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A MECHANICAL MODEL OF FAILURE

Ferenc Kaifds

INTRODUCTION, OBJECTIVES

Agricultural products, when investigated from the mechanical point
of view, can be considered to be nearly spherical or ellipsoid in form.
From among their elements, skin and flesh contain 35 to 45 per cent
solid matter. Depending on the duration of ripening and storing, the
cell cavities also contain an incompressible fluid and 15 to 25 per cent
gaseous matter, therefore they must be considered to be structures. By
the influence of skin deformation of a rcertain degree harmful bioche-
mical processes’arise in these structures. It is just for this reason that
a clarification of the relationship between biclogical changes and me-
chanical strains is important. Crops in their natural state possess geome-
trical symmetry and internal equilibrium. Mechanical strain causes local
and volumetric deformation respectively, and after a time it leads to a
rearrangement of internal stresses. When the biological stress limit is
exceeded, these phenomena first cause breakage between the cells, and
then on the skin of the crops. The cbject of this study is to determine
the mechanical model of the processes of crop failure as they take place

in space and time.

METHODS OF INVESTIGATION

In order to facilitate the setting up of the model, a few simplifying

assumptions have to be made:

a) It is assumed, that the triaxial stress state of the crop can be
produced as a superposition of three uniaxial stress states.

b) As experience shows, the behaviour of skin is wonlinear even
with slight deformations. The relationship of load and deformation, ho-
wever, was shown by measurement to be independent of time. Thus the
characteristic of the skin material was approximated by a second-degree

parabola.
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01 = Eye; — Ey620,, (1)

where E; and (, are constant. The breaking strength of the skin can be
calculated from the relationship

E,
Oimax — 2 2
ip, (2)

¢) The flesh is in a transition state between the solid and liquid
state. Its properties may be described by what is known as the Kelvin
model, which is composed of a non-linear elastic and a viscose element
in parallel connection.

The skin and flesh of crops interpenetrate, and this fact must also be
expressed in constructing the model. Section “a” in Figure 1 shows the
construction of a three-element model. Experiments will determine, whe-
ther the model comprising the non-linear elastic member is to be consi-
dered a real law of material. Let us follow theoretically the deformation
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Fig. 1.

of the former model as plotted against time. Let the model be loaded by
the constant breaking stress o, max characteristic of its flesh. The time t;
of loading should be shorter than the time T of relaxation. In this case,



A MECHANICAL MODEL OF FAILURE 327

the time-dependent deformation of the Kelvin bedy is expressed by the
following formula.

09 = EzSz—Ezezzﬁz == 7];92. (3)

By means of a minor transformation the RICATTI differential equation
is obtained. '
EZ ﬁz e 2 —-L...Eé By == i. 7 (4)
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Using the function transformation ezz—Ei 57 the differential
2 2

equation (4) can be changed into the second-order homogeneous linear
differential equation

Z+%Z’+£2—%&Z:0. (5)

‘The characteristic equation is:

r2+.%_r+.E_zﬁ_za_2:0’

n?
the solution of which, using the partial model load

= (6)
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From among general solutions the case 7, =, = r will be studied
more in detail. Then

Z=c e "+cre " (7)
that is:
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the formula expresses the deformation of flesh as plotted against time.
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A description of the behaviour of crops towards loadings necessitates
studying the deformation of skin as well.

01 = Eje1 — E 6,25. (9)

Using the term E, as presented under (2), and having ordered the
equation

: A
G0 =755 B, {1 — 1——1 ']) (10)

the sum of partial deformations gives the total deformation of the model.
1 t 1 01
glt) = 4+ —y/1— . 11
oy @
L,

Equation (11) gives the creep curve of the crop with the o0; max con-
stant load. Laboratory tests were made in order to check the theoretical
results. In these tests crops in their natural state were loaded hydrostati-
cally. It is a well-known fact that load causes the volume of the crop to
change. Volumetric change is in a functional relationship with specific
elongation and the mechanical properties of crops [1]

S0 (12)

The validity of the model was verified by comparing the calculated and
the measured creep curves. (Section ”’d” in Figure 1.).

RESULTS

Farm crops are complex biological systems. There is no uniform me-
thod available in international literature for characterizing the processes
of mechanical failure in them {2, 3].

The model presented here serves to give an approximate characte-
rization of the process of failure. With the properties of the crop known,
it is suitable to provide a more precise clarification of the crop-machine
relationship than was possible earlier.
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MODEL MECHANICZNY OPISUJACY USZKODZENIA PLODOW ROLNYCH

Streszczenie

Plody rolne sa zywymi biologicznymi organizmami. Podczas drobnych uszko-
dzen w ich powlokach zachodzg niepozgdane procesy chemiczne. Celem badan bylo
ustalenie zwigzku miedzy zmianami biologicznymi a mechanicznym oddzialywaniem
na plody rolne.

Referat podsumowuje wyniki przeprowadzonych w tej dziedzinie prac. Na
podstawie doSwiadczen przeprowadzonych na plodach w stanie normalnym okre-
slono budowe modeli mechanicznych.

Model skitada sie z dwoch nieliniowych sprezystych elementow i jednego ele-
mentu lgczgcego, przy czym jeden nieliniowy i jeden lgczacy element s wigczone
réwnolegle. Model byt zbadany w sposéb teoretyczny przy stalym obcigzeniu. Plo-
dy poddawano obcigzeniom hydrostatycznym w warunkach laboratoryjnych. Wy-
niki pomiaréw przytoczono w referacie.

@D. Kaughaw

MEXAHUMYECKASA MOJIEJB IOJA OIIVMICAHUA IIOBPE2KIJAEMOCTU
CEJIBCKOXO3AMCTBEHHBIX MATEPUMAJIOB

Pe3mwome

CenbCKOX03AMCTBEHHbIE IIPOAYKTBI — 9TO IXMBble OMOJOTrMYeCcKlie OPraHM3MbI.
Ilpu majoM moBpexXAeHMM UX OO0O0JOYKM IIPOMCXOAAT HEXejlaTeJbHble XMMMUYecKue
npoijeccbl. 1leabp HaIMX MCCJAENOBAaHMII — YCTAHOBJIEHME CBA3M MeXJy Oumosoruye-
CKMMM U3MEHEeHMAMM M MeXaHWYeCKMMMU BO3IEMCTBUAMM Ha ILJIOALIL.

JlokJaz CyMMMpPYeT pe3yabTaTbl NPOBEAEHHO! B 3TO) obiactu padorbl. Ha ocHC-
BaHMM OIIBLITOB, IIPOBENEHHBLIX Ha IIOJAaX B HOPMAaJbHOM COCTOAHMM, OIMPENENTAETCS
[IOCTPOeHMe MeXaHMYEeCKUX MOJeJiell ITocje M3MEeHEHMA MeXaHUMYEeCKMX BO3AECTBUIT

BO BpPeMeHI.
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Mopgens CcOCTOMT M3 ABYX HEJIMHEMHBIX YIPYIMX 9JIEMEHTOB U OJHOTO CBA3HOTO,
npuU4YeM OAMH HeJMHEMHBbIM M CBA3HBIM SJIEMEHThl BKJIOYAKOTCA IlapajiebHOo. Mo-
Jenb Oblia MCCIefOBaHMA TEOPEeTHMYECKMM IIYyTeM, IPM YCTOMYMBONI Harpyske. IIpo-
AYKTBI IIOABEPrajyiCh TIMAPOCTATUMYECKOM HArpy3kKe B JabOpaTOpHBIX YyCJA0OBUAX. Pe-

3yJIbTAThl M3MEPEHViI U3JI0KEHbI B JOKJIAJE.
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