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DETERMINATION OF THE LOADS ACTING ON THE SLEWING SUPPORT OF A TRUCK
MOUNTED CRANE AND SELECTION OF A SLEWING SUPPORT
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ABSTRACT. The loads, acting on the slewing support of a truck mounted crane are determined - the resultant vertical force, the resultant horizontal force and the
unbalanced moment of the forces acting on the slewing part of the crane. The mass of the counterweight is determined in advance using the condition of equality of
the arms of the resulting forces to the rotation axis at the two endmost positions of the boom. Four cases are considered - at maximum and minimum length of the
boom and at maximum and minimum angle of inclination of the boom. From the calculations it can be seen that the heaviest loads are obtained at minimum boom
length and minimum boom inclination, because the unbalanced moment is the greatest. On the basis of the obtained forces and moments a slewing support is
selected from the diagrams of the serially produced supports for the heaviest case of loading. A concrete example for the crane KC-45717, mounted on the truck
chassis KamAZ, is solved.
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ONPEAENAHE HA HATOBAPBAHUATA BbPXY BHPTALLATA CE ONOPA HA ABTOMOBWUIEH KPAH U U3BOP HA
BBPTALLA CE OMNOPA

Xpucmo letipemoe

Murto-eeonoxku yHusepcumem “Cg. Near Puncku”, 1700 Cogpusi

PE3IOME. OnpepeneHu ca HaToBapBaHWsTa BbpXy BbpTALLATA Ce Onopa Ha aBTOMOBMNEH KpaH - peaynTaHTHaTa BepTukanHa cina, pesynTaHTHaTa XOpU3oHTanHa
CMNa 1 HeypaBHOBECEHMS MOMEHT OT CunuTe, AeNCTBALLM BbPXY BbpTALIATA Ce YacT Ha kpaHa. [pefBapuTenHo e onpeAeneHa macata Ha MpOTUBOTEXECTTa OT
YCIOBMETO 32 PaBEHCTBO HA paMeHaTa Ha PaBHOAENCTBALLMTE CMMK CMIPSMO OCTa Ha BbPTEHe 3a [BeTe KpaiHu MornoxeHus Ha ctpenata. Pasrneaanu ca Yetmpm
cryyas - py MakcumanHa 1 MUHUManHa AbikvHa Ha cTpenaTa 1 npu MakcumarneH v npi MAHAManeH brbi Ha HaKMoH Ha cTpenata. OT HanpaBeHNUTE M34MCneHns
Ce BIXKAA, Ye Hall-TeXKUS Cryyall Ha HaToBapBaHe e NMpW MUHUManHa AbMKMHA Ha CTPenata v MUHUManeH HakMoH Ha CTpenata, Thii KaTo NPy Hero ce nony4asa
Hail-ronsM HeypaBHOBECEH MOMEHT, [eiiCTBaly BbpXy onopaTa. Bb3 OCHOBa Ha Mmonmy4eHuTe HaToOBapBaHWS e u3bpaHa BbPTALLA Ce Onopa OT Avarpamute Ha
CEPUIAHO MPON3BEXAAHM OMOpU, 33 Hall-TEXKWSA Cryyail Ha HaToapBaHe. PelueH e KoHKpeTeH npumep 3a kpaH KC-45717, MoHTVpaH Ha aBTomMobunHo wack KamA3.

Kniouosu AyMu: aBTOMOGMNEH KpaH, BbpTAlla ce onopa, HeypaBHOBECEH MOMEHT

Introduction - length of the boom L = 9+21 m;
- angle of inclination of the boom g = 5+75°;

The aim of the present study is to determine the loads - maximum capacity of the crane (at stretched side
acting on the slewing support of a truck mounted crane at supports, L=9mand =75°) Q=25t;
different lengths and angles of the inclination of the boom and - capacity of the crane at stretched side supports, L =9 m
to select a standard slewing support. A concrete example is and $=5°Q1=6.35;
solved for the crane KC-45717 (Kran strelovoy avtomobilnyiy - capacity of the crane at stretched side supports, L =21 m
KC45717K-1), mounted on the truck chassis KamAZ. and B=75° Q2=6.35¢;

The slewing support of the crane KC-45717 (fig. 1) consists - capacity of the crane at stretched side supports, L =21 m
of the crown 1, the ring 6 and the balls 7, situated between and =5° Q3=0.9t;
them. The outgoing gear of the slewing mechanism meshes - capacity of the crane at unstretched side supports, L =9
with the crown 1. The crown is fixed to the crane support frame mandB=5° Qu=1.15¢,
by the bolts 2. The ring 6 is fixed to the slewing platform by the - mass of the boom mc=1.99 t;
bolts 8. - mass of the slewing platform mo=5.1t;

- mass of the block with the hook mps= 306 kg.

Input data
The input data for the determination of the loads acting on

the slewing support are (Kran strelovoy avtomobilnyiy
KC45717K-1):
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M/D V
V - vertical force, acting
on the support
AL AL ERETT I R - radial (horizontal)

force, acting on the
support
M/D - couple of forces
from the unbalanced
moment M of the forces,
acting on the slewing
platform

- 4 1 - crown;

2 3 [ 5 2 - bolt for fixing to the unslewing part of the crane;
awwwe 3 - sealing;
I\N A 4 -nut;
L 5 - washer;
N \‘< 6 6 - inner ring;
L 7 7 - ball;
Ho , 8 - bolt for fixing to the slewing part of the crane;
8 9 - support frame of the crane;
| 10 - slewing platform
. \\{ 15
111 d - inner diameter
[T \ D - diameter of the circuit over which the balls are
! .
/ rolling
~ | — ¥ 4 D; - centre diameter of the crown
%D D - outer diameter of the crown
D,
Da

Fig. 1. Scheme for the determination of the dimensions of the slewing support and the forces acting on the support
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Fig. 2. Scheme for the determination of the mass of the counterweight and the forces and moments acting on the slewing support

Gm, Gps, Ge, Go, Gn - gravity forces of the load, the block with the hook, the boom and the slewing platform and force of the
counterweight

P, Pe, Po - wind forces over the load, the boom and the slewing platform

Im, Ie, lo, In - arms of the gravity forces toward the axis of rotation

hm, he, ho - arms of the wind forces toward the centre of the slewing support

e - distance between the suspension point of the boom and the axis of rotation; h - distance between the suspension point of
the boom and the centre of the slewing support; It - distance between the end of the boom and the axis of rotation; &c -
height of the side wall of the boom

H, R - vertical and horizontal resultant forces acting on the slewing support
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Mass of the counterweight

The mass of the counterweight mn [kg] is determined by
the condition for the equality of the arms of the resultant
vertical forces toward the axis of rotation for the two endmost
positions of the boom (at maximum angle of inclination of the
boom with load and at maximum angle of inclination of the
boom without load) at unstretched side supports. The mass mn
is assumed in such a way, that the arms |, and /', determined
by the formulae (1) and (8), are equal (I set different values for
my and calculate |, and [, until the received values coincide
Ip=1%=0.98 m).

After the accomplished calculations it is obtained that the
mass of the counterweight must be mn= 357 kg.

Arm of the resultant vertical force towards the axis of
rotation at L=9 m, f=5° and Q4=1,15t

- (G * Gpg) . * Gele - Goulo = Gy

, 516550 =098m,

(1)

where: Gm, Gps, Gc, Go, Gn [kN] - gravity forces of the load, the
block with the hook, the boom, the slewing platform and the
counterweight (fig.2) (they are determined by formulae (2+6));
Im, Ie, lo, In [m] - arms of the gravity forces toward the axis of
rotation (fig.2) (Im and I are determined by formulae (7) and
(8), o and I, are checked by the drawing of the slewing
platform, lb=1.3 m; [»=2.2 m);
Gp=Q.9=113kN

Gps = 0.001.my6.g = 3 kN

G, =m.g=19.5kN

G, =m,.g=50kN
G,=0.001.m,.g=3.5kN
In=LcosB-e+03=81m
l;=05.L.cosf-€=3.3m

e [m] - distance between the suspension point of the boom and
the axis of rotation (fig.2) (e=1,15m - it is checked by the

drawing of the slewing platform).

Arm of the resultant vertical force toward the axis of
rotation at L=9m, $=75° and Q=0t (without load)

. Goly*Gplp-Gel,

oo LY

where:

I,=05.LcosB-e=0.01m
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Determination of the loads acting on the slewing
support

The slewing supports are selected via graphs (Fig. 3)
according to the resultant vertical force, acting on the support
V [kN], the resultant horizontal force, acting on the support R
[kN], and the unbalanced moment of the forces, acting on the
slewing part of the crane toward the centre of the slewing
support M [kN.m] (Fig. 1, Fig. 2). Four cases are considered for
the fourth endmost positions of the load. The calculation
results are given in a table.

In the formulae up to the end of the calculations, the values
for the case for L =9 m, 8 =5° and Q1 =6.35 t are substituted,
and for the leaving three cases only the results will be given in
the table.

Resultant vertical force acting on the slewing support
V=Gp+Gps+ G+ Gy + G, =135kN,, (11)
where:
Gp=Q.9=623kN (12)
Resulting horizontal force acting on the slewing support
R=P,+P,+P,=12kN, (13)
where: P, Pe, Po [kN] - wind forces over the load, the upper

wall of the boom and the back surface of the slewing platform
(Fig. 2) (they are determined by formulae (14+16));

P, = An.qk,.C.ky = 09 KN (14)
P, = A,.q.k.C.ky = 0.03 kN (15)
P, = Ay.q.ky.Cky = 0.2 kN, (16)

where: Am [m?] - wind-beaten area of the load (it is assumed
from table 1 according to the crane capacity). At Q = 6,35t |
check An=8m?

q [kPa] - wind pressure at normal loading in working condition
(case of loading 1) (q = 0.09 kPa);

ks - filling coefficient of the construction (for loads and whole-
wall constructions ks = 0.2+0.6). For the calculated truck crane
k3=1;

¢ - aerodynamic coefficient (c=1.4 for the boom; c=1.2 for the
load);

ke - height coefficient (it is assumed from table 2 according to
the height of the position of the load). At h»=0.9m | check kn=1;
Ac [m?] - wind-beaten area of the upper wall of the boom (it is
determined by formula (17));

Ao [m?] - wind-beaten area of the back surface of the slewing
platform (it is checked by the drawing of the platform,
Ao=2.1m2);

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

Qi 5 1638
An[m? | 711 8 |9

25
18

10
10

12,5
12

16
14

20
16
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Table 2. Height coefficient

hm[m] | 0+10 | 10+20 | 20+40 | 40+60
ke 1 1.25 1.55 1.75
hm [m] (fig.1) - see the explanations in formula (18)

S; =L .b,.sinB=0.3 m?, (17)
where: b [m] - width of the boom (it is checked by the drawing
of the boom, bc=0.43m).

Unbalanced moment of the forces acting on the slewing
part of the crane toward the centre of the slewing support

M= (Goy*Gpg).l *+ G - Go.ly - Gy + Py + Pohi + Py,
= 498 KN.m, (18)

where: hm [m] - arm of the wind force over the load Pn in
relation to the centre of the slewing support (Fig. 2) (it is
determined by formula (19));

he [m] - arm of the wind force over the boom P in relation to
the centre of the slewing support (Fig. 2) (it is determined by
formula (20));

ho [m] - arm of the wind force over the platform P in relation to
the centre of the slewing support (Fig. 2) (it is checked from the
drawing of the platform, ho=0.8 m);

hy=h+Lsing-1=09m (19)

he=h+0.5.LsinB=15m, (20)
where: h [m] - distance between the suspension point of the
boom and the horizontal plane, passing through the middle of
the slewing support (figr.2) (it is checked from the drawing of
the platform, h=1,1 m).

Selection of a slewing support

In table 3 the calculation results for V, R and M for the
fourth positions of the load are given.

Table 3.Calculation results for the vertical force V, horizontal
force R and the unbalanced moment M of the forces acting on
the slewing platform for the fourth positions of the load

LB QA k]| V][R M

Mm 1 [ |[m] [kN] | [kN] | [kN.m]
119 [ 75| 25 | 18 | 1.25| 318 | 34 | 315
2] 9 |5 [635] 8 | 1 | 135 | 1.2 | 498
3|21 |75 |635| 8 | 125 | 135 | 24 | 270
4021 5 09| 25| 1 | 8 | 03| 286

The toughest case of loading is at position 2, because
the unbalanced moment M is determinative for the selection of
the slewing support. According to the graphs in Fig. 3 a
slewing support size 04 is chosen, which at V = 135 kN and
R =1.2 KN = 0 kN has a permissible unbalanced moment
M =620 kN.m > 498 kN.m.

A single row ball support type KC size 04 with externally
generated teeth (Fig. 1) is selected from Table 4 with the
following parameters:
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- number of the teeth z=123;

- module of the teeth m=12 mm;

- centre diameter of the crown D=m.z=12x123=1476 mm;

outer diameter (to the top of the teeth)

Da=mz+2xm=12x123+2x12=1500 mm,;

- inner diameter d=1175 mm;

- diameter of the circuit over which the balls are rolling
D=1320 mm=1.32 m;

- height Ho=100 mm;

- maximum permissible speed of rotation nmax=2,5 min'*;

- maximum permissible radial loading Rmax=59 kN;

- material of the rings - steel 50 Mn;

- mass — 460 kg.

Table 4. Characteristic of the single row ball slewing supports
with externally generated teeth (Kolarov, 1986)

Neo 1 2 3 4
Da [mm] 1000 | 1150 | 1300 | 1500
D [mm] 880 1012 | 1144 | 1320
m [mm] 6 8 8 12
z 164 142 160 123
Dz [mm] 984 1136 | 1280 | 1476
Ho [mm] 60 80 90 100
Mass [kg] 145 210 345 460
Ne 5 6 7 8
Da [mm] 1900 | 2250 | 2650 | 3150
D [mm] 1672 | 1980 | 2332 | 2772
m [mm] 12 12 16 16
z 156 184 163 194
Dz [mm] 1872 | 2208 | 2608 | 3104
Ho [mm] 130 145 170 195
Mass [kg] 900 1320 | 2200 | 3700

D - outer diameter; D - diameter of the circuit, over which the
balls are rolling; m - module of the teeth of the crown; z -
number of the teeth of the crown; D; =m.z - centre diameter of
the crown; Ho - height

Conclusions

1. From the calculations for the fourth endmost positions of
the load the greatest resultant vertical force V, acting on the
slewing support, is obtained at position 1 (minimum range of
the crane, i.e. minimum boom length L and minimum angle of
inclination of the boom pf). The smallest vertical force is
obtained at position 4 (minimum range of the crane, i.e.
maximum boom length and minimum angle of inclination of the
boom).

2. The greatest resultant horizontal force R, acting on the
platform, is obtained at position 1, and the smallest - at position
4,

3. The greatest unbalanced moment M toward the centre
of the slewing support is obtained at position 2 (minimum boom
length and minimum angle of inclination of the boom). The
smallest unbalanced moment is obtained at position 3
(maximum boom length and maximum angle of inclination of
the boom).
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M - unbalanced moment of the forces acting on the platform toward the centre of the slewing support; V, R - resultant

vertical and horizontal forces acting on the slewing support

Fig. 3. Graphs for the selection of the slewing support

4. The toughest case of loading of the slewing support is at
position 2 (minimum boom length and minimum angle of
inclination of the boom), because the unbalanced moment is
determinative in the selection of the slewing support.

5. For the calculated truck mounted crane the slewing
support is correctly selected, because the dimensions of the
mounted support coincide with the dimensions of the selected
support.
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