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Modeling of dynamic loadings on a tower crane
jib
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Abstract. Article describe processes of modeling of dynamic loadings on
on a tower crane jib and represent their in analytic and, graphic kinds with
using of modern computer technologies. Complexity of such tasks is
concluded in depending these characteristics from load characteristics of
the crane, weights and inertial parameters of elements of the mechanism of
the lifting of loads, having a nonlinear appearance. The proposed
procedures of modeling allow to reduce time and costs of such calculations
at least in several hundred times and effectively to carry out researches in
any usage mode and on all design stages of tower cranes, providing good
visual presentation of received results.

1 Introduction

Article describe process of modeling of dynamic loadings on a tower crane jib. It is
necessary originally: to simulate the load characteristic of the tower crane in an analytical
kind; to define the resulted moments of inertia of rotating bodies and lifted load to an
engine rotor; to define time, a way and acceleration of dispersal of load at its lifting,
depending on a load site on a jib and representation their in analytic and graphic kinds in
MathCad system. [1][2]

The proposed procedures of modeling and calculations allow to reduce time and costs of
such calculations at least in several hundred times and effectively to carry out researches in
any usage mode and exploitation of transport means, providing good visual presentation of
received results.[3]

2 Statement of the problem

The load characteristic of the tower crane in a graphic kind is known, as a rule, looks how
is shown on fig. 1.
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Fig. 1. An example of the load characteristic of the tower crane

In an analytical kind the load characteristic of the tower crane can be presented such
expression.
- In the range r1 - 1>

012(r) = Qa,

- In the range r> - r3

Mecr + Mcl — Mwel — Mwl — Mim — Mc
0, ;(r)= /!

Ksscr-((g +aa)-(r—0,5-B+ H5-sin(a))

where:  Mcr - moment from constructive weight of the crane in working status, k<N-m;
Mcl - moment from weight of counterload in working status kN-m;
Mwecr - moment from wind loading on the crane in working order, kN-m;
Mwl - moment from wind loading on load in working order, kN-m;
Mimcr - inertia moment at crane dispersal, kN-m;
Mimla - inertia moment at load dispersal along, kN-m;
Mimly - inertia moment at load dispersal on a vertical, kN-m;
Mcfl - moment from centrifugal force of load, kN-m;
Kisscr - factor of a stock of stability of the crane in working status;
B -base of the crane, m;
o - maximal gradient angle, degree;
HS5 - height of a heel of an arrow, m.

(1

In an analytical kind can define the resulted moments of inertia of rotating bodies and
lifted load to an engine rotor.

0.5-Ic+11 12
+

Inp(r)=(5-(Ir+0.5-Ic)+ +

p(r) = (0 -( ) = i 12 N
N Iscd , 1000 (OR(r)-(1+ Kvl)+0.05-OR(r) ( vi j

i1 -i2>-n1-n2-n3 nl-n2-n3-np-nbl"™ wn

where: 0 - factor influence of inertial weights of the mechanism of lifting of loads;
Ir, Ic - inertia moments of engine rotor and coupler, kgmz;

11, I? - inertia moments of reducer shafts, kgmz;

Iscd - inertia moments of reducer shaft, coupler and drum, kgn?;
QR(r)— capacity of tower crane, tone

Kvl - factor of variability of loads;

VII - speed of lifting of loads, nvs;

nl, n2, n3 - reducer shafts efficiency;
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11, 12 - transfer number of the stages of a reducer;
np, nbl, - polispast and block efficiency;
nbl - number of by-pass blocks.

3 Modeling algorithm in system Mathcad

This paragraph shows the program in the MATHCAD system in the form of screenshots of
the computer screen.[4][5] This program can be used to calculate and simulate dynamic
loads on the jib of a tower crane. In fig. 2,3 shows modelling of load characteristics of the
tower crane process.

Modeling of dynamic loadings on an arrow of the tower crane at lifting of loads in
system Mathcad

1. Modeling of load characteristics of the tower crane

Initial data::
- moment from constructive weight of the crane in working status, kNm Mer = 385448
- moment from weight of counterload in worldng status, IVm Mel = 4128
- moment from wind loading on the crane in worldng order, kNm Mwer = 1030
- moment from wind loading on load in working order, kZNm Mwl = 184116
- inertia moment at crane dispersal, IVim Mimcr = 626033
- inertia moment at load dispersal along, kNm Mimla = 100623
- inertia moment at load dispersal on a vertical, &ZNm Mimlv = 52.007
- moment from centrifugal force of load, kNm Mcfl = 54915
- factor of a stock of stability of the crane in worldng status Fsser = 1097
- base of the crane, m B=13
- maximal gradient angle, degree a=13
- height of a heel of an arrow, m H3 =7388
- maximal load capacity, fonne 02=10
- maximal radius of overhang of crane hook, m Rl =
- minimal radius of overhang of crane hook, m R4 =658
- acceleration of gravity, m/s? g =981
- allowable acceleration of load lifting at engine dispersal, m/s? aa =04

Fig. 2. The initial data for modeling of load characteristics.

Algorithm of calculation:

1. Total moments from inertial forces, kiNm
Mim = Mimer + Mimla + Mimiv Mim = T78.665

Representation of the load characteristic of the tower crane in an analytical kind. tonne:

I

- in the range of 1-2 QIXR)y =02
Mer + Mcl — Mwer — Mwl — Mim — Mcf]
Fsser-[(g + aa)-(R — 0.3-B + Hi-sin{ov-deg))]

- in the range of 2 - 3 Q23(R) =

[}

. Representation of the load characteristic of the tower crane in a graphic kind:
- definition of co-ordinate of a point 2

rd = 0.3-B + Hi-sim{a-deg) r2 = root[(Q23(R) - O2).R.ri RI] ri=34684
- definition of the load characteristic of the crane in the form of two lines 72 = 23831
OR(r) = |023) i r2<r <RI r3=RI
QIXN#) FRI<P=r2 RI=40
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Fig. 3. Algorithm of calculation load characteristics.



MATEC Web of Conferences 329, 03031 (2020) https://doi.org/10.1051/matecconf/202032903031
ICMTMTE 2020

The second paragraph of the program shows calculation the acceleration of lifting loads. In
the figures 4-8 initial data and calculation algorithm are shown.

2. Calculation of acceleration of lifting of loads

Initial data:
- effort in a rope going on a drum of lifting of loads, # Srd = 39040
- speed of lifting of loads. m/s Vil =05
- polispast multiplicity ap =2
- block efficiency nbl =099
- mumber of by-pass blocks nbl =2
- polispast and coupler efficiency =08 9c=099
- factor of variability of loads Evi = 0.06
- transfer number of the stages of a reducer il=416 i2:=392
- reducer shafts efficiency: =099 52=09 93=09
 factor influence of inertial weights of the mechanism ofhﬂmg of loads d=12
- inertia moments of engine rotor and coupler. fegm? =29 Ir=48
- inertia moments of reducer shafts, kgm- =48 I2=6711
- inertia moments of reducer shaft, coupler and drum, kgm? Ised = 164242
- average diameter of rope winding on a drum_ m Day = 0.501
- calculated value of transfer mumber of a reducer ipp = 19711
- actual value of transfer number of a reducer ip =163
- nominal number of turns of an engine rotor, rpm = T13
- capacity on an engine shaft (nmpu I1B = 40%), &I Nen = 35
-reloading ability of an engine A=29
- admissible acceleration of loads lifting at engine dispersal, /5% gg.=04

Fig. 4. Calculation of acceleration of lifting loads. Initial data.

Calculation algorithm
1. Nominal angular speed of rotation of an engine rotor. rad's

2-m-
W = T wr = T4.873
60
2. Nominal moment of an engine rotor, Nm
Ay = J000-Nen My = 734561
W
3. Critical moment of an engine rotor, Nm
Mk = Mn-) M =213% 107

4. Reduced moment of inertia of rotating bodies and lifted load to an engine shaft, kgm?

051 + I j7) Ised
Iap(r) = [6-(fr + 0.5-Ic)] + ‘I + + =
7

> TR
iydn?  HETpln2g3
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Fig. 5. Calculation of acceleration of lifting loads. Points 1-4.
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5. Moment of static resistance, Nm
Srd-Dav
Msr = ik
2-if-1'2-?}1-?}2-1}3-?}_p-?jbfnw
6. Average starting moment, Nin
Mk + 1.1-M;
Mas = e LA
2
7. Time of dispersal of lifted load, s
I -
tdl(r) = 2 wm
Mas — Msr
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Msr = 106 x 107

Mas = 1469 107

Fig. 6. Calculation of acceleration of lifting loads. Points 5-7.

8. Actual speed (/) and acceleration of dispersal (/57) of lifting of loads,
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Fig. 7. Calculation of acceleration of lifting loads. Points 8,9.
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10. Dynamic loadings on a crane arrow at loads lifting depending on a location of load, ANV

E(r) = |023()adi(r) i r2<r <RI
QI2(r)-adl(r) if R4<r< s
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Fig. 8. Calculation of acceleration of lifting loads. Point 10.

4 Conclusion

The proposed procedures of modeling of dynamic loadings on a tower crane jib allow to
reduce time and costs of such calculations at least in several hundred times and effectively
to carry out researches in any usage mode and all design stages of tower cranes, providing
good visual presentation of received results.
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