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Abstract. During the working process of mov-
ing a machine for transporting building materials,
forces act on it. The calculation of the longitudinal
stability of a machine for transporting building ma-
terials is carried out from the condition of tipping
forward, taking into account the fact that pneumatic
tires are deformed if the machine is equipped with
rubber wheels. The angle of additional forward tilt
of the machine due to deformation of the supports is
determined by the ratio of the gravity of the machine
with the load, the stiffness of the soil under the front
and rear rubber wheels. The distance between the
center of gravity of the machine and the vertical axis
passing through the tipping point is therefore taken
into account when calculating the longitudinal sta-
bility of the machine. The machine has the smallest
margin of longitudinal stability when moving down
a slope with simultaneous braking of the machine
and working equipment when lowering it.

Keywords: angle of inclination, mass of the car,
resistance, gravitational force, inertial force, speed
of movement, labor productivity, traction.

INTRODUCTION

The basics of vehicle theory include de-
termining the traction capabilities of vehicles,
as well as all possible resistances that arise dur-
ing the operation of these vehicles. Let us dwell
in more detail on the determination of re-
sistances that arise during the operation of ve-
hicles when overcoming a slope angle.

PURPOSE OF THE PAPER

The movement of the machine at an upward
angle was studied, the machine model and the
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forces that need to be overcome were simulated.
[10]. The studies confirmed the correctness of
the adopted design solutions and calculations of
the main parameters.

RESEARCH RESULTS

The first stage is determining the gravitational
force from a loaded and empty vehicle, kN:

Fi=(0mr+my)-g; 1)

F,=mp-g, 2

Where:

mr- vehicle weight, t; m,- weight of the cargo
being transported, t;

g- free fall speed, m/c?

The second stage is the determination of all
possible resistances during the operation of vehi-
cles. Resistance to movement of a loaded and
empty vehicle, kN:

Whgprp = F1 - f (3)

Whgpnor = F2* f (4)

where:
f — coefficient of resistance to movement

The resistance to turning of wheeled vehi-
cles moving on a solid base is usually very
small and is not taken into account in the calcu-
lations. [1]. When driving on loose soil, kN:

Whos = (0,25 ...0,5) - Wgp, (5)
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Resistance to movement of a loaded and empty
vehicle from the slope of the terrain, kN:

Fig. 1. Diagram of forces acting on the vehicle when
tilted a:

Wyknrp = 2F; - sin(a) , (6)
Wyknnop = +F; - sin(a) , (7)

Where:

a - The angle of elevation of the path, degrees.

The sign (+) corresponds to the movement of

the machine uphill, and (-) downhill.
Resistance to inertia forces during accelera-

tion (+) and braking (-) for uniformly acceler-

ated (uniformly decelerated) motion, kN:

_  (Mp+Mrp)Vrp .
W]/]H re — + t— ’ (8)
PA3T (ran)
_ | MpVpop .
Wit nop = it— J (9)
PA3T (ran)

Where:Vrp (Viop) speed of the loaded (empty)
car at the end of acceleration (beginning of
braking) (m/s); tpasr(ran) - duration of ac-
celeration (braking) of the car, p.

The third stage is the determination of con-
ditions for ensuring the movement of the vehi-
cle. [1-2].

The movement of the car is possible if the
maximum traction forces on the drive wheels
(sprockets) of the vehicle for each gear

Tyax not less than the total resistance to
movement), W:

Tyax = XW 5 (10)
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Effort Ty, 4x limited by two factors: the drive
power of the running equipment and the condi-
tions of the coupling of the engine with the
base:

YW < T, =202 < Pewir ; (12)

VnEep

Where: P - power of the engines of the move-
ment mechanism, KW;
nrp- Transmission efficiency of the movement
mechanism;
Viep - machine speed, m/s.

Traction force from the clutch of a loaded and

empty vehicle, kN:
Peyrp = F1 - K (12)
Peiimop = F2 " K (13)
Where K - vehicle's traction coefficient.Re-
sistance to movement of a loaded and empty ve-

hicle taking into account the track inclination
angle - a, kN:

Whepre(a) = F; - (fr - cos(a) + sin(a)) (14)
Wrep nor(a) = F, - (fr - cos(a) + sin(a))(15)

Traction force from the clutch of a loaded
and empty vehicle taking into account the track
angle, kN:

Pepyrp(a) = F; - ¢ - cos(a); (16)

Penop(a) = F, - @ - cos(a). (7

Next, we will consider the algorithm for de-
termining the speed of the car at maximum ele-
vation, m/s. [3]. The algorithm for calculating
the speed includes determining the following
vehicle parameters: Gravity forces from the car-
Gr and loaded - G,,, kN:

Gr=Mrp-g (18)
Gu=M,"g; 19)

Where My, Msp - respectively, the mass of the
machine and the load,t;
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g - acceleration of free fall g =9,81m/c2.
Tractor travel resistance Wy, cargo W, and

the entire vehicle Wygp Without taking into ac-

count the angle of inclination of the track, KN:

Wr = Gr 'fT ; (20)
Wsr = Gsr * far (21)
Whgp = Wr + War | (22)

Where fr, far - respectively, the resistance
of the machine and the load.

Traction force of the machine with clutch,
kN:

Poy=Gr-¢; (23)
Where ¢ — coefficient. Max-
imum speed of movement of the machine with
clutch, m/s:

3,6:N'nrp .
Pcu'(l—a) !

Vmax = (24)
Where: P - tractor engine power, KW;
nrp - transmission efficiency;
6 - skid coefficient of the machine.
Resistance to movement for the machine and
the load, taking into account the angle of incli-
nation of the road, kN:

Wsr(a) = Gsr - (fsr - cos(a) + sin(a)) ; (25)

Whep(@) = Gy - (fr - cos(a) + sin(a)) + Gzr -
(f3r " cos(a) + sin(a)) = cos(a) - (G - fr +
Gsr + f3r) + sin(a) - (Gr + Gsr) ; (26)

Where a - road slope angle;

Traction force on the coupling from the
reference angle of the track slope, kN:

Pey(a) = My - g - ¢ - cos(a) ; (27)
Maximum track slope angle (degrees) from

the condition of traction of the engine with the
road[9]:
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Whgp(@) = Pey (@) ; (28)
cos(a) - (Gr * fr + Gar " f3r) + sin(a) -
(Gr + G3r) =Mgp - g- ¢ - cos(a) ; (29)

Let's divide both the left and right parts of
this expression. [4]. We get the maximum per-
missible lifting angle of the machine:

Mrg-o—(Gr fr+G3r f3r) .

GT+G3T ! (30)

tg(a) =

atan(tg(a))-180 .

(31)

Movement resistance for the machine tak-
ing into account the load at the lifting angle, kN:

(32)

amax-n) .
1

Wyay = W (
MAX [IEP 180

Machine travel speed at maximum lift, m/s:

3,6:N'n .
mex = gy O
Let us now consider the algorithm for deter-
mining vehicle performance[4-5]. It includes
the determination of the following parameters:
Vehicle cycle duration:

Tu = tn + tTF + tTX + tp , (34)

Where: ty - loading time, min;

ttr - loaded stroke time, min;

tryx - idle time, min;

tp - unloading time, min.

Number of loads to load the vehicle:

Ky .
gre (gnoreKrp) ’

(35)

Nporp =

Where gnorp - l0ad capacity of the truck,;
Krp - coefficient of utilization of the load capac-
ity of the freight vehicle[7-8].Vehicle loading
time;
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tn =tq+t; =ty npgorp +t1; (36)

Where: t;; - vehicle loading time, min.;
t; - Loading point downtime due to vehicle
change, min.;
ty- truck operating cycle time, xs.
Time to load the vehicle, min:

ty'g-Kr .
tH=————— y 37
T (gnoreKrm)+t1 ( )

Time of loaded vehicle travel, min:

; (38)

Where: l1p - distance of the transported cargo,
km;
Vrr - cargo transportation speed, km/h.
Time vehicle idling speed, min;

60-I7x .
Vix

trx = (39)
Where [y - idling distance, km;
Vrx - idle speed, km/h.
Gravity of a loaded and empty vehicle, KN.[6] :

Grr = (Mr + Myp) - g, (40)

Grx = My - g) ; (41)

Where: M; - Vehicle weight, T;
Mrp - Weight of the cargo being transported,
ton;
g - acceleration of free fall, m/s.

Resistance to movement of the loaded Wrr
and empty Wrx, vehicle, kN:

Wayr = Gor* fr 5 (42)

Wrx = Grx 'f T (43)

Where f; - Coefficient of resistance to move-
ment;

Traction force with loaded clutchPcyr and
emptyPc; x vehicle speed, km/h:

Peyr = (Mr +Myp) - g - @, (44)
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Poyx = Mz7)-g -9, (45)

Where ¢ - Coefficient of adhesion of the vehi-
cle.The speed of movement of the loaded
Vrr and empty Voy vehicle speed, km/h:

3,6:N-Tp _
min{WTr,Pcur'(l—S)}

3,6:N'nrp .
min{Grrf1.Grr@(1-8)} ’ (46)

Vor =

3,6:N-Tp _
min{WTx,Pcux'(l—S)}

3,6:N-nrp .
min{Grx f1.Grx ¢(1-8)} ' (47)

Vrx =

Where:

P - vehicle engine power, kKW;

np - Vehicle transmission efficiency;
& - Slip coefficient.

CONCLUSIONS

The movement of the machine at an angle is
investigated, the interaction of the wheel with
the surface is also considered. The forces acting
on the machine are considered. A method for
calculating the main parameters of the machine
for transporting building materials, as well as its
ability to move with a load at an angle, is pro-
posed.
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L2Kuiscoruti nayionanvnutl ynisepcumem
0yOieHUYmMea i apximexmypu

Anotauis. [1ig gac pobodoro npormecy HaBaHTa-
JKyBad MEPEeMIINTy€eThCS Ha Maike TOPU30HTAIHHIIX
MalJJaHYMKax, JOIMYCTUMUN YXul sKux. Pospaxy-
HOK TIO3JIOBKHBOI CTIMKOCTI HAaBaHTa)KyBadiB Be-
JETHCS 3 YMOBH MIEPEKUIAHHS BIIEpe] 3 ypaxyBaH-
HSIM TOTO, IO Ie(pOPMYIOTHCS THEBMATHYHI IITFHH,
SKIIO MHeBMOKoJicHuH Xif. Kyt momatkoBoro Ha-
XTIy HaBaHTaXXyBaya BIepe] BHACTIIOK Aedopma-
Iii OTTOp BHU3HAYAETHCS CITIBBITHOIICHHSM CHIIH TSI-
KKOCTI HaBaHTaXKyBada 3 BaHTa)XeM >KOPCTKICTb
IPYHTY IiJl IEpeAHIM Ta 3aHIM KOTKaMH I'yCeHUY-
HOTO XOAy abo pajiaibHa )KOPCTKICTh MEepeIHiX Ta
3aJHIX MHEBMAaTHYHUX [IMH HaBaHTa)XyBaya Ha
ITHEBMOKOJIICHOMY XOJIi; BIJCTaHb MDK IIEHTPOM
Bard HaBaHTa)XyBada Ta BEPTHUKAJIHHOIO BiCCIO, IO
MIPOXOJUTHh Yepe3 TOUKY MepekunanHs. Tomy npu
PO3PaxyHKY IMO3J0BKHBOI CTIKOCTI TYCEHUYHOTO
Ta THEBMOKOJICHOTO HaBaHTaXyBadiB. Haitmen-
I 3a11aC TTO3/TOBXKHBOT CTIMKOCTI Ma€ HaBaHTAXKY-
Bay y pasi pyxy Hifl YXWiI 3 OJHOYACHUM TaJIbMy-
BaHHSIM MAallMHU Ta poOOYOro oONagHAHHS TMPH
rioro omyckaHHi. [lomoxkenHst poGodoro ob6mana-
HaHHS BIANOBIA€ MAKCUMAIIBHOMY BUJIBOTY.

Kuro4oBi ciioBa: Kyt Haxmiy, Maca aBTo, OIIip,
CHWJIa TSDKIHHSA, CHJIA 1HepIlil, BUIKICTh PyXy, IPO-
JQYKTHBHICTB TIpalli, 3YETICHHS.
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