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KNIFE SIZING FOR THE SRS 4000 BUCKET WHEEL EXCAVATOR
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ABSTRACT: This article focuses on determining the dimensions of a specific knife of the SRS 4000 bucket wheel excavator. The calculated scheme chosen is in the
form of a broken spatial frame. It is supported by four inclined rods and its two ends are fixed. Most of the frame lies in one plane. The load on the teeth of the knife is
asymmetric. It is divided into two groups. The first group includes transverse forces and moments, lying in the plane of the frame. The second load group is composed
by forces lying in the plane of frame and moments perpendicular to it. Both load groups lead to the solution of two tasks. In the first task, the frame is subjected to the
first load group. The calculation scheme is frame supported by four vertical rods and clamped at both ends. The solution is described in previous articles. The current
article solves the second problem. The frame is loaded with the second load group. The components of the reactions in the inclined rods lying in the plane of the
frame are added to this load group. To determine the internal moments, the force method is used. The solution is illustrated by a numerical example. For a specific
frame, first the reactions of the inclined rods loading the frame are determined. Then, a force method is applied and the reactions at both ends of the frame and the
internal moments are obtained. Finally, the dimensions of the knife are calculated.
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OPA3MEPSIBAHE HA HOX HA KO®A 3A POTOPEH BATEP SRS 4000
P. Byyesa B. TpughoHosa-IeHosa

MurHo-eeonoxku yHusepcumem ,Cg. Mear Puncku®, 1700 Cocpusi

PE3IOME: CraTusita e ¢hokycrpaHa BbpXy Opa3mepsiBaHe Ha HOX Ha koda 3a potopeH barep SRS 4000. M3bpaHa e usumcnutenHa cxema ¢ opma Ha HauyneHa
NPOCTPaHCTBEHa pamMka. Tae NOANPsAHa C 4YeTUPU HaKMoHeHW NpbTa U € 3anbHaTa B ABaTta Kpas. [onsma vact ot pamkata nexwv B eaHa paBHWHA. HaTOBapBaHETO
BbpXy 3b0UTE HA HOXa € HecumeTpuyHo. To ce pa3nara Ha Age rpynu. TbpBaTa rpyna BKIOYBA HAaMpeYHW CUMM U MOMEHTU, Nexalyy B paBHWHaTa Ha pamkata.
Bropata rpyna HaToBapBaHe ce CbCTOM OT CUMW, NEXally B paBHUHATA U MOMEHTU NEpNEHANKYNSPHU Ha Hesl. [IBeTe rpyni HaToBapBaHe BOAM [0 pellaBaHe Ha
[ABe 3afia4n. B mbpBaTa 3apava pamkata e nogfioKeHa Ha MbpBaTa rpyna HaToBapBaHe. MauncnutenHaTa cxema e pamka, NoANpsiHa ¢ YeTVpY BEPTUKAIHMW NpbTa 1
€ 3anmbHaTa B [JBaTa kpas. Pelienneto e omucaHo B mpeduwHu ctatuv. Tasu ctatus peluasa BTopaTa 3ajada. Pamkata e HaToBapeHa C BTOpata rpyna
HaToBapBaHe. KbM Hero ca npuGaBeH KOMMOHEHTUTE HA peakUuMTe B HAaKNOHEHUTE MPBLTU, NEXally B paBHUHATA Ha pamkaTa. 3a OnpefensHeTo Ha BbTpeLlHUTe
MOMEHTI Ce Mpunara CUoB MeToA. PELUEHUETO e MIMKOCTPUPaHO C YKCTEH Npumep. 3a KOHKPeTHa paMka MbPBO Ca ONpeaeNneHu peakumnTe B NpbLTATE, HAaTOBapBaLLy
pamMkarta. Cne,q TOBa € NPUNOoXeH CUNoB MeTod U Cca NoNnyyYeHn peakumuTe B ABaTa Kpas Ha pamkata ¥ BbTPELIHUTE MOMEHTMW. HaKpaﬂ Ca M341cneHu pasmepuTe Ha
HOXa.

Kniouosu AYMU: HOXa Ha KOCba, HanpexeHud, Cnos MeToa.

Introduction Methods
The dimensions of a bucket knife for the SRS 4000 rotary 1. Formulation of the problem
excavator are determined on the basis of technical
calculations. They start by choosing a calculation scheme. The The frame is clamped at both ends (A.,B.) and is

bucket knife is replaced with the broken frame supported by ) .
four inclined rods. The load on the teeth is asymmetric and supported by rods at points K, I, A;, and C (fig.1). The

decomposed into two types. The first type includes transverse components of the rods are determined by the dependences
forces and moments lying in the plane of the frame. The given in (Dinev et al., 2016b). They involve the vertical reaction
second type of load consists of forces lying in the plane of the of the support rods, the result of the solution of the first
frame and moments perpendicular to it. problem (Vucheva et al., 2021). To these components of the

The first type of loading leads to the solution of a special
broken frame described in previous works of the authors )
(Vucheva et al., 2017, 2018, 2021). The frame is supported by (M, ), applied in points A, (I =1+4) (Dinev et al., 2016a,
vertical rods. Their reactions determine the reactions in the 2016b).
inclined rods.

The main purpose of this paper is to describe the solution
of the framework resulting from the action of the second type of
load.

rods are added the forces (Pi**), the bending moments
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Fig. 1 Calculation scheme
2. Internal moments in the frame

The frame is clamped on both sides and has three
unnecessary connections. The forces method (Kisyov, 1978;
Vulkov, 2011) is used to determine the reactions in it.

2.1. Reactions in the supports
When choosing a basic system, the reactions in support

B. are considered redundant. The main system is a frame

clamed at end A.. The system of equations of the method is

compiled. These equations express the equivalence conditions
for the basic and for the given system:

[Alx }={B}, ()
where

{X }_1 :{Xl Xz Xa}_l?

{B}il = {Bl B, B }713

O, O O
[A] = 521 522 523 :
Oy Oy Oy

The elements of matrix [A] and vector {B} of equation

(1) are determined by expressions given in a previous works of
the author (Vucheva et al., 2021).
The main system is loaded successively by an external

load and by unit forces and moment applied to support B..
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For each load, the corresponding diagrams of the internal
moments are obtained.
The system of linear equations (1) is solved by the

Gaussian method. The other reactions in support A. are
determined by equilibrium equations (Vulkov et al., 2013).

2.2. Internal moments

The formulae for the internal moments in the frame of
figure 1 are given the above-cited authors’ work.

3. Stresses

To determine the dimensions of the cross section in the
frame, the strength condition is used:

1
O-eq < O adm » (2)
where
O ,qm 18 the allowable stress for a given material;

O is the equivalent stress according to the third strength

theory.

The expression of stress is given in a previous work by the
authors (Vucheva et al., 2021). It involves the internal and
resistance moments to three axes in the endangered sections.
The cross section is rectangular. The unknown dimensions are
two: width and height. Therefore, the width is considered
known. The resistance moments are expressed by the
unknown height. After simple operations, a fourth degree
equation is reached. Its roots are determined by the chord
method (Petrova-Deneva et al., 1977).

4. Numerical example

The vertical components of the inclined rods in the frame
were obtained in a previous work of authors (Vucheva et al.,
2021). They are given in the second column of table 1. The
other components of the rods are listed in the next two
columns of the table.

Table 1. Components of the rods, kN

S, X Yx Z.
Sk 3.42 0.45 1.49
S, -313.17 -41.55 -136.75
S, -120.34 -15.97 -52.55
Sc 379.23 50.31 165.60

The main system is subject to the action of external forces
and moments. From the solution of this problem, the internal

moments in Table 2 are obtained.

Table 2. Internal moments in main system by external load,

kNm.
point M, M, M,
I 0 0 -0.17
H 0 0 10.36
G 0 0 32.75
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F 0 0 63.33 frame is small. The computational work is reduced. Instead of
A 0 0 149.48 solving a spatial frame, a planar-spatial frame is solved.
E 0 0 160.72 Table 6. Internal moments, kNm.
A, 0 0 181.22 point M, M, M,
D 0 0 196.90 B. 0 0 92.22
A 0 0 20023 B 0 0 94.38
C 0 0 202.15 K 0 0 99.40
A, 0 0 207.98 | 0 0 101.21
A -80.45 189.55 205.92 H 0 0 113.38
A. -74.97 176.64 191.89 G 0 0 138.43
F 0 0 170.83
The internal moments in the main system, which is loaded A 0 0 263.09
with single forces and moment, are also obtained. They E 0 0 27416
participated in the expressions for elements in the matrix [A] A, 0 0 208.26
alnd 2tg:z;;ector {Bd}: Fit;a§y-n:adle;abIe;h(TrifonKva-GerTova fet D 0 0 31012
al,, are used in their calculation. The results are given in
Tables 3 and 4. A, 0 0 313.79
C 0 0 313.29
Table 3. Elements &;.10°° A, 0 0 328.88
S, S, Oy A -81.37 188.94 314.25
49.088 18.180 -0.317 A -75.89 176.03 298.05
Oy Op3 O3
30.367 -0.223 0.004
o e Conclusion
Table 4. Elements A’ .10
AP AP AP This paper presents a solution to the second problem of a
1 2 3 method for determining the dimensions of a bucket knife for a
-3 514.060 -2 552.089 37.319 rotary excavator SRS 4000. The following advantages can be

Applying the Gaussian method, the support reactions in the
redundant connections of the frame are obtained. Their values
are shown in Table 5.

Table 5. Reactions in supports: X,
X, X,
-7.701 -11.651

XS
9221.679

The final internal moments of the given frame of figure 1
are shown in table 6. It turns out that these values are smaller
than the internal moments for first type of load. Therefore,
these moments do not increase the dimensions of the cross-
section obtained in a previous work of the authors.

The stresses for the spatial frame according to formula (2)
are checked. The internal moments are a sum of the internal
moments from this and previous work of the authors. The final
dimensions of the cross section of the frame are those of the
above-cited work of the authors (Vucheva et al., 2021).

4. Key finding
The article describes the second stage of an algorithm for
determining the cross-sectional dimensions of a specific frame.
The results of the solution of this problem show that the
influence of the second type of load on the dimensions of the
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deduced from the obtained numerical results:

1. The described method enriches the analytical methods
for solving spatial frames under the action of spatial loading.

2. It uses the force method. This method is easy to apply
by designers when designing a bucket knife.
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