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DETERMINATION OF DRIVE FUNCTIONS OF SLEWING OF 
A MOBILE CRANE WHICH MINIMIZE LOAD OSCILLATIONS 

A method of determination of drive functions of slewing of a mobile crane's upper 
structure is presented in the paper. The purpose of their determination is to reduce load 
oscillations at the end of the motion. Drive functions for selected angles and durations 
of slewing have been calculated using a simple model of the crane and dynamic 
optimisation. Drive functions for intermediate angles have been determined by means 
of interpolation. Res ul ts of numerical simulations executed for the model of the crane 
are presented, taking into consideration flexibilities and damping in the cranes 
subsystems. Results obtained for drive functions determined using optimisation and 
interpolation algorithms are compared. An attempt to determine sensitivity of load 
positioning to selected operating parameters is also presented. Introduction of the 
notion of a positioning quality coefficient is proposed. 

1. Introduction 

During the slewing motion of a crane, the transferred load deflects from 
the vertical. This deflection causes load swings. Their character is similar to 
swing of a spherical pendulum. After the end of the motion, the load swings 
freely. Because there is relatively slight damping in the system, these 
oscill ations can remain for a fairly long time. For eff iciency and safety of 
work carried out with cranes, it is desirable to eliminate or at least 
substantiall y reduce these final oscill ations. Improvement of safety is 
especiall y vital, because a considerable number of fatal accidents at building 
sites are connected with crane usage [l ]. Therefore, the problem ofreduction 
of load oscillations is the main topic of many papers. The proposed methods 
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of a crane. Nevertheless, the function is also intended to guarantee reduction 
of load oscillations at the end of the motion for a more complex model and for 
a real crane. It is an inconvenience that the method requires each time 
previous calculation of the course of the drive function for specifi c operating 
parameters, especially for the specific angle of slewing. In order to avoid this, 
the desired functions are calculated only for selected angles, whereas 
functions for remaining angles may be determined by means of interpolation. 
The drive functions calculated for specific angles would be permanently 
stored in the crane control system memory (forming the so-called ,,map of 
basic slewing functions"). Functions for intermediate angles would be 
determined by the control system in real time. 

The angle and the time of the slewing are not the sole operating 
parameters which should be defined in the optimisation process of the slewing 
function. Mass of the load and length of the rope between the end of the jib 
and the load are particularly important. During the construction of the ,,map of 
basic slewing functions", the knowledge of sensitivity of load positioning to 
these remaining parameters is essential. Therefore an attempt to determine 
sensitivity of load positioning to changes of nominal mass (assumed in 
optimisation) and length of the rope has been undertaken in this paper. In 
order to enable quantitative analysis of positioning quality, the introduction of 
a special coeffi cient has been proposed. 

2. Optimisation of dr ive functions 

z 

y 

X 

Fig. I. Model of crane applied in optimisation problem 
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Fig. 2. Function (f}w(t) approximated by spline functions 

i.e. the variables of the slewing function at the selected points of the interval. 
The objective function has been defined as foll ows: 

(7) 

where 
rLT = rLli=T, vLT = vi.l.. r - vectors of load coordinates and velocity for 
t = T, 
rLF - vector of expected load coordinates for t = T, 
C1, C2 - coeff icients (weights). 

This function means that one can expect that at the end of the slewing 
motion the load is at a particular point in space and, furthermore, its kinetic 
energy is minimal. Therefore, the precise formulation of the optimisation 
problem can be expressed in the foll owing terms: fi nd the minimum of 
function F presented by (7) by selection of values (f)w.1, ... ,(f)w,n,-1 that are the 
components of vector X (6). The Nelder-Meads method has been used for its 
solution. Like most optimisation methods, this is also sensitive to selection of 
initial approximation. In the present paper, it has been assumed that initial 
approximation of vector X: 

X, = [ (f)w.l,O,··•,(f)w,n,-1.0]T (8) 

is obtained based upon the formulae: 

{

8({J;~max t3(- t + D 

(f)w.i,O = (f}w(t;) = 8({Jw,max 3 

T4 (t - D · t 

when 

when 

T 
t <- - 2 

T 
t > - 

2 

(9) 
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Fig. 3. Time course of input angle of slewing for case I 
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Fig. 4. Time course of input angle of slewing for case II 
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Fig. 7. Projection of load trajectories on the plane of the ground - case I 
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4. Load positioning for the model taking into account flexibili ties 
of the system 

In order to examrne the eff iciency of application of optimal drive 
functions in quasi-real conditions, numerical simulations using another 
model that takes into account flexibili ty of the crane's supported structure and 
damping in selected subsystems (Fig. 11) have been performed. The model is 
intended for dynamic analysis with the following inputs: 

L 

Fig. 11. Model of a mobile crane 

slewing of a crane's upper structure (angle (f)), 

- lifting and lowering of a load by means of a hoisting winch (an­ 
gle a), 

- changing the length of a servo-motor which changes crane radius (angle If/). 
The model is presented in detail in [7], [8], [9]. The equations of motion 
of the crane have been derived from the Lagrange equations of the 
second order. After determining all necessary components of the Lagrange 
equations (energies, functions of energy dissipation for all subsystems of the 
crane and their differentials), the following system of equations of motion is 
obtained: 



! " # $ %&' ()* + $ , ( - . / 0 1

A·ii =F 2!! 3

4 5675 789 : ; <; 4 <6==; 9 69 =5; >?<@A

[ 

A B A 4 BC O O I qJ DBEA 4 CB A 4 CC o o . p F GH

o o Ab o a F8 

o o o AL .. I
JKLKJJKLKJ

=6 G$

2!M3

4 5; <;

q F [Xo1,Yo1,Zo1,lpx1,<py1,lpz1,'P,l/ff, 

NO?! PYo1, ( ?!PJHQ! PJHR!PJHS!>KL; 7=?< ?>7??<T698=; U ?>=5; 758UU6UP
p F [p,, ... ,pmf - L; 7=?< ?>7??<T698=; U?>=5; V6: P
m- 9W@: ; <?>@?T; U=8X; 9 69=? 7?9U6T; <8=6?9 69 @?T8Y898YRU6UP69 =5; CY89;

?>Y6>=69Z 89T 69 =5; CY89; C; <C; 9T67WY8< =? 6=<; UC; 7=6L; YRP

QL - 7??<T698=; U ?>=5; Y?8T[
) BW8=6?9U2! M3>?<@8 URU=; @?>?<T698<R 9?9KY69; 8<T6>>; <; 9=68YU; 7?9T\

?<T; < ; BW8=6?9U >?< L8<68: Y; = 4 6=5 8 7589Z; 8: Y; 9W@: ; < ?> T; Z<; ; U ?>

><; ; T?@P : ; 78WU; C58U; U ?> Y?8T Y6>=69Z ><?@ =5; Z<?W9T 8<; =8X; 9 69=?
877?W9=[ ] ; >?<; =5; ; BW8=6?9U 8<; U?YL; TP U=8=67 T; >Y; 7=6?9U U5?WYT : ;
T; =; <@69; TPU697; =5; U; 7?9U=6=W=; 696=68Y7?9T6=6?9U>?<@?=6?9 ?>=5; URU=; @[
^ 5; >?W<=5 ?<T; <' W9Z; K0 W==8 @; =5?T 58U: ; ; 9 WU; T =? U?YL; =5; URU=; @?>
T6>>; <; 9=68Y ; BW8=6?9U 2! M3[

^ 5; <; UWY=U C<; U; 9=; T : ; Y?4 58L; : ; ; 9 ?: =869; T >?< 69CW=U 69 =5;
>?YY?4 69Z >?<@U?>T<6L; >W97=6?9UA =5; 696=68Y8CC<?Q6@8=6?9 269 877?<T897;
4 6=5 2_3389T=5; ?C=6@8Y>W97=6?9[ ] ?=5 78U; U?>=5; @?=6?9 @; 9=6?9; T 8: ?L; P
6[; [ UY; 4 69Z : R_` a 278U; 1389T: Rb` a 278U; 1Y358L; : ; ; 9 7?9U6T; <; T[ 19 G6ZU[
! M89T ! c C<?V; 7=6?9U?>>698YC8<=U?>Y?8T =<8V; 7=?<6; U?9 =5; CY89; ?>=5;
Z<?W9T 8<; C<; U; 9=; T[ G6ZU[ ! d 89T ! e U5?4 =6@; 7?W<U; U?>X69; =67 ; 9; <ZR?>
=5; Y?8T >?<UY; 4 69Z 1 89T 11<; UC; 7=6L; YR[ ] R 898YRU69Z =5; Z<8C5UP?9; 789
T; TW7; =58=8>=; <?C=6@6U8=6?9P>?<=5; @?T; Y=8X69Z 69=? 877?W9=>Y; Q6: 6Y6=R?>
=5; UWCC?<=; T U=<W7=W<; P=5; Y?8T 6U9?=@?=6?9Y;UU8==5; ; 9T ?>=5; UY; 4 69ZP
: W=6=?U76YY8=; U[ f ?4 ; L; <P=5; 8@CY6=WT; ?>=5; U; ?U76YY8=6?9U6UU@8YY89T 69
: ?=5 78U; U 6=T?; U 9?=; Q7; ; T U; L; <8Y 7; 9=6@; =<; U[



DETERMINATION OF DRIVE FUNCTIONS OF SLEWING OF A MOBILE ... 179 

-iritial -<roiximai 

I 
Q) 

~ 9t- - - ----t - - - ! -- - - +#- - ----= ~""" =- 7 
~ o 
o u 

1.5 2 2.5 3 3.5 4 

coordinate x[m] 
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5. Interpolation of the dr ive function for intermediate angles of slewing 

In this section, the method and results of interpolation of the drive 
function for 90° slewing are presented. A linear interpolation algorithm has 
been used. The optimal functions for slewing by 90° and 60° (section 3) have 
been taken as initial (basic) functions. Because slewing by 90° was realized 
over a period of 15 sand slewing by 60° over a period of 12 s, it was assumed 
that the time of slewing by 75° is equal to 13.5 s. Next, transitional angles of 
slewing corresponding to elements of the vector of decisive variables (6) were 
determined. For slewing by 75°, they were calculated as the arithmetic mean 
of decisive variables of basic functions (90° and 60°). The results obtained for 
the interpolated function were compared with those obtained for the optimal 
drive function determined according to the method presented in section 2. The 
simulations were carried out for the model, taking into account fl exibility of 
the supported structure presented in section 4. The foll owing figures show: 
comparison of drive functions of slewing for 75° obtained using interpolation 
and optimisation algorithms (Fig. 16); difference between these functions 
(Fig. 17); projections of the complete load trajectories on the plane of the 
ground and of their final part, respectively, for input in the form of initial 
approximation (9), optimal function and interpolated function (Figs. 18 and 
19); comparison of time courses of kinetic energy of the load (Fig. 20). 
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Fig. 16. Comparison of time courses of drive functions for 75° slewing 
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6.1. Sensitivity of load positioning for basic angles of slewing 

The sensitivity of load positioning for basic slewing functions, i.e. 
slewing by 90° (case I) and by 60° (case II ) was investigated in the fi rst place. 
The following figures present a comparison of projections of final parts of 
load trajectories on the plane of the ground for nominal parameters and an 
appropriately changing mass of the load and length of the rope. Figures 21, 23, 
25, 27 are related to slewing for case I and Figures 22, 24, 26, 28 with case II . 
Figs. 21 and 23 were obtained for increased and Figs. 22 and 24 for decreased 
mass of the load. Similarly Figs. 25 and 26 were obtained for increased and 
Figs. 27 and 28 for decreased length of the rope. Moreover, the comparison of 
PE coeff icient values for the cases analysed is presented in Table 1. 

Table 1. 
Comparison of PE coefficient values for basic slewing functions 90° and 60° 

Value of PE coeffi cient [cm] 
Slew 

nom. 1.05m !.Im l.2m 0.9m 0.75m O.Sm 0.25m +IO +25 +50 -10 -25 -50 -75 

90° 4.42 4.66 4.90 5 38 3.94 3.25 2.18 1.05 5.97 8.35 12.5 2.91 0.78 2.97 6.26 

60° 4.37 4.59 4.8! 5.27 3.9! 3.17 2.19 1.07 5.74 7.77 I I.I 3.00 0.95 2.78 6.45 
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Fig. 21. Trajectories of load for increased mass - I case of motion 
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Fig. 24. Trajectories of load for decreased mass - II case of motion 
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Fig. 25. Trajectories of load for increased length of the rope - I case of motion 
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Fig. 28. Trajectories of load for decreased length of the rope - II case of motion 

6.2. Sensitivity of load positioning for the intermediate angle 

In this section, the sensitivity of load positioning at the end of the motion 
to changing mass of the load and length of the rope is compared. However, 
slewing of the upper structure by 75° is here discussed. The input of slewing 
has been performed by using the optimal function and the function 
determined by means of the interpolation algorithm in accordance with 
section 5. The arrangement of figures is analogous to the arrangement in 
section 6.1. Figures 29, 31, 33, 35 were obtained for the optimal drive function 
and Figures 30, 32, 34, 36 for the interpolated one. The comparison of PE 
coeff icient values for the cases analysed is presented in Table 2. 

Table 2. 
Comparison of PE coefficient values for the intermediate angle of slewing - 75° 

Fune- Value of PE coeffi cient [cm] 

tion nom. 1.05m I.Im 1.2m 0.9m 0.75m O.Sm 0.25m +IO +25 +50 -10 -25 -50 -75 

optm. 4.59 4.77 5.05 5.51 4.08 3.39 2.23 1.12 6.09 8.37 12.2 3.10 0.95 2.98 6.57 

inter. 11.7 11.7 11.9 12.1 11.4 11.2 10.9 10.7 12.4 13.9 16.8 I I.I 10.7 li.I 13.0 
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Fig. 31. Trajectories of load for decreased mass - optimal drive function 
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Fig. 32. Trajectories of load for decreased mass - interpolated drive function 
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Fig. 35. Trajectories of load for decreased length of the rope - optimal drive function 
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Fig. 37. Trajectories of load for increased mass - second new interpolated drive function 
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Fig. 38. Trajectories of load for decreased mass - second new interpolated drive function 
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Table 3. 
Comparison of PE coeffi cient values for the intermediate angle of slewing - 75° and the new 

interpolated function 

Fune- Value of PE coeffi cient [cm] 

tion nom. 1.05m I.Im 1.2m 0.9m 0.75m O.Sm 0.25m +IO +25 +50 -10 -25 -50 -75 

optm. 4.59 4.77 5.05 5.51 4.08 3.39 2.23 1.12 6.09 8.37 12.2 3.10 0.95 2.98 6.57 

inter. 5.35 5.53 5.80 6.25 4.89 4.18 3.11 2.19 6.83 9.10 13.0 3.90 1.96 2.76 6.20 

7. Final remarks 

Results presented in section 3 show the eff iciency of the method of 
determining slewing drive functions based on an optimisation algorithm. For 
both I and II motions, the load was nearly motionless at the end of slewing. It 
is proved by Figs. 7 and 8 showing projections of load trajectories, Figs. 9 and 
1 O showing courses of kinetic energy of the load as well as by the value of the 
PE coefficient that is equal to 0.14 cm. The amplitude of load oscillations at 
the end of the motion was reduced from about 1 m for case I and from 1. 7 
m for case II to O.Om. 

Flexibilities of the supported structure of the crane, taken into account in 
section 4, had slight consequences on the quality of load positioning at the end 
of the motion. In both cases of slewing, the ampli tude of final oscillations for 
the optimal drive function did not exceed a few centimetres. 

In section 5, the slewing function for the intermediate angle was 
determined using simple linear interpolation. This function is slightly 
different from the optimal function (Figs. 16 and 17). Load positioning at the 
end of the motion (Figs. 18 - 20) is also satisfactory. 

Detailed conclusions related to the investigation of sensitivity of load 
positioning at the end of the motion and the input in the form of the optimal 
drive function are formulated in section 6.2. 

In order to investigate sensitivity of positioning when the interpolated 
function is used as input, slewing by 75° has been assumed. The optimal 
functions for 60° and 90° were applied to determine this function. During 
simulations, it was proved that in this case of input, the behaviour for load was 
less propitious than for the optimal drive function. That is why the drive 
function was determined once again. The optimal functions for slewing by 
70° and 80° were taken as basic functions. This new drive function caused 
significant improvement in quality of load positioning. The value of the PE 
coeffi cient for nominal mass of the load and length of the rope decreased from 
11.67 cm (for basic slewing by 60° and 90°) to 5.35 cm (for basic slewing by 
70° and 80°), while the PF coefficient value for the optimal drive function is 



! " # $ %&' ( )* + $ , ( - . / 0 1

2345678 9:; " <= : / 2>?@7@A@7B 8C685DE8?@7@8>@>F C8G7H2>2I @>72GE86572DDG@A2
C4><7@8> @? ?@=@65G78 ?2>?@7@A@7B C8G7H2 8E7@= 56 C4><7@8>:

1>7H@? E5E2GJ 5 <82CC@<@2>78C685DE8?@7@8>@>F 3456@7B PE @? EG8E8?2D: 17@?
5> 5772= E778 345>7@757@A2 2A56457@8> E8?@7@8>@>F 3456@7B I H@<H5668I ? C8G5>
25?B <8= E5G@?8> 8C7H2 2CC@<@2><B 8CD@CC2G2>7 DG@A2 C4><7@8>?: 17 = 5B K2
2?E2<@566B 4?2C46 @> <8>?7G4<7@>F 7H2 JJ= 5E 8CK5?@< ?62I @>F C4><7@8>?L: MB
D272G=@>@>F 7H2 K84>D5GB 5D=@??@K62 A5642 8C7H2 <82CC@<@2>7J 8>2 <5> ?@= E6B
<56<46572 G5>F2? 8C<H5>F2 8C= 5?? 8C7H2 685D8G<H5>F2 8C62>F7H 8C7H2 G8E2
C8GI H@<H ?57@?C5<78GB E8?@7@8>@>F 3456@7B <5> K2 8K75@>2D 4?@>F 8>6B 8>2
DG@A2 C4><7@8>:

NH2 = 8?7 @= E8G75>7 <8><64?@8>? 5K847 7H2 JJ= 5E 8CK5?@< ?62I @>F
C4><7@8>?L 5G2O
1. MB P>8I @>F DG@A2 ?62I @>F C4><7@8>? C8G?262<72D 5>F62? 8>2 <5>J 4?@>F

6@>25G@>72GE8657@8>J D272G=@>2 7H2 DG@A2 C4><7@8>? C8G@>72G= 2D@572 5>F62?
7H572>?4G2 ?57@?C5<78GB 3456@7B 8CE8?@7@8>@>F:

Q: MB <H5>F@>F 7H2 @>72GA56K27I 22> K5?@< E8@>7? 8C7H2 = 5E RKBD272G=@>@>F
K5?@< C4><7@8>? C8G5 ?= 5662G@><G2= 2>78C?62I @>F 5>F62?SJ3456@7B 8C685D
E8?@7@8>@>F 57 7H2 2>D 8C7H2 = 87@8> <5> K2 <8>?@D2G5K6B @= EG8A2D:
/ 2>?@7@A@7B 8C8E7@= 56 5>D @>72GE86572D C4><7@8>? @? 7H2> 56?8 ?@=@65G:

T: NH2 DG@A2 C4><7@8> = 5B K2 D272G=@>2D8>6B C8G= 5U@= 56= 5?? 8C7H2 685D
5D=@??@K62 @> 5 F@A2> <G5>2 G5D@4?: V456@7B 8C685DE8?@7@8>@>F C8G?= 5662G
= 5??2? @? K2772G:

9: W>2 DG@A2 C4><7@8> <5> K2 4?2D C8G>8=@>56 5>D 56?8 C8G?6@FH76B ?H8G72G
62>F7H? 8C7H2 G8E2:

; : NH2 EG8E8?2D <82CC@<@2>7PE G2C62<7? I 2667H2 3456@7B 8C685DE8?@7@8>@>F
5>D @7<5> K2 4?2C46 <8>?7G4<7@>F 7H2 JJ= 5E 8CK5?@< C4><7@8>?L:
NH2 = 27H8D EG2?2>72D @? H26EC46 2?E2<@566B @> <8>7G866@>F <G5>2? 7H57

2U2<472 <2G75@> G2<4GG2>7 8E2G57@8>?J C8G@>?75><2 7H8?2 <G5>2? I 8GP@>F @>
G2685D@>F G5@6I 5B 72G=@>56?:

+ 5>4?<G@E7G2<2@A2D KB ) D@78G@56 M85GDJ *5>45GBQ; :XTJ QXXT
C@>56A2G?@8>J ! ; :X" J QXXT:

' ) Y) ' ) %, ) /

Z6[ %2@7\ 26 ' : L., / 2@U5? %: / :J ' 2> 0 : 0: O$ ' 2A@2I 8C, G5>2 / 5C27B @> 7H2 , 8>?7G4<7@8> 1>D4?7GBJ
$EE6@2DW<<4E57@8>56 5>D ) >A@G8>= 2>756 ] BF@2>2J QXX! J A86: !^J >8: !QJ EE: 1 1X̂ _ 1 1 1` :

ZQ[ M565<H5>DG5>M:J a@- :b- :J Y5>F ,: b,: O$ + 2<H5>@<56 Y@672G<8><2E7C8G<8>7G868C%8>ba@>25G
, G5>2ba85D W?<@6657@8>?J *84G>568C/ 84>D5>D c @KG57@8>J ! " " " J QQ# RTSJ EE:̂ ; ! _^#Q:

ZT[ $KD26b' 5H= 5> ) : + :J %5BC2H $ : ] :O d2>D4657@8> ' 2D4<7@8> @> M88= , G5>2? e?@>F , 5K62
a2>F7H + 5>@E4657@8>J %8>6@>25G&B>5= @<?J QXXQJ Q̀ RTSJ EE: Q; ; _Q̂ " :

Z9[ / 5P5I 5 -: J/ H@>D8 - :J] 5?H@= 878 -: OWE7@= 56<8>7G868C5G875GB<G5>2fJ*84G>56 8CWE7@= \ 57@8>
NH28GB5>D $EE6@<57@8>?J ! "#! J T; J EE: ; T; _; ; ` :



! "# " $%&' ( #&) ' ) * ! $&+" * , ' - #&) ' . ) * . / " 0 &' 1 ) * ( %) 2&/ " 333 455

678 9 :; <=><?= @3A. BCD=EF %; G=; E - ; EGH;B =E %; I =BC - HJEC " E<KH=EF . GJI BC L; <=G=; E=EF ; M
- JHH=CN / ; JNO#PC ( HQP=RC; M%CQPJE=QJB " EF=ECCH=EF S/ +&&OL; B=<P ( QJNCT U ; M. Q=CEQCO
VWWWOXX3 445Y4Z[ 3

[6] LJH?CHG. G., LCGGCH<; E 23O! ; PHTJEE -3O$; I =ECGG$3! 3A - ; TT JEN <PJX=EF M;HHC<=NKJB
R=I HJG=; EMHCCQHJECTJECKRCH<\OLH;Q3( TCH=QJE- ; EGH;B- ; EMCHCEQCO. CJGGBCO0 J<P=EFG; EO@KEC
4557OXX3 5Z] Y5Z[ 3

6̂ 8 %JQ_U><?= ( 3A ! UEJT=Q< ; MJ T ; I =BCQHJEC =E GPCJ<XCQG; M<GCCH=EF =G< NH=RC<OLP3) #PC<=<O
#CQPE=QJB, E=RCH<=GU ; M̀ aNbO2HJEQP ; M2=CB<?; c2=J:JO VWWWOd=E L; B=<Pe3

6[ 8 %JQ_U><?=( 3O9 ; fQ=CBEU$3A ( ! UEJT=Q%; NCBG; ) XG=T =<JG=; E 0 ; H?=EF %; G=; E<; MJ %; I =BC
- HJECOLH;Q3#CEGP0 ; HBN- ; EFHC<<; EGPC#PC; HU; M%JQP=EC<JEN%CQPJE=<T<O) KBKO* =EBJENO
@KECVWcV] O 4555O+; B3] OXX3 47g4Y47gg3

658 %JQ_U><?=( 3O. _Q_; G?J M.: - ; TXJH=<; E; MT; NCB<M;HNUEJT=QJEJBU<=<; MJ T ; I =BCGCBC<Q; X=Q
QHJECO@;KHEJB; M#PC; HCG=QJBJEN ( XXB=CN %CQPJE=Q<OVWWVO ' ; 3 ] O+; B] WOXX34W7 &Y4Ŵ] 3
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