' * l Agriculture and Agriculture et

Agri-Food Canada  Agroalimentaire Canada

ARCHIVED - Archiving Content

ARCHIVEE - Contenu archivé

Archived Content

Contenu archive

Information identified as archived is
provided for reference, research or
recordkeeping purposes. It is not subject to
the Government of Canada Web Standards
and has not been altered or updated since it
was archived. Please contact us to request
a format other than those available.

L'information dont il est indiqué qu’elle est
archivée est fournie a des fins de référence, de
recherche ou de tenue de documents. Elle
n'est pas assujettie aux normes Web du
gouvernement du Canada et elle n’a pas été
modifiée ou mise a jour depuis son archivage.
Pour obtenir cette information dans un autre
format, veuillez communiquer avec nous.

This document is archival in nature and is
intended for those who wish to consult
archival documents made available from the
collection of Agriculture and Agri-Food
Canada.

Some of these documents are available in
only one official language. Translation, to be
provided by Agriculture and Agri-Food
Canada, is available upon request.

Le présent document a une valeur
archivistique et fait partie des documents
d'archives rendus disponibles par
Agriculture et Agroalimentaire Canada a
ceux qui souhaitent consulter ces
documents issus de sa collection.

Certains de ces documents ne sont
disponibles que dans une langue officielle.
Agriculture et Agroalimentaire Canada
fournira une traduction sur demande.

Canadid




% 2

———— L
Zanes N
B VB Y
‘/‘ A '*"A".ci “-l
? g T s —
Brila) i ;
N 1 |

{
il
\ O
A\
R

N AR
e e

Engineering XXXX =

Research Service

ARCH
631.604
[ AC20:2
- ne. 576
| 1976 ~

(1 ELAS e e




Contents o . Pagoe

- Summary o ' S v _ 1
[ntfoductibn" 2
Thé‘Apnaratué_ v IR R o | 3
ExnéniméntalvMethnds, i - , B 5

nResults and Observatibnsl‘ :' - _ S 7
Discussjon'andeonclusions S | . ‘ 9

"Rofcronces = e ; o T : :"A> : - v 11
Tuhlc 1. Sumnnry dfndatu For‘all readings. _  | : .’15

21 Summaryvof data Viving regression
constants and correlatlon coefficients _ .
for all data. _ ‘ - o - 16
3. Summary of data eliminating 6 eggs ‘
'vfrom the statistical analysis. o , .17
Figure 1. Scnematic diagram'Of‘apparatus. o '."' o 18
:2.'Cqmpbnents‘of‘the.apparatus. o o 19
3. Thevanpafatus in aneration. .-'. ‘ : - 20
4. Scafter dlagrams and regression 11nes for

. results _ ‘ . 21

Contribution No. ’Ezp from anlneerlng Research Service,
Research Branch Agrlculture Canada Ottawa,

Ontario, KIA 0C6.-



»

PREDICTION OF EGGSHELL THICKNESS AND STRENGTH BY ULTRASONIC MEASUREMENTS

Peter W. Voisey, - and R.M.G. Hamilton,
Engineering Research Service Animal Research Institute.

Research Branch,

‘Agriculture Canada,
Ottawa, Ontario, KIA 0C6.

SUMMAR_Y
Ultrasonic measurements were found to be cérrglated with shell.

thickness (r = 0.424),und wifh the forc¢ required to ffaéture the shell
under quusi¥§tatic compressioﬁ (r = 0.203) based on readings from 84 eggs.
If 6 eggs which were at the extremes were eliminated from.the data, the
'coefficients increased to 0.82 and 0.43 respectively. vThuS,‘it would
appear thét ultrasonic measurements may have potentialifof predicting
shell thickﬁesé aﬁd strength non-destructiQely. Itvwas concluded that
additional testing énd'dévelopment is wbrthwhile when morerprecise equip—

ment becomes available.



INTRODUCTION

Egg breékage causes'considerably losses to'the poultry industry.
Thus, the measurernient of eggshell strength is of interest to poultry
breeders and nutritionisté‘as thié quality factor must be determined to
examine the effect of experimenfal treatmeﬁts. Engineering Research Service
in co-operation with the Animal Research Institute have performed a number
of experiments to examine the relationships between ‘the force required to
_break the -egg (quasi-static ahd dmpact) and a number of cgg characteristics
sﬁch‘as egg specific gravity, shell thickness, Shﬂpg, size and non-destructive
'dgformation. The extent of this wbrk is indicated in the list of references
by the work of Hamilton, Huﬁt-and‘Vbisey spanniﬁg-liZYGars. A ﬁrimary
objective of the work was to Tind a physical characteristic of the egg that
predicted its ‘strength precisely and quickly te handle the=mény replicates
needed 4in fypical experiments.

Tdéélly any ﬁeasurement of shell stfength fdr‘ekperimental purposes
_ shourdsbé~h0n-destru¢five. VEég specific grévity and non—destructive-defor—
mation meet this requirement But althoﬁgh they are correlated with shell
stréngth, *their prediction is ‘mot very precise. (éeher'a].ly, thesc I.IICZISIITC—
ments ‘account for at best only about 50% of the variation iﬁ éggshe]l strength.
Theoreticaily, a major facfor in shell strenéthvis shell thickness but in
practhe"this also aﬁpears to account for less than 50% of the strength
variation. ‘Shell thickness cdn be preeisely determined breaking the shell
and -diTect measurement wiih-a dial gauge (Voisey and Hunt, 1973, 1974). A
nﬁclear non-destructive technique for this measurement, developed at USDA,
Beltsville, was cxamined and found to be inaccurate (Hunton, 1969; Voisev,

lMunt and James, 19695 Voisey and James, 1970; Voisey and Hunt, 1976).



Gould (d971- claimed that an altrasonic device ullbwod non—deStructivo
meueurement ot shell thicknesa. hecunse ot the importance dF:this discovery
d p1e11m1nary e\perlment was-. conducted The'resultsn(VOisey and Hamiitdn,
1”76) 1nd1cated that the technlque was potentlally useful .- Uitrasonic
'readlngs and'shell thlckness at 4 1nd1v1dua1 p01nts on-theveqdator of 100
?égs were signifiCantiy-correiated'(r = 0.59).. The mean.readingsvar each
cne were hctter corvelated (r =vd.74): 'There was considerubie.scutter
among the mean rondinus, but a 1inenr‘re]utionship betwoen them was cvident.
Ultlasonxc-technlques are W|de1y used fer industrial meqaurmenta
;nch.ds the thlckness of coatlngs on metals and have been used For a number
of avrlcultural abplrcatrdns such as back fat determ1nat10n in- hogs, leather
qua11ty and m11k fat measurement (F1nney, 1973) Thus, the needed equlpment
~is readily. ava11ab1e‘1n various degrees of sophlstlcatlon - If the
prediction accuracy could be raised suff1c1ently then the‘technique could
be-eaeﬁiy inpienented for test work, or.even quality»selectiOn'for broddction
systéms. . .
The purpese:of the work here:was to test an impreveddapparatus and deveiop
'technrques to Obtdln better prediction performance and to further exam1ne
the rellt1onsh1p between ultrasonlc readlngs and shell thickness using
thor as the transm1>>10n med1um Eor the ultrasonlc beam Also, the relation-
N
shlp between the ultrasonlc readings and shell strength was examined.
THE APPARATUS
- The apparatus was eséentially the same askprevieusly reported (Voisey
and Hamilton, 1976). An'ultrasenic.transducer-(C, Fig.'l;_Fig. 2A) focused
‘_1ts beam (D) on to the sheli surface over a dlstance of 3. 8 cm. The beam was
trlnsm|tted to and from the egg by water -. a common technaque for 1ndustr1a1

gpplications. Hnergy was'reflected by both the inner and outer surfaces of
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the shell. The.difference in time between, the pulses reflected by the tWo
surfaces was proportional to the distance between the inner and outer surfaces,
i.e. shell thickness. The reflected energy was detected by the same'transduccr.
The pulsc frcquency of the ultrasonlc energy was 10 Milz.

The egg (A) was supportcd by 4 plastic ro]]crs (B an. 17 turncd
by a hand crank (Fig. 2B), SQ that-the egg could be eruted reldtjvo to the
~ transducer while maintaining'the-shell surface at the focnI point of the
ultrasonic beam. The.transducer, rollers and lower haIftoF the egg were
‘immersed in a water bath (Fig. I, 2B) containing a wetting agent (household
detergent). The method was used on the hypothesis tnat shell thickness |
varies over the egé (Vcisey and'Hunt; 1974).v A measurement o€ meen shetl
thickne€ss at the weakest part of the shell{ the eqdﬁtcr, should be more
prediétive of tnickness and'strengtn then_the thickness at a single point.
Using the arrangement snOWn it is technically feasible to do this by}turning
the egg & single remolution, togobtain a continuous ultrasonic reading; and
provide a readout of the amerage shell thickness at“the equator by means of
e1ectronic;circuits. A water‘transmrssion medium alse facilitates the design
of an automatlc.system to test eggs on a continuous basis.

The transducer was connected to a standard ultrasonlc devrce Model
303, Krautkramer Branson Inc. Stamford Connccttcut 06004) (Fig w) th]t
provided a digital readout."This system is capable of completing measurc-
ments at a single point on the shell at the rate of 2000 ner sec. Thus, it
s thdnrcticnllf feasible to-tnke sevcral readings nrOUnd the.equator to
“establish an uccntuto modn butisti]l test n_mﬁquor ot caus per sccond. The

complete apparatus is shown in figure 5.



EXPERIMENTAL METHODS
Approxiﬁatéiy equal ﬁumbers of eggs were colleéted from three com-
méféiél typé fldcké. vFlock'Aﬁwas fed the Ottawa hétching ration containing
3.1% calcium and the birds wére‘470'déys bld. The secpnd fiock (ﬁ) comprised

birds that had been in lay.for about 180 days and were fed a 3.25% calcium con-

taining dict. [Flock C had also been prbducing eggs’ for .about 180 days but had
Deen fod Jower ‘than normal calcium from the time of hatching (0.51% caldium
trom 1 to. 143 days and 2.25% calcium between 143 and 180 days). It was assumed

that_fhese_seigctibns‘providedAa group_of eggs_with‘a‘wide rahge of shell
qQalitf to prope;ly,eﬁaluate the instrumenfal techniques.‘The_eggé were caﬁdled
é;dvthosg-with defecﬁiye shells discardéd;:AThe remaining 84 eggs were tested
as fpllowst IR . . AP - L . .. .
- | FoﬁrveQUally spaced pbints were marked éroﬁnd.the»Circumferenéé of
.tﬁéAequétof; An‘u1trasohic feading wés tﬁén feéorded ét.eaéh idcatién. “A con-
tinuous réédoﬁt_§f éVeragé thickngss ét thé équator wa$ then obtained fér each
egg'by'stéadily fotéting.tﬁe egg and noting'the readiﬁg aftér it had'sfabilized.
ihe hoh—destfuéti?e:déformafioﬁvof the‘shell,.fér.an—éppligd fo}ce»change,of 0.1
té 1;1 Kg Qﬁs then ﬂ;ted. This_waédécéomplished by compressing-tﬁé egg at 2.0 cﬁ
min~1 in an_Instr§hAtesting maéhine (Voisey énd Hunt,'i§73,_1974).equipped with
ubpfcéiée digital ieédout of deformation asbdescribed Ey Voisey t1975), Voisey

and Buckiey_(1974) gnd Voisey et al.. (1974) and previdusly.employed to test eggs
by Voisey (1975), Voisey.et alf (1973) and Vdisey and Hamiiton (19761. The quasi-
sfatig fracture force when eéﬁh egg wés chpressed betweén parallel ground steel
surfuces_af.é.b cm min—1 was then detefmined (Voiéey and Hunt; 1973, 1974) using
#n élecfroﬁic péak‘forcg indipator for the réadout (Voisey, 1971).1 A piece of
.shéli was then removed from the membranes at‘eéch'ofzthe'four_markéd locations on
thg éqUator and fheir'thickﬁess-measured,gy a digl gauge compéritor (Voisey and
Hunt, 1973, 1974). The mean ultrasonic reading ‘and shell thickness for each

egg was then calculated from the readings-taken at' the four marked locations.
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The ultrasonic aﬁpéfaths was operated.with the following settings.

Range 1.0 Zero 423 ’ - - Fine delay 2 o'clock
' " 4 db in, rest out

Material Cal 414 Double
Delay II 0 Normal mode

Damping off - 0
Frequency.logH'Hz - _' _ ' _ Codrsc gnfn 60
Range 5 in. - - ;' _ o “Fine gain C
Coarse defay 2

AAs previousiy mentioned (Véiéey andnHaﬁtLton, 1976), calibratibn-of
the ultrasonic reédoﬁt in terms of thickness by an independent étandard
presented problems. The following technique was,'thefefore, developed.
Two sheets of co?per'(a & bj of different thiékﬁess Were:alﬁernate]yvplaced
on-the pkastic'rollers above the transducer . Thé readout controls were

adjusted until the readings were 100 .times the thickness of the sheets (in

English units). These readings were as follows:

Sheet - A Thickness | - Reading
in. mm
a 0.0215 0.546 21.5
b 7 0.0300  0.762  30.0

The instrument was- thus calibrated to give precise measurements of thickness

of copper sheet to within 0m0001vin. (0.00254 mm) and this provided an

arbitrary but known consistent instrument standardization techniaue.

The instrument was maintained in a constant operating condition so the

readings obtained should, tn theory, be repeatable. Readines were taken from

the copper sheets priorv to testing cach cog.  To climinate the drift durine



“warm up tho u1rrus0nic readout was switched on for 1 hir prior to the test.

fﬂciéulibrﬁfion 6F the'instrumont.wusvrhusvimﬁrOVcd compared to
the proviousffest (Vbiséy,nnd Hamilton, 1976),u Also, tﬂo'ultrusonic
insrfﬁhcntnfioh seftiﬁgs,abOVQ werevrécommended'as'the oﬁfimum for this
épplication Byrthe‘inStfument manufacturer. It Was . "aééumed that the
ulriasonic tecﬁniqueﬂwashevaJUated undervbettér‘coﬁditionsvthan previously.

RESULTS AND OBSERVATIONS |

Thc‘repéated ga]ibfatiohvreaQings from thé copper ﬁlaﬁes were
nhsolurclf consist¢ﬁr tﬁfdughoufvthe expefimenp. 'Thus,viﬁ‘Was conc}uded
ﬁhuf the instrument was stab1e and gave fepéatébie regdings.

’Thé‘céhtinuous méaéurement gechnique'of éteadily fotating the
egg'did ﬁottgive ;atisféctory reSuits.l Thé'féadings Wéfebﬁof céhéistenf;
ﬁnd>j£‘wds foﬁnd diffiéuit té obtaiﬁ.étable réadings.b.Thus,.these data
Qére'considéred sﬁsﬁéét. Thgwproblem_was‘attributed tb,movement of the shell
sufféce rélative_to thé foca1 poin£ of thelultfasonic tfénsdﬁcer due to oﬁt-v
Qf,rqundneés of the egg, Surfacé.imperfectiOns énd £he fact:that the egp
t§udcd to mer 1ﬁternlly sligﬁtly since jtfwas not a perfect ovoid shape.

A summuryfof the_reSuits (Table 1) indicafed.thatfshell thickness

6{ the three flockS_(A,iB and;C) were on the_average the éame andbsimilarly.
vnyiublc,within_grodps (9, 11 and 8% respecéivély)t The:QVerage ﬁltrasonic readings
indicured siighr diFEerences (less fhéh 3.6%) between groups.and the vari-
ation within groups Wns not consistént being 15% For‘grqup‘Abcompared with 7
and 0% for groups B’dnd C‘féspeétively.'iWith the exception of tﬁé UR at one
location in éroup A;differences in é&érage éhell thickneés wifhin groups at

the four measuremeht‘locatiOns were not indicated by either UR or direct‘shell_
thickﬁess_measufements. The-vériation withih.groups'was the'same at the four

. Iocatidns as. for the pooled readihgs within groups. Generally the'variation

' for:fhe pooléd or ihdividuél 10cation'readings‘Within grbuhS»wés similar for

“both UR and thickhess measurements.
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The average fracture force for cach group indicated a trend o¥
decreasing shell strength from group A to group C. The significantly lower
force for group C chpared to A‘and'Bnmy refléct the influence of the lower
calcium‘Which the flock had been fed. The force readings were paralleled by cor-
respondiﬁg iﬂcreases in the ndn;déstructive~deformati0n readings.

Averages Bésed on the pooled readings from thé three groups indi-
cated~thathariation of fractﬁre force (21%) and deforhation (26%) were
similar. The variation of sh¢11 thickness according to UR or thickness measurc-
ments (8 to 11%) was less thanvhalf the indicated sfrenqth variations. This is
a typical result and points out that shell thickness ‘can Only account for a
part of’the Strength vﬁriations.

. The UR gave Sheil thickness values that were nonrfy twice the
.actual shell thiékness. This ﬁbints out that the calibratiqn’with copner
sheefs:does ﬁOt calibrate thevinstrument in thescorreCFFunitslfor tésting
eggs. . It would appear that thinner copper.sheets shou}d be ﬁsed and the
calibration based on the regression betweeﬁ shell thickness‘and UR.
Theoretically, it i§ feasib1e>to adjuét the sysiem/fo‘indicate shell thickness
éxactly. Thié waé not attempted for‘this-wdrk. This‘may bQ difficﬁ]t,
‘howevér, Sinée the slope of the régression 1ine bngod oﬁ individual rend%nqs
was 0.157 threas it wﬁs.0.260 based on cge means (Table 23.

‘chrcssiéns-und correlation ééoFFicicnts ﬁmoné.ull traits (Table )
indicated'thuf shell thickness and strength (i.e. force) were felatod
(r = 0.48). UR and shell thigknéss based on individual locations (r = 0.31)
or egg means (r = 0.42) were-correlated at about the same level. However,

UR and shell strength based on egglmeans (r ;‘0.2h)'were gorrelated at a
significantly lower lével. On the other hand, non-destructive deformation

and shell thickness (v = -0.54) and non-destructive deformation and shell

strength (-0.09) showed the strongest velationships within, the experiment.



Correlation between continuous hltresonic.readings.and the other
traits produced coefflc1cnt5 ran01nq from 0.009 to 0.031 1nd1cat1np that
this means of measureﬁent wae.not satlsfactory (Table 2) Also the.average

'thickness indicated by,the eontiﬁu0us.UR as oppesed to UR frem the four
iocatieﬁs was Sigﬁificantly higher (0:600 c.f. 0;536'mm y Tablet})., Thus,
it was conclqdé& that‘the centinnens reading technique Was hot:Qnrthy of
ﬁlprhprvinyestigutien. |
| Scuttefy&ingpums of tho Qntn indicated thdt HtheedinnS from 06
of.tho eRes wete‘fer ftom the{utefuge.relqtionsﬁip. .These»were eliminated
from the data end theeétatisticel.eeleulationsﬁrepeated (Table 3). It was
Js\umod that the 6 eggb were due to local shell 1mper‘ect10ns (thickness
oy stronoth) Thls sh0wed that‘the correlatlon between shell thlckness and
strcngth (r = O 46) and shell th1ckness and deformatlon (r = .0.57) and
deformatlon and strenoth (r = -0.61) were essentlally unaltered .However
tﬂe relatlonshlps between mean UR and mean shell thlckﬁess (r = 0.82) and
veenn UR and Shell_strengtﬁ:(r = O 43) were cen51derably 1mproved These
;effectslnre illuettatedtby”§eatter'diagrams (Fig. 4).
. DISCUSSION AND CONCLUSIONS

Tﬁe reeults obtdjﬁed support the breviOUe'conclhsion that ultrasonic
techniques have a;potential“applieation for measuring sﬂetifthickness. They
leo.ihdicate‘the'ﬁoéeibility.of'a relatiohship with shefijstrength.- As

.prev1ously dlscussed (Voisey and Hamllton, 1976) shell thlckness typically
on]y accounts for 14 to 31% of " shell strength variation. Thus, an 1mprec1se
indicution of shell thickness_is not likely to prove a ptecise index of.shell
strehgth.l However,_ultrasonic readings are affected by both shell-thickness
'.janq shell;density which both affect strength. The_technique may thus be

useful for predicting strength as well as shell thickness. The results here
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are encouraging and indicate-thaf the method.is worthy of further investigation.
If the correlafion'be£Ween ultrasonic readings and shell thickness is con-
sistent and at the“lével oﬁtaiﬁed from the_dafé.(r = 0.82) or the previous test
(r = 0.74) the method _ .
already represents a_useful non-destructive technique for measuring shell
thickness. If strength could also be predicted from the same ultrasonic
readings, the technique would indeed be a useful one.

It was concluded that unless soﬁe better means can be found to
maintain a constant_distan;é between the egg,surfaée and the transducer while
the egg'rotates , this version éf the test method is not satisfactory.

Improyeme;t of the accuracy of ;hé UR method in dctérmininp shell
‘thickness is'prediétably difficult. The narrow range of shell thickness
found in'experimegtéltéggs (e.g. in this test = 0,057 mm ort0.0022 in.) and
in commercial production dictates the need for an extremely high degree of
precision dnd resolution of méasurment fo obtain accurate readings. Under
practical conditioﬁs fhis.may_not be possiblé Because of the number of cther cge
dimensions that vary. The-daté iﬁdicatedithat the UR Were reﬁentnble, but
this must not Be éénfﬁsed Qithlthe establishment of‘dn exacf re]ﬁtionshin
between:UR and shell thicknéss;u If is often %casib]e to>ohtdin rcpcnruhio
readings that are.imﬁrecise in ekperimentﬁl”work_Iendﬁng t6 incorréct con-
clusions. | |

An over-éll conclusion frOm’£he reéults is that the mean of several
readings taken around the equator of tﬁe egg bredicf’shellvstrength.and
thickneés-bettéf'fﬁan'individual feadings.‘ This is a logical outcome and it

remains to determine the optimum number of readings per egg.
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Table 1. Summary of data showing averages bascd on individual mecasurcement points and means

Group Of birds:

N of eggs
Trait
Fracture force Kg

Non destructive
deformation mm
Individual point
shell thickness mm

Mean shell thickness
mm (N = 84)

Individual point
dktrasonic shell
thickness mm

Mean ultrasonic shell
thickness mm- (N = 84)

rontinuous ultrasonic

shell thickness mm (N = 84)

-Position

Shelllthickness No. 1

(N = 84) 2
3
p

Jltrasonic thickness No.

(N = 84)

- 15 -

for cach cgy
- Pooled f(individual or

0

oo o

A R o | __ means),
Mean S.D. C.V. % Mean S.D. C.V. Mean S.D. C.V. % Mean © SL.D. C.V. %
29 27 28 84
3.03 - 0.55 18 . 2.98  0.57 19 . 2.84 0.72 25  2.95  0.62 21
071 0.014 20 0.072 0.021 30 0.083 0.020 24 0.075 0.019 26
0.321 0.028 9 0.320  0.034 11 - 0.320 0.024 8 0.320 0.029 - 9
0.320  0.027 8
0.549 ° 0.082 15 0.533 0.040° 7 0.529 0.032 6 0.537 0.057 11
0.536 0.044 8
0.600 . 0.062 10-
Thicknésélréading means of each of 4 positions on egg -
332 0.024 7 - 0.320 0.035 11 0.323 0.025 8
319 0.033 10 0.321  0.034 11 0.318 0.024 8
321 0.026 . 8 0.320 0.034 11 0.320 0.025 8
.321 ~0.029 9 0.320 0.034. 11 0.320 0.023 7
0.551  0.074 13 0.537 0.04Q 7 0.532 0.035 -7
0.545 0.075 14 .  0.530 0.040 8 ° 0.526 0.033 6
0.569 0.106 19 0.533 0.042 8 0.525 0.027 5
0.531  0.064 12. . 0.531  0.040 8 0.531 0.033 6



216 -

Table 2. Summary of data based on 4 readings on 84 eggs. Force in Kg, defor-
mation and shell thickness in mm giving regression constants for .
Y = aX + b and correlation coefficients (r).

Traits

y : ' X a b r
Mean ultrasonic thickness Deformation -0.337 0.562 QO,IAR
Continuous ultrasonic Deformation 0.058 0.595 0.018
thickness ' . :
Mean shell thickness ' Deformation -0.7406 0.376 -0.535
Deformation Force _ -0.021  0.138  -0.685
Individual point Individual point 0.157 0.23  0.313
shell thickness _ ultrasonic shell

‘ ' thickness

Mean ultrasonic shell ‘Continuous ultra-  -0.007 0.540  -0.009
thickness : - sonic shell thick- '

- ness
Meah shell thickness. Mean ultrasonic 0.260 .0.180 0.424

: shell thickness

Mean ultrasonic Force 0.0145 0.494 0.203

shell thickness

Mean shell thickness Continuous. ultra- 0.013  0.312  0.031
soniq shell thickness :

Ultrasonic continuous Force 0.003 0.591 0.028
shell thickness '

Mean shell thickness - Force » 0.021 0.258. 0.481

-
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Table 3. Summary of Results

"Eliminating 6 eggs  to see effect on results’
N = 78 eggs
. A _ Summary

Trait o » Mean ~S.D. C.Vv. %
Force Kg S 3.0 0.573 19
Mean shell rhicknéss_mm S 0.321 0.025 -8
Meun-ulrrnsonjc.shcll thickness mm 0.535  0.030 0
Shell deformation mm ; » 0.073  0.017 23

Regression equations Y = aX + b-and regression coefficients

Y X | a b r
Mean shell thicknéss . Force 0.020 0.260: 0.463v
Ultrasonic mean sheli 'Fofcé 0.023  0.463  0.433
thickness ' ‘
Mean shell thickness  Deformation -0.857  0.384 -0.573
Ultrasonic mean shell Deformation -0.680 0.582 —0.377

.thickness

Mean shell thickness ~ Ultrasonic mean 0.678 -0.039 ~ 0.82
. . shell thickness

Deformation C Force . -0.018 0.126 -0.609



Fignre 1. Schematic diagram of apparvatus. A. the egg; B. plastic rollers
rotated by a hand crank; C. ultrasonic transducer (AeroTechn Inc.); D. ultra-
sonic beam focussed on to the shell surface. The shaded portion represents
water containing household detergent.



Figure 2. Components of the apparatus. A. the ultrasonic transducer; B. the
water bath with hand rotated rollers to support the egg surface above the
transducer at the focal point of the ultrasonic beam.
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Figure 3. The apparatus in operation - from left to right; the water bath with
an egg installed, a charger for the power supply of the readout,
electronic control and readout package.
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Flgure 4, Scatter dlagrams Top, mean ultrasonic shell thickness reading against -
fracture force; bottom, mean shell thlckness against mean ultrasonic |
shell thickness reading. A. regre551on line based on all data (84 eggs);
B. regression line when 6 eggs are eliminated from the analysis.
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