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INVESTIGATIONS OF THE LINEAR ELASTICITY COEFFICIENT
OF WHEAT GRAIN WITH THE METHOD OF STRETCHING

Zdzistaw Staszczak

INTRODUCTION

The introduction of mechanization in agricultural requires the
production of highly productive machines. The designing of a machine
of optimum productivity requires the knowledge of the physico-me-
. chanical properties of the material the machines are to process. In the
case of harvesting machines the material processed is straw and hay.

The world level of knowledge about these materials is insufficient,
particularly concerning grain, which is a small object of complex shape.
Among cereals dominates wheat, which is sown on the largest areas in
all the continents except for Asia which is dominated by rice.

The physico-mechanical properties of wheat grains are of intereset
not only the constructors of harvesting machines; they are necessary as
preliminary data in the construction of millingmachines and in the storage
of cereals in grain elevators.

In the investigations of wheat grain two main directions should be
separated:

1. Relative investigations of the immediate resistance of wheat grains
of different varieties under certain conditions of loading.

2. Absolute investigations tending to the determination of the uni-
versal physical coefficients characterizing the mechanical properties of
the investigated material.

Investigations of the physical constants, like the coefficient of linear
elasticity E, the coefficient of formal elasticity G, the coefficient of
volumetric elasticity @ and the Poisson’s coefficient, is a complex problem
in respect of methodology, since it requires the simultaneous measure-
ment of several parameters with sufficient accuracy. The object of
investigation is of its nature small, exteremely heterogenous, and of
compex shape, and moreover, like all plant materials, it has elasto-visco-
-plastic properties, and so requires investigating in the rheological
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approach. The values of all the enumerated coefficients, even in the case
of construction materials, are not complete in physical tables. Most

often only the most often needed coefficient of linear elasticity E and
the Poisson’s coefficient are giveen.

In the investigations of wheat grains all the so far published works
are limited to the determination of the linear elasticity E, [4].

All the investigations, because of the small size of wheat grains,
consisted in loading them with compressing forces in different systems
with the application of adequate theories.

The results of investigations were shockingly varied, and the value
of the linear elasticity coefficient assumed values from 1000 kg/mm? [7]
to 20 kg/mm? [3]. Such a range of results can only partly be justified
by objective factors like variety, moisture, or the vegetation conditions
of the plant. That is why Prof. Mohsenin [1] carried out a series of
investigations aiming at the checking out of the methodologies applied.
He investigated identical material, the Seneca wheat, of the moisture
content of 10% d.m. He obtained results from 100 kG/mm?2 to 500
kG/mm? for the value of the linear elasticity coefficient in dependence
on the way of compressing the grain. In this way he proved that the
applied methods are dubious and he did not have any criteria for
priviledging any of them. Formally all of them were valid.

In further investigations, in order to achieve the aim, a radical
change should be made in the methodology of investigations. Then
appeared the idea of loading grain with stretching forces. This, however,
required the solving of many measurement and technological problems.

METHODOLOGY OF INVESTIGATIONS AND THE APPARATI

In order to load grains with stretching forces it must be adequately
fastened. The specific shape of grain makes it impossible to apply any
mechanical mounts, and therefore we decided to glue the investigated
grains into fastening sleeves. After many attemts we succeeded in
choosing a glue and in working out a technology of gluing grains
enabling the loading of grains to the point of destruction, while the glue
gets deformed only slightly and does not influence chemically the grains,
even at a many hours’contact with them. It is the K-115 glue used in
aircraft industry. Grain is glued by its ends into the sleeves so that its
middle part of the length of 1—1.5 mm where the intersection is

practically constant can be loaded. Such a syst.em of fastening enables
" the stretching of grains with a simultaneous measuring of lengthening.
Applying the Hook’s law it is possible to calculate directly the Young
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modulus E. In this system it is possible to eliminate completely the
mechanically weaking influence of the grain furrow and its shape.

For the measurements of very little lengthenings a tensometric trans-
former was worked out (Fig. 1), which after calibration enables measure-
ments with the accuracy of 0.5 um. Thanks to the fact that the trans-
former is fitted directly on the sleeves in which the grain is fastened
all the clearances in the loading system are eliminated from the
measurement.

S5

Fig. 1. The tensometric transformer for measurements of lengthening of grain
fitted on sample

The measurement of the initial length of sample is carried out under
a laboratory microscope (Fig. 2) with the accuracy of 5 xm. At the same
time the uniaxiality of sample fastening is controlled. After the breaking
the intersection of sample is photographed under the microscope iIn
a proper scale and planimetered. Thus we obtain the exact surface of
the intersection of the sample with the consideration of the sometimes
very complex shape of the inner part of the grain furrow.

The Hook’s law can be applied only in the case when there is the
uniaxial system of strains in the sample. Our sample is of necessity
untypical, since its irregular diameter deformed by the furrow is about
three times the value of the length. We had to carry out additional
investigations aiming at the obtaining of information about the com-
plexity of the state of strains in the sample. First of all we carried out
elasto-optical investigations on a model made of organic glass with the
preservation of the dimentions of length and width of the sample. It
was found that in the case of gluing the investigation material into the
sleeves of material of much higher elasticity coefficient the phenomenon

15% .
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Fig. 2. Laboratory microscope for the measurement of the initial length of sample

of notch does not occur in the investigated material and the distribution
of strains is even in the whole intersection. In this way we eliminated
the doubts resulting from the untypical geometry of the sample.

There arose, however, the doubt resulting from the heterogenity of
the sample. In the case when the axis of the operation of force was
moved in relation to the resistance axis of the sample a bending
momentum appeared. Investigations were carried out in this respect.
It turned out that the fears were well founded, particularly in the case
of glassy-floury wheat when the glassy inclusions are placed symme-
trically in the loaded intersection. This is a random phenomenon. There
are no methods enabling the investigation of the inner structure of grain
without destroying it. In this situation we had to introduce the preliminary
measurement enabling the elimination of samples with a coplex state of
strains. The test is made in such a way that before the measurement
proper grain is preliminary loaded to the level of about 30%0 of the
destroying strain (twice) turning the grain by 90° along the longitudinal
axis of the grain at each measurement. In the case when there is no
bending in the sample the lengthenings will be identical. With some
experience it is possible to evaluate the state of strains after its destruc-
tion by observing its intersection. In practice it turned out that only
every third sample does not show bending.

Samples in which there was the uniaxial state of strains have
a regular intersection, without any offsets, of slight roughness and
perpendicular to the axis of the operation of the force.

In the case of investigating wheat varieties of uniform intersection
it is easier to obtain the uniaxial state of strains in the stretched
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sample. But it is always necessary to carry out the preliminary investiga-
tions and to eliminate the samples showing hending.

The loading of samples is carried out on a simple apparatus consisting
of 5 second-order balanced levers of the relation of arm lengths like
1:10 (Fig. 3). This enables the simultaneous loading of 5 samples, which

Fig. 3. Micro-creeper for the loading of investigated grains with the measuring
system

is important at long term tests, like ex. the determination of the time
of grain creep at different loadings. The sample is loaded gradually at
every 0.2 kG, at 1 min intervals. The reading of the lengthening is done
after 10 sec from the application of the loading. Data are compiled in
a table on the basis of which we can draw the characterization ¢ = f(o)
from the inclination of which in the range of low loadings in which
elastic deformations occur it is possible to calculate the Young modulus.
The strains in the sample aré calculated from the force operating on
the sample and from its intersection, which is measured only after the
breaking of the sample. -

The advantage of this method is the fact that we operate with
a relatively simple mathematical model and do not introduce any simple-
fications to tte theory. The obscure points arising during the realization
of investigations are dealt with by introducing of auxiliary investigations,
that is empirically. We investigated wheat of the Grana variety, which
in our conditions gives the highest crops. The moisture of the investigated
material was 14.5%0 % 0.5%¢ d.m.

All the samples were loaded up to destruction. For the calculation
of the Young modulus we considered only the initial part of the
characterization (the most steep part) from 0 to 30%0 of the destroying
strains. The experiment involved 50 grains. After the preliminary



€v O G6°00T S'1 88110 LS g8 €96¢°0 0°€ ¢v'8 GLCT $2
¢v O L'68 0T LI9T0 NAl 6 16€S°0 0P ¢y L 0TTT €2
0¥ O pevl 01 €Y0T°0 16 G'¥2 8LPE0 0% | GL'S GIET ¢g
6€ O 6'vL ¢'c 8T1%1°0 99 91 €28%°0 e 1A 02ET 12
8¢ O L'08 4 FLETO ¢'v9 G'€c I21%°0 0'¢€ 8¢’ L GLTT 0%
9¢ O €LS 4 €601°0 111 gog ¢eee0 9'C (4 0T€T 61
G¢ D ¢'99 € ILPT°0 821 6% LY1G°0 . 8% e . 0gel 81
7€ O 26 [4 01%1°0 24 66l G9%¥%°0 8'¢ 16°8 GOET LT
€e D 809 g'c LTITO0 69 8 08€E°0 ¥'C 0T L 0S€T 91
62 D ¢'e0r 61 0611°0 G'2g g0t 982¥°0 9¢ 0%'8 00€T a1
G6Z D P'ue i LLOTO - 08 44 69.€°0 8'C gL 00%I A
¥2 O ¥6e 2 9€80°0 €e 44 EYEE0 ve 8I'L 0LET gl
€z 208 7 €801°0 L2 G'1g 81S€0 9'C 6€°L d Eq!
81 D 9L 4 LGET0 pL el CveEY'0 e LEL 00%T 11
LT O 96°TL G'1 €Y0T°0 C'PH 1€ 06€€°0 92 L9 L 06¢€T 1]
ANS) 9'9¢ € 92€T'0 68 LT 60S%°0 7'e L 08¢T 6
€1 o €19 g'e GLST0 LS 0€ LILF0 0°€ 9¢'9 GI€ET 8
2l O q'6¢ 7 PI%1°0 g'cy ve 9¢S¥'0 ¢'€ LO'L 0LZT L
IT O 6'9% g'e 62210 19 4 €Ccyv0 9¢ P18 GTET 9
01 O 8'v¢ L 8€¢1°0 a'gd g'9¢ LTILEO 0°€ 80 8 00%1 G
6 O 9L'12 9 $L60°0 G'09 g'0¢ 868€°0 (Y 128 0v€El 14
¥ D G'LE ¢g'e : 2110 1§96 G'pe €Iey’o 0'€ (4 W3 OLTT €
9 D o 4 6STT°0 "oLe G99 80LED [ €9'8 0G€T 4
Z O €'a9 € 9€¢1’ G'Ggg g'ce €0e%°0 ¥e 608 ; 0zZ¢1 I

" DY T0—

d _

Ipqumu LW/ )Y 0 9%0¢ 18 ww/ oY d LW/ O O S . srdwes
. +0 ¢ UO119N11SIP O sureIs *d 9210] L [ qa8u9|
Zuryio /00€ A 174 2 %0¢ - v.am 210529 Surdonsag urf01389(] UOI109SIAIU] [enruy 30 ON
Suruayidua]

JBOUM BURIL 9} JOJ S}UIUWDINSBIW WOIf Ble(

o1qeL



INVESTIGATIONS OF THE LINEAR ELASTICITY COEFFICIENT 231

investigations we eliminated 22 grains in which there occured bending
discovered in the preliminary tests. 4 grains underwent destruction
during their fastening in the measuring system. The measurement results
for the remaining 24 samples are presented in the table. The linear
elasticity coefficient E of the Grana wheat was calculated as the arith-
metical mean from the particular results. It is 657 N/mm? The linear
elasticity coefficient according to the simple relation of Hook’s law is as
follows

Pl
E="su
where:
E — the Young modulus in kG/mm?,
P — force in kG,
! — initial length of sample in mm,
Al — increase of the length under the load in ;m,
S — intersection of sample in mm?.

To simplify things, since for the loading we used kilogramme weights,
in the proceedings we operated with the force unit kG (force). The final
results are given in the system SI, where the force unit is Newton.

1 kG (force) = 9.81 N

ANALYSIS OF RESULTS OF MEASUREMENTS

The mean linear elasticity coefficient E is relatively low in comparison
with results obtained in other centers. This is so for several reasons.

First — the relatively high moisture content of the investigated
material, which in the case of plant materials is of decisive influence on
their resistance. Second — the investigated wheat of the Grana variety
of glassy-floury intersection is much weaker than the hard varieties.
Hence also the considerable distribution of the values of E for particular
samples. Grains intersections of which have more glassy inclusions are
decidedly stronger from the floury grains. The investigation of material
of moisture content equivalent to the moisture of air without an artificial
drying is appropriate since grains will be loaded in similar conditions
in the case of harvesting with a combined harvester even at a higher
moisture. Moreover the measurement itself is simpler, because we do not
have to carry it out in air-conditioned places. |

The elasticity coefficient E was determined on the basis of loadings
of about 30%¢ of the destroying loadings. The lengthening of sample in
this range of loadings is relatively slight, about 10%0 of the lengthening
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the sample reaches at the moment of destruction, i.e. about 5 wum. For
so little deformations error of the order of =*10% is possible in the
measurement of lengthening. The error decrease at the analysis of
a larger amount of samples, but it is the highest in comparison with
the measurement errors in the case of other parameters necessary for
the calculation of the linear elasticity coefficient E. That is why our
investigations move in the direction of increasing the accuracy of
measurements of lengthening at least five times, i.e. to measurements
with the accuracy of 0.1 um.

FINAL CONCLUSIONS

In the designing of machines and devices processing wheat grain the
constructors should choose the parameters of the working elements
loading the grain so as not to exceed the limit of resistance of grain
assuming that the elasticity coefficient of grain is not higher than
100 kG/mm?. In the case of loading dry grain ex. in milling, and
50 kG/mm? in the case of wet grain during its processing in the threshing
system of combined harvester.

Coming back to the problem posed by Prof. Mohsenin as to privileging
one of the grain investigation methods consisting in compressing we
should think that the best is the method which gave the lowest results
of the linear elasticity coefficient E. The values of about 100 kG/mm?
Mohsenin obtained while loading the grain of the Seneca wheat of the
moisture content of about 10% d.m. with the help of a cylindrical pin
of flat base and diameter small in comparison with the sizes of grains
(O = 0.016 inch = about 0.4 mm), for the calculations using Boussinesq’s
method for semi-infinite bodies. Our result of the linear elasticity
coefficient, although lower from that given by Prof. Mohsenin, is with
it comparable, considering the moisture of the investigated material. It
is little probable that the Grana wheat differs radically in respect to
mechanical resistance from the Seneca wheat. Moreover it seems
intuitionally impossible that the mechanical resistance of wheat grain
be comparable to the resistance of wood alone the fibers, as is suggested
by Szpolanska. The methods of investigations for wood made on typical
resistance machines do not cause any doubt and there are no significant
differences in the data given by different sources.

It should be assumed that even is the case of the hardest wheat
varieties the linear elasticity coefficients will not exceed 150 kG/mm?
at forces operating along the longitudinal axjs of grain, considering the
middle part os grain.

After analyzing the characterizations ¢ = f(o) it is clearly seen that
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the material of which grain is composed has rheological properties, where
elasticity is only one of the elements of the model, and the model must
include, apart from elasticity and viscosity, also palsticity, since no sample
broke immediately after the application if destroying strains. The process
of descruction lasted from several to several hundred seconds revealing
the plasticity of the sample.
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Z. Staszczak
BADANIE REOLOGICZNYCH WEASCIWOSCI ZIARNA PSZENICY
Streszczenie

Obiektem badan jest ziarno pszenicy jako przyklad do opracowania metodyki
badan plodéw rolnych w ujeciu reologicznym, szczegélnie ziarniakéw ro$lin upraw-
nych, ktére ze wzgledu na swoje wymiary i ksztalt sprawiajg najwiecej trud-
no$ci. Swiadczg o tym wartoSci wspoélczynnika sprezystoSci liniowej ziarna psze-
nicy E, podawane przez rdéznych badaczy, a zawarte w granicach od 17 do
1000 kG/mma?2.

Oryginalno§é naszej metody jpolega na tym, ze badamy ziarno silami rozcig-
gajacymi, dzieki temu uniknieto daleko idacych uproszczen geometrycznych, jakie
sa niezbedne przy obcigzeniu ziarna silami $ciskajgcymi w réznych ukladach.

W badaniach wprowadzono parametr czasu celem okreSlenia wlasnoSci lepko-
-plastycznych ziarma. W obliczeniach przyjeto model reologiczny ciala Binghama,
najbardziej odpowiedni do wynikéw do$wiadczalnych.

Badano tez wsp6iczynnik Poissona za pomocg ,szczypiec tensometrycznych”.

Otrzymane wyniki z badan pszenicy odm. Kaukaz o wilgotnoSci 10% s:

Wspb6lezynnik sprezystoSci liniowej E — 50 kG/mm?
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Wspoéiczynnik Poissona — 0,2—0,23

Naprezenie niszczace — 0,48 kG/mm?

Wydluzenie wzgledne do momentu zniszczenia A — 12%

Czas pelzania — do 30 min. i jest funkcjg obcigzenia.

Stwierdzono wewnetrzne pekniecia w ziarnach przy nienaruszonej okrywie ze-
wnetrznej, ogladajac je ,,pod Swiatlo”.

3. Crawax
VICCJEIOBAHMSA PEOJOTUYECKUX CBOVMCTB IIIEHMUMYHOI'O 3EPHA

PezomMme

IIpegMeTOM MCCJIELOBAaHMII fABJAETCA 3€PHO IUEeHMIbl, KaK IIpyuMep AJA paspa-
B6OTK) METORAUKM JMCCJIeTOBaHMI CEJbCKOXO3AMCTBEHHBIX IMPOAYKTOB C PEOJIOIMYIECKOM
TOYK) 3peHMd, B OCOOEHHOCTM 3€PHOBOK KYJBTYPHBIX DPacTeHMi, AOCTABIAIOIIUX W3-
-3a cBOMX pasMepoB M (OpMbI caMmble Gosblve 3aTpyaHeHus. CBUIETENbCTBYIOT 00
9TOM BeMuUMHBLI K03 MUINIeHTa JIMHEHOM YIPYrocTM IIIeHMYHOro 3epHa E, npn-
BOAMMble Pa3JMYHBLIMM aBTOpaMy M KoJjebiamoluuecsa B IIpefesax 17-1000 xI'/nm2.

OpuUIrMHAJIbLHOCTh HALIEro MeTOoja -COCTOUMT B TOM, YUTO MbI JMCCIEAyeM 3€pHO pac-
TATMBAIOLMMM CuJjamy, 6jgarogapa yeMy musberaeM AalieKO MAYUPIX TE€OMETPHMIECKNX
yOpOLIeHN)I, HeoOXOAMMbIX ITPY Harpy3Ke 3epHa CXKMMaloyMy CHijIaMy PasyIndHbIX
CHCTEM.

B mccaenoBaHMAX ObLI BBeJeH IapaMeTp BPeMeHM AJA OIIpeleeHMdA JIMIIKO-ILIa=
CTUYECKMX CBOJMCTB 3epHa. B pacuerax Oblla IPUHATA pPeoJioTMYecKasd MOJAeb Teaa
Bunrama, Haubosiee ITOAXOAALIAs AJA SKCIEPVIMEHTAJBbHBIX PE3YJIbTATOB.

VccnenoBanca TakK¥xKe Kooadduipment IlyaccoHa mpy moMomm ,, TGH30METPIiec-
KX LLIUIIOB’ .

B umcciaemoBaHMAX muueHnub! ,,KaBkas” BIaxKHOCTY 10% c.M. ObLIM TIONY4YEHBI
cleyiolye Pe3yIbTaThbl: '

K03 OUIIMEeHT JIMHEeHOoi ynpyroctu E 50 xI'/Mm?2
Koaddpument IlyaccoHa ' 0,2-0,23
pa3pyluarlliee HaIIpAXKeHue 0,48 xI'/mMm2

OTHOCUTEJIbHOEe yAJMHEeHMe X0 MOMEHTa pa3pyllieHNuA A 12%
BpeMd IIOJI3aHus, sBidionieeca (OyHKIMEN Harpys3kn mo 30 MuMH.

Bouiy obHapyXeHbl BHYTPEHHME TPElHbI B 3€pHaX IIPHU HEeHapYIIEHHOI BHE-
HIHel oBoJIoUKe, pacCMaTPMUBABILENCA ,,IT0N cBet”.
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