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Abstract

A dynamics analysis of a selected truck-mountedectia presented in this article. A mathematical ehad
the crane, considered in a form of an open-loogrkitic chain, allows to take into account flextiilf its
support system, hoist rope and drives of particlitds, and also friction in the joints. The georgedf the
crane model is described using the Denavit-Hartenhetation based on joint coordinates and homagene
transformation matrices. Its equations of motiomeagerived on basis of the Lagrange formalism. Dih@re
model was used to describe friction in the joints.

1. Introduction

In the today’s era of computer systems a developroéwirtual complex models of
mechanical systems is achieved using commercigkaprietary calculation programs.
Computerization of a designing process of thes¢esys shortens time significantly
from determining design assumptions to making al fimoduct.

In the literature there are lots of publicationvated to the dynamics analysis of
different types of cranes. Unfortunately, there &erdly any publications devoted
strictly to issues of the dynamics analysis of theek-mounted cranes. This scope of
investigations can be deemed — according to theoasiof this publication — as poorly
advanced. While making an overview of the literattire authors want to draw attention
to a few selected works devoted to the dynamic$ysisaof cranes taking into account
flexibility of their support systems (e.g. [1, 2, 4), flexibility of a hoist rope (e.g. [2,
3]), and also occurring of friction in joints (e[®, 6]). All the issues mentioned are also
a subject of the analysis presented in this work.

In the work it is assumed that the links of the eled crane are driven directly by
torques, whereas the retractable link by a forcis. & simplification, because in the real
system the links are driven by three hydraulicraydirs (two of them are jib cylinders,
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and the third one is a telescopic cylinder). Theuaged crane model is an open-loop
kinematic chain, like models of robot manipulatoFor this reason the Denavit-

Hartenberg notation [7], taken from robotics, baseduse of joint coordinates and
homogeneous transformation matrices was applietesaribe its geometry. Equations
of the model motion were assumed using the Lagrémgealism [8]. Transported load

was modeled in a form of a material point. In &k trevolute joints, and also in the
prismatic joint of the crane between the links mgvon each other friction is taken into
account. The friction phenomenon is described lyativanced LuGre model [9] based
on bristle interpretation of friction [10]. This mel allows to take into account the both
phases of friction in the joints, that is the statnd kinetic friction, and more precisely
such phenomena as: a preliminary displacemengtitigeck effect and a frictional lag.

2. Mathematical model of the crane

The model of the crane in question is presentellign 1. This model consists of five
links (n| = 5). First of them constitutes a truck chassis on thie crane is mounted.

This chassis is settled flexibly by six suppo(mg = 6) , out of which four are the wheels
of the truck.

link 3
RHS360x280x6

link 4
RHS420x280x6

link 5 "~ link 2
RHS400x280x 6 J N RHS360x300x10
1<5>:1.7m/ * 2y 4 (P = el
/ |

' link 1
. flexible supported base

L (x®,y9,20)

Figure 1. Model of the truck-mounted crane
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A vector of the generalised (joint) coordinates the developed model was
determined in a form:

q= [q(cf q" ]T = [q(lf §? ¥ g9 g9 q' )TT , )
where: §® =[X(1) yo 20 y® g0 g (1)JT L §? = [‘//(2)] g® = [‘//(3)]
q(4) :[1/,(4)] q(S) :[2(5’], q(') :[x(') ya) Z(I)j|T_

The matrices of the homogeneous transformatioms fte local coordinate systems
of particular links of the model to the assumeamerfice system can be presented as:

(p) — T(p-DF(p)
T, ETETO, @
whereT@ =1,
B 1 _(//(1) 6(1) X(l) Cw(Z) —341/(2) 00
'T'(l): 1/1(1) 1 _¢(1) y(l) -T-(2): S‘//(Z) C(//(z) 00
-gY PO 1 00 0 0 1 ol
| O 0 0 1 0 0 0 1
cw® -sp® 0 -1? ® @w® -sy® 0 1@
- 0 0o 1 0 - sy o™ 0 0
e = (4) —
™= —d (2) (2) (2) T = ,
S o7/ 0 IYar 0 0 1 0
| 0 0 0 1 0 0 0 1
1 0 0 O
(5)
F6) = 0 0 12 sa® = sim® @® = cog® .
0 -1 0 0} ’
0 0 0 1

Models of a revolute joint and a prismatic jointlwfriction were developed for the
needs of the analysis and they are presented & Fégand 2b, respectively.

friction
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friction friction
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Figure 2a. Model of a revolute joint
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Figure 2b. Model of a prismatic joint

Values of friction torqueg!” in the revolute joints and friction forcé” in the
prismatic joint are calculated on basis of knowkedtpout joint forces and torques
£, AP in those joints determined by the Newton-Euler rsive algorithm [7].

The equations of the crane model motion can beepted as:

Ag=e+f +t, -s,, (3)
where:
A1,1 Al,j Aln
: L : mY 0 0
A(C)
A:[ (()I)} A9 = A, o Ay AL A= o m" o[,
0 A . . . . . 0 0 m(l)
_An-l An.J An |
n
- AP A(P) —[5(p) 2(p) — (P (PT(P"
A= _ZA . AT AT |i.i:1....p _(ang'z_fl)+k'rgo;])+l)k:]'""'ﬁc(iigf A7 = tr{Ti PR } '
prmaxi.i} 1=L..1)
aT(P)
TP =——, H® —pseudo-inertia matrix of linkp,
aqi(p)
&
: 0
e(C) | N, B
ez{ (l)},e@ =le [, &= 0 e =‘Z(hi(p)+9(p))v
€ : m" g p=i
& |
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m" — mass of the loady — acceleration of gravity,

ndof nduf . aZT(p)
(P (P (P — (PP F) DHP (
h | ..... (hnéof *k)k_l vvvvv N Z;;ntr{T H T } Cf“ d“ T aq(p)aq( n’
P) =[P 7P — o) i T (D (@]
| - (gnélll'l)+k)k—l,..-,'1gu)l SR m ({Js 0j|TI e

m® —mass of linkp, r{f) — vector of the position of mass cen@&” of link p,

c T i
f f() ,f(c) :f(c) +f(C) , f(c) —| = aEp,S + aRS 0 ’f(c) | _ aEp’r + aR, ,
s f(l) s sr $s aq(l) aq(l) ST aq(c) aq(c)

:
0N aEp,r + oR
s aq® aq" )|

;aq; S I‘S'{’l Ug uEa®, :d% zgam[;,y,z} d; U ua”,
100 0 2 -W

Lol o 10t o %
00 1/ y0 - 0

s) ., dl) —stiffness and damping coefficient of supporin directiona ,

|(I) |(I

(1)

() — (' @)
es,a - I lsa 0’

—current and initial length of suppoitin directiona ,

sa’ " sa,0

oE,, P i

Oq(c) =sd - | rPLJT(s)ngs), aqi) do %rPTL ‘]Tj(5)rp(5)1
OE, e IR .

aq(p') =TSO I, feuy aq (I) —da r ),

! f

s, d —stiffness and damplng coefficient of the hoist rope
r{¥ — vector of the position of poir® in the coordinate system of link 5,

1e¢>0
PL :J(I’éo) _rIEO))’ Ir ZF;LI'PL, er = |r _lr,O’ O: :{0' er < O'
3 —vector of the position of point® and L in the reference system,
I, 1, , —current and initial length of the hoist rope,
110l0!0

. . . T
I=0111010|=[j, ], s 0], ty =[0 1 t& t& 2 o],
0/0;1]0
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aE(p) aRgp) aE(p) aRép)
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J
sP, diP —stiffness and damping coefficient of the drive
q{” — assumed driving functions,
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The LuGre friction model adopted by the authorgto$ work, describing friction
coefficients ,u|/4:;z},'° in a form of two differential equations of a firetder, has
(

P.

)
a{AB,.G
p=pt®)
already been presented in details in other workgheyn, namely in the publication
devoted to dynamics of spatial linkages [11], als® & the article dealing with the grab
crane [6].

The formulated equations of motion were solved hey Runge-Kutta method of the
fourth order with a fixed-step.
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3. Results of numerical calculations

Some results of the numerical calculations presgndi trajectory of the load moved,
determined in plan&®y© of the reference system in the case of taking astwount or
omitting friction in the crane joints, are presehte Fig. 3.

¥ m]®

— without friction
....... with friction

3

X[m]
Figure 3. Trajectory of the load

An influence of friction on time courses of the wa$ of the drive torques in the
revolute joints and the drive force in the prismogint is presented in Fig. 4.
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Figure 4. Courses of the values of the drive toscared the drive force
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The performed calculations showed that frictiorthie joints of the modeled crane
and also — as it was to be expected — flexibilftitosupport system and hoist rope had a
significant influence on the crane dynamics, chaggsignificantly courses of the
determined parameters.

4. Conclusions

A dynamics analysis of the selected truck-mounteshe is presented in the work. The
developed mathematical model can be treated astw@alviprototype of a real crane
helpful while performing a process of its designiagd also while developing control
algorithms. High degree of advancement of the pegpanodel provides — according to
the authors — a possibility of a precise reflectdmeal system behavior in the dynamics
conditions, what should make correctness of theutation results reliable. However,
the final verification of correctness of the pregthmodel can be made by experimental
tests of a real system.
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