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METHODS FOR DETERMINING THE PHYSICO-MECHANICAL
PROPERTIES OF AGRICULTURAL PRODUCTS

Borys Bieluga

Increasing mechanization of production processes has a negative in-
fluence on agricultural products in many cases. The destructive action
of machines is particularly visible in the case of mechanical PROCES-
SING of high water percentage products.

Intensification of agricultural production involves the necessity of
modern working and harvest technologies. This process aparat from
doubtless advantages (high productivity, fast and punctual harvest) has
some disadvantages, because it causes injuries. In order to decrease losses
of agricultural crops it is necessary to introduce a mew (from the point
of view of resistance against deformation) criteria of management values
of varieties.

Different measuring devices enabling determination of different phy-
sical-mechanical properties of agricultural crops constructed or adapted
in the Institute of Agricultural Mechanization of the Agricultural Aca-
demy in Lublin are presented below. They make determinations of reac-
tions of the investigated materials under static and dynamic loading possi-
ble. Presented devices were practically checked in experiments (1-8).

STATICAL SPRING PENETROMETER

The statical spring penetrometer (Fig. 1) makes it possible to deter-
mine the relationship between the force pushing punch F and the depth
of deformation ¢ (F = f (¢) in the condition of quasistatic loading. The
measuring stand was assembled on basic plate I in which two guides 3
connected by beam 2 were fixed to lead the damaging element.

The measure stand is composed of a damaging device and measuring
system. The damaging device possesses: a plate with a nut 4, a bottom
plate with a punch 5, a pressing spring 8, a beam connecting screws 13,
a power screw 6. Power is transmitted by a handwheel 14 and power
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Fig. 1. Static spring penetrometer Fig. 2. Position of device during bre-
aking skin

screw 6 to the beam with nut 4, then by spring 8, bottom beam 5 to
punch 10. The bottom beam stops, when contacting with the object inve-
stigated, whereas the beam with the nut being in continuous movement
causes spring compression and increases its energy resulting in defor-
mation. ,

The measuring device is composed of: sensor 7, measuring the spring
compression, i.e. acting force and sensor 17 for reading the depth of
deformation.

DEVICE FOR MEASUREMENT OF BREAKING SKIN FORCE

Breaking skin forces were measured by the device (Fig. 2) fixed on
the basis of the static spring penetrometer. A potato tuber is placed in
seat 11 to make it immobile. The seat together with the potato can be
turned through an angle of 140° and fastened by a catch in limiters I5.
A rubber piston 10 is pressed to the upper surface of the potato by
turning the handwheel 14. The catch is released after pressing the rub-
ber piston to the potato surface and the seat returns to its imitial posi-
tion. The return movement is caused by the action of the spring I12.
During the seat turning through an angle of 140°, the skin is torm off.
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SCHOB'S ELASTOMETER

The test of elastic properties of agricultural crops can be performed
with Schob’s method (Fig. 3 and 4). On the arm of case I made of cast
iron pendulum 2 is hung with a weight 3 and spherical part 4 on its end.
The potential energy of the pendulum 2 with the weight 3 equals 5 kpecm
in position 5, whereas it is 2.5 kpcm in position 5a. There is an anvil 6
with two springs in the bottom part of the case to fix the sample. The
catch 7 fastened on the arm of the pendulum, stopa the pointer 8 in the
moment of rebounding of the pendulum from the sample, pushes it and
sets it up in the position corresponding to the deflection of the pendu-
lum after rebounding.

©

apple sample

Fig. 3. Schob’s penetrometer ig. 4. Scheme of the elasticity test of
apple

Scale 10 with graduations 9 and 9a is fastened to the case. The ela-
sticity of the investigated sample is determined by the value read on
the upper graduation of the scale 10. The ratio h; (h = Ey) E, in per-
cents is read immediately after testing on the scale of the apparatus,
where:

E, — initial potential energy of the pendulum,

E,, — final potential energy of the pendulum,

h — falling height of the pendulum,
h; — rebounding height of the pendulum.

DYNAMIC PENETROMETER

The purpose of the dynamic penetrometer (Fig. 5 and 6) is the dy-
namic measurement of the force when the percussive element 7 acts on
the sample investigated. The result of percussion is sample damage. The
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leading tube 3 is the main part of the measuring device. The frame coil
4 is fitted to the lower part of the tube. The damaging piston 5 is placed
inside the tube. This piston is made of brass and has a steel insert. The
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Fig. 6. Scheme of recording system

caving is measured by a difference transformer which indicates the po-
sition of the steel insert of the damaging piston. The change of the po-
sition of the steel insert in the coil of the difference transformer causes
a change of coil inductance and in this way the current in the milliam-
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Fig. 7. Damaging piston
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meter changes. The pointer of the milliammeter indicates the caving of
the piston. The recording device consists of: transformer 1, autotransfor-
mer 2, stabilizer 3, coil 4 and milliammeter 5.

PENETROMETER MEASURING THE STRENGHT INDEXES
AND THE INFLUENCE OF THE PERCUSSIVE ELEMENT VELOCITY
ON DAMAGES

The purpose of the apparatus is measuring the force by which the
percussive element acts on the object investigated as a function of time.
The measuring device consists of the investigation stand (Fig. 8) and
recording system (Fig. 9).

Fig. 8. Stand for measuring strenght indexes
and influence of percussive element velocity
on damages: 1 — frame, 2 — measuring ring,
3 — damaging piston, 4 — measuring plate,
5 — leading tube, 6 — weight, 7 — release

Measurements are performed on the frame 1 with the leading tube 5
and the weight 6. The eliptical ring 2 is placed on the frame below the
leading tube and damaging piston 3. Two strain gauges T; and T, are
stuck on to the ring in places where the strains appear to be maximum.
The controlled holder 14 of the measuring plate is fixed on the frame.
Strain gauges T, and T, are stick on to the measuring plate 3 in places
of maximum strains. The measuring piston 4 is fitted to the measuring
plate. The translating release 7 is placed on the frame to mobilize the
weight. The measurement is made by releasing the weight and dropping
on to the piston with known energy. The strain gauges on the measuring
plate indicated the value of caving, whereas those on the eliptical ring —
the force of piston caving.

In this way the apparatus makes registration of the empirical relation
F(¢) possible, where:

F — force of the piston action,
¢ — depth of deformation.
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Fig. 9. Recording system

The recording stand (Fig. 9) consists of a three-channel strain gauge
bridge and a three-loop oscillograph.
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B. Bieluga

METODY WLASNE OKRESLANIA WEASCIWOSCI FIZYKOMECHANICZNYCH
PLODOW ROLNYCH

Streszczenie

Wzrostowi mechanizacji produkcji ro$linnej towarzyszy wzrost kontaktéw za-
chodzgcych miedzy ro$ling a maszyna. Fakt ten pocigga za sobg konieczno$é do-
kladniejszego poznania wlasciwosci roslin waznych z punktu widzenia warunkow
pracy maszyn rolniczych. W opracowaniu zobrazowano sze$é réznych urzadzen po-
miarowych pozwalajgcych na okre$lenie réznych cech mechanicznych plodéw rolni-
czych skonstruowanych badz zaadoptowanych przez autora.

Pozwalajg one okres$li¢ reakcje badanych surowcéw na czynniki statycznego
oraz dynamicznego obcigzenia.

Powyzsze penetrometry sprawdzane byly w badaniach.

E. Beatoza

COBCTBEHHBIE METOJBI OIIPEAEJEHUA ®UIUKO-MEXAHUYECKNUX
CBOVICTB CEJBCKOXO3AVICTBEHHBIX IIPOILYKTOB

Pe3mwome

Pocr mexaHu3alMy pPacTMTEJIBHOTO IIPOM3BOACTBA CONPOBOXKIAETCA ydall[eHJem
KOHTAKTOB, IIPOMCXOOALIMX MEXIY PacTeHMeM M MallMHOMi. BBMAY TOro cieayeT Tia-
TeJbHEe JCCJeNOBaTh CBOMCTBA PACTEHMI, BazKHbI€ C TOYKM 3PEHMUsS YCJO0BUII PaboThbI
CeJIbCKIOXO03AMNCTBEeHHbBIX MAalllMH.

B pabore mpeacTaBJeHbl LIECTb Pa3IMYHBIX M3MEPUTENbHBIX ITPUOOPOB, CKOH-
CTPYMPOBaHHBIX MM IIPUCIOCOOJEHHBIX aBTOPOM, ITO3BOJIAIOIIMX OMPENESIUTL pa3jnd-
Hble (OPU3MKO-MeXaHWNYEeCKMe CBCHCTBa CEeJbCKOXO3AMCTEEHHBIX NPOAYKTOB,

OTyu mpubopsl MO3BOJIAIOT OIPEAENUTh PEaKUMM MCCIENOBAHHOTO ChIPbA Ha (hax-
TOPBI CTATMYECKOM M AMHaAMMYECKOM Harpy3Ku. BblllleyKazaHHbIE IMEEETPOMETPhI ObI-
I IIPAaKTUYECKM ITPOBEPEeHbl B HECKOJIBKUX OITbITaX.
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