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Abstract

*This paper presents a critical comparative analysis of the basic
parameters of the static stability of the BWE 1600 P _
superstructure, Fig. 1, the parameters being obtained by both S Y L
analytical and experimental procedures.

* The procedure of superstructure 3D model mass correction,
based on the results obtained by weighing conducted after the
completion of the erection process, is presented.

* That way developed model provides enough accuracy in
determining the superstructure’s COG in the entire domain of
the bucket wheel boom inclination angle, and enables accurate
load analysis of the superstructure’s vital parts.

* This fact becomes even more important considering that the
procedure prescribed by standard DIN 22261 gives results which
are not on the side of safety, as shown on the example of the
strength analysis of the bucket wheel boom stays’ end eyes.
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Fig. 1 Main parts of the BWE 1600: 1 — slewing
superstructure; 2 — substructure; 3 — traveling
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Introduction

Fig. 2 Main parts of the SuS1: 1 - BWB; 2 - mast 1; 3 - BWB Fig. 3 Main parts of the SuS2: 1 — CWB with slewing platform; 2
stays — mast 2; 3 — CWB stays; 4 — CW box

*The slewing superstructure of the BWE 1600, Fig. 1, consists of two main substructures: SuS1, Fig. 2 and SuS2, Fig. 3.

* The slewing superstructure parameters dominantly determine the basic BWE exploitation characteristics, its reliability and
safety.

* They may be classified in three main groups: (a) parameters which determine the static stability of the superstructure; (b)
parameters which determine the strength of the superstructure and (c) parameters which determine the dynamic behavior
of the superstructure.

* The common denominator of all the above mentioned parameters is the mass of the superstructure and its distribution
along the structure. That is the reason why the determination of the basic parameters of static stability (BPSS), above all the
weight and the position of the center of gravity (COG), must be cautiously carried out in all phases of the BWE design.
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Introduction

This paper presents:

 the results of an analytical-numerical investigations of BPSS at various

stages of BWE 1600 project development. These investigations were based
on:

(1) the preliminary stability calculation provided by the BWE manufacturer
(Variant 1: V1);

(2) the final stability calculation provided by the BWE manufacturer (Variant
2:V2);

(3) a 3D model of the BWE superstructure (Variant 3: V3) (Figs. 1-3);

(4) a 3D model of the BWE superstructure, with the mass corrected
according to the results of the first weighing (Variant 4: V4);

(5) a final stability calculation, with the mass corrected according to the
results of the first weighing (Variant 5: V5);

 the results of the two weighings, made on site, after the first erection of
the machine;

 the results of a strength analysis of the vital parts of the superstructure.

XCOG,CW=0(mm)

Fig

Analytical determination of the BPSS: V1 vs V2

* The final shaping of the carrying structure and its adjustment with the
mechanical subsystems and equipment, i.e. transformation from V1 to V2,
causes a change in the superstructure BPSS.
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* A relatively small difference in the calculated superstructure masses
(1.5%) leads to a relatively large unfavourable shifting of its COG (902 mm
towards the bucket wheel), Fig. 4, followed by a significant increase in the
counterweight mass required for balancing (24 Mg), Fig. 5.

Journal of Zhejiang University-SCIENCE A

-4600

-4800

-5000

-5200

-5400

-5600

-5800

-6000

-6200

-6400 ‘ ‘ ‘
-20 -15 -10 -5 0 10 15

aBWB(o)

4 The COG abscissas of the superstructure
without the CW mass: V1 vs V2

190 T T T
180
170
160

150

140

130
-20

asws(o)

Fig. 5 Mass of the CW for balancing the
superstructure deadweight: V1 vs V2
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Weighing the superstructure TT e

* The superstructure was weighed on site
immediately after the first erection of the

——— BWAB in Hi position

machine, Fig. 6. During the first weighing E pob N l
(W1), the CW mass was 177.017 Mg, which 28 . P
was supposed to be enough to balance the o Ny
superstructure deadweight according to B0 e PO

V2.

* After the first erection, the CW mass was _, i . o & L INL N
corrected (54.96 Mg added), so the CW Fig. 6 BWE Shurmg t?.e f|rs:: weighing AN

mass during the second weighing (W2) was on the ereciggn stie
231.977 Mg. .

Correction of the mass of the superstructure
models based on the results of the first weighing

* According to the results of the first weighing the average superstructure mass is =1172 Mg, while the mass of the 3D
model superstructure (V3) with a CW of 177.017 Mg (CW mass during the first weighing) is =1155 Mg. Thus, the
experimentally determined superstructure mass is greater by =17 Mg than the superstructure 3D model mass. Because the
superstructure COG based on the weighing results is shifted towards the BW the excessive mass (the so called ‘corrective
mass’), is on the BWB side. ‘ |
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Fig. 8 Deviation of the COG abscissa

* To obtain a model which gives good approximations of q ) )} High positn

the COG abscissas in both the low and high BWB
positions simultaneously, Fig. 7, the applicate of the
center of the corrective mass is determined by the
expression {=k({,+ {.,) where k is the corrective
factor. The influence of the k factor value on the
difference between the superstructure COG abscissas
obtained experimentally and by calculation (Ax.,;) for
the characteristic BWB positions, is shown in Fig. 8.

superstructure slewing axis
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Comparative analysis of analytical and experlmental results

* V4 gives the best approximation of the
superstructure COG abscissa in relation to the first
weighing results, Figs. 9 and 10. Nevertheless, it is 2
important to note that the intensities of the winch 1
rope forces, and of the BWB stay forces, are
highest specifically for V4, Figs. 11 and 12. This is a
consequence of the less favorable final
deadweight distribution with respect to V1, which 2
was the basic BWE design. Otherwise, the V4 3
results are in good agreement with the second
weighing results, Fig. 13 and, therefore, V4 was
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Fig. 11 Winch rope forces caused by
deadweight
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Working load analysis

* Load analysis of the vital superstructure parts was carried out according to code DIN 22261-2 (2014) for load case (LC)
H1.2 (BWE in normal operation) (Figs. 14 and 15) using our original, in-house software “EXLOAD".
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Load and stress analyses results

* Based on the results presented in Fig. 15, the dead load has most influence on the load of the winch rope. In LC H1.2 its
minimum percentage contribution to the maximum winch rope force is 74.8%, whilst the maximum contribution of the
normal tangential force is 14.1%. The contribution of the other factors is considerably lower: material load — maximum
4.4%, bucket wheel incrustation — maximum 4.7%, conveyor incrustation — maximum 0.4% and inclination — maximum 1.6%.
These findings underline the importance of a precise identification of the weight and COG of all parts, as well as of the
entire superstructure.

* In terms of the nominal stress values in the critical eye plate cross section and applying the procedure prescribed in DIN
22261-2 (2014), 1.4 0,=1.4(0,+ 0,,)= 310.2 MPa<o,:=335 MPa, we conclude that the eye plate satisfies the strength
criterion.

* However, values of the corresponding stress tensor component in the critical eye plate cross section, caused by the
factored tension force, are greater than the yield stress value up to a depth of 16 mm, measured from the edge of the hole
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to its integrity, although it satisfies the strength criterion
prescribed by DIN 22261-2 (2014).
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Fig. 18 Geometric stress concentration
factor (Petersen, 1990)
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Conclusions

A relatively small difference in the calculated superstructure masses (1.5%) leads to a relatively large unfavourable
shifting of its COG (902 mm towards the bucket wheel), followed by a significant increase in the counterweight mass
required for balancing (24 Mg).

The 3D model of the superstructure enables a very precise determination of its weight and COG position.

By merging the results obtained from the superstructure 3D model and the weighing conducted after the completion
of the erection process (first weighing), the distribution of superstructure masses can be fully identified, and a
corrected 3D model created. The validity of the model is confirmed by the results of the second weighing, conducted
after the correction (increase) of the counterweight mass. The 3D model developed in such a manner provides enough
accuracy in determining the superstructure COG in the complete domain of the bucket wheel boom inclination angle,
and enables accurate load analysis of the superstructure’s vital parts.

In LC H1.2 (BWE in normal operation) the minimum percentage contribution of the SuS1 deadweight to the maximum
winch rope force is 74.8%.

The procedure for the proof of the eye plates’ stress prescribed by code DIN 22261-2 (2014), gives results which are
not on the side of safety, as demonstrated by the example of the bucket wheel boom stay’s eye plate.
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