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In this work, impact resistance of whole pod peanuts was studied, depending on its descriptive
physical properties. An apparatus was designed and fabricated to realize this goal experi-
mentally. In the experiment, a sufficient number of peanuts from each type supported on
different materials underneath were struck by various materials in different configurations.
The conditions of kernel and peanut shell were then recorded. The raw experimental data
were processed by means of a developed computer program to evaluate the shelling percent-
age versus dynamic pressure, energy at impact, dynamic load, impact velocity, and dynamic
deformation. Results showed that use of an iron grate in a shelling machine provided the
most suitable material condition for the effectiveness of the impact method.
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INTRODUCTION

In the world market, peanut is generally consumed in the form of a processed prod-
uct due to its high oil and protein content.[1] For this reason, in developing countries like
Turkey, trading peanut as kernel can increase the exports revenue. In order to design a
processing machine, which causes minimum kernel damage, determination of the suit-
able shelling method is essential. Physical properties and behaviors of peanut under fatigue
and static loads were investigated in previous studies within this context.[2–4] In this work,
shelling the peanut with the method of impact has been studied in detail.

There are many studies focusing on this subject for various biological materials in the
literature. Dursun[5] reported that the compression position affected the amount of applied
force to shell nuts. Braga et al.[6] determined the force, deformation, and energy required
for the macadamia nut under compression as a function of moisture content, nut size, and
loading position. They reported that as far as the required force, deformation, and energy
to initiate the rupture of the shell are concerned, the macadamia nuts had higher values
when compressed perpendicular to split plane, depending on both moisture content and
size. Gupta and Das[7] investigated the fracture resistance of both sunflower seed and its
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kernel in terms of average compression force, deformation, and energy absorbed per unit
volume at rupture. They found that the force required to break both shell and kernel rupture
decreased as the moisture content increased. It is also reported that the required force, when
the seeds were loaded in the horizontal orientation, was lower than that for those loaded in
the vertical orientation, while the trend was opposite for the kernel. Energy absorbed per
unit volume at rupture was higher in the vertical position and increased with increasing
moisture content. Olaniyan and Oje[8] made compression tests on shea nuts to study the
effects of moisture contents, temperature, and loading position on rupture force, deforma-
tion, firmness, and toughness at the point of the failure. They determined that rupture force
and firmness decreased while deformation and toughness increased with the increase in
moisture content in both vertical and horizontal loading positions. Vursavuş and Özgüven[9]

studied on determining rupture force, deformation, and toughness of apricot pit under com-
pression load at different moisture contents. They emphasized that all dependent variables
decreased with an increase in moisture content and all highest dependent variable values
were determined while apricot pit was loaded along the longitudinal axis through the length.

In the literature, there are studies on the striking of the moving peanut to a fixed
surface[10] and on impact between the moving peanut and a moving surface.[11] The aim
of such studies was to determine the limiting values of impact forces so that damage to
peanuts from free fall impact and its effects could be avoided. In this study, impact force
was investigated in terms of shelling.

MATERIALS AND METHODS

In the research, four peanut varieties, namely, Silifke, Antalya, Anamur, and
Osmaniye, which are cultivated commonly in the Cukurova Region of Turkey, were used.
Before the experiments, size classification of whole pod and kernel was determined,
as shown in Table 1. In order to get the average values, medium size whole pods that

Table 1 Size classification of whole pod and kernel.

Size, mm

Peanut variety Small Medium Large

Anamur Whole pod d < 13.2 13.2 ≤ d ≤ 17.7 d > 17.7
L < 24.9 24.9 ≤ L ≤ 38.7 L > 38.7

Kernel d < 7.5 7.5 ≤ d ≤ 11.1 d > 11.1
L < 16.0 16.0 ≤ L ≤ 21.0 L > 21.0

Antalya Whole pod d < 14.8 14.8 ≤ d ≤ 18.4 d > 18.4
L < 31.8 31.8 ≤ L ≤ 42.5 L > 42.5

Kernel d < 8.0 8.0 ≤ d ≤ 11.6 d > 11.6
L < 17.9 17.9 ≤ L ≤ 21.9 L > 21.9

Osmaniye Whole pod d < 13.8 13.8 ≤ d ≤ 18.1 d > 18.1
L < 25.6 25.6 ≤ L ≤ 39.1 L > 39.1

Kernel d < 7.5 7.5 ≤ d ≤ 11.2 d > 11.2
L < 15.1 15.1 ≤ L ≤ 21.7 L > 21.7

Silifke Whole pod d < 15.0 15.0 ≤ d ≤ 19.7 d > 19.7
L < 31.0 31.0 ≤ L ≤ 44.7 L > 44.7

Kernel d < 8.1 8.1 ≤ d ≤ 11.2 d > 11.2
L < 16.8 16.8 ≤ L ≤ 22.0 L > 22.0

d: diameter of peanut; L: length of peanut.
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represented approximately 70% of all varieties were used in the experiments. The samples
used in the experiments had 5% moisture content in wet basis.

In general, when a freely falling mass or a moving body strikes a stationary object,
a dynamic force (impact force) results on both of them. Hence, an impact force associated
with peanuts can be generated in three ways:

� Striking of a moving peanut to a fixed surface;
� Striking of a moving body to a peanut on a fixed surface;
� Impact between a moving peanut and a moving surface.

In the case of striking the peanut to a moving or fixed surface, controlling the test con-
ditions becomes difficult and requires expensive experimental devices. In addition, there is
a possibility of kernel damage before impact effect due to the possible relative motion
between the kernel and shell, which is almost impossible to control. For these reasons, the
method of applying a sudden load on the peanut by dropping freely a mass with a known
magnitude and drop height was preferred in this study. In order to secure simplifications in
this method, it was assumed that there was a linear relationship between applied force and
peanut deformation and, also, inertia force of peanut was not to be taken into considera-
tion. Under these conditions, the dynamic force, Fmax, in N was expressed as a function of
maximum deformation, δmax, in mm, weight dropped freely, w, in N, drop height, h, in mm
and stiffness of whole pod in the striking direction, k, in Nmm−1 assuming that the kinetic
energy of mass completely transformed into internal elastic energy of peanut as given in
Eqs. (1) and (2):[12,13]

Fmax = w

[
1 +

(
1 + 2hk

w

)1/2
]

, (1)

δmax =
(w

k
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w

)1/2
]

. (2)

If the projected area of peanut, A, in mm2, is known, assuming uniform pressure dis-
tribution, applied average dynamic pressure, Pdyn, in Nmm−2 can be determined as
follows:

Pdyn =
(w

A

) [
1 +

(
1 + 2hk

w

)1/2
]

. (3)

Under dynamic pressure, three situations may occur:

1. The peanut shell may not be broken completely and the kernel may not be released.
2. The peanut shell may be broken completely and the kernel may be released easily.
3. The peanut shell may be broken completely but the kernel may be damaged.

In order to investigate the effect of pressure on hulled peanut, the term “breakage percent-
age,” which is the ratio of the number of released peanut (including damaged kernels) to the
total number of peanuts, was used. Hence, the energy requirement, e, in Nmm and working
speed, v, in mms−1, of the shelling machine to be designed can be calculated by using the
following equations:
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Table 2 Internal (di)–external (dk) diameter relationships and shell thickness for peanut types.

Thickness

Types dk = a0 + aidi (mm) Average (mm) Standard deviation (mm)

Anamur 06.88 + 0.9125 di 0.850 0.300
Antalya 11.90 + 0.5150 di 0.890 0.360
Osmaniye 10.04 + 0.6980 di 0.748 0.295
Silifke 10.36 + 0.7220 di 1.060 0.360

di: diameter of kernel; dk: diameter of whole pod.

e = wh, (4)

v = (2gh)1/2 . (5)

Gap was calculated by subtracting kernel diameter and two times the hull thickness from
the whole pod diameter based on the data displayed in Table 2.[14] If the maximum defor-
mation in Eq. (2) is larger than the gap between the hull and the kernel, the kernel will be
damaged.

If the peanut stiffness is known, by releasing a mass from a known height, it will
be possible to obtain the load to be applied on hulled peanut, maximum deformation, and
pressure. Thus, in order to get force versus deformation curves, the whole pods were com-
pressed in loading positions in three directions, longitudinal, parallel, and perpendicular to
split plane (Fig. 1) by using compression apparatus shown in Fig. 2.

With the rotation of the handle (2), the platform (3) moved upwards and the peanut
on the moving platform was subjected to compression between the moving platform
and the fixed one. At this point, the deformation of peanut was read by the indicator
(6) with an accuracy of 0.01 mm. By means of the indicator (5), amount of deformation,
x, in mm together with a knowledge of spring constant of the loading ring, k′ (7) (k′ =
490.5 Nmm−1), the force, F, in N applied on the peanut was computed by Eq. (6):

F = k′.x. (6)

Figure 1 Peanut loading positions.
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Figure 2 Free compression test apparatus. 1, main body; 2, handle; 3, moving platform; 4, fixed platform; 5,
deformation indicator; 6, precision deformation indicator; 7, specimen.

During the tests, readings of the deformation indicator (5) corresponding to every
0.5 mm deformation of a second indicator (6) were recorded. Hence, the force applied
on peanut and the relevant deformation was determined. These data were used to plot force
versus deformation curves (Figs. 3–5). As observed in figures, the curves have some linearly
elastic parts up until a bio-yield point and go into the nonlinear plastic region. These curves
are similar to those given by Mohsenin.[15] Thus, the slope of linear parts of curves that
continued until bio-yield point was assumed as stiffness of the peanut, which is needed
in the impact tests. The purpose here was to calculate the stiffness values as presented in
Table 3.

For impact tests, an experimental set-up in which the drop height and the magnitude
of weight could be varied was designed. It was a closed system to guide the drop weight
vertically, however, it had a small opening through which the peanut specimen could be eas-
ily placed and observed during the test (Fig. 6). For the longitudinal direction test, adhesive
was used to hold the samples vertically.

Wood, rubber, and steel were chosen as material of a moving surface, which applied
force on the peanut. As a fixed surface, steel and iron grates (solid part 10 mm, void part
10 mm) were used. From each peanut variety, 285 peanuts were marked with a pen and
placed on a cardboard for determining their geometric data, including projected areas and
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Figure 3 Force-deformation (F-d) curves for peanut loading parallel to split plane.

Figure 4 Force-deformation (F-d) curves for peanut loading perpendicular to split plane.

other dimensions. The dimension measurements were done by taking the scaled photo-
copies of the marked samples of cardboards on milimetric papers. After obtaining suitable
drop height, the marked peanuts were tested and their final conditions were recorded at the
end of the tests.
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Figure 5 Force-deformation (F-d) curves for longitudinal peanut loading.

Table 3 Stiffness (Nmm−1) of the whole pod.

Variety Perpendicular to split plane Parallel to split plane Longitudinal

Anamur 2.915 3.180 5.883
Antalya 2.560 4.150 7.500
Osmaniye 4.060 3.445 5.500
Silifke 3.504 3.880 3.167

RESULTS AND DISCUSSION

In the impact tests, peanuts were broken by different masses that were made out
of different materials. Different drop heights and two loading positions, namely, parallel
and perpendicular to split plane, were used. The tests were repeated five times for each
variety. The impacting surface-fixed material pairs causing breakage steel-steel, wood-steel,
rubber-steel, wood-iron grate, and rubber-iron grate combinations were used. Here, the first
one indicates the moving mass material while the second one stands for the fixed surface
material. In addition, during the tests, peanuts were placed on the iron grate at two positions,
namely, parallel and perpendicular to grates. It was thought that at longitudinal position, due
to the physical contact conditions only steel-steel combination could express the material
effect, so the number of tests was limited to 15 for each variety.

In order to evaluate these data, a computer program was written based on FORTRAN
programming language. The inputs of the program were projected areas, initial length along
loading direction, loading position, surface pairs, peanut varieties, stiffness, drop heights,
mass values, and test observations of hulled peanut and kernel (released, not released and
damaged) concerning 1140 marked peanuts samples. The outputs of the program were
average dynamic pressure, breakage percentage, damaged percentage, speed at impact,
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Figure 6 Impact test mechanism. 1, body; 2, top cover; 3, metal bar; 4, hammer; 5, fix plate; 6, nut; 7, specimen.

Figure 7 Breakage, damaged percentages vs. dynamic pressure for rubber-iron grate (parallel).

dynamic force, magnitude of gap, and maximum deformation and energy at impact. From
these outputs, the graphs according to surface material and loading positions were plotted
in Figs. 7–16 by taking the average of breakage and damaged percentage values of four
varieties corresponding to dynamic pressure.
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Figure 8 Breakage, damaged percentages vs. dynamic pressure for rubber-iron grate (perpendicular).

Figure 9 Breakage, damaged percentages vs. dynamic pressure for steel-iron grate (parallel).

As seen in the figures, the breakage and damaged percentages increase with increas-
ing dynamic pressures. However, it was observed that low dynamic pressures (i.e.,
0.4 Nmm−2), for rubber-iron grate (Figs. 7 and 8) and steel-iron grate (Figs. 9 and 10)
caused greater breakage percentage at impact parallel to split plane than those of perpen-
dicular to split plane. Furthermore, in the case of steel-steel (Fig. 11), wood-steel (Fig. 12),
wood-iron grate (Figs. 13 and 14), and rubber-steel (Fig. 15) combinations, impact at paral-
lel to split plane also led to greater breakage percentage than that of perpendicular position.
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Figure 10 Breakage, damaged percentages vs. dynamic pressure for steel-iron grate (perpendicular).

Figure 11 Breakage, damaged percentages vs. dynamic pressure for steel-steel.

The effective dynamic pressure at longitudinal position (1.2–2.4 Nmm−2) (Fig. 16) turned
out to be noticeably larger than that for the other two loading positions. It is interesting to
note that if the dynamic load causes breakage before the maximum deformation reaches gap
dimension, the damage to the kernel becomes zero. When the curves are evaluated together,
it can be said that less than 10% kernel damage was determined in the test whereby the iron
grate was used. This result shows that use of an iron grate in a shelling machine is the most
suitable decision, as far as the method of impact is concerned.

For the broken peanut under impact, larger energy and speed at impact, dynamic
force, and deformation are necessary at a longitudinal loading position when compared
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Figure 12 Breakage, damaged percentages vs. dynamic pressure for wood-steel.

Figure 13 Breakage, damaged percentages vs. dynamic pressure for wood-iron grate (parallel).

with the other two loading positions (Table 4). The quantities in the first two rows look
very similar possibly due to the geometric shape of the pod whereby peanut cross section
perpendicular to long axis is approximately circular.

The quantities of gap and deformation values given in Table 4 are suitable for
checking damaged percentage. If the maximum deformation is greater than the internal
gap, damage to the kernel will occur. Also, the speed and energy at impact are essen-
tial quantities for determining power requirements and working conditions of the shelling
machine.
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Figure 14 Breakage, damaged percentages vs. dynamic pressure for wood-iron grate (perpendicular).

Figure 15 Breakage, damaged percentages vs. dynamic pressure for rubber-steel.

CONCLUSIONS

The major findings of the study can be summarized as follows:

1. The stiffness of peanut pods for all varieties has been determined in the range of
2.560–4.060, 3.180–4.150, and 3.167–7.500 Nmm−2 for loading positions of perpen-
dicular to split plane, parallel to split plane, and longitudinal, respectively.

2. The minimum and maximum energy requirement values have been changed in the
intervals 32.8–79.6 Nmm for perpendicular and parallel to split plane, 0.26–0.72 and
72.1–80.2 Nmm for longitudinal.
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Figure 16 Breakage, damaged percentages vs. dynamic pressure for steel-steel longitudinal.

Table 4 Maximum and minimum values causing damage for shelling of peanut by impact.

e (Nmm) v (mms−1) δmax (mm) Gap (mm) Fmax (N) Pdin (Nmm−2)

Position Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.

Perpendicular to
split plane

32.8 79.6 1085 1931 4.12 8.05 4.07 8.15 13.37 25.84 0.23 0.82

Parallel to split
plane

32.8 79.6 1085 1931 4.07 7.21 4.11 8.15 14.85 26.12 0.26 0.72

Longitudinal 72.1 80.2 1879 1980 4.43 7.24 — — 21.78 35.08 1.00 2.40

3. The highest working speed for shelling has been determined at longitudinal position.
The working speed values ranged between 1085 and 1980 mms−1.

4. The maximum deformation value has been observed at loading position of perpendicular
to split plane. These values have been found to vary from 4.07 to 8.05 mm.

5. The gap values have been observed in the intervals 4.05–8.15 mm for perpendicular to
split plane and 4.11–8.15 mm for parallel to split plane.

6. The dynamic force has been determined between 13.37–25.84, 14.85–26.12, and
21.78–35.08 N for perpendicular to split plane, parallel to split plane, and longitudinal,
respectively.

7. The dynamic pressure variations have been observed in the range of 0.23–0.82 Nmm−2

for perpendicular to split plane, 0.26–0.72 Nmm−2 for parallel to split plane, and
1.00–2.40 Nmm−2 for longitudinal.

With these data, the design of machinery processing peanut can be carried out fully on
quantitative rather than qualitative grounds and the optimum operating conditions could be
estimated as well. However, further studies on impact resistance of peanut can be realized
by taking into account the moisture content at different levels. Moreover, more varieties of
peanut samples and more material pairs can be considered in further experiments.



IMPACT RESISTANCE OF PEANUT 697

REFERENCES

1. Woodroof, J.G. Peanuts Production, Processing and Products, 3rd. Ed.; Avi Publishing Co. Inc.:
Westport, CT, 1983; 139–151.
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