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CHECKING THE STABILITY OF A TRUCK MOUNTED CRANE AND DETERMINING THE
REACTION FORCES IN THE SUPPORTS

Hristo Sheiretov

University of Mining and Geology “St.Ivan Rilski” Sofia, sheiretov@abv.bg

ABSTRACT. A methodology for the calculation of the mechanism for side movement and stretching of the supports of truck mounted cranes is developed. Checks
are made for the stability of a truck mounted crane with load (at maximum range) and without load (at minimum range). The paper determines the turnover and
establishes moments of the gravity and wind forces upon the boom, the platform, the load, the counterweight, and the truck, as well as the inertial and centrifugal
forces upon the load. Two cases are considered - at maximum and at minimum length of the boom. The reaction forces in the left and the right hydraulic supports of
the crane in the four end positions of the load are determined, which are obtained at minimum and maximum angle of inclination of the boom and at maximum and
minimum length of the boom.

A concrete example for the KC-45717 crane mounted on the chassis of a KamAZ truck is solved.
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MPOBEPKA HA YCTOWYMBOCTTA HA ABTOMOEWNEH KPAH W OMPELENAHE HA PEAKLIMUTE B OMOPUTE
Xpucmo Lllelipemos
MurHo-eeonoxku yHusepcumem ,,Ce.Mear Puncku”, 1700 Cocbus, sheiretov@abv.bg

PE3IOME. Pa3paboTeHa e MeToamKa 3a M34MCnsiBaHe Ha MexaHu3Ma 3a U3HacsiHe W pa3nbBaHe Ha CTPaHUYHUTE OMopu Ha aBTOKpaHoBe. B HacToswwaTa cTatus ca
HanpaBeHu MPOBEpkW Ha ToBapHaTa (Mpu MakcumaneH obcer) u cobcTBeHaTa (MpU MWHMManeH obcer) YCTOMYMBOCT Ha aBTomobuneH kpaH. Onpegenewn ca
00pbLUaLLUTE W YCTaHOBSABALLMTE MOMEHTYM OT CUIUTE Ha TEXECTTa U BATbpa BbPXY CTpenata, nnarcopmara, ToBapa, NpOTMBOTEXeCTTa 1 XOA0BaTa YacT Ha kpaHa
11 OT MHEepLMOHHaTa U LigHTpobexHaTa cuna BbpXy ToBapa. Pasrneaanu ca ABa cryyas - Npy Makcumanha 1 Npu MUHAManHa AbmkiHa Ha ctpenata. Onpepenenm
Ca OMOpHUTE peakLv B NEBUTE W AECHUTE W3HECEHW XUAPABMMYHM ONOPY NPU YETUPUTE KPailH NOMOXEHWS Ha TOBapa, KOWTO Ce MonyyasaT Npu MUHUManeH
MaKcumaneH brbi Ha HakMoH Ha cTpenaTa v Npu MakcumanHa v MUHUManHa AbikvHa Ha cTpenata.

PeLueH koHkpeTeH npumep 3a kpaH KC-45717, MOHTMpaH Ha aBToMOBUNHO Lwack KamA3.

KniouoBu gymu: xugpasnuyHa onopa, ToBapHa yCTOMYMBOCT, COBCTBEHA YCTOMYMBOCT, OMOPHA peakLys

Introduction In order to choose hydraulic supports, it is necessary to
determine the reaction forces in the supports when the crane is

The mobile cranes are automotive boom S|ewing cranes in work pOSitiOﬂ. On the other hand, in order to determine the

which move on railless tracks. They are used for assembly and reaction forces, it is necessary to determine in advance the

load handling operations in the construction, industrial, and mass of the counterweight and the distance between the left

mining enterprises. The mobile cranes are mounted on and right supports.

standard trucks or on special truck or crawler chassis. They

have great maneuverability and travelling speed and quickly Therefore, when the mass of the counterweight and the

change over from working- to transport position. In order to distance between the supports are given, checks for the crane

assure enough stability during operation, additional side load and own stability are performed; after that the reaction

supports are let down. forces in the supports are determined.

The aim of the present work is to determine the coefficients of Input data
load stability and the reaction forces in the supports at various
lengths and angles of inclination of the boom. A concrete The input data for the check of the crane stability and for
example for a truck mounted crane is solved. determining  the  support  reaction  forces  are
(http://www.uks76.ru/upload/docs/Rukovodstvo_po_ekspluatat
As a result of the accomplished study, a methodology for the sii_KS-45717K-2.pdf):

calculation of the mechanism for side shifting and stretching of - length of the boom L=9+21 m;

the supports of mobile cranes is developed (choice of hydraulic - angle of inclination of the boom $=5+75°;

supports and hydraulic cylinders for their side movement, time - maximum lifting capacity of the crane at L=9 m and $=75°
for the stretching and shifting of the supports, work liquid Q1=251;

consumption). - liting capacity of the crane at L=9 m and $=5° Q:=6.35;

- lifting capacity of the crane at L=21 m and f=75° Q:=6.35 ;
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- lifting capacity of the crane at L=21 m and 8=5° Qs=0.9t;

- mass of the boom m¢=1990 kg;

- mass of the slewing platfom m»=5100 kg;

- mass of the hook block mps=306 kg;

- mass of the counterweight m»=357 kg;

- mass of the unslewing part of the crane my=14.27 t;

- slope angle of the ground when the supports are not shifted
aside 6=0+3° (Fig.1 and 2);

- slope angle of the ground when the supports are shifted aside
6=0+1.5°%;

- distance between the axis of the side shifted hydraulic
support and the slewing axis of the crane a=2.8 m (Fig.1);

- distance between the axis of symmetry of the front wheel and
the slewing axis of the platform a=1.013 m (Fig.2);

- speed of load hoisting v=6.1 m/min;

- slewing speed of the platform n=0+2.4 min-".

Check of the crane load stability

The crane load stability (Fig.1) is checked at maximum
working radius of the crane (minimum angle of inclination of
the boom fB=5°) in a working position with stretched side
supports and maximum permissible slope angle of the ground
6=1.5°. The turnover and stabilise moments of all forces are
determined toward point B in which the right hydraulic supports
contact with the ground.

Two cases are considered: at maximum boom length L=21m
and lifting capacity Q=Q4=0.9t; and at boom length L=9m and
lifting capacity Q=Q2=6.35t.

Turnover moment from the normal components of the
gravity forces of the load, the hook block, and the boom
(perpendicular to the ground plane)

Mogp1 = (Gm +Gp5).(lm -a).cos0+G,.(I, —a).cos6 (1)
Mogp1 =(8,8+3).(20-2,8).cos15° +
+19,5.(9,31-2,8).c0s1,5° = 329 kN.m

where:

Gm, Gps, and G¢ [kN] are the gravity forces of the load, the
hook block, and the boom (Fig.1) (they are determined by
formulae 2+4);

Im and I [m] are the distances between the applied points of
the gravity forces of the load and the boom and slewing axis of
the crane (Fig.1) (they are determined by formulae 5 and 6);

G, =Q.9 =0,9.9,81=88 kN 2)

(3)

Gp6 = 0,00l.mpﬁg =0,001.306.9,81= 3 kN

G, =0,001.m,g =0,001.1990.9,81=19,5 kN (4)
l,=Lcosp-e+0,3=21.cos5°-115+0,3=20m (5)

I, =05.Lcos B—e=0,5.21.c0os5°-115=9,31 m (6)
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where e [m] is the distance between the crane slewing axis
and the boom suspension axis (Fig.1) (it is checked from the
drawing of the slewing platform, e=1.15m).

Turnover moment from the tangential components of the
gravity forces of the boom, the slewing platform, the
unslewing part of the crane, and the counterweight
(parallel to the ground plane)

Moygp2 = (Gg-he +Gy-hy +G,p.h,, + G, ., ).sing (7)

Mogp2 = (19,5.3,9 +50.2,7+140.15 + 3,5.2,1).Sinl5° =11 kN.m,

where:

Go, Gu, and Gn [kN] are the gravity forces of the slewing
platiorm, the unslewing part of the crane, and the
counterweight;

he, ho, hs, and hn [m] are the distances between the applied
points of the gravity forces of the boom, the slewing platform,
the unslewing part of the crane, and the counterweight and the
ground plane (Fig.1) (hc is determined by formula (11), ho, hu
and hn are checked from the scheme given in Fig.1,
proportionally to the boom length L=21m: ho=2.7m; h,=1.5m;
and h;=2.1m);

G, =0,001.m,.g =0,001.5100.9,81=50 kN 8)

G, =m,.g =14,27.9,81=140 kN 9)

G, =0,001m,,.g = 0,001.357.9,81=3,5 kN (10)

h, =0,5.L.sinB+h,, =0,5.21.sin5° +3,05=3.9m, (11)
where: hoc [m] - distance between the axle of suspension of the

boom and the ground plane (it is checked by the scheme given
on Fig.1, hoc=3,05 m).

Turnover moment from the wind forces on the load, the
boom and the slewing platform
Mogpz = P + s + Py b, (12)
Mygpz =0,3.3,3+0,1.3,9+0,2.27 =1kN.m

where:

Pm, Pe, and P, [kN] are the wind forces on the load, the boom,
and the slewing platform (Fig.1) (they are determined by
formulae 13+15);

hm [m] is the distance between the applied point of the gravity
force and the ground plane (Fig.1) (it is determined by formula
16);

P, = Apqk,c=25.0,09.1.12=0,3kN (13)

P, = A,.qk,.c =0,78.0,09.1.14 = 0,1kN (14)
P, = A,-qk,.c =21.0,09.1.14 = 0,2 kN (15)

h,, =Lsing+h,, —15=21.sin5° +3,05-15=3,3 m (16)
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where:

Am [m?] is the wind-beaten area of the load (it is taken from
Table1 according to the lifting capacity of the crane). At Q=0.9t
An=2,5 mz

q [kPa] is the wind pressure at normal loading in work position
(=0.09 kPa);

ks is the filling coefficient of the crane construction (for loads
and whole wall constructions ks;=1; for rod constructions
ks=0.2+0.6). For the calculated crane ks=1;

¢ is an aerodynamic coefficient (c=1.4 for the boom and the
platform; ¢=1.2 for the load);
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Fig.1. Scheme for determining the load stability and the reaction forces in
the side supports of the crane

In, I, Ie,and I are the distances between the applied points of
the gravity forces of the counterweight, the platform, the boom,
and the load and the slewing axis;

e is the distance between the axis of boom suspension and the
slewing axis;

a is the distance between the slewing axis and the side shifted
support;

hn, ho, hu, he, and hm are the distances between the applies
points of the gravity forces of the counterweight, the platform,
the unslewing part of the crane, and the boom and the load
and the ground plane;

hec is the distance between the axis of boom suspension and
the ground plane;

h is the distance between the top of the boom and the ground
plane;

y is the distance between the gravity center of the load and the
top of the boom;

L, B are the length and the angle of inclination of the boom;

B is the ground slope angle;

Gn, Go, Gy, Ge, Gm, and Gps are the gravity forces of the
counterweight, the platform, the unslewing part of the crane,
the boom, the load, and the hook block;

Po, Pc, and Pr are the wind forces on the platform, the boom,
and the load;

Fy, Fu - centrifugal force and force of inertia on the load;

Ra, Rs - reaction forces in the side shifted supports.

Ac [m?] is the wind-beaten area of the boom (it is determined by
formula 17);

Table 1.
Wind-beaten area of the load Am according to the lifting
capacity of the crane Q

QI 108 1 [125]16[2]|25[32| 4
An[m? | 25|28 32 |36 4] 5 |56 ] 63

QIt] 5 |63 8] 10 | 125 |16 | 20 | 25
An[m? | 71| 8 | 9] 10 12 | 14 | 16 | 18

A, =Lb,.sinf =21.0,43.sin5° = 0,78 m?, (17)

where bc [m] is the width of the boom (b:=430mm=0.43m - it is
checked from the drawing of the boom).

Turnover moment from the force of inertia and the
centrifugal force on the load

Mogos =Fy (I —a)+F,:h=0,09,(20-2.8) +11,1.48=54 kN.m, (18)

where:

Fu [kN] is the force of inertia from the load hoisting (Fig.1), (it is
determined by formula 19);

Fy [kN] is the centrifugal force from the crane slewing (Fig.1), (it
is determined by formula 20);

h [m] is the distance between the applied point of the
centrifugal force and the ground plane (Fig.1) (it is determined
by formula 21);

v -0,9.%1 _ 009 kN (19)
601, 60.1

FU:Q4
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F_ Qu9.0* I, _0,9.9,81.0,25%20
g-o’y  9,81-0,25225

u =111kN

h=Lsing+h,, =21.sin5° +3,05=4,8m,

where:

tr [s] is the starting time of the hoisting mechanism (it is
assumed as the minimum permissible time, i.e. t=1s);

w [rad/s] is the angular speed of the platform (it is determined
by formula 22);

y [m] is the distance between the gravity center of the load and
the top of the boom (Fig.1) (it is assumed y=2.5m according to
the scheme in Fig.1).

z.n 3,14.2,4
@ = -

=== 22
30 30 )

=0,25rad/s

Total turnover moment

Mag, =Mige +Mygop +Moggzg + Mgy =329+11:+1+54 =395kNm (23)

Stabilise moment from the gravity forces of the
counterweight, the slewing platform, and the unslewing
part of the crane

=G, (I, +a).cos6+G,.(I, +a).cosf +G,.a.cos 6
=3,5(2,2+2,8).c0s1,5°+50.(1,3+2,8).cos15°+
(24)

M yem

Mycm
+140.2,8.c051,5° = 614 kN.m,

where:

I» [m] is the distance between the gravity center of the
counterweight and the slewing axis of the crane (Fig.1) (it is
assumed from the drawing of the platform, l=2.2m);

lo [m] is the distance between the gravity center of the platform
and the slewing axis (Fig.1) (it is assumed from the drawing of
the crane, 1=1.3m).

Check of the coefficient of load stability

k =Myﬂ:
i M06p

614
——=155>115
395 . L

(25)

For the second case of loading at L=9m, f=5°, Q=Q.=6.35t
and Am=8m2, it is received: Mosp1=356kN.m; Mosp2=10kN.m;
Mosp3=2kN.m; Mospa=124kN.m; Mo6p=492kN.m; Mycm=606KN.m;
kmy=1.23. Consequently, the condition (25) is also satisfied.

Check of the crane own stability

The crane own stability (Fig.2) is checked at minimum
working radius of the crane (minimum boom length L=9m and
maximum angle of inclination of the boom =75°), load free
position with unstretched side support, maximum permissible
slope angle of the ground 6=3°, and wind pressure g=0.7kN/m2
(the wind pressure is assumed for maximum loading in load
free position). The turnover and stabilise moments of all forces
are determined toward point A in which the left front wheel of
the truck contacts with the ground.
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Turnover moment from the normal components of the

gravity forces of the slewing platform and the
counterweight (perpendicular to the ground plane)
o6p1 = Go-(lp —@').c080 +G,.(I, -a').cos 6 (26)

Mpgp =50.(13-1013).c0s3°+3,5(2,2-1013).cos3° = 18KN.m

Turnover moment from the tangential components of the
gravity forces of the boom, the slewing platform, the
unslewing part of the crane and the counterweight
(parallel to the ground plane)

b6p2 = (Go-e +Gy-hy + Gy, + Gy hy ).sing (27)
Myep2 =(195.7,3+50.2,7+140.15+3.2,1).sin3° = 25KN.m,
where:

h, =05.Lsinp+h,, =05.9.5in75°+3,05=7,3m, (28)

Turnover moment from the wind forces on the boom
28and the slewing platform

b6ps = Pop + Py =37.7,3+227=32kNm  (29)
where:
P, = A,.qks.c =373.0,7.1.1.4 = 3,7 kN (30)
P, = A,qky.c=21.0,7.1.1.4 = 2 kN (31)
A, =Lb,.sinf=9.0,43.5in75° =373 m? (32)

Total turnover moment

Mpgp = Mpgp +Mpgps + Mygps =18+25+32 =75 kN.m (33)

[¢]

Stabilise moment from the gravity forces of the boom and
the unslewing part of the crane

Mo = G,.(I, +&).cos0+G,a.cos6 (34)
M}’,Cm = 19,5.(0,01+1013).cos3° +140.10.13.cos3’ =161kN.m
where:
I,=05.Lcosf3-e=05.9.c0s75°~115=0,015m (35)
Check of the coefficient of own stability
M!
ky =2 1681 514s115 (36)
Moﬁp = 67
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Reaction forces in the side shifted hydraulic supports

Reaction forces in the left hydraulic supports
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Fig. 2. Scheme for determining the own stability of the crane

hs, ho, hy, and hc are the distances between the applies points of the gravity forces of the counterweight, the platform, the unslewing
part of the crane, and the boom and the ground plane;

hec is the distance between the axis of boom suspension and the ground plane;

I, lo,, and I are the distances between the applied points of the gravity forces of the counterweight, the platform, and the boom and
the slewing axis;

e is the distance between the axis of boom suspension and the slewing axis;

a'is the distance between the axis of symmetry of the front wheel and the axis of rotation of the platform;

L and B are the length and the angle of inclination of the boom;

Gn, Go, Gy, and Gc are the gravity forces of the counterweight, the platform, the unslewing part of the crane, and the boom;
P, and P are the wind forces on the platform and the boom;

@ is the ground slope angle.

27



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part lll, Mechanization, Electrification and Automation in Mines, 2018

M, . —M _
R _ ycem 06p _ 614 395 :19 kN (37)
4a 428
Reaction forces in the right hydraulic supports
G,.,—2R _
_ Span A _ 224-2.18 —93KN, (38)

B~ 2 2

where Gipan [KN] is the gravity force of the crane with the load
(it is determined by formula 39);
(39)

GKpaH =GH+GO+GC+G,,+GPG+Gm

G =140+50+19,5+3,5+3+8,8 =224 kN

KpaH

The results from the calculation of the reaction forces Ra and
Rs (Fig.1) for the forth end positions of the load are given in
Table 2.

Table 2a.
Reaction forces in the side supports for the forth end positions
of the load

Load L B Q Mycm
position [m] [°] [f] | [kN.m]
1 9 75 25 614
2 9 5 6.35 | 614
3 21 75 6.35 | 614
4 21 5 0.9 614
Table2b.
Load Mo6p GKpaH Ra Rs
position | [kN.m] | [kN] | [kN] | [kN]
1 -114 461 65 165
2 492 278 10 129
3 552 278 4 135
4 395 222 19 93
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From Tables 2a and 2b, it is clear that the maximum reaction
force is received in the right support B at load condition 1
which is Rs=165kN. The value of this reaction must be used for
determining the piston diameter of the hydraulic supports.

Conclusions

1. In the calculations made for determining the coefficient of
load stability of the crane for the two considered cases
(maximum working radius of the crane with maximum boom
length and maximum working radius with minimum boom
length), it is received that, in the second case, the coefficient of
load stability is smaller. But in both cases, the coefficient of
load stability is greater than the minimum permissible
coefficient.

2. In the calculations made for the forth end positions of the
load, the maximum reaction forces are received in the right
hydraulic supports (situated on the side of load lifting) at
minimum boom length, maximum angle of inclination of the
boom, and maximum lifting capacity.

3. For the calculated truck mounted crane, the permissible
liting capacities and the counterweight mass are chosen
correctly, since as the checks of the load and own stability are
satisfied.
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