnica druhého radu s kon-
Stantnymi koeficientmi a pravou stranou. RieSenim tejto rovnice
je mozné ur€it kmitanie sledovaného elementu pneumatiky pre
rozne prevadzkové podmienky.

3.2. Straty energie

Energiu elementu pneumatiky pri opustani zény kontaktu
mozno vSeobecne napisat ako sucet jeho kinetickej a potencialnej
energie

E=E +E, (36)

Pri opustani zony kontaktu pneumatiky jej element kmita.
Ked'Zze hodnotu potencialnej energie elementu mozno zanedbat
(polomer pneumatiky je v tomto bode pribliZne rovny R, - obr. 5),
bude celkova energia rovna Kinetickej energii v momente opusta-
nia zony kontaktu. Celkovu kineticku energiu vSetkych elementov
pneumatiky mozno vyjadrif vztahom

1
E =~

5 37

f v, dm.

Aby bolo mozné tito energiu vypocitat je potrebné poznat
rozloZenie hmotnosti po priereze pneumatiky a zavislost zmeny
relativnej rychlosti. Podla Kulikova mozno radialnu rychlost kraj-
ného elementu pneumatiky (v mieste dotyku) pri opustani zony
kontaktu uréit z priblizného vztahu

R, cosg,
R .

pa

Vo=Ry @ tg<p0<l + (38)

Radialna rychlost elementov v mieste styku pneumatiky s rafi-
kom je nulova. Rychlost ostatnych elementov pneumatiky sa bude
teda menit v hraniciach od v, — 0. Zmena rychlosti moze byt
vSeobecna, resp elementy mozu kmitat v jednej faze (sucasné vzda-
lovanie sa od centra). Experimenty ukazali, Ze elementy obrysu
pneumatiky kmitaji obycajne v jednej faze.

V pripade, Ze su zname zavislosti spominanych veli¢in (roz-
lozenia hmotnosti a zmeny rychlosti), je mozné vypocitat energiu
za jednu otacku kolesa, pretoZe vSetky elementy prejdi zénou
kontaktu, ziskaju kinetick energiu i vyuziju ju pri radialnom vlast-
nom kmitani za zonou kontaktu.

Ked'Ze ¢as jednej otacky kolesa vyplyva zo vztahu 27 = w - At,
mozno stratovy vykon potrebny na kmitanie urcit z nasledujiiceho
vztahu

fRé 187 @y(R,, + Ry cosg,)’dm

. 2
”‘ 4mR,,

. (39)

Ak stredna obvodova rychlost pre valivy polomer kolesa r,
v zéne kontaktu pneumatiky s pasom je v = r, w, potom radidlna
sila v dosledku kmitania elementov pneumatiky je dana vztahom
[RE -t ¢y(R, + Ry cosgy)dm

2 3
471'R,,a T

Frd = V. (40)

If the parameters k,, w;, b, w and F' do not change with time,
then the equation (35) is a linear differential equation of second
order with constant coefficients and with a right side. When solving
this equation it is possible to define vibrations of the observed
element of the pneumatic tire for different operational conditions.

3.2. Losses of energy

When leaving the contact area, energy of the pneumatic tire
element can be generally described as a sum of its kinetic and
potential energy

E=E, +E, (36)

At leaving the contact area of the pneumatic tire, its element
vibrates. As the value of potential energy of the element can be
neglected (radius of the tire in this point is approximately equal to
R, - Fig. 5), the total energy will be equal to kinetic energy in the
moment of leaving the contact area. Total kinetic energy of all ele-
ments of the pneumatic tire can be expressed by means of the rela-
tion

i,

o= [v2dm. (37)

In order to calculate this energy it is necessary to know distri-
bution of mass along the tire cross-section and dependence of
a change of relative speed. According to Kulikov radial velocity of
the boundary element of the tire (in a contact patch) at leaving
the contact area can be determined from the approximate relation

R, cosg,
R .

pa

Vo=Ry @ tg%(l + (38)

Radial velocity of elements in the point of the tire-rim contact
is zero. Velocity of other elements of the pneumatic tire will, there-
fore, change within the range from v, — 0. The change of velocity
can be general or, in other words, the elements can vibrate in one
phase (simultaneous motion away from the center). The experi-
ments have shown that elements of the tire outline usually vibrate
in the same phase.

When dependences of the mentioned quantities are known
(distribution of mass and changes of velocity), it is possible to
calculate energy during one revolution of the wheel because all
elements pass through the contact area, acquire kinetic energy
and use it in radial vibration behind the contact area.

As the time need for one turning of the wheel follows from the
relation 27 = w - At, loss output needed for vibrations can be
determined from the following relation

JR% g’ @y(R,, + Ry cosg,)’dm

2
’k 47 R;,

. (39)

If the mean circumferential velocity for rolling radius of the
wheel r, in the area of the tire-track contact is v = r, w, then radial
force due to vibration of the tire elements is given by the relation
|R2 &R, + Ry cosgy)dm

7 3
47TRM r,

Frd = V2. (40)
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Za predpokladu, Ze uhol ¢, bude maly, potom tge, = ¢,;
cos ¢, = 1 a Ry = r, = ry takZe rovnica (40) nadobudne tvar

| 3R, + roYdm

Frdg 47TR;ar0 v, (41)

resp.
| B(R,, + 1o rodm
e 4w R,

. (42)

Pri dynamickom vypocte je potrebné reSpektovat rozne vlast-
nosti naprav vozidla. Uvedené vzfahy aplikované pre koleso v dual-
nom pojazde definuju niektoré vstupné parametre naprav vozidla
a to na zaklade informacii o kolese (typ pneumatiky, rozmer, tlak
v pneumatike atd.).

4. Dynamicky model sustavy s rozdielnymi
parametrami naprav

Matematicky model, ktorého vypoctova schéma je na obr. 6,
umoznuje vypocet prislusnych hodndt tahaca s navesom pre [ubo-
vol'né hodnoty tuhosti a timeni kolies jednotlivych naprav. Tuhosti
a tlmenia na jednotlivych kolesach naprav mozu byt okrem iného
vyznamne ovplyvnené napr. typom pouZitych pneumatik, tlakom
vzduchu v pneumatikach a pod.

Engine
My

®

Ballast
m
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Supposing that the angle ¢, is small, then tgg, = ¢,; cos
¢, =1 and R, = r, =~ r, and the equation (40) will have the
following form

QD%)(Rpa + rO)de 5

d = 477Rp2a ro Vv, (41)
or
2 2
[ G(R,, + 1) rgdm ,
rd = 47TR;Q w. (42)

In case of dynamic calculation it is necessary to take into con-
sideration different characteristics of the vehicle axles. The men-
tioned relations implemented for the wheel with dual run define
some input parameters of the vehicle axles on the basis of inform-
ation about the wheel (type of pneumatic tire, dimension, press in
tire, etc.).

4. Dynamic model of the system with different
parameters of axles

The mathematical model whose computing scheme is in Fig. 6
enables the calculation of corresponding values of the tractor-semi
trailer for arbitrary values of stiffness and damping of wheels of
individual axles. Stiffness and damping on individual wheels of
axles can be, apart from other things, significantly influenced by,

T1\HT

e.g. a type of the used pneumatic tires, air pressure in tires, etc.

@ my, I \v

m4, I =
2 I
. YT Yfo wf
u
kA g\l bA kB {\1 bB kC bC
N | N

gl ¢ d e

- a p

Obr. 6. Schéma sistavy tahaca s ndvesom s rozdielnymi parametrami ndprav
Fig. 6. System of a tractor-semi trailer with different parameters of axles

Model tahaca s navesom vyuziva zjednoduseny model pneu-
matik, uvedeny na obr. 7. Pre vyvin radialnej sily su pre pneuma-
tiku rozhodujuce tieto aspekty:

« nelinearita deformacnej konstitucnej zavislosti (zavislosti medzi
radialnou deformaciou a silou). Konstitucna zavislost (dalej len
k. z.) je vdy typu spodné obmedzenie vplyvom moznosti odskoku
kolesa od podlozky. Pre praktické vypocty je potrebné pouzivat
k. z., stanovenej za podmienok, zodpovedajicich najcastejSie
vyuzivanému rezimu ¢innosti pneumatik. Pre bezné podmienky

The model of the tractor-semi trailer makes use of simplified
type of pneumatic tires shown in Fig. 7. To develop radial force
the following aspects are decisive for a pneumatic tire:

« non-linearity of deformational, constitutional dependence (depen-
dence between radial deformation and force). Constitutional
dependence (further abbreyv. as c. d.) is always of down limitation
type due to possible interruption of the wheel-ground contact.
For practical calculations it is necessary to use the c. d. given
under the conditions corresponding to the most frequently used
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prevadzky malotraktora nie je potrebné vplyv nenulovej krivosti
nerovnosti podlozky na zmenu deformacne;j k. z. uvazovat.

« tlmenie pneumatiky, ktoré je opat zavislé na rovnakych prevadz-
kovych parametroch. Vzhladom k jeho malej vel'kosti v rozho-
dujucom rezime ¢innosti pneumatiky je mozné ho uvazovat ako
linearne zavislé od tlaku v pneumatike.

Z nameranej [1] deformacnej charakteristiky jednej pneuma-
tiky Barum 168/80 R 13 OR 34 (obr. 8) vyplyva jej radialna tuhost
k=2,0-10° N- m~ ! akonstanta linearneho tmenia b = 30 N - s -
m~! pre amplitadu deformacie pneumatiky w = 1.5 mm. Vzhla-
dom na to, Ze meranie konstanty timenia pneumatik pouZitych na
rieSenom malotraktore zatial nebolo realizované, bola vo vypoc-
toch uvazovana orienta¢na hodnota podla [1].

Obr. 7. Zjednoduseny model pneumatiky
Fig. 7. Simplified model of tire

Standardné parametre sustavy boli nasledovné: v = 15 km - h™ "
a=052myv=01md=02me=1mp=123m;c=0,1m;
k=4-10°N-m ';b=60N-s-m ';motor: AGZAT 3,5 kW/
5500min" !, m w = 16 kg (bez prislusenstva). V legende obrazkov
je uvedené, ktory zo Standardnych parametrov bol zmeneny (napr.
hmotnost pouZzitého motora mM, hodnoty rychlosti) a prislusna
hodnota na aku bol zmeneny (ostatné parametre zostavaju Stan-
dardné).

Simula¢ny vypocet bol urobeny pre kinematické budenie
tvaru funkcie cos, priCom vyska nerovnosti bola uvazovana 0,05
m a dizka nerovnosti 0,15 m. Grafické znazornenie kinematic-
kého budenia jednotlivych naprav v zavislosti od polohy vozidla je
znazornené na obr. 9.

Vzhladom na poziadavku viacerych vykonovych variantov
stroja (deklarovanu v cieloch projektu) bola urobena analyza
vplyvu hmotnosti motora (obr. 13). Do rieSeného malotraktora sa
§tandardne montuje motor AGZAT (3,5 kW/5500 min~ ') s hmot-
nostou 16 kg bez prislusenstva.

operational mode of pneumatic tires. For ordinary operational
conditions of a small tractor it is not necessary to consider
influence of non-zero curvature of unevenness of ground on
change of c. d. deformation;

« damping of the tire which is also dependent on the same ope-
rating parameters. Due to its slight magnitude in the decisive
operational mode of the pneumatic tire it is possible to consid-
er it as being linearly dependent on tire pressure.

From the measured [1] deformation characteristic of one
pneumatic tire Barum 168/80 R 13 OR 34 (Fig. 8.) follows its
radial stiffness k = 2.0 - 10° N- m~ ! and the constant of linear
damping b = 30 N+ s - m™ ! for the amplitude of pneumatic tire
deformation w = 1.5 mm. Owing to the fact that measurements of
the damping constant of the tires used on the small tractor des-
cribed in this article have not been carried out so far, the orienta-
tion value specified in [1] was used for the purpose of our
calculations.

2000 static
v=100kmh' - £=0
p=180kPa rs (N) , /
Nro=3000N 1000 { /
T // f=8-15Hz
rotation
20 -10 0 10
Barum / — w (mm)
168/80 R13 OR 34// [ -1000
//
//
/ L -2000
///
///
- - -3000

Obr. 8. Deformacnd charakteristika pneumatiky
Fig. 8. Deformation characteristic of tire

The standard parameters of the system were the following:
v=15km-h " a=052mv=01md=02me=1m
p=123mc=01mk=4-10°N-m 5 b=60N-s-m "
engine: AGZAT 3.5 kW/5500min "}, m w = 16 kg (without acces-
sories). The text below the figures says which of the standard para-
meters was changed (e.g. mass of the used engine mM, values of
velocity) and the corresponding value to which it was altered
(other parameters remain standard).

The simulation calculation was made for kinematics
excitation of cos function where the height of unevenness was
considered 0.05 m and the length of unevenness 0.15 m. Graphic
presentation of kinematics excitation of individual axles in
dependence on a position of the vehicle is in Fig. 9.

Taking into consideration the requirement for more output
variants of the machine an analysis of influence of the engine
mass was done (Fig. 13). The engine AGZAT (3.5 kW/5500 min ™ !)
having the mass of 16 kg without accessories was mounted in
a standard way into the investigated small tractor-semi trailer.
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0.06
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Obr. 9. Kinematické budenie jednotlivych ndprav
Fig. 9. Kinematic excitation of individual axles

Niektoré alternativne motory:
Robin EH18V

ACME ADN 48W

ACME ADN 54W

16,7 kg (4,5 kW/3600 min "),
55 kg (7,5 kW/3600 min 1),
55 kg (8,4 kW/3600 min~").

Analyza parametrov sustavy je podrobne rozpracovana v [6].
Pre ilustraciu st na obr. 10 - 13 uvedené priebehy niektorych cha-
rakteristickych velicin.

Realizaénym vystupom rieSenej problematiky je definovanie
optimalnych parametrov pre navrh prototypu malotraktora s dual-
nym pojazdom. Z obr. 10 - 13 je na prvy pohlad zrejmé, ze

Some alternative engines:
Robin EH18V

ACME ADN 48W
ACME ADN 54W

16.7 kg (4.5 kW/3600 min 1),
55 kg (7.5 kW/3600 min "),
55 kg (8.4 kW/3600 min ).

A detailed analysis of the system parameters is presented in
[6]. Courses of some characteristic quantities can be seen in Figs.
10 - 13.

An output of the solved problems is to define optimal para-
meters suitable for designing a small tractor-semi trailer with dual
run. It is obvious from Figs. 10 - 13 that the damping of the

0.05 standard

0.03 -
= 0.01 - VYT
o001 | \Vad —WN

-0.03 -

-0.05

0 0.2 0.4 0.6 0.8 1 1.2 t(s) 1.4
Obr. 10. Poloha taZisk tahaca a ndvesu pre Standardné parametre
Fig. 10. Position of centers of gravity of the tractor and semi-trailer for standard parameters
0.1
““l PR
‘ — 15 km/h

é 0 e i‘_{.}i’tﬁ‘lﬂx‘v:‘é.‘h!_.l‘!l!'A\,!léi'!m“'!l'léggjél&.!m!. “‘ll""i ’AL' 7 km/h
- UL WO MU R AR MR R A MR e

-0.05 1 m

-01

0 0.5 1 1.5 5 2.5 3 3.5 t(s) 4
Obr. 11. Priebeh YN pre rozne rychlosti
Fig. 11. A course of YN for different velocities
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Obr. 12. Priebeh FIN pre rozne rychlosti
Fig. 12. A course of FIN for different velocities
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Obr. 13. Priebeh YT pre rozne hmotnosti motora
Fig. 13. A course of YT for different engine masses

tlmenie sustavy, ktorého parametre boli prevzaté z [1] je velmi
malé. Tato skutoCnost potvrdzuje nevyhnutnost experimentalne
overit konstanty tlmenia pre pneumatiky rieSeného malotraktora.
Pre overenie prislusnych vstupnych parametrov vypoctu bol
navrhnuty skusobny stav KO-PA-PO.

5. Skusobny stav

Pre vyhodnocovanie nielen zakladnych vlastnosti dualneho
pojazdu, ale aj pre overenie teorie dualneho pojazdu je potrebné
poznat niektoré realie, vznikajuce v interakcii koleso - pas - pod-
lozka (KO-PA-PO). Skusobny stav navrhovany na Katedre kolajo-
vych vozidiel, motorov a zdvihadiel (KKVMZ) ma umoznit ziskat
zakladné informacie o interakcii koleso - pas - podlozka. Tato
interakcia vyznamnou mierou rozhoduje o vlastnostiach stroja.
Vzhladom na existujuce finanéné moznosti je zariadenie navrhnuté
tak, aby bolo ¢o najjednoduchsie a boli vyuzité dostupné existu-
juce zariadenia laboratorii katedry.

Pri navrhovani skuSobného stavu na zistovanie niektorych
zakladnych vlastnosti interakcie koleso - pas - podlozka (pozri obr.
14) sa vychadzalo z tychto zakladnych vSeobecnych poziadaviek:
« jednoduchost a spolahlivost zariadenia,

« minimalizacia nakladov na vyrobu,
o vyuZzitelnost niektorych existujucich zariadeni laboratorii
KKVMZ

system, the parameters of which were taken from [1] is minimal.
This fact underlines the necessity to experimentally verify the
damping constants for pneumatic tires of the investigated small
tractor. To verify the corresponding input parameter of the calcu-
lation the test stand KO-PA-PO was designed.

5. Test stand

To evaluate not only the basic characteristics of dual run but
also to verify dual run theory it is necessary to know some facts
occurring during an interaction of wheel-track-ground (KO-PA-PO).
The test stand designed in the Department of Railway Vehicles,
Engines and Lifting Equipment enables to acquire basic informa-
tion about the above-mentioned wheel-track-ground interaction.
This interaction significantly influences the machine characteris-
tics. Owing to the present financial situation the test stand was
designed so as to be as simple as possible with the objective of
using the existing equipment of the department laboratories.

The basic general requirements served as the basis when design-
ing the test stand for investigation of some fundamental characte-
ristics of the wheel-track-ground interaction (see Fig. 14):

« simplicity and reliability of the equipment,
« minimalization of production costs,
« utilization of some already existing laboratory equipment.
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a poziadaviek Specifickych vyply-
vajucich zo samotného ciela ulohy
t.j.

« overenie zakladnych technickych
moznosti dualneho pojazdu,

« zistenie niektorych zakladnych
parametrov dualneho pojazdu,

« overenie spravania sa dualneho
pojazdu pri pésobeni bocne;j sily
so zameranim sa na vedenie
pasu,

» porovnanie zakladnych vlast-
nosti dualneho pojazdu v preve-
deni ,ako pasovy pojazd” a ,ako
kolesovy pojazd®, t. j. v oboch
polohach turasu,

« v pripade potreby zistovat Zivot-
nost a spolahlivost zakladnych casti dualneho pojazdu,

« umoznit konfrontovat vysledky niektorych teoretickych rieseni
suvisiacich s podstatou navrhu dualneho pojazdu.

Na zaklade uvedenych poziadaviek bola spracovana uvodna
studia projektu skusobného stavu, pozostavajuceho z dalej uvede-
nych zakladnych casti:

1. zdroj energie. Ako zdroj energie je navrhnuty elektricky in-
dukény dynamometer MEZ Vsetin KS 37A - 4 tvar M64277Z,
ktory je inStalovany v priestoroch laboratorii katedry a jeden
jeho koniec je vyuzivany na zistovanie mechanickych strat
spalovacich motorov. Zakladné parametre dynamometra su
uvedené v tabulke 1.

2. blok - stojan, pozostavajuci z:

« ramu ako nosnej Casti,

« nekonecného pasu, ako podlozky. Povrch nekonecného pasu
mozno nasledne riesit roznymi ipravami imitujucimi vlast-
nosti roznych druhov podlozky,

« vychylovanej ¢asti, umoznujucej modelovat jazdu v obluku.

3. dudlny pojazd, pozostavajuci z:

« naklapanej konzoly - turas,

« hnacieho kolesa,

» napinacieho kolesa,

Obr. 14. Virtudlny model skiisobného stavu KO-PA-PO
Fig. 14. Virtual model of the KO-PA-PO test stand « to determine service life and reli-
ability of basic elements of dual
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There were also some specific
requirements resulting from the
objective of the task itself, i. e.:

« to verify basic technical possibi-
lities of dual run,

« to determine some basic para-
meters of dual run,

« to verify dual run behavior when
side force is applied, focusing on
the track guidance,

» to compare basic characteristics
of dual run when operating as
“a tracked run” and as “wheel
run”, i. e. in both positions of
the inclinable console,

drive when necessary,
« to enable confrontation of results of some theoretical solutions
having relations to the core of the dual run design.

On the basis of the above-mentioned requirements an
introductory study of the test stand project was prepared. It
consisted of the following basic parts:

1. source of energy. An electric induction dynamometer MEZ
Vsetin KS 37A - 4 of M642ZZ shape has been suggested as
the source of energy. It is installed in the laboratories of the
department. One end of the dynamometer is used to deter-
mine mechanical losses of combustion engines. Basic para-
meters of the dynamometer are shown in Table 1.

2. block - stand, consisting of:

« aframe as a supporting structure,

« an infinite strip serving as ground. The surface of the strip
can be altered so that characteristics of various types of
ground can be imitated,

« a part which can be deflected, thus enabling simulation of
ride in arc.

3. dual run, consisting of:

« an inclinable console,

« a driving wheel,

« a tightening wheel,

« pasa. « a strip.

Zakladné parametre dynamometra KS 37A - 4 Tab. 1 Basic parameters of a dynamometer KS 37A - 4 Tab. 1
Vykon kW 7.3 22 41 Power kW 7,3 22 41
Otacky min~! 500 1500 2800 Revolution min ™" 500 1500 2800

6. Zaver 6. Conclusion

Model na obr. 2 predpoklada rovnaké hodnoty tuhosti a timeni
na jednotlivych napravach. Aplikacia odvodenych vzfahov (1),
(2) a (3) pre vypocet je Casovo vel'mi naroéna. Pre pripad réznych
tuhosti a tlmeni jednotlivych naprav a analyzu vplyvu hmotnost-
nych a rozmerovych parametrov bol navrhnuty spresneny model
vozidla uvedeny na obr. 6. V tomto modeli boli aplikované spres-

The model shown in Fig. 2 suggests equal values of stiffness
and damping on individual axles. The application of derived rela-
tions (1), (2) and (3) for calculation is time consuming. A more
precise model of a vehicle shown in Fig. 6 was designed for cases
of different stiffness and damping of individual axles and for ana-
lysis of influence of mass and dimensional parameters. In this
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nené charakteristiky pneumatik a boli reSpektované niektoré kine-
matické, dynamické a energetické vlastnosti kolesa v dualnom
pojazde. Pri uvazovani priestorového pohybu kolesa boli zohlad-
nené zotrvacné sily vyplyvajice zo sucinu rychlosti translacného
a rotacného pohybu, vplyv boénej sily na koleso a vektor vysled-
ného momentu vzhladom na tazisko kolesa zohladnujuce gyrosko-
picky ucinok otacania kolesa. Aby bola problematika styku koleso
- pas - podlozka v rieSenom dualnom pojazde podrobne vyset-
rena je potrebné teoreticky doriesit niektoré problémy stvisiace so
stykom kolesa a Specificky upraveného pasa. Toto nie je mozné
rieSit vSeobecne, ale iba pre konkrétnu konstrukénu Gpravu pasa.
Na overenie ziskanych vysledkov bol navrhnuty skuSobny stav.

Uvedené vysledky si realizacnym vystupom grantovej tilohy ¢.
1/5269/98 [8].
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