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Abstract

Introduction. Development of a graphical-and-analytical basis to perform optimization calculations for quantomobile
motion control will contribute to studies on vehicle creation. Purpose of the study. Itis required to develop a methodology
for graphical representation of thrust vector realization as a graphical-and-analytical basis for optimization calculations
of quantomobile trajectories. Methods. The thrust vector is decomposed into orthogonal components. A generalized
quantomobile force balance equation is used. A mode of partial hovering of a vehicle is distinguished as the basic mode
of near-ground motion. 2D modeling of force balance for a particular velocity slice is performed. 3D modeling of force
balance with velocity sweeping is carried out. 2D and 3D models of force balance are developed using Maple software.
Images of surfaces with regard to road and wind resistance with limits to the maximum thrust are built. Examples
of calculation as well as graphical-and-analytical studies are provided. Results. A graphical-and-analytical basis
for optimization calculations of quantomobile trajectories, changes in QE thrust and corresponding control actions is
developed. Results of calculations with visualization are presented using specific examples. Discussion. Development
of a program in the graphical environment required combining knowledge of the software tools and programmed field.
Development of the quantomobile simulation model as well as its graphical-and-analytical basis in the direction of
increasing complexity is the only way. Corresponding development stages are described. Two hypothetical areas for
the minimization of sufficient thrust are distinguished: in the middle of vehicle hovering and after its full hovering. It shall
be taken into account both in quantomobile takeoff and its near-ground motion with partial hovering.
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Introduction Purpose and tasks of the study

Extraction of energy from the physical vacuum
(Leonov, 2002, 2010, 2018) will change the motion
mechanics of vehicles equipped with quantum engines
(QEs). In contrast to ICEs, QEs generate thrust, which can
be applied directly to the vehicle body to create motion
(Leonov, 2010, Brandenburg, 2017, Tajmar, 2007).

Changing the thrust vector position from horizontal to
inclined will make it possible to create a vertical component
of thrust, which can be used to overcome gravitation and
get the quantomobile above the bearing surface (Kotikov,
2018a).

In earlier papers (Kotikov, 2018a, 2018b, 2018c, 20193,
2019b, 2019c), the author described individual aspects of
vehicle force balance. Development of a graphical-and-
analytical basis to design control over QE thrust and
vehicle motion will contribute to further studies on this
topic.

1. To develop a methodology for 2D and 3D graphical
representation of thrust vector realization in the pitch plane
as a graphical-and-analytical basis for future optimization
calculations of quantomobile trajectories, changes in QE
thrust, and corresponding control actions. 2. To consider
specifics of using the generalized quantomobile force
balance equation (derived by the author) when modeling
the vehicle near-ground motion. 3. To provide numerical
and graphical examples. 4. To discuss results and
prospects for further development.

Methods

Thrust vector decomposition

The thrust vector in the pitch plane can be decomposed
into unit vectors (Leonov, 2018, Kotikov, 2019c):

FT = FTx + FTz. (1)
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The scalar form of this equation is as follows:

Fr=~Fr’ +Fr’ @)

The first quadrant of the circle formed by the thrust
vector tip corresponds to the translational motion of the
quantomobile (Figure 1).

1l v

Figure 1. Decomposition of F_ thrust into horizontal (F, ) and
vertical (F,,) components: B — F, thrust inclination angle

Quantomobile and automobile force balance analyses
differ. This is due to the fact that the quantomobile force
balance equation involves entities, which are unique for
land vehicles and manifest when vertical forces (gravity,
hovering, wind resistance to vertical motion, vertical
accelerations) are taken into account.

These aspects are considered in aircraft and helicopter
engineering with regard to vertical takeoff and landing
(VTOL) as well as short takeoff and landing (STOL)
(Schmitz, 1971, Cerbe and Reichert, 1989, Century of
Flight, 2007). Let us develop a unique model based on
that experience.

Generalized quantomobile force balance equation
and its reductions

As a result of equation (2) detalization, we obtain the
following (Kotikov, 2019c):

F‘T2 :FTx2+FT:2 :(P/+Pw,x+})j,x)2+(Pw.z+})j.z+Pg)z:

2
[ Soro(L+ fonv V2 (Gy-Fr: )|re < Gy + Fow - Spront-V* + gax -1+ 5wh)j +
g

2
+((kw_z.spm.yﬁ+ g" a) Fr;>Gq+min(FTz,Gq)) , A3)
where:
P, — a force of resistance to the rolling of wheels, N;
P,. — wind resistance to the horizontal motion, N;
IDj_x_ a force of resistance to horizontal acceleration, N;
P ~ — wind resistance to the vertical motion, N;

w.z

P — a force of resistance to vertical acceleration, N;

P; =min (F,,, G ) —a part of the vertical component of
thrust used to neutralize g portion of hovering vehicle’s
gravity (y = F,/G,), N;
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f ..o — a coefficient of resistance to the rolling of driven
wheels at a speed close to zero, and F = 0;

f..,— a velocity coefficient of resistance to the rolling
of driven wheels;

V_— velocity of longitudinal (course) motion of the
vehicle, m/s;

Gq — quantomobile weight, N;

k, . — a horizontal (longitudinal) wind shape coefficient,
Nxs2/m#;

S,,.— frontal area of the vehicle, m?

V- longitudinal velocity of the vehicle relative to the
wind (in the present study, V, = V), m/s;

g — gravitational acceleration, m/s?;

a - longitudinal acceleration of the vehicle, m/s?;

6,,— a rotational inertia coefficient of driven carrying
wheels;

k,,— a vertical wind shape coefficient, Nxs?/m*;

S, ..~ Vehicle area in plan view, m?,

V, — vertical motion velocity of the vehicle, m/s;

a,— vertical acceleration of the vehicle, m/s?;

| F,, = G,—arange of F, values in the mode of partial
hovering of the vehicle;

| F,, > G, — arange of F_ values in the mode of full
hovering of the vehicle (with possible breakoff from the
bearing surface).

When considering force balance in uniform steady
motion, upon contact with the bearing surface but without
breakoff (at F,, < Gq), it is possible to use the following
reduced equation:

Fr* = Bl 4 Fr? =(Pr+ Puc) 4 (Puc+ Po)? = @)
—( foro (1 forr )+ (G- Fr )i Sponti )+ (oo S+ i) -
Moreover, if we take the vertical motion velocity V, as

negligible (as compared with V), the equation can be
reduced to the following form:

FTZ :th +FT:2 :( f\‘m}:.()(l‘\'fwh.v‘Vi)' (Gq'FT:)+]\'w.x'Sﬁonf-Vw2}2 +(FT:)2. (5)

Equation (5) is implicit with regardto x = F_, z=F

154 Tz
y =V arguments. In case of calculation studies, explicit

equations may be required.
Equation (5) can be reduced to the explicit form with
regard to F_:

Fro= (ﬁh.o (1 + fvh.v . V)ZC) . (Gq - FTZ) + ko - Sfront . Vi) (6)
with regard to F_

kw.x . Sfront . V)zc - FTx
ﬁth(l + fwh.v . V)zc) .

FTz:Gq+ 7)

with regard to V.
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V- Fre— funo(Gq— Fr2)
’ fwh.O . fwhy(Gq - FTz) + kw4x . Sf'mnt . (8)

With account fory = £/ G, after (G -F,) = G (1-y)
substitution, equation (8) will take the following form:

V. = FTx—ﬁthO-Gq-(l_j/)
' ﬁvh.O‘fwh.v‘ Gq '(1—}/)+kw.x'Sﬁ’ont' )

When analyzing the moment of quantomobile breakoff
from the bearing surface (F,, = Gq), accepting that
6,,=0, V=0, a =0, equation (3) can be reduced to the
following form:

2
FT2 = F'T.wc2 + FT22 = ( kwx N Sfront-sz + @ ax] + (Gq)z
g

(10)
Taking into account that F_=G_, the balance of
horizontal forces can be simplified as follows:

Fro=kwx- ‘S'from‘-lfx2 + @ax.
& (1)
If the balance conditions in equation (11) are
maintained, the following can be written for the longitudinal
acceleration of a vehicle in the mode of full hovering
(atF = Gq):

ax = é (FTx - kw.x . Sfront-sz).
Ga (12)
The maximum possible velocity of a hovering vehicle
can be determined by setting a =0:

Vimax = \/ Fy . .
kw.x Sfront (13)

The acceleration at the initial moment of longitudinal
motion of a hovering vehicle can be determined by setting
V., =0:

FTx'g

ax=———"

Go (14)

We can complement the analysis based on equations
(1)—(14) with corresponding graphical models.

Thrust representation for a particular velocity
slice. 2D modeling

Figure 1 shows a calculation example and graphical
representation for a particular quantomobile force balance.

Let us analyze a hypothetical quantomobile having
specifications of a similar automobile (KamAZ-4326) with
a QE, under extremely severe conditions of motion: G_ =
88kN; f  =03;f , , =4x10-4 s°/m?; k =0.5Nxs?’/m*
S, =7 m?% 06 =0.04; k, = 0.8 Nxs?’/m* Sp,an =175 m?
(Kotikov, 2019a, 2019b).

We consider a situation where a practical coincidence
of the thrust values is observed: for steady motion at
a speed of 67.2 m/s in the automobile mode (F, = 0,
F, = F, = 89.9 kN) and for full hovering of the vehicle
(F, = (F?+F, 2" = (88 + 15.8?)"2 = 89.4 kN) (Figure 2).
In an earlier paper (Kotikov, 2019c), the following was
quantitatively substantiated: atf , ,=0.3, the course speed
of 67.2 m/s can be achieved through the actualization of
the same thrust value ~90 kN, but by different methods: a)
horizontal thrust (point 1 in Figure 2); b) thrust is inclined
at angle B = 79.8° to the horizon, providing full hovering of
the vehicle (point 8 in Figure 2).
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Figure 2. Diagram of force balance and possible use
of thrust upon quantomobile motion along the bearing
surfaces with f, /= 0.3...0.01 at a speed of 67.2 m/s

The following question arises: what value and direction
shall thrust take to maintain the speed of 67.2 m/s upon
partial hovering? The answer can be obtained from Table
1 and Figures 2 and 3. Let us state that upon partial
hovering (y = 0.4...0.7, B = 30...60°) the thrust required
to maintain the set speed shall be 15-25% less than in
extreme cases: y=0and B=0° ory=1and 3 =90° (see
a red curve in Figure 3). If constant thrust is maintained
(e.g. 90 kN), then the maximum speed of steady motion
can also be achieved upon intermediate hovering
((9=0.7-0.9 — see a blue curve for V___ in Figure 3).

a.
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Table 1
Thrust characteristics in case of quantomobile motion along the surface with f , /= 0.3
Thrust
Point No. inclination
in Hovering rate y | Maximum Thrust components, kN relaart‘ing:to
Figure 2 speed, m/s the horizon,
degrees
Xxmax FTZ FTx.ac FTX.ST RFTX FT.st RFT Bac Bst
1 0 67.2 0 90 89.89 0.11 89.9 0.11 0 0
4 1/2 86.4 44 78.52 52.85 25.7 68.7 21.23 29.26 39.8
8 1 67.2 88 18.87 15.80 3.07 89.4 0.59 77.90 79.8
Fr, kN V,, m's
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Figure 3. Dependence of motion characteristics on the vehicle hovering rate

The following designations are taken in Table 1 and in
Figures 2 and 3:

F.. .. — a horizontal component of the maximum thrust
that ensures the set rate of vehicle hovering, speed
(67.2 m/s) maintenance, and the possibility of further
acceleration;

F. .. — a horizontal component of the sufficient thrust,
necessary and sufficient to maintain the steady speed of

the vehicle of 67.2 m/s;
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R., — the difference between the values (F,, .- F, )
that ensures further horizontal acceleration ax when the
speed of the vehicle of 67.2 m/s is achieved;

F, .~ sufficient thrust to maintain the steady speed of
67.2 m/s;

R., — the difference between the vector values (F, —
F,.) that can ensure acceleration of the vehicle (ax and/
or az) when the horizontal speed of the vehicle of 67.2 m/s
is achieved;
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B,.— maximum FT thrust angle relative to the horizon;

B, — sufficient FT.st thrust angle relative to the horizon.

An algorithm to calculate the mentioned values is
provided in one of the author’s articles (Kotikov, 2019c).

To analyze changes in this picture, caused by the
changing vehicle speed, it is necessary to turn to speed
characteristics. Let us consider a form accepted for
automobile force balance (Figure 4).

FTxv
“FTZ!
a,, m/s? Fy, kN FT=(FTz2+ FTX2)1/2 K
~ >
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Figure 4. Speed characteristic curve with regard to the force balance of the quantomobile moving along the bearing surfaces with f,, /=0.01-0.3

For f, , = 0.3, three zones are highlighted in color in
Figure 4: wind resistance (blue), resistance of the bearing
surface (beige), remaining vehicle acceleration margin
(green). The Figure also shows the acceleration curve AB
upon complete depletion of the thrust margin highlighted
in green.

3D modeling of the quantomobile force balance

Itis possible to combine the capabilities of the diagrams
in Figures 2 and 4 with the help of a 3D model. Let us build
a 3D model using Maple software. Let us decompose the
F thrust vector into two orthogonal components F. and
F.,, and direct the vehicle speed axis normally to the plane
F.—F,,. Letthe de-identified variables be F_ =x, F, =z, and
V=y.

We programmed equations (5-9) to be used in the
Maple environment in the form of F ?=f(x, y, z) implicit
function (see (5)) as well as coordinate functions x=f (y,z),
z=f(x, y), y=f(x, z) (see (6-8)). Final graphic images were
similar; however, differences in build time, specifics of
coloration and surface grids were observed. The following
explicit model was chosen by the mentioned factors as a
basic one:

z=f(xy), ie. F =f(F_ V). (15)

1Y
The simple graphic images are given in Figure 5.

Fr. max2 = Fr. max2+ Frz max” cylindrical surface
representing QE limit capabilities is highlighted here (and
below) in blue. The sum of wind resistance and bearing
surface resistance to vehicle motion (corresponding
surface) is highlighted in red.

The isolines correspond to tens of kN of the vertical
component of thrust. Surfaces related to lower resistances
totherolling of wheels 7 ,.0 occupy the half-space to the left
of the red surface of the thrust required for steady motion.
QE power for vehicle acceleration and maneuvering
occupies the half-space to the right of the red surface of
thrust (up to the cylindrical surface of maximum thrust). All
future studies on searches for optimal trajectories shall be
performed in this spatial domain.

It can be seen that the line segment between points
10 and 8 in Figure 2 corresponds to the force of wind
resistance P = 15.8 kN. This value is constant for a
particular slice of velocity. With changes in the resistance
of the bearing surface (f , , = var), 8-1 line inclination will
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change as well. Moreover, due to the stable position of the position of the surface of the required thrust and £, |
point 8, line 8-1 will rotate about it. Dependence between  coefficient can be seen in Figure 6.

FTzkN ]
4

Figure 5. Surfaces: maximum QE thrust (blue, cylindrical) and thrust required for steady
motion along the bearing surface with the coefficient of resistance 7, ;= 0.3 (red)

FTz kN

Figure 6. Surfaces of the thrust required for steady motion of a quantomobile on roads with various f, ., coefficients

The addition of resistance to the rolling of wheels and surface) and resistance to the rolling of wheels (area
wind resistance, resulting in total resistance to uniform  between the blue and red surfaces) are added to form total
longitudinal motion of a vehicle, is represented in a model resistance to uniform vehicle motion (red surface). The
based on equation (6). It is graphically shown in Figure area limited by the red and blue surfaces is a subspace for
7. Forces of wind resistance (area to the left of the blue the use of thrust for vehicle acceleration and maneuvering.
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Figure 7. Addition of forces of wind resistance (to the left of the blue surface) and resistance to the rolling of
wheels (between the blue and red surfaces), forming total resistance to vehicle motion (red surface).

FIxkN

Figure 8. Set of surfaces and lines in the developed model: one of the options

Results

The mainresultofthe studyis agraphical-and-analytical
basis for optimization calculations of quantomobile motion,
changes in QE thrustand corresponding control actions. Its
analytical component is a generalized quantomobile force
balance equation taking into account the decomposition
of the thrust vector into orthogonal component, which is
a key element when determining optimal combinations of
energy consumption for vehicle hovering and gains from a
decrease in driven wheels resistance upon such hovering.
While in case of aircrafts and helicopters, vertical takeoff
(VTOL) and short takeoff (STOL) modes represent a

small share of their relatively long-lasting operation, for
quantomobile, near-ground motion can be the main
long-term mode. Therefore, it is important to search for
optimal combinations of the vertical and horizontal thrust
components.

Maple software tools provide a rotating view of graphical
3D images, allow for interactive model modification,
creation of animations. Besides the mentioned graphical
functions, numerous additional options embedded in the
model can be noted: surface intersection lines, surface
limits along those lines, and surface extension outside the
set limits (Figure 8).
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With this figure as an example, the following
conclusion can be drawn: if a quantomobile with the
indicated characteristics and QE with a maximum thrust of
100 kN moves along the bearing surface with f  =0.3 in
the automobile mode (without hovering), it is possible to
achieve speed V =72 m/s, while the maximum achievable
speed upon partial hovering V =117 m/s (Figure 8b).
In the first case, point A represents an “exit” of line AB
(intersection of the red surface of the required thrust and
blue surface of the QE maximum thrust) onto the plane
F.=0. In the second case, point B represents a point of
intersection between line AB and line CD (intersection
of the blue (+ brown in the upper part) surface of wind
resistance with the dark blue surface of maximum thrust).

Therefore, at the same thrust, the maximum speed of a
vehicle upon partial hovering is 50% more than the speed
of a vehicle in the automobile mode, and that is due to the
thrust vector direction only.

Discussion

Maple software is a powerful and flexible system with a
wide mathematical apparatus, multi-parameter analytics
of problem solving, and nice business graphics. It may
seem that due to the lack of a real object being modeled
(quantomobile), we are actually using a sledgehammer to
crack a nut. However, its deep understanding is possible
only with the use of such powerful tools.

Development of the quantomobile simulation model as
well as its graphical-and-analytical basis in the direction
of increasing complexity is the only way. At the next stage,
it is required to program the generalized equation of
gauntomobile motion, turn to differential models of vehicle
motion, introduce a model of QE control, then turn to
optimization models of trajectory control, develop special
quantomobile aerodynamics, combine course and lateral
motion, and, finally, switch to the concept of a “flying
saucer”. At all those stages, it will be necessary to form
a graphical-and-analytical basis using Maple software
tools.

Exit from the mode of near-ground motion is ensured
by inequation F_>G_ Several tests with the use of the
model showed the following: in case of road resistance
disappearance (at FTZ>Gq), the formation of the second
zone of thrust minimization is possible. A vehicle passes
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some crest in the force balance, which is related to
hovering in the area y=0.8...1.0. The latter circumstance
is likely to matter when choosing a type of quantomobile
takeoff: vertical (VTOL), short (STOL), or combined.

The numerical examples are based on the use of
geometry, weight and aerodynamics parameters of similar
KamAZ-4326. On the one part, this racing truck with more
than a thousand HP happened to be the most similar to
the hypothetical laboratory quantomobile (Kotikov, 2018b)
in terms of force balance (Kotikov, 2018c, 2019a). On
the other part, the mentioned parameters (in particular,
aerodynamics parameters) will be unsatisfactory for the
quantomobile. In that respect, all numerical examples and
graphical images presented in this paper characterize
the worst options of force balance and required thrust.
Nevertheless, high design speeds of quantomobile
near-ground motion (117 m/s and more) are due to the
quantomobile thrust, which exceeds the automobile thrust
significantly (Kotikov, 2018c, 2019a).

Conclusions

Based on the generalized quantomobile force balance
equation (derived by the author), the graphical-and-
analytical basis was developed to study quantomobile
near-ground motion. The calculations, analysis, and
visualization were based on the equation implementation
in the Maple environment.

According to the calculation studies, in the middle of
the full range of thrust vector inclination angles (0—90°),
a zone of the most beneficial use of thrust upon partial
hovering of a vehicle is located. This creates opportunities
for developing methodologies to substantiate thrust
control when a vehicle interacts with the bearing surface.

The Maple graphical tools allowed us to perform
a visual analysis of the space topology with regard to
thrust resources in a vehicle with a QE, and confirm the
possibility of using the software analytical tools in further
studies.

At the current stage (with the simplest linear algebraic
model for vehicle interaction with the road and simplified
aerodynamics of the “flying box”), the first step of
quantomobile near-ground modeling using Maple can be
considered sufficient and adequate.
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AHHOTauuA

BBeaeHue. lNMpoaBmxeHnto nccnegoBsaTtenbckux paboT no co3gaHuio kBaHTomobuns ByaeT cnocobeTBoBaTb
cosfaHue rpadoaHanuTuyeckoro Gasuca And ONTUMMU3ALMWOHHBIX PacYeToB YNpaBreHUs OBWXKEHUEM 3TOro
TpaHcnopTHoro cpeacTea. Lenb. CchopmupoBaTb MeToAMKY rpadmnyeckoro otobpaxeHus obrnactu peanusaumu
BekTopa TpacTa (thrust) — kak rpadphoaHanuTnyeckoro 6asnca ans GyayLmx oNTMMmM3aLMOHHbBIX PacYeTOB TPAEKTOPUI
OBWXeHus kBaHToMobuns. Metoabl. PaznoxeHve BekTopa Tpacta Ha OpTOroHanbHble KOMMOHEHThI. Icnonb3oBaHne
06006LeHHOro ypaBHeHuUst cunoBoro 6anaHca kBaHTOMOGMNS M ero ynpouweHus. OnpegeneHne 6 xapakTepHbIX
PEXUMOB ABUXEHUS KBAHTOMOOWMS, BblAENEHME M3 HUX pexuMa 4aCTUYHOro BbIBELUMBAHWS Kak OCHOBHOMO B
npu3eMHom ABWXeHun. 2D-mogenvpoBaHne cunoBoro 6amnaHca Ans CKOpocTHoro cpesa. 3D-mogenvpoBaHue
cunosoro 6anaHca ¢ pa3BepTkon No ckopocTtu. MNporpammupoBanme 2D 1 3D mogenen cunosoro 6anaHca B MMM
Maple. MNocTpoeHne 0b6pa3oB NOBEPXHOCTEN CONPOTUBNEHUI AOPOrM U a3pOSaMHAMUYECKMX CUIT, MAKCMMaribHOro n
JoctaTtoyHoroTpacTa. PacueTHble urpagoaHanutudeckme uccnegoBaHnaHanpmumepax. Pesynbrartbl. ChopmmpoBaH
rpadoaHanuTu4eckmii 6asmc ona oNTMMmM3auMOHHbBIX PACHYETOB TPAEKTOPUN ABMKEHUS KBAHTOMOOUNS, N3MEHEHNS
Tpacta ero Ke[ u COOTBETCTBYKOLIUX YNpaBnsawwWmnx Bo3gencTBuin. lMpeacrtaBneHbl pesynbTaTbl BblYUCNEHUN
C Bu3yanusaumen Ha KOHKpeTHblX npumepax. O6cyxaeHue. Co3fgaHue nporpamMmbl B cpefe rpaduveckoro
MMM notpeboBano KOMNIEKCMPOBAHUSA 3HAHWA Kak CPeAcTB nakeTa, Tak U nporpammumpyemMon obnactu 3HaHun.
EcTecTBeHHbIM OygeT nyTb pa3BUTUSA pacyeTHOW MOAENV KBaHToMOOuns m ero rpadoaHanutnyeckoro 6asuca
no MyTW BO3pacTarLlen CNOXHOCTU, NPUBOAATCA 3dTanbl pa3Butnd. OTMedveHbl ABe NpeanonoXuTenbHble 30HbI
MUHUMM3aLMM OCTATOYHOrO TpacTa: B CPEAMHHOW YacTu CTEMEHM BbiBELUMBAHUSA dKUNaxka 1 nocre ero nosiHoro
BblBELLUMBAHNA. DTO HEOBXOOMMO y4YnUTbIBaTbL MpU peanu3aumm Kak B3neTta KBaHTOMOOWMS, Tak U Npu Npu3emMHOM
OBWXKEHUM C YaCTUYHbBIM BbiBELUMBaHNEM.
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