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Coefficient of Friction and Rolling Resistance of Selected Fruits
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ABSTRACT

This study was to determine coefficient of friction (f} and rolling resistance (R) of
selected fruits. Methodology comprised f and R determining device which was rectangular
box 360 mm wide by 500 mm long by 55 mm high. Top side was inclined and variable as
different slope angies. lts surface was changeable for 3 various suifaces, ie. plywood, zinc
and plastic. Seven varieties of fruits (Red Delicious and Granny Smith apples; Sali guava;
Tangerine, Chaeng and Freemont mandarin; Pan lime), 5 fruits each, were used as samples
of experiment. Results showed f of all fruits on plywood was lower than that on zinc and
plastics. Static coefficient of friction was higher tﬁan dynamic coefficient of friction of the
same fruit, T of apples complies with that of previous researches. Basic information of f and

R of those fruits was summarized in this paper.
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{a) Horizontal plane

(b} Inclined plane

Figure 1 Normal force N and friction force F acting against an object on different planes

Inclined plane condition
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Coefficient of friction
Normal force
Friction force
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Table 1. Coefficient of friction and rolling resistance (maximum stability angle in rolling for
fruits and vegetables)
Coeefficient of friction Rolling resistance (degree)

Surface

Static(fs) Dynamic(fk) Static Dynamic
Plywood 0.32-0.44 0.24-0.33 12-18 2.5-4.5
Galvanized steel 0.38-0.46 0.28-0.36 13-18 2.4-4.0
Rigid foam 0.34-0.44 0.28-0.38 13-18 2.5-4.0
Soft foam 0.72-0.93 0.55-0.75 11-16 4.0-5.0
Canvas 0.36-0.44 0.25-0.36 12-16 4.0-5.0
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a) Top view
1. Water level checker in length
2. Water level checker in width
3. Inclined plane adjustmént

4. Inclined plane

b) Side view

1. Angular scale
2. Wire

3. Inclined plane adjustment

Figure 2. The equipment for measuring the coefficient of friction and the rolling resistance

of fruit
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Static coefficient of friction (f ) Tangent of anugar in the heading 2.1

Dynamic coefficient of friction (f}_) Tangent of angular in heading 2.3

Inclined angles for starting rolling

Rolling resistance ( R )

Figure 4. Determination of rolling resistance of Red Delicious apple (zinc surface)

Figure 5. Determination of kinetic friction coefficient (plywood surface)
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Table 2.

Physical data of fruit of mean and standard deviation of diameter, height and

height of selected fruits {five replication)

Type of fruit Diameter {mm) Height {(mm) Weight (g)
Red Delicious apple 7218 + 1.28 78.04 + 1.87 183.08 + 2.83
Granny Smith apple 73.40 + 1.67 66.00 + 2.55 159.54 + 6.69
Sali guava 89.00 + 1.58 81.80 + 4.15 318.68 + 259
Pan lemon 458 + 2.28 4210 + 1.29 4578 + 5.25
Freemont mandarin 63.40 + 1.08 53.40 + 2:10 104.40 + 591
Chaeng mandarin 76.80 + 2.51 74.20 + 2.66 218.24 + 19.71
Tangerine 6530 + 2.64 5760 + 1.98 12646 + 12,70

vmineds 104.4 n. du \Falidurgudnans
lafy 76.8 wu. wminaiy 218.2 n. uas
é’mﬁmmmﬁLﬁumguﬁnmamﬁu 65.3 L.
vmiiniads  126.5 n¥u (Table 2) e
sulsEAnianuiuamuaia fuaswade f
wazANE WU InAIaIna LA RA
a9 fous f maawmt,ﬁmﬁaﬁgmaaﬁ’uﬁj
farslndl@usiue £ uae £ saauduidla
Tas Cooper (1962) dw¥Uuinduiai
¥ nanfie @ f masuﬁﬂ@aﬁmag'ﬁzmw
0.26-0.41 uaz f waauﬁﬂﬁaﬁmagsmﬁa
0.22-0.34  FnSULAREAWAFUTaeN f
pasualiinnaiia Nnwuiddikasnidn f
(Table 3) %ﬂﬁa@ﬂﬁaéﬁﬁﬁqmﬁ (Mohsenin,
1980) sinduilszAntanuFuanmuiuiin

=l € 3 !

ﬁﬂﬁé‘wama'lﬁnmjﬁﬂ Jaraanian

[ a & = [V G =
FNUTERNTAINUIRIANIUNUNUBHIFINER

a_ &
uazwanganitonaduan megmmnm’mwgu

3
A -~ @

YpINBAIFINFUA WA gANIYaENIN

wo ol a o =
vLﬁJﬂ@]L%ﬂ?ﬁﬂﬂﬂﬂﬁﬂﬂﬁﬁtLﬂZWﬁ’] ganinig

a

QL ]

fanunrnuindnynyldmfanisiFoad

B

LREANIWIZRIN AR W EInnI R NE 1T
L Qo K ke [} 3 C{
Auldde nnsldduladldi@nnonyuinen
V] 9 egl =l [} 1
Usenadna lduuNwdes asaginanIznuda
LI HEANIREREN TN TSR Lt N UaU B9
159521379 b IR0 R TINIIRIALIINT
=] £ d 94 )
Safl waldun Seaslinansznudpuuinda

én £ 7la

agﬂwam‘s‘ﬂmam

AanlsAnTanuEoaniu uay
AMUTIUNIHRATINRS ;ﬂuﬁagaﬁugmﬁlﬂu
Uszlagiluntseanuuuginsally Packing
line ms?znmm*ﬁagjamé’li{’lﬁmam@uﬁﬂ
naliflnaldann iRansusuesninudoims

ﬁ’mmqﬁﬂmﬂuﬁauﬁﬁg pnemliluaunan

Thai Agricultural Research Journal Vol.21 No.1 January - April 2003 g



Table 3. Coefficient of friction {static and dynamic) and rolling resistance of fruit on various

type of inclined centact surfaces

Type of fruit Inclined contact Coefficient of friction  Rolling resistance

Surface Static(fs) Dynamic (fk) R (degree)
Red Delicious apple Plywood 0.26-0.34 0.22-0.28 6.94-11.58
Zinc 0.51-0.54 0.41-0.48 7.52-11.76
Plastic 0.41-0.65 0.32-0.57 £5.33-11.28
Granny Smith apple Plywood 0.37-0.41 0.32-0.34 4.44-5.88
Zinc 0.58-0.75 0.54-0.69 3.85-4.75
Plastic 0.60-0.69 0.54-0.865 3.07-4.69
Sali guava Plywood 0.53-0.63 0.48-0.58 7.40-10.04
Zinc 0.74-0.79 0.70-0.73 7.88-9.96
Plastic 0.76-0.78 0.73-0.74 9.98-10.74
Pan lime Plywood 0.31-0.38 0.27-0.34 4.56-7.76
Zinc 0.44-0.50 0.39-0.46 4.66-6.86
Plastic 0.43-0.54 0.39-0.51 3.89-5.99
Freemont mandarin Plywood 0.35-0.38 0.31-0.34 5.85-7.23
Zinc 0.46-0.50 0.42-0.45 6.05-7.71
Plastic 0.44-0.48 0.41-0.44 5.01-7.55
Chaeng mandarin Plywood 0.37-0.40 0.34-0.35 8.10-10.42
Zinc 0.53-0.58 0.48-0.53 8.58-10.7
Plastic 0.60-0.70 0.57-0.63 7.57-10.03
Tangerine Plywood 0.43-0.46 0.40-0.42 8.10-10.42
Zinc 0.42-0.52 0.38-0.49 8.58-10.70
Plastic 0.47-0.57 0.43-0.53 7.57-10.03
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