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Annotation. Problem. The analysis of existing research and publications in which the main problem is
highlighted, namely, that many factors are not taken into account when calculating the inertial loads
of the car crane arrows. Accounting for these factors will allow you to more accurately determine the
inertial loads of the boom of the car crane, to carry out strength-hunches of the elements of the boom
and the selection of components of its drive mechanisms. Goal. The purpose of the work is to
determine the inertial navan-loads acting on the load and arrow of the automobile-side crane during
the unstable movement of its. Methodology. To calculate the inertial loads, the technique of
determining the total inertial loads of the car crane boom during joint operations in accordance with
the Safety Regulations has been developed. Total inertial loads were determined for the following
cases: joint lifting (lowering) of cargo and arrows; lifting the load and turning the boom; lifting and
turning the arrow. Results. The resulting dependencies for determining the inertial loads of the rotary
boom of the car crane will allow more accurately taking into account multiple factors to calculate the
values of these loads in order to conduct strong calculations of the boom, the selection of its
components mechanisms. Originality. When calculating inertial loads, the weight and length of the
boom are taken into account; weight and height of lifting of cargo; the radius of the arrow crane;
rotation speed of the rotary part of the crane; speed of movement of cargo and arrows; start time and
braking of cargo lifting mechanisms, change of departure and turn of the boom. The advantage of this
technique is its originality. Practical value. The use of this technique allows more accurately taking
into account multiple factors to determine the values of the inertial loads of the automobile crane
during the unstable movement of the cargo lifting mechanisms, changes in the discharge of the boom
and its rotation in order to conduct strong-standing calculations of the boom elements, the selection of
its components.
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Introduction

Loading and unloading works are an integral
part of the technological process of construction.
Cranes and lifting mechanisms are mainly used
to perform these works. Car cranes occupy the
largest share of cranes used in construction, the
main advantage of which is high mobility [1].

Mobile wheel cranes are used with mechani-
cal, hydraulic and electrical drives of working
equipment, with booms of constant length or
with insert parts, retractable and telescopic. Cur-
rently, most often used car cranes with hydraulic
drive and telescopic arrow.

Among the elements of the crane construc-
tion, a crane's booms is an important place
which it's of characteristics and technical condi-
tion depends on the safety technique in the per-

formance of loading and unloading operations
and the prevention of trauma of the maintenance
staff. The booms with a straight axis and an ad-
justable value of its departure are most widely
used in automobile cranes [2].

When performing strong calculations of the
boom, it is necessary to take into account all
types of loads acting on the arrow, among which
inertial loads occupy an important place. Inertial
loads in the boom occur when it is unstable mo-
tion, that is, during the periods of acceleration
and braking in the mechanisms of lifting the
load, changes in the output of the boom and its
rotation. The paper considers the definition of
these loads taking into account multiple factors,
which allows to more accurately determine their
values [3, 4].
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Analysis of publications

The inertial characteristics of the crane's boom
determine a significant part of the load that oc-
curs during the transition processes of working
with it and affect to the stability of the mobile
crane, reliability and durability of its functioning
and components of its drive. The importance of
determining the inertial load on the crane arrow
is of practical meaning and therefore this prob-
lem was reflected in a significant amount of
modern research. For example, the works [5-8]
show the general dependencies for determining
inertial loads on the elements of the crane struc-
ture, its drive and arrow. However, in the re-
ceived decisions, the authors do not take into
account the influence of the deviation of the
cargo under the action of centrifugal forces dur-
ing the turn of the arrow.

Into work [9] represent the general depend-
encies for determining the inertial loads on the
elements of the crane's structure. That work did
not take account of the deviation of the loading
under the action of centrifugal forces and the
influence of the position of the equal force of
inertia on the axis of the arrow, which does not
coincide with the center mass of the boom. If to
take account of these factors then it is possible
to more accurately determine the inertial loads
on the crane's boom and make calculations on
the strength of the elements of the boom and
components of its drive mechanisms. In an arti-
cle [10] the influence of inertial loads of cargo
and its deviation on the crane's boom was con-
sidered, but the peculiarities of determination of
inertial loads for automobile cranes with tele-
scopic arrow and hydraulic drive was not con-
sidered.

To determine the inertia forces acting on the
crane boom, it is need to make its calculated
load scheme. In the article [11], the design
scheme is adopted in the form of a rectangular
beam with a distributed load on its surface, and
the full force of inertia is calculated through the
integral from the elementary force of inertia.
[12] does not take into account the position of
the equal force of inertia on the axis of the ar-
row, which does not coincide with the center of
mass of the arrow.

The work [13] contains dependencies for de-
termining inertial loads on the design of boom
self-propelled cranes, taking into account the
above factors, but it does not contain features of
determining inertial loads for telescopic booms
with hydraulic drive.

The works [14, 15] show the dependencies
for determining the maximum horizontal inertial
forces acting on the load in the horizontal direc-
tion during the rotary movement of the crane
boom, but there are no dependencies for deter-
mining the inertial loads acting on the arrow and
vertical inertial loads acting on the load.

The works [16, 17] are devoted to the study
of dynamic loader crane loaders, tower cranes
and rotary crane during rotation. Inertial loads
for car cranes were not considered in them.

An article [18] solves the problem of reduc-
ing the pendulum fluctuations of the load sus-
pended on the rope in the process of turning the
crane’s boom. The crane's boom is seen as a
holonomic system with a concentrated mass at
its centre and a simplified inertial characteristic
that reduces the accuracy of the calculations.

In the work [19], the authors similarly deter-
mine the parameters of the crane boom, where
its exact inertial characteristics and design fea-
tures are not taken into account and this further
affects the reliability of the developed systems
for quenching the oscillation of the boom.

In computer modeling of loads in the metal
structure of a long flexible boom, the work [20]
shows an uneven distribution of force factors in
the processes of moving the boom, which can
not be explained by the accurate definition of
the inertial components of the boom.

Into an article [21] was presented how the in-
ertial loads in the crane arrow affect its dynam-
ics, but the exact way of determining such loads
was not given.

Purpose and Tasks

The purpose of the work is to determine the in-
ertial loads acting on the load and the telescopic
boom of the car crane when its mechanisms are
unstable.

In accordance with this goal, it is necessary
to determine the dependencies for determining
the quantities of inertial loads acting on the load
and arrow of a car crane when its mechanisms
are unstable, taking into account multiple factors
to obtain more accurate values of these quanti-
ties.

The main task requiring a solution taking in-
to account multiple factors is to determine the
value of the inertial loads of the automobile
crane in case of unstable movement of the cargo
lifting mechanisms, changes in the output of the
boom and its rotation in order to conduct strong
calculations of the elements of the boom, the
selection of its components.
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Method for determining the inertial loads of a
car crane boom

According to the Rules of safety when perform-
ing work with a cargo crane, the driver is al-
lowed to combine not more than two operations
at the same time. In this regard, consider three
main cases for determining the generated total
moment of inertia of the rotary mobile crane's
boom:

1. Lifting (lowering) the load and arrows.

2. Lifting (lowering) the load and turning the
boom.

3. Lifting (lowering) and turning the boom.

During the period of unstable movement dur-
ing the start and braking of the mechanism for
lifting the load on the boom, an inertial load will
act from the weight of the load, N:

d? V,
P|=m|T)2/'=m,t—', (1)
|

where m, is load in kg; vy, is vertical movement
of cargo, m/s?; V, is lifting speed (lowering) of
cargo, m/s; t, is time of the unsuccessful opera-

tion of the mechanism of lifting the cargo (start
and brake), s.

The moment of inertia forces created by ver-
tical inertial forces when braking the mechanism
of lifting the cargo is determined, N-m:

M! =m, \%(I —1,)cosa, (2)
|

where | is arrow length, m; |, o — crane’s pa-

rameters (Fig. 1).

According to the safety rules, the slope of the
crane when working on the ground is allowed
v<3° (Fig. 1), therefore, when calculating the
moments of inertia, this indicator is not taken
into account.

The mass of the boom distributed along its
length is advisable to replace the mass of the
boom brought to the head. In this case, the iner-
tial load from the mass of the boom when it is
raised (lowered) will be, N:

dzy bV
) a:m —a, 3
i a dtz ata ()

where m? is mass of the arrow brought to her
head, kg; y, is vertical movement of the head
of the arrow, m/s; V, is circular speed arrow

head, m/s; t, is time of unstable operation of the

mechanism of change of the boom (start and
brake), s.

Fig. 1. The scheme to determine the moment of
inertia of the boom with the load of a
truck crane with hydraulic drive

The total inertial load from the weight of the
load and boom during the period of unstable
movement of the mechanism of change of the
boom's departure will determine N-m

V \Y/
Pa"zm,t—'+m§t—a. (4)

[ a

i

The moment of inertia forces arising from
the masses of cargo and arrow, during the period
of unstable movement during the operation of
the mechanism of change of the arrow's depar-
ture will be N-m

M :{mI \%+m2 \t/—a}(l —lp)cosa.  (5)

i
1 a

Consider the inertial load telescopic boom
car crane with straight longitudinal axis.

We assume that the mass of the boom is dis-
tributed evenly throughout its length, and the
supporting hinge is in the middle of the main
section, then the mass of the inertial part for the

3m .
retractable boom m, =T', for two-section tel-

. sm - .
escopic m =?', a for three-section telescopic

m . .
m =—-". The most common in automobile

i
cranes are two-section telescopic arrows. The
mass of the elementary area for such an arrow

will be, kg
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2 dx, (6)

where m, the mass of crane’s boom, kg; | the

boom length, m; dx the elementary section of

the boom length, m (Fig. 2).

Fig. 2. Scheme for determining the total inertial
load from the mass of a telescopic boom

The moment of inertia of the crane’s boom to
the axis of its heel when it is taken away will be,
kg-m?*:

5m, »

where p is centrifugal radius of arrow mass, m;

x is distance from the support of the arrow to
the elementary area of the arrow, m.

The average acceleration of the mass of the
ent;re boom relative to the hinge of its support,
1/s%

=00 (8)

Va
W
where t, is time of unstable operation of the

mechanism of change the boom (start or brake)
in seconds.

Moment of the forces of inertia of the boom
from the mass, N-m:

M =Ij5mavax2 gy SMVal® _5mVl ()
5 6%, 61°t,3 18,

The resulting mass of the mobile crane’s
boom centered on its end creates a moment of
inertia forces, as well as the moment from the

actual uniformly distributed mass of the boom,
N-m:

My = Jpe =Myp” ==
W w
10
i, -
—

W
where m! is mass of the boom brought to her

head, kg; J, is moment of inertia of the mass,

focused on the end of the boom, kg-m?.

Equating the right parts of the equations (9)
and (10), determine the value of the mass of the
boom to its head:

mmElV, _ 5m,V,| . 1)
t, 18t,
From where:
b Dm
m. =—-=2, 12
= (12)

For a telescopic crane’s boom, the mass dis-
tribution along its length can be approximately
taken uniformly. If necessary, more accurate
calculations can be the entire length of the boom
divided into zones by sections, inside which the
running mass of the boom does not change.

For each section of the boom distributed
mass can be determined, kg/m

P_mP
mi _mmskgi

where mp; the mass of the main distributed sec-
tion, kg/m; k, is coefficient of change the geo-

metric dimensions of cross section of next sec-
tion. The values of this coefficient depend on the
thickness of the walls of the telescopic boom
sections. If you take their value as a constant,
then the mass of each section of the arrow is
equal to, kg:

where |; is length of each section, m.

The total moment of the inertial load relative
to the hinge of the boom support is determinate
in the future, which will be get as a result of
summing the moment integrals for all arrow
zones.
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The total moment of resistance created by in-
ertia forces from the weight of the load and
boom while simultaneously lifting (lowering) in
the process of starting and braking will be rec-
orded, N'm

V, oV,
M2 {m. im, e }(I ~l)cosa. (13)

| a

The moment of resistance created by the cen-
trifugal force of inertia of the load, which occurs
when rotating the rotary part of the crane with
the frequency during the acceleration (braking)
of the rotation mechanism, is determined (Fig.
3), N-m:

M/ =Ph, (14)
where P, is centrifugal force, N; h is distance

from the level of the crane parking to the boom
head, m.

A A T Ay A T VA L A T 7 T

Fig. 3. Scheme to determine the moment of iner-
tia created by the centrifugal force of the
load, which occurs during the accelera-
tion (braking) of the turning mechanism

The centrifugal force acting on the suspended
load is equal to, N:

2n2
azm@$=EL%O@+&L (15)

where G, is load’s force in N; n is crane rota-
tion speed, min™;  is angular speed of rotation
of the boom relative to the vertical axis, s™; a is
horizontal distance from the axis of rotation of
the crane to the end of the boom, m; x, is dis-

tance of deviation of cargo under centrifugal
force, m.

Value of cargo deviation under centrifugal
force, m:

X P
X, = HtgB ; ﬁ=é, (16)
|

where H is vertical distance from the center of
weight of the load to the head of the arrow, m.
From where:

X = ———. (17)
GI
Centrifugal radius, m:
— — PCH
p=a+x,=a+ o (18)

Substituting and transforming we get, N:

P=mﬂ a+P°H ;
° 1900 G )

_ Gn’n*a . Gn’n*PH |

° g-900 g-900G,
~ Pn’H Gn’a
° 900 900
From where:
G,n‘a
S 19
¢ 900-n%H (19)

The moment of resistance to lifting the load
that arises from its centrifugal force of inertia
when turning the crane will be written, N-m:

M ¢ :G,n—%’ (20)

" 900-n?H
where h=(l; +1,k, +15k3)sina+h,; h, is ver-
tical distance from the ground to the boom sup-
port, m; k,, ks is coefficients of proportionality
of nomination of sections boom, which are in
the range from 0 to 0,6; I, I,, l5 is length of
sections  telescopic  crane’s boom, m;
a=(l; + 15k, +I3kz)cosa—r, m; r is distance
from the axis of rotation of the crane to the five
arrows, m (Fig. 4); o is angle of inclination of
the arrow, grade.
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The moment of the inertia force from the
weight of the load and the boom during the ac-
celeration (braking) of the crane rotation mech-
anism is directed on the tangent to the trajectory
of movement of these masses. Accurate calcula-
tion of this load is carried out taking into ac-
count the distribution of the mass of the boom
along its length and taking into account the
weight of the load.

The calculation of the equivalent weight of
an arrow with the admission of a uniform distri-
bution of its mass along the length is carried out
by taking the axis of the arrow straight. Assum-
ing that the mass of the arrow is evenly distrib-
uted along the inclined line, and the point of ad-
ditional equal force of inertia does not coincide
with the center of weight of the arrow, the posi-
tion of the equal force on the axis of the arrow is
determined. To this end, we determine the
amount of inertia from the mass of the arrow.

Elementary mass of the arrow section is de-
termined by (Fig. 4), kg:

dm; =%dx, (21)

1

where m; is mass of the arrow section, kg; I, is

length of the arrow section, m.

The moment of inertia of the main section of
the arrow relative to the vertical axis of rotation,
which is parallel to the axis of rotation of the
crane and passes through the center of its mass-
es, is equal to, kg-m?:

1I

S

2 m
1

2
Jor1= j M cos? dx = T cos? o (22)
1 I, 12
=1

Fig. 4. Scheme for determining the elementary
mass of telescopic boom

According to Steiner's theorem, the moment
of inertia of the main section of the arrow rela-
tive to the rotation axis of the turning platform
of the car crane will, kg-mz:

Jy=Jp, + ml(lz1 cosa—r)? =

1 (23)
=3 mylZ cos? o.—mylr cosou+myr,

Moments of inertia of the second and third
retractable sections of the car crane telescopic
boom, kg'm?:

2
J, = mlz;z cos® o+ m, (p2 cosaL— r)2 . (24)

2
J, =nlL;3cos2 a+my(pscosa—rf, (25)

where
1 1
Py =l +1,(k, _E): ps =l +1,k, +|3(k3—§)-

The total moment of the arrow's inertia will
be equal to, kg'm®:

J, =%(3(m1 +m, +my)r? =3r(l,m, +1I,m, +

+1;mg +2m,p, + 2myp,) COSaL +

2
+(12m, +m, (12 +3l,p, +3p3) + (26)

+my(12 +3lyp, +3p2))cosar)

The moment of resistance to the rotation of
the crane’s boom from the forces of inertia of
the arrow relative to the axis of its rotation will,
N-m:

M!=J,—~J,—=PR, (27)

where t is time of unstable motion of the rota-
tion mechanism, s; P, is equal force of boom

inertia when turning it, N; R is radius of the
equal force of inertia, m.
Elementary equal force of inertia boom, N:

dp =dm-%zdm-\%=dm-$l _
(28)
m, m-n
=—2.——(xcosa —r)dx
I 300
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The full force of inertia from the mass of the
boom that will act when the crane rotates will
be, N:

i rm.mn
P, = | —=—(xcoso.—r)dx=
A j 2o X€0sa =)
| |
:Imann xcosadx—j Ma™ iy =
$ 30t + 30t
(29)
_m,mn |ZCOSOL_rI B
3atl 2
_mymn(lcosa .
30t 2 '

We find the radius R of the equal force of
inertia on the axis of the arrow from the axis of
rotation of the crane, m:

rR=Ma___Ja

P, ma(l cc;sa _ r)

where the full length of the arrow can be found
through its constituent sections and for the con-
sidered three-section arrow will
= +1,ky +15K3) .

The height of applying the net force of the
inertia of the boom when rotating the crane will
be, m:

(30)

h=h—f =(l, + Lk, +lk;)sino+h, — f, (31)

where

. R
f =sin oc(l ——j.
cosa

The moment of resistance of rotation from
the inertia force of the load when rotating the
crane will be, N-m:

PH,,do
G, T
PH,m-n
G, S

M¢=m(a+
(32)
=m(a+

The moment of resistance when rotating the
crane with the load created by the total inertial
load from the weight of the load and boom in
the period of unstable movement of the crane
rotation mechanism will be recorded, N-m:

M; =M +M] =

PH 2 TN (33)
=(J,+m(a+-S —_—.
(Ja +my( GI))30t

With simultaneous lifting (lowering) of the
load and rotation of the crane, the total moment
of resistance to lifting the boom from the inertia
will be recorded, N-m:

G,n’ah
— =+
900-n*H

1

L Mymn (I cosa rjhl'
30t 2

Thus, it is obtained dependencies for deter-
mining inertial loads from the mass of the load
and boom for all three cases of compatible oper-
ation of the mechanisms of the car crane.

MO = {m, \t/—'}(l —1,)cosa. +
| (34)

Discussion of the results

The resulting dependence of moments of in-
ertia for a car crane with a telescopic arrow is
significantly different from the expressions of
moments of inertia for the crane’s boom with a
rope drive obtained earlier [10]. The divergence
of the resulting dependencies shows that the de-
sign features of the mechanical crane system key
to the nature of the change in inertial character-
istics.

A preliminary analysis of the theoretical
studies performed on the method of determining
the inertial characteristics of the crane’s boom
showed that inertial overloads for the boom
without pushing its sections and with the nomi-
nation of sections more than 60% of the length
leads to an increase in the moments of inertia
and corresponding supports by almost 2.3 times.

Conclusion

The above dependencies for determining the
inertial loads from the mass of the load and
boom for all three cases of compatible operation
of the mechanisms of the car crane allow more
accurately taking into account the multiple fac-
tors to determine the magnitude of the inertial
loads of the car crane during the non-constant
movement of the mechanisms of lifting the load,
the change of the boom and its rotation in order
to conduct strong calculations of the elements of
the boom, the selection of its components of
mechanisms.

In the future, it is necessary to develop pro-
grams to perform these calculations using com-
puting machines.
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IHepuiiiHi HABaHTaKeHHS TeJECKOMIYHOI CTpinu
aBTOMOOLILHOIO KpaHa

Anomauyia. IIpoonema. Ilposedeno ananiz icHyrouux
docnioxcenv i nyonikayit, 8 AKUX 6UOileHd OCHOBHA
npobaema, a came, wjo NPU PO3PAXYHKAX THEPYILIHUX
HABAHMAJICEHb CMPINU ABMOMOOINIbHO20 KPAHA He
spaxosyiomecsi  bacamo  ¢gaxkmopis. O0Onik  yux
gaxkmopie 003601umb  OilbUL MOYHO BUSHAYUAMU
[HepYitiHi HABAHMAICEHHST CMPIIU ABMOMOOILIBHO20
Kpaua, npogooumu MiyHiCHi pO3PAXYHKU eleMeHmis
cmpinu i niodip CKIA008UX MEXAHIZMIE T Npusooy.
Mema. Memotw pobomu € usHAYEHH: THEPYIUHUX
HABAHMAIICEHb, WO OilOMb HA BAHMAdC | CMPILY
a8momobiNbHO20 KpaHa npu HeCmanomy pyci 1io2o
mexanizmie.  Memodonozia. /i po3paxyHKy
IHepYItIHUX HABAHMAJICEHb PO3POOIEHA MemoOuKa
BUSHAYEHHS CYMAPHUX [HEPYIIHUX HABAHMAICEHD
cmpinu  agmomoOiIbHO20 KpAHA Npu  BUKOHAHHI
cninbHux onepayiil 8i0nogiono 0o Ilpasun mexwixu
oesnexu.  Cymapui  iHepyilini  HABAHMAICEHHS
BUBHAYANUCA Ol MAKUX BUNAOKIG: CHINbHUU NiOUOM
(onyckauna) — eawmaoicy i cmpinu;  RIOUOM
(onyckaums) eanmasxicy i nogopom cmpinu, niotuom
(onyckaunsa) i nosopom cmpinu. Pe3ynromamu.

Ompumani 3an1edcHoCmi 0151 GU3HAYEHHSL THEPYIUHUX
HABAHMAIICEHb NOBOPOMHOI CIMPINU ABMOMOOINTLHO20
Kpana 00360a5mb OilbUl MOUHO 3 B6PAXYBAHHAM
MHOJICUHHUX PAKMOPi8 00paxo8ye8amu 3HA4EeHHs YUX
HABAHMANCEHL 3 MEmOI0 NPOGeOeH s MIYHICIHUX
PO3DAXYHKIE CMpinu, niobopy CKIA008UX MeXAHI3MI8
NIOIMAHHST 8AHMAICY, 3MIHU BUILOMY CMPIIU mMda
nogopomy Kpaua. Opuczinansuicme. Ipu
DPO3PAxXyHKax iHepyitiHux Hasanmadicens
6PAX08YIOMbCsl MAKI GUXIOHI 0aui: maca i 008XCUHA
cmpinu, maca i eucoma niotuoMy 8anmaxcy, paoiyc
0ii cmpinu kpana, yacmoma 0bepmaHHs NO8OPOMHOTL
YACMUHU KPAHa, WEUOKOCMI nepemiujerts 6anmaticy
i cmpinu;, 4Yac nycKky ma 2albM)6AHHA MeXaHi3Mi6
RIOUOMY GAHMAIICY, 3MIHU GUNLOMY MdAd NOBOPOMY
cmpinu. Ilepegazoio Hagedenoi memoouxku € ii
OpUSTHANbHICND. Ilpaxmuune 3HAYEHHA.
3acmocysanns nHasedenoi memoouxu 00360.15€ OinbuL
MOYHO 3  YPAXYBAHHAM MHOJNCUHHUX — (haKmopie
BUBHAYAMU  GEIUYUHU  THEPYIUHUX HABAHMAICEHD
a8momobiNbHo20 Kpana nNpu  HeCMmaiomy pyci
MexaHizmie niouomMy 6aHmaxicy, 3MIHU BUTLOMY
cmpinu ma il nogopomy 3 Memow npogedeHHs
MIYHICMHUX PO3PAXYHKIE efleMenmie cmpinu, niobopy
CKA008UX 1T MeXAHIZMIB.

Knruosi cnoea: xpan, cmpina, eanmasic, Momenm,
iHepyisl.
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