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TESTING OF MECHANICAL PROPERTIES IN FIBROUS PRODUCTS

Zoltan Muller

As a result of increased mechanization in agriculture and wider use
of agricultural products in industry the importance of mechanical testing
of agricultural products has greatly increased in recent years. The me-
chanical properties of plant materials, due to specific biological and phy-
sical factors, considerably differ from those of metallic materials, studied
by classical mechanics. Therefore, the development of different methods
of testing has become necessary.

In the Department of Mechanics of the Faculty of Farm Engineering
of the Agricultural University research has been carried out to determi-
ne various mechanical properties (tensile strength, bending rigidity, rheo-
logical behaviour, cutting resistance) of plant materials, including fi-
brous products. The purpose of these tests was manifold; on the one hand,
we sought to establish a relationship between the mechanical property
of stalk structure (cotton, flax, etc.) and the mechanical property of
industrial products. Further, the tests were designed to help plant scien-
tists by predicting the mechanical properties that will be necessary for
stalk stability. Furthermore, the tests were also intended to supply ma-
chine designers with criteria that can be of help in designing machines
for harvesting and processing operations.

In the tests the stalk is regarded as homogenous and the changes in
stalk cross section are neglected.

HOLDING THE STALK

In tensile tests the fixing of plant stalks is a difficult problem. Direct
clamping of the stalk with a metal fixing device leads, in most cases,
to damage to the stalk, and as a consequence, the stalk will break at the
clamping device. Therefore, I have fixed plant stalks in a steel cylinder

22%



340 Z. MULLER

provided with a hole using plastic cement (e.g. UHU, Austrian-made,
AR-51, Hungarian-made).
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Fig. 2. Cementing plant stalk in steel Fig. 3. Cementing plant stalk in
cylinder with pinned inset cylinwith conical hole

In the case of stalks with a higher moisture content I have employed
a plastic cement consolidating by the influence of moisture. The con-
struction shown in Fig. 1 dces not provide a sufficiently hard grip for
all stalk types: e.g., it was suitable for lucerne, but allowed cereal stalks
to slip out. Therefore, clamping of cereal stalks was modified to the from
shown in Figures 2 and 3. In this design a steel pin reaches into the
middle the metal cylinder, with its head being supported by the end of
the metal cylinder. From the outside the cereal stalk was cemented into
the hole of the cylinder, while from the inside it was cemented to the
steel pin. The fastest grip was ensured by the design seen in Fig. 3.,
where the hole in the cylinder is conical which offers greater resistance
to the stalk slipping out. For providing better adhesion to the cementing
material it is advisable to roughen the clamping surface of the stalk

Fig. 4. Casting of plastic clam-
ping head
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by using emery paper. Cementing the stalk in a metal cylinder was mo-
stly used in rheological tests where a close fit is necessary. The first sta-
ge of cementing cereal stalks in the metal cylinder is shown in the pho-
to in Fig. 4, and the prepared specimens are shown in Fig. 5. Only for

Fig. 5. Specimens prepared for
testing
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use in tensile tests were the cereal stalks provided with plastic heads as
shown in Fig. 6. To prevent the stalks from being crushed between the
clamping wedges of the tensile test machine, a steel pin was cemented
into the hole of the stalk. The plastic head was made in blind holes

drilled in paraffin.

RECORDING OF TENSILE TEST DIAGRAM

Tensile test of cereal and lucerne stalks was performed in the mea-
suring range from 0 to 50 kg with the GDR-made RT250 tensile test
machine. In this measuring range one scale division corresponds to 0,1 kp.
For the test the machine was set at a 10 mm per minute traverse spced.
Due to pendulum force measurement the upper clamping mechanism of
the test machine was displanced by 12.5 mm by the influence of a force
of 50 kp. Hence the rate of loading, if the strain of the specimen is also
considered, (for cereal stalk, with a force of 15 kp strain is about 0,7 mm)
is about 33.7 kp/mon. To ensure better precision in recording the tensile
test diagram, the test machine was provided with inductive transducers
as seen in Fig. 7. Strain, i.e. the displacement of clamping wedges in
relation to each other, was measured with the help of the built-in fra-
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Fig. 9. Block drawing of measuring connection

me in the centreline of the specimen. Measurement of force was perfor-
med at a given distance from the fulcrum with a magnified, vertically
positioned inductive transducer, as shown in Fig. 8. A linear relation
exists between the displacement of the pointer of the inductive transdu-
cer and the tension force. The inductive transducers were connnected to
UM-111 measuring amplifiers (GDR-made) and the electric signal obta-
ined was fed to x-y recording instrument. The block drawing of connec-
tion is shown in Fig. 9. The photos taken from the equipment are shown
in Fig. 10 and 11. By way of illustration, two tensile test diagrams re-
corded in this way are shown in Fig. 12.
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Fig. 10. Measurement on the tensile test Fig. 11. Measurement amplifiers and x-y

machine recording instrument
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Fig. 12. Tensile test diagram of wheat stalk
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RHEOLOGICAL TESTING

For a creep test the measuring equipment seen in Fig. 13 was con-
structed. At the start of measurement weight 10 is positioned on frame 1.
If water is allowed to flow into vessel 7 at a constant rate the loading on
the specimen will increase lineary up to the point where weight 10 deta-
ches from frame 1. From this moment on the constant load on the speci-
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men will be weight G. By this method the influence of frictional force
is eliminated. The dial indicator at place 2 was used to measure strain,
while dynamometer 3 served to measure force changes during loading.

In the creep tests it was found that the rheological behaviour of
cereal grain and lucerne stalks may be adequately represented by linear
models composed of springs and dampers. For this purpose the models
in the first model class [3] are suitable. The general form of the differen-
tial equation relating to them.:

n

dk
U+E bkdk_ao & = iakw

It was found that a close approximation is obtained for the descrip-
tion of the phenomenon even by using the simplest form, n = 1, of the
differential equation. Fig. 14 and b show the creep test results for lu-
cerne stalks. By compensation computation the three-element Poynting-
-Thomson model (n = 1 in the differential equation) was fitted to the
measuring points.

The results of measurement are considered valid only for the ma-
terials tested. Conclusions of general application could only be made on
the basis of a great number of studies covering all conditions (variety,
maturity, growing season, weather effects, fertilization, etc.). The pur-
pose of our investigations is to collect measurement data for a variety
of agricultural products.
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Z. Miiller

BADANIE WLASCIWOSCI MECHANICZNYCH ROSLIN WLEOKNISTYCH

Streszczenie

RoSliny wldkniste sg poddawane réznym wplywom mechanicznym w czasie
uprawy, zbioru i przerobu. Waznoéé badania ich wlasno$ci mechanicznych stale
wzrasta z uwagi na rozwo6j mechanizacji produkcji rolnej i bardziej intensywnego
wykorzystania przemystowego produktéw rolnych.

Celem pracy jest zbadanie cech mechanicznych roslin witéknistych (wytrzy-
malos¢ na rozciaganie, proby na skrecanie i zginanie, odpornosé na Scinanie, wilas-
nosci reologiczne itd.).

Dla uzyskania wgladu we wtasnosci wytrzymatosciowe roslin widknistych, pro-
by jednoosiowe, a w ich obrebie proby rozciagania, sg pierwszorzednej wagi.

Zbadano lodygi przy roznych zawartoéciach wilgoci i zmierzono ich wytrzy-
malos$¢ na rozcigganie. Dla zapewnienia pewnego uchwycenia badanej prébki zasto-
sowano dwuskladnikowy cement plastikowy do wklejenia w cylindry metalowe.

Wyznaczono krzywg histerezy dla lodyg niektérych roélin. Zastosowano obcig-
zenia wzrastajgce liniowo do pewnej warto$ci po czym zmniejszajace sie liniowo
do zera. Te procedure powtorzono kilkakrotnie,

Zbadano reologiczne zachowanie lodygi za pomocag préb odksztatcen i relak-
sacji i ustalono, ze proces ten moze by¢é opisany za pomoca reologicznych modeli
liniowych skladajgcych sie ze sprezyn i elementéw tlumigcych. Dla opisania tego
zjawiska zastosowano model Poyntinga-Thomsona.

Opracowano specjalny aparat pomiarowy do badan reologicznych, oraz progra-
my komputerowe do oceny wynikéw badan. Wykazano. ze modut sprezysto$ci ro-
slin wlbknistych lezy pomiedzy dwoma okre$lonymi warto$ciami w obrebie, kto-
rych moze on byé opisany za pomoca modelu liniowego. Te dwie wartoéci modutu
mogg by¢é wyznaczone zaré6wno z diagramu naprezen stalych modelu reologicznego,
jak i ze stalych réwnania rozniczkowego.

3. Mwanep

MEXAHUYECKOE VICCIETOBAHUE TPABSTHBIX PACTEHIA

Peszwowme

TpaBAHble PaCTEHUA ITOABEPraAIOTCH npu yoopke, ob6paboTkKe M INPOMBILLIIEHHOM
VICIIONTB30BaHVM MHOI'MM MEeXaHMYEeCKUM BO3NEHMCTBUAM. SHAYEHMEe UCCHeAOBaHUA HX
MEXAHNYEeCKMX CBOVICTB ITOCTOAHHO BO3DACTaeT BCIEACTBME MHTEHCUBHOM MeXaHN3a-
L CeNBCKOTO XO03AiiCTBA ¥ O0Jlee 3HAYMTENBLHOTO IIPOMBILIISHHOTO MCIOIb30BAHIA
CENBbCKOXO03AMCTEEHHBIX MPOAYKTOE.

IMenpro HaUDIX McCaEMOBAHMIA GbLIO U3YyYeHIe MEeXaHUYEeCKMX CBOMCTB TPaBAHBLIX
pacTeHMi1 (IPOYHOCTHL Ha pa3pbIB, Kpy4eHue, um3mbd; CONpPOTUMBJEHME CABUTY, CPE3Y;
peojoriieckoe noseneHne u T.4.). B MoeM mokmame S M3JIaTaro Hawmy pabory B 9TOH
obyacTM M NPUBOIKY ITOTYyYEeHHbIe pPe3yabTaThbl.

ANA O3HAKOMIEHMA CO CBOIICTBAMIM OPOYHOCTU TPABAHBIX MATEpPUAJICE MbI CUM-
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TAeM NIEPBOCTEIICHHO BAXKHLIMM OIHOOCHDLIE MCCIENOBAHMA M CPemy HUX — uccaeso-
BaHle IMPOYHOCTY Ha pPa3phbIB.

Mp1 mccnemoBanu JIOLEPHOBBIE CTEGIM Pa3JIMYHO CTeNeHM BJAXKHOCTM M M3Me-
PAIN M3MEHEeHME MX NPOYHOCTYM Ha Pa3pbIB KaK (DYHKLMIO BJIAXKHOCTA. Ona ocylue-
CTBJICHNA 3allleMJIeHNMs, HeOOXOAMMOro AJA MCCIefOBaHUA IIPOYHOCTY Ha Pa3pbIB, Mbl
YCIELIHO MPYMEHAIN ABYXKOMIIOHEHTHbIE ILJIaCTMACCOBbIe KJIeM, KOTODBIM/ MbI npu-
KJeyuBany credeab Jaub0 BHYTPM MeTaJIMYecKOro ouiamHApa, Judo ob0paszoBanaym HA
crebJie MJIacTMaCCOBbIA 3a2KMMaIOLIT LIUIIVHIP.

MbI yCTaHOBMIM TUCTEPE3UCHYIO KPHBYIO JIIOEPHOBBLIX M 3@DPHOBBLIX CTeOJell (Mbl
YECIHMBAIN HArpy3Ky JMHEVHO A0 ONpPeeIeHHOI'0 3HAYEHMA, a II0TIM YMEHbIIVII
€e JIMMHEWHO 10 HYJIA, IIOBTOPAA 3TOT NPOLIECC HECKOJIbKO pas).

Mpbl u3y4aay peoslormyeckoe IIOBENeHue PacTUTENIbHOTO Ccredmaa (ucciaenysd IO~
SYHUEeCTb M peJaKcalMio) M yCTaHOBMUIM, YTO 9TO ITOBEIEHIe XOPOLIO OMMUChIB2ETCH Ji-
HEJHBIMJM PEeOJIOTMYECKMMM MOJEJAMM, COCTOALMMU M3 OPYXRVMH U COMIPOTUBJICHUIA.
ANA onmcaEMA PEONOrUYEcKOro IOBENEHMA MbI OprMMeHMau Moaenb IlomHTuHTra-ToM-
COHa.

Mp1 paspaboranu cneuymaabHyO VI3MEPUTEJIBHYI YCTaQHOBKY MAJIA HAILUMX PEOJIO-
rraecknx yecnepgoBalui. A obpaboTkKu u aHadmms3a pe3yIbTaToB U3MEepPeHun pas-
paboranm pasimyHble nporpaMvbl Ha DBM. Mbl MoKazain MaTeMaTU4decKn ¥ OOoKa-
BaJayn M3MEepeHMAMHM, UYTO B 00JacTy, ONMChbIBAEMON JIMHEHOM MOJOENbI0, MCAYJb yIIDYy-
IOCTV TPaBAHBIX PACTEHMUM JIEKUT MEXAY ABYMS OIpeaeeHHbLIMI 3HaYeHUAMIL.

OTu nBa 3HAYEeHMA MOAYJISA YIIPYTOCTM MOMKHO OnpenenuTb M3 aAuarpaMMvbl pPacTd-
ZK€HIA, N3 KOHCTAHT PEOJIOTMYECKMX MOAeseil MM u3 KOHCTAHT auddepeHIanabHOre
YPABHEHNMA, ITO3TOMY OHM MCTYT HEMCTBUTEIBHO PAacCMAaTPUBATHLCA KaK MaTepyajbHbIe
XapaKTepPuCTHKIA.

Address of the author

Dr Zoltan Miiller,
Agricultural University, 2103 G6dolle, Hungary

-~



