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INTRODUCTION

The study of eggshell quality re
quires a means of measuring shell
strength to predict its ability to sur
vive processes used in production,
transportation and marketing. Be
cause the variation in shell strength
is high, large numbers of eggs must
be tested to obtain reliable data.
Thus any method used must require
minimum labor.

It has been shown that shell
strength can be measured by com
pressing the egg between flat plates
and that such a test yields a linear
force-deformation curve. The fracture
force (F) and total deformation (D)
may be used to calculate shell stiff-
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force, stiffness and energy are highly
intercorrelated (2, 5, 7, 8). The rela
tion of shell stiffness to fracture force
has been studied in non-destructive
(4, 6) and destructive tests (1, 2, 5,
7).

In the non-destructive test shell
deformation is measured under a
fixed load and is thus inversely pro
portional to stiffness. The apparatus
(6) developed for this purpose has
several disadvantages. Shell deforma
tion is small (< 0.035mm) and reso
lution of measurement is limited by
the dial gauge used. The force is
applied to the shell manually and
the rate of compression, which af
fects shell behavior (11), is not con
trolled. Friction at the plunger ap
plying force to the shell is not taken
into acount. The effect of these fac
tors was observed by Hunlon" using
the apparatus developed by Schoorl
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and Boersma (6). It was necessary
to load the egg several times, until
shell deformation was the same in
two successive measurements. This
technique is therefore time consum
ing.

Apparatus used for destructive
tests (2,7) have used strip-charts to
record force applied and shell de
formation during compression to
failure. Considerable labor is re
quired to take data from the charts.

The relationships among fracture
force, deformation and energy ab
sorbed suggest a method by which
the operating efficiency of eggshell
tests can be increased. The energy
used to compress the shell can be re
corded by an electronic integrator,
and the force at fracture by a peak
force amplifier. Deformation and
stiffness can then be derived from
their relationships to energy absorbed
and fracture force. The commonly
used physical shell properties can
thus be obtained without using strip-
charts and the data stored directly
on punched tape for computer analy
sis. The purpose of the work here is
to demonstrate these techniques,
compared with strip-chart recording
methods, and to determine the rela
tionship between non-destructive and
destructive measurements on the
same egg.

EXPERIMENTAL METHODS
AND APPARATUS

It should be noted that the ap
paratus used in this experiment was
assembled from equipment on hand.
The many alternative arrangements
and sources of equipment are not
discussed.

A compression machine (Model
TM-M, Instron Canada Limited,
Clarkson, Ontario) was used for the
experiment (figure 1A). The egg was
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compressed between flat parallel
stainless steel plates whose surface
finish was 0.8M. The bottom surface
was supported by a 100kg load cell
(B, figure 2) attached to the base
of the machine (A) and the top sur
face by a 50kg load cell (D) attached
to the moving crosshead (E). The
egg (C) was compressed between
the two load cells (figure IB) and
two equal output signals propor
tional to force on the shell were
available.

The top load cell (D) was con
nected to the recorder (F), supplied
with the compression machine, which
was calibrated so the full scale (0.25
sec. response time) equalled 1kg.
The "built in" load control circuit
was adjusted so that when the force
on the egg reached 0.5kg ± 0.5%,
the crosshead was automatically re-
reversed. An electronic integrator
(G) (Instron, Model G-90-21) was
also connected to the upper load cell
to record the energy used in com
pressing the shell. Shell deformation
was determined using the relation
ship between the compression and
recorder chart (200 cm/min) speeds.

The bottom load cell (B) was con
nected to a strain-gage amplifier (H)
(Model 300D-80, Daytronic Corp.,
Dayton, Ohio) which was equipped
with a peak memory output module
(M) (Model M, Daytronic Corp.).
The output of the amplifier was con
nected to a potentiometric strip-chart
recorder (J) whose full scale (5.0kg)
response time was 0.2 sec. (Model
E1101S Esterline Angus Inst. Co.,
Indianapolis, Indiana) and a digital
integrator (K) (Model CRS10X, In-
fotronics Corp., Houston, Texas).
The output of the peak memory mod
ule (M) was connected to a digital
voltmeter (N). Two tape punches
(L) were used to record the outputs
of the integrator and digital volt
meter. Force and deformation could
thus be recorded throughout com
pression as well as the energy ab-
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Figure I. A. The experimental apparatus B. An egg compressed between the two load cells

sorbed up to failure and the fracture
force.

Each recording instrument was
calibrated so that the relationship be
tween force on the load cell and its
output was linear and repeatable
within ± 0.5%. A single compression
speed of 0.05 cm/min was selected
for the test to eliminate variations
from this source (11). This speed was
used to ensure that the response time
of the different recording apparatus
was not exceeded (10).

Eggs were collected from a com
mercial type flock and defective
shells discarded. Each egg was placed
on the bottom load cell so that force
was applied at the equator and com
pressed until the force applied was
0.5kg, automatically unloaded using
the system connected to the top load
cell and then compressed to failure
using the system connected to the
bottom load cell. This procedure was
used to test 200 eggs and the follow
ing data noted or derived.

Where: n
d
c

i

v

non-destructive
destructive
chart
integrator
digital voltmeter.

Non-destructive test.

1. Non-destructive deformation Dnc.

2. Energy absorbed Eniin compress

ing the egg an amount Dn{;.

3. Energy absorbed Encin compress

ing the egg an amount Dncderived

from 0.5 D .

4. Shell stiffness S derived from
nc

0.5

Dnc
5. Non-destructive deformation D„;

derived from 2 •
0.5

Destructive test.

1. Force at fracture F
dc"

2. Force at fracture Fdy.

3. Deformation at fracture Dd<;.

4. Energy used to fracture the shell
E , derived from Fdc Ddc

dc —-

5. Energy used to fracture the shell
Edi-

6. Shell stiffness Sdc derived from
Fdc
Ddc

7. Deformation at fracture Ddiv de-

E
rived from 2

di

dv

For the purpose of this experiment
it was assumed that shell deforma

tion could be measured from the
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chart. This neglected the maximum
estimated error of 2.5% due to de
formation of the load cells (11).

RESULTS AND OBSERVATIONS

In all measurements made in either
the destructive or non-destructive
tests the mean, range and coefficient
of variation of the same traits were
similar, (Table 1), thus it can be
assumed that there is no loss of ac-
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Figure 2. Schematic diagram of apparatus.
A. Base of test machine; B. 100kg load
cell; C. egg undergoing compression; D.
50kg load cell; E. moving crosshead of test
machine; F. strip-chart recorder; G. digital
integrator; H. transducer amplifier; J. strip-
chart recorder; K. digital integrator; L.
tape punch; M. peak force detector; and
N. digital voltmeter.



TABLE I. MEAN, RANGE COEFFICIENT OF VARIATION (OV.)
AND SIMPLE CORRELATION COEFFICIENTS FOR ALL VARIABLES

Variable :Fdc Fdv dc
ELdc Edi Sdc D

nc
& •

m
s

nc
E

nc
D .

ax div

Units: g g cm cmg cmg kg/cm cm cmg kg/cm cmg cm cm

2
Mean 2720 2687 0.0172 23.6 25.0 158.5 0.0033 0.803 154.1 0.827 0.0032 0.0184

Maximum 4400 4345 0.0239 45.6 47.0 237.0 0.0054 1.370 238.1 1.350 0.0055 0.0262

Minimum 1640 1585 0.0131 12.6 14.0 100.6 0.0021 0.500 92.6 0.525 0.0020 0.0135

C.V. % 16.8 17.0 10.3 23.7 23.1 14.7 14.4 15.9 13-9 14.4 15.9 9.7

Fdv 0.994

dc
0.499 0.514

\c 0.924 0.927 0.785

di
0.925 0.928 0.767 0.992

dc 0.793 0.775 -0.x23 0.502 0.518

D
nc

-0.718 -0.700 0.088 -0.466 -O.U80 -0.888

E .
m

-0.729 -0.713 0.095 -0.471 ^).490 -0.907 0.967

S
nc

0.720 0.699 -0.106 0.456 0.473 0.907 -0.970 -0.931

E
nc

-0.718 -0.700 0.088 -O.466 -0.480 -0.888 1.000 0.967 -0.970

D .
ru

-0.729 -0.713 0.095 -0.471 -0.490 -0.907 0.967 1.000 -0.931 0.967

div 0.416 0.407 0.876 0.667 0.688 -0.127 0.089 0.088 -0.094 0.089 0.088

1. See text for identification.

2. 200 samples.

curacy or precision in using digital
recording techniques. The small dif
ferences that occurred can be at
tributed to the errors introduced by
neglecting deformation of the load
cells and assuming that force is
linearly related to deformation (9).
Correlation coefficients between
measurements from the digital re
corders and those derived from the
strip charts, 0.876 (Ddc:Ddiv) 0.967

(D^D,,,), 0.992 (Edc:Edi), 0.994

(F,^:Fdv) substantiate this conclu

sion.

Correlation between stiffness de
termined destructively (Sdc) and

non-destructively (Snc) was 0.907.

This and the high correlation coeffi
cients between other non-destructive

measurements and fracture force
agree with previous work and indi
cate that shell strength can be esti
mated non-destructively.

Correlation coefficients between
fracture force (Fdc) and all energy

measurements were high and com
parable to the correlation between
force and shell stiffness or non-de
structive deformation. Thus it can be
assumed that' energy measurements
can be used in destructive or non
destructive tests in place of force
and deformation measurements with
out loss of accuracy. This is sub
stantiated by the fact that correla
tion coefficients between fracture
force and other traits were approxi
mately the same for chart, digital
and derived data.

served that tests could be conducted
at rates up to 150 eggs/hr depending
on the dexterity of the operator.

CONCLUSION

Eggshell strength can be estimated
non-destructively or destructively by
recording the energy used to com
press the egg. Since this can be ac
complished by electronic integrators,
recording on punched tape, testing
efficiency is increased.

SUMMARY

Systems are described for record
ing the energy and force required to
deform eggshells in destructive or
non-destructive tests used to estimate
shell strength. Shell deformation and
stiffness can be derived from these
measurements.

During the experiment it was ob- continued on page 11
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According to Foster (1), cooling
air with a relative humidity above
equilibrium results in higher final
grain temperatures and slightly less
moisture removal. Figure 2 shows
the air temperature and relative hu
midity for equilibrium moisture con
tent of shelled corn (2). If the air
temperature is 40°F. the equilibrium
relative humidity is 60% for 14%
moisture corn. However, during the
harvest period in 1967 night-time
relative humidities exceeded 90% 34
nights out of 41 at Blenheim, On
tario.

To allow safe storage when good
aeration equipment is available the
corn should be cooled to an average
temperature of 70°F. before being
transferred. In deep corn beds, 30 to
40 foot corn columns, the tempera
ture of the lower corn layers ap
proaches incoming air temperature
when a 70°F. average is reached.
Some rewetting occurs but this has
not been a serious problem if all the
corn is removed from the tempering
bin.

SUMMARY

Dryeration is working satisfac
torily for users with volumes large
enough to justify independent tem
pering bins and multiple elevating
facilities. Research is continuing at
Purdue University to find a satis
factory means of utilizing storage
bins as tempering bins. Downward
air flow shows promising results (3).

To make dryeration successful, the
dryeration system must be well de
signed and the management of the
system must be well planned.

A source of heat to reduce high
relative humidities during cooling
may be necessary to make dryeration
a dependable means of removing
corn moisture when adverse weather

conditions prevail.

Reducing the fines in corn makes
conventional drying, dryeration and
aeration more successful. All of these

processes require air movement
through the corn mass, and restric
tion caused by fines can create seri
ous problems when the air distribu
tion is not uniform.

THE RAPID MEASUREMENT . . .

continued from page 8

An electronic integrator and a
peak force amplifier are used to re
cord the data on punched tape
eUminating the tedious work of
taking the data from strip-charts.
Testing efficiency is increased and
the chances of human errors re
duced.

An evaluation of the system indi
cates that shell strength can be pre
dicted non-destructively from the
energy used to deform the shell.
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