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Mechanical Characteristics of Garlic Scapes for

Developing Mechanical Garlic

Buibils Harvester

J. D. So

G. H. Kim

S. H. Kwon

Mechanical characteristics of flower stalks (scapes) of garlic such as shear forces, cutting forces, and modulus of

elasticities were investigated as a preliminary research to develop a mechanical harvester of garlic bulbils. The average shear

forces of garlic scapes was 0.642 N and the maximum and minimum shear forces were 1.42 and 0.25 N, respectively. The

shear forces generally increased as the diameter of garlic scapes increased. There was no correlation between the modulus

of elasticity and the diameter of garlic scapes and the average modulus of elasticity of garlic scapes was around 2.40x10’
N/m’. There was also no correlation between the cutting force and the diameter of garlic scapes. As the downward speed

of blade increased, the cutting force of garlic scapes decreased and reversed to increase. The cutting forces of the lower
part garlic scapes were lower than those of the upper part. The range of cutting forces of the lower and the upper part

of garlic scapes were 3.88-4.04 N and 4.29-4.93 N, respectively.
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Fig. 1 Diagram of the simply supported beam.

Fig. 2 Universal testing machine.
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Fig. 3 Testing apparatus of bending stress measurement of garlic scapes.
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E = Modulus of elasticity
P = Applied load at the center

L = Distance between the supports
Y. = Center deflection
1 = Area moment of inertia of the beam cross-section
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Fig. 4 Assembled zig used for cutting force measurement of garlic scapes.
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where
G = Green weight of garlic scapes

OD., = Oven dry weight of garlic scapes
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Fig. 5 Shear force of garlic scapes with respect to diameter.

Table 1 Shear force of garlic scapes with respect to diameter.
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Fig. 6 Bending force of garlic scapes with respect to diameter.

o Diameter (mm) Shear force (N)
Replication :
Mean Min Max CV. Mean Min Max C.V.
* 5.294 4.150 6.700 11.7 0.762 0.350 1.300 342
2 4822 3.550 6.750 15.0 0.574 0.200 1.300 494
3" 4933 3.650 6.500 13.1 0.591 0.200 1.650 49.0
Mean 0.000 0.00 0.00 0.00 0.000 0.00 0.00 0.00
Table 2 Bending force of garlic scapes.
L Diameter (mm) Bending force (N)
Replication
Mean Min Max CV. Mean Min Max C.V.
I 5.294 4.150 6.700 11.7 1.524 0.700 2.600 342
2™ 4.822 3.550 6.750 15.0 1.148 0.400 2.600 494
31 4933 3.650 6.500 13.1 1.182 0.400 3.300 499
Mean 0.00 0.000 0.000 0.00 0.000 0.00 0.00 0.00
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Fig. 7 Modulus of elasticity of garlic scapes with respect to the
diameter of garlic scapes (1* trial).
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Fig. 8 Modulus of elasticity of garlic scapes with respect to the
diameter of garlic scapes (2™ trial).
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Fig. 9 Modulus of elasticity of garlic scapes with respect to the
diameter of garlic scapes (3 trial).

1,00
10,00
900
-
800 R
. .
Z 1w .
-
g . .
2 0o . . .
@
§ L
. . . s
o 8.0 * s e . . .
. . . we
o " - e
° o ee ¢ o o w
. . » °
300 . .
.
2200
100
300 3s0 400 480 8.00 550 600

Diameter (mm)

Fig. 10 Cutting force of the upper part of garlic scapes respect to
the diameter.
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Fig. 11 Cutting force of the lower part of garlic scapes respect to
the diameter.

79



OFs FOF £97) WS AU OISEY AUN SY A

Table 3 Cutting force of garlic scapes.

Downward Upper part Lower part
speed of blade Diameter (mm) Cutting force (N) Diameter (mm) Cutting force (N)
(mm/min) Avg Min Max Avg Min Max Avg Min Max Avg Min Max
60 420 3.15 5.55 493 3.30 6.60 4.93 3.30 6.60 4.04 1.90 10.00
120 425 3.25 5.30 4.29 2.60 8.90 4.84 4.00 5.75 3.88 2.60 5.60
180 4.06 3.20 5.30 4.89 3.00 7.10 4.84 3.80 6.55 4.01 2.60 6.70
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