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Abstract: Determining a bucket wheel excavator (BWE)’s slewing superstructure weight and its center of gravity (COQG) is of
extreme importance not only in the design phase, but also after the completion of the erection process and during the operation
of the machine. This paper presents a critical comparative analysis of the basic parameters of the static stability of a BWE 1600
superstructure, with the parameters being obtained by both analytical and experimental procedures. The analysis shows that a
relatively small difference in superstructure mass, obtained by calculation, leads to a relatively large unfavorable shifting of its
COG, necessitating a significant increase in counterweight mass for balancing. A procedure for superstructure 3D model mass
correction is presented based on results obtained by weighing after the completion of the erection process. The developed model
provides enough accuracy to determine 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. The importance of this analysis is reinforced by the
finding that the procedure prescribed by standard DIN 22261-2 gives results which are not on the side of safety, as shown by an

example of strength analysis of a bucket wheel boom stays’ end eyes.
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1 Introduction

Bucket wheel excavators (BWEs) form the
backbone of open cast mining systems and largely
determine their output. BWEs operate in very harsh
conditions, being exposed to extreme dynamic and
stochastic loads. Improvements have been made in
the estimation of working loads (Czmochowski,
2008; Bosnjak et al.,, 2009b; 2012; Gottvald and
Kala, 2012), calculation methods (Bosnjak et al.,
2006; Gottvald, 2010; Rusinski ez al., 2010b; 2012),
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production technologies and monitoring of vital sub-
systems (Bartelmus, 2006; Risteiu et al., 2006; Yin
et al., 2007; 2008; Bartelmus and Zimorz, 2009).
However, failures of structural elements (Bosnjak et
al., 2009a; Rusinski et al., 2010a; BosSnjak and Zrni¢,
2012) and mechanisms (Dudek et al., 2011; Sav-
kovi¢ et al., 2011) are almost inevitable during BWE
operation.

The slewing superstructure of the BWE 1600
(Fig. 1), consists of two main substructures: the sub-
structure (SuS) of the bucket wheel boom (BWB)
with mast 1 and BWB stays (SuS1) (Fig. 2); the sub-
structure of the counterweight boom (CWB) with a
slewing platform, mast 2, and CWB stays (SuS2)
(Fig. 3). Changing the BWB inclination angle (agws)
is realized by means of two winches (Fig. 1).



354 BoSnjak et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng) 2016 17(5):353-365

(b)

Fig. 1 Main parts of the BWE 1600 (a) and BWB inclina-
tion angle (b)

1: slewing superstructure; 2: substructure; 3: traveling mech-
anism; 4: winches for BWB positioning

Fig. 2 Main parts of the SuS1
1: BWB; 2: mast 1; 3: BWB stays

Fig. 3 Main parts of the SuS2
1: CWB with slewing platform; 2: mast 2; 3: CWB stays;
4: counterweight (CW) box

The slewing superstructure parameters largely
determine the basic operation characteristics, relia-
bility, and safety of a BWE. The parameters may be
classified into three main groups: (a) those which
determine the static stability of the superstructure; (b)
those which determine the strength of the superstruc-
ture, and (c) those which determine the dynamic be-
havior of the superstructure. The common denomi-
nators of all these parameters are the mass of the
superstructure and its distribution along the structure.
That is why the basic parameters of static stability
(BPSS), above all the weight and the position of the
center of gravity (COG), must be carefully deter-
mined in all phases of BWE design. Even with
world-renowned manufacturers, significant differ-
ences in these superstructure parameters appear dur-
ing BWE design development, usually as a conse-
quence of subsequent buyer requests, or the inability
to purchase components predefined by the project.
That is also why, after the first BWE erection, the
weighing of the superstructure and determination of
its COG position must be carried out to validate the
design parameters (Durst and Vogt, 1988; Nan et al.,
2008). Deviations in the superstructure’s COG posi-
tion in relation to its designed position need to be
compensated by changing the CW mass.

This paper presents:

1. The results of analytical-numerical investiga-
tions of BPSS at various stages of BWE 1600 project
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development. These investigations were based on:

(1) The preliminary stability calculation provid-
ed 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 weigh-
ing (Variant 5, V5).

2. The results of the two weighings, made on
site, after the first erection of the machine.

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

The results presented in this paper are important
because the same or similar problems could arise in
other surface mining machines such as spreaders,
mobile conveyors, and draglines.

2 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, caus-
es a change in the superstructure BPSS (Table 1,
Figs. 4 and 5).
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Fig. 4 COG abscissas of the superstructure without the
CW mass (xCOG.CW=0): V1vs. V2

Table 1 Mass of the superstructure and its substruc-
tures: V1 vs. V2

Mass (t)
Item Total without
SuS1 SuS2 CW mass
A\l 451.395 540.767 992.162
\% 467.518 509.852 977.370
Difference, _ _
“VI-V1” 16.123 30.915 14.792
190
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\\
130 1 1 1 1 1 1
-20 -15 -10 -5 0 5 10 15
asws (°)

Fig. 5 Mass of the CW (mcwg) for balancing the super-
structure deadweight: V1 vs. V2

3 Discussion 1: V1 vs. V2

The data presented in Table 1 show that a rela-
tively small difference in superstructure mass be-
tween V1 and V2,

VL V2
S,CW=0 S,CW=0
_ x100%
mS,CWZO

=[(992.162-977.37)/992.162]x100%=1.5%, (1)

leads to a very great difference in the abscissas of the
COG for the superstructure without a CW mass
(xcoccw=0) (Figs. 4 and 6, Table 2). The absolute
value of the minimal difference in the COG abscis-
sas (Fig. 6),

=|-902| mm =902 mm, (2)

v2 vi
|(xCOG,CW:0 ~ XcoG.cw=0 Jmin

represents the maximum difference between the con-
sidered abscissas.

The unfavorable shifting of the COG towards
the bucket wheel is a consequence of the unfavorable
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distribution of the superstructure deadweight for V2.
Namely, for V2, the mass of SuS1 is 16.123 t greater
and the mass of SuS2 is 30.915 t smaller. For this
reason, the V2 superstructure needs a considerably
greater CW mass to balance its deadweight (mcwo)
(Figs. 5 and 7, Table 2), which increases the total

CW mass from my, =197 t for V1 to my, =221 t for

V2 to sustain the projected COG abscissas of the su-
perstructure with CW mass (Fig. 8, Table 3).
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Fig. 6 Difference between the COG abscissas of the su-
perstructures without a CW mass: V1 vs. V2

Maximum value: 24.32 t
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Fig. 7 Difference between the masses of the CW for bal-
ancing the superstructure deadweight: V1 vs. V2

4 Analytical determination of the BPSS of
the superstructure 3D model: V3

The 3D model of the superstructure (Figs. 1-3)
enables a very precise determination of the weight
and COG position of all structural and mechanical
parts that are incorporated in the 3D model with their
real shape, dimensions, and masses (Table 4, Figs. 9
and 10).
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Fig. 8 Projected COG abscissas (xcog) of the superstruc-
tures with a CW mass: V1 vs. V2

Table 3 Projected COG abscissas of the superstruc-
tures with a CW mass: V1 vs. V2

BWB position cog (mm)
V1 V2 “V2-v1~
L: agwp=—19.5° 1392 1370 -22
H 1258 1238 —20
Hi: agwp=14.1° 1814 1812 -2

Table 4 Mass of the superstructure and its substruc-
tures according to the 3D model: V3

Mass (t)
Item Total without
SuS1 SuS2 CW mass
V3 476.119 502.147 978.266

Table 2 COG abscissas of the superstructures without a CW mass (xcog,cw-0) and CW masses for balancing the

superstructure deadweight (mcwg): V1 vs. V2

BWB position Xcog,cw=o (mm) mcwo (t)
Vi1 V2 “V2-V1~ Vi1 V2 “V2-V1~
L% agwp=—19.5° —5142 —6036 —894 148.7 172.9 24.15
H® —5303 —6198 —895 153.4 177.5 24.13
Hi’ agwp=14.1° —4636 —5494 —858 134.1 157.4 23.26

* Low; ° Horizontal; ¢ High
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5 Weighing the superstructure

The superstructure was weighed on site imme-
diately after the first erection of the machine
(Figs. 11-13, Table 5). During the first weighing
(W1), the CW mass was 177.017 t, which was sup-
posed to be enough to balance the superstructure
deadweight according to V2. After the first erection,

-5500
-5600
-5700

-5800

, (Mm)

-5900

-6000

V3
XCOG,CW

-6100
-6200
-6300

640005 0 5 0 5 10 15

asws (°)

Fig. 9 COG abscissas of the superstructure without a CW
mass: V3
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Fig. 10 Mass of the CW for balancing the superstructure
deadweight: V3

Table 5 Results of the superstructure weighing

357

the CW mass was corrected (54.960 t added), so the
CW mass during the second weighing (W2) was
231.977 t. Moreover, during the second weighing,
the superstructure was loaded with foreign bodies
(1.24 t) and a little bit of snow (Fig. 14).

I View “A”

I A2

P
Bucket wheel [

Fig. 12 Layout of the measuring points (diameter of the

slew bearing, Dgg=11000 mm)

Support reaction at measuring points (kN)

Weight of the S°,

Coordinate of the COG (mm)

Weighing Rai Rpr Ry Re Gs (kN) XcoG YcoG
W1% BWB position
L: ogwp=—12.9° 3259.4 3307.8 2312.1 2620.0 11499.2 —398 -121
H 3260.4 32219 2305.3 2713.7 11501.1 —356 —125
Hi: agwp=14.1° 2608.9 2630.5 2967.4 3292.6 11499.4 249 -118
W2°: BWB position
L: agwp=—11.4° 1808.5 1893.1 4040.6 4361.0 12103.3 1087 -130

*CW mass: 177.017 t; > CW mass: 231.977 t; © Superstructure
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Fig. 13 Measuring points (1: hydro cylinder; 2: manome-
ter; 3: load cell; 4: calotte; 5: compensation plates):
(a) measuring point A;; (b) measuring point A,; (c) meas-
uring point B; (d) measuring point C

(b)

Fig. 14 Level of snow during the second weighing:
(a) bucket wheel boom; (b) counterweight boom

6 Correction of the mass of the superstruc-
ture models based on the results of the first
weighing

According to the results of the first weighing
(Table 5) the average superstructure mass is

1 3
Mswia = 3¢ ZGs,p
p=l

—[(11499.2+11501.1+11499.4)/(3x9.81)]x10° kg
—1172.263x10° ke=1172.263 t,

€)

where g represents the acceleration of gravity, while
the mass of the 3D model superstructure (V3, Ta-
ble 4) with a CW of mcw;=177.017 t (CW mass dur-
ing the first weighing) is

MYy = MYy + Mgy =(978.266+177.017) t
=1155.283 1. “4)

Thus, the experimentally determined superstructure
mass is greater by

V3 V3
Amg™ = Mgy, x — Mg ey

=(1172.263-1155.283) t=16.980 t (5)

than the superstructure 3D model mass.

The COG abscissas of the superstructure 3D
model with a CW mass of mcw;=177.017 t are pre-
sented in Table 6. Because the superstructure COG
based on the weighing results is shifted towards the
bucket wheel (BW) (Tables 5 and 6), the excessive

mass Amg’ (the so-called ‘corrective mass’ from
Eq. (5)) is on the BWB side. The abscissas of its
center (point C in Fig. 15) for characteristic positions
of the BWB (low, index “L”; horizontal, index “H”;
high, index “Hi”) are determined by the expressions:
_ GSV,VIjxéVolG,L - ’\Zs\fémgxgéG,L —{[11499.2x 10°
Amg g

x(—398x10)~1155.283%x9.81x10°
x(=75%107)]/(16.98x10°%9.81)} m

Xer

=—22.373 m, (6a)
Xy = S‘{i}xxG,H _]:lgéW1gx(\jléG,H :{[11501.1x103
’ Amg°g
x(=356x10°)—1155.283x9.81x10°
x(—66x107)])/(16.98%10°x9.81)} m
=-20.090 m, (6b)
Wi Wi V3 V3
Yo = GS,HixCOG,HiAm ’\ZS,CW]ngOG,Hi —([11499.4x1 0°
s &

x249x107°~1155.283x9.81x10°x509x10 "]

/(16.98x10°x9.81)} m=—17.442 m. (6¢)
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Table 6 Projected COG abscissas of the superstructure
3D model (V3) with mcw,=177.017 t

BWB position Xcog (mm)
L: agwp=—12.9° =75
H —66
Hi: agwp=14.1° 509

The abscissa of the corrective mass center, rela-
tive to the moving coordinate system O;{n{ attached
to the BWB (Fig. 15), is determined by the following
expression:

Sc=ac=—xcn—c=—(—20.09)-3.878=16.212 m, (7)

where ac and ¢ are shown in Fig. 15.

Applicates of the corrective mass center in low
and high BWB positions (Fig. 15) are determined by
the expressions:

CeL=—bcL=(xc+ctéccosapwp,L)/sinagws,L
=—{[-22.373+3.878+16.212c0s(—12.9°)]

/sin(—12.9°)} m=—12.059 m, (8a)
(e ni=bcpi=—(xc nitctéccosapws mi)/SINABWS Hi

——{[~17.442+3.878+16.212c0s(14.1%)]

/sin(14.1°)} m=—8.865 m. (8b)

To obtain a model which gives good approxi-
mations of the COG abscissas in both the low and
high BWB positions simultaneously, the applicate of
the center of the corrective mass is determined by
the expression:

High position

a

=14.1°

"BWB.Hi

(=K (e Lo i), ©)

where £ is the corrective factor. The influence of the
k factor value on the difference between the super-
structure COG abscissas obtained experimentally
and by calculation (Axcog= Xloq — Xeoq) for the
characteristic BWB positions is shown in Fig. 16.

In the horizontal BWB position, the applicate of
the corrective mass center does not affect the super-
structure COG abscissa. Therefore, the difference
between the abscissas Axcogn (solid line in Fig. 16)
is not influenced by variation in the value of coeffi-
cient k. Lines representing the dependence of

40,
—— BWBiin H position
30\\\ -------- BWBin L position
~ — — BWABin Hi position
20 < P
\\
T 10| \\
E N
28 Noew
3 B X: 0.4967
'» 10 \-5.719
3 N
20 \\
\\
-30 ~
AN
-40 N
-50
0 01 02 03 04 05 06 07 08 09 1

k

Fig. 16 Deviation of the COG abscissa

Low position

Superstructure slewing axis

Fig. 15 Determination of the corrective mass center position
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.AXCO.G,Hi (dash line in Fig. 16) and AxCO.G,L (dot line 4 YT —
in Fig. 16) on the value of the corrective factor k& 3l |
intersect at a point with an abscissa value of
k=0.4967. For that value of the corrective factor k, 2f 1
the absolute values of deviations in the COG abscis- 1t ]
sas, in relation to the abscissas determined using the g
first weighing results, are smaller than 6 mm. Adopt- 8 °r ]
ing £=0.5, the corrective mass for V2 was deter- DR 1
mined analogously. 58 2l |
By introducing the corrective mass determined
in this way, V3 is transformed into V4, while V2 is -3t 1
transformed into V5. 4} 4
Minimum value: -4.2 mm
%0 5 40 5 0 5 10 15
7 Discussion 2: comparative analysis of an- asws (°)
alytical and experimental results Fig. 18 Difference in the COG abscissas for V4 and V5
The basic parameters of the superstructure with 255
a CW of mcw1=177.017 t are presented in Figs. 17—
250

20 and Table 7. Based on the presented results, V4
gives the best approximation of the superstructure 245
COG abscissa in relation to the first weighing results

(Fig. 17, Table 7). Nevertheless, it is important to > 240
note that the intensities of the winch rope forces, and < 235
of the BWB stay forces, are the highest specifically u%‘

230

for V4 (Figs. 19 and 20). This is a consequence of
the less favorable final deadweight distribution with 295
respect to V1, which was the basic BWE design (Ta-
bles 7 and 8). Otherwise, the V4 results are in good
agreement with the second weighing results (Fig. 21) 25— s
and, therefore, V4 was adopted for further analyses aows (°)

and determination of the stress states of the vital su-

perstructure parts.

220

Fig. 19 Winch rope forces caused by deadweight

3050
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1200
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= 600 . 3
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200 | 7
~. - 2700
400 ~o—. _ . _. -
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Fig. 17 Abscissas of the superstructure COG Fig. 20 BWB stay forces caused by deadweight
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Table 7 BPSS, winch rope force, and force in BWB stay

Abscissa of COG, Winch rope forc.:e BWB stay forc§
Total Total mass Yeog (mm) caused by deadweight, caused by deadweight,
Variant  mass CW  without coa Fwrow (KN) Fawas.ow (KN)
) mass (t) CW mass L: L: Hi: L: Hi: L: Hi:
® GBWB™  OBWB™ H opwp= apwp= H opwp= apws= H apws=
—-19.5°¢ -12.9° 14.1° -19.5° 14.1° -19.5° 14.1°
V1 1169.179 177.017 992.162 829 663 693 1259 2343 2259 216.8 2666 2794 2686
V2 1154387 177.017 977.370 122 =51 —-15 581 242.1 2332 2237 2744 2874 2760
V3 1155283 177.017 978.266 114 =75 —66 509 2452 2372 2283 2786 2924 2814

V4 1172263 177.017 995246 215 -392 356 255 2522 2429 233.1 2870 2998 2874
V5 1172.263 177.017 995.246 219 -392 352 256 2493 240.0 230.2 2830 2960 2840
W1 1172.263 177.017 995.246 - —-398 356 249 - - - - - -

Table 8 Abscissa of COG, winch rope force, and force in BWB stay: V4 vs. V1

Abscissa of COG, xcog (mm) Winch rope force, Fyg pw (kKN) BWB stay force, Fpwgspw (kN)
Item L: OBWB™ H Hi: OBWB™ L: OBWB™ H Hi: OBWB™ L: OBWB™ H Hi: OBWB™
—19.5° 14.1° —19.5° 14.1° —19.5° 14.1°
Difference, _ _ _
“a-V1]” 1044 1049 1004 17.9 17.0 16.3 204 204 188
1800
8 Working load analysis 1700
. . 1600
Load analysis of the vital superstructure parts
was carried out according to code DIN 22261-2 £ 1900
(DIN, 2014) for load case (LC) H1.2 (BWE in nor- g@ 1400
mal operation) (Figs. 22-24) using our original, in- < 4300
house software “EXLOAD”. \
1200 X: -11.4°
oy 1133 mm
1100 e——— W2: 1087 mm
9 Stress state of the BWB stay 1000
20 15 -10 5 0 5 10 15
asws (%)

BWB stays (Fig. 25a) consist of three hinge-
joined segments. Each comprises two lamellas made
from steel of quality grade S355J2+N, according to

Fig. 21 Abscissa of COG: V4 vs. W2

code prEN 10025-2 (CEN, 2011). For an eye plate 340
thickness of 50 mm (Fig. 25b), the yield stress value 335
is oys=335 MPa (CEN, 2011). _
The factored tension force per lamella is deter- *Zé 330
mined by L%E 325
Z=yrF swBs max/NL 320
=(1.5x4318/2) kN=3238.5 kN, (10) 315

N
S
'
iR
o
:
N
S
'
&
o
o
N
o
N
o

agws (°)

where y=1.5 is the factor of safety in LC H1.2 (DIN,
2014), Fewpsmax=4318 kN is the maximum force in Fig. 22 Maximum winch rope force in LC H1.2
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Fig. 23 Percentage contribution to maximum winch rope
force: (a) SuS1 deadweight and normal tangential force;

Percentage contribution (%)

Percentage contribution (%)
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Dead load
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(b)

(b) material load, incrustation, and inclination

FBWBS,max (kN)

4340
4320 ax: 4318 kN
4300
4280
4260
4240
4220
4200
4180

4160

-20 -15 -10 -5 0 5 10 15
aswe (°)

Fig. 24 Maximum force in one BWB stay for LC H1.2

(b)

Fig. 25 BWB stays (a) and geometry of the eye plate (b)
1: lamella; 2: hinge pin; 3: plate; 4: connecting tube; S;y,
Sy, and S5 are the segments of the left stay; S, g, Sy, and
S; g are the segments of the right stay
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one BWB stay (Fig. 24), and n;=2 is the number of
lamellas in each segment of the BWB stays. Accord-
ing to DIN 22261-2 (DIN, 2014), the value of nomi-
nal stress caused by the tension force is

0n=Z/(2c1)=[3238.5/(2x18x5)] kN/cm’

=18.0 kN/cm®=180 MPa, (11)
while the value of nominal stress caused by the fric-
tional moment is

On =800 7/ [(1+R/1)]
={8%0.33x180/[n(1+29/11)]} MPa
=41.6 MPa, (12)

where 1=0.33 is the frictional coefficient.

The stress state of the lamella was also identi-
fied by applying the linear finite element method
(FEM), neglecting the influence of the frictional
moment. In the critical eye plate cross section, the
maximum value of the stress tensor component in

the tension force direction is o,,=496 MPa (Fig. 26).

10 Discussion 3: load and stress analyses
results

Based on the results presented in Fig. 23a, the
dead load has the most influence on the load of the
winch rope. In LC HI1.2 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 (Fig. 23b) is considerably lower:
material load, maximum 4.4%; bucket wheel incrus-
tation, maximum 4.7%; conveyor incrustation, max-
imum 0.4%; inclination, maximum 1.6%. These
findings underline the importance of a precise identi-
fication of the weight and COG of all parts, as well
as of the entire superstructure.

In terms of the nominal stress values in the crit-
ical eye plate cross section, Egs. (11) and (12), and
applying the procedure prescribed in DIN 22261-2
(DIN, 2014),

1.46,=1.4(0n7t0y,)=1.4%(180+41.6) MPa

=310.2 MPa<oys=335 MPa, (13)
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Fig. 26 Stress tensor component in the direction of the
tension force (a) and distribution in the eye plate critical
cross section (b)

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
(Fig. 26b). The value of the geometric stress concen-
tration factor is

OK=0max/0n7=496/180=2.76. (14)

This value of ak is in full agreement with values giv-
en in the literature. For example, according to values
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presented in Fig. 25b, for
(R—)/(R+r)=(29-11)/(29+11)=0.45, (15)
and
1+e/(R—r)=1+8.5/(29-11)=1.47, (16)
the diagram shown in Fig. 7 of Petersen (1990) gives
oax=2.9.

Therefore, according to the results of the linear
FEM and published data, the geometric stress con-
centration factor value is about twice as great as the
factor 1.4 (Eq. (13)) prescribed by DIN 22261-2
(DIN, 2014). Keeping in mind that tension stresses
are dominant in the critical zone, we conclude that
the considered eye plate is the weak point in the su-
perstructure and presents a potential danger to its
integrity, although it satisfies the strength criterion
prescribed by DIN 22261-2 (DIN, 2014).

11 Conclusions

The deadweight is a dominant load of the vital
parts of a BWE’s superstructure, such as stays and
winch ropes. However, due to its nature, from the
entire set of BWE superstructure’s loads, only the
deadweight does not have the character of assump-
tion. Therefore, its identification should be conduct-
ed with the utmost care during the BWE design, as
well as during the first erection.

Based on the presented investigation results we
conclude the following:

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

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

3. By merging the results obtained from the su-
perstructure 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.

4. 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%.

5. The procedure for the proof of the eye plates’
stress prescribed by code DIN 22261-2 (DIN, 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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