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Abstract

Introduction: The progress of science has made it possible to create new quantum engines (QEs) powered by physical
vacuum energy. A QE will generate a vector-based propulsive force, or thrust, applicable to the vehicle body directly, with
no transmission required. Traditional cars will be upgraded with QEs and thus converted into quantomobiles. QE thrust
application at the point of the vehicle body, hovering above the bearing surface, introduces changes in the traditional
diagram of forces acting on the vehicle. Therefore, it is necessary to assess the influence of thrust on the longitudinal
stability of the quantomobile. Methods: In the course of the study, we upgraded the diagram of forces acting on the
traditional vehicle, by introducing QE thrust (bearing in mind vehicle hovering above the bearing surface). We also
developed a corresponding mathematical model for the distribution of the normal reactions on the wheels, taking into
account QE placement. Results: Among the developed calculation complexes to perform a qualitative analysis of the
influence of force factors on the quantomobile chassis load, a complex representing the longitudinal thrust and the thrust
height was distinguished. Discussion: These complexes may serve as the basis of calculation units for more detailed
programming, analysis, and synthesis of the design of vehicles with QEs, assessment of the longitudinal stability of
the vehicle, optimization of QE placement in the quantomobile body. Example: The method developed is presented
using a quantomobile similar to a KamAZ-4326 automobile. Conclusion: The considered diagram of forces acting on a
quantomobile, including QE thrust above the bearing surface, shall become generic for force diagrams of quantomobiles

with additional thrusters intended to increase the longitudinal stability of the vehicle.
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Introduction

The progress of science has created
prerequisites for the emergence of entirely new
propulsion systems — quantum engines (QEs). The
implementation of advanced ideas — e.g., Leonov’s
quantum engine (Leonov, 2002, 2010) — will make it
possible to extract energy from the physical vacuum,
by using vehicle power units. A new generation of
vehicles with quantum engines — quantomobiles —
will replace automobiles (Kotikov, 2018c).

A QE will generate a vector-based propulsive
force, or thrust, applicable to the vehicle body
directly, with no transmission required (Kotikov,
2018a, 2018c; Leonov, 2010). The wheeled
chassis will lose its function as a propulsion unit
but will remain a support in the ground movement
of the quantomobile (Kotikov, 2019a, 2019b,
2019d, 2019e, 2020). All wheels will become
driven.
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QE thrust application at the point of the vehicle
body, hovering above the bearing surface, introduces
changes in the traditional diagram of forces acting on
the vehicle. The points of thrust emergence (application)
in the wheel contact patches within traditional
kinematic diagrams will move towards the points of QE
(thruster) thrust vector application to the vehicle body.
The vehicle body may have several thrusters.

On the threshold of QE introduction, it is required
to develop corresponding kinematic diagrams, which
will be quite useful at the early stages of designing
quantomobiles and their structural subclasses.
The paper addresses the generic scheme of
quantomobile movement along the inclined bearing
surface where the QE generates longitudinal thrust
only. We focus on methodological developments
regarding the assessment of the overturning
moment caused by QE thrust and assurance of the
longitudinal stability of the quantomobile.
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Analysis of the normal reactions on the
quantomobile wheels

By using the diagram for the determination of
the normal reactions R, on the automobile wheels,
presented by Volkov (2018), but in Selifonov’s
notation (Selifonov et al., 2007), we will consider
its transformation for the quantomobile. Figure 1
shows the following: V — the velocity vector when
moving along a section of the bearing surface (at
an angle a to the horizon); C,— the vehicle center of
gravity (CoG); G, and G, - the gravity force and its
projection onto the vertical axis of the vehicle; F,, F,
F,F,F, , and F, — the QE longitudinal thrust, wind
re3|stance reduced vehicle inertia force, climbing
force, resistance against the rolling of the front and
rear wheels, respectively; 7, and T, — the rolling
resistance moments; i, A, h, — the distance of
the vectors of the corresponding forces F , F,, F,
and F_ from the bearing surface; L, L, and L the
wheelbase and the distance from the wheel axles to
the CoG projection onto the bearing surface; 4 and

— the central points of the contact patches; R_, and
R_, —the normal reactions to be determined, Q —the

point of QE thrust application to the vehicle body.

The sum of the moments with respect to point B
of the rear wheels is as follows:

D Ts=R,-L+G,-sina-h, +m"a-h, +
O.S‘Cx 'p'S/ram'qu .hw _Gq'cosa .LZ + (1)
T, +T,~2 —Fro-hrre =0,

where:

c, — the wind shape coefficient;

— the air density, kg/m?;

Sfmm the frontage area of the quantomobile, m?;

m’ — the reduced vehicle mass (with account for
the rotational inertia of the wheels), kg;

a — the acceleration of the quantomobile, m/s?.

For the reduced vehicle mass, the following is
true:m’=m9, =(G/g)9,,, where ¢ — the rotational
inertia coefficient of the wheels. In the case of
quantomobiles, this coefficient takes into account
only the rotation of the carrying wheels since there
are no rotating power drive parts (an ICE with a
flywheel, a clutch coupling, a gearbox, a final drive).

Let us take into account that 7, + 7, = fR_ 7, +
SR,r,=(R,+R)[fr,=G, cosafr wherer—the
dynamlc radlus of the wheel. In this ‘'section, we will
not reveal the structure of the coefficient of resistance
to the rolling of the wheels £, bearing in mind that it
represents the velocity function.

Based on the sum of the moments (1), R_, can be
expressed as follows:

h, fon
(cosa ——%-sinar) — (M

)
R G, L, L, 2-G,- L, )
zl T .
L h - X . X
~(& 5 5u) — (cosar [ )+(FT' h”')
g L L, Gy L2

Figure 1. A computational model for the normal reactions on the quantomobile wheels
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It seems that the following form will be more
convenient in the analysis of the quantomobile
configuration:

(cosa(L2—f-r,)—h, -sina)—

G . . front * 2
R, =—%L (M. h) — =
L 2-G, (3)
(_ h 5m)+(FTx hFTx)

‘1

= q konZ—kwn—kjn'l’ kFT}m .
L

Here, we introduce notations (that differ
significantly from Selifonov’s notation (Selifonov
et al., 2007) for the complexes having the length
dimension, each of which represents a share in
the shift of the center of dynamic equilibrium in the
normal reactions of the vehicle axles.

k,., = (cosa(L2— f-r,)—h,-sina) - the
complex of values, descr|b|ng the interaction
between the wheels and the bearing surface.
In the case of a horizontal bearing surface, it is

reduced to the following: k, , = (L2— f-7;), where
f - r,represents the shift of the point of dynamic
equilibrium from the GoG projection on the bearing
surface (due to the presence of the rolling resistance
moments 7, and T, ,)-

_ Cx'p'Sfront'Vq2
wn_( Fhw

2-G, — the complex taking
into account the influence of wind resistance on the
normal reactions;

a
kjn= (_hg '5”'0)

g — the complex taking into
account the influence of the longitudinal acceleration
of the vehicle on the normal reactions;

i Fre- hFTx)

Xﬂ:(
r G; ~— the complex taking into

account the value of the QE longitudinal thrust and
its height relative to the bearing surface.

The same holds for R_, reaction but using the sum
of the moments with respect to point A. Thus, we will
obtain the following for R _:

(cosa(Li+ f-r;)+h, sina)

G C ‘p'Sfmnt‘qu
R . =—1 (== " L)+ =
2= | H 2.G, ) @)

Fre- hrrx

)

oy, Si)—(
g

q

Gq
= T(kﬂnl + kwn + kjn - kFTxn).
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Let us note that the representation of the result of
the interaction between the second axle wheels and
an inclined bearing surface differs from the previous
one:

= (cosa(Li+ f-r,)+h, sina).
Discussion
The k. k. k. k, k., coefficients represent

convenient complexes for qualitative analysis of
the influence of force factors on the quantomobile
chassis load. These complexes have the length
dimension (m) and represent the shift of the point of
dynamic equilibrium of the normal reactions along
the wheelbase L (let us call them linear complexes).
They may serve as the basis of calculation units for
more detailed programming, analysis, and synthesis
of the design of vehicles with QEs, assessment of the
overturning moment, optimization of QE placement
in the quantomobile body.

Fre- hrre
FTxn — (

The Gy complex in Egs. (3) and (4)
is of particular interest since it describes the force
leading to the vehicle nosedive (emergence of the
longitudinal overturning moment of forces), which
is directly proportional to QE thrust and its height. If
we remove the parentheses in Eq. (3) and analyze

R, = M+FTx-hFTx

the L fragment, we will see that
the share of QE thrust action in the vehicle nosedive
is inversely proportional to the wheelbase of the
wheeled chassis of the quantomobile.

As for thrust, it loads the front wheels to the same
extent as it unloads the rear wheels (see the signs of
the last terms in Eqgs. (3) and (4)).

With an increase in the vehicle weight, the
nosedive effect is reduced: the increasing total
weight G, in the denominator of the &, complex
reduces the value of this complex. However in this
case, we need to bear in mind that the vehicle load
shifts the CoG height h, thus changing the values of
the km] 2 and k. complexes It is obvious that lower
values of the CoG height are required.

The issue of the longitudinal stability
(neutralization of the overturning moment) of the
quantomobile (as compared with the traditional
vehicle) is becoming more acute. In automobiles,
even the significant overturning moment is
reflected (taken up) by the bearing surface (if
there is a pressing force of the vehicle weight). In
quantomobiles, thrust above the bearing surface
creates a significant overturning impulse. Besides,
quantomobile hovering (and even its breakoff from
the bearing surface (Kotikov, 2019a, 2020)) requires
assessment of this moment in order to neutralize
negative angles of attack and eliminate the possibility
of overturning.
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Example. Let us consider a quantitative example
of applying the introduced complexes when studying
the longitudinal stability of the quantomobile and
determining the value of the additional thruster to
neutralize the overturning moment. We will examine
a quantomobile with specifications similar to those of
a KamAZ-4326 race truck considered in the previous
studies (Kotikov, 2018a, 2018b, 2018c).

Let us restrict ourselves with a horizontal
bearing surface. We will present calculations for
the normal loads on the wheels of the front axle,
bearing in mind that the load on the wheels of the
rear axle at the perceived longitudinal overturning
moment (with no vehicle hovering above the bearing
surface) will be approximately equal to the difference
between the total vehicle weight and the load on
the wheels of the front axle. We will also neglect
complex aerodynamics (shape of the vehicle body,
air flows under the vehicle body, etc.) and use only
the generalized aerodynamic coefficient.

To represent resistance against the rolling of
the wheels, the following relationship was chosen:
f=r,.0 +fwh_V'qu), where f - the coefficient of
rolling resistance at the velocity close to zero (during
starting), and f, - the velocity coefficient of rolling
resistance. Since the height of movement and air
density are constant, the model of aerodynamic
properties can be simplified: ¢ p/2 =k .

Necessary data on the vehicle:

To perform a qualitative analysis, we chose a
hypothetical quantomobile with the specifications
of a similar KamAz-4326 automobile with a QE,
under extremely severe conditions of motion:

S o = 7m?% 0, = 0.04 (Kotikov, 2019¢).

Wheelbase L = 4,250 m; wheelbase components:
L,=2100m; L,=2,150 m.

Height of force application (Figure 1): hg =1.3m;
h,=16m; A, =1.0m.

Maximum (implemented in the example in the
entire velocity range) QE thrust value: 90 kN.

Let us use the graphic representation that was
taken earlier for the quantomobile force balance
analysis (Figure 2) (Kotikov, 2019a):

We used the following force balance equation for
steady motion along a horizontal bearing surface:

sz[ Sono(1+ funv-12))- j -

Gq + kw.x . Sfront - Vi

The remainder of the force F, — P, = P_ was
used as the acceleration margin; at F, =G, the
corresponding area is highlighted in light green in
Figure 2, and acceleration at F, _ is represented
by the green AB line.

For f,,, = 0.3, three zones are highlighted in
Figure 2: wind resistance (blue), resistance of the
bearing surface (yellow), vehicle acceleration margin
(green). Figure 2 also shows the acceleration curve
AB upon complete depletion of the thrust margin
highlighted in green. It is possible to alter the zones
for different values of f,, | in a similar way.

Table 1 shows the results of calculating the
complexes described above and presented in Eg. (3)
for six velocity cross-sections of the quantomobile
(Figure 2) at thrust /= 90 kN, accelerating from 0
to 67.2 m/s, which is the maximum velocity for this

a:

Gq =8kN; £, ,=03;f  , =4x10*sm* k= 0.5 Nxs*/m? thrust value.
FTx'
AFTz'

a,, m/s? F,, kN F=( FT22+ FTX2)1/2 K

— J[LD
F, =G o/ !
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Figure 2. Quantomobile force balance when moving along the bearing surface with fwh.0 = 0.3 (fwh.0 = 0.1 and 0.2 — additionally)
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Table 1. Calculated values of the linear complexes for different quantomobile acceleration points

State, Acceleration, Complex kwn1 Complexes, m Location of the point of
velocity m/s? components dynamic equilibrium
Lz f r, wnl wn 'jn kFTxn z ki’ m
1. Standstill 0 215 0 215 0 0 0 215
condition
2. Starting 6.7 215 -0.15 2.00 0 -0.923 1.023 210
3.13.9m/s 6.35 215 -0.17 1.98 -0.012 —-0.876 1.023 2115
4.27.8 m/s 5.55 215 -0.20 1.95 —0.049 —-0.765 1.023 2.159
5.50.0 m/s 2.9 215 -0.31 1.84 -0.159 —-0.400 1.023 2.304
6.67.2m/s 0 2.15 -0.43 1.72 —-0.287 0 1.023 2.456

Table 1 shows that, for instance, at the maximum
velocity, the point of dynamic equilibrium shifts at a
distance of 2.456 — 2.15 = 0.306 m as compared with
the position in the standstill condition.

If we shift to load units, the analysis may be just
as informative. Let us transform Eq. (3) as follows:

The four obtained complexes have the force
dimension and represent the share of each of
them in the formation of the total normal load on
the wheels of the same axle (let us call these force
complexes). Table 2 shows the result of calculating
these complexes for the same six vehicle states

during acceleration.

G
Tq(k\unZ_kwn_kjn‘i‘ kFTxn):Rz_l//_Rz_w_Rz_j+Rz_FTx. (6)
Table 2. Calculated values of the force complexes for different quantomobile acceleration points
Load Differ-
onthe | Share ence
front of the Load Load be-
onthe | onthe Over-
axle load I . tween .
. Contribution of the complexes in front rear turning
in the from the
Accel- . the normal load on the front wheels | wheels | wheels mo-
State, stand- | rolling . o . ! ! normal
. era- ) . during longitudinal motion, kN in mo- | in mo- ment,
velocity, : still resist- ) . loads
/ tion, tion, tion, kNm
m/s m/s2 con- ance, KN KN on the
dition, kN axles,
kN kN
fr
zLst G /dL Rzﬁy/ R27w zj R 7FTX Rzl Rz2 Rzl_RZZ 71»
9
Standstill |, 445 0 0 0 0 0 | 445 | 435 | 10 | 425
condition
Starting 6.7 44.5 -3.17 41.33 0 -19.1 2119 | 43.42 44.58 -1.16 -4.93
13.9 6.35 445 -3.42 41.08 -0.25 -18.1 2119 | 43.92 44.08 -0.16 -0.68
27.8 5.55 44.5 -4.14 40.36 -1.02 -15.8 2119 | 44.73 43.27 1.46 6.20
50.0 2.9 445 -6.34 38.16 -3.29 -8.29 | 2119 4777 40.23 7.54 32.04
67.2 0 44.5 -8.88 35.62 -5.94 0 2119 | 50.87 3713 13.74 58.40

Table 2 shows that, with the velocity increase,
the influence of rolling resistance (fr,) and wind
resistance (R_ ) on the formation of the normal loads
on the wheels increases as well. The portion of the
load on the wheels, caused by the inertial forces of
the vehicle, decreases with the velocity increase (due
to the acceleration decrease, see Figure 2).
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The thrust of 90 kN, acting longitudinally on the
vehicle body at a height h = 1 m (Figure 1), results in
an increase in the normal reaction of the front wheels
(R, ;.= 2119 kN).

The load on the rear wheels R_, can be calculated
by using Eq. (4), but in the case of a horizontal bearing
surface, the difference R , = G,—R_ can be used.
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The overturning moment is determined as follows:
T,=(R,~R,) L

The maximum overturning moment 7, = 58.4 kNm
occurs at a velocity of 67.2 m/s; this value is quite
significant and should be neutralized. The simplest
solution is to move the additional thruster having a
vertical structure forward at a distance of 2.5 m from
the point of dynamic equilibrium (see Y k, = 2.456 in
Table 1). To ensure stabilization, a force of 58.4
kNm /2.5 m = 23.4 kN (one fourth of the force of the
main thruster) will be required. Without stabilization,
such imbalance will result in overturning when
moving along a microprofile bearing surface. In
the mode of partial or full hovering (Kotikov, 2020),
the out-of-limit negative angle of attack will occur.

In the case of changes in the 4, k., h heights
(Figure 1) and their combinations, the nature of the
contribution of the corresponding forces (and even
their signs) in the formation of the normal loads
will change as well. In this paper, we have just
numerically demonstrated the methodical approach.

The fact that the example provided used the
imperfect KamAZ-4326 body shape shows that it is
possible to improve significantly the quantomobile
aerodynamics and configure the vehicle in the shape
of a flying wing (Stepanov, 1963). Then, at high speeds,
due to emerging buoyancy, the normal reactions
will be distributed in another way, with a decrease
in the longitudinal overturning moment (or even its
elimination). Nevertheless, the method developed can
serve as the basis for further studies, quantomobile
configuration design and implementation.

Conclusion

In this paper, we considered the diagram of
forces acting on the quantomobile, including thrust
generated by a QE (thruster) hovering above the
bearing surface. A quantomobile shall have at least
three thrusters to ensure not only the longitudinal
motion in the pitch plane but roll and yaw control as
well (Kotikov, 2018c). The diagram considered shall
underlie the formation of multi-thruster diagrams for
quantomobile motion and control.
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AHHOTauumna

MpoaBmxeHne Hay4YHO-TEXHUYECKOWN MbICNIM 0603HAYMNO BO3MOXHOCTb CO34aHUsA KBaHTOBbIX ABuratenen (Ksf),
MCMonb3yLWnX aHeprno dusnyeckoro sakyyma. Ks[l 6yaeTt co3gaBatb BEKTOPHYIO TATOBYIO CUIY (TPACT), KOTOPYHO
MOXHO HENoCpeACTBEHHO, UCKMI0Yas TPaHCMUCCUIO, MpUKNaabiBaTb K KOPNyCcy aKunaxa Ans ero ABVKEeHUS.
Knaccuyecknin asTomobunbe npu yctaHoBke Ha Hem K[l TpaHcdopmupyeTcsa B kBaHTOMOOUINb. [NpunoxeHne cunol
Tarn Ks[l (Tpacta) B BbIBELLEHHON HaZA ONOPHOM NOBEPXHOCTbLIO TOYKE KOpMyca akunaxa MeHseT TpaauLMOHHYI0
CXeMmy cun, AeCTBYOLWMNX Ha akmnax. BosHnkaeT He06X0AMMOCTb OLEHKM BNUSHUSA AENCTBUSA TpacTa Ha NPOAOIbHYH0
YyCTONYMBOCTb KBaHTOMOOMNA. MeToabl: lMprMmeHeH MeToa MOAepHM3aL MM CXeMbl CUI, 4ENCTBYHOLLUX HA KITaCCUYECKUiA
aBToMob6unb, Nnytem BBeAeHns Tpacta Ke[l, BbIBELLEHHOrO Ha4 ONMOPHOWN NOBEPXHOCTBIO. NocTpoeHa cooTBETCTBYOL AN
MatemaTnyeckas MoAenb pacrnpejeneHns HopmarnbHbIX peakuui Ha Konecax, yuymTbiBawwasa pasmelleHve Kell.
Pesynbtatbl: Cpeayn chOpMMPOBaHHBLIX PACYETHBLIX KOMMNEKCOB Afs KA4eCTBEHHOro aHanu3a BIIMSHUS CUITOBbIX
haKToOpOB Ha 3arpy3Ky LLaccu KBAHTOMOBUNSA BbIAENEH KOMMMEKC, MPeACTaBNALWNA NPOAOMABHYIO CUMY TAMM 1 BLICOTY
pacnonoxeHusn Tpacta Ke[l. O6cyxaeHue: Komnnekcbl MOryT siBUTbCS OCHOBOW pacyeTHbIX 6rokoB ansa 6onee
AeTannM3npoBaHHOro NPorpaMmMMpOBaHuns, aHanm3a u CUHTe3a KOHCTPYKLMK akunaxa ¢ Ks[l, oueHkn npofonsHom
YyCTONYMBOCTM dKMnaxa, ontumuaaummn pasmerterms K[l B kopnyce ksaHtomobuns. Mpumep: leMoHcTpaums MeToanku
ocyllecTBneHa Ha npumepe kBaHTomobunsa-aHanora KamA3-4326. 3akntouyeHue: PaccMoTpeHHasa cxema cun,
AEeNCTBYOLWMX Ha KBAHTOMOOWb, BKNtovatowasa Tarosyto cuny Kes[l (TpacT), peanuadyemyto Ha ONMOPHOWN NOBEPXHOCTLIO,
AOMXHa cTaTb pOAOBON (generic) Ans (hopMUpOBaHMSA CUITOBLIX CXEM KBAHTOMOBWMNEN C AONOMHUTENBHLIMI TpacTepaMmm
AN NOBbIWEHWS NPOAONbHOW YCTOMYMBOCTM SKMNaxa.

KnioueBble cnoBa
KBaHTOBbIN ABUraTenb, KBaHTOMOOUNb, CnnoBow 6anaHc, HopmanbHbIe peakumn Ha Koneca, NPoAonbHas YyCTONYMBOCTb.
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