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Cob breakup, concave separation efficiency, shelling efficiency and kernel damage were measured in a stationary
rasp-barcylinderfor three corn varietiesover threeharvestdates. Concurrently,the physicaland mechanical propertiesof
representative samples of corn kernels and corn cobs weredetermined underquasi-static compression and simple bending.
Corn variety and harvest date were found to have significant effects on mostof the variables studied. The variety that
suffered the greatest cob breakup during shelling was found to be the variety that had the lowest values of the cob
mechanical properties determined. Corn cob crushing strength, determined as the maximum contact stress under radial
compression, was found to be the most important single crop property influencing corn shelling in the conventional corn
combine cylinder. A multi-variable regression model was selected for each of the four performance parameters
investigated.

INTRODUCTION

Mechanization of corn production has
greatly enhanced the economic import
ance of the crop, but not without some
associated problems. For instance, com
bine harvesting of corn frequently results
in an appreciable amount of kernel loss
and damage, particularly when the crop is
harvested at relatively high moisture con
tents due to weather constraints. These

losses occur chiefly in the machine's
gathering, threshing, separating and
cleaning devices.

Kernel loss and damage levels in any
given situation will depend on machine
design, adjustment and operation, field
conditions, weather, and crop mor
phological, physical and mechanical prop
erties (Hunt 1964; Sehgal and Brown
1965; Byg et al. 1966; Johnson and Lamp
1966; Waelti and Buchele 1967). Moisture
content of the crop components is prob
ably the single most important crop factor
influencing harvesting and post-
harvesting operations for corn (Hunt 1964;
Johnson and Lamp 1966). Crop strength,
measured separately as stalk strength,
kernel strength and cob strength, has also
been found to affect significantly field los
ses and corn damage (Zuber and Grogan
1961; Thompson 1963; Waelti and
Buchele 1967).

In all these studies, strength was deter
mined as the maximum force to crush a

sample of the tested material. Moreover,
the index for kernel damage was limited to
visual inspection and no evaluation was
made of cob breakup in the combine cyl
inder nor of concave separation efficiency.
The objective of this study was, therefore,
to examine the relationship between each

of the four main shelling performance
criteria of the combine cylinder-concave
and the properties of the corn ears being
shelled.

EXPERIMENTAL DESIGN

The experiment was designed as a split-
plot. The three corn varieties were as
signed at random to the whole plots within
each block. The three harvest dates were

assigned at random to the sub-plots within
each whole plot. The whole-plot design
was a randomized complete block design
of three blocks.

All three varieties were hybrid corn se
lected in consultation with the Agronomy
Research Centre at Macdonald College.
The varieties were Warwick SL-207, Funk

G4065 and Asgro RX23. They were
planted on 9 May 1979. Field preparation,
layout and cultivation were as described
by Anazodo (1980).

Corn ears were hand-harvested from the

experiemental field on each test date,
starting from 22 Sept. 1979, when the
three corn varieties.were deemed to have

reached physiological maturity and were
dry enough to be hand-shelled without
breaking the tips of kernels on the cob.
Two subsequent hand-pickings were done
on 6 and 20 Oct. 1979.

LABORATORY TESTS

Laboratory tests consisted of radial
compression tests with 3-cm-long corn
cobs and simple bending with whole-
length corn cobs as described by Anazodo
and Norris (1979a) and Anazoda (1980).
Rates of loading with the Instron TM-M
testing instrument were 1 cm/min and 3
cm/min for radial compression and simple

CANADIAN AGRICULTURAL ENGINEERING. VOL. 23. NO. I. SUMMER 1981

bending, respectively. Corn kernels,
hand-shelled from corn ears, were also
tested in compression at 0.5 cm/min. The
procedure was similar to that reported by
Mohsenin (1970).

Concurrently, corn ears were shelled in
a conventional rasp-bar cylinder as de
scribed by Wall and Norris (1979). The
stationary laboratory sheller, (Fig. 1) was
operated at optimum conditions previous
ly determined by Wall and Norris (1979).
These were cylinder speed of 575 rpm and
cylinder-concave clearance of 25 mm
front, 16 mm rear.

For each sub-plot on each test date,
seven corn ears were used for radial com

pression, another seven for simple
bending, six kernels from one corn ear for
the kernel compression test and 30 corn
ears for shelling in the rasp-bar cylinder.
All tests were performed on the same date
the corn ears were hand-picked from the
experimental field.

CYLINDER-CONCAVE

PERFORMANCE PARAMETERS

Four criteria were used to evaluate the

performance of the stationary laboratory
sheller.

Cob Breakup Index (Yt)
This was determined as

Y\ = 2 (class % weight of total
sample x class multiplier)/classes. (1)

The class multipliers were determined
as the number of pieces of that class
(assuming the class length was the
midpoint of the length range for the class)
to make up a whole cob 175 mm long. The
index has a minimum value of100 and a

maximum value of 2800.
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Figure 1. The laboratory she

D = corresponding total deformation
of the kernel, D,

d = diameter of the kernel considered

spherical in shape.
3. Linear limit load (X3) (Newtons) de

termined as the force corresponding to
the point where the experimental force-
deformation curve deviates from the

initial straight line portion.

Corn Cobs

Theoretical equations for calculating
corn cob mechanical properties in both
radial compression and simple bending
were presented by Anazodo and Norris
(1979a ,b) and Anazodo (1980). Cob prop
erties determined as part of the indepen
dent variables in the analysis include the
following.
1. Moisture content (X4) (% wet basis)

using short sections of cob composite
at an oven temperature of 103°Cand a
drying duration of 72 h.

2. Cob diameter (Xs) (mm).
3. Pith diameter (X6) (mm).
4. Cob thickness (X7) (mm) determined as

X7 = (X5-X6)/2 (5)
5. Apparent elastic modulus in radial

compression (Xs) (MPa) determined
from the equation:
Xs = 4FbZ2(l - v2)/ttR1 (6)
where Fb - force at pith cracking

(Fig. 3)
v = Poission's ratio of corn

cob, determined as 0.32
R = radius of corn cob

/ = length of short compo
site section of the corn

cob tested (/ = 30 mm)
and Z was determined from a table
given by Sherif et al. (1976).

6. Crushing strength (X9) (MPa) defined
as the maximum contact stress of corn
cob in radial compression and calcu
lated from the equation:

X9 = 2Fb/irlb (7)
where b = R/Z, or half contact

width and other terms as

previously defined.
7. Modulus oftoughness (XK))(106 x N-

m/m3) defined as the area under the
force-deformation curve of corn cob in
radial compression (i.e. shaded area in
Fig. 3) per unit volume of the tested
cob sample. An empirical equation was
derived to facilitate this calculation
(Anazodo and Norris 1979b; Anazodo
1980).

8. Elastic modulus in simple bending
(X,,), (MPa) determined from the
equation

X,, = %FhL3CIDe (8)
where Fb = bending load at mid-

span (Fig. 4)

Concave Separation Efficiency (Y2, %)
The separation efficiency of the con

cave was determined as

Y2 = 100 WV(W, + W2) (2)
where W\ = weight of kernels that

passed through the con
cave

W2 = weight of kernels that
passed over and through
the finger grate

Shelling Efficiency (F3, %)
The shelling efficiency of the sheller

was calculated from the expression
K3 = 100 (W, + W2)l
(W] + W2 + IV,) (3)
where W3 = weight of kernels still
attached to both broken and unbroken cobs

and W] and W2 are as defined previously.

Kernel Damage (Y4)
The level of kernel damage during shell

ing was evaluated using the colorimetric
method developed by Chowdhury and
Buchele (1976) and Chowdhury et al.
(1976).

The colorimeter was calibrated for zero

absorbency with 0.05 N sodium
hydroxide. To calibrate the damage-
measuring system, artificially damaged
samples were produced by cutting, with a
scalpel, hand-shelled corn kernels along
their longitudinal axis to expose the
maximum amount of internal tissue with

one cut. These damaged kernels were then
added to sound hand-shelled kernels to

make up samples of a known percentage
damage. By determining the absorbency
of the bleached solution for these samples,
a calibration curve was obtained; this
calibration curve was checked each
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harvest date. For comparative purposes, a
preliminary experimentwasdone in which
kernel damage was determined by the col
orimetric method as well as by visual in
spection. From this, a kernel damage level
of 10 by the colorimetric method could be
considered equivalent to 21.9% kernel
damage by weight using the visual inspec
tion method.

Further details on the evaluation of the

above four performance criteria for the
laboratory sheller were given by Wall and
Norris (1979). These four performance pa
rameters were considered as the dependent
variables in this analysis.

PHYSICAL AND

MECHANICAL PROPERTIES
The physical and mechanical properties

of corn kernels and corn cobs determined

from corn ear samples representative of
those shelled in the laboratory combine
cylinder constituted the independent vari
ables in this study.

Corn Kernels

Three properties of corn kernels were
determined.

1. Moisture content (X,) (% wet basis)
determined at an oven temperature of
103°C and a drying duration of 72 h.

2. Modulus of deformability (X2> (MPa)
which was calculated from the express
ion (Mohsenin 1970; page 291):
X2 = [1.13(1 - v2f(F2/D3d)}V2 (4)

where, with reference to Fig. 2,
v = Poission's ratio for corn kernels

assumed equal to 0.32
F = applied load at, or near, the linear

limit load, FL
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Typical force-deformation curve of corn kernel under compression (each kernel hul
was slightly sanded before compression was applied).

L = loading span (L = 150
mm)

C = correction factor for cob

tapering determined as
derived for a tapered
beam by Schroder et al.
(1973) and

De = elastic component of
total deflection at mid-

span.

9. Bending strength (X,2) (MPa deter
mined from the equation:

XP = [64FbZ.]/[T7(Jl + d2f
(1 -f(\ -m))] (9)

where

dud2 = average diameters of the
cob composite at the tip
and butt ends, re
spectively

/ = r/R
r = pith radius
m = pith elastic modulus/

mid-cob elastic mod

ulus, and Fb, L and R

are as defined pre
viously.

RESULTS AND DISCUSSION

In the analyses of the experimental data,
an observation consists of the average
values of the variables determined from a

sub-plot. A total of 27 sub-plots were in
volved. Statistical analyses included
analysis of variance, Duncan's new multi
ple range test and regression analyses
using Statistical Analysis System (SAS)
computer package.

Effects of Corn Variety and Harvest
Date

Table I shows the results of the analysis
of variance performed on cob breakup in
dex. From similar results, the calculated F
values for all the variables studied are

summarized in Table II. Most of these

variables were significantly affected by
corn variety and harvest date. The interac
tions between these two factors had
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significant effects only on shelling
efficiency, kernel damage and cob
mechanical properties in radial com
pression.

Table III shows that Warwick SL-207

suffered the greatest cob breakup and the
least kernel damage. The same variety
gave the lowest concave separation
efficiency and shelling efficiency, and
also had the lowest values of cob

mechanical properties in both radial com
pression and simple bending. Asgrow RX
23, which had the highest values of kernel
and cob mechanical properties in radial
compression, suffered the least cob
breakup during shelling. This variety had
the highest concave separation efficiency
and shelling efficiency. The third corn
variety tested, Funk G4065, suffered a
moderate amount of cob breakup. This
variety also had the highest values of cob
mechanical properties in simple bending
and the lowest values of kernel mechanical

properties.
With reference to Table IV, cob

breakup index, kernel damage level,
kernel moisture content and cob moisture

content decreased significantly with delay
in harvesting corn. The values determined
for kernel modulus of deformability and
kernel linear limit load increased

significantly with delay in harvesting
corn. The values of the other variables

studied did not show a consistent change
as harvesting was delayed.

Tables V and VI present the simple
effects of variety and harvest date on some
of the variables for which the two factors

investigated had significant interactions.
Table V shows the effects of variety for
each of the three harvest dates while Table

VI shows the effects of harvest date for

each of the three varieties.

Correlation Analysis
To obtain a clearer understanding of the

relationships among the dependent and in
dependent variables in this study, a cor
relation analysis was performed on the ex
perimental data. Table VII includes only
the corn physical and mechanical prop
erties which correlated significantly at
0.01 level with one or more of the four

performance parameters of the laboratory
sheller. Cob crushing strength was found
to be the most important single crop
breakup index correlated best with cob
modules of toughness, while concave
separation efficiency correlated best with
cob bending elastic modules. None of the
kernel mechanical properties was found to
be a significant factor affecting corn shell
ing. However, kernel moisture content
was a more significant factor influencing
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Figure 3. Force-deformation and cross-sectional view of a radially compressed corn cob
composite.

the performance of the sheller than cob
moisture content.

Regression Analysis
The maximum R2 improvement techni

que developed by Goodnight (1979) was
used to establish a multiple regression
model for each of the four performance
criteria of the rasp-bar cylinder. This pro

cedure gives the best model for a one-
variable model, two-variable model,
three-variable model and so on, until no
further important improvement on the R2
value could be made. The level of signifi
cance of the regression analysis, and those
of all the regression coefficients are
printed out by this procedure. The
maximum R2 improvement technique is

TABLE I. ANALYSIS OF VARIANCE FOR COB BREAKUP INDEX

Source of Sum of Mean Calculated

variation df squares squares /-'-value

Total 26 1 178 081.63

Blocks. R 2 34 906.07 17 453.04

Variety. A 2 724 573.63 362 286.82 14.1.3*

Error (a)
R x A 4 102 521.92 25 630.48

Harvest date B 2 97 169.85 48 584.93 3.32 NS

Interaction. AB

A x B 4 43 294.81 10 823.70 0.74 NS

Error (ft)

A{R x B) 12 175 615.33 14 634.61

NS. not significant at 0.05 level: *, significant at 0.05 level.

considered superior to the stepwise techni
que (Goodnight 1979).

Cob Breakup Index
the best one-variable model determined

for cob breakup index is:

with R2

Y\
Xio

where

= 1053.4-5688.1 Xl0 (10)
= 0.528, significant at

0.0001 level,
= cob breakup index and
= cob modulus of toughness

in 106 x N-m/m3.

A multi-variable model was also select

ed for cob breakup index. This was based
on the maximum R2 improvement method
with an additional condition that all the B

values (regression coefficients) must be
significant at the 0.05 level. The model
selected is shown in Table VIII. Cob-

crushing strength and cob diameter were
found to be the more important variables
influencing cob breakup index. It is inter
esting to note that cob modulus of tough
ness, which was found to correlate best

with cob breakup index, was dropped in
the selected two-variable model.

Concave Separation Efficiency
The best one-variable model found for

concave separation efficiency is

Y7
with R2

where Y2

x,,

63.48 + 0.18*1, CD
0.566, significant at
0.0001 level,

concave separation
efficiency in percent and
cob bending elastic mod
ulus in simple bending, ex
pressed in MPa.

A four-variable model was selected for

concave separation efficiency (Table IX).
Thus kernel moisture content, cob mois
ture content, cob crushing strength and
cob bending elastic modulus were found to
be the more important variables influ
encing concave separation efficiency of
the rasp-bar cylinder. The R2 of 0.800
indicates that 80% of the variation in con

cave separation efficiency determined for
the three varieties over three harvest dates

can be accounted for by the differences in
the measured values of the four crop prop
erties listed in Table IX.

Shelling Efficiency
The best one-variable

for shelling efficiency is
model selected

Y3 = 94.43
with /?, = 0.456,

0.0001

h L40X9
significant

level,
at
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where K3 = shelling efficiency in
percent and (12)

X9 = cob crushing strength,
in MPa.

Table X gives the best multi-variable
model for shelling efficiency.

Kernel Damage Level
The best one-variable model relating

kernel damage to crop properties found in
this study is:

Y4 = 90.62- 15.71 X9 (13)
with R2 = 0.431, significant at

0.0002 level

where Y4 = kernel damage level and
Xg = cob crushing strength

in MPa.

A two-variable model, as shown in

Table XI, which included cob crushing
strength and cob bending elastic modulus,
was found to be the best model for describ

ing the relationship of kernel damage with
crop properties. This implies that knowl
edge of the maximum compressive
strength and the bending stiffness of the
corn cob can be effectively used to predict
kernel damage in a combine cylinder. Wa
elti and Buchele (1967) had established in
their own studies that low kernel damage
was associated with low kernel detach

ment force, high kernel strength, low
kernel deformation and low cob strength.

It is to be noted that the results of these

regression analyses could be substantially
changed for each variety or harvest date,
when considered separately, since these
two factors had significant effects on most
of the variables studied.

SUMMARY AND CONCLUSIONS
The relationships between the perform

ance of a rasp-bar cylinder and the prop
erties of the corn ears being shelled were
investigated. A split plot field experiment
with three corn varieties, three harvest

dates and three replications was estab
lished. Analysis of variance, correlation
analysis and multiple linear regression
were performed on the experimental data
collected.

The following conclusions were drawn
from the results of this investigation:
1. Cob crushing strength was found to be
the most important single crop property
influencing the performance of the rasp-
bar cylinder.

2. A two-variable model was selected

for the cob breakup index which included
cob crushing strength and cob diameter.

3. A four-variable model which in

cluded kernel moisture content, cob mois-
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TABLE II. SUMMARY OF ANALYSES OF VARIANCE: CALCLALTEU f-VALUES

Variable Factors

Variety Harvest date

Measured variables A B A x B

Cob breakup index 14.13* 3.32 NS 0.74 NS

Concave separation efficiency 17.55** 1.98 NS

0.75 NS

1.58 NS

Shelling efficiency 18.82** 3.67*

Kernel damage level 25.45** 228.09** 10.36**

Kernel moisture content 45.39** 193.62** 1.39 NS

Kernel modulus of deformability 3.00 NS 6.62* 0.49 NS

Kernel linear limit load 7.54* 15.04** 1.16 NS

Cob moisture content 0.34 NS 66.83** 2.62 NS

Cob diameter 1.61 NS 18.36** 1.38 NS

Pith diameter 11.37* 99.88** 1.35 NS

Cob thickness 2.84 NS 17.01** 0.59 NS

Cob elastic modulus

in radial compression 6.00 NS 6.24* 5.05*

Cob crushing strength 167.46** 0.84 NS 6.93**

Cob modulus of toughness 41.10** 15.64** 7.50**

Cob elastic modulus

in simple bending 15.62* 8.46** 0.81 NS

Cob bending strength 15.72* 7.64** 0.66 NS

NS. not significant at 0.05 level; *. significant at 0.05 level: **. significant at 0.01 level.
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TABLE III. MAIN EFFECTS OF CORN VARIETY

Corn varieties

Warwick Funk Asgrow

Measured variables SL-207 G4065 RX 23

Cob breakup index 835.8o 619.1 ft 434.9 ft

Concave separation eff. \%) 65.4 ft 69.4 a 71.9a

Shelling efficiency (%) 97.7 ft 99.7 a 99.9 a

Kernel damage level 35.9 b 41.1 a 41.1 a

Kernel moisture (% wet basis) 24.4 c 21.9 a 26.8 ft

Kernel modulus of deform. (MPa) 41.0a 33.1 a 53.3 a

Kernel linear limit load (N) 116.2 ft 114.0ft 144.6 a

Cob moisture (% wt basis) 40.3 a 40.5 a 42.0 a

Cob diameter (mm) 26.1 a 25.3 a 25.1 a

Pith diameter (mm) 8.1 a 8.5 a 7.6ft

Cob thickness (mm) 9.0 a 8.4 a 8.8 a

Cob elastic mod. compr. (MPa) 20.8 b 22.8 aft 24.4 a

Cob crushing strength (MPa,) 2.9 c 3.2ft 3.9 a

Cob toughness (106 X N-m/m) 0.056 ft 0.061 ft 0.107 a

Cob elastic mod. bending (MPa) 20.3 ft 40.9 a 35.0 a

Cob bending sterngth (MPa) 1.5 ft 2.2 a 2.0 a

Each value is the mean of nine observations (three blocks and three harvest dates).
ac Values in a row with the same letter are not significantly different at the 0.05 level based on Duncan's new
multiple range test.

TABLE IV. MAIN EFFECTS OF HARVEST DATE

Harvest dates

Measured variables 22/09/79 06/10/79 20/10/79

Cob breakup index 677.8 a 667.4 ab 544.6 ft

Concave separation efficiency (%) 70.2 a 68.4 a 68.1 a

Shelling efficiency (9c) 99.1 a 99.0 a 99.1 a

Kernel damage level 54.4 a 30.5 ft 30.2 ft

Kernel moisture (% wet basis) 30.8 a 25.7 ft 22.6 c

Kernel modulus of deform. (MPa) 17.8 ft 46.0 a 63.5 a

Kernel linear limit load (N) 78.7 ft 142.7 a 153.5 a

Cob moisture (% wet basis) 48.9 a 38.3 ft 35.6 ft

Cob diameter (mm) 25.8 a 26.1 a 24.6 ft

Pith diameter (mm) 7.4 ft 9.4 a 7.4ft

Cob thickness (mm) 9.2 a 8.3 ft 8.7 ft

Cob elastic mod. compr. (MPa) 21.4 ft 25.5 a 21.2 ft

Cob crushing strength (MPa,) 3.4 a 3.4 a 3.2 a

Cob toughness (10" x N-m/m) 0.076 ft 0.064 c 0.083 a

Cob elastic mod. bending (MPa) 41.9 a 25.4 ft 28.9 ft

Cob bending strength (MPa) 2.2 a 1.6ft 1.9 a

Each value is the mean of nine observations (three blocks and three varieties).
a-c Values in a row with the same letter are not significantly different at the 0.05 level based on Duncan's new
multiple range test.

TABLE V. SIMPLE EFFECTS OF VARIETY

Harvest dates

Corn varieties 22/09/79 06/10/79 20/10/79

Sheeting efficiency (%)
Warwick SL-207 98.5 ft 97.4 ft 97.4 ft

Funk G 4065 99.4 aft 99.8 a 100.0 a

Asgrow RX 23 99.8 a 100.0 a

Cob elastic modulus in radial compression (MPa)

99.9 a

Warwick SL-207 23.1a 21.6a 17.8 ft

Funk G 4065 22.3 a 26.8 a 19.3 ft

Asgrow RX 23 18.8 a 28.8 a

Cob crushing strength (MPa)

26.4 a

Warwick SL-207 3.3 a 2.7 c 2.5 c

Funk G 4065 3.4 a 3.3ft 3.1 ft

Asgrow RX 23 3.4 a 4.1 a

Cob modulus of toughness (l(f X N-m/m3)

4.1 a

Warwick SL-207 0.070 ft 0.043 ft 0.053 ft

Funk G 4065 0.060 ft 0.050 ft 0.07.3 ft

Asgrow RX 23 0.097 a 0.100 a 0.123 a

a-c In a column, for each variable considered, values with the same letter are not significantly different at the
0.05 level based on Duncan's new multiple range test. Each value is the mean of 21 test samples.

ture content, cob crushing strength and
cob bending elastic modulus was found to
be the best regression model for concave
separation efficiency.

4. The shelling efficiency of the labora
tory sheller depended very much on the
cob moisture content, cob crushing
strength and cob bending elastic modulus.

5. Cob crushing and cob bending elas
tic modulus were found to be the more

important crop properties influencing
kernel damage in the experimental com
bine cylinder (Table VIII).

6. Most of the dependent and indepen
dent variables studied were significantly
affected by corn variety and harvest date.

7. The variety with the weakest cob
suffered the greatest cob breakup during
corn shelling. The same variety also had
the lowest concave separation efficiency
and shelling efficiency.

8. The variety that had the highest
values of kernel and cob mechanical prop
erties in radial compression suffered the
least cob breakup during shelling. The
same variety had the highest concave
separation efficiency and shelling
efficiency.

9. Kernel moisture content was found

to be a more significant factor influencing
the performance of the sheller than cob
moisture content.

10. Cob breakup index and kernel dam
age level decreased significantly with de
lay in harvesting corn.

11. One important implication of the
results of this study is that the selection of
the variety of corn for optimum perform
ance of the conventional combine cylinder
can be based on the knowledge of the
physical and mechanical properties of the
corn cob.
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TABLE VI. SIMPLE EFFECTS OF HARVEST DATE

Warwick

SL-207

Varieties

Funk

G 4065

Cob elastic modules in radial compression (MPa)
23.1 a 22.3 a
21.6a 26.8 a

17.8 a 19.3 a

Cob crushing strength (MPa)
3.3 a 3.4 a

2.7 aft 3.3 a

2.5ft 3.1a

Cob modulus of toughness (l(f x N-m/m')
0.070 a 0.060 aft

0.043 ft 0.050 ft

0.053 aft 0.073 a

Asgrow

RX 23

18.8 ft

28.0 a

26.4 a

3.4 ft

4.1 a

4.1 a

0.097 ft

0.100 ft

0.123 a

a.ft In a column, foreach variable considered, valueswith the same letterare not significantly differentat the
0.05 level based on Duncan's new multiple range test. Each value is the mean of 21 test samples.

TABLE VII. CORRELATION COEFFICIENTS SIGNIFICANT AT THE 0.01 LEVEL

Corn physical and
mechanical properties

Kernel moisture cont

Cob crushing strength
Cob toughness
Cob bending elastic modulus
Cob bending strength
Cob diameter

Laboratory sheller performance

Concave

Cob breakup separation
index efficiency

0.695

-0.556 0.529

-0.727 —

— 0.752

— 0.705

0.644

Shelling
efficiency

0.676

0.522

0.508

Kernel

damage
level

-0.523

-0.656

-0.531

-0.654

-0.631

TABLE VI11. MULTIPLE LINEAR REGRESSION MODEL SELECTED FOR COB BREAKUP
INDEXt, R2 = 0.649

Source

Regression
Error

Total

Intercept
Cob crushing strength
Cob diameter

df

24

26

B values

-1769.551

- 191.830

119.065

/•-values

22.14

15.94

23.16

Prob. t

0.0001

0.0005

0.0001

tThe above isthebestmodel based onthe maximum R1 improvement method forallBvalues significant at the
0.05 level.

TABLE IX. MULTIPLE LINEAR REGRESSION MODEL SELECTED FOR CONCAVE
SEPARATION EFFICIENCY!, R2 = 0.800

Source

Regression
Error

Total

Intercept
Kernel moisture

Cob moisture

Cob crushing strength
Cob bending elastic modulus

df

4

22

26

B values

52.736

0.436

-0.170

2.424

0.122

F-values

22.07

8.92

4.86

15.46

16.23

Prob. F

0.0001

0.0068

0.0383

0.0007

0.0006

•i-The above is the best model based on the maximumft2improvementmethodfor allB values significantat the
0.05 level.

TABLE X. MULTIPLE LINEAR REGRESSION MODEL SELECTED FOR SHELLING
EFFICIENCY!,/?2 = 0.652

Source

Regression
Error

Total

Intercept
Cob moisture content

Cob crushing strength
Cob bending elastic modulus

+Theaboveis the best modelbasedon the maximum R2 improvement method forallB valuessignificant at the
0.05 level.

df

3

23

26

6 values

95.327

-0.053

1.382

0.041

/•'values

14.36

4.59

26.98

12.74

Prob. F

0.0001

0.0430

0.0001

0.0016

TABLE XI. MULTIPLE LINEAR REGRESSION MODEL SELECTED FOR KERNEL
DAMAGEt, R2 = 0.719

Source

Regression
Error

Total

Intercept
Cob crushing strength
Cob bending elastic modules

df

2

24

26

B values

98.470

-13.179

- 0.507

/-values

30.72

24.94

24.66

Prob. F

0.0001

0.0001

0.0001

"i'The above is thebestmodel basedon themaximum R2 improvement method forallfi values significant at the
0.05 level.
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