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PIN PENETROMETER INDEX OF ARGICULTURAL MATERIALr

Cheu-Shang Chang

Agricultural material is a viscoelastic material. The mechanical pro-
perties of which varies with time, moisture content and different loca-
tion. There is a great necessity to have a simple and quick measuring
device to detect comparable information for a specific mechanical be-
havior not only in the Laboratory but also in the field. Penetrometer is
a widely accepted device to serve for such purpose. Depending on diffe-
rent interests various penetrators or indentors have been used for me-
asuring composite mechanical properties [1]. The main interest of this
study is to obtain the information orn the cutting resistance of stalks of
sugar cane, banana, pineapple, etc. The size of which are above 25 mm
(diameter) and the cutting force required for harvesting is high. Cochran
and others at the Louisiana State University [2] used the Durometer
(used for measuring hardness of rubber) to measure the stalk hardness
of sugar cane, but it does mot reflect sufficient information for cutting
resistance which is a composite behavior of used of a pin penetrator to
measure the penetration resistance.

A commercial stainless steel pin of 1.7 mm diameter with a tip
length of 13 mm and a tip angle of 14° at the point, to 20° on the base
is used in this study. The actual shape multiplied by 10 and traced frora
an optical screen is shown in Fig. 1. A laboratory test was carried out.
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Fig. 1. The actual shape of the tested pin multiplied by 10 and traced from optical
screen
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A specially designed testing device is shown in Fig. 2 which consists of
a high sensitive strain gauge dynamometer and a peneirating speed con-
trol system. A constant penetrating speed of 0.56 cm/sec was used for

Fig. 2. Laboratory test device

all tests. The stalks of sugar cane, banana and pineapple were tested.
Three fresh samples for each stalk were measured. The penetration
resistance versus depth of penetration were recorded and plotted on an
x—1y graph. One sample result for each of the stalks is shown in Fig. 3.
To simplify the analysis, the penetration resistance R shown in Fig. 1
is assumed to combine two parts.
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Fig. 3. Penetration resistance

versus penetration depth plotted

8 0 20 30 40 55 ~ on an x—vy graph for cutting
Penetration aepth (n mm stalks

One is defined as projection resistance R, caused by the enlargament
of the hole size, which is taken by the projection area of the pin A, in
the penetration direction; the other is the frictional resistance R; acting
between the material and the immdiate Contact Surface As; of the pin.
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RESULT ANALYSIS

1. The penetration resistance shown in Fig. 3 increased as the pene-
trated depth increased but with a different increasing rate, due to the
effect of skin, and the change of A, and As;.

9. There was a highly increased rate of R (0.811' Kg/mm) from the
depth of 0 to 5 mm for sugar cane due to the skin effect but no signifi-
cance of skin effect for banana, or pineapple.
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Fig. 4. Relationship between pene-
tration resistance and projection
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Fig. 5. Relationship between penetration resistance and projection area for pi-
neapple and banana
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3. From the depth of 0 to 13 mm (the length of tip head), the incre-
ased resistance was contributed by Rp and R; due to the increase of A4,
and A; of the penetrated hole.

4. After 13 mm of depth, the increased R was only contributed by
R; since Ap beyond 13 mm was constant. In this portion the increasing
rate was linear. The R; at any depth of x beyond 13 mm is Rj;y = Ry —
— R,y3; where R, is the R measured at the depth of x; R,5 is the R
measured at the depth of 13 mm (tip head length). The results showed
that the R; is very small for sugar cane and banana in comparison with
total R.

0. The penetration resistance plotted against the corresponding cross
section area is shown in Fig. 4 and 5. The area was taken from each
mm length of the pin from 0 to 13 mm and as su me that the R; is negli-
gibly small. The results indicate that there exists two linear portions
one with a higher gradient in skin layer and a lower slope correspon-
ding to the soft core portion for sugar cane and banana, but the core
of the pineapple is harder than its skin. For a linear relationship negle-
cting the effect of Ry, there exists a constant Ry/Aj.

PROPOSED PENETROMETER INDEX

Based on the analysis above, and the informations of interest to
detect the cutting ability the following indexes may be useful.
1. Resistance of the pin tip head RH:
RH = R;3 (R taken from the depth of 13 mm) in kg.
2. Resistance of sliding friction (RF)
RF = Rz%——— Ri3 in kg
3. Unit penetration resistances for skin (URS)

R; _Rs_

Lih'= A, 1.13

in Kg/mm?

where R5; and Aps are the R and A, taken from 5 mm of depth.
4. Unit penetration resistance for core. (URC)

_ R13 _ R13 : 2

URC = A,.. 226 in Kg/mm
9. Unit resistance of sliding friction (URF)
RF RF
URF== =373

(the depth is taking from 13 to 20 mm) in Kg/mm?2,
The indexes for sugar cane, banana and pineapple are shown in Table 1.
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Table 1
Indexes
RF Kg RH Kg URS Kg/mm? URC Kg/mm? URF Kg/m’m
Sugar cane 5.8 0.6 3.0 2.56 0.016
Banana 1.6 0.5 0.85 1.15 0.013
Pineapple 2.8 0.9 1.15 1.283~ -~ 0.024
CONCLUSION

The pin penetrometer indexes give a good comparable value for cut-
ting stalks. It provides a useful information for design of harvesting cut-
ters, but further study for the standardization of the pin is needed.
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WSKAZNIK PENETROMETRYCZNY MATERIALOW ROSLINNYCH

Streszczenie

Material roélinny jest materialem o witasciwo$ciach lepko-sprezystych, ktérego
wytrzymato§é zdeterminowana jest przede wszystkim wplywem czasu, wilgotnoscl
i jego budowy anatomicznej. Ustalenie standardowych wtlasciwos$ci mechanicznych
jest zagadnieniem zlozonym i trudnym, gdyz wymaga zachowania jednolitych wa-
runkéw przy oznaczaniu cech mechanicznych, jak np. odporno$¢ na S$cinanie w
okresie zbioru.

Praca stanowi prébe zastosowania wskaznikowego penetrometru trzpieniowege
(PPI) do oceny zachowania si¢ materialu ro$linnego podczas przebijania trzpieniem
o standardowych wymiarach poprzez okreslenie wskaznika odporno$ci na przebicie.
W badaniach uzyto trzpienia ze stali nierdzewnej o $rednicy 1,75 mm i kacie stoz-
ka 20°.

W laboratorium przeprowadzono wstepne badania dla trzciny cukrowej, palmy
oliwkowej, ananasa i banana.

Wstepne wyniki wskazujg ze:

— przecietna warto$§¢ wskaznika odpornoéci dla trzciny cukrowej, palmy oliw-
kowej, ananasa i banana w stanie Swiezym wynosi odpowiednio: 53 (5,83 kG), 110
(12,1 kG), 36 (3,95 kG), 24 (2,64 kG).

— odporno$é na ciecie wzrasta wraz ze wzrostem wskaznika, co zostalo stwier-
dzone za pomocg réznych zespoléow tnacych.
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Yey-Llany Yaun

IIOKA3BATEJBb CTPE2KHEBOI'O ITEHETPOMEPA PACTUTEJBHBIX
MATEPUAJIOB

Pe3wowMme

PacTturenbHbII MaTepuall ABJAETCA MaTepuaJiOM C JUIIKO-YIIPYTrUMMM CBOMCTBaMM,
POYHOCTb KOTOPOTO IpenonpeneiiseTca IpeXKae BCero BO3AECNCTBMEM BpeMeHM, BJIaXK-
HOCTM M ero aHaTOMMUYEeCKOJ CTPYKTYPbl. ¥ CTAaHOBJIeHME CTAHAAPTHBIX MEX2HMYEeCKMUX
CBOJICTB fABJAETCA CJOXKHOMN M TPYAHOM mpobiiemMol, TaK KaK HyXKJaeTcsad B COXPaHe-
HUM OOMHAKOBBIX YCJIOBUM IIPM ONpPEeNeeHMM MEXaHUYEeCKMX CBOMCTB, KaK HIP CO-
IIPOTUBJIEHUA CPpe3y BO BpeMsdA cdopa.

Pabora ABAAETCA ITONBITKON NPUMEHEHMA MHAMKATOPHOTO CTEPKHCBOTO IIE€HEeTDO-
mverpa (PPI) nnsa oueHkKm noBegeHMA PACTUTEJIBHOTO Marepuala IIpy TIPOKaJbIBaHMU
CTEePIXKHEM CTaHJapTHBIX pa3MepoB IIyTeM OIpeleIeHMA II0Ka3aTelsd COMNPOTUBIEHNA
nporoay. B mccnemoBaHmAX ObIJI NpUMMeHEH CTEP>XKEeHb U3 HeplKaBellley cranau Aua-
MeTrpoM 1,75 MM ¥ ¢ yriioMm KoHyca 20°,

B gnaboparopum OblIM ITpOoBeAeHbl IpeABAPUTEJIbHbIE MCCHAeNOBaHMA IJdA caxap-
HOTO TPOCTHMKA, MaCJMYHOM MaJbMbl, aHaHAaca 1 OaHaHa.

OHM noKa3bIBAIOT, YTO:

1) cpegHAs BeauuMHa II0Ka3aTeJdd CONPOTUBJIEHMA CaXapHOro TPOCTHMKA, Ma-
COIMYHOM IIaJbMbI, aHaHaca ¥ OaHaHa cocTaeJdeT cooTBeTcTBeHHO: 53(3,83 kI), 110
(12,1 xI'), 36(3,95 kI') n 24(2,64 KT') B cBEKeM COCTOAHUM, 7

2) COIpOTMBJEHME Cpe3y BoO3pacTaeT ¢ PNCTOM TIOKazaTedsd, 4yTo Oblio ycTano-
BJICHO IIPM IOMOILM Pa3JMYHBLIX PEXYLIMX CUCTEM (arperaTos).
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