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DETERMINING THE STRESSES IN A BUCKET KNIFE OF THE SRS 4000 BUCKET WHEEL
EXCAVATOR

R. Vucheva, V. Trifonova — Genova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; E-mail: r.wutschewa@abv.bg, violeta.trifonova@yahoo.com

ABSTRACT: The stresses in a specific knife of the bucket of the SRS 4000 bucket wheel excavator are examined in this article. The knife is modelled as a broken
space frame. It is supported by four point 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
composed of two groups. The first group includes transverse forces and moments lying in the plane of the frame. The second load group is composed of forces lying in
the plane and of moments perpendicular to it.

The final stage of the solution to plane and space frame is examined here. The frame is loaded by the first group of load which is significantly higher than the second
one. The force method is used to determine the internal forces. In this work, the analytical expressions of coefficients in the basic equations for the method and stresses
are given.

The final stage of solution described is illustrated by a numerical example. The values of coefficients in the basic equations of the method, the reactions of supports,
the internal moments, and the dimensions of cross sections are calculated for a specific frame.

Key words: bucket knife, broken plane and space frame, stresses in a bucket knife.

ONPEOENAHE HANPEXEHUATA B HOX HA KO®A 3A POTOPEH BATEP SRS 4000
P. Byyesa B. TpugoHosa - leHoga

Murro-eeonoxku yHusepcumem ,Cg. UeaH Puncku®, 1700 Cogpusi

PE3IOME: B cratusita ce n3cneaBaT HanpexeHusiTa B KOHKPETEH HOX Ha kodha 3a potopeH Barep SRS 4000. Toin € MogenupaH kato HauyneHa NpoCTpaHCTBEHa
pamka. TS e NoAnpsiHa ¢ YeTvpW NpbTa U 3ambHaTa B ABaTa kpasi. [o-ronsmaTta YacT oT pamKkaTa Jiexu B eaHa paBHUHA. HaToBapBaHeTo BbpXy 3bOUTe Ha HOXa e
HecuMeTpr4Ho. To ce CbCToM OT ABe rpynu. MbpBaTa rpyna BKIOYBA HanpeyHu CUNK 1 MOMEHTH, NeXally B paBHWHaTa Ha pamkaTta. BTopata rpyna HaToBapBaHe ce
CbCTOM OT CUIW, NEXALLY B PaBHUHATA, U MOMEHTH, NEPNEHANKYNSPHU Ha Hes.

Tyk ce pasrnex/a 3aKnounTENeH eTan Ha PeLLeHre Ha paBHUHHO-NPOCTPaHCTBEHa pamMka. TS e HaTOBapeHa ¢ MbpBaTa rpyna HaToBapBaHe, KOETO € 3HAYUTENHO Mo-
ronsiMo OT BTOpaTa rpyna. 3a onpejensHe Ha BTPELHUTE CUMM Ce M3MoJI3Ba CUNoB MeTo. B paboTaTa ca [JafeHu aHanUTUYHIUTE U3pasu 3a kKoednLMEHTUTe OT
OCHOBHUTE YpaBHEHUS Ha METOAA W HanpexXeHNsTa.

OnucaHUSIT 3aKNIYMTENEH €Tan Ha PELLIEHUETO € UMKOCTPUPaH C YncneH npumep. CTOMHOCTUTE Ha KOB(ULMEHTUTE B OCHOBHUTE YpaBHEHUS HA MeTOAa, peakuumTe
Ha BPB3KUTE, BLTPELLHUATE MOMEHTY M pa3MepuTe Ha HaNpeyHUTE CEYEHMS Ca M3YMCTIEHM 33 KOHKpEeTHa pamka.

KntouoBu gymm: Hox Ha Kodba, HauyneHa paBHUHHO-NPOCTPAHCTBEHA pamka, HanpekeH!s B HOX Ha koda.

Introduction The main purpose of this work is to present the third final part
of the algorithm. Using popular program tools, the values of
The compartments of a knife on the bucket of the SRS 4000 stresses for a real knife will be determined.

excavator are studied with the classical method of forces (Dinev

et al., 2016b). The computational scheme is chosen. The load

on the teeth is composed in two types. The first includes Methods

transverse forces and moments lying in the plane part of the

frame. In the second kind of load, the forces lie in the plane and 1. Application of the problem

the moments are perpendicular to them. The frame is tilted at two ends ( A., B.) and is supported by

The first kind of load is settled in a manner satisfactory forthe ~ four rods at points K, 1 , A;, and C (Vutcheva et al., 2018)

spatial broken frame. The two parts of algorithm of determining Fia1). The load ists of the bending f P*)and th
the stresses are described in Vutcheva et al. (2017, 2018). The (Fig.). The load consists of the bending forces (1) and the

numerical results for a specific knife on the bucket are inserted torsion moments (M ,; , M., , M, ) applied in points A, (
into these artcles. i =1+ 4) (Dinev etal, 2016b).

zi
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Fig. 1 Computational scheme

2. Internal forces

The frame is broken, planar and spatial. It is undetermined.
For determining the reactions in the connections, a force method
is used (Kisyov, 1978), (Valkov, 2011).

2.1. Reactions of supports
The reactions at points: B., K, 1, A,, and C are
extracted and are noted with X; (i =1+7).The basic

frame is obtained. It is tilted to point A . The basic equations of
the method are given by Vutcheva et al. (2017):

.

NEX, = A (1)

j=1
S k P S Pk

J; :Zé‘ij A :ZAiY (2)
k=1 k=1

where
m 1 I
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1] kZ;EJy’k ! y ]

A= 1 M M Pdz:
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m is the number of sections in frame;
I, is the length of the section k, m;

M, M,

; are the bending moments parallel to y and z, by
unit of forces or moments, kNm;

M «i s the torsion moment by unit force or moment, kNm;

M P, MPF are the bending moments, by external load,

yi’ zi

parallel to y and z, kNm;
M P is the torsion moment by external load, kNm;

E is the Young’s modulus, MPa;
G is the shear modulus, MPa;

J.., J,; arethe moments of inertia parallel to y and z, m#;

yi? zi

J; is the polar moment of inertia, m*.

To determine the coefficients in (2), the ready tables in
Trifonova-Genova et al. (2017) are used.

The system of linear equation (1) is solved with the
Gaussian method. It is noted as a method of successful
interruption of unknown reactions. The output system is
transformed into a system with a triangular form. This process is
called the right way. The solution of a new system is called the
inverse way (Petrova-Deneva et al., 1977). Thus, the reactions
of support are obtained. Using balance equations, the other
reactions are determined.

2.2. Diagrams of internal forces

The values of moments in points of frames are obtained by:

M, =|v|;fp+z7:|leixi;
i=1

In these expressions, M, ,, M, .and M, , are moments
in arbitrary sections by external loads;
M. M,, and M, are moments by unit forces or

Xi yi’

moments in such sections.

3. Stresses in theknife
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The values of moments in equation (3) allow determining
dangerous points in the beam. The equivalent stresses are
calculated for them by the third resistance theory:

mo 1\ 2 Y 2
Teq x| —\/(Gx,j) +(0x,j) +ar

(4)

where:
. _max‘My’j‘ ) _‘MZ'J. _‘Mx,j
O-x,i - W ; Oy = W ?Tx,i - W ;
v, z,j t,]
J, Iy N
W, =y =W =gt =L

i i

The moments of inertia for every section j of equation (4) are
determined in Dinev et al. (2016b).

4. Numerical example

The frame in Fig. 1 has dimensions and load given in Dinev
et al. (2016a). The values of the physical and mechanical
characteristics of the cross section and the values of the
moments in equation (2) can be seen in Vutcheva et al. (2017;
2018). The coefficients in such equations are given in Table 1
and Table 2:

Table 1. Coefficients &,;.107°.

511 512 513 é‘].4-
78.79 0.05 0.47 66.17
é‘15 é‘16 517 522
63.83 7.05 4.96 0.00
523 524 525 526
0.0 -0.05 -0.06 -0.02
527 533 534 535
-0.01 0.01 0.43 042
536 é‘37 544 545
0.04 0.03 63.36 61.25
546 547 555 556
7.91 5.24 58.14 7.54
557 566 567 577
7.14 1.41 1.26 0.92
Table 2. Coefficients: A7.107°.
P P P P
A A° AY A,
1333.82 -4.32 8.01 849.73
Al Al A7
1428.74 303.51 123.84

After applying Gaussian method, the reactions of supports
By, Mg, Mg,, Ky, Iy, Asy, and Cy are obtained and

their values are given in Table 3.

By?
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Table 3. Reactions of supports: X; .

X, X, X, X,

257.08 -19 598.64 1851.02 3.42
X5 X6 X7

-313.17 -120.34 373.29

The moments of equation (3) are placed in Table 4:

Table 4. Moments in frame, kNm.

point M, M, M,
B. -1851.02 | -19598.64 0
B -1851.02 | -14 816.87 0
B -7505.40 | -12908.14 0
K -7505.89 | -3526.14 0
K -7758.32 | -3419.85 0
I -7 478.46 355.94 0
I -7492.20 53.75 0
H -4 492.01 -585.18 0
H -7313.77 | 173749 0
G -7 270.11 699.06 0
G -5839.15 | 447113 0
F -5296.65 | 1980.48 0
F -3103.48 903.42 0
A -4355.88 | 1651.84 0
A -4197.28 | 1639.75 0
E -4357.36 | 2350.18 0
E -3611.71 | 2919.15 0

A, -3699.36 | 2057.63 0
A, 1849.52 | 3882.96 0
D 119.80 980.83 0
D 601.79 5325.72 0
A, -783.02 5359.52 0
A, -777.60 4312.47 0
C -880.59 4 058.33 0
C -1053.87 | 3385.80 0

A, -823.22 7478.35 0

A, -570.59 8 095.59 0
A -755.19 | 14710.69 0
A 470454 | 23634.07 | 3869.08
A 4888.57 | 20087.56 | 3948.84

The sections are four kinds (m=4).

The widths and the resistance moments in such kind of (4)
can be seen in Table 5:

Table 5. Resistance moments

b. W

i Yi
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10-6 106 106
dimensions | mm m3 m3 m3
1 448 268.8 2007.04 | 207 246.69
2 438 262.8 191844 | 186 821.50
3 429 2574 184041 | 175978.76
4 456 273.6 2070.36 | 218 846.40

The equivalent stresses in equation (4) are calculated in a
section with a maximum bending moment. These stresses are
greater than the admissible stress. This means that the width
h=60mm of the cross section in insufficient. Then, for three
earlier sections is selected h=105mm and for four sections —
h=131mm. In that case, the analogous stresses are 178 MPa
and 183 MPa.

4. Key findings

The algorithm described is applied for solving the sizes of
the cross section in a specific planar and spatial frame. This is
a generalisation of a known solution for a frame with a
rectangular form in the plane.

The presented solution is for the load on the frame which
includes transverse forces and moments lying in the plane.

Conclusion

The method for determining the stress state in a bucket knife
is presented in this article. It includes a choice of computational
scheme, the load on the teeth, and a method of solution (Dinev
et al., 2016a). The computational scheme is in the form of a
broken spatial frame. The load on the teeth is asymmetric and
spatial. The space task is decomposed into two tasks: the planar
and-spatial, and the planar. The former task is described in two
earlier articles (Vutsheva et al., 2017;

146

2018) and in the present article. The latter task will be presented
in a future work.
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