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ABSTRACT

A study was carried out to determine the coefficient of friction for some
varieties of rice, com, wheat and barely at five different levels of grain initial moisture
content. A digital instrument was used for the experimental measurements using nine
different friction surfaces of plywood, rubber, galvanized iron, normal iron, painted
iron, stainless-steel, wire-net, perforated iron and plastic. The obtained results
showed that, the coefficients of friction for the four studied crops were increased with
increasing grain moisture contents and roughness of grain surface. The recorded
friction coefficients were ranged from (0.3542 to 0.3765), (0.2415 to 0.6128), (0.2519
to 0.6988) and (0.2481 to 0.6927) for rice, com, wheat and barely, respectively. Also,
for all the tested crops rubber, perforated iron and wire net surfaces recorded the
highest values of friction coefficients, normal, painted and galvanized iron surfaces
recorded a moderate values, while plywood, plastic and stainless steel surfaces
recorded the lowest values. The statistical analysis revealed a highly significant linear
positive relationship between the grain moisture contents and the coefficient of
frictions for all the studies friction surfaces.

INTRODUCTION

The need for knowledge of coefficient of friction of agricultural
materials on various surfaces has long been recognized by engineers
concerned with rational design of grain bins, silos and other storage
structures (Mohesenin, 1984). The angle of internal friction has been
considered as one of the physical properties directly affecting design of flow
and storage structures such as hoppers, silos, bunkers and bins because it
determine whether the flow will be smooth or not, and whether the bursting
forces in relation to vertical forces will be great or not (Kajuna and Rugenga,
1998).

The rules of friction coefficients of materials generally used to
construct agricultural equipment are often conflicting because the variation
in the physical properties of the agricultural crops that have effect on the
friction coefficient. The major parameters which affect in internal friction were
grain size, shape, moisture content and specific weight of the test sample
(Lawton, 1980).

Gumbe and Maina, (1990) determined the static coefficient of friction
of oats and shelled maize for three different surfaces of (plywood, mild steel
and concrete) at moisture contents within a range of 10-20 % (w.b). The
results showed that, the coefficient of friction increased with increasing
moisture content of the grain tested except for maize on concrete for which
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changes in moisture -content seemed not to have effect. The resuits also
showed that concrete surface had the highest value of ( /£ ) obtained. These

values were varied from 0.216 for mild steel on the driest oat to 0.598 for
concrete on the wettest maize. On the other hands, the coefficients of friction
for maize were generally higher than for oats for all the materials tested.

Irvine et al. (1992) determined the dynamic friction coefficient of wheat
flax seed, lentils, and faba beans against plywood and galvanized steel
surfaces perpendicular and parallel to the motion of seeds. The tests were
conducted at 3 lateral pressures of (10, 30 and 50 kPa). The results showed
that, coefficient of friction of all used types against all tested surfaces
increased with increasing moisture content but with different degrees. The
coefficient of friction between most seed types and tested surfaces also
increased with increasing lateral pressure and it was lower for vertical
surfaces in comparison with horizontal surfaces.

Zhang and Kushwaha (1991) evaluated the friction coefficient of grain
on aluminum and galvanized steel as a function of atmospheric temperature
and relative humidity (RH) on various metal surfaces. The results showed
that, friction coefficient of grain increased with increasing RH for low grain
moisture content at low ambient temperature. However, for grain with a high
moisture content (19.6 % for wheat, 16.4 % for rap and 21 % for lentil), the
coefficient of friction decreased as the RH increased to 70 % and 85 % at
high ambient temperature. In general temperature emerged as an important
parameter influencing the coefficient of friction especially when combined
with high RH.

Helmy, (1991) determined the static coefficient of friction of some
Egyptian varieties of corn, barley, wheat and rice using two different
apparatus (digital and manual), four levels of grain moisture content (11,
12,13 and 14 %), five different friction surfaces (glass, galvanized metal,
plywood, plastic and stainless steel) and four different masses of sample
(75, 100, 125 and 150 gm). The results showed that increasing of grain
moisture contents tended to increase the static coefficient of friction
significantly. The highest value of static friction coefficient for both apparatus
were obtained by using plywood surface in all cases, while the lowest values
of static friction coefficient were obtained by using stainless steel surface.
Also, the sample mass had no significant etfect on the static friction
coefficient and the highest values of static friction coefficient were achieved
with rice grain followed by wheat, barley and shelled corn respectively.

Owies, (1995) determined the static coefficient of friction for some
Egyptian varieties of rice, wheat, and com at grain storage moisture content
using a digital measuring device and a six surfaces of metal, fiber, glass,
galvanized metal, stainless steel and plywood. The results cleared that for all
tested crops, static coefficients of friction were varied according to the
variety, and also to the measuring surface. The wood surface gave higher
friction coefficient for some varieties comparing with the other surfaces,
followed in -descending order by galvanized, metal, fiber, stainless steel and
the lowest friction coefficient was glass sheet.
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Chakraverty (1987) found that, coefiicient of friction between granular
materials is equal to the tangent of the angle of internal friction for the
material. The coefficient depends on grain shape, surface characteristics,
and grain moisture content. He added that, the coefficient of sliding friction of
heaped grain increases with increasing humidity. The relative velocity of the
particles over the working surface of the grading equipment has practically
no effect on the coefficient of friction.

The main objective of the present work is to determine the coefficient
of friction for different varieties of some Egyptian cereal crop. The
measurements were conducted under different levels of grain moisture
content and different types of friction surfaces which generally used for the
designing and manufacturing of harvesting and processing equipment.

MATERIALS AND METHODS

Measuring equipment
A digital measuring device was designed and fabricated at the

laboratory of Rice Mechanization Center (R.M.C), Meet El-Dyba, Kafr E!-
Sheikh Governorate. The measuring device consists of an iron frame
covered with a plastic sheet of 2 mm thickness and it has two adjustabie
leveling screws on the base of the frame for adjusting the horizontal level of
the device using a water balance fixed on the top of the frame. A movable
blade operated by a 0.1 hp two-direction electric motor was used for moving
‘he test plate up and down. A calibration switch with electronic sensor and
balance was installed to calibrate the cevice. A digital screen was installed
on the front side of the measuring device used to display the angle of
repose. Figure (1) shows the structure feature of the digital equipment which
used for measuring the friction coefficient. Table (1) presents specifications
of the equipment.

Calibration and test procedure

The calibration of the measuring equipment depended upon the
adjustment of the electronic balance and the weight sensor to stop the lifting
motor when 50% of the tested sample falls into the sample receiver. For
measuring process, a grain sample of 200 gm placed over the surface of the
liting tray and leveled horizontally to cover all the tray surface. At operating
switch on, the tray with grain sample titled up around its side pivot and when
50% of the grain sample fall into the samples receiver, the balance sensor
give a signal to the lifting motor to stop and the angle of friction displayed on
the digital screen. The coefficient of friction for the tested sample could be
calculated using the following equation:

CFs=stana

Where:

C.F = Coefficient of friction
a = Friction angle

The friction angie of the grain samples was taken as an average of

three replicates for each surface. The tested surfaces used for experimental
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work were plywood, rubber, galvanized iron, normal iron, painted iron,
stainless steel, wire net, perforated iron and plastic.

250

! 1 Electronic positioner {np - down)
' Fltamm: balance for deternining sample
‘ 3. \lomble plate for prain

4. Digital sereen for determining the siope angle
5- Horizontal adjustment screctt

6- Power swilsh

Figure (1): Elevation, plan and side view of the digital equipment used
for measuring the friction coefficient

Table (1): Specifications of the digital friction coefficients measuring

equipment
Items Specifications
Type of power Digital
Source of power Electronic motor 0.1 h.p (AC 220v).
. L fron frame covered with 2mm
Structure materiais thick plastic sheets.
Weight 3.5kg
Sensing unit Electronic sensor
Q
Range of measuring angle From 0 to 60
Instrument accuracy 0.01°

Preparation of grain samples

Four different cereal crops represent the major important food crops in
Egypt were selected for the experimental work. These crops included wheat,
rice, barely and maze. For each crop, different varieties were also selected
based on the planted area and the total production of each variety. In order
to grantee the purity of the varieties, the varieties of each crop were obtained

6942



J. Agric. Sci. Mansoura Univ., 28 (9), September, 2003

from the research stations of Agricultural Research Center (A.R.C) during
crop growing seasons of year 1999 and 2000 respectively.

After rejecting the damaged seeds, stones, and other foreign
materials, the grain of each variety was stored in a burlap sacks inside a
ventilated storage room. Before each experiment, the stored grain was taken
out of the storage sacks and the moisture content of each variety was
adjusted to five different levels using a mechanical grain mixture.

Adjustment of different ievels of grain moisture content

Before using the mechanical grain mixture the initial grain moisture
content was measured using an air oven adjusted at 130°C for 16 h
according to AOAC (1990), and then the required amount of water for each
level of grain moisture content was calculated and added to the grain mixture
which operated for 24 hours for each leve! of moisture content. Table (2) and
Figure (2) present the structure feature and specification of the mechanical
mixture used for adjusting the required levels of grain moisture content.

Table (2): Specification of the mechanical mixture used for the
experimental work

items Specifications
Unit dimensions 98 x 49 x40 cm
1 hp electric motor
Source of power 3 phase model VEM
Power transmission Pulleys and V belts
Speed control of motor . Electric inverter 1.5 hp
Capacity 10kg of grains
Time control il;ctric timer of 24 h with automatic separation each 15
' ]
1- Mixing nait

2- Electric motor

3- Etectric iaverier :
4- Power transminsion ®\‘

Figure (2): Mechanical mixture used for adjusting the levels of grain
moisture content
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RESULTS AND DISCUSSION

Coefficients of friction at different friction surfaces for the investigated
crops (rice, wheat, barely and corn) were measured and plotted in relation to
different levels of grain moisture contents. The obtained results showed that,
for all the studied crops the coefficients of friction were varied with
roughness of grain surface, grain moisture content and type of friction
surfaces. For all the studied varieties, coefficients of friction were increased
with increasing grain moisture content and roughness of both grain and test
surface.

The friction coefficients for different rice varieties and different friction
surfaces were plotted against the grain moisture contents (Figures 3 and 4).
The obtained results revealed that, the friction coefficients of rice varieties
were ranged from (0.3542 to 0.8765). Rubber, perforated iron and wire net
sheets recorded the highest values of friction coefficients (0.5389 to 0.8765)
plywood, normal iron and painted iron recorded a moderate values of
(0.4807 to 0.7376) while, galvanized iron, plastic and stainless steel
recorded the lowest values of (0.3542 to 0.5361). The obtained data showed
that, for all tested surfaces, variety Giza 181 gave the highest values of
friction coefficient followed by varieties Giza 178, Giza 177, Jasmin, Sakha
102 and Sakha 101 .

Figure (5) indicates the effect of different levels of grain moisture
content on friction coefficients for different corn varieties and different friction
surfaces. The results showed that, the coefficients of friction for maze crop
were varied from (0.2415 to 0.6128). Rubber, perforated iron and normal iron
recorded the highest values of friction coefficients (0.3263 to 0.6138),
painted iron, galvanized iron and wire net sheets recorded moderate values
of (0.2925 to 0.5006), while plastic, stainless and plywood sheets recorded
the lowest values of (0.2415 to 0.4956). The results also revealed that, for
similar- grain moisture content and friction surface, variety Triple hybrid 310
gave the highest values of friction coefficient followed by varieties Triple
hybrid 321, Single hybrid 10 and Balady.

Figure (6) represents the change in friction coefficients as related to
grain moisture content for different wheat varieties at different friction
surfaces. The results show that, friction coefficients of wheat were varied
from (0.2519 to 0.6988). Rubper, wire net and perivrated iron shcets
recorded the highest values of friction coefficients (0.3820 to 0.6988),
normal, painted and galvanized iron sheets recorded moderate values of
(0.3192 to 0.6123), while plywood, plastic and stainless steel sheets
recorded the lowest values of (0.2519 to 0.5877). The resuits also showed
that, at similar grain moisture content and friction surface, variety Sids 1
gave the highest values of friction coefficients followed by varieties Giza 168,
Gimiza 9 and Sakha 93.

Figure (7) presents the changes in friction coefficients for different
varieties of barely as related to grain moisture content and different types of
friction surfaces. The obtained data indicated that, the friction coefficients for
the studied varieties of barely were vaned from (0.2481 to 0.6927). On the
other hands, rubber, wire net and perforated iron sheets recorded the
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highest values of friction coefficients of (0.4204 to 0.6927), normal, painted
and galvanized iron sheets recorded a moderate values of (0.3186 to
0.5458) while, plywood, plastic and stainless steel sheets recorded the
lowest values of (0.2481 to 0.5237). The results also showed that, variety
Giza 126 gave the highest values of friction coeffcuents followed by Giza
125, Giza 124 and Giza 123.

As mentioned above, the obtained data revealed that, the coefficients
of friction were increased with increasing grain moisture content. This may
be attributed to the increase of contact surface area between grain to grain
and grains to friction surface. Also, the observed variation in coefficients of
friction between varieties of each crop may be due to the variance in grain
surface roughness and also the variance in roughness of the tested
surfaces.

To relate the change in grain moisture content with the coefficients of
friction for different varieties of the studied crops and different tested friction
surfaces a simple regression analysis was applied for each crop. The results
of analysis showed linear positive relationships between the change in grain
moisture content and the coefficient of friction for all the friction surfaces.

The obtained regression equations were in the form ofy=a + bx.
Table (3) to (7) present the obtained regression parameters for different
varieties of rice, corn, wheat and barely respectively.

Table (3): Regression parameters for short grain varieties of rice crop.

[ Variety a"“‘;&gﬂﬂu‘c Type of friction surfaces | 2 ression parsmeters
ly wood 0.5 .0069 0.9853
0.6 0084 KLEL
~ alvanizod iron .3719 0.0047 0.979
[ Normal iron . 4897 . 0.989
1258 12490 Painted iron .4971 0.0066 0.9473
3 Stainiess stee! 034 : 09350
Wire net 0.4933 . 0.9819
Perforated fron 05685 X 0.98
Plastic . 0.3378 . 0931
Ply wood 0.5432 0045 | R
Rupper 0.651 0.0082 0.9877
Gaivanized iron .3711 0. .9729
jormal iron X 0! .977:
12570282 Painted iron 4028 O .985.
-] Stainless stee] 2856 | 0.0087 980
- Wire net .5457 .0062 813
9 Perforated iron 6848 | 0.0070 | 0.9437
o it 4116 .0041
wood 3690 0106 _ K]
Rupp 5971 : 8417
Gaivanized iron 0.2962 .0085 9552
Normal iron 3. 0058 .
- 1318-US Painted iron 3747 | 0.0092 31
e [Stainless steel X 0073 0
£ .(tedi : 3104 B
x Perfo! ron 0. 1
3 blast] 2828 396 90
Ply wood 4404 14 Z
Rupp 8503 | 0.0 988
o Gaivanized iron : 3390 | 000 0.
< ) Normal ire 4814 .0071 9670
- 217 0 200 Painted iron 4482 O
= ' Stainiess steel 2760} 0.0071 9930 |
] L};L net r 4574 O
Perforated iron 4 0110 9813
plast 2681 X X1 N
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Table (4): Regression parameters for lon

rain varieties of rice crop.

Range of grain Type of friction Regression parameters |
Variety M.g. %, (3,.1:) yp:url'aces a b R
Ply wood 0.5104 0.0043 0.9740
upper 0.6774 0.007: 0.9958
- alvanized iron 0.3307 | 0.0081 0.9912 |
- ormal iron 0.5555 0.0056 | 0.9947
© 129 o 2582 ainted iron 0.4493 0.0065 0.9751
X tainless steel 0.2144 0.0108 | 0.9880
© re net E 0.0069_| 0.9480
erforated iron 0.6472 0.0080 0.9937
lastic 0.30 .0088 0.9791
ly wood 0.5029_ 0.0047 0.9967
upper : ~0.6828 | 0.0057 | 0.9704
>alvanized iron 0.2822 . 0.9992
2 Normal iron ) 0.0041_| 0.9587
E 129010 511 ainted iron 0.4664 0.005 0.9714
8 tainiess steel 0.224 0.0115_| 0.9925
- re net 0.5384 0.0071 0.9648
erforated iron 0.66 0. 0.9866
lastic 0.2634 .01 0.9917
Table (5): Regression parameters for different vaﬁ;ﬂu of corn crop.
. Range of grain Type of friction ression parameters
Variety M.Cg& (3.::) y surfaces a b R
ly wood 0.12 0.0136 0.9900
o upper 0.3308 0.0107 0.9992
P Galvanized iron 0.1818 0.0120 .9730
b=t Normal iron 0.30 0.0085 0.9872
B 0 264 Painted iron 0.2795 0.0078 0.9745 |
2 ‘Stainless steel 0.1223 0.0118 0.9925 ]
® re net 0.2910 0.0080 0.9780 |
= erforated iron [¢] 0.0081 0.9777 |
£ 0.1258 0.0731 0.9758 |
- 1987 0.0069 0.9752
- 0.2676 06.0093 0.9899
o g. ; 7 0.0073 0.9620
° 0 0.0082 0.9880
5 . 115 2608 0.2432 | 0.0060 0.956
2 0.2158 0.0045 0.9295 ]
® 0.2389 0.0069 0.9976 |
a 0.2569 0.0084 0.9984
= 0.1988 0.0064 9600
° 0.1950 0.0077 0.9940
- 0.3224 0.0105 0.9620
2 Galvanized iron 0.2315 0. 0.9822
a Normal iron 0.2937 0.0078 0.9603
z 1087 Hh MM ainted iron 0.2732 0.0060 09805
K tainless steel 0.1759 0.0081 0.9779
b4 re net 0.2699 0.0091 0.9798 |
2 [Perforated iron 0.3348 0.0080 0.9612 |
@ lastic 0.1924 0.0077 0.9501
ly wood 0.1954 .0069 0.9977
r 0.2694 0.0115 0.9945
alvanized iron 0.1971 0.0084 0.9635
3 ) ormal iron 0.2242 0.0100 0.9780
8 . MO0 XBES ainted iron 0.2040 | 0.0095 0.9907
3 . tainless steel 0.7524 0.0096 0.9831
. re net 0.2043 0.0101 0.9943
Perforated iron 0.2462 0.01 0.9943
pplastic 0.1748 0. 0.9734
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Table (6): Regression parameters for different varieties of wheat crop.

» Range of T f fricti Regression parameters
S . ype of friction
Variety 9';2'?wa;: surfaces a b R?
- Ply wood 02313 | 0.0119 | 0.9628
Rupper 0.3031 0.0146 0.9992
Galvanized iron "~ 0.2405 0.0120 0.9863
ormal iron 0.2529 | 0.0136 | 0.9790
1085 10 2556 [Painted iron 0.2313 | 0.0132 | 0.9809
o Stainless steel 0.0964 | 0.0159 | 0.9694
L ire net 0.3125 | 0.0134 | 0.9936
8 Perforated iron 0.3093 0.0125 0.9796
[C] jastic 0.1844 | 0.0129 | 0.9987
Ply wood 0.1574 | 0.0129 | 0.9963
Rupper 0.2604 | 0.0140 | 0.9721
Galvanized iron 0.1528 0.0146 0.9795
Normal iron 0.1873 0.0145 0.9841
1087t0 25677 [Painted iron 0.1514 | 0.0123 | 0.9778
pd [Stainless steel 0.0933 | 0.0147 0.9991
p ire net 0.2639 | 0.0128 | 0.9727
£ Perforated iron 0.2390 | 0.0127 | 0.9284
S lastic 0.1211 0.0142 | 0.9873
Ply wood 0.1782 | 0.0145 | 0.9934
Rupper 0.2385 | 0.0173 | 0.9781
Galvanized iron 0.1049 0.0181 0.9899
- Normal iron 0.1969 | 0.0153 | 0.9846
2 1117 t0 2570 [Painted iron 0.1895 | 0.0155 | 0.9826
n Stainless steel 0.0574 | 0.0180 | 0.9878
Wire net 0.1998 0.0174 0.9642
‘iPerforated iron 0.1886 | 0.0187 | 0.9890
lastic 0.0417 | 0.0208 | 0.9857
Ply wood 0.1868 | 0.0132 | 0.9821
Rupper 0.3001 0.0153 | 0.9931
o Galvanized iron 0.1707 | 0.0146 | 0.9713
© Normal iron 0.2459 | 0.0143 | 0.9909
g 1060 to 25640 |Painted iron 0.2135 | 0.0154 | 0.9823
o Stainless steel 0.0876 0.0165 0.9885
Wire net 0.3082 | 0.0134 | 0.9953
Perforated iron 0.2833 | 0.0132 | 0.9900
plastic 0.1576 | 0.0135 | 0.9829
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Table (7): Rgﬁessmn parameters for different varieties of barley crop.

Range of | Regression parameters

Variety gral?wM t;): %, Typ:uc:ffaf;::stlon a b R?
Ply wood 0.2791 0.0060 0.9038
Rupper 0.3906 0.0075 0.9837
Galvanized iron 0.2101 0.0089 0.9953
& ormal iron 0.3085 | 0.0066 | 0.9750
: 1181to 2468 Painted iron 0.2989 0.0061 0.9224
-g tainless steel 0.1178 [ 0.0114 [ 0.9825
ire net 0.2731 0.0118 0.9876
Perforated iron 0.3519 0.0089 0.9868
lastic 0.1451 0.0108 0.9902
Ply wood 0.2709 0.0074 0.9913
Rupper 0.3434 | 0.0105 | 0.9895
iGalvanized iron 0.2339 0.0086 0.9965
ormal iron 0.3354 0.0055 0.9915
1151%0 2467 ainted iron 0.2906 0.0072 0.9878
< Stainless steel 0.0968 0.0131 0.9910
o Wire net 0.3697 0.0066 0.9755
o Perforated iron 0.3409 0.0096 0.9522
G} lastic 0.0987 0.0137 0.9861
Ply wood 0.2374 0.0102 0.9725
Rupper 0.3629 0.0116 0.9979
w© Galvanized iron 0.1820 0.0123 0.9926
N ormal iron 0.2625 0.0113 0.9868
© 1195t0 2387 |Painted iron 0.2384 0.0116 0.9926
& tainless steel 0.0515 | 0.0161 | 0.9976
. Wire net 0.3520 0.0090 0.9909
Perforated iron 0.3283 0.0123 0.9932
lastic 0.0726 0.0153 0.9981
Ply wood 0.2082 0.0124 0.9725
Rupper 0.3425 0.0138 0.9899
© Galvanized iron 0.1767 0.0133 0.9523
N INormal iron 0.2530 | 0.0115 | 0.9860
« 1122 o 2441 Painted iron 0.2416 0.0110 0.9964
5 tainless steel 0.0684 | 0.0160 | 0.9836
ire net 0.3046 0.0124 0.9667
Perforated iron 0.3285 0.0119 0.9956
lastic 0.0693 0.0161 0.9800
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Figure (3): Effect of moisture content on coefficient of friction for
" short grain varieties of rice crop.
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Figure (4): Effect of moisture content on coefficient of friction for
long grain varieties of rice crop.
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Figure (5): Effect of moisture content on coefficient of friction

for varieties of corn crop.

6951



Matouk, A.M. et al.

] © Giza 168 |

‘ @ Ply wood - Rubuer 4 Gatvanezad Miron 22 ~:c0 ® Stawsass _ Nire act <3050 3

CorMient of foiciisg

| Mot ture content ( w.h.). %.

Sakha 93

@Ply wood x Rubber a Galvamized Miron - ®sinted ® Staintess . Wire net  Parforaled !
'
i
i

CoaMiciem of Frictd 4

0o
0 ] 0 135 £ 3 20
Moisture conteml { w.5.3, %5,
!ﬁ Sids 1
A VHice et -

#Ply woont x Rubber & Biron s Fam

e o 9
- 8

Coe Blubent o feictis,
e o
- »

02
o
(1]
. ] " " >3 »
Motwe sontent ( wh), %.
Gimiza 9 I

Pty wond ~Rubber g Galvanizod Wiron . P2:0ca ® IMainioes o Wire AaT . #€17% 3us

Curtivivnt of riviieg

. 3 " " 2 33 » !
Mudnsure comtemt { wh), %. §

Figure (6): Effect of moisture content on coefficient of friction
for varieties of wheat crop.
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Figure (7): Effect of moisture content on coefficient of friction
for varieties of barley crop.
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CONCLUSIONS

1- For all the studied crops, the coefficients of friction were varied with the
roughness of grain surface, grain moisture contentand type of friction
surface.

2- The recorded friction coefficients were ranged from (0.3542 to 0.9765),
(0.2415 to 0.6128), (0.2519 to 0.6988) and (0.2481 to 0.6927) for rice,
corn, wheat and barely, respectively.

3- The friction surfaces of rubber, perforated iron and wire-net iron gave the
highest values of friction coefficients while, normal, painted and
galvanized iron recorded a moderate values and plywood, plastic and
stainless steel recorded the lowest values.

4- A mathematical relationships were developed to relate the grain moisture
contents with the friction coefficients for all the studied crops and all the

friction surfaces.
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