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AN APPROACH FOR DETERMINING THE INTERNAL FORCES IN A KNIFE BUCKET
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ABSTRACT: The article examines the internal forces in a knife bucket. It is modeled as a broken space frame. Its two ends are tilted. Furthermore it is supported by
four-point rods. Most of the frame lies in one plane. The load on the teeth of the knife is asymmetric. It is located on the local axis of the section and is composed of
two groups. The first group includes transvers forces and moments, lying in the plane. The second group load is composed of forces, lying in the plane and moments,
perpendicular to it. A case is reviewed, in which the first group load is significantly higher than the second. This leads to solving the plane-space frame. A method of
forces is used to determine the internal forces. The basic frame is obtained after removal of the unnecessary connections. For this frame linear equations and its
relevant coefficients are described. By solution of the equations the reaction forces and the diagrams in the frame are obtained.

In the paper analytical expressions of bending and torsional moments in limited points of segments are given. These expressions are two groups. The first group of
expressions is determined due to the action of the unit forces and moments, applied in excess ties, imposed on the system. The second group of expressions is
obtained by external loads, composed of external forces and moments. The paper presents only a part of the developed methodology to determine the internal forces
in a knife bucket of an excavator.
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PE3IOME: B cratusita ce u3cneaBaT BbTPELUHUTE CUMW B KOHKPETEH HOX Ha koda Ha Garep. Tol € MopgenupaH kaTo HavyneHa NpoCTpaHCTBeHa pamka. [igata i
kpas ca 3ambHaTi. OcBeH TOBa B YETMPM TOYKV TS € MoanpsHa ¢ npbToBe. Mo-ronsmarta YacT OT pamKkaTa Nexy B eAHa paBHuHa. HatoBapeaHeTo BbpXy 3b6uTe Ha
HOXa e HecUMETpUYHO. To e Pa3nonoXeHO BbPXY JTOKaNHUTE OCM Ha pamKaTa 1 ce CbCToW OT fBe rpynu. [TbpeaTa rpyna BKMKOYBA HAMPEYHW CUMM 1 MOMEHTH,
nexally B paBHWHaTa. Bropata rpyna HaToBapBaHe Ce CbCTOW OT CUMM, NeXally B paBHMHATa, M MOMEHTH, NepneHanKYNApHN Ha Hesi. Tyk ce pasrnexaa crnyyai,
NpyW KOITO MbpBaTa rpyna HaToBapBaHEe € 3Ha4WTENHO No-ronsiMa OT BTopaTta. ToBa BOAM A0 pellaBaHe Ha PaBHUHHO-NPOCTPaHCTBEHA pamka. 3a onpepensiHe Ha
BbTPELLHUTE CUNM B HEOMpeaenimaTa pamka ce 13nonaea cunos Metod. Cnea oTCTpaHsBaHe Ha M3NULIHUTE BPb3KW € OfpefeneHa OCHOBHaTa cuctema. 3a Hesi ca
OMM1CaHN KaHOHNYHUTE YPaBHEHNS W CbOTBETHUTE koeduLmMeHTH. OT peLLeHNeTo Ha Te3n ypaBHEHUS Ca NOMy4eHN peakLuuTe 1 AuarpamuTe B pamkata.

B pabotata ca AafeHn aHanUTYHUTE M3pasm 3a OrbBALYWTE W YCyKBALLMTE MOMEHTY B rpaHNYHN TOYKW Ha y4acTbLuTe. Tean u3pasu ca Age rpynu. Mupsata rpyna
13paau ca OnpefieneHn BCreacTB1e Ha AEACTBMETO Ha AMHUYHATE UMW 1 MOMEHTH, MPUMOXEHN B U3NULLUHUTE BPB3KM, HANOXeHU Ha cucTemarta. Bropata rpyna
13pasu ca MonyyYeHn OT BLHLIHOTO HATOBapBaHe, ChCTOSLLO Ce OT BbHLUHW CUMW 1 CbCPEeAOTONEHN MOMeHTU. B HacToswara pabota ca npeacTaBerm camo YacT ot
eTanuTe Ha pa3paboTeHa MeToamka 3a OnpeAensHe Ha BbTPELLUHUTE CMM B HOX Ha Koda.

Knto4oBy pymu: HoX Ha Kodha, CUNoB METOf, NPOCTPaHCTBEHA paMKa.

Introduction the behavior of structural elements consists in obtaining

equilibrium equations for an infinite little element, establishing
The finite element method is often used to solve mechanical ratios between individual variables and solving these

problems. According to it, the continuum body is presented as equations.

discrete models, interacting with each other. This method is

described in many books for beams, plates and shells. It has One such analytical method is the method of forces. The

led to the deve|opment of many powerfu| software products Obtaining of (DineV, 2016) the Computational scheme of knifes

which facilitate the engineers’ work. The implementation will be explored. The load on the teeth consists of asymmetric

requires on the one hand, time to get acquainted with it and on forces. Typical of the frame is that it is for the most part plane.

the other hand, good preparation of the constructors to analyse

the results. The exact description of the model's geometry is One possible case of loading with forces is described here.

also important. It concerns the knife bucket of an excavator It includes transverse concentrated forces and moments, lying

SRS 4000 (Dinev, 2016). in the plane of the frame. The purpose of the work is to
describe with analytical expression the internal forces in

One of the criteria for reliability of the numerical method boundary points of share in the frame.

results is to compare them with their model tasks solved with
classical methods. The approach of these methods to studying
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Exposition

1. Application of the problem
Current computational scheme with dimensions according to
Fig. 1 by (Dinev N., 2016) is considered. The load consists by

force Pl.*, which is perpendicular to the plan y.z., bending

and torsional moments (My, and M ), which lie in the
same plane and are applied in points 4, (i=1+4). In

sections 4. and B, the frame is fixed and is supported by four
point rods.

2. Reactions forces

The load determines the approach to obtaining the internal
forces. It is a broken and indefinable plane-space frame.

To build the diagrams it is necessary to determine the
unnecessary connections imposed on the frame (fig.1). Their

total number is 7. In this case, supports By, M M

H, F, A4,, A4, are suppressed and the basic frame

is determined. There is a broken frame with hammock idler A.

The external loads and the reaction forces of the suppressed
supports are applied. That's how the equivalent frame is
obtained. The reaction forces must have such values, that the
displacements in their directions of equivalent frame are zero.
In this way a linear equation is obtained. This number is equal
to the suppressed supports (Kisyov, 1978):

B,y? B,x

2,}”

,
20X =Api=1+T. U
=

Here & is the displacement to direction 7 of the basic frame
by the unit force, loaded instead of and towards X', and A,

is the displacement to the direction of unit force X, , in basic

1

frame loaded with a given load (P ).
Equation (1) can be presented as follows:

lalix}= 18},
@

Where:

{X}T:{Xl X, Xy X, X, X X7}T;

T

{B}T:{ALP Avp Dyp Dyp Asp Agp A7’P};

The basic frame is loaded only by an external load and only
unit forces are applied in the suppressed supports. The

. . 1 11 1 i
reaction forces and diagrams of M, M, M, M|

are determined for each scheme. They correspond to two
cases of load.
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Fig. 1. Computational scheme
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Then the coefficients of the system (1) can be determined by
the expression:
1 2, 1 2

é;/:é‘l]—i—é‘l/, A'P:AiP-‘rAiP’ (3)

L

Where:

y = EJy,k ; Yl Y.J
m 1
5 = | M M, dx;
k=1 EJx,k I,
LU |
=Y —— |\ M, M, dx;
’ ;EJW{ nEm P
m 1
iP = I M.r,iMx,de :
k=1 EJX,/( !

Here m is the number of segment, i is the index of unknown
support (i =1+ 7) and /, is the length of segment.

Ready tables are constructed according to the rules, given by
Vereshtchaguin (Trifonova-Genova, 2017). According to them
two diagrams with same or different form are multiplied. These
forms can be rectangular, triangular, trapezial and a
combination of them.
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The equations of equilibrium to the other reaction forces are
described. They consist of: a sum of projected forces by axis

x. and equations for moments by axis y. and z, .

3. Diagrams of moments by load

3.1. Diagrams of unit forces
The segment i between points j and k& has length (Fig.
2);

(4)

0 e

Fig. 2. The coordinates of points by the segment i

In equation (4) y,Z and z/ are the coordinates of point j ,

but ¥ and z& are the same of point & .

The slope of section i with regard to the horizon is
calculated by the expression:

yot,i

Zot,i

a; = arctg

(%)

The arm of moment in point & by force applied in point j

is determined by the expression (Fig.3a) (Valkov et al., 2013;
Valkov, 2011) :

| — 3k

ynt,i

d] = +zoi | (6)

Here ;Ot’i is the width and ;ot,i is the height of the segment

L.
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Fig. 3a

Fig. 36
Fig. 3. The components of moment in point k , by the unit force in point
j (left part of frame).

The slope of arm by horizontal axis is written in:

(7)

The method of forces is applied in this analysis. The
components of moments by unit force applied in point j and

perpendicular to the plane of frame are determined by two
steps. In the first siep M/ is determined:

Ml =1d]=d], (8)

This moment is perpendicular by arm.

In the second step this moment is resolved by local axis of
section (Fig.3b):

M) =Mjsiné,; M! =M]coss,, )

In this expression the angle is determined by two methods.
The angle to the points found on the left of the axis of
symmetry, is calculated by (Fig.3a and Fig.3b)

5,=90—(a, - B,) . (10)

When the angle to the points found on the right of the axis of
symmetry, is calculated by

5,=90—(a, +3,). (1)

In the points B,, K, I, A; , C unitforces are applied
(Fig.1) and the diagrams M *

x,0

M;i are obtained. In

these formulas i is the segment number, but the number
J =1,4,5,6,7. The numbering starts at segment B.B
(i =1)and goesto segment A4, (i =15).
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Fig. 4. The components of moments in point k , by unit force applied in
point J (right part of frame)

3.2. Diagrams of unit moments
The components of moment in the current segment, when

the frame is loaded by unit moments by axis y. (Fig.6) are
given as follows:

M}, =gsina;; M}, =cosa,. (12)

The coefficient ¢ has two values. For points located to the left
of the axis of symmetry ¢ = —1 (fig.6a). The second value is
¢ =1 (fig.6b).
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Fig. 6. The Components of moment in point k , by unit vertical moment,

applied in point B,

In the case when the basic frame is loaded by unit moment by
axis ., the components of moments are expressed:

M} =cosa;; M}, =¢sina,. (13)

The coefficient ¢ has a point value 1 for points located to the

left of the axis of symmetry (Fig.7a), and the value -1 for the
others (Fig.7b).

4, Diagrams by external load
The diagrams of forces (P*’), applied in point A, (

1

i=1+4), are described in paragraph 3. The external

moments of Figure 8 are projected on the local axis of each
segment.

Y AP— z. ;
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Fig. Ta Fig. 7b

Fig. 7. Component of moment in point k , by unit horizontal moment,

applied in point B,

Fig. 8. External load in the plane of the frame

Then, their components can be written as:

ny 1y
Mx,i - ZMW ’ My,i _ZMW ’ (14)
I=1 I=1
where
I _ : .
Mm. =-M , cos Ayt M‘y, sina,,;;

/ _ .
M, =M,sna,,+M, cosa,,,.

In expressions (14) m, takes values, given in Table 1,
depending on the number of segment.

Table 1
Values of constant m,
m, 1 2 3 4
section 8n9 10mn11 12113 14115

The angle in expression (14) has the appearance (Fig.9):

Ui = - 8<i<l5; (15)
Ay, =0, =0y — 10<i<15;

Ay, =0, —a;  — 11<i<15;

A, =0;—ay, — 14<i<l15,
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Fig. 9. External load in segment 10 and 11

4. The reactions of forces in indefinable frame

After solving the system (1) the reaction forces are
determined. The principle of independent action by the forces
is used (Kisyov, 1978):

7
i
R, =R ,+> R X,

i=1

(16)

In this expression R is the reaction force in the direction ;
of arbitrary support from the equivalent frame;
R, , is the reaction force in direction j of support by the

external load in basic frame only from the specified load;
R Iy is the reaction force in direction j of the same support

by unit force in basic frame.

For the other reaction forces (B., B

X Zx

’ MBZ*)

equilibrium equations are recorded.

5. Diagrams in indefinable frame

The same principle is applied for determining the diagrams of
moments. They are a sum of the algebraic ordinates of the
diagrams by external load ( P ) with the ordinates of all single
diagrams, multiplied by the respective unknown values X j in
each segment. Following this rule, in an arbitrary section of the
system, the diagrams M _ and My are built by (Kisyov,
1978):

ok 7

Mx = Mx,P + ZMXJX!' ;

i=1

7
M, =M, +> M, X, (17)

i=1

In these expressions M, and M, are the ordinates

from the corresponding diagrams in an arbitrary segment, but
M, and M, are the ordinates in a diagram unit with
number 7 in the same segment.

X,i
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6. Key findings

The expressions for internal forces are used to develop
algorithms and programs for their automated determination.
These results represent an extension of the solution given in
(Kisyov, 1978) for a rectangular plane space frame.

Conclusion

A part of the developed methodology and algorithm for
resolving the undefined plan-space frames is presented in this
article. They are part of a comprehensive study of stresses in a
knife bucket of an excavator.

The computational results from the external load on a
specific frame will be described in future studies.

A description of the decision is forthcoming, by forces, lying
in the plane and moments perpendicular to it.
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