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Fundamental Studies on the Development of a Harvesting Machine for Sugar Cane

On the Mechanical Properties of Sugar Cane Stalks
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(Laboratory of Agricultural Machinery I)
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Table 1. Experimental material

N: Co, 310

Campus farm,
Kagoshima univ.

Variety

Growing district

Planting date Mar. 1977
Harvesting date Jan. 1979
No. of harvesting time 1
Planting distance (cm) 30
Row spacing width  (cm) 120
Plant height (cm) 340
Plant weight (2) 925
Mature cane length (cm) 178
Mature cane weight (g) 720
No. of green leaf (leaf/stem) 11
Yield (ton/10a) 8.0
Top 17.8
Brix (%) Mid 19.5
Root 20.0

Top 73.7
Stem Mid 71.9
Moisture content Root 705
(wet base) (%) Top 74.6
Leaf Mid 41.0
Root 8.3
. Top 2.2
Diameter o i
stem (cm) Mid 27
Root 2.9
o f Top 320.5
ardness o H
stem (kg /om?) Mid 465. 3
Root 618.7
. Top 12.0
Node distance Mid 13.8

(cm)
Root 14.2
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Fig. 1. Measuring apparatus.
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Fig. 2. Compression anvil and plunger.
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Fig. 5. Load-deformation diagram of sugar cane stalk.
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Fig. 6. Relation between stress and compressive strain
loaded in the longitudinal direction.
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Fig. 7. Relation between stress and compressive strain
loaded in the longitudinal direction.
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Fig. 8. Relation between stress and compressive strain
loaded in the cross sectional direction.
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Fig. 9. Relation between stress and compressive strain
loaded in the cross sectional direction.
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Fig. 10. Relation between Poisson’s ratio and com-

pressive strain loaded in the longitudinal

direction.
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Fig. 12. Relation between Poisson’s ratio and com-
pressive strain loaded in the cross sectional
direction.
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Fig. 13. Relation between Poisson’s ratio and com-
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Table 2. Young’s modulus and Poisson’s ratio of sugar cane stalks
C . thod Test o Young’s modulus E( x 10%kg/cm?) Poisson’s ratio v
0 e
mpressing metho St plece Min. Max. Mean S.D. Min. Max. Mean S.D.
Longitudinal direction Rind-Pith 9.784 14.241 12.853 0.895 0.080 0.178 0.124 0.023
Pith 2.238 3.738 3.184 0.290 0.135 0.220 0.178 0.020
Cross sectional direction Rind4-Pith 6.293 9.375 7.853 0.483 0.245 0.342 0.296 0.021
Pith 0.345 0.593 0.444 0.075 0.310 0.418 0.359 0. 022
Table 3. Example of Young’s modulus and Poisson’s ratio of sugar cane stalks (rind+pith)
E*
L X s 4L 4D, 4D, 4D, 4D, 4L/L F (x 10%kg/ %2
(mm)  (mm) (mm) (mm) (mm) (mm) (mm) (mm) (x10-%) (kg) ciﬁ
40.0 21.5 22.1 0.2 0.01 0. 00 0. 00 0.01 0.5 23.0 12. 324 0. 092
40.0 21.5 22. 1 0.4 0.01 0.01 0.01 0.02 1.0 45.0 12. 056 0.114
40.0 21.5 22.1 0.6 0.02 0.01 0.02 0.03 1.5 68.5 12. 235 0.122
40.0 21.5 22.1 0.8 0.03 0.02 0. 02 0. 04 2.0 100. 0 13. 396 0. 126
40.0 21.5 22.1 1.0 0. 03 0.03 0.03 0.04 2.5 110.5 11. 842 0.119
40.0 21.5 22.1 1.2 0. 05 0. 04 0.03 0.05 3.0 140.5 12. 547 0. 130
40.0 21.5 22.1 1.4 0. 07 0. 06 0. 03 0. 05 3.5 170.0 13. 013 0. 138
40.0 21.5 22.1 1.6 0.09 0. 06 0. 05 0. 06 4.0 182.5 12. 224 0. 149
40.0 21.5 22.1 1.8 0.12 0. 07 0.05 0.07 4.5 206.5 12. 294 0. 159
40.0 21.5 22.1 2.0 0.12 0.08 0. 06 0. 09 5.0 240.0 12. 860 0. 161
16FL
%*1 = T 2 2
E"[nALUL+DQZ x10° (kg/cm?)
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Summary

In order to develop a harvesting machine for sugar cane, an experimental measurement was
performed on Young's modulus and Poisson’s ratio of sugar cane stalks.
The results obtained are summarized as follows:

1. In case of the compression executed towards the length of stem Young’s modulus (Em;)
of sugar cane stalks was ascertained to be 12.853x10%kg/cm? (¢=89.5 kg/cm?) with rind, and
3.184x 102 kg/cm? (6=29.0 kg/cm?) without rind. And likewise, in case of the compression ex-
ecuted towards the diameter of stem Young’s modulus (EM,) of sugar cane stalks was ascertained to
be 7.853x10% kg/cm? (6=48.3 kg/cm?) with rind, and 0.444 x10%kg/cm? (¢ ="7.47 kg/cm?) without
rind.

2. In case of the compression executed towards the length of stem Poisson’s ratio (vM;) of sugar
cane stalks was noted to be 0.124 (¢=0.023) with rind, and 0.178 (¢=0.020) without rind. And
likewise, in case of the compression executed towards the diameter of stem Poisson’s ratio (¥Mp) of
sugar cane stalks was noted to be 0.296 (¢=0.021) with rind, and 0.359 (0=0.022) without rind.

3. The compressing direction and the existence of the rind were ascertained to have a consider-
able influence on the varieties in Young's modulus and Poisson’s ratio of the stalks. Irrespective of
the compression—direction Young’s modulus noted in the sample covered with rind showed higher values
than those in the sample supplied only with internal stem, though in Poisson’s ratio the case was
noted to be the reverse of this. And the former increased by about 1.6~7.2 times and the latter
decreased by about 1/2~2/5 in accordance with the direction of the compression; in other words the
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increasing was brought forth at the occasion when the compression was executed towards the length
of the stem, while, the decreasing happened at the case when the compression was executed towards

the diameter of the stem.
Judging from these results, it was assumed that the internal tissue of the sugar cane-stalk gen-

erally keeps a constant direction along the length of the stem, though there are some fluctuations

in the measured values.



