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Abstract. The selection of the accommodation scheme oftthek depends on the vehicle's
function, engine type, power train, suspension gigsetc. In its turn, the accommodation type
significantly affects almost all the major perforea data of the vehicle, including its stabilitydan
drivability, smooth ride, off-road capacity, etcadh accommodation scheme available today has its
benefits and drawbacks. The article provides thi@f overview as well as considers the question of
their influence on the vibration load of the drivevhich affects both the driver’'s health and his
combat efficiency. The article features an anafytinodel and a corresponding mathematical model
and gives the expression of the frequency and rahgeacteristics to determine the position of the
driver's seat (the task is solved linearly). Furtlm, the authors consider the example of its
composition for the two options of the seat positiithin the base conditioned by the
accommodation scheme type.

3ABUCUMOCTDBb BUBPOHAT'PY KEHHOCTHU BOAUTEJIA OT
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AHHOTanus. BEIOOp KOMIIOHOBOYHO!M CXEMBI TPY30BOTO aBTOMOOWIISL 3aBUCHT OT €r0 HA3HAYCHUS,
TUIIA IBUTATENIS U CWJIOBOW Mepeadn, KOHCTPYKIUY ITOIBECKU U Jp. B cBOIO ouepesib, KOMIOHOBKA
OKa3bIBAaCT CYIICCTBCHHOC BIIMSHHE MPAKTHYCCKH HAa BCE OCHOBHBIC TEXHUKO-IKCIUTyaTallMOHHBIC
CBOWCTBA MAIIMHBI. YCTOWYHBOCTh-YIPABIIEMOCTh, IUIABHOCTh X0J1a, MPOXOIUMOCTh U mp. Kaxnas
U3 CYIICCTBYIOIIUX Ha CETONHSIIHUN JICHh KOMIIOHOBOYHBIX CXEM TPY30BOTO aBTOMOOWIISI MUMEET
CBOM MpPEHMYIIECTBA W HENOCTAaTKU. B cTaThe NPUBOAWTCA WX KPATKUH aHANU3, a TaKKe
paccMaTpuBaeTCA BOIPOC WX BIMSHUS HAa BHOPOHArPY>KEHHOCTh BOIUTENS, KOTOpas OKAa3bIBAIOT
BO3ACHCTBHIE HE TOJBKO Ha €r0 OPTaHM3M KaK TaKOBOH, HO M Ha yCJIOBUS HAOIIOICHUS U CTPEIHOBI,
T.e. Ha 0oeBylo d3(dekTuBHOCTh. COCTaBICHBI pacdyeTHas CcXeMa U COOTBETCTBYIOIIAS
MaTeMaTHYeCKash MOJEIb, IOIYYeHO BBIpa)KCHHE aMIUIMTYIHO-YAaCTOTHON XapaKTepUCTHKH IS
OIpejiejieHUss YCKOPEHUH Ha CHIEHbE BOIOHWTENS (3a1aua pemaercs B JIMHEHHOW I[MOCTAaHOBKE),
PACCMOTpEH MPHUMEp €€ TIOCTPOCHUS ISl IBYX BAPUAHTOB PACIIONIOKCHUS CHICHbBS B Tpeieiax 0asbl,
00YCIIOBJICHHBIX BAPHAHTOM KOMIIOHOBOYHOM CXEMBI.

The smooth ride of the vehicle is defined as iiitglho move in the specified
time of operational speeds without exceeding tlieahcorms of vibration load on
the driver, passengers, cargo transported, itstwmti®n elements as well as
without significant jolts or bumps. Apart from ieasing the driver and passenger
comfort thus improving their well-being, the impeswent in the smooth ride
entails the increase in the average speed of theement, in the runlife, cargo
safety, reduction in the fuel consumption and cbstansportation as this is one of
the main performance characteristics of the vehicle

It is well-known that there exist accommodationesales of trucks [1, 2]:
conventional where the engine is located abovertm-wheel axle, whereas the
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driver's cabin is behind the engine; semi-convarglovhere the engine is located
above the front-wheel axle and the driver’s cabiprotruded onto the engine; and
cab over engine scheme where, as the name sugesesngine is placed above the
front-wheel axle and the cabin is located aboveetigine or with the engine placed
behind the front-wheel axle and the cabin is plaoeflont of the engine. They all
possess their advantages and disadvantages asélélcgon of a particular scheme
for a particular vehicle depends on its functidiyalengine type and power train,
the number of axles, their location within the hasaspension type, etc. [3]
However, the scheme also has a significant effacthe performance data of a
mobile vehicle, including its weight, off-road céyday, smooth ride, active and
passive safety, driver’'s working conditions, casgfety, etc.

Thus, for instance, the conventional scheme resalthe reduction of the
height of the vehicle, and therefore, the massecgmthich, in its turn, positively
impacts the stability and drivability of the vel@gl the simplification of the control
system, better passive safety achieved throughygradasorption by the engine part
in case of a frontal collision, however, this résuh lower active safety as the front
view becomes worse while axial outline dimensiores iacreased. Its advantages
also consist in the convenience of getting into auod of the vehicle and the
accessibility of the engine. The semi-conventidgpk results in the reduction of
axial outline dimensions and the base, the voluhtbeobody increases, which is a
benefit, however, this impedes access to the engitk the layout of control
mechanisms. In case of cab over engine type thed axtline dimensions and the
base are further reduced, which enhances the marahihty of the vehicle and the
front view, yet the access to the engine is sigaiftly hampered, and, most
importantly, passive safety is likely to worsen.

In terms of the crew protection from explosion ase of driving on a land
mine, the specialists are divided: some arguettiemulti-functional vehicles are
used with both conventional and cab over enginéydsslt is generally accepted
that if the engine compartment is protruded forwatdmay act as a buffer,
however, in case of cab over engine layout, thelevhower of the explosion will
directly affect the cabin. However, if we considgmphoon military trucks, we can
see them available in both layouts (fig. 1) [4].

It is well-known that the oscillations of the velei@affect the well-being of the
driver and the passenger. The sensitivity to thesallations depends on their
frequency, intensity, direction and length. A humarganism is adapted to
oscillations with the frequency, range, and acedi@n similar to the values that
occur when walking at an average speed, i.e. thiddlai®ons with the frequency of
1.5 — 2Hz with the acceleration below @4Humans are most sensitive to vertical
oscillations in the range of frequencies from 81tdz and to horizontal oscillations
in the range of 1-Bz

The oscillations with the frequency of 3 —Hi cause nausea, vascular
disorders, the frequencies of 4 —H4 may cause resonance vibrations of the head,
stomach, intestine, and liver.
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" Fig. 1. Typhoon Military Trucks

The features and parameters of oscillations affetonly the body, but also
the conditions of observation and shooting, i.emilsat efficiency. The so-called
commensurability ratio that takes into accountghebability of the combat vehicle
victory and that equals the likelihood of the vigt@f the vehicle operated by the
unfatigued crew divided by the likelihood of thetary of the vehicle operated by
the fatigued crew can reach 2.3 [5].

Let us consider the way the accommodation of theeds seat (which is
directly linked to the accommodation scheme) infltes his working conditions
from the perspective of oscillation processes.

A qualitative comparison allows us to obtain frege and range
characteristics of accelerations affecting the efts/seat depending on its location
within the vehicle base, all other terms being équdere exist different
biodynamic models of a human. The simplest onéessingle-mass model where
the driver and the spring part of the seat areidensd as a single concentrated
mass. The corresponding analytical model is pravideFigure 2, wherd/, mis
spring and non-spring weight of the vehiate; is the weight of the driver and the
mobile part of the seat, & » are vertical movements of spring and non-spring
elements of the vehicle and driver respectivelyk, are the wheel rate of the stiff
element and the ratio of the vicious resistancthefvehicle suspension;, k. are
the wheel rate of the stiff element and the rafithe vicious resistance of the seat
suspension respectivelgy, is the normal stiffness of tiregt) is the kinematic
impact from the road surface.

It is possible to simplify this model
because of the absence of interdependel
between the oscillations of the front and re
masses. As the weight of the driver and tl %
movable part of the seat is significantly lowe
than the weight of the front and rear sprir
weights of the vehicle we can first obtai

parts, then the frequency characteristics of t
position of the driver's seat located at tr
distance ok (see Fig. 2) and, considering it a.
a source of oscillations of the seat with th

Fig. 2. Analytical model

driver, we can get the frequency and range chaisiits of the accelerations
affecting the driver’s seat.
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The analytical model given may be described by fll®wing system of
differential equations:

{Mj.:ypj+Cp'(yi_fi)+kp'(yi_.£i)20; _
m;¢; — ¢, (yi B )_kpi (y,- B )+Cshi (f,— +q (t))+ Key (f,— +4; (t)): 0.

Where the index = 1 for the front part, and= 2 for the rear part.

We accept thag(t) is a harmonic function with the cyclical frequgnc The
differential equations found in the system aredmeahus we can apply Laplace
transformations to them [6] and present them agstes of algebraic equations
with complex variablesy; (s), ?J(s) q; (s) wheres = a + hi. With zero initial
conditions it can be presented as:

{(M 8" +kys+c, )71' (5)+(- KyS~Cy )51' (s) =0,
Ky, (8)+ (mys7 + (i, +key 5S+ s +Cay J(8) = (~ kayS=Cay ), (5).

As the kinematic impact is described by a harmdumction with the cyclical
frequencyv, the forced oscillations will also have the simifeequency ofv.
Therefore, we can replace the complex varialilg its imaginary componemt. As
a result we get the equation system related to awknfrequency characteristics
Y (u), g?J(VI) corresponding to the functioy, (t), '3 (t):

{(‘ M 2+ + ¢, )7, () + (ki —c, ) (V')_: 0.

—k, Uy, 1)+ (-mu? +(k, +kg Mi+c, +c ) () = —kg Vi —cy, -

In this system for the sake of convenience we ddbepsingular range of the
outer impact, &. q(vi)=1.

Having resolved the equation system, we get thgurecy characteristics of
the movements of spring weights with the singulaeokinematical impact:

Al; A0, +BL, BO, i A0, B1; — AL, BO,
[
AO? +B0? AO? +BO?

— 4 (_ _ _ _ 2 .
where AOj =M;my +( kpjkshj c,m —M,c; Mjcshj)v +C,Cq

BO, =~k M, =M kyy =Mk, * + (e iy Cay

P
AL =k kyyV® =€, oy BLy = (ke —ky -

To obtain the frequency characteristics in the @la¢ the driver's seat
fixation it is necessary to take into account trexjfiency characteristics for front
and rear spring parts of the vehicle as well aditkebetween the y-coordinate of
the road surface micro-profile under front and reheels

d, (t) = ql(t - T)'
wherer is the time taken to cover the distance that e vehicle base:

T () =521 3,) + 2 5, ()foospr) —isinfyr)]

The equation of the oscillations affecting the drivseat is as follows:
myj+c,(7-y)+k.(7-y)=0.

y; ()=

180



JARITS. 2019. Issue 14, Vol. 2

Having completed the above-mentioned proceduregjeti¢he expression of
the corresponding frequency characteristics anch thiee expression of the
frequency and range characteristics of accelemtidiecting the driver’s seat using
the expression of the location of the seat fixase source of the oscillations:

C1?+D21? _
H, )= S5 )2

whereCO=-my?; Cl=c,; DO=kyVv; D1=kyV.

By way of example we can obtain frequency and rarigeacteristics of the
accelerations affecting the driver’'s seat calcadldi@ the following initial data:
M; = 2200 kilos, my = 550 kilos, c,; = 270 kN/m, csu = 1280 kN/m,
M, = 6000kilos, m, = 900kilos, ¢z = 870KN/mM, Cerp = 3250kN/m, ¢ = 25kN/m,
kpr = 6.54KkNS/m, ki1 = 1.59kNsS/m, ky» = 15.667kNs/m, kg, = 3.22kNs/m, the
relative damping factor of the seat oscillationyds= 0.15,L = 4m, L; = 2.5m,
L, =1.5m, m. = 65kilos.

The curves corresponding to the frequency and rahgeacteristics are given
in Figure 3, where the solid line fag = 1.5m, and the broken line fot. = 2.5m,
i.e. when the seat is located above the front axte@#ehicle. As one can see from
the comparison of the two curves, from the pointviefv of oscillations during the
movement of the vehicle the driver's working coratis will be more favorable
when the driver’s seat is placed at a distance frwrfront axle.
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Fig. 3. Frequency and range characteristics ol@@etm®ns affecting the driver’'s seat

The oscillations are mostly caused by the micrdderaf the supporting
surface on which the vehicle is moving. When regd@ag the vibration load on the
driver, in case of using simplified mathematicaldals it is expedient to use the so-
called spectral approach that allows to obtaingpectral density of accelerations
on the driver’'s seat that characterizes the digiob of acceleration dispersion by
the frequency. To determine it, it is necessamtdtiply the spectral density of the
micro-profile by the square of the received fregryeand range characteristics of
the acceleration on the driver’s seat.

This is certainly only a qualitative comparisontwb location schemes of the
driver’'s seat determined by the accommodation tfgee vehicle. However, it has
demonstrated how the comfort of the driver can gkaonly because of the seat
placement, which initially seems to be an insigmaifit parameter.
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