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ABSTRACT. 

Presence of crack in eggshell are suspect able due to higher speed in commercial egg grading 
machines, so non-destructive quality assessment of bioproducts using vibration analysis, the 
resonant frequency and the damping of the vibration are the main parameters for the non- 
destructive quality assessment. The focus of this research is to investigate the capability af the 
operational modal analysis as a nondest~ctive tool, to characterize and to quantify the fracture 
behavior of eggshell. This is achieved by studying the response of modal testing to the variation 
in strength as the main factor affecting fracture. This help in correlating modal parameters to 
fracture behavior. Two different methods are achievedl- traditional modal analysis using transfer 
fnnction between actuator and sensor and 2- operational modal analysis using transmittance 
function between pairs of sensors, input excitation was provided through a piezoelectric force 
transducer bonded to the center of the cup used for egg installation in order to extract the 
corresponding modal parameters and damping ratio. The test for strength was performed on eggs 
to correlated modal parameter to behavior of f~acture. This enables the evaluation of the ability of 
modal testing to predict fracture using an empirical formula. The damage index based on change 
in transmittance function is very sensitive to change in crack length. Structural information 
obtained about a biomaterial at diierent length scales is important in relating the structure to its 
funclional properties. This knowledge and the principles behind the formation of biomaterials 
could be used in the attempt of bioengineering new systems. 

1. INTRODUCTION. eggs are more vulnerable to Salmonelln and other 
bacterial infections leading to health hazards. 

In cOmlnercial egg production, cracking of Therefore, detection and removal of cracked eggs 
is a common occurrence resulting in downgrading of continue to be very important for quality assnrance 
eggs and substantial economic losses. Also cracked 
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in egg industry, Candling is a reliable and most 
often used technique for egg quality assessment. 
However, egg candling is an immensely difficult task 
and requires a combination of great skill, practice 
and concentration by the human operators, especially 
when linking it with high speed grading machines. 
As a result, attempts have been made to replace the 
human operators with the so called machine vision 
systems to detect cracks and other defects on egg 
surface [I-31. It has been shown that several 
problems associated with the misclassified images 
may affect the overall accuracy of such systems 
considerably [4]. Recently it has been reported that 
acoustic impulse resulting from a light mechanical 
impact could be used for online inspection of 
eggshell cracks non-destructively in real time [5-61. 
[S] Developed classification criteria for detecting 
surface cracks in shell eggs based on the frequency 
spectrum of acoustic impulse using multiple 
regression and multivariate discriminate Bnaiysis. 
The errors associated with incorrect identification of 
cracked and intact eggs were found 4 and 6%, 
respectively. In another approach, [6] used Pearson 
correlation coefficients between the frequency 
spectra of acoustic response to classify eggs. They 
showed about 90% accuracy for cracked egg 
detection with a false reject of less than 0.5%. 

Artificial neural networks (AlWs) have been widely 
applied to classification problems in many fields. 
Several successll implementations of ANN 
classifiers reveal their capability to extract trends 
and patterns from the large data sets 17-101. They 
offer significant advantages when dealing with noisy 
or obscure patterns over the statistical pattern 
classifiers [lo]. 
Due to higher speeds in commercial egg grading 
machines (which grade up to 120 000 egg&), an 
automated quality sorting principle is of interest to 
assure a consistent egg quality. One of the main 
physical quality parameters for consumption eggs is 
the presence of a crack in the eggshell. Very recent 
research shows that it is possible to detect cracks in 
eggshells on-line using vibration analysis 16, 11, 
12&13]. For this purpose, the egg is hit four times 
around its equator and the similarity (correlation) 
between the four measurements is used as a sorting 
criterion. In this way, up to 90% of the cracks can be 
removed while the number of false rejects (the 
percentage of intact eggs that are classified as 
broken) remains well below 0.5% 161. Because of 
complexity of eggs struchlre and transporting 
condition, no clear guideline and methodology for 
experimental analysis of eggs dynamic 
characteristics has emerged especially damping on 
line with eggs shell strength to have the proper 

estimation of eggshell life. To avoid sudden or 
unexpected fracture of eggshell is presented with 
correlating to strength. Two methods for estimating 
modal damping to verify the accuracy of the 
estimated modal damping ratio [14]. 
The research in this paper focuses on the question of 
whether it is possible to use vibration measurements 
to assess eggshell strength, as another important 
quality parameter, in an on-line way. This is a 
further step towards an integrated, on-line egg 
quality assessment. 
In the literature, different techniques can be found 
for determining eggshell strength. In general, they 
can be split up into direct methods and indirect 
methods [15]. Indirect methods measure a parameter 
that is related to the eggshell strength. The 
correlation between the different mcthods is 
moderate, and the choice of which m e w  to choose 
often depends on the application. Most methods are 
destructive. 
Measuring the eggshell thickness is one of the 
frequently used indirect methods to have an 
indication of the eggshell strength. Using a 
micrometer, it is possible to determine the thickness 
up to 0.02 mm. Another indirect measure for the 
strength of the egg is provided by the calculation of 
the percentage eggshell. [16] Show that 80% of the 
percentage breakage of a batch of consumption eggs 
can be explained by this percentage. A third widely 
used indirect method makes use of the quasi-static 
compression of the eggs between two parallel plates. 
By measuring the force deformation curve, it is 
possible to determine the static stiffness of the egg. 
In the present study, this method is used as a 
reference. 
Difterent direct methods are descnied in the 
literamre. The most widely used is the compression 
fraction force measured during quasi-static 
compression [16, 171. Other methods include 
puncture tests and impact tests. All direct methods 
are destructive. 
From the literature, it appears that their behavior has 
been simulated as a mass-spring system from which 
the dfhess  of the product is the factor describing its 
quality. The stiffness of the product is hence a 
function of both the mass of the object and its 
resonant frequency given by [12] with the dynamic 
stiffness, the mass of the egg and the resonant 
frequency. This is clearly an invariable model, 
linking only one vibration parameter (the dynamic 
stBness) with a reference quality parameter. The 
dynamic stiffness to estimate thc static stifmess is 
used of the eggshell. This invariable model is not 
applicable as such for eggshell strength assessment 
because of the moderate correlation between the 
kdyn and kstnt [IS]. The current study focuses on the 
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expansion of the invariable model to obtain more 
accurate estimates of the eggshell strength. 
Additional and improved information will be 
provided by: 
(1) A very accurate estimation of the resonant 

frequency (note that it is quadratically related to 
the dynamic stiffness and hence plays a crucial 
role). 

(2) Expanding the model by incorporating the 
damping of the vibration, which was ignored in 
all research found in the literature; including the 
mode shape, and put an empirical formula to 
correlate between modal parameters (natural 
frequency, damping ratio and magnitude of 
frequency response function) and 
strength.Therefore, the objective of this study 
was to develop a method for detecting eggshell 
cracks based on transmittance function of 
frequency response of eggs on line. 

2. BACKGROUND FOR DAMAGE DETECTION. 

Many methods of detecting damage have been 
proposed. One of the approaches that have received 
considerable attention in the technical literature is 
vibration-based damage detection. The fundamental 
behind vibration based on damage detection 
techniques is that changes in the physical properties 
will alter a system's modal properiies such as natural 
frequencies, modal shapes and damping. The 
discussion herein focuses on feature selection for 
damage detection I191 summarizing many features 
that have been proposed for vibration based-damage 
detection. 

Comprehensive literature reviews of subject 
structural health monitoring can be found [20-221. 
[23] Using chaotic input signature and a state-space 
method for damage detection. A novel feature called 
the local attractor variance ratio was developed using 
chaos theory. They showed how a properly tuned 
chaotic excitation could be used to robustly detect 
structural changes. Techniques based on neural 
networks require a model to train the system to 
detect damage [ 391. 1251 Investigated the damage 
detection of composite ship hulls using neural 
networks. They developed a finite element model for 
a stiffened plate to stimulate dynamic response of the 
structure with and without damage. Very small 
damage in composite materials, such as cracks, were 
snccessfully found using wavelet analysis [24]. [27] 
Used a fuzzy logic system to locate damage on 
helicopter rotor blades. A fuzzy logic system can be 
expressed as a linear combination of fuzzy basis 
function and is a universal function 
approximates.[26] Presented a review of various 
investigations on the effects of structural damage on 

natural frequencies. Many damage location methods 
use change in resonant frequencies because 
frequency measurement can quickly conducted and 
are often reliable, however, changes in ambient 
condition can cause significant frequency change in 
composite materials, and findings suggest that 
detection of damage using frequency measurements 
might be unreliable when the damage is located at 
regions of low stress. [28] Used transfer functions to 
determine the extent of joint loosening in automobile 
vehicle frames with high mileage .The method was 
successful but did not give specifics for frequency 
range investigated and what type of (FRFs) were 
utilized. 
The successful transmittance function testing for 
wind turbine blade damage analysis was presented by 
[29] and by [30]. And [37] used three different 
monitoring techniques at low frequency modal 
analysis and for high frequency transfer functions 
between the actuator and sensors and transmittance 
function between two pairs of sensors and 
experiments demonstrate that the transmittance 
function is vcry sensitive to change bolt load. To 
confirm the characteristic of transmittance hnction 
technique. This paper is focused to detect fracture in 
egg shell. For non standing signal due to variable 
force level which was not measured, and compared to 
traditional modal analysis. 

3. OPERATIONAL MODAL ANALYSIS USING. 
TRANSMITTANCE FUNCTION. 

Transmittance testing procedures are similar to the 
procedure using transfer function [36, 371. For the 
transmittance test the response in frequency domain 
of two sensors is compared with each other. In 
contrast to this Lest the response of the sensor is 
compared to excitation signals. Thus, for 
transmittance testing, sensor A was connected lo 
input channel A and sensor B was connected to 
reference channel B. The transmittance function 
between two response goints, 5 & b was calculated 
using. T 

ob ( f )  = 
u ,  ( J I  
Gbb ( f )  (1) 

where 

Gbb: is Auto spectral density function. 
Gab: cross spectral density function one side auto 

spectral density function and cross spectral can 
be computed from real data as 

&~~,T)B.v,T) ..... v > o )  (2) Gbbm =- 
(ndm ,=, 
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The spectral densities are a function of frequency 
can be averaged across (nd), where nd: is distinct 
sub-record of duration AT, * : Complex conjugate. 
The cross spectral density function is the Fouier 
transform of the cross correlation function, it 
represents the frequency domain, characterization of 
similarity of the magnitude and phase of two signals, 
there fore it can accurately detect damage over small 
distance on structure. Furiher more, measure 
transmittance data have complete information on the 
dynamic behavior of the test structure, in terms of 
vibration modes and damping, at many frequency 
points. So it is much easier to display O D s 4  from 
set of ODS FRF and obsewe mode shapes at 
resonance frequencies. The magnitude of scale factor 
is calculated by equation (4) [3 11, here as 

Where ARM (i) =Average value of the reference 
response APs for measurements set (i).This scale 
factor corrects each of ODS FRF magnitude 
according to average level of all reference response 
signals and average value can be calculated for any 
desired range of frequency samples [35]. 

4. MATERIALS AND PROCEDURES. 

The eggs (n = 200) used in the test originated from 
two genetically different lines of layers strains as in 
(table 1). The feed for the birds was a commercial 
diet. The hens were (65 weeks) old at the time of 
sampling. 

4. I. Experimental procedure. 
An experimental scheme was created to investigate 
hvo different health-monitoring methods to show the 
effect of two methods to detect fracture. One of the 
aims of this paper is the evaluation of change in 
fundamental modal properties and correlated modal 
parameter to strength of eggshell. The experimental 
performed on two types of egg as the same shape 
(type A Ross) and type B Lohmann) considerable 
variation in strength the characteristics of two types 
are as in Table(1) 

The experimental procedure of dynamic test for set of 
experimental is as follow: 
1- Subjecting two types of egg (A, B) to traditional 

modal hammer test as in Fig. (la, b), and to 
evaluate modal parameter and mode shape. 

2- Subjecting two types of egg (A, B) to operational 
modal analysis using evaluation of transmittance 

function with the egg subjected to high frequency 
range 1.6 KHz as in Fig.(3a ,b), and make 
comparison as in Table 2. 

3- Applying strength test to detect variation of 
strength related to modal parameter and check 
sensitivity to modal parameter to variation of 
strength as in Table 3 to construct an empirical 
formula. 

4- Subjecting the egg to transmittance function to detect 
damage in eggshell and check the sensitivity of 
transmittance test to detect damage as in Fig. (8). 

Table (1). Means and a n d u d  deviation of measured and 
calculated variables for the em shell characteristics. 

4.1.1 Test equipment 
The response of the eggshell sensed by a light 

piezoelectric accelerometer, weight (2.2 gm), 
mounting surface flatness, charge sensitivity (0.3 18) 
pc / n d ,  voltage sensitivity (0.415) mv/mb2 which 
was bonded to the opposite direction of impact 
hammer using a wax for IYee suspension that 
represent the inherent properties of egg. Without 
regard to the external constraint condition at 
frequency (0 - 1.6 KHz), both signals from impact 
hammer and accelerometer were supplied to EFT 
analyzer as in Fig. (1 a, b), and estimation with 
a narrow band of 800 Hz, centered around the 
fundamental frequency a sample of ERF and 
coherence function are in Fig. (2) Because of 
complexity of eggs structure and transporting 
condition there is no clear guide line and 
methodology for experimental analysis to be 
emerged. As mentioned this work focused on two 
different methods for vibration measurements 
traditional Modal Analysis (TMA) and 
transmittance function (T.Q. 

.. 
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FFT ANALYZER 
i 
z22?. - CHR CHB 

Thus the transmittance function A with respect to B 
was calculated according to equation (I). 
Transnlittance fimction estimation was made in 
frequency range from 0 1-12 to 1.6 KHz, which was 
divided into a series of sub range with 200 Hz band 
width as in Fig. (4). The identification within the 
frequency domain is done by using curve fitting, as 
shown in Table 2. The very good agreement between 
the two sets of natural frequency and damping ratios 
validates the use of either approach for modal 
analysis of ewhell 

Fig. (1,a). Schematic layout of the systemused for 
(TMA) modal analysis. 

Fig. (1.b). Free suspension for modal analysis. 

Fig. (2) A sanlple of F W  and coherence function 

In order to verify the accuracy of the estimated modal 
damping, the same set of data were presented using 
operating moving average ODs [31]. Fixed 
installation using cup and transmittance function were 
obtained experimentally, as in Fig. (34 b) (The 
support of the egg is chosen in such away that they 
coincide with the nodal points of the first elliptic). 
The system excitation was using exciter control 
through generator with variable force but did not 
measure. For transmittance testing sensor A was 
connected to input channel A and sensor B was 
connected to reference channel B of FFT analyzer. 

ptwJ-l 
Fie. (3 a.). Schematic layout of the system used fi 

Fig. (3,b). Fixed installation using cup used for 
operation modal analysis. 

Fig. (4) Auto spectrum for sub range with 200 Hz 
Band width. 
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Teblc (2). Compnrlrnn of nrlurnl Rcquencler Clr) and modal 
damping loss factor (q, %) ohulrncd by t w o  dimerent mcU~aJr. 

Mcfhads 1 Ifem 1 Mode No. 

5. DETERMINATION OF THE DYNAMIC 
MODULUS OF ELASTICITY OF TRE 
EGGSHELL AND MODE MEASUREMENTS. 

Modal Test 
~~8 Wot 
Hammer 
Madol Advsin 

From measured resonance frequency, the 
dynamic modulus of elasticity of the eggshell can be 
calculated by the formula for complete spherical 
shells and the modes due to extensional deformation 
alone, i.e. modes independent of the circumferential 
angle. This is reasonable approximation for thin 
shell. The modes must be either purely extensional 
or coupled bending, extensional according to 
equation (5) 133, 381. 

Where i = 0, 1,2, 
ki = Nondimensional frequency parameter 

depending on natural frequency [38]. 

Rrequencywz) 

Damping loss 
factar (q. %) 
FreoucnwO 

I 
2 * =[ I+- '";'] 

12R2 

where E , p ,  h, R, C: are modulus of elasticity, 
density of the shell material, thickness of the shell, 
radius of the sphere to the mid surface and Poisson 
ratio respectively. 
All vibration modes with the frequency bellow (1.6 
KHz) were calculated using FEA mat lap tool box 
for the described circular egg shell as listed in table 
1. Three vibration modes were found. The first mode 
occurs around (350 Hz) and is the first extensional 
mode. As mentioned above a slight peak is found in 
the frequency spectrum of the egg around this 
frequency. Modal analysis indicates that slight pcak 
corresponds with the first vibration mode Fig. (2). 
The second mode calculated, around (550 Hz) is 
more complex mode, and the nodal point, occurs at 
the point fixed which explain why no peak is found 
in frequency spectra around (550 Hz). The test 
procedure is thus unable to detect the second 
vibration mode. The third mode calculated occurs 
around (1600 Hz) and is associated with the second 

coupled bending extensional. Fig. (5) Visualize the 
pure extensional modes. The position of the eggshell 
in rest is depicted as in Fig. (3b) during the vibration 
of the eggshell. The dominant resonant frequency 
detected in the test procedure occurs around the 
frequency in Table 2. The mode shape, and elastic 
modulus of elasticity ate calculated according to 
equations (1-5) which the measurements of the 
amplitude of the vibration are measured at eight 
points distributed along the circumference of the 
eggshell under radial excitation for type (Ross) as in 

3346 

0.018 

350.5 

- ~ 

Fig. (5) Mode shape 

6. STRENGTH TEST. 

* 
940 

0.014 

942 

A total of 24 eggs were tested with a strength 
test for Lohmann selected Leghorns for laying egg- 
type chicken breeder and Ross shell eggs for broiler 
breeder. Specific gravity of the egg was measured by 
the floatation method using salt solutions ranging in 
specific gravity liom (1.072 to 1.090) g/cm3 with 
gradients of 0.003. Shell deformation measurement 
device was controlled by microprocessor. Shell 
deformation was measlued at the equator of egg. A 
force change of 0.981 N (first load) to 9.81 N (main 
load) was taken at a resolving power (lpm) and 
maximum diameter of egg allowance to measure 
shell deformation was( 52 mm). The force and 
defomtion were recorded throughout the test and 
used to calculate the static stiffness. A modification 
of the breakage strength apparatus 1341 was used to 
assess shell breakage strength P 0 as a non- 
destructive compression of an egg between two 
parallel plates. The rate of application of force was 
controlled precisely. Shell thickness (md100) was 
measured with a vice caliper to the nearest 0.01 nun. 
The average thickness was calculated from three 
measurements at the equatorial region of the egg 

J 

1600 

0.0g 

1595 
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(two in the poles and one in the middle part) the 
measurements were taken after the shell was dried 
and expressed as mm. x100. The whole egg mass 
and shell mass was measured with an electronic 
weighing balance to an accuracy of (0.01 g). 

7. DETECTION FRACTURE USWG 
(TRANSMITTANCE FUNCTION). 

In this test, the response in frequency domain of 
two sensors, moving sensor (A) and reference sensor 
(B) is compared with each other as depicts in Fig. 
(3b). Sensor A was connected to input channel A 
and reference sensor was connected to channel B 
and the egg is fixed supported as in Fig (3a) for the 
artificial excitation the exiting force with variable 
level force which does not measure. In this test, a 
roving accelerometer was used to measure two 
degree response at eight points on the egg. Each 
measurements set consist of APS for once roving 
response, APS of one reference response and cross 
power spectrum between roving and reference 
response pair, the transmittance function estimation 
were made in frequency range from (OH2 -1.6 KHz) 
which was divided into a series of sub ranges of 200 
Hz band the variation band uldth were investigated 
so to determine the best range to detect crack for this 
particular egg struchlral, (0-200) as in Fig. (8). the 
use of smaller band width allows for high frequency 
resolution than would be possible damage estimates 
were taken over entire (0-1.6KHz) range. 

8. RESULTS AND DISCUSSION. 

8.1. Strength vs. modal parameter (Prediction of 
eggshell strength using modal analysis). 

Ross eggshell have Iower damping ratio than 
Lohmann selected Leghorn eggshell. The decreasing 
of damping ratio with the strength is noticed for two 
types of eggshell as in Fig (6a). 

The natural frequency shows greater response to 
the eggshell type as in Fig. (6b), this can be 
explained by the dependency of natural frequency on 
the modulus of elasticity which varies within the two 
different types of eggshell. The magnitudes of FRF 
are sensitive to the type of eggshell. Finally, it can be 
concluded that on, FRF magnitude are sensitive to 
type of eggshell LohnIann and Ross to be tested. w,, 
is mainly dependent on eggshell type which can be 
explained by the dependency of natural frequency on 
eggshell stiffness that is affected by pl~ysical 
composition. 
The aim of this set of experiments is to correlate the 
modal parameters with the results of strength test 
performed on Lohmann and Ross eggshell treated at 
conditions explained in table 3. The modal 
parameters (q, w,, magnitude FRF) were plotted 

against strength as in Fig. (6a, b, c).The plot of FRF 
magnitude against the strength shows that the 
strength increase as the FRF increases as in Fig. (6 

(c) 
Confidence level = 98 %to 99.7% 

Fig. (6). Strength ss. modal parameter 
(Tor two types of egg). 

The opposite trends of damping ratio It seams as 
quasiuniform mass damping. The FRF with strength 
is explained by the nahlre between FRF magnitude 
and damping ratio which an increase in the damping 
ratio leads to a decrease in magnitude of FRF, Fig. 
(6b) shows that a, has large variation of strength. 
This was to be expected since the w, is related to 
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dynamic stiffness and mass was almosl constant; this 
relation was also found by [32]. Fig. (6d) shows the 
response surface of strength as a function of natural 
frequency (a) and F W .  It can be observed from 
surface plot that FRF increase with increasing of 
strength and natural frequency that increase dynamic 
stifmess. This result is in according with the effect of 
composition of egg on strength that shows an 
enhancement with increasing of dynamic stiffness. 

I I I 

Fig. (6,d)rResponse surface of strength as a function 
a -' of FRF w, and q. 

8.2 Multi regression Analysis. 

Multi linear regression is applied to establish an 
empirical formula that correlates the modal 
Parameter (q, w,, and FRF magnitude) which 
calculated with both low and high resolution 
estimates with the strength. It aims to estimate the 
strength of Lohmann and Ross eggshells as a 
function of its modal parameters. 

Step wise procedure SAS [40] was used to select 
the most relevant parameter T-Test is applied on the 
input variable in order to determine the most 
significant parameters that affected the response to 
avoid the nonsignif~cant parameter on the proposed 
model. Table 3, shows the results. The strength at 
force equal (ION) can be correlated to modal 
parameters (q, FRF, wn). The final modal for 
prediction strength for two types is given by 
equations (6,7). 
The data analysis of this experiment was carried out 
by using the statistical analysis system (statistical 
analysis system, 2000). Measured data were analyses 
by ANOVA. Least significance Difference test was 
used to determine between means. Significance was 
assumed at (ps 0.05) 

Linear, non-linear and stepwise regressions 
were performed using pmgram GLM (SAS.2000) 
variable with distribution were transformed prior to 
performing the statistical analysis. 

Strength=625q-O.O00Bwnf 0.39ZFRF 
(R4.979 & R2=0.959) (6) 

Strength=1377q+0.002Own-O.O43FRF 
(R=0.984 & R2=0.968) (7) 

8.3. Detection of Fracture using Traditional Modal 
Analysis 
The egg excitation was through plastic tip 

through a frequency range of (0 to 1.6 Hz). 
Estimation of transfer function was performed with 
F.F.T analyzer. The fundamental frequency was 
estimated from transfer function. Another 
experiment with a narrow band width of (800 HZ), 
centered on the fundamental frequency, was 
pefiormed to more precisely determine the 
fundamental frequency. 

Transfer function, fundamental frequency and 
damping estimates were recorded using the half- 
power band width at artXicia1 crack. Values 
incrementally from (0 to 3 cm). The results of the 
study are pr&ented in Fig. (7a, b). 

yc-2881*437.6 
R' -0.8387 

5 200 

'n = 0 a O.O 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Crack, crn 

Fig. (7a). Fundamental frequency with variable 
crack length (position of accelerometer near crack). 

I I 

Crack, crn 2 
Fig. (7b). Damping loss factor with variable crack 

length (position of accelerometer near crack) 

The Fig. shows that the fundamental frequency 
slight decreasing for long crack, for small crack not 
significant at w,,. The effect of crack on damping 
coefficient, this no significant at low crack but for 
long crack there is slight increasing in damping then 
the low sensitivity of modal parameter (w,,?,7) 

through the fundamentally can not detect damage 
therefore transmittance function was constructed. 

Engineering Research Journal, Minoufiya University, Vo1.30, No.1, January 2007 84 



Amer Essa A.H. and Gomaa. F. R.. ''Prediction of Fracture of Eggshell Using Operational Modal Analysis" 

8.4. Detection of Damage Index using 
Transmiftance Function. 
For the transmittance tests, the response in 

frequency domain of hvo sensors is compared with 
each other through two channel A, B thus the 
transminance function was calculated using equation 
(8) where a damage index is used to quantify the 
dynamic properties of structure in damage state 
composed to healthy state [37] using measured 
transmittance function across a given frequency 
range (0 -200 Hz) in terms of scalar value according 
to equation (8). 

h .  A , : IS transmittance function of response point i, 

relative to response j in healthy state and 
d Ti : Response the damage state. 

.A. matrix of damage indices are computed for 
the system whose size is equal to the number of 
response point measured. This matrix can be 
interpreted based upon the phenomenon being 
measured. 

Transmittance fnnction estimates were made in 
frequency range from (OHz - 1.6 KHz), which was 
divided into a series of sub range with (200 Hz) band 
width. The various analysis band widths were 
investigated so as to determine the best range to 
detect the fracture of the eggshell. The use of smaller 
band width allows for a higher frequency resolution 
than would be possible if the damage estimates were 
taken over the entire (0 - 1.6 KHz) range. The 
frequency band from (0 - 200 Hz) was observed to 
produce the most sensitivity of the damage index of 
fracture in eggshell. A sample of transmittance 
function, for this frequency range is presented in 
Fig. (8a) based upon the instxumentation scheme in 
Fig. (3a, b) the healthy state is represented by zero 
crack and fracture state plotted corresponds to crack 
(1, 2, 3 cm). 

The damage index was computed for cracked 
state as in Fig. (Xb) includes a complete state of 
t~ansmittance function for input frequency (0 -- 200 
Hz), (0-1,6KHz) range, an increasing trend with 
crack is observed as shown in Fig. (8b) the band 
width from (0 - 200 Hz) was observed to produce the 
most sensitivity of the damage index to fracture. A 
sample of this frequency ranges is presented in Fig. 
@a). 

I Ross Strain I 

Table (3). Desmiptive Stalisti~s of Vibration Analysis for 
Two strain of e~pshell. 
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C.V.% 

Thickness (T, pmm) 

Slrmgrh (P. N )  
- 

NnruroImaquenq(r& Hz 

Domp;n~LosrFaoror (7) % 

Dyonr;cSi~%#sr (k4) d h i t  

S.E. Var. 
Items 

38.67 

32 

872 

0.0127 

0.0868 

Range 

31.67 

23 

210 

0.005 

0.013 

Mean 

42.67 

48 

1600 

0.018 

0.170 

Min. Max. 

16.4 

93.4 

286057 

0.003 

0.002 

1.651 

3.945 

218.35 

0.0023 

0.0315 

10.46 

30.19 

61.34 

44.88 

88.82 



I 0 20 40 60 80 100 120 140 160 180 200 
Input Frequency, (Hz) 

Fig. (8 a) Transmittance Function with 
accelerometers for variable crake length (0- 200 Hz) 

range. 

Ei crack 2 cm 

I hP"1 F,lllu~"oy,Hz J 
Rig. (8 b). The damage indices of sensor A to B 

with variable level of crack for different band width. 

8.5. Effect of egg suspension on dynamic signal. 

Fig. (9) shows that the constrains imposed on 
the egg by suspension methods tended to damped the 
vibrations at different resonant Frequencies 
differently. The hinging method imposed the least 
constraints on the egg, and the power spectrum 
showed the highest amplitude at the first resonant 
frequency followed by the second and the third in 
decreasing order. The power spectrum obtained with 
resting on the cup was similar to that obtained with 
hanged, but the amplitude at the first resonant was 
slightly damped out by the cup. The test results show 
that there are one extra mode below 50 Hz are due to 
the fixed supporf are rigid mode and has no effect 
on elastic natural frequency. 

0 20 40 60 80 100120140160180200 
Frequency, (Hz) 

Fig. (9): Effect of egg suspension on dynamic signal 

9. CONCLUSIONS. 

1. The experimental technique described here 
illustrates the efficiency and robustness of the 
modified transmittance function to detect damage; 
it is also shown that, for variable range 'of 
frequency it can be used to detect variable damage. 

2. Damping parameter can be considcred as an 
efficient tool for detecting the rate of change of 
growth of crack 

3- The correlation between strength measured and 
modal parameters was highly significant, damping 
loss factor can distinguish the strength for two 
types of eggshell. 

4. The mode of elasticity of eggshell was obtained 
from dynamic measurements with formula for 
complete spherical shell, the technique in this 
work enablc to measure the modulus of elasticity 
several times. 

5.The experimentally obtained modal parameters for 
two types of egg are in agreement with their 
structural and macro characteristics, this fact will 
supports the rationally and reliability of these 
proposed testing strategy. 

6 .  The data produced by operational modal analysis 
reveals that this is a capable, pou~erful 
experimental technique that can be used to 
examine the fracture structure within the eggshell, 
indicate a complex design that has been formed in 
order to maximize the functional properties. This 
study has provided valuable information of the 
eggshell and is useful as s t~ctura l  information to 
predict fracture, is required in order to be applied 
to bioinspired design of novel materials. 
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10. APPENDM 

Nomenclature 

Tab Transmittance function between two 
response points a and b 

Gbb Auto spectral density function 
Gab Cross spectral density function 
B(f,T) Fourier transform for signal B(t) 
A(f,T) Fourier transform for signal A(t) 
* Indicates to complex conjugate 
AT A period of measurement 
Nd Distinct sub record 
ARMci, Average value of the reference response 

(magnitude) for Measurements 
MA Modal analysis 
TMA Traditional Modal Analysis (Impact test) 

ROSS Type of egg for broiler, 
Lohmam selected Leghorn Type of egg for 

Laying 
Damping loss factor 
Natural frequency 
Natural frequency of i mode (hertz) 
Non dimensional frequency parameter 
depending on natural frequency 
Thickness of shell 
Modulus of elasticity 
Radius of the sphere to the mid surface 
Density of the shell egg 
Poisson's ratio 
Finite element analysis 
Standard deviation 
Operating deflection shape 
Specific gravity of the egg 
Shell thickness 
Egg mass 
Shell mass 
Shell deformation 
Damage index at point i relative to 
point J 
Transmittance function of response i 
relative to response j in health state. 

Transmittance function of response i to 
response j in Damage state 

SAS Statistical analysis system 
ANOVA Analysis of variance 
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