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OF FRICTION SOIL-METAL DEPENDING ON THE
CHARACTERISTICS OF THE SOIL AND ON THE KIND OF METAL
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The development of agriculture is followed by mechanization of the
soil cultivation processes. It brings about a necessity of finding new solu-
tions in order to elaborate new agricultural instruments so that they
could as well as possible be adapted to the working conditions. That is
why it should be a good knowlegde of physico-mechanical soil properties
which would resolve upon construction of a given agricultural instru-
ment, and upon the kind of material to use to perform it [6]. The resis-
tance an agricultural instrument meets when working against the soil is
the sum of soil consistence forces, adhesion, internal friction and external
one. -In order to suromount the resistence connected with the external
friction forces about 30-40%0 of the whole energetic expenditure is spent
[6]. In this connection a great interest can be observed in relation to the
problems of the influence of the soil factors and of the metal properties
on the value of the external friction coefficient.

Because of variety of methods applied in investigation some difficul-
ties are encountered when trying to compare the results of investigations
carried out by different authors. In consequence, it is often enough that
a considerable difference of the value of friction coefficient can be met
with, when consulting the literature.

Generally speaking, the value of the coefficient of friction of metal
against the soil depends on the soil humidity [1, 2, 3, 5, 7], mechanical
composition of the soil [5, 7], soil structure-{6], metal surface [5, 6, 7],
slipping rate [8] and normal pressure [5, 7].

No comprehensive investigations concerning the above problems have
been carried out in Poland. The purpose of the present paper is to offer
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the results of investigation on the value of the coefficient of external
friction for some typical soils of Lublin district and for the kinds of steel
used to make agricultural instruments.

METHOD OF INVESTIGATION

A ring apparatus of Kloth [7] made in the Experimental Establishment
of Jagiellonic University was applied to measure the value of friction
coefficient. A propulsive element was built onto the apparatus in order
to achieve a constant rate of slipping of the ring against the soil.

The investigation was carried out (see Tab'e) on the following kinds
of soil representing different characteristics:

1. Podsolic soil formed from loose sand — horizon A4,, and C,

2. Brown soil formed from sandy loam — horizon A4,,

3. Brown soil formed from loess — horizon A4;,

4. Chernozem formed from loess — horizon A4,,

9. Humic rendzina formed from cretaceous marl — horizon A4,.

The investigation was carried out in laboratory conditions in order
to get a full control of the oscillation of the soil humidity. The soil was
collected from the fields into the containers (120 X60X40 cm) and made
humid until achieving the full value of water capacity. In order to de-
termine the influence of humidity on the value of the coefficient of fric-
tion soil-metal a series of measurements was carried out as the soil dried
up. Measuring rings were made of three kinds of steel which are usually
used in production of agricultural instruments: M65, St5, St3.

Steel surface state as determined with application of WG-4 standards
corresponds V 9 (smooth steel). The investigation was carried out at
a normal pressure of 0.15 kG/cm?. Slipping rate of the ring was 0.1 m/
/sec.

Physical and chemical properties of the soil were determined with

the help of methods which are usually appiied in podological investiga-
tion.

DISCUSSION

Fig. 1 shows the relationship between the value of the coefficient of
external friction on humidity in the original moment of the dynamic
friction. The curves representing the above relationship were plotted
for the systems M65 steel/a given kind of soil. The curves differ dis-
tinctly in shape what is the direct result of the different mechanical
composition of the examined soils. The curve plotted for the system steel/
/loose sand from horizon C shows that there is only ansignificant change
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Fig. 1. The influence of water content on the coefficient of friction soil — steel
M 65. I — podsolic soil formed from loose sand (horizon C), 2 — podsolic soil
formed from loose sand (horizon A,), 3 — brown soil formed from sandy loam

(horizon A,), 4 — brown soil formed from loess (horizon A)), 5 — chernozem formed
from loess (horizon A,), 6 — humic rendzina formed from cretaceous marl (horizon A))
of the value of the external friction coefficient when the water contents
changes inside of the range 1-10% in the sand free of moulder and collo-
ids. As soon as the amount of water is above 12% the friction coefficient
becomes a constant value of 0,25. On the accumulation horizon of the
same kind of soil there is quite another kind of relationship. On the A,
horizon there can be observed a much more clear reaction of the friction
coefficient of the soil humidity changes — notwithstanding that A, ho-
rizon, characterized by nearly the same mechanical composition as the
soil parent rock, contains 1.64%0 of humus. The increase of water contents
from 1% to 10%o results a gradual increase in the value of the friction
coefficient from 0.20 to 0.49. As the humidity reaches over 10% there
can be observed a delicate decrease in the value of the coefficient. Even
a stronger influence of the water contents on the friction coefficient value
can be observed for the brown soil formed from sandy loam. Within the
range of humidity 1-9% the friction coefficinet decreases from 0,53 till
0.28. Then its value increases and reaches 0,36 at he humidity of 12%b.
A further increase of humidity results again in the decrease in the value
of the coefficient of friction. This kind of relationship resembles parabo-
lic curve of the third degree. '

In the A; horizon of the brown soil formed from loess there can be
observed only quite an insignificant reaction of the external friction coe-
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fficient on the increase in the soil humidity. It is only within the range
of humidity of 15-17,5% that an increase in the coefficient value can be
observed. Aa 17.5%0 of humidity there is a maximum of the coefficient
value (0.51) and then its value reduces till 0.30. In order to determine
the influence of humus contents on the friction coefficient” value (for
loess soils) some measurements were carried out in the system M65
steel-chernozem. The curve of the relationship between the coefficient
value and the humidity of such a system shows two maximum points —
first maximum at 15% of humidity, the second one at 25% of humidity.
The second maximum is high and reaches till 0.58. Especially in the
state of considerable humidity contents clear differences can be obser-
ved between the chernozem soil -and the brown soil, both of a very close
mechanical composition but of a different humus contents (brown soil —
1.16%0, chernozem — 2.40%). The highest value of the friction coefficient
shows within the whole range of humidity the heavy humic rendzina. In
the state of maximum hygroscopicity the friction coefficient of this soil
is 0.64. Within a very long range of humidity 5-31%0 the coefficient in-
creases steadily. Its maximum point is at 0.79. Above the humidity 31%6
the value of the coefficient sinks rapidly and reaches 0.35 at the water .
contents of 34%b,

A similar kind of relationship between the value of the friction
coefficient and the soil humidity present also the systems with St5 and
St3 steel. The most significant quantitative differences between particular
kinds of steel can be observed when the measurements are carried out
in the horizon A, of the sand soil and of the chernozem soil.

~ In the Figs. 2—7 the influence of steel quality on the value of the
external friction coefficient is represented. The highest values of the
coefficient within the whole range of humidity shows usually St3 steel,
the lowest ones — MG65 steel (Figs. 2, 4, 5).
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Fig. 2. The influence of water content on the coefficient of friction podsolic soil
formed from loose sand (horizon C) — steel. I — steel M 65, 2 — steel St 3, 3 —
steel St 5, A — hygroscopic capacity
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Fig. 3. The influence of water content on the coefficient of friction podsolic soil
formed from loose sand (horizon A,;) — steel. I — steel M 65, 2 — steel St 3, 3 —
steel St 5, A — hygroscopic capacity
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Fig. 4. The influence of water content on the coefficient of friction brown soil
formed from sandy loam (horizon A,;) — steel. I — steel M 65, 2 — steel St 3,
3 — steel St 5, A — hygroscopic capacity, B — lower plastic limit, C — upper
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The influence of water content on the coefficient of friction brown soil
formed from loess (horizon A;) — steel. Designations as in Fig. 4
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Fig. 6. The influence of water content on the coefficient of friction chernozem
formed from loess (horizon A;) — steel. Designations as in Fig. 4
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Fig. 7. The influence of water content on the coefficient of friction humic rendzina

formed from cretaceous marl (horizon A;) — steel. Designations as in Fig. 4

CONCLUSIONS

The results obtained confirm the conclusions drawn by Nichols [5]
who states that the value of the  coefficient of friction soil-metal is
determined by the amounts of the absorbed water and by the portative
force of the soil being a function of the contents of colloids in soil.
Soils formed of sand and light clay are characterized by low friction
coefficients richer in colloids loess soils are characterized by higher
values of the friction coefficient, and the heavy rendzina has the highest
values of the coefficient. Humus contained in the soils plays an important
modificating part as it causes an increase in the value of the external
friction coefficient of the humid soil.

The properties of the soil do also decide the shape of the curve
representing the relationship between the coefficient and humidity. As

&
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it was mentioned above, every soil is characterized by a proper shape
©of the curve. The influence of the steel quality is not, of course, without
any importance, though it is usually the quantitative and not the quali-
tative one.

The differences of the friction coefficient values for the particular,
macroscopically similar, smooth kinds of steels in the system of the same
soil should be most probably explained by a different hydrofilic properties
of the steel. Moreover, the curves of the relationship between the friction
coefficient and the humidity have usually a more complicated shape than
it is described in the literature.

A fact should be streessed here that two maximum points are charac-
teristic for some curves (Figs. 3, 4, 6). It is most probably the result of
a different reaction of the particular kinds of steel on different states
of saturation the soil with water. Preliminary investigation which are
discussed in this paper are still going on in order to give a full explana-
tion of the mentioned problems.
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A. Stowinska-Jurkiewicz

KSZTALTOWANIE SIE WSPOLCZYNNIKA TARCIA GLEBA-METAL
W ZALEZNOSCI OD WLASCIWOSCI GLEBY I RODZAJU STALI

Streszczenie

Przeprowadzono pomiary wspoélezynnika tarcia zewnetrznego w typowych gle-
bach Wyzyny Lubelskiej. Do badan wybrano nas’cepuiace gleby o zr6znicowanych
witasciwo$ciach:

1. Gleba bielicowa wytworzona z piasku luznego.
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Gleba brunatna wytworzona z-gliny lekkiej.

Gleba brunatna wytworzona z lessu.

Czarnoziem wytworzony z lessu.

. Redzina czarnoziemna wytworzona z kredy piszacej.

Pomlary wykonano przy pomocy aparatu Klotha. Pier$cienie pomiarowe zo-
staly sporzadzone z trzech gatunkéw stali uzywanych do produkcji elementéw ro-
boczych narzedzi uprawowych: M65, St5, St3. Stan powierzchni pierscieni, okreslo-
ny przy pomocy wzorca typu WG-4, odpowiada A 9 (stal gtadka). Badania wy-
konano przy obcigzeniu normalnym 0,15 kG/cm?2. Szybko§é poSlizgu pier$cienia wy-
nosila 0,07 m/sek.

W celu okreSlenia wplywu wilgotno$ci gleby na ksztaltowanie sie wspoéiczyn-
nika tarcia gleba-metal kolejne serie pomiar6w prowadzono w miare wysychania
gleby, rozpoczynajgc od stanu gleby zblizonego do granicy plynno$ci w glebach
spoistych oraz od stanu catkowitego nasycenia wodg w piasku.

Otrzymane wyniki wskazujg, ze o warto$ciach przyjmowanych przez wspbl-
-.czynnik tarcia zewnetrznego decydujg wiasciwosci gleby, a szczegdlnie sklad me-
chaniczny. Gleby wytworzone z piasku i gliny lekkiej posiadajg niskie wspéiczyn-
niki tarcia, bogatsze w koloidy gleby lessowe — wyzsze, ciezka redzina — naj-
wyzsze. Duzg modyfikujgcg role odgrywa préchnica, podwyzszajgc znacznie wspobi-
czynnik tarcia zewnetrznego gleby wilgotnej.

WiaSciwosci gleby decydujg réwniez o .ksztalme krzywej zaleznoS$ci wspoblczyn-
nika tarcia od wilgotnoS$ci.

Wplyw stali na wspéiczynnik tarcja gleba-metal ma raczej charakter iloSciowy
niz jakoSciowy. Gatunek stali w wiekszym stopniu decyduje o warto$ciach wspoét-
czynnika niz o ksztalcie krzywej jego zaleznosci od wilgotnosci.

P e b B

A. Cunosunvcka-IOpxesuy

OBPA3OBAHUE KO3PPUIMEHTA TPEHUS ITIOYBA-METAJLIL
B 3ABMCHMMOCTHU OT CBOYICTB IIOYBBI I BUJA CTAJU

Pes3wwMme

B TmummuyebIx nouyBax JIIOOAMHCKOV BO3BBILISHHOCTM HPOBOAMJNMCL W3MEPEHUA
ko3 duimenTa BHEUIHEro TpeHus. s McciaenoBaHMA ObLIM BhIGPAHBI CJEAYIOILME
IIOYBEI ¢ nuddepeHIMPOBaHHLIMM CBOMCTBAMMA

1. ITox3osmcras noyBa OOpa30BaHHAA M3 PBIXJOrO Iecka.

2. ByposeM 06pa30BaHHLIN U3 JIETKOi1 I'IMHEL

3. Byposzem obOpa3oBaHHBIN U3 JEcca.

4. YepHo3eMm 0Opa30BaHHbI U3 Jécca.

5. YepHo3eMHaA peHA3MHa oOpa3oBaHHaA U3 MATKOro Mejaa.

Uzmepenusa npoBopuiauch armapaTom Kuora, VizymepurelabHble KOJbIa OBLIN
BBINOJIHEHBl M3 TPeX BUAOB CTAanyM YNoTpebiiaeMbIX IJs IIPOM3BOACTBa paboumx sJe-
MEHTOB opyamuy mo obpaborke: M65, St5, St3. Cocroanme noBepXHOCTM KOJBL], OIpe-
NeJIEHHOe C IIOMOINBIO 3TajioHa Tuna WG-4 orBewaer V 9 (rmagkaa cranb). Mcnobl-
TaHMA NPOBOAMINMCHL NIPM HOPMaJbHOM Harpys3ke 0,15 xr/cm2. CKOpOCTh CKOJLXKEHMSA
Koablna cocraBasaaa 0,07 m/cexk.

C nenbro onpeneNeHMs BJIMUAHUA BJAXKHOCTM IIOYBBI Ha o0pasoBaHue Ko3dbdpu-
LMeHTa TPEHMA II0YBa-METAJJ, OYepPeAHble cepuy M3MEPEHMII NPOBOAMIMCHL II0 Mepe

11 — Zesz. 'Probl. Post. Nauk Roln. nr 168 *
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oOCcbIXaHMA NOYBBLI, Ha4YMHAA C COCTOAHMA IIOUBBLI MPUOJUMKEHHOrO K IpaHMIEe TeKy-
YeCTM B CBA3HBIX II0YBAX M C COCTAaAHMA IIOJHOTO HACHILEHMSA BOJOI B IIECKe.

Ilony4yeHHble pe3yJIbTaTbl NOKa3bIBAIOT, 4YTO INPUHMMaeMble KO03(DOUIIMeHTOM
BHEIIIHETO TPEeHMsS BeJMYMHLI O0DYCJIOBJIEHbI CBOMCTBaMy IIOYBBLI, a OCOOEHHO ee Me-
XaHUM4IeCKUM cocTaBoM. JuiA moyB oOpa30BaHHBIX M3 II€CKa U JIETKON IJIMHBI K03ddu-
LIMEeHTbl TPEeHMA HU3KME, TOrAa KaK AJjA OoJsiee OOraTnIX KOJIJIOMAAMM JIECCOBBIX IIOYB
OHM BBbIILIE, a JJIS TANKEJNOM PEeHA3MHBLI — caMble BBICOKME. Ponb ¢uiabHO Moamduim-
pyioiero paKTopa MrpaeT ryMycC, CIIOCOGCTBYA 3HAYMTEJILHOMY MOBBILIEHMIO KO03(h-
thuumeHTa BHEIIHEro TPeHMA BJIAXKHOM IIOYBHIL.

CaoifcTBa IIOYBBI OIPEAEJNAIOT TaKxke (OPMYy KPMUBOII 3aBUCUMOCTH Ko3DduU-
IIMEeHTa TPEHMA OT YBJIAaZKHEHWUS.

Bnusanne cranam Ha Ko3(MIMEHT TpeHMA II0YBA-METAJJI HOCUT CKOpee KoJuye-
CTBEHHBI)1 4YeM Ka4deCTBEeHHBI XapakKTep. Bup cranmum obyciaBiamBaeT B Oojee CUJIb-

HOM CTeNeHyM BeJMYMHYy Kod(dduiumeHTta, yeM (POPMYy XKPMBON MIJIOCTPUPYIOLLEH €ro
3aBUCHUMOCTb OT yYBJIaXKHEHMUH.



