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DYNAMIC ASCENT OF A MINING DUMPER ON A ROAD WITH LONGITUDINAL SLOPE
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ABSTRACT. The dynamic ascent is achieved via an initial (reached), sufficiently high, velocity. By using the inertial force, the ascent of relatively short sections with a
higher slope becomes possible without the risk of flipping over backwards. The ascent of a mining dumper truck travelling with a constant acceleration along an
inclined section of a road without bumps is investigated. The truck is described using a one-mass dynamic model with one degree of freedom. The differential
equation of the longitudinal angular vibrations is derived and solved analytically. It is assumed that a rear overturn happens when the angle of rotation reaches a
maximum and the normal force of the road on the front set of wheels reaches zero. The critical inclination that can cause an overturn is calculated.
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AUHAMWYHO U3KAYBAHE HA PYOHWYEH CAMOCBAI NO HAKITOHEH MbT
CmecpaH lynes
Munro-2eonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpus

PE3IOME. [IHaMM4HOTO W3KauBaHe Ce peanuavpa C MpesBapuTeriHo passuTa (QOCTUrHaTa) [OCTAaThYHO BUCOKA CKopocT. C MoMowTa Ha MHepuuMoHHaTa cuna
CTaBa Bb3MOXHO M3KAYBAHETO Ha MO-CTPBMHM HAKMOHEHN Y4acTbLy CbC CPABHUTENHO Marka AbMxiuHa Ge3 onacHOCT OT npeoBpbliaHe Ha aBToMoGUa Hasaf.
Pasrnexpa ce u3kauyBaHe Ha PYAHUYEH CAaMOCBaN C MOCTOSHHO YCKOPEHWE MO HAKMOHEH y4acTbk OT MbTs Ge3 HepaBHOCTW. Toil € MPeacTaBeH MocpeaCcTBOM
€0HOMacoB MOZEN C efHa CTeneH Ha cBOGOAA, M3BbPLIBALL HAAMBXHU BITIOBU TPENTeHus. AudepeHLManHoTo ypaBHEHE Ha MankuTe TPENTEHUS € MOMyYeHo u
peLleHo aHanuTuyHo. Mpuema ce, ye npeoBpbliaHeTo Ha caMocBana Ha3aj HacTbNBa KOraTo bIb/TbT HA 3aBbPTaHe € MaKcUMarieH W peakuUaTa Ha MbTs BbpXy
npeaHuTe Konena cTaHe paBHa Ha Hyra. Taka ce onpefens KpUTUYHUS HaKmoH Ha MbTS, NPKU KOWTO & Bb3MOXHO [ja HaCTbNM NpeoBpbLuaHe.

Kniouosu AYMU: JMHAMWYHO U3Ka4BaHe, pyaHW4eH camocBan

|ntr0duct|0n accfle[aticn qu=mn5t

- B y=const deceleration
Mining dumpers are used under very harsh conditions. The —t

technological roads in open-pit mines are characterised by
extreme unevenness, longitudinal and transverse gradients.
The mining dumper truck can climb evenly (at a steady speed)
on an inclined road only under the action of the engine thrust.
The distance travelled in this case may be unlimited. But
overcoming the slope can also be done by pre-accelerating
and reaching a high enough speed to enter the slope. The gas
supply is then discontinued and the dump truck ascends with
the help of inertial forces. Thus, in addition to the thrust of the
engine, the accumulated kinetic energy is also used. In this
case it is possible to climb steeper sections of the road with a
shorter length and it is gaining popularity as a dynamic
overcoming of slopes. This increases the capacity of the
mining dumper in extreme conditions.

Figure 1 (Vahlamov, 2006) shows the stages of a dynamic
ascent. In the first section AB, the driver supplies gas, the
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Fig. 1. Stages of a dynamic overturn

Dynamic model

We consider the climbing of a mining dumper (Fig. 2) along
a section of the road with an inclination ¢ without unevenness

dump truck increases its speed, and acceleration is observed. (Pulev, 2012). The deceleration a s constant and the
Thus, a sufficiently safe speed is reached in section BC, with direction of inertial force

which the mining dumper enters section CD that represents the

ascent itself. Then the speed starts to decrease (section CD) d=ma

and deceleration occurs. There is an inertial force whose

direction coincides with the direction of movement. It is coincides with the direction of movement. The following
opposed to a possible roll over of the mining dumper truck. inscriptions have been made:

This makes it possible to overcome larger slopes.
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Fig. 2. Dynamic model

| - moment of inertia of the mining dumper truck relative to the
transverse axis passing through the centre of gravity;
M - aggregate mass of the mining dumper;

C,, C, - elasticity of front and rear suspension;

N,, N, — normal road reaction to the front and rear
wheels respectively;

T,, T, — tangential road reaction on the front and rear
wheels respectively;

h — height of the centre of gravity of the mining dumper;

|l - distance from the front suspension to the centre of gravity;

|2 - distance from the rear suspension to the centre of gravity.
As a generalised coordinate, the rotation angle ¢ of the

mining dumper around the transverse axis passing through the
centre of gravity is introduced. The vertical oscillations are
neglected because there are no vertical external disturbances.
It is assumed that the mining dumper is symmetrical, i.e. there
is no connection between jumping and galloping.

In the position of static equilibrium, in both springs static

deformations &, o, 0, and elastic forces  C,.0, 4,
C,.0, o occur. The equations

I,mg cos o I,mg cos o
Cl.é;_’o :L and C2.§2’0 :lrng+

(L=1,+1,) are obtained from the equilibrium conditions.

At any moment of the movement, the elastic forces in the
two springs are respectively

01(51’0 - Il.(p) and C, (52’0 + Iz.go).
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In order to have an equilibrium in the area of contact of the
wheels with the road, the normal reactions must be equal to
the elastic forces in the springs, i.e.

l,mg cos )

clo,

N, = Cl(é‘l,o - Il-(P):

_limg cos o

N, =C2(§210+|2.g0)— +C,.1,.0.

The tangential reactions T, and T, act in the opposite

direction to the possible slip of the mining dumper on the
inclined road. The equation

T,+T,=Gsin a— .

is a condition for the equilibrium of tangential forces. The
forces on both sides form a couple with an arm h and a
moment

M =h(Gsin a—®)=hm(gsin a—a).
The differential equation of the longitudinal angular

oscillations of the mining dumper is obtained using the second
order Lagrange equation and has the form

. ClZ+c,l? hm(gsin o —a
¢)+ llI 22.¢: (g I ) (2)

This is a non-homogeneous second-order differential
equation with constant coefficients. Its common solution is the
sum of the solution of the homogeneous equation and a
particular solution.
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The solution of the homogeneous equation is

@, =C, coskt+C, sin kt,

where C, and C, are integration constants, and the own
frequency of longitudinal angular oscillations is

‘= lc, 12 +c,.l?
I .
A particular solution of the following kind is necessary:
n=A, 5=ij=0.

After substituting 77 in the differential equation (2), the
following equation is obtained

A hm(gsin a—a)
c. i +c, 2

The general solution of the differential equation (2) is

[c.12+c,.I2
p=¢,+n=C,cos, 122 I 22t 4
e 12 +c,.1?
+C,sin |4 I 22t 4

Under zero initial conditions for integration constants is
found that:

c - hm(gsin a—a)
' .12 +c,.?

hm(gsin a—a)
c.lf+c,.I?

and C, =0.

Therefore, the law on transverse angular oscillations is
given by the following expression:

hm(gsin a—a c.l?+c,.I?
Q= (gz > ) 1_COS 171 2 2t .
c.ly +c,.l5 I

It is known that

2 2
—-1<cos Mt <1.
| |

Then, the maximum value of the coordinate is obtained
when the expression in the brackets of the law for transverse
angular oscillations becomes equal to 2. It is

_ 2hm(gsin a-a)

©)
¢l +c,.?

max
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A rear overturn happens when the tipper deviates as much
as possible from the static equilibrium and the front wheels
lose contact with the road. The following conditions must be
met:

®=¢., and N, <0. 4)

The normal reaction (1) of the road in contact with the front
wheels is determined by the expression

_I,mgcosa o

2hm(gsin a—a)
L 1-11- :

Nl
.l +c,.I2

(5)

The critical inclination ¢, that can cause an overturn is
determined by the equality

2hm(gsin a, —a)
¢ 12 +c,.12

l,mgcosea,

: 1. -0.

(6)

After mathematical transformations, the equation (6)
acquires the following form:

2hgLcl, sin —Izg(cl.ll2 +c2.I22)c05aK =

(7)
=2hLcla

If the substitutions are made

Sin u — 2hLc),
l//_ 212-2)2 2 2 2 ,
JARLZG12 4 12(G, 12 +c, 12
s L (c 12 +c,12)
V= 212,212 , 12 2 2R
JARZLECRIZ +12(c, 12 + ¢, 12
sin ¢ = 2hLcla

gy AnPLEG? +12(G, 12 +c, 12
the equation (7) becomes:

sin (e, —y)=sin ¢.

The solution to this trigonometric equation, which is of
practical significance, is

o, =@p+y. (8)

The value of deceleration has the determinant influence on
the critical inclination ¢, . The size of the load transported also
influences it. The higher the load, the greater the height h of
the centre of gravity and the probability of an overturn
increases. The increasing of h requires a reduction of a,.
It's also different for the different dump models.
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Numerical experiment and discussion

Using the formula (8) obtained, the critical inclination ¢,
value can be calculated for a mining dumper with the following

characteristics:

L=53m, 11 =3.551m, I,=1.749 m,

¢,=10.93x10° N/m, ¢, = 22.2x10° N/m,

h =5 m.
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Fig. 3. Influence of deceleration on critical inclination
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Figure 3 shows changes of the critical inclination ¢,
depending on the deceleration values. Acceleration values of

15m/s? to3.5m/s® are recommended.

The dynamic ascent of a mining dumper ensures safe
climb of steeper sections of the road with a shorter length. It
mostly depends on the driver's abilities, skills, experience,
wisdom and quick responses.
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