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ABSTRACT

Title of Thesis: Hinge-Bill Orientation Techniques
for Automated Oyster Processing

John Gird, Master of Science, 1977

Thesis directed by: Dr. F.W. Wheaton
Associate Professor

Agricultural Engineering

The width and thickness dimensions of oysters
and an inclined V-shaped trough were studied as means
for achieving end orientation. Two series of
experiments were conducted on 2,430 oysters sampled
from three different locations in the Chesapeake Bay,

Both width and thickness were measured
every 0.2 inch along the oyster length from the hinge
to the bill end. A width to thickness ratio was
found to be the best dimensional combination for
distinguishing between the hinge and bill ends. Less
than 0.50 percent of all oysters failed the ratio
test conditions. Statistical analysis on five width
to thickness ratio tests with failure rates between
0.25 and 0.49 percent showed there to be no
differences in the percent oyster failure over all
bars and across all tests. Results indicate that
comparable oyster orienting efficiencies can be
attained by width to thickness ratios with
orienting points located 0.4 to 1.0 inches in from the
oyster ends.

Negative results occurred when an inclined
V-shaped trough was used for orienting oysters, There
were significant differences in the proportion of
hinge and bill leading oysters exiting the trough for
each trough loading position over all bars ang oyster



axes, The tendency for the oyster axes to behave
differently explained some of the differences in the
trough's orienting efficiency. However, there were
no significant relationships between orienting ef-
ficiency and oyster axes,
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CHAPTER 1
INTRODUCTION

Oysters are the most important seafood harvested
in Maryland. In 1976, Maryland watermen harvested
15.8 million pounds of oyster meats with a dockside
value of 16.4 million dollars (Current Fishery Statistic
No. 7183). Maryland, the leading oyster producing
state, accounted for 29 percent of the total 1976 United
States production of 54.4 million pounds (Current Fishery
Statistics No. 7200).

However, the Maryland oyster industry has many
serious problems, The method of meat removal from
oysters has been essentially unchanged since Colonial
days. This hand shucking method is slow and has a
potential for injury to the person opening the shellfish
because of the difficulty of opening the shell, the
dexterity required, and the sharp implement used. Also,
persons with the skill required to do this work by hand
are rapidly disappearing either because of change to more
desirable occupations or because of age. Paparella and
Allen (1970) reported that the average age of oyster
shuckers in Maryland is about 55,

Because the oyster industry is so dependent on
hand labor, labor costs have increased retail product
price. In 1950, oyster canners of the South Atlantic
region came under minimum wage regulations requiring a
minimum wage of 75 cents. per hour (Blue Channel
Corporation, 1957). The increase in cost caused many
oyster processors to look towards mechanical oyster
shuckers as an alternative solution. But today, with
much higher wages, manual labor still accounts for 60
to 90 percent of the processing costs (Wheaton, 1972).
Such has been the success of mechanizing the oyster

industry.



Many attempts have been tried to eliminate or
reduce the hand labor involved in oyster processing.
Unfortunately, the lack of uniformity in size, shape
and other physical characteristics of oysters has made
purely mechanical systems unworkable. Presently, no
suitable automated method has been devised.

Limited success of opening and shucking oysters
has been achieved by the use of chemical compounds,
electric shock, microwaves, lasers, heating or
freezing, and mechanical cutting.

Several attempts have been made to use chemicals
in shucking oysters (Prytherch and Koehring, 1936;
Welcker and Welcker, 1961; Fehmerling, 1970). Such
chemicals attempted to relax the adductor muscle, thus
permitting the subsequent release of the meats from the
shells. Variations in the time required for the chemical
on to occur and the efficiency of the chemicals

reacti
used caused such treatments to fail.

carpenter (1963) experimented with an electric
field, Although it was said to be successful with
scallops, it has resulted in partial cooking of oyster
meats. Such cooking renders them unsuitable for the
raw market trade.

Sprachlin (1971) used microwaves as an oyster
shucking assist. Microwaves heated the body tissues
causing relaxation of the adductor muscle. The high
risk of partially cooking the oyster meat is the main
disadvantage of this method. To avoid cooking,
microwaves can be used to gape oysters. However, hand
shucking is still required.

singh (1972) utilized a carbon dioxide laser to
shuck oysters. Because of high equipment expense and low
efficiency, long exposure period, and the need for precise
orientation equipment capable of locating the muscle
attachment from the shell exterior, this method has been
restricted in its use and development.



Evans (1969) and Wheaton (1974a) have attempted
to shuck oysters by means of infrared radiation., Intense
heat is used to sever the adductor muscle from the shell
by destroying the connective adhesive layer between the
muscle and the shell. Like microwaves, the temperature
produced by infrared radiation may cause the oyster meat
to be partially cooked.

Smith (1971) and others employed cryogenic
freezing of oysters to sever the bond of both the hinge
and the adductor muscle. However, after thawing, bleeding
was moderately severe due to cracks on the outer surfaces
of processed oysters.

Harris et al (1974) demonstrated the use of
mechanical cutting devices for automatically severing
both the hinge and adductor muscle attachments.

Although this machine has shown promise for shucking

some oysters and producing a raw product, it is stil]

in the developmental stage. Damage done to oyster meats

by the cutting blades, limitations on conformation of
oysters it will handle and low shucking rate has

hampered acceptance by oyster processors.
Whatever method is employed to shuck oysters,

a series of operations must be performed

successfully before an oyster can be considered
"shucked". As demonstrated in the last paragraphs, most

research has been conducted on the muscle detachment gng

hinge severing operations. Related operations such as

oyster washing, metering and orienting have receiveqd

less attention. In order for a totally automated shucking

machine producing raw oysters to function efficiently
all of these operations must be researched.
All raw oyster shucking machines presently under

development require the oyster to be correctly orienteq

before entering the machine (Evans, 1969; Harris et al,

1974; Wheaton, 1974a). Improper orientation results in

damaged or destroyed oyster meats, a considerable losg.



Thus, one subsystem of a shucking machine will be an
oyster orienting system. Manual orientation can be
done, but it is usually expensive and not entirely
reliable.

Unfortunately, little documentation exists on
orienting oysters. However, orientation is critical in
the design of oyster shucking machines. This research
will define a methodology usuable in studying oyster
orientation problems., In addition, several alternate

means of orienting oysters will be explored.



CHAPTER 2
LITERATURE REVIEW
ORIENTATION CONSTRAINTS

Oyster orientation may be defined as: the act of
locating and placing a specific physiological point of
an oyster at a predetermined location,

According to Boothroyd and Redford (1968)
orientation devices fall into two groups: those
incorporated into a machine feeder; and those located
between the machine feeder and workheads, Devices used
within the feeder very often orient by rejection and may
be termed passive orienting devices. Items usually enter
passive orienting feeders from a hopper containing
randomly oriented items. Depending upon the shape of the
items, they will rest on the feeder surfaces in certain

orientations or attitudes. Orientation in the feeder

usually consists of rejecting all objects Possessing any
but the desired orientation, or only selecting and
feeding those items oriented in the desired manner. Only
correctly oriented items pass through the device; others
fall back into the feed hopper. Rejected items are
recycled through the orienting device in an attempt to
properly orient them.

Some orienting devices are fitted between the

feeder and the automatic workheads. These may be termed

active orienting devices. Orientation by rejection is

often not possible when using active devices, since items

cannot easily be returned to the feeder,
The application of either an active or a passive

orienting device depends upon many factors. First, the
product must be examined to identify possible orientation

characteristics. Product characteristics such as size,
weight, shape and material determine what orienting can

5
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and cannot be accomplished. For example, if a noticeable
weight difference exists between the two end points of a
product, then the product can be easily oriented, Because
the center of gravity is to one end of the product, it

has a natural tendency to feed and be oriented in one
direction, Whatever characteristic is chosen, the greater
the distinguishing difference exhibited, the easier it is
to orient the product. Also, the more uniform the
characteristic is from item to item, the easier it is to
orient.

While examining the product, it is important to
identify its natural resting position. All orienting
systems, when bulk feeders are used, must be based upon
this characteristic (Tipping, 1969). It is simple to find
this property for most products. The resting position of
most items can be found by tossing a number of them into
the air and allowing them to fall on a flat table. The
majority will come to rest in a particular orientation;
the natural resting position. All orienting studies
should start with this, otherwise one will be working
against nature.

The most important factor determining whether an
active or a passive orienting device is employed igs the
number of possible orientations the product can exhibit,
Ideally, the product should have the least number of

important orientations. For example, using a passive

orienting device with a product having eight possible
orientations each of which are equally probable, the

feed rate of oriented items would be only one eighth of
the actual feed rate. Using active orienting devices
could increase feed rate considerably. However, one must
reconcile the opposing requirements of increased feed
rate and percent failure of an active orienting device,
Orienting outside the actual feeding device, one usually
sacrifices the ability to recycle the product if it

cannot be oriented on the first pass.
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The feeder can of course be used to do part of the
orientation, principally getting the product into a single
line or into some other known attitude, Thus, the feeder
can reduce the number of possible orientations for some
products; which reduces feeding and orienting problems and
may increase the number of correctly oriented items. Thus,
the efficiency of the feeding device may be improved,

Consistency in the dimensions used to feeq and
orient a product is essential to proper operation. In
manual operations certain dimensions may vary but operators
can make adjustments for the variation., Manual
operations eliminate the feeders, chutes and slides where
Jams caused by product variability can occur. Processing
machines, on the other hand, are accurate and have
dimensional limits on their workheads and chutes, They
are also inflexible and cannot learn to cope with
products outside specified limits. Many passive
orienting devices have dimensional limits on their
machine components. Products exhibiting wide variations
in dimensions cannot be handled by a single passive
orienting device (Tipping, 1969). The product must be
sorted or graded before entering a series of feed hoppers

and orienting devices.
Bliek (1970) noted that the more dimensional

variability exhibited by a product, the more difficult it
is in forming distinct orienting points. The result is' a
"complicated and frequently not interference-free operating
orienting contraption". The reliability of such devices is
questionable since the freedom from hold-ups does not exist.
Research on oyster orientation equipment ig
complicated by the fact that it is considered a problem of
low priority (Evans, 1969). Many shucking workheads have
already been designed with little or no regard to the needs
of oyster orientation equipment. Thus, it may be very dif-
ficult to design orientation devices around existing shucking

machines. Under such circumstances, one must firgt study the
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individual operations in an oyster shucking machine before
designing the actual orienting device. Information on
feed rate, product handling, and operational design are
Just some of the important variables which must be
investigated to properly establish requirements of an
orienting device. This data will determine whether a
passive or active orienting device is required, and how
and where it must be designed into the system,

SYSTEMS ANALYSIS

Holtman et al (1974) defined systems analysis ag
the technique for determining performance characteristics
for a system's interacting components when operating in a
specific environment. An automated oyster shucking machine
may be considered as a system made up of a number of
inter-related subsystems. Each subsystem or operation
performs a specific task and must be understood at the
outset in order to optimize adjacent subsystems. Thys,
the orienting operation must be tailored to fit requirements
of its adjacent subsystems. By analyzing the ad jacent
operations, it is possible to characterize some of the
initial problems and design criteria.

The mechanical oyster shucking system developed
by Wheaton (1972) involves three principal locations on
the shell. Two of these are the points where the adductor
muscle attaches to the shell. The third point of interest
is the oyster hinge. When all three attachments have been
severed, an oyster is considered "shucked", Severing these
attachments involves a 3-step combination of infrared
heating and a mechanical severing device. Infrared heat
is applied to one side of the oyster causing the release
of the muscle attachment on one shell valve. A mechanjcal
system then severs the oyster hinge and a similar infrared
heating process is used to release the second shell-muscle

attachment and free the meat from the shell.



Figure 1 is a simplified flow process chart of
Wheaton's (1972) oyster shucking machine. There are five
subsystems on the flow chart which are of interest in the
design of an orienting mechanism. Thesge subsystems are
the washer, clump separator, singulator, first muscle
detachment and the shell trimmer (Figure 1), Processing
begins by conveying oysters from a storage bin to the
washer. Here, the shell stock is washed to remove as
much dirt, mud and fouling as possible. Clumps of oysters
are then separated into individual oysters by a clump
separator. The single oysters pass into a metering
device which meters them out one at a time ang feeds them
into the orienting apparatus. The oysters enter the
orienter with either the bill or hinge end leading. The
orienter rotates the oyster so that all the hinges are
pointing in one direction and all the bill ends are lined
to the direction of travel of the
Thus, the long axis of the oyster
the direction of travel of the
first heating conveyor. After the first heating operation,
the oysters are conveyed to the shell trimmer, Here, the
hinge end of all oysters is trimmed, exposing the hinge

up along a line parallel
first heating conveyor.
will be perpendicular to

for later severing.
An apparatus capable of orienting oysters for the

above mentioned shucking process must perform two distinct
operations: (1) it must first recognize which end of the
oyster is the hinge end, and (2) it must then rotate thoge
oysters with incorrect orientations to a correct one,

The design of the Wheaton machine easges orientation
problems considerably. Since all oysters are washed prior
to entering the orienter, attached debris that may hinder
orienter performance is minimized. Orientation isg further
simplified by the includion of a clump separator,
Orientation of oyster clumps is theoretically impossible

(Yoos and West, 1965).
An orientation device should utilize the natural

resting position of the product in order to maintain
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FIGURE 1. PROPOSED FLOW PROCESS DIAGRAM FOR THE WHEATON OYSTER SHUCKER
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efficiency, alleviate complexity of design and improve
performance. Oysters discharged from the metering device
in the Wheaton shucker are positioned with either the
left or right valve lying flat on the conveyor belt, a
natural resting position. Using the natural resting
position of oysters greatly simplifies design of an
orientation subsystem.

It would appear that a passive orienting device
would be a logical choice for the Wheaton shucker. The
natural resting position requirement has been satisfied and
there are only two important oyster orientations,. Since
valve orientation is unimportant only end orientation is
required, Thus, it would seem feasible to include a
passive orientation device within the feed system where a
mechanical filter would discriminate between the hinge and
bill ends of oysters. Oysters incorrectly oriented on the
first pass would be recycled into the feeder for another
trial.

Although orientation equipment may be included in
the Wheaton shucker, the oyster physical characteristics
pose a problem. Consistency in product dimensions is
essential for automatic orientation. Wheaton (1974b)
reported that oysters harvested in Maryland will vary in
length from 3.0 to 8.0 inches, and in shape from nearly
round to long and narrow. In width, they vary from about
1.5 to 6.0 inches, while naximum thickness varies from
about 1.0 to 2.5 inches. Since the metering operation
does not segregate oysters according to size or shape, the
orienting device must handle a very non-uniform product,
Multi-staged sorters and feeders could be designed, but
at a prohibitive cost. Oyster dimensional inconsistency
and the economic constraint of a single feeder limit the
usefulness of a passive orienting subsystem. Design of a
single passive orienter to efficiently handle the
dimensional variability of oysters is probably impossible,
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The rapid shucker feed rate (60 oysters per
minute) required to meet processors expectations
(Wheaton, 1972) favors an active rather than passive
orientation systems. Maintaining such a high capacity
usually requires a continuous flow process. When oyster
dimensional variability and the high continuous processing
rate are combined, a simple passive orienting device
appears even more unfeasible.

Maintaining the feed rate, preventing interferences
at the metering subsystem and eliminating costly multi-
staged feeders requires the orienter to be placed outside
of the feeder. Failure to do this will downgrade the total
shucking system to a costly, non-interference free operation.
ese considerations an active orientation

Based upon th
e is proposed for the Wheaton oyster shucker. The

devic
orienting subsystem will be located after the metering
operation and will take advantage of existing adjacent
subsystems design criteria. Such a design will optimize the
shucking operation.

The proposed active orienter will operate in the
following manner. After oysters have been discharged from
the metering device such that the long axis of the oyster
is placed parallel to the line of travel with the hinge or
bill end positioned in a forward direction, they will enter
the orienter. A discrimination operation at the orienter
will determine whether the hinge or bill end of each oyster
jg leading. Similar orientation of all oysters will next
be accomplished by rotating 180 degrees only those oysters

with the hinge in front (or vice versa).
An ideal orienting subsystem for the Wheaton

shucker would, in my opinion, possess the following

characteristics:
1. be an active type orienting device.

2. be a continuous flow design.

3, be capable of orienting at least 60 oysters

oysters per minute .
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4. be capable of processing all single
oysters regardless of shape, size, or other
physical properties.

5. operate with high reliability.

6., would not interfere or impede
operation of ad jacent machine subsystems .

ECONOMIC ANALYSIS

The fundamental facts necessary for a study
of oyster orientation were laid down in the last
section. Before proceeding further, it is
necessary to define preliminary economic guidelines
for any orientation device. It is important to
remember that the objective is not to mechanize the
process, but to find the most economic processing
method. Economic machine requirements include
reduction of processing costs and increasing or
maintaining return on capital invested.

Indexing devices such as orienting

s which handle complex products (i.e.
gize and other characteristics) are

mechanism

awkward in shape,
treated as pure special purpose devices (Tipping, 1969).

e the most difficult to design, develop
It is almost impossible to estimate

These devices ar

and manufacture.
with any degree of accuracy the cost of a special

purpose machine unless one prepares a comprehensive
feasibility study, eliminating all trouble spots and
then doing rough designs to a degree suitable for an
estimation. Since this study is in the conceptual
stage, accurate cost estimates are unnecessary. The
designer during concept formulation is concerned
primarily with problem definition; the establishment of
economic and product requirements; and the
ative solutions in the broadest terms.
two alternative solutions to

operational,
mapping of altern
Thus, in this analysis,



14

oyster orientation are investigated; manual
orientation and mechanical orientation, Using
assumed conditions, both solutions will be analyzed
and compared with only labor and oyster rejection
costs as input. Expected performance of both
solutions will be compared to provide a means for
estimating the best economic system.

Manual Orientation
Manual end orientation of oysters is a very

It involves a two step operation

Simple procedure,
and the senses of sight and touch. An operator can

immediately recognize and distinguish between the two
ends of an oyster. Then, using his hands, the operator
can rotate the oyster to any desired position.

No actual experiments have been published to
determine achievable rates of manual end orientation.
However, Harris et al (1974) reported that a single

operator was able to feed 1200 oysters per hour to
his shucking machine. Harris's oyster shucking
machine required both end and valve orientation.
Theoretically then, a single operator orienting oysters
only with regards to their ends could handle more than
1200 oysters per hour. Exactly how many more oysters
per hour a single operator could handle would have to
be determined by actual tests. However, assuming the
3600 oyster per hour feeding rate required by Wheaton's
machine, a single operator to orient all these oysters
must handle one oyster every second. It would be
impossible for the operator to maintain such a

continuous rate over a period of time without

interruption. Considering other factors such as jop

acceptance and operator stress, it would be safe to
assume that two operators could efficiently handle
3600 oysters per hour. Thus, with two operators

using both hands, it would be relatively easy for each
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Operator to orient one oyster every two seconds, 5

In determining the feasibility ang cost of a
manual orientation operation the following
assumptions were made:

1. feed rate of 3600 oysters Per hour.

2. two orientation operators,

3. the operators will orient all oysters
correctly.

4. each operator will be paid $3.00 Per hour,

5. Dbased upon present hand shucking, the

operators would work 6 hours per day, 4 days per
week, 30 weeks per year, for a total of 720 hours
per year.

Calculations in Appendix A show that two
orienting operators would cost a processor

approximately $4,800 per year.

Mechanical Orientation
Control of mechanical efficiency is very

important in orienting devices. Since very few Special
purpose devices operate at 100 percent efficiency, the
cost of product loss can be detrimental to total
mechanization. Total mechanization of many indexing
operations require unrealistic and costly efficiencies
just to be comparable to manual operations.

The following assumptions were made in
determining the cost effectiveness of mechanical

orientation:
1. average gallon of oysters contains 306

oysters.
2. capacity rate of 3600 oysters per hour or

11.8 gallons per hour,
3, oysters have a product value of $10.00

per gallon (lower limit) and $12.00 per gallon (upper

limit).

4., the device operates 720 hours per year.
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5. all oysters not oriented correctly are
considered a total loss,

Based upon these assumptions and the
calculations in Appendix A, an orienting device
operating at 95 percent efficiency will cost an
oyster processor $4,234.00 to $5,080.00 per year in

product losses.

Comparison of Alternative Solutions

A mechanical orienter must operate with an
efficiency of 95 percent just to be comparable to
manual orientation. If machine costs and operating
costs are considered, then, the efficiency must be
increased by 2 or 3 percentage points. Overall a
mechanical orientation device should have an efficiency
near 97 percent, just to be comparable to the cost of

a manual operation.
Although the economic calculations presented

are very basic, several important conclusions regarding
oyster orientation can be drawn. Assuming two
operators can manually orient 3600 oysters per hour

the following can be concluded:
1. Good control of orienting efficiency

(97 percent or better) is required for total

automation.
2. Unless properly designed, an automated

orienting device will be a marginal apparatus when

compared with manual operators,
3. Proper design of a mechanical orienter

should include small capital investment, low
operating costs and long machine life,

STATE-OF-THE-ART

Automated Shellfish Shucking
An initial state-of-art survey of shellfish

shucking revealed the development of numerous machines.
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Most of these are patented (Appendix B). After
studying the Patent Office Classification Definition
Manual, it was decided that the one class and five
subclasses listed in Table 1 were germane. A
complete search was conducted of all patents filed
in these categories. Only 39 of the approximately
200 patents on shellfish shucking reviewed could be
designated as shucking machines. The remaining
patents were considered shucking "assists", since
extensive manual labor was still required in many of
the shucking operations.

As an aid to future investigators, it should
be noted that almost all shucking patents pertaining
to bivalves since 1969 have been assigned to either
subclass 48 or subclass 74, It should also be noted
that most of the other patents reviewed were placed in
these two subclasses as cross-reference documents.
Thus, any patent search on shellfish shucking should be-~
gin with a review of both subclass 48 and 74.

Table 2 presents a chronological listing of
the patents considered as automated shellfish shucking
Details on the design and operation of

machines.
these devices can be found in the annotated

bibliography of Appendix B.

Twenty of the 39 patents listed in Table 2

o the processing of the American oyster
Several different clam and

d in 18 patents, One

relate t
(crassostrea virginica).

scallop species are covere

patent relates to mussel processing.

There are 27 different shellfish shucking
covered in the 39 patents. Sixteen of the
require some type of orientation. Only two
provide any mechanical orientation devices

rs depending upon manual orientation.

nine separate machines covered in

machines
machines
machines
with the othe

There are
11 patents for shucking raw oysters. Each machine has



TABLE 1, PATENT REVIEW SUMMARY

Class, Subclass

Description

No., of Shellfish
Shucking Patents

17,45
17,48
17,53
17,74

17,76

Butchering, Processes
Butchering, Processes, Shelling
Butchering, Marine Animals

Butchering, Marine Animals,
Bivalve Opening Means

Butchering, Marine Animals,

Bivalve Opening Means, Support
and Wedge

15

15

81l



TABLE 2. LIST OF PATENTED SHELLFISH SHUCKING MACHINES

Principal’ "
Patent No. Year Author Bivalve Bivalve Orientation Orientation
Processed Condition Required Device
848,608 1907 Torsch and Parker 0] X
848,784 1907 Torsch and Parker 0 X
1,43%9,181 1922  Mandvill 0 X
1,445,672 1923 Egli 0 X
2,008,820 19%5 Doxsee and Cook g
2,047,688 1936 Jenkins C
2,102,945 1937 Doxsee and Cook C

2,337,188 1943 Geldermans and Hond M
2,608,716 1952  Harris
2,652,588 1953 Harris
2,818,598 1958 Skrmetta
2,823,414 1958 Seal and Harris
2,824,005 1958 Strasburger

[ T 7> B 7> B 7> B > B 7 B - T B /- T 7 N - B - T A=

Q0 O 0 © O

2,832,989 1958 Harris

6L



TABLE 2. (continued)

Principal1 > .
Patent No. Year Author Bivalve Bivalve Orientation Orientation
Processed Condition Required Device
2,942,292 1960 Rey 0 R X
3,007,801 1961 Lapeyre et al 0 )
3,037,237 1962 Lapeyre et al 0 F
3,20%,034 1965 Matzer and Seidel S R X
3,230,578 1966 Marvin and Henderson C R X X
%4+230,580 1966 Marvin and Henderson C R X X
3,239,877 1966 Lapeyre and Couret 0 F X
3,320,631 1967 Brown S R X
SR TT 423 1968 Meyer S R
3,465,382 1969 Meyer S R
3,473,191 1969  Evans 0 R X
3,528,124 1970 Wenstrom and Gorton S R
3,562,855 1971 Willis S R
3,564,648 1971 Snow C R

0¢



TABLE 2.

(continued)

P:pincipal1 2 i . ) _
Patent No. Year Author Bivalve Bivalve Orientation Orientation
Processed Condition Required Device
3,566,438 1971 Snow C R
3,594,859 1971 Hanks and Griebd C R D & X
3,594,860 1971 Nelson et al S R X
3,605,180 1971 Harris and Zober 0 R X
3,614,806 1971 Henry 0 R X
3,619,855 1971 Willis S R
3,68%,458 1972 Wenstrom and Gorton S R
3,722,035 1973 Hanks ¢ R 4
3,724,031 1973 Harris 0 R X
3,155,855 1973 Ouw and Johnson 0 R X
3,828,398 1974 Harris et al 0 R X

1

Clams (C), mussels (M), oysters (0), scallops (S)

2

Frozen (F), raw (R), steamed (S)

X4




its own distinct orienting requirements., Table 3
outlines the type of orientation for the oyster
shucking machines., It is apparent from Table 3 that
all machines require at least end orientation and, in
most cases, valve orientation,

Except for two devices oyster orientation
is eritical to the proper operation of the shucking
Henry (1971) and Ouw and Johnson (1973)
require oyster orientation only to maintain product
quality. There is no mechanical orientation
requirement for these two machines. The two machines
ster meats from either or both valves.

machines.

can sever the oy
since oysters are being processed for the

the oysters are oriented such that
only the top valve is removed; leaving the meat and
liquor in the cupped valve. Since both machines will
gg oysters regardless of shellstock orientation,
hanical requirement.

However,
half-shell trade,

proce
oyster orientation is not a mec
Product quality alone is the determining factor for

oyster orientation. .
Even though it has been demonstrated that

is eritical to proper operation of

shucking machines, no orientation devices are present

in any patented machine. Evans (1969) gives some

oning for the exclusion of orientation subsystems:

ch the machine is used includes

oyster orientation

reas
"Where the plant in whi
a grading step so that substantially uniform sized

bivalves can pe fed to the machines, automatic

delivery equipment can be employed. Otherwise, manual

ingsertion of the bivalves is deemed to be satisfactory."

Consistency in the dimensions used to feed and orient a

product is & basic premise on which many indexing
devices are jesigned. If this premise cannot be adhered
a logical solution to product
tation devices can be
d delivery equipment.

to, then grading is
variability. However, orien
independent of the feeding an

22



TABLE 3. ORIENTATION REQUIRED IN OYSTER SHUCKING
MACHINES PRODUCING RAW OYSTERS

Degree of Orientation

Patent No. Year Author End Valve
848,608 1907 Torsch and Harper X
848,784 1907 Torsch and Harper X
1,439,181 1922 Mandvill X X
1,445,672 1923 Egli X
2,942,292 1960 Rey X |
3,473,191 1969 Evans X X
3,605,180 1971 Harris and Zober X » 4
3,614,806 1971 Henry X X
e 104,051 1973 Harris X X
3,755,855 1973 Ouw and Johnson X X
3,828,398 1974 Harris et al 1 X

¢e



24

Evans (1969) looks upon the feeding and grading devices
as a means for achieving orientation. However, this
should not be taken for granted. Before designing

the oyster placing workheads, it must be established
whether or not the feeder or grader will deliver
correctly oriented oysters. If it cannot achieve this,
orientation must be undertaken elsewhere. One must

eliminate each problem before moving on, otherwise

considerable time and money is wasted.

Orientation devices have been built for clams
which do not exhibit the variability in shape and size
that oysters do. Thompson (1942) pointed out that for

many free-moving bivalves such as clams, an increase

e is not accompanied by any change in shape of the
With such a symmetrical and constant shape,

in siz

shell.
orientation of clams is feasible.

Two very similar, yet different devices have

ructed for orienting clams., Marvin and Henderson
built a clam shucker which utilized a

been const
(1966a, 1966D)
passive type orienting mech
orienting device was used in the machine proposed by

Hanks and Grieb (1971). Although these two machines
fferent types of orientation devices, both attain

anism. An active type

use di

the same orientation.
Marvin and Henderson (1966a, 1966b) devised an

orienting apparatus by which clams fed from a hopper
attained an edgewise position and were then oriented
with their hinge ends uppermost. It was found that
when a bivalve mollusk such as a clam stands on its
mantle edge, jts center of gravity is below its

thickest portion and spaced substantially away from

its hinge. This failure of the center of gravity to
coincide with the geometric center provided an excellent
means to orient clams. The orienting device consisted
of two separate work pieces. Clams from a storage bin

are fed into a vibratory hopper containing a pair of
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converging plates. The plates form an elongated
V-shaped trough which is vibrated along its horizontal
axis. The trough acts as a mechanical filter,
accepting only those clams which enter edgewise. Due
to the vibratory action, the on-edge clam is gradually
fed into the next portion of the orienting device, The
individual clams drop in an edgewise position oﬁto a

pair of spaced inclined rollers, rotating in opposite

directions. The rotation of these rollers tends to

1ift the on-edge clam from between them and

substantially reduces gtatic friction forces between

the clams and the rollers. The rollers are spaced a
sufficient distance apart that when a clam is rotated

to dispose its mantle edge bottommost, thereby positioning
its hinge uppermost, its center of gravity is below its
point of contact with the rollers. With this spacing
between the rotating inclined rollers, an on-edge clam

is in an unstable position except when its mantle edge

is disposed bottommost. Thus, clams traveling along

the roliers may be in any vertical position. However,
use of the relative location of the center of gravity
otate upon an imaginary

beca

and the roller, the clams r
lateral axis until their centers of gravity are in the

lowermost position.
The orientation device presented by Marvin and
1966b) is considered a passive type
criteria accepted earlier (Boothroyd
Passive orienting devices are
ding mechanism and

Henderson (1966a,
according to the

and Redford, 1968) .
often incorporated within the fee
work on the principle of orienting by rejection. The

clams are fed in a bulk random fashion and the V-shaped
trough mechanically accepts only those clams in an
edgewise position. Cclams not able to attain this
desired position fall back into the hopper and make a
further attempt to pass through the filter.

Hanks and Grieb (1971) propesed an active



orienting device which also operated on the

failure of the center of gravity to coincide with the
geometric center. The orienting mechanism again
consisted of two separate work pieces; a V-shaped
trough and a pair of rollers rotating in opposite
directions. Unlike the previous device, the clams are
conveyed singularly by a paneled conveyor from a feed
tank to the inclined V-shaped trough. In this case,
orientation by rejection is impossible, If one of the
pockets in the conveyor happens to pick up two or more
rope them onto the V-ghaped trough at once,
The other clams fall out of

clams and @
only one clam will pass.
the system and cannot be recycled.

The device operates in the following manner.
Clams are individually conveyed to a pair of spaced

and downwardly convergent panels forming a V-shaped

trough. Because of their shape the clams assume an

position and fall by gravity onto a pair of
rollers rotating in opposite directions.
syphon protrudes from the shell and because

of clams along the rollers causes

edgewise
inclined
The clam

of this, the movement
them to automatically assume a position with the syphon

extending downwardly through the space between the

rollers.

For severa
of these techniques does not appear feasible. Unlike

the clam, the valves of an oyster are asymmetrical and

mis-shapen with deep ridges and valleys. The contour
s may be either circular or elongated

Such great variations in gross shell
morphology does not lend the oyster to easy orientation
by a mechanical filter such as the V-shaped trough.
Jamming of the trough is likely due to these

irregularities.
Maintaining an on-edg

1 reasons oyster orientation by either

of oyster shell
and irregular.

e orientation by two

26
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counter-rotating rollers is impractical for oysters.

Although the maximum thickness of oysters is not
highly variable, 1.0-1.5 inches, the location of this
measurement on the oyster is variable. Appropriate
variations in roller spacing would be required to
sustain on-edge orientation. The irregular valve
shape makes it impossible to significantly reduce the
static friction forces between an oyster and the
rollers. Thus, an oyster would not be able to rotate
about its lateral axis to attain the desired orienta-
tion, hinge end uppermost.

Even the basic theory for the operation of
these two techniques is questionable for oysters.
Although the center of gravity and the geometric
center do not coincide for clams, the same may not hold
true for oysters. In fact the relative locations of the
center of gravity and the geometric center of oysters
is very erratic. It is possible for the center of
gravity to be closer to the hinge area for some oysters,
while for others closer to the bill area. Oysters are
sessile organisms and their growth is greatly modified by

contact with the substratum upon which they rest. Wide

variations in shell morphology, especially shape and

weight, is to be expected, since environmental

conditions vary in both time and space. Gunter (1938),
Newcombe (1950) and Hoffstetter (1965) noted that

rs growing on soft mud are often long, narrow and
thin., When the bottom is firm and clean, the oysters
develop broad, well cupped shells. Medcof (1961) found
that oyster shells are thickest, hardest, heaviest and
most cupped when oysters grow in cool-water, seaward
areas, Where water ig too fresh, as in upper parts of
creeks and estuaries, shells are often light, chalky
and weak. Thus, it appears that as an oyster grows

the center of gravity and the geometric center shift
back and forth extensively., So the differences

oyste



between the center of gravity and geometric center is
not a constant and reliable feature for use in oyster
orientation.

The techniques employed in orienting clams do
not appear to be applicable to oysters. The V-shaped
trough used with clams is not advantageous to oyster
orientation. Previously, it was shown that feeding
oysters edgewise into the trough was impractical.
However, by modifying the design and operation of the
it may be possible to orient oysters.

It is proposed that an inclined, V-shaped
r the oyster singulation

trough,

trough be situated afte
The inside angle of the trough is greater

equipment.
Instead of being fed edgewise into

than 90 degrees.
the trough, the oysters enter with their long axis at

a right angle to the trough length. Theoretically,

the trough shape should cause each oyster to rotate

90 degrees. Thus, each oyster has an equal probability
of exiting hinge oT bill end forward. However, due to
oyster variability in size, shape and weight a single
obably cannot orient all oysters with high
efficiency. Since the trough dimensions must be set,
oysters of different sizes and shapes could behave
differently. lLacking data on trough orientation of
oysters the proposed application has unknown capabilities
and could theoretically work, but because of oyster
variability its chances of attaining high orienting
efficiencies appears 1imited. Despite its low success
probability the inclined V-shaped trough will be
investigated as a secondary solution to oyster
orientation, because of its simplicity, ease of

fabrication and low cost.

trough pr

Orientation of Various Products
After studying available orientation devices for

agricultural products, it became obvious that there were

28



29

a limited number of techniques and fundamental
principles of operation. Essentially, little formal
research has been undertaken to investigate and
advance design of orientation machinery,

There is a dearth of information on product
orientation in the literature. The initial
literature search turned up very common orientation
methods which were of no use with oysters. Henderson
and Newman (1972) presented a physical and analytical
explanation of prolate object orientation on oscillating
conveyors. Hammond and Shephard (1973) investigated
mechanical orientation of bright leaf tobacco.
Leaves were studied for geometric properties,
physical dimensions, buoyancy characteristics in water,
cs of a leaf in air, Failure of the

and aerodynami
ric center of the leaf and the center of gravity

geomet
to coincide was used for orientation. Hook et al
(1973) and Dooley et al (1974) considered orienting
individual strawberries by a light reflectance
technique so the cap could be properly removed.

Burkhardt and Mrozek (1974) employed two parallel

conveyor belts and a series of rotating wheels to orient

prunes along their longest axis.
With the hope of finding a more

comprehensive source of information on orientation a
second patent gearch was initiated. Initially this did
not prove fruitful., However, the discovery of a report
by Shawver and Henderson (1972) documenting present
technology in gingulation and related areas such as
orientation did prove helpful. Shawver and Henderson
(1972) examined over 2,000 patents from 1870 through

1969, gummarizing each patent with a brief
description. A complete review of this compendium was

made and from the 2,060 patents reviewed, 239 were
directly related to orientation. A broad range of
products from gerews to prunes were covered, with
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approximately 60 percent of the patents pertaining to

fruit orientation. Such techniques as vibration, stem
indent sensors, and molded cups were the primary means
for orienting fruit. None of the techniques, however,
were applicable to oysters.

Only one device showed any promise for use with
oysters. Simmons (1966) constructed an electronic
device for determining end orientation of products such
as corn, carrots, banana peppers and other products
having a longitudinal taper on one end and a blunt
shape on the other. The electronic apparatus consisted
of a predetermined array of light-sensitive cells and
light sources located at the end of a V-shaped conveyor

The operation of this device may be

system.
When a product, such as an

summarized as follows:
ear of corn, is positioned on the conveyor with the

tapered end forward, only one of three light-sensitive
cells will be covered by the end of the ear of corn.

Since this is the desired orientation, the electronic
control circuitry does not respond to this condition and
the ear of corn is allowed to proceed. However, if the
ear of corn is proceeding from the conveyor with the

blunt end first, all three light sensitive cells are

The corn in the undesired orientation is shifted

covered.
t supplied from a nozzle. Nozzle

to a ramp by an air je
discharge is controlled by a solenoid valve.

S immons (1966) approach to end orientation can be
applied to oysters. Qysters usually exhibit differences
in both shape and shell dimensions between the hinge and
bill ends. Generally, the hinge end of an oyster has a
r thickness but a smaller width than the bill
end (Figure 2)., Because of these dimensional differences,
an oyster appears to have a narrow pointed end (hinge)
and a broad blunt end (bill). It could be feasible to
photoelectrically gense this dimensional variation and
apply it to orienting oysters. It is possible to improve

greate
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the latitude of Simmons' (1966) technique by sensing in
two dimensions rather than one. Not only can the oyster
width dimensions be utilized but also the thickness or
a combination of both. Employing two dimensions, improves
the probability of finding a suitable orientation method.
The use of photoelectric devices for orientation
offers several advantages from the design viewpoint., It
is possible to achieve the required orientation rate of
3,600 oysters per hour because photoelectric detection is
Machine wear is minimal since the
r has no moving parts to wear out,

inherently rapid.

photoelectric senso
Sensing without touching the oyster allows a photoelectric

device to be protectively packaged, eliminating the
affect on its operation of the corrosive shucking plant
environment. The compact size of the sensors and

ated electronic circuitry eliminates many
8 changes in the

associ
installation problems and minimize

current shucking machine.
Based upon these considerations, an experiment

will be conducted investigating the use of oyster
dimensions in orienting oysters.,

SUMMARY

tion devices can be grouped into two
A passive orienter

operates on the principle of rejection and is usually
situated within the feeder. An active orienter works on
a principal not practical for inclusion into the feeder
and is thus placed. outside of the feeder,

Many factors determine whether a passive or an
active orienting device is employed. Orienter selection
depends greatly upon the product characteristics, possible

ct orientations and feed rate. Passive orienters
(1) the physical product characteristics

Orienta

types; passive and active.

produ
operate best when:



are quite uniform, (2) the number of important i
orientations is small, and (3) the feed rate is not
rapid. When one or more of these conditions cannot be
met, then orientation must be accomplished outside of
the feeder. This requires an active orienter.

A systems analysis of the Wheaton oyster
shucking machine was conducted. Subsystems important
to oyster orientation were analyzed for determining
orientation criteria. Based upon the analysis, an
active orienter was selected for inclusion into the
Wheaton shucker. The two most important factors in this
(1) the rapid feed rate of 3600 oysters

decision were:

per hour and (2) the non-uniformity in the physical

characteristics of oysters.
The proposed active oyster orienter must perform

two distinct operations: (1) it must first recognize

which end of the oyster is the hinge or bill end, and
(2) it must then rotate those oysters with incorrect
orientations to a correct one.

In order to determine the economic criteria
for an active oyster orienter a general cost analysis
The cost effectiveness of manual and

orientation was made with only labor and

was done.

mechanical
r rejection costs as input.
sters per hour the

oyste Assuming two manual

operators can orient 3600 oy

following conclusions are:
1 A mechanical orienter must have an

efficiency of 95 percent just to be comparable to the
f two manual operators.
2. When machine and operating costs are
an orienting efficiency of at least 97 percent

cost o

considered,
is required.

QOvera
e orientation subsystem is at best a marginal

ual one.

11, the economic analysis indicates that

an activ

operation when compared to a man
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Two proposed means for orienting oysters were
chosen from information contained in shellfish shucking
and orientation patents. The most promising technique
for oyster orientation is a photoelectric device adapted
from work by Simmons (1966). The device would sense
possible dimensional differences between the hinge ang
bill ends of oysters. A secondary method for oyster
orientation consists of an inclined V-shaped trough.

The low cost and simplicity of the trough are the impor-
tant factors favoring its investigation. The trough
method is considered a secondary solution because the
probability of it achieving high efficiency is low.



CHAPTER 3
OBJECTIVES

The overall objective of this study is to

identify and assess the feasibility of new methods

for orienting oysters. 1In order to achieve the
overall objective, several specific objectives have

been jdentified. These objectives are:
1. Develop a method for quickly and

efficiently measuring oyster shellstock.
2. Measure physical dimensions of oysters

from 3 oyster bars in the Chesapeake Bay and/or

tributaries including:
a., Both single oysters and individual

oysters from oyster clumps.
b. Left handed, right handed and

straight axis oysters.
3. Develop a technique which will enable

a machine to distinguish between the hinge and

bill ends of an oyster.
4, Determine orientation of oysters

discharged from a V-shaped trough using 4 known

input orientations.

34



CHAPTER 4
PRELIMINARY EXPERIMENT
INTRODUCTION

Oysters exhibit general dimensional properties.
e relationship exists between oyster width

The width increases from the hinge to
Oyster thickness decreases from the hinge
General dimensional

An invers
and thickness.
the bill end.
to bill end (Figure 2).
characteristics offer only a crude starting point in
formulating oyster orientation criteria. It is
necessary to identify distinct orienting points on the

oyster for application by a mechanical orienter.

Specific information is also required on the magnitude
of the dimensional differences between the points

chosen for use in orienting. The greater the difference

the easier it is in distinguishing between the points.
A stepwise procedure is required in determining

the feasibility of using dimensional characteristics

for orienting. It must first be determined which oyster

dimensions or dimensional combinations are suitable for

distinguishing between the hinge and bill ends. Then,
the specific location of the orienting points must be

determined and analyzed with respect to each other to

determine favorable dimensions or dimensional

combination. Pinally, & gselection process must be
undertaken based upon the magnitude of the differences
between chosen orienting points to determine the best

orienting combination.
The number of possible orienting points is

related to oyster size and dimensional measuring

method. If width and thickness dimensions are
measured every 0.25 inch along the oyster length then,

35
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THICKNESS

DIAGRAM TO REPRESENT DIMENSIONAL

GURE 2.
o TERMS APPLIED TO OYSTERS

Definition of Dimensional Terms (Medcof, 1961)

LENGTH. Length of an oyster is the straight-line distance
from the hinge end to the most distant part of the bill end.

THICKNESS. The thickness of an oyster is the distance
s ——
between the outer surface of the upper shell and outep

surface of the lower shell.

WIDTH. The width of an oyster is the edge-to-edge,
straight-line distance across the shells at right angles to

the length axis.



a 3,0 inch oyster has 12 possible orienting points in
each of two dimensions (i.e. width and thickness). A
6.0 inch oyster has 24 possible orienting points. A
complete analysis on the orientation feasibility of all
points is impractical. The stepwise analysis is
complicated further by the possible dimensional
combinations which have to be tested. Two orienting
points can be tested against

points or combination of

a certain dimension or dimensional combination. An in

depth analysis such as this is impossible in a

preliminary experiment. Only pre-selected oyster

dimensions and dimensiona

at certain orienting points.
The purposes of this experiment were: (1) to

determine which oyster dimensions (width and thickness)

or dimensional combinations appear to be most suitable
and (2) to identify general

1 combinations can be tested

for end orientation,

orienting areas on the oyster.

EQUIPMENT

r to determine the capabilities of

dimensional orientation, it was necessary to record

both oyster width and thickness at selected points
These selected points were

In orde

along the oyster length.
designated as possible orienting points. The

incremental recordings were taken by means of two

measuring grids.

Width Measurement
Oyster width was measured with a transparent

mylar grid. The grid consisted of 0.25 inch square
blocks divided into 28 columns and 16 rows. The grid
was dimensioned to accomodate the largest oyster

(7 inches long, 4 inches wide). The grid blocks were
consecutively from left to right. The

numbered



numbering helped maintain incremental recording
position and sequence. Since the data was recorded
manually onto paper, it was very easy to lose the
recording position.

The grid was placed between two sheets of

11.0 x 8.0 x 0.25 inch clear plexiglass.1 This was

done for several reasons. The grid was very thin

(4 mil) and thus difficult to handle. Oyster shells

are very abrasive and when an oyster was placed on

top of the grid, the grid scratched badly. Some of
the oysters also gaped due to heat from the light
Released oyster liquor ran over the grid
The plexiglass sheets

source.
causing a cleaning problem.

eliminated these problems.
A plastic straight edge was aligned with the

vertical grid marks and cemented onto the left end of
the top plexiglass sheet. The plastic straight edge
helped in orienting each oyster with respect to the
grid and acted as a gtandardized starting point for the
oyster length.

An overhead projector was used to project the

grid and oyster image onto a screen. The magnification

thus produced facilitated reading grid markings.

Thickness Measurement
A grid similar to the one used for measuring

oyster width was fabricated. The grid was attached to
e background and fastened to two vertical
supports. A moveable plexiglass stand was positioned
in front of the vertical grid support and aided proper
positioning and aligning of an oyster with respect to

the grid.
A slide pro jector was used to project the

jd., Oyster thickness was then

an opaqu

oyster image onto the gr

! Trade name for acrylic plastic

38
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determined by reading the grid at each 0.25 inch
increment along the oyster length.

PROCEDURE

Incremental width and thickness were measured
by a technique gimilar in theory to the shadowgraph

procedure described by Mohsenin (1970). When an

oyster was placed on or against a grid and illuminated

with a light source, the incremental measurements were
determined by counting the number of darkened blocks.
Blocks that were 50 percent or more darkened were
Linear measurements were recorded every
yster length. The grid allowed

counted.

0.25 inch along the ©
the dimensions to be measured to the nearest 0.25 inch.

Sample Preparation
Two bushels of o
shucking plant on Kent Island. They came from two

lities in the Chesapeake Bay, the Severn
Both bushels were assumed to be
ocalities plus a mixture of

ysters were brought from a

general loca
River and Eastern Bay.
a mixture of these two 1

several different oyster hars.
Only single oysters were chosen for use in this

experiment. Oyster clumps were discarded for two
reasons. First, the number of oyster clumps was very
small. Breaking up many of these clumps resulted in
damage to the oyster shells. Measuring the dimensions
of such oysters would have resulted in biased data,

Also, it was evident at the beginning of the experiment

that sample size would have to be small, since the
measuring technigque used was very laborious. Thus, it

was felt that the dimensional orientation method could
be tested more precisely by using just single oysters.
If the method did not work for the more numerous single

oysters, there was no cause to investigate clumped

oysters.



Oyster clumps were separated from the two

bushels. The single oysters were manually washed and

brushed to remove as much dirt and fouling as

possible. Cleaning helped provide truer dimensional

measurements.
After cleaning 111 oysters were randomly

chosen to be measured. Only one oyster had to be

discarded, due to shell distortions, leaving a study

sample of 110 oysters.

Width Measurement
The transparent plexiglass grid was placed on

centered over the light source.

an overhead projector and
Shadows and distorted projections were minimized by

maintaining this position.
A single oyster was randomly chosen and placed
The oyster was positioned with its

on top of the grid.
the hinge end in contact with

right (flat) valve down,
the grid gtraight edge and the long axis of the oyster

disposed at a right angle to the straight edge.
The oyster width image was projected onto a

screen. Incremental width measurements were recorded

every 0.25 inch a
hinge and proceeding to

were 50 percent or more
Grid numbers agsigne

ecording position.
width measurement data was recorded

twice for each oyster, once with the oyster resting on
the left valve and once with the oyster resting on the
right valve. Both width dimensions were compared, and

for most oysters no differences existed between the
remental measurements. However, oysters with
rojected different widths for

Oysters placed on their left
ble shadows and distorted

the bill end. Grid blocks that
darkened were counted as

covered. d to each block were used

for maintaining T
Initially,

same inc
a strong shell curvature P

the two valve positions.
(cupped) valve had noticea

40

ljong the oyster length; starting from the
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projections for the curved portions. Thus, errors
due to shell curvature were minimized by placing
all oysters on their right valve.

Thickness Measurement
Bach oyster was positioned on the moveable

d, duplicating the width measurement orientation

stan
The oysters were disposed on their flat valve in a

natural resting position. The thickness measuring

grid was suspended vertically from two supports
behind the stand. A slide projector, positioned 12
feet in front of the oyster, illuminated the grid

with the oyster thickness outline. The plastic stand

was moved so that the image of the hinge end of each

oyster was aligned on the first vertical grid mark.

Thickness measurements were then recorded every 0.25

inch along the oyster length, starting from the hinge

and proceeding to the bill end. Grid blocks that were

50 percent or more darkened were counted as covered.
pistortion of the projected image compared with

the true dimension was minimized by positioning the

t away from the oyster and adjusting

light source 12 fee
This minimized light beam diver-

the projector lens.
gence angle, and nearly e

In addition, the oyst

image.
center of the light beam where lens spherical

aberration was negligible.

liminated magnification of the
ers were placed in the

RESULTS AND DISCUSSION

A selection process was required to determine

which dimensions and dimensional combinations were to
be tested. The orienting points also had to be selected
to make the analysis feasible.

prior to the data analysis only four
dimensional orienting methods were considered. These
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methods were: (1) comparison of individual width
inecrements and width combinations, (2) comparison of
individual thickness increments and thickness

combinations, (3) comparison of individual width to

thickness ratios and ratio combinations, and (4)

comparison of additive combinations of width and

thickness.
The comparison of separate width increments

and width combinations is not presented. The observed

width data was so variable that an analysis was

considered worthless.

orienting methods are presented.
The ratio and additive combinations of width

onsidered as orienting methods

Thus, only three dimensional

and thickness were C

since oyster width and thickness are inversely related,

Thus, these combinations may be sensitive to hinge-

bill differencesS.
A 1limited number of orienting points were

selected for testing with each dimensional method,

it was impossible to test all possible

Only the first six end points for

1 were considered as possible

because
orienting points.
both the hinge and bil
orienting points.

Oyster Thickness Orientation
It was previously stated that oyster thickness

decreages from the hinge to the bill end. For
orientation purposes this means that all hinge
orienting points should be greater than all bill

orienting points.
Oysters ca@

n enter the proposed active orienter

with either the hinge OT bill end leading. So, the
thickness test conditions were: (1) if the first
orienting point was greater than the second orienting
point, the hinge end was leading, and (2) if the first
orienting point was less than the second orienting point
then the bill end Was leading. Orienting points that
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had equal values were test failures.

Several separate comparisons between individual
thickness increments were carried out. Only equally
spaced increments from both oyster ends were compared,
The orienting test points were selected from an
incremental plot of mean thickness (Figure 3). The

distpibutions of incremental mean thickness are

graphically shown for the three most dominant oyster
length groupings. The sample sizes of the other length
groups were too small for adequate graphical presentation.
The observed difference in magnitude between the
thickness of the first end means was too small for
successful results (Figure 3), The five orienting points

between 0.50 and 1.50 inches in from the ends were

selected and compared. The analysis of each comparison

was terminated after 50 oysters because of a 10 to 30
percent failure rate. The smallest failure occurred with
the orienting points 0.75 and 1.00 inches in from both
ends. The largest failure was recorded with the 1.50
inches orienting points. The analysis of Figure 3
substantiates these results, since the largest and

differences petween computed means occur at

smallest
e mean differences, the

these points.
greater the probability of success.
The low success of individual thickness

can be attributed to the variability in the
ntal mean thickness (Figure 3)

The larger th

comparisons
The plot of increme

oysters.
Accuracy of the measuring

obscures this variability.
technique may account for part of the high failure rate,

since many of the failures occurred with points of equal
value., Success rate of the comparisons might have been

increased by more accurate measurements (i.e., using

less than 0.25 inch blocks) .

n by Dimensional Combinations
a 1ist of selected dimensional

Orientatio
Table 4 presents
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LIST OF TESTED DIMENSIONAL COMBINATIONS

TABLE 4.
OF WIDTH (W) AND THICKNESS (T)
Hinge and Bill Reading1 Peﬁg:g%n%aggggzr%§2?1o)

™ + T2 + T3 12.0 %

T1 + T2 + T3 + T4 11.1

T2 + T3 + T4 4

T3 + T4 + T5 4.5

T4 + TS5 4.5

T4 + T5 + T6 4.5

W3 - 73 4.5

W4 - T4 4.5

W5 - T5 7.2

(W3 + W4 ) - (T3 + T4) g7

(W4 + W5 ) - ( T4+ T5) 2.7

w2 / 12 4.5

w3 / 73 1.8

W4 / T4 2.1

w5 /15 4.5

(W3 + wg ) / T3 9

(W3 + w4 ) / T4 .9

( wa +ws ) / 73 .9

( wWa + ws ) / T2 3.6

( wa + ws ) / T4 .9

( wa +ws ) / 715 2l

(W4 + w5 ) / (T2 +13) .9

(Wg + W5 ) / (T4 +75) .9

1 Numerical values refer to 0.25 inch end recording

position
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combinations which were tested over the entire sample.
Other combinations are feasible and might provide better

results. It should be noted that the lettered numbers
in Table 4 refer to 0.25 inch end recording positions.
Thus, a value of 4 refers to a 1.0 inch (4 x 0.25 = 1.0)
recording position in from both oyster ends.

Fajlure rates ranged from a low of 0.9 percent
to a high of 12.0 percent. More than half of the tested
combinations had less than 3.0 percent failure. The
best results were attained with width to thickness
ratios (Table 4).

The test conditions for using width to thickness
ratios were: (1) if the first orienting point was less
than the second orienting point the hinge end was leading,
and (2) if the first orienting point was greater than the
second orienting point then the bill end was leading.

Orienting points which had equal values or zero

differences were test failures.
The relationship between individual width to

thickness ratios 1s graphically demonstrated in
The mean value of each incremental ratio was
edominant oyster length groups and
the curves follow the known inverse
h and thickness dimensions

ected, the width to thickness

Figure 4.
computed for the pr
plotted. Generally,
relationship between widt

(Galtsoff, 1964). A4S exp
ratios bottom out at the hinge areas and peak at the

bill apeas (Figure 4). The greatest differences will be
found by relating orienting width to thickness ratios in
the high and 1loWw portions of the curves (Figure 4),

The difference in magnitude between the first
great enough for discrimination between

Orienting points 0.50 to 1.25
e selected and analyzed

end means was not
the two ends (Figure 4).

inches in from both ends wer
The largest differences occurred with

based on Figure 4.
ratios taken 0,75 inches in from both ends (Table 4).
ince the 0.50 inch location

This result was surprising s
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exhibited the greatest mean differences and
?

theoretically, should have had better results than a
any

other recording position.
The multiple combinations of width to

thickness ratios had the lowest failure rates of all

combinations tested (Table 4). The lowest failure rat
e

of 0.90 percent was realized with a ratio of additive

width to single thickness. The orienting points were

located between the 0.75 and 1.25 inch recording
positions. Almost all ratios of this form had similar

failure rates.

further to identify differ
The failure rates of all width and thickness

ccurred most often when the compared
accounting for over one half the
easuring technique could

These ratios would have to be analyzed
ences between them.

combinations 0
values were equal;
fajlures. A more accurate m
have different, and possible better results.

CONCLUSIONS

The width and thickness dimensions can be used

to successfully distinguish between the hinge and bill

ends of oysters.
It does not appear feas
th or thickness for orientation

ible to use single
recordings of either wid
ndividual thickness recordings between
0.50 and 1.50 inches in from both oyster ends resulted in
unacceptable failure rates; 10 to 30 percent., Results of
preliminary experiments indicate different forms of

width to thickness ratios are the best dimensional

methods. The orienting points should be located 0.50 to
1,25 inches in from both ends. A failure rate less than
1.00 percent jg feasible with different ratio combinations.
The low rejection rate is adequate to meet necessary

economic requirements for a mechanical orienter.
A1l of the dimensional orienting methods should

The comparisons of i
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be tested again. The small sample size and the accuracy
of the measuring technique did not provide adequate
means for distinguishing between dimensional methods,
Most of the methods had between one and five oyster
failures, and most failed under the zero difference test

condition. A larger sample size and a more accurate

measuring technique is required to distinguish

between dimensional orientation methods,
The method for measuring incremental oyster

dimensions should be improved. The technique is very
slow and laborious. It took, on the average, one hour
to measure both the incremental width and thickness of

four oysters.



CHAPTER 5
EXPERIMENT 1 : DIMENSIONAL STUDIES
INTRODUCTION

The preliminary experiment suggested oyster
shellstock dimensions might be used to distinguish
between the oyster hinge and bill ends. Although a

width to thickness ratio was considered the best

orientation method, measuring grid accuracy and small

sample size prevented 2a definitive decision as to the
best dimensional measurement.
o determine which oyster physical dimensions
would provide the best means of orienting oysters,
This experiment incorporated a larger sample size and
improved dimensional measurement accuracy. Initially,
a dimensional measuring device was proposed for
automatically recording shellstock dimensions since

a very large number of measurements were required.
After extensive planning and research, the measuring

device had to be terminated

and economic constraints.
recording the data was adopted; consisting of
manually recording the data in 2a prescribed sequence
into a tape recorder. The width measuring grid was

also changed to facilitate transfer of data.

Thus, an experiment was

designed t

because of design problems
An alternative method of

OBJECTIVES

The objectives of this experiment were to:

1. determine which oyster dimensions or
dimensional combinations were most suitable for end

orientatione.
o, ident
ion method «

50

ify gpecific orienting points for

each orientat



5.
dimensional
efficiency.

4.
dimensional

51
determine for each dimension or

combination tested the orientation

statistically identify the best
orientation method of those tested.

EQUIPMENT

Width Measurement
Oyster widt

inch grid1 d

translucent mylar grid consisted of
d so that incremental width

blocks and was partitione
measurements could D

Figure
measuring grid.
horizontal line,
measuring areas. DVer
measuring areas,
from the horizontal line.
two width measuring area
data recording rate and (2)
An oyster positioned on the

was divided in

portion. The incremental wid

by scanning the edge of one

sequence the number of the
0.2 inch interval along the
was repeated for the bottom
speed was maintained by the
width was determined DY the
recording errors.

At the very toPp and
series of consecutive Il
numbers referred to 2 1
—

Trade name Accufilm

esigned for printed circuit artwork.

divides the
y other grid column, in both

g for two reasons:

to two width areas;

umber
ength class

h was measured using a precision

The
0.1 inch square

e recorded at 0.2 inch intervals.
5 is a top view of the width
The grid orienting axis, a heavy

grid into two width

is numbered congecutively starting
The grid was divided into

(1) increase
decrease recording errors.
grid and properly aligned

a top and bottom

th was quickly recorded

area and recording in

1ast block darkened at each

oyster length. The process
portion. Maximum recording
gecanning process. Actual

computer, thus reducing

bottom of Figure 5
g from 12 to 35.
designation which was

are a
These
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recorded for each oyster and later used in sorting
data,

The grid was constructed of only four parts,
The grid was numbered with permanent ink and attacheqd
to a plastic base (9.50 x 8.50 x .125 inches) with
transparent adhesive tape. A protective plastic shield,
approximately 7 mil thickness, was placed over the grid
and fastened to the base support with adhesive tape,
An acrylic plastic straight edge was then positioned
over the shield and grid, and fastened onto the left
end of the base (Figure 5) such that the center of the
grid column coincided with the 0.1 inch intervals. The
straight edge helped orient each oyster with its longest
axis directly above the heavy horizontal line on the
grid. The intersection between the straight edge ang
the horizontal line was designated as the standardized
starting point for positioning and measuring oysters,

The same overhead projector used in the
preliminary experiment was employed in this study.
Magnification produced by the projector facilitateg

reading grid numbers.

Thickness Measurement
The same set up used for measuring thickness

in the preliminary experiment was applied in this study
except the previous grid was replaced with a grid having
0.1 square inch blocks (Figure 6).

The spaced vertical lines on the grid, Pigure 6,
helped maintain recording position and sequence. Every
other grid column was numbered from top to bottom in

ascending order, with the bottom accented by a heavy

horizontal line. The grid was attached to the same

vertical support employed in the preliminary eXperiment.
A moveable stand was positioned in front of the grig
such that the top of the stand was in the same plane as

the bottom horizontal line on the grid.
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A slide projector was used to bProject the oyster
image onto the grid. Thickness measurements were
determined at 0.2 inch intervals by reading the grid
along the oyster length.

Data Recording

Both incremental width and thickness data were
recorded into a tape recorder (Panasonie RQ-212DAS) .,
Recording malfunctions due to dirt and oyster shell
particles were eliminated by placing the tape recorder
in a plastic bag. The microphone switch was also
covered by an elastic casing: the neck of a rubber

balloon.
The handling and transfer of dimensional

data was greatly simplified by recording it into a
tape recorder. The oral recording allowed a
continuous transfer of data, eliminating recording

position errors.

PROCEDURE

All incremental measurements were determineq by
recording the number of the first and last darkeneqd
block at each interval from the projected image. Data
recordings were made every 0.2 inch along the oyster
length by orally transcribing the last block numbers
that were 50 percent or more darkened. The 0.1 inch
square grid blocks allowed total incremental dimensions
to be measured to the nearest 0.1 inch.

In the preliminary experiment, the number of
darkened blocks were counted and recorded. However,
only the first and last darkened blocks were recorded in
this study. This change reduced the time required in
recording measurements and reduced computational errors,
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Sample Preparation
Three different oyster bars from the

Chesapeake Bay were studied. Two of these bars were

sampled by personnel from the Chesapeake Biologiecal

Laboratory and the Center for Environmental and Estuarine

Studies, One of the sample bars was obtained

commercially from Buck's Seafood on Tilghman Islangd.
Table 5 shows the exact location of the three

All bar locations had to be verified since

study areas.
their locations were initially reported only as a bar

Duplication of bar names ig very
A bar name location index

name and river system,

common in Maryland waters.
by Gird and Wheaton (1976) was employed for verifying

bar location on Natural Oyster Bar Charts. The index

verified bar locations and deciphered one of the

reported bar names. Initially, bar 1 was reported as

Bar Neck. The official chart name was determined to be

Church Hill from a cross listing of common and official

bar names in the location index (Gird and Wheaton, 1976),
All oysters were first washed by a spray washer

to remove as much dirt and fouling as possible. The

oysters were then manually cleaned to remove any remaining

mussels and barnacles. During the cleaning process,

empty shells and other debris were removed and

discarded. The cleaned oysters were counted, reallocateq

to bushel baskets, and stored in a freezer until needed,
Six bushels of oysters were sampled from each

bar location. Since the number of oysters in each

bushel varied from 149 to 250, only 135 oysters from

each bushel were randomly selected to be measured.

Thus, 810 oysters from each of three different oysterp

bars were measured for a total of 2,430 oysters.

Width Measurement
The translucent grid was centered over the




TABLE 5,

LOCATION OF BAR SAMPLES

Sample Bar

Date

Bar Location

River Longitude Grid
Number Name Harvested County System Latitude Location

1 Church 38-41-25

Byl 9/22/1976 Talbot Choptank 76-17-30 11C5
2 Prison 38-26-30

Point 9/22/1976 Calvert Patuxent 76-37-00 18C4
3 Buoy 38-59-50

Rock 9/27/1976 Kent Chester 76=1%3=15 TA4

1

Gird and Wheaton, 1976

96



light source of the overheagd projector. A single
Oyster was randomly chosen and positioned on top of
the grid with its right valve down, hinge end in
contact with the straight edge and the long axis
disposed at a right angle to the straight edge.
The oyster was then oriented along its longest axis
with respect to the heavy horizontal grid line,

The oyster width image was projected onto
a screen (Figure 7) and incremental width
measurements were recorded first for the top width
bportion and then the bottom width portion. Width
increments were recorded every 0.2 inch along the
oyster length starting at the hinge end. The grid
number from the last darkened block (50 percent or
more darkened) was counted as covered and orally
recorded into the tape recorder. This resulted in
two series of incremental width points being

recorded for each oyster.

Thickness Measurement
The same procedure used for measuring

thickness in the preliminary experiment was employed
Fach oyster was positioned on the

in this study.
moveable stand; duplicating the width measurement

Orientation. The grid, fastened vertically to two

Supports behind the stand, was illuminated by a slide
Projector positioned 12 feet in front of the grid.
The stand was adjusted to align the hinge end of
each oyster with the first vertical grid mark.

Two thickness measurements were then

recorded every 0.2 inch along the oyster length,

starting from the hinge end. The number of the last

darkened block was recorded at each interval from
hinge to bill end for first the top portion of the

thickness image and, then for the bottom portion of

the image. Since there was no magnification of the

thickness image, vertical grid marks were made at

57
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every third interval to help maintain recording

position.

Data Recording
A1l incremental data was recorded orally onto

a cassette tape recorder using 90 minute tapes. By
orally recording the data, it was possible to measure

approximately 20 to 25 oysters per hour. It was
dth and thickness data from

possible to store both wi

40 to 50 oysters on one tape.
The data was recorded in a specific sequence,

Since there were four series of incremental recordings,

two width and two thickness recordinge, a number from

one to four was orally recorded. This series number was

designated as the neard" number for later computer

applications. In addition, each bar, bushel, and

oyster were given & number and recorded for proper

handling of the data Dby the com
The dimensional increments were recorded in

es from hinge to bill to facilitate

puter.

three number sequenc
later punching of the data onto computer cards.

The gimensional data was punched directly

onto cards from the cassette tapes. Each oyster was

dimensionally defined Dby four cards. There was a
single card for each top and bottom recording of

incremental width and thickness.
After a computer check was made to find any

punching errors, the data was combined to form actual

width and thickness measurements. Width to thickness

ratios were then calculated for each interval point and

rounded to the nearest 0.1 inch.
Several comparisons of individual dimensions

sional combinations we
contains a 1isting of one of the programs used in
making the comparisons. Most of the other programs

employed were variant forms of the one listed.

and dimen re conducted. Appendix C



RESULTS AND DISCUSSION

Dimensional Tests
The dimensional tests were conducted by

cted orienting points along

individually comparing sele
the oyster length. For computational purposes the

first orienting points were fixed and consisted of the
seven individual measurements, located at 0.2 inch
intervals, from 0.4 to 1.6 in
Thus, the first orienting points for all oysters were
located at the following distances in from the oyster
end; 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, and 1.6 inches.
The second orienting points depended upon the oyster
length and consisted of all other measurements

located 0.6 inch from one O
Thus, for a 2.6 inch oyster with the first orienting

point at 0.4 inches in from the oyster end comparisons
were made with the computed measurements at 1.0, 1.2,
1.4, 1.6, 1.8, 2.0 0.2, 2.4, and 2.6 inches along the
oyster length. The comparisons were then repeated in
the above manner between the other six first orienting

points.
ual comparisons were run under two
hinge leading and bill leading

irst set of fixed

The individ

simulated conditions;

This meant that the f
hinge area were run and

t set of fixed orienting

oysters.
orienting points for the

compared. Then, the firs
points for the bill area were run and compared. The

hinge leading and bill leading comparisons were then
compiled under & test hypothesis that satisfied both
simulated conditions. In order to run one dimensional

method over all oysters 60

made and compiled.
Tables 6 through 9 summarize the best

r different dimensional methods

0,000 comparisons had to be

orientation results fo
over all oysters.

£ the first orienting points.

60

ches in from the oyster end.



TABLE 6, SUMMARY OF THICKNESS ORIENTATION TESTS WITH
SMALLEST PERCENT FAILURE OVER ALL OYSTERS

" Distance from Ends
Orientation (inches)

Total Number Percent
Method First

Second 3 Oysters Failed4 Failure

Reading Reading (N=2430)

0.4 0.4 264 10.86
Individual 0.6 0.6 203 8.355
Thickness 0.8 0.8 198 8.15
1 26 1.0 106 4.%6
Phicknees 0.4+0.6 0,240.,4 54 2,22
Summation 0.6+0.8 0.4+40.6 69 2.84
0.8+1.,0 0.6+0.8 82 T, o |

1

The test hypothesis is: If the first reading is greater than the
second reading then the hinge end is leading. If the first
reading is less than the second reading the bill end is leading.

First reading is the distance in from leading end, hinge or bill,

Second reading is the distance in from trailing end, hinge or
bill.

Calculated on two-tailed test conditions of both hinge and bill
leading criteria.

L9



TABLE 7. SUMMARY OF WIDTH ORIENTATION TESTS WITH SMALLEST

PERCENT FAILURE OVER ALL OYSTERS

1 Distance from Ends
Orientation (inches) Total Number 4 Percent
Method First Second 3 Oysters Failed Failure
Reading Reading (N=2430)
0.4 0.4 56 26350
Individual Dis 6 0.6 46 1.89
Width 0.8 0.8 48 1.98
10 1.0 T2 2,96
Widtn 0.440.6 0.,2+0.4 214 11.28
Summation 0.6+0,8 0,4+0,6 149 6,13
0.8+1.0 0.6+0.8 119 4.89
]

The test hypothesis is: if the first reading is less than the
second reading then the hinge end is leading., If the first

reading is greater than the second reading then the bill end
is leading.

First reading is the distance in from leading end; hinge or
wiid.

Second reading is the distance in from trailing end, hinge or
bill,

Calculated on two-tailed test conditions of both hinge and
bill leading criteria.

9



TABLE 8, SUMMARY OF WIDTH TO THICKNESS RATIO TESTS OVER ALL OYSTERS

Distance From Ends

Distance From Ends First Reading (inches)
Second reading
(inches) 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0.2 » (1469) . (2.06) (2.59) (3.09) (4.53) (6.87) (8.81)
s & +.56 +.63 +.69 +.83% +1.01 *1.13
0.4 (0.37) (0.49) (0.62) (0.95) (1.65) (2.76) (4.57)
+.24 +.28 *.31 +.38 +.51 +,65 +.83
0.6 (0.49) (0.25) (0.25) (0.45) (0.99) (1.98)
+.28 +.20 +.20 +.27 +.39 44,55
0.8 (0.62) (0.25) (0.25) (0.41) (0.99)
+. 31 +.20 +.20 +.25 +.39
1.0 (0.95) (0.45) (0.41) (0.49)
+.38 +.27 *.25 ++28
1.2 (1.65) (0.,99) (0.99)
+.51 +.39 +.59
1.4 (2.76) (1.98)
+.65 +.55
1.6 (4.57)
+.83

Total percent failure (N=2,430)

Confidence limits for percent failure. Computed from Zar (1974),

€9



TABLE 9.

SUMMARY OF BEST WIDTH TO THICKNESS

RATIO METHODS OVER ALL BARS WITH

SET ORIENTING POINTS

Distance From End1

(inches) Total Number , Percent
First Second Qysters Failed Failure
Reading Reading (N=2430)

0.4 2.4 8 .21
0.4 25 61 2.51
0.6 2s4 56 2.30
0.6 2.6 47 1.93
0.8 2:4 b 2.26
0.8 2.6 47 193
1.0 2.4 46 1.89
1.0 2.6 40 1265
1.2 2.4 55 2,26
1k 2.6 50 2.06
1.4 204‘ 89 3066
1.4 2,6 86 3:54
1.6 2.4 148 6.09
1.6 2,6 121 4,98
1

2

Both readings are distances from the same end.

Calculated for both hinge and bill leading criteria,

¥9



Thickness comparisons. Comparisons of both individual
thickness increments and thickness summations resulted
in unacceptable failure rates (Table 6). The smallest

failure for individual comparisons was achieved with
qual distances in from both

orienting points located e
oyster ends. Orienting points located 1.0 inch in

th ends had the lowest failure of 4.36 percent
Comparisons of thickness summations
but they were still

from bo
for all oysters.
yielded lower failure rates;

unacceptable (Table 6) e
A third dimensional test was conducted

utilizing total thickness measurements. Each oyster
was bisected equally along its length into hinge and

bill areas, and the thickness increments summed and
e comparison of hinge and bill thickness

compared. Th
table failure of 5.5

areas resulted in an unaccep
percent over all oysters.

Width comparisons. Individual width comparisons
yielded better results than individual thickness
comparisons (Table 7). Orienting points located 0.6
inch in from both ends gshowed the smallest failure

of 1.89 percent. Width summation comparisons

produced higher failure rates compared to thickness
summations (Table 7). The smallest failure of all
dimensional width tests, 1.3 percent, was achieved

with a comparison between hinge and bill width areas,
The acceptable failure rate of 1.3 percent was achieved
over all oysters. When each bar was analyzed, an
unacceptable test failure of 2.% percent occurred

with bar 2, Prison Point.

Width to thickness ratio comparisons. Only individual

comparisons of width to thickness ratios were
The excellent results achieved in the

parisons eliminated any need for testing

conducted.

individual com
ratio summations OT combinations.
mrable 8 shows the distribution of oyster

65
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failure for individual comparisons of width to
thickness ratios at different orienting points. All
comparisons between orienting points 0.4 to 1.0
inches in from both oyster ends yielded very low
fajlure rates. Only 0.25 to 0.95 percent of all

oysters failed within this range of orienting points.

The smallest failure of 0.25 percent occurred with

orienting points 0.6 and 0.8 inches in from both ends.

The results of individual comparisons of width to

thickness ratios agree with the findings from the

preliminary experiment. In the preliminary experiment,

the lowest failure rate for individual ratio comparisons

h orienting points 0.75 inches in from both ends.
Table 9 summarizes & set point method

utilizing width to thickness ratios. In all the other

previous dimensional comparisons, the location of
oints was dependent upon oyster length. The

was wit

orienting p
distance between the two point
oyster length increased. The distance between
orienting points 18 the same, regardless of oyster
length, in a set point method. A set point method may
be important in future applications since a length
sensor is not required in the orienting system.

The two orienting points for the best set
od are 1.0 and 2.6 inches in from the

Even though the failure rate of
e for a totally automated

s increased as the

point ratio meth

oyster end (Table 9).

1.65 percent is unacceptabl
orienting device, such a scheme may be found useful in

later development of an oyster shucking machire.
Set point schemes for the othe
methods were investigated but failed. The best hope

for the other dimensions are the so called split set
Instead of setting the orienting points

the orienting points are set for
Split set point schemes were

ed degree. Thus, no definite

r dimensional

point schemeS.
across all oysters,
certain oyster lengths.

analyzed to only a limit



conclusions were reached with this technique.

Selection of tests. Using percent failure as the test
selection criteria, width to thickness ratios produced
the lowest failure rates of all techniques examined,
There were 12 different orienting point combinations

for the ratio method with failures less than 1.0
Only five of these combinations

percent (Table 8).
with a failure between 0.25 and 0.49 percent were

selected to be analyzed to test for differences between
bars. The five tests were selected from Table 8 on the
basis that they were vertically bounded by other ratio
tests with the least percent failure. It was also

o obtain a range of different orienting point

important t
ethod could be

combinations so that the ratio m
adequately tested.

Table 10 shows the five selected width to

thickness ratio tests. The original bar and bars total
data for these tests is found in Appendix D. An
examination of Table 10 revealed noticeable differences
in failure rates over both tests and bars. Church Hill
had the largest failure rates across four of five tests.,
Buoy Rock had the lowest failure rates over all bars and
tests. The width to thickness ratio tests responded
quite differently from pbar to bar with the lowest
fajlure rates occurring in tests three and four. These
differences in percent failure could be due to the
different size oysters from each location. Table 11 is
a bar summary of the oyster length distributions. Buoy
Rock is definitely skewed to the left compared to the
other two bars. The lowest failure rates for Buoy

Rock (Table 10) could be due to the larger number of
smaller oysters. This meaps that the five ratio tests

could be biased for smaller oysters.

uld reveal if there are
e ratio tests.

analysis sho any significant
differences between pars for th

67
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TABLE 10.

TESTS FOR EACH BAR SAMPLE (ORIGINAL DATA)

AVERAGE PERCENT FAILURE OF SELECTED DIMENSIONAL ORIENTATION

Distance From Ends

Belantotion 1 f {uchnn) Bar Pailure (Percent)\

Test Test First Second Church Prison Buoy Bars
Reading Reading Hill Point Rock Total

1 W/T RATIO 0.4 0.4 0.99 0.12 0 037

2 W/T RATIO 0.4 0.6 1.11 0.25 C.12 0.49

3 W/T RATIO 0.6 0.8 0,37 0.25 Ds12 Q25

4 W/T RATIO 0.8 0.8 0.25 0.37 0.12 0.25

5 W/T RATIO 1.0 0.8 0.49 0.49 D25 0.41

' Width to thickness ratio symbolized by W/T.

89



TABLE 11, LENGTH DISTRIBUTION OF OYSTERS OVER EACH BAR SAMPLE

Oyster Bar Sample Size Y
Length Class Church Prison Buoy Total
(inches) Hill Point Rock
2.6 -. 2,7 2 4 36 42
2.8 - 2.9 18 11 96 125
3.0 = Ju 26 32 149 207
Bk = Tud T2 61 142 275
3.4 - 3.5 108 89 121 318
S = 3,7 125 136 103 364
5.8 = 3.9 128 122 65 515
4.0 - 4.1 120 M3 39 272
4.2 - 4.3 98 94 31 223
4,6 - 4.7 35 29 4 68
4,8 - 4.9 L 23 8 53
500 - 5.1 6 11 O 17
De2r = 53 4 i 1 12
504 - 5.5 4‘ 5 0 9
5.6 = 5.7 1 1 0 2
508 o 5.9 0 1 O 1
Total 810 810 810 2430

69



Statistical Analysis
The five selected dimensional orientation

tests (Table 10) were analyzed with a repeated
measurements (split plot in time) design because the
s were made on the same oysters
The bar effects were

same observation
(Steel and Torrie, 1960).
analyzed as fixed effects since the purpose of the

analysis was to test differences between bars for the

dimensional tests. A1l dimensional tests were

previously selected and thus fixed.

The basic set up for the repeated

measurements design 18 shown in Table 12. The bars

represented whole units and dimensional tests
represented subunits within each whole unit. The
whole-unit design was 2 completely random design with
six replicates (bushels). The number of oyster
failures were calculated for each unit from bar-
bushel tables similar to those in Appendix D.

The valid application of the analysis of
variance required that basic assumptions be met:
(1) The data must have been obtained randomly from a
normal distribution, (2) the experimental errors must
have been independently distributed with a common
and (3) the effects of factor levels were
assumed to have been additive. Since the data dealt

with success and failure (Table 12) the arcsine
was applied to meet these required

variance,

transformation

assumptions (Table 13).
Results of the analysis of variance on the

shown in Table 14. Both main

transformed data are
hile the interaction was

effects were non-significant w
significant (.01<P<.025). Because of significant
interaction effects, & simple statement of preference

for any dimensional test could not be made until the
patterns of response to changes in bars and tests

70



NUMBER OF OYSTER FAILURES FOR SELECTED

TABLE 12.
ORIENTATION TESTS (ORIGINAL DATA)
Bar Test
Location Bushels 1 2 5 4 5 Totals
1 1 0 0 0 1 2
2 0 0 0 0 0 0
Church 3 2 3 1 1 0 7
Hill 4 2 3 0 0 O 5
5 g 2 3 1 1 7
6 1 1 1 0 2 5
Totals 8 9 2 2 4 26
1 0 0 0 0 0 0
2 0 0 ? 0 8 0
Prison 3 0 1 1 5
Poi 1 1 1 1 1 5
s - o o 0 1 1 2
6 0 0 aDey Bug © 0
Totals 1 2 2 3 % 12
1 0 0 0 0 0 0
A0 R CR 2D
Buo 3 0 0 1
Roc{ 4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
Totals 0 1 1 L 2 5
Test Totals g 12 6 6 10 43




ARCSINE TRANSF

72

ORMATION OF PERCENT FAILURE FOR

TABLE 13.
SELECTED DIMENSIONAL ORIENTATION TESTS
Bar Test
Location Bushels 1 2 3 4 5 Totals
1 4,94 0 0 0 4.94 9,88
2 0 0 0 0 0 0
5 6.99 6.99 4.94 4.94 4.94| 28,80
6 4,94 4.94 4.94 0 6.99| 21.81
Totals 30,85 29.07 14,82 9.88 16,87(101.49
1 0 0 0 0 0 0
g . : 4 4094 4094 6O "
Pris 3 0 4.9 - . .99| 21.81
Point 4 404 4.94 4.94 4.94 4.94| 24.70
5 0 0 0 4.94 4.94 9.88
6 0 0 0 0 0 0
Totals 4,94 9.88 9.88 14.82 16.,87| 56.3%9
1 0 0 0 0 0 (0]
Buoy 3 0 0 0 0 4&94 4.94
Rock 4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
35,79 43.89 29.64 29,64 43,62|182,58

Test Totals

L =



TABLE 14.

ANALYSIS OF VARIANCE FOR REPEATED

MEASUREMENTS EXPERIMENT

Source of Variation d4f

SS MS F
Bars 2 99,28 49,64 2,41 P<.1
Error (a) 15 308,39 20.56
Whole-unit Total 17 407.67 2%.98
Tests 4 11.11 2:718 .87 P<L, 25
Bar x Tests 8 68,11 BeH1 2.65 01<PL, 025
Error (b) 60 192.86 %21
Subunit Total 72 272,08 5«18
Total 89 679,75

¢L



TABLE 15,

AVERAGE PERCENT FAILURE OF SELECTED DIMENSIONAL ORIENTATION
TESTS FOR EACH BAR SAMPLE ( TRANSFORMED DATA)

Distance From Ends
Sebentelian 3 { inehei) \ Bar Failure (Percent)
Test Test First Second Thurch Prison Buoy Total
Reading Reading Hill Point Rock
1 w/T RATIO 0.4 0.4 5. 14 0.82 0 1.98
2 W/T RATIO 0,4 0.6 4.85 1.65 0.82 2.44
3 W/T RATIO 0.6 0.8 2.47 1.65 0.82 1.65
4 W/T RATIO 0.8 0.8 1.65 2.47 0.82 1.65
5 W/T RATIO 1.0 0.8 2.81 2.81 1.65 2.42
1

Width to thickness ratio symbolized by W/T,

YL
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Were understood. Consequently, it was necessary to
graphically describe separate response graphs for the
five orientation tests,

The average percent failure of the dimensiona]
tests across each bar was calculated (Table 15) and
Plotted as separate response graphs (Figure 8). An
examination of Figure 8 revealed that the effects of
tests were not consistent over different bars, For
bar 1, tests 1 and 2 had the highest failure rates
While on bars 2 and 3 the same tests had the lowest
Across all tests, bar 1 had higher

failure rates.
Overall, no general

failure rates than bar 3.
differences can be found between bars because the

tests did not respond the same for all bars. Even
though bar 3 had a larger number of smaller oysters
(Table 11) there were no general differences between

the bars for any of the tests.
There was no single test that was uniformily

tests because of the

bars and tests. Since
the five selected tests
all the other ratio tests

Superior over all the other
inconsistent effects across
the confidence intervals of
(Table 8) overlapped almost
With readings between 0.4 and 1.0 inch in from both

ends, then any of these ratios should give comparable

failure rates. For future application, this means

that the orienting sensors can record each width to
thickness ratio anywhere within a 0.6 inch segment
along the oyster length starting 0.4 inch in from both

Oyster ends.

CONCLUSIONS

1. A width to thickness ratio produced the

lowest oyster failure of all techniques tested,

2. The effects of orientation tests were not

Consistent over different bars.
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3. Over all the bars tested the percent
Oyster failure was the same for the selected width

to thickness ratio tests.
4. The width to thickness ratio tests hag

the same oyster failure across all bars.
5. Comparable oyster orienting efficiencies

can be attained by width to thickness ratios with
orienting points located 0.4 to 1.0 inch in from

the oyster ends.



CHAPTER 6
EXPERIMENT 2: TROUGH STUDIES
INTRODUCTION

It was proposed earlier that an inclined,
V-shaped trough be tested for orientation capabilities,
Oysters entering with the long axis at a right angle to
the trough length will be rotated 90° by the trough such
that they will exit with either the hinge or bill end

leading.
The key to trough success is the change in initia]

Oyster orientation. It is hypothesized that oysters wil]
Teorient themselves on the trough in a consistent manner

Such that only one oyster end (hinge or bill) exits

the trough first. Consistent oyster reorientation wil)

depend upon trough design and the effect of certain oyster
Variables, The orienting efficiency of the trough may be

low because of the unknown relationships between trough

design and oyster variables. However, trough simplicity
and low cost are important enough factors to explore its

POssibilities further.

OBJECTIVES

The objectives of this experiment are:
1. to determine trough orientation efficiency

2. to identify the relationships between one
trough design and oyster variables as they affect

Orientation efficiency.

STUDY VARIABLES

The trough studies were conducted simultaneously

78
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with the dimensional orientation experiment. Each oyster
was subjected to a series of trough trials after the
incremental dimensions were recorded. Because of the
large number of trials required to test a trough, only
one trough design was tested.

Several oyster variables were identified, These

vaviables wenes . (1) cyster type, (2) trough losding

position, (3) oyster axis, and (4) oyster-trough

behavior.

Oyster Type
Oysters wer

cultchless, (2) clumped,

e classified into three types: £1)
and (3) cultched. The type

designations referred to oyster attachment condition.
Oysters showing no past or present evidence of physical
attachment were classified as cultchless. The evidence
of prior attachment consisted of visually examining the
Any noticeable deformations to the
shell exterior were considered evidence of previous
attachment. Oysters attached to other shell material or
showing physical gigns of being previously attached were
called cultched oysters. Two or more live oysters
attached together were designated as clumped.

Oyster attachment condition was considered a
variable because the general shape and deposition of
shell material is affected by how an oyster is attached to

an object. If the 1eft of lower valve of an oyster is
e valve will follow the

1969). Hanks (1966) and
how oyster shell deposition

oyster hinge area.

restricted by a solid object, th
contour of that object (Quayle,

Budge and Donald (1973) showed
and shape were restricted by proper placement on artificial

substrates. Hanks (1966) developed a cultch material
having inwardly tapered recesses. The cultch shape caused
individual oysters to grow with narrow pointed hinge ends
and broad bill ends. The restricted cultch recesses
alleviated shell curvature and caused most of the shell



80

material to be deposited in the bill region. Budge and
Donald (1973) cemented individval oysters onto vertical
screens suspended below the sea water surface. The oysters
were arranged in a predetermined pattern and spaced such
that they grew to a larger size without deforming each

other. The cemented valves followed the contour of the

screen and because of proper gpacing were well rounded

How an oyster is attached and how long it

remains attached can effect shape and shell deposition
The three attachment conditions account for some of this
affect and may help in understanding oyster orientation in

the trough.

Trough Loading Position
Oysters can enter the proposed trough orienter

only with the long axis at @ right angle to the trough
length (Figure 10). Figure 10 shows one of four
possible orientations; right valve down, hinge end
left. The four trough loading positions repeated for

each oyster were:
1. right valve down,
2. 1left valve down, hinge end left

3, right valve down, hinge end right

4., left valve down, hinge end right
portant because of its

Both oyster valves
ht and shape. The
eavier than the right

hinge end left

Loading position is im
relationship with valve placement.
exhibit general differences in weig

left valve is usually thicker and h
valve (Galtsoff, 1964). The left valve generally is

cupped while the right valve tends to be flat. These
differences in valve shape and weight could affect which

oyster end exits from the trough. Depending upon the
loading position, valve shape and weight could affect

oyster rotation on the trough.



FIGURE 10.

TROUGH LCADING POSITION

81
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Oyster Axis
Oyster axig is the direction of shell curvature.

rent axes were defined according to
These axes were:

Three diffe
Galtsoff's criteria (Galtsoff, 1964 ).
(1) right handed, (2) left handed, and (3) straight axis.

Oyster axis or shell curvature direction was determined by
placing each oyster on its left valve with the hinge
end pointing away from the observer. A left handed oyster,
positioned in the above manner, curved to the left. A
right handed oyster curved to the right. Oysters showing
no curvature were called gtraight axis oysters.

The importance of shell curvature is related to
trough loading position and the differences in valve shape

A left handed oyster positioned in the

and weight.
n in Figure 10, has its shell curvature

orientation show

directed in towards the trough.
axis of the oyster is at 2 right angle to the trough

length, the bill end should be displaced in a more
forward direction than the hinge end. One might expect
the bill end to exit the trough first because the
heavier left valve, positioned upwardly, would cause
rotation in this forward direction. The same oyster
positioned with the same valve direction but hinge right,
would tend to exit hinge Jeading. This is because the

shell curvature 1is directed away fro
the hinge end in a more forward direction.

Theoretically, l1eft handed and right handed
es in terms of shell curvature.

trough should then be opposite

Assuming that the long

m the trough placing

oysters are mirror imag
the

The oyster ends exiting :
for the same loading position. A straight axis oyster

should be independent of end orientation because of
negligible shell curvatu Loading positions with the

same valve orientations
should have no affect upon w

re.
put different end orientations,

hich end exits the trough

first.

Phere appears to be 2 possible relationship
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between shell curvature direction and trough loading
The trough orienting efficiency can be
cted if these relationships prove to be

position.
adversely affe

true.

Oyster-Trough Behavior
A trial run of the trough was conducted to

e appropriate trough inclination angle and
Oysters either

determine th

the behavior of oyster reversal.
rotated 90 degrees OT tumbled valve over valve as they

went down the trough. Initially, no specific differences
in trough behavior could be jdentified for either oyster
type, oyster axis OT 1oading position.

The reversal behavior, tumble or rotate, was
recorded for each of the four loading trials in the final

trough study.

EQUIPMENT
Trough
Figure 9 shows the experimental trough unit,
A 30 by 15 inch length of 23 gauge galvanized sheet

4 bent parallel to the 30 inch
trough with a 120 degree inside
14 inches long and 0.5 inch

metal was cut an
dimension to form & V-

angle., A piece of pipe,
0.D., was attached at the lower trough end by two

clamps (Figure 9) riveted to opposite sides of the
trough. The pipe gection was positioned through the
clamp openings and fastened to two wooden lateral
supports. The pipe allowed the trough to be swiveled
up and down thereby changing the trough inclination

angle.
A wooden qodge-anaged base was: placed muter She

trough for support.

Data Recording
Trough data was recorded onto the same tape
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recorder (Panasonic RQ-212DAS) used previously in the
dimensional orientation studies.

PROCEDURE

A trial run was conducted to determine the
gh inclination angle. The trough was set
at inclination angles of 20, 25, and 30 degrees. A

number of oysters were then positioned and dropped onto

the trough from a height of about 2 to 3 inches from the
Many of the oysters did not exit the

necessary trou

trough surface.
trough at the 20 and 25 degree settings. Almost all small

1ess than 3.5 inches in length, stopped half-way
down the trough. All test oysters slid completely down
the trough when it was set at the 30 degree angle. A
second trial run was conducted with approximately 200
oysters to verify the 30 degree trough inclination angle.
The second trial run verified this setting and all the
trough studies were conducted with the trough set at an

inclination of 30 degrees.

oysters,

Trough Studies
Each oyster was first physically examined to

identify the specific oyster type and axis. The four
trough trials were then carried out in the following

order:
1, right valv

2. left valve down,
3, right valve down, hinge right

4, left valve down, hinge right
For each trial, the oyster was held 2 to 3 inches

above the trough entrance with the correct valve up and
the long axis of the oyster at right angles to the trough

length The oyster length was then centered over the
trough entrance and the oyster dropped. Figure 10 shows
the oyster position for Trial 1 (right valve down, hinge

e down, hinge left
hinge left

left).
The reorientation process occurred as the oyster
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moved down the trough. Oyster behavior (rotate or

tumble) during the reorientation process was noted and
an

recorded as was the oyster end exiting the trough first

irst.

The same procedure was followed for each oyst
er

and trial.

Data Recording
The recorded variables had to be properly

numerically keyed on the recorder so that the
Yy
d onto computer cards.

ordered and

could be efficiently transferre
Each variable was given & specific recording position and

a numerical abbreviation.

The data was collected and abbreviated in the

following order:

1, oyster ty
A. cultchless = 1
B. clumped = 2
¢. cultched = 2

2., oyster axis (1 digit position)
A, left handed = 1
B. right handed = 2
C. gtraight axis = 3
trough trials (2 digit pos

3.
sequentially 4 times)
A, first digit:

1, hinge end = 1
g, biil end = 2
second digit: oyste

pe (1 digit position)

ition repeated

end exiting trough

r behavior

Ba
1. rotate = 1
2, tumble = 2
The number of variables required 10 data points

oyster. Since it was impossible

to be recorded for each
to remember and record all 10 points at once, the data
ts and recorded. The oyster axis

was sequenced into 3 par
and type were rirst recorded. Then, trial 1 and trial 2
of the trough studies were conducted and the results

numerically recorded. Finally, trial 53 and trial 4



86

were carried out and the results recorded.

The key variable names were recorded for each
data position to assure that correct and proper
sequencing of recorded data was maintained.

RESULTS AND DISCUSSION

Two variables, oyster type and oyster-trough
behavior, were not analyzed for trough orientation

effects. Each bushel contained between 4 to 19 clumped

oysters prior to random sampling. After sampling, the

number of clumped oysters was even smaller, thus making
an analysis of this type impractical. The three oyster

type designations were further complicated by a biased
church Hill. This sample, obtained

Bucks Seafood on Tilghmans Island,
jor to sale making it
een cultched and clumped

sample from bar 1
commercially from
was sorted and declumped PT
impossible to distinguish betw

oysters.

Oonly two fo
characterized during the trial runs; rotate and tumble.

A third form of pehavior became evident during the last
part of the critical trough experiment. Many left and
right handed oysters nflipped" or rotated one-half turn
about their long axis in addition to the above described
when positioned on the left valve. Since left
ters accounted for almost 67 percent
(calculated from Appendix E, Table
jor was not characterized

rms of oyster-trough behavior were

behavior
and right handed oys

of the total sample

E-4), and since trough behav
correctly for the two left valve trials, a significant

portion of the data Was not taken. Failure to appreciate
the significance of wg1ipping" behavior made analysis of

pehavior data worthless.

oyster-trough

Statistical Analysis
counts of hin

ge and bill leading oysters exiting



87

the trough were analyzed for four different loading
positions and three oyster axes. The purpose of the
analysis was to determine whether there were any

differences in the oyster ends exiting the trough for

the different loading positions and oyster axes,

The enumeration statistical method employed
ranging the data in Appendix E into
analyzing the tables with the

chi-square statistic. Analysis of the bar and axis
data tested the hypothesis that the proportion of hinge
and bill leading oysters was independent of loading
position., The 5 percent significance level (s. =
significant) determined the chi-square critical value
for all contingency table analysis.

Since the enumeration data was being tested on
two variables, loading position and oyster end exiting
a geries of 4 by 2 and 2 X 2 contingency
analyzed according to procedures

consisted of ar
contingency tables and

the trough,

tables were set up and
b Shecy hnd Torple (1960) and Sar (1974)«

Table 16 shows an example of one of the 4 by 2
The procedure used in Table 16

made of the observed probability

associated with one category for each row of the table.
Estimates of these observed probabilities are symbolized
by "pA" where "p" iS the observed proporticn associated

with hinge leading oysters for each loading position,
and "A" is the number of hinge leading oysters. The
total observed proportion of hinge leading oysters for

all loading positions 18 denoted by "P".
Tables 17 and 18 gummarize the results for a

y tables conducted on the bar and

axis data (Appendix E)- Initially, the analysis was

on all four loading positions and in each
chi-square, indicating a lack

The procedure for

contingency tables.
required an estimate be

series of contingencC

carried out
case resulted in a 1arge
of independence of the variables.

locating causes Of gignificance wa
to Steel and Torrie (1960). The procedure consisted of

s conducted according



TABLE 16,
BAR WITH FOUR TEST ORIENTATIONS

OYSTER END EXITING TROUGH FCR CHURCH HILL

Oyster Orientation %ﬁgng) i:;ﬁ Total P PA
1. Right valve down, hinge left 307 503 810 .379 116.353%
2, Left valve down, hinge left 296 514 810 « 565 108,040
3. Right valve down, hinge right 491 319 810 .606 297.546
4, Left valve down, hinge right 253 857 810 +312 78.93%6
1347 1893 3240 600.875
Totals

P=1347/3%240=.416 560,352

Chi-square = 600,875 - 560,352 =
416 (1-,416)

= 166,760 with 3 d4.f., s.

degrees of freedom (d.f.) = (rows-1) (columns=1) = (4-1) (2-1) = 3

88



TABLE 17.

SUMMARY OF CHI-SQUARE VALUES
TABLES ON EACH OYSTER BAR

FOR CONTIGENCY

1 Bar 1 Bar 2 Bar 3 Bar

CERphELEsRe Church Hill Prison Point Buoy Rock Total

1, 2, 5, A 166.8 s, 219.8 s, 378.5 8% 585.2 s.
P<.001 P<,.001 P<,001 P<,001

1, 2, 4 8.8 8. 153.8 8. 363.5 s. 360.9 s,
.01<P <, 025 P<,001 P<,001 P<, 001

s & «33 B.8 34,8 8. 164.5 8. 114.4 s.
«SO<P LTS P<, 001 P<,001 P<,001

3, 4 141.1 s. 178.9 s. 164.2 s, 459.4 s.
P<,001 P<,001 P<,001 P<L, 001

1 3 81.9 s. 45.0 8. 55:) 8% 172.0 s.
P<.001 P<,001 P<,001 P<,001

2, 4 3/9 s, 159.3 s. 31641 84 351.4 8.
025<P<, 08 P<,001 P<.001 P<,001

L Comparisons numerically keyed:

right valve down, hinge left
left valve down, hinge left
right valve down, hinge right
left valve down, hinge right

Hownn

B0 -

68



TABLE 18,

SUMMARY OF CHI-SQUARE VALUES FOR CONTIGENCY

TABLES ON EACH OYSTER AXIS OVER ALL BARS

: 1 Left Handed Right Handed Straight Axis Bar

s - Oysters Oysters Oysters Total
1, 2, 3, 4 896.8 s. 76.3 s. 42.9 8, 585.2 s,
P<,001 P<,001 P <, 001 P<,001

 Phei ] 449.3 s, 10.8 s. 42.6 s, 360.9 s,
P<,001 .001<P <, 005 P<,001 P<,001

1’ 2 105.6 S- 304 no sl 1103 sO 114'3 s'
P<,001 +05<P<, 10 P<,001 P<,001

- o ! 791.2 s, 12.1 8, 6.9 s. 459.4 s,
P<,001 P<,001 ,01<P<, 005 P, 001

1, 3 350.9 s. 28.4 s. 1.4 n, s. 172.0 8.
P<,001 P<,001 « 10<P<,. 25 P<,001

2, 4 410.6 s, 2.00n, &, 36.8 s, 351.2 s.
P<,001 «10<P<. 25 P<,001 P<,001

Comparisons numerically keyed:

right valve down, hinge left
left valve down, hinge left
right valve down, hinge right
left valve down, hinge right

AUV

06
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eliminating the rows which appeared to be the cause of

the significance and running a new test of significance
on the reduced data. In almost every new test signifi-
cant results occurred indicating that the proportion of

hinge and bill Jeading oysters was not the same for the

loading positions.
In order to explain
between loading positions and the oyster orientation

exiting the trough, it was necessary to investigate

theorized trough behavior.

the significant differences

Oyster bars. Analysis of the bar results yielded little
information in explaining the action of the trough. The

most significant finding from Table 17 was that the
proportion of hinge and bill leading oysters was
significantly different over each bar for the four

trough loading positions (P<.OO1) This proves the
inefficiency of an inclined V-shaped trough in orienting

oysters since efficiency was dependent upon bars and

loading positions.

The very large chi-square values

Left handed oysters.
in Table 18 can be partially explained by the previously
stated theory of & mirror image effect for left handed

oysters. When all jeft handed oysters are considered,
the ratio of bill to hinge 1eading oysters is 2 to 1
for the first right valve position while for the second
right valve position, the ratio 1is 1 to 2 (Table E-1,
Appendix E). The mirror image effect is still evident
on individual bar results, but the proportion between
hinge leading and pill leading
Although individual par ratios are too heterogeneous to
justify a significant mirror image over all bars and

oysters, the trend towards @ mirror image effect is a
cause of the large chi~square value for the
t valves (Table 18).

oysters varies widely.

possible
comparison between righ
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The data in Table E-1, Appendix E shows no
likelihood of a mirror image effect for left handed
oysters positioned on the left valve. The great
orientation differences between right and left valve
g may be attributable to the unrecorded

positionin
with left handed oysters

"flipping" associated
positioned on the left valve.

Right handed oysters. Trough orientation results for
right handed oysters did not agree with expectations.

For any hinge left 10ading position, there were no
significant differences (.05<P<.10) between the

ge and bill leading oysters (Table 18).
This means that for all right handed oysters the
proportion of hinge and bill leading oysters was the
same regardless of valve positioning. Theoretically,
results for right nanded oysters should be the reverse
of left handed oysters. This reversal is seen in only
two instances from the data in Appendix E. The bar
results show a reversal for the two oyster types with
right valve positioning (Table E-1 and E-2, Appendix E).
Over all bars, only the second right valve loading posi-

tion displays the reversal (Table E-4, Appendix E).

proportion of hin

Barlier, it was theorized that

Straight axis oysters.
ation of gtraight ax

independent of 1oading positions when the same valve
orientation was used, pecause shell curvature is
If the theory was

lacking in straight axis oysters.
correct, trough results ghould be jdentical for both
itions and for both left valve

right valve loading PoS
There appears to be a tendency for

loading positions.
Strajght axis oysters to follow the theory, but the
hinge and bill leading pro
one loading position tO ano

of loading position (Table E-3,

trough orient is oysters was

portions vary too much from
ther to support independence

Appendix E).
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Over all bars straight axis oysters had the

smallest chi-square value in comparing the proportion

of hinge and bill leading oysters for all four loading
positions (Table 18). Although there are significant\
differences in the proportions between each loading

position (Pc.OO1), the smaller chi-square may 1ndi;ate

a tendency for straight axis oysters to follow

proposed theory.
The proportion of strai

and bill leading oysters was the same over all oysters
for right valve down positions (Table 18). This
significant result does verify proposed theory, but

it is not statistically justified. The individual bar
data was too heterogeneous to justify pooling and

uare (Table E-3, Appendix E),
ster axes to

ght axis hinge leading

computing a chi-sq
The tendency for the three oy

behave differently explains some of the differences in
the trough's orienting efficiency. However, there were
no significant relationships between orienting efficiency

and oyster axes.

CONCLUSIONS

inclined y-shaped trough operating

1. An
fficient in orienting

under set conditions is not e

oysters.
e significant differences in the

2. There ar
eading oysters exiting

proportion of hinge and bill 1
h loading position over all

the trough for each troug

bars and oyster axesS.
3, There does appear to be & tendency for

axis types to orien
t this tendency is not

specific oyster t in some known
manner on a V-trough, bu

statistically gignificant.
4, Within all bars, there are no mirror

r both jeft and right handed oysters.

image effects fo



CHAPTER 7
CONCLUSIONS

The conclusions of this research were:
1., A width to thickness ratio produced the

lowest oyster failure of all dimensional orienting

methods; less than 0.50 percent.
2. Over all the bars tested the percent oyster

failure was the same for the five different width to

thickness ratio tests.
%$. -The width to thicknes
g all three bars.

ter rejection rates can be

s ratio tests had the

same oyster failure acros
4. Comparable oys
attained by width to thickness ratios with orienting
points located 0.4 to 1.0 inches in from the oyster
ends.
rom different bars result in

5, Oysters f
ing the same orienting

different rejection rates us
method for several methods tested.
6. The inclined y-shaped trough was not

g oysters.

efficient in orientin
ferences existed in the

T significant daif
proportion of hinge and bill leading oysters for each

trough loading position over all bars and axes.
8., Within all pars tested, no mirror image

effects existed for both left and right handed oysters,
9, Only 20 to 25 oysters per hour could be

handled using the oral recording technique.
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CHAPTER 8
RECOMMENDATIONS FOR FUTURE STUDY

he magnitude of the differences between
each pair of orienting points for the five width to

thickness ratio tests should be calculated and
eater the difference the easier it is

1. %

compared. The 8T
in distinguishing between the oyster ends.
2, Actual tests should be conducted with a

photoelectric device to determine if dimensional

orientation results are applicable.
3, Investigation should be initiated to

develop a re-orienting device for rotating oysters

90 degrees.

4, Width to thickness ratio data should be

investigated as a means for quantifying oyster shape.
5. All dimensional data should be compiled as

a reference source On the dimensional properties of

oysters.

6. Develop automatic oyster dimensional measur-

ing device.
7. Add

oyster shellstock

itional research into the design of
washing and singulation equipment
should be undertaken. The investigation should include
a patent gearch on shellstock washing and an appraisal
of the work by Shawver and Henderson (1972) for singula-

tion purposes.

8, A method foT dimensionally determining the
adductor muscle spot from the shell
ted. If the location of the
jonally defined, the

with the orientation

location of the
hould be jnvestiga

exterior s
dimens

adductor muscle can be
operation can be combined

subsystem.
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APPENDIX A
ECONOMIC ANALYSIS
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&

111,

4

Calculation of Number of Oysters Per Average Gallon

(Wheaton, 1972)
No. oysters/gal

i

(No. oysters/gal standards)

(% standards) + (No. oysters/gal
selects) (% selects) + (No. oysters/gal
extra selects) (% extra selects) +

(No. oysters/gal counts) (% counts)
400(.5) + 225(.4) + 185(.05) + 140(.05)
- 306 oysters/average gal .

]

Assumptions of Manual Orientation
1. Feed rate of 3600 oysters per hour.

2. Two orientation operators.
3, Each operator will be paid $3.00 per hour.
4. The operators will orient all oysters correctly

5. Operators will work 6 hours per day, 4 days per
week, 30 weeks per year, for a total of 720

hours per year.
From these assumptions, 2 operators will earn each year:

earnings = (2 operators) (720 hrs/yr) ($3.00/hr)

earnings = $4,320 per year

With fringe benefits (11% of base pay) it would cost

a processor:
(earnings) + (earnings) (.11)
$4,795.20 per year

1 have to pay $4,795.20

nual orienting operation,

cost

n

cost

Therefore a
year to maintain a ma

processor wil
per

f Mechanical Orientation
gallon of oysters contains 306 oysters.

f 3600 oysters per hour or 11.76

Assumptions O
1. Average
2. Capacity rate ©

gallons perT hour.
3, (Qysters have & product value of $10.00 per gallon

(1ower 1imit) and $12.00 per gallon (upper limit).

4, The device operates 720 hours per year.,
5, All oysters not oriented correctly are

considered a total lo88.
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Calculation of product value loss with an orienting
device operating at 95 percent efficiency,

at $10/gal:

Product value loss/yr = (% failure) (no. gal/hr)

(no. hrs/yr) (cost/gal)
(.05) (11.76) (720) (10)
$4,233.60

i

at $12/gal:

Product value loss/yr = (.05) (11.76) (720) (12)

$5,080.32

i}
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Torsch, E.L., and J.H. Parker.
1907, Process of shucking oysters.
No. 848,608. g Bulhe SR
Raw oysters are manually fe
consisting of a rotating whee{ wi%htgygt2?0hine
and grinding wheels attached to it. The r%rippers
automatically pick up the oysters and carﬁ ggers
past successive grinding wheels for removig tem
hinge portion. Two hook like mechanisms thg i
enter the ground—off-ends of the oysters angn
spread the valves apart. TFlexible knives ent
petween the shell spreaders, follow the intergr
contour of the shells, and sever the adductor .
muscles. Thereafter, the oyster is inverted t
the meat from between the blades. ¢

discharge
horizontal position on the

Orientation desired:
oyster 1oading station with hinge end facing the

operator.
Orientation device:

Torsch, E.L., and J.H. Parker.
1907. Machine for shucking oysters. U.S. FPat,
o

No. 848,784 .
Same as UeS

manual .

Patent No. 848,608.

Mandvill, A.P.
U.S. Pat.

1922, Oyster opening machine.
No. 1,439,181.

Oysters are fed from a funnel shape
onto anyintermittently moving conveyor gegt?OPper
The belt consists of a number of connected links
with every other 1ink having a vertical flange
on one side. Attached perpendicular to the
flange is a b ntaining a clamping finger
which hol y As oysters are fed from
the hopper, an operator places the oysters left
valve uppermo n the hinge end disposed against
the flange and under the spring fingers. After a
oyster has been properly positioned, it is conve gd
to two wedge ghaped knives. The first blade enty
petween the two halves of the ers
hell apart. At the same
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time, the blade cuts the oyster 1

bottom portion. The top pgrt of 2§2e5§§§? g
attached meat is then carried by a lever e
the second knife. The lever arm is fixedarm i
sprigg clips at its end which engage the WLtk
remaining top shell and position it for the final

muscle cutting.

Crientation desired: horizontal positio
valve (cupped) uppermost with the hinge gf égft
end perpendicular to the direction of flow .

Orientation device: manual.

4. Egli, H.
192%, Oyster shucking machine.

No. 1,445,672,

.8 Pat,

s are processed on a horizontal

rotating table. geveral mechanisms for posi-

tioning the oysters, opening the shells,

severing the adductor muscles, and then
ts from between the shells are

extracting the mea
mounted on the table. As a preliminary step
before shucking, the edge of the bill is broken
off so that the shell spreaders and muscle
knives can operate properly. After the bill has
been broken, an operator places an oyster in a
vertical position, ninge end uppermost, under a
holding clamp. the same time, the operator
aligns the pill such that a wedge, in the shape
of an inverted , enters the broken bill. The
wedge 1is composed of two sections and spreads
the valves apart where two knives then enter
from beneath the table and sever the adductor
muscles. Once the oyster shell is opened and

f the muscles gsevered, an extractor
outward, betweindthe parted
shells, carrying on its serrated edge the o
neat, The mgatgis then deposited in a i bt

receptacle.

Raw oyster

Orientation desired: vertical position, hinge
end uppermost.
Orientation device: manual.

5, Doxsee, J.HepJTes and W.H. Cook.
1935, Apparatus for shelling mollusks. U.S. Pat,

No. 2,008,820

is a tumble~separator for

This device
gteamed clams. 1ams are conveyed by a bucket
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elevator to a steam box where they a

about 20 minutes. The clams are ¥ir§§ gizzgddfqr
open the shells and loosen the meats from the to
shells. From the steam box, the clams are oo
transferred by a chute onto a pair of conve

belts arranged side by side. Mounted one i%oi
from the surface of the belts are three diveit-
barriers for agitating the clams. The ing
interaction of the clams on the barriers
separates the meats from the shells. As the
clams are deposited onto the first conveyor, th
come in contact with the first barrier. An§ 24
meats which become separated at this point pass
under the barrier and remain on the belt, while
the empty shells and the shells still containing
meats are diverted by the barrier onto the second
pelt. The shells and meats are again agitated

by another barrier raised one inch above the belt
At the second barrier, the shells are diverted )
through an opening and fall off the belt. The
meats pass under the second barrier and come in
contact with the third barrier. The third
barrier is placed flush with the belt and

diverts the meats back onto the first belt where
all the meats fall off into a receptacle.

Orientation desired: mnone, batch process.

Orientation device: none.

Jenkins, M.B. ) ) :
1936, Method of processing edible bivalves. U.S. Pat,

No. 2,047,688,

This invention jg directed to the
ocessing of small clams, the

continuous Pproce

particular S ecies being Donax %22%&3222. The

process comprises cooking the bivalves to open
cooked bivalves to free

the shells, tumbling the
the meats, and geparating the meats by flotation.

The apparatus i8 divided into the following
major elements: 2 rotary screen, a sorting
conveyor, & cleaning tank, 2 rotary cooker, an

extractor, and 2 geparator. Clams are fed from a
rotary screen that is perforated

hopper into 2 .
peripherally. Two spray nozzles direct a stream

of water onto the clams, separating sand from

the bivalves. The sand passes through the screen
perforations into a drain pan and discarded. The
clams drop from the rotary screen opto a sorting

conveyor where rocks and other forelgn matter are
manually removed. After being sorted, the clams

enter the cleaning tank where they are brushed
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and rinsed. Within the cleaning t
made up of an endless series Ofginiggliska belt
brushes having steel bristles. The botﬁ o
of the tank is corrugated so that the clzm
turned over a number of times to be Cleanmg are
all sides. The clams are then rinsed to ed on
debris resulting from the brushing operatiemOVe
The clams enter a rotary cooker composed ogn.
long horizontally displaced cylindrical shel?
A series of burners extends longitudinall 3
the cooker, Within the shell is a spiréiy ;nder
extending its entire length which moves thﬁ e
through the cooker. The meats are loosened glams
the shells by means of a horizontal rotatin rom
drum. Within the drum is a number of Padia%l
inwardly extending spikes which agitate the 4
clams as they are being tumbled. After the meat
nave been freed from the shells, the product o
enters the gseparator. Here a ribbed conveyor
belt carries the meat-shell products under a
hells are caught by the ribs

water spray. The s
and the water carries the meats off the belt into

a strainer.

Orientation degsired: nNone, batch process.

Orientation device: none.

7. Doxsee, J.H.,Jr., and Ww.H. Cook.
1937. Method of shelling mollusks. U.S. Pat.

This method consists of a tumble-sepa
for steamed clamsS. The present 1nvent10npi§at°r
similar in design and theory of U.S. Patent

No. 2,008,820. Unlike the previous patent, this
invention characterizes_ the dual belt-barrier
system in much more explicit detail.

Orientation desired: mnone, batch process.

Orientation device: none.

and A. Hond .
parating shells and meats of
ish. UaSo Pato No. 2,337’188.

Mussels are supplied from a feed container
onto a conveyor elt and pass through an oven
where they_are subjected to a temperature of
& Bsut "1 100° Gpger 'S ceconds. The mussels exit
from the oven and fall 7 feet upon a rotating
cylinder. The impact of the heated shellfish

8. Geldermans, J.E-»
194%, Process of se
bivalve shellf
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on the cylinder causes the meats

d from the shells. The uncggkzg

are thgn separated from the shells in a reah e
flotation tank containing a solution of

salt. The flotation tank is e Sogmes ot
rotating cylinder. For a heating tempergith e
of a 1100 C. and a heating time of 4 seéongre

ge temperature of the meats on leasing

the avera
the oven is 48 C. and, at a heating time of

15 seconds, 55 C.

up
separate

Orientation desired: none, batch process

Orientation device: none.

Harris, S.G.
1952, Method for recovering oysters. U.S. Pat
No. 2, 608,716, "

Steamed oysters are processed in a
rator. Oysters are

tumble and spray sepa
preliminarily washed and then steamed at a
temperature of 240 F. for 9 minutes. The
oysters are then fed into an inclined rotatin
drum 10 feet long, 4 feet in diameter, rotatig
Gl S o, & DhpyivaldaSif e drus is g at
constructed of spaced longitudinal pipes with
openings such ass the oyster meats while
holding back the shells. Within the drum are a
plurality of baffles for raising the oysters
The fed oysters are picked up by the baffles.,

of the drum, and then

raised to near the top _
allowed to fall. The resulting impact
eats from the shells. A water

separates the m i
pipe exten ise within the drum
directs J n the oysters,
facilitating separation of meats from the shells
The meats fall into a collecting pan beneath the.
drum. The meats are transferred to a flotation
tank where any shell fragments are removed,

n desired: none, batch process.

Orientatio
Orientation device: none.
Harris, S.G. :
1953, Apparatus for recovering oysters. U.S. Pat,
No. 2,652,588,
Steamed oysters are processed in a
This device is the

tumble and spray geparator.
described in U.S. Pat.

same as the apparatus
No. 2,608,716
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11. Skrmetta, R.Q.
1958, Oyster shucking machine. U.S. Pat

No., 2,818,598.

This device is a tumble-se
gteamed oysters. In its broadesgagizgg for.
invention primarily consists of passin ’othls
through a plurality of impact members éhiyiters
to dislodge the meat from the shells. Sic g i
forms of the apparatus are described on1nce khres
preferred form of the device will be’reviy L
Steamed oysters are conveyed to the top ;wed.
vertical tower where they fall onto a seﬁ- -
impact members. Each impact member or roies ]
consists of a number of elongated blades fgr
to two end plates. The rotors are spaced At
longitudinally in the tower and revolve in
direction as not to impede the vertical flosuCh a
oysters. Adjacent to each rotor is an incli o
vibrating screen and water spraye. Any meat e
dislodged from the shells by the impact of zh
blades of the first rotor, fall through the )
and are washed down a discharge chute into ascreen
collecting trough. The geparating action is
eries of rotors until the oyst
reach the bottom © the tower where they are o
screened once more and the emptied shells are
removed by 2 discharge conveyor.
Orientation desired: none, batch process.

Orientation jevice: none.

and S.G. Harris.

tus for recovering
2,823.414.

12. Seal, R.D.,
the meats of bivalves

1958, Appara
U.s. Pat. No.
gteamed oysters are processed in a tumble
and spray gseparator. After oysters have been
preliminarily processed Dby steaming, they are fed
into a rotating cylindrical drum. The wall of
constructed with continuous
circumferential openings of a width such as to
pass the meats while holding back the major porti
Within the drum are a plurality L
the oysters and allowing
the drum rotates. The baffles
f about 300 to the drum axis
dvanced along the drum eéch

time they are 1ifted and dropped. Mounted within
the drum 18 a water pipe which

the upper part of

discharges Jjets of water 1O facilitate the
movement of the meats through the drum openings
t metal is mounted such

A collecting pan of shee

them to fall as

lie at an angle ©
ters are &
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that it extends along the sides a

drum. As the drum rotates, oystegdngzgom of the

geparated from the shells and are dischararg

through the drum openings upon the inner Eﬁ £

of the pan. The meats slide down the pan tr n&e

through a discharge opening in the bottom e g
a liquid tank. They are then wne

pan and enter
4 from the tank by 2a belt conveyor for

remove
packaging.
Orientation desired: none, batch process.
Orientation device: none.
1 3
3. Strasburger, L.W.
ing the meats of bivalves.

1958, Method of recover
Uu.s. pat. No. 2,824,005.

In this invention, a method is related of
producing steamed oysters for later canning.
After the oyster shellstock has been washed, the

re packed in steel crates and '
ine tank. The bivalves

oysters a

transferred to 2 heated brin

are soaked for & period from 3 to 8 minutes in a

brine solution at about 60° F. The solution is
e ranging from 110° F. to

temperatur
1609 F. by a pipe coil on the bottom of the tank
supplied with steam. The soaking of the oysters in
the hot brine causes the oysters to gape and open
The salt brine enters the shells, changes the %
density of the oyster liquor, and causes the
adductor muscles to become weakened. Following
the soaking, the oysters are cooked in a standard
steam box or retort By exposing them to a
temperature from F. to 260° F. for a period
from 4 to 20 minutes. The pressure of the steam
box ranges from 1bs. to 20 1bs. The crates of
oysters are then removed from the steam box and

t from the shells is

the separation of the mea
by use of a rotary

completed b agitation as
. y 28 e Patent 2,652,588.

drum of the Har

none, batch process.

Orientation desired:

Orientation device: none.

1
4, Harris, S.G. .
1958, Method of recovering meats of bivalves. U.S.
989

L]

Pat. No. 2,832
d into a rotating

Whole oY
cylindrical drum e simultaneously
nically shocked. The application

washed and mecha
x weakens
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1960, Method of opening oysters.

107

adherence of the adductor muscles

gubsequent opening of the shells issgaggiﬁt

The oysters are then steamed for a period1 s
4 t8 25 minutgs at a temperature from abOuif
220YF, to 260" F. at 2% to 20 lbs. pressur

cooked oysters are then discharged onto ae' .
perforated belt submerged in a brine flotati
tank. Some of the meats, which are wholl A
released from their shells, float free toyth
gurface; while others, which are still conneit
to their shells, are carried into the brine zd
the oysters travel along the belt, the beltois :
subjected to agitation from beneath by action of
mechanical beaters, causing the shells to boung
up and down. Such agitation releases any meatse
adhering to the shells. The shells are
discharged as the belt rises out of the brine
and the meats are collected at an overflow '

opening in the flotation tank.

Orientation desired: none, batch process.

Orientation device: none.

'] HaDn
U.S. Pat.

No. 2,942,292,

Oysters are manually placed onto a conveyor
formed from two gpaced roller chains. Attached to
one chain are a number of angle pieces having
horizontal ledges. The other chain has vertical
pieces of metal attached to it. An oyster
is placed flat valve down with its bill resting
on the horizontal ledge and its hinge supported by
the vertical piecesS. Between the two conveyor
chains is an elongated electrical heating rod
situated such as to heat the adductor muscle area
at a temperature from 1000°F. to 1500°F. for

After one of the muscle
eased, the oyster is
manually placed in an edgewise position onto

As the lever is

a lever actuated wedge.

depressed, 2 conical point is forced between the
shell valves, forcing the valves apart. Once the
valves are opened, & knife is manually inserted
from the hinge end and the remaining adductor

muscle is gevered.

Orientation desired: For the conveyor unit,
ith their right valves down;

oysters are placed W
all bills placed on the horizontal ledges of the
At the lever actuated shell

angle pieces.
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18,
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spreader, oysters are placed in a vert
position with the hinge end uppermost.ical

Orientation device: manual .

Lapeyre' F'S' L] JnMo Lapeyre, Lqu Demarest, and

R.F. Couret.
1961, Process for the recovery of oyster meats. U.S

Pat. No. 3,007,801,

Frozen oysters are processed in a
tumble-separator. In the principal form of the
invention, oysters are conveyed to a rotary
inclined drum affixed with spiral vanes.
Extending lengthwise near the bottom of the drum
is a central anvil fastened to an oyster meat
recovery flume. Constructed around the drum is a
brine flotation tank., As oysters enter the drum
the spiral vanes 1ift the oysters, dropping them'
upon the anvil, thus breaking apart the shells
The frozen meats collect in the flume and are i
discharged out of the tank. The shells are
conveyed from the bottom and discarded.

Orientation desired: none, batch process.

Orientation device: none.

Lapeyre, F.S., J.M. Lapeyre, L.E. Demarest, and

R.F. Couret.
1962, Machine for shucking oysters. U.S. Pat.
No. 3,037,237,

A division ©
Similar in theory an

f U.S. Patent No. 2,007,801,
d design.

Matzer, R.F., and E. Seidel.
1965, Material handling apparatus. H:8,. Pat,

No. 3%,203,034.
cupped fingers pick up and convey calico
) past a series of

scallops Aeguipecten ibbus
ers., The d rect flame contact on

gas burn
predetermined zones of each shell causes a
release of the adductor muscles. A pair of

cooperating rollers having mating cavities
receive the pbivalves and the shearing action
of the rollers geparates the valves. The meat
is then gseparated from the shells in a brine

flotation tank.



109

Orientation desired: unclear.
Orientation device: unclear.

19. Marvin, J., and T. Henderson, Jr.
1966, Apparatus for recovering flesh from bivalve
mollusks. U.S. Pat., No. 3%,2%0,578.

clams are fed through a mechanical filter
where they attain an on-edge position, onto a ’
pair of jnclined rollers. The rollers, rotating
in opposite directions, convey the clams hinge
end uppermost past a pair of gas burner pipes.
The direct flame contact causes the clams to
open draining the juices, and thus preventing
overcooking. The clams are then dropped onto a
gecond pair of inclined rollers and gas pipes.
Direct flame contact releases the meat from the
shell and a vacuum nozzle gathers the meat.
Orientation desired: vertical position, hinge
end uppermost.

Orientation device: vibrating V-shaped trough

and a pair of inclined rollers rotating in

opposite directions. The V-shaped trough acts

as a mechanical filter accepting only those clans
The vibration causes the

which enter edgewise.
on-edge clams to pe fed to the pair of rollers.
The rotation of these rollers in opposite

directions tends to 1ift the clam from between
the rollers and reduces the static friction
forces between the clams and the rollers. The
rollers are spaced a gufficient distance apart
that when the clam is rotated to dispose its
mantle edge bottommost, thereby positioning its
hinge uppermost, its center of gravity is below
its point of contact with the rollers. Thus,
ling along the rollers may

be in any vertical position, but because of the

location of the center of gravity relative to the
11 upon an imaginary lateral

rollers, the clams IO
axis until their centers of gravity are in their

lowermost position.

20, Marvin, J. and T. Henderson, Jr.
1966, Method for recovering flesh from bivalve mollusks.

U.S. Pat. No. 3,23%0,580.
A division of U.S. Patent Neo. 3,230,578,
gimilar in design and theory.
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21, Lapeyre, J.M., and R.F. Couret.
1966. Process and machine for opening bivalves,

U.s. Pat. No. 3,239,877.

Oysters are processed by first immobilizing
both valves of an oyster, then rotating the lower
valve to break the hinge joint between the valves
and to sever the adherence of the adductor muscle
from one of the valves. Prozen oysters are placed
onto a conveyor comprised of spaced chains
affixed with pallets. Each pallet is provided with
a group of holes in number and position

corresponding to the upstanding pins of an oyster
clamping member located beneath the conveyor.
Located above the conveyor is another clamping
member with shell grasping pins. Once an oyster

is positioned between both clamping members, the
lower valve is contacted by the rising pins which
deform to cavity patterns of the oyster shell.

The rising pins 1ift the bivalve from the pallet to
an elevation where the downwardly projecting pins
of the upper clamp engage the upper valve. On the
final upward movement of the lower clamp member,
the bivalve is tightly clamped. After the locking
operation, the nandle of a twist valve is thrown

so as to admit fluid under pressure and rotate the
lower clamp member. Phis rotation will effect
corresponding rotary movement in the lower valve
while the upper valve ig immobilized to the upper
clamp member. The result is severing of the hinge
joint and the adductor muscle from the top valve.
The oyster is then freed from the clamping
operation and a knife is manually employed to sever
the adductor muscle from the lower valve.
Orientation desired: horizontal position, right
valve (flat) uppermost, bill pointing in direction

of flow.
Orientation device: manual.
22, Brown, C.T.
oving scallops from their shells,

1967. Apparatus for rem
U.S. Pat. NO. 3932096310

Secallops are manually loaded onto pivoted
feeding trays on & rotatable vacuum head. After
heated electrically for

the trays have been
elease of the bottom valve, a

6 seconds to cause T :
lever flips the gscallops against suction cups of

the vacuum head., A foot lever is depressed to
rotate the head at a speed from about 1200 to
2000 r.p.m. for a few seconds. Centrifugal force
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24,

25.
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throws the heated shells and viscera against
sloping walls of the head from where they pass
down a chute to a debris receptacle. Recessed
heaters in the suction cups are then enérgiz a: f
about 2 seconds to loosen the scallop musciee e
the remaining half shell. The vacuum head'ison
again rotated to separate the meats. The

vacuum is cut off and the shells pass into the

debris receptacle.

Orientation desired: horizontal position, all
hinges placed against the loading tray lip.

Orientation device: manual.

Meyer, L.
g for processing scallops for the market.

1968, Mean
U.S. Pat. No. 3,417,423.

Whole scallops are delivered from a chute
onto a wire screen conveyor belt. The randomly
spaced bivalves travel under a series of
perforated steam pipes. The steam rapidly heats
the shells of the scallops causing them to open.
The heated yet raw scallops fall from the
conveyor onto a meshed vibrating screen where
the meats are separated from the shells. The
mesh is too small to permit passage of the shells
but large enough to pass the meats to an
eviscerator. The viscera is removed from the
meats by means of a rotating cylindrical brush,

Orientation desired: none, batch process.

Orientation device: none.

Meyer, L.
1969, Means for processing gscallops for the market,
U.S. bPat. No. 3,465,382,

A division of U.S. Patent No. 3,417,423,

Similar in theory and design.

Evans, L.A.
1969, Apparatus for shucking bivalves. .8 Pat.,
No. 3,473,191.

There is provided in this invention an
apparatus for shucking bivalves, principally
The shucking machine consists of an

raw oysters.
electrically heated tunnel type oven and a
k attached with individual bivalve

conveyor trac
holder arms. Associated with the holders are
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shielding elements for rotectin i

bill portions of the bisalves frfmtggigln%e an@
stters are manually placed in the héldgr o
in a vertical position, bill end uppermo tarms

the holder automatically closes on one o? e o
valves, the operator pulls the upper éhielghe
assembly over the bill. The holders move o

the oven where the oysters are exposed not T
the hot atmosphere in the chamber but aiso 2g1y N
radiant heat of the chamber walls. Dependin ¢
oyster size, age and locality of waters takeg Mhe
oven is heated to a temperature of between ‘|2(50‘15he
and 2000°F. for between 14 and 25 seconds. B o
the oysters exit from the oven, they are éub e
to a vertical shaking motion which causes thjeCted
to peel away from the shell, Upon emerging ; -l
the oven, each oyster is sprayed with water fiom

a nozzle. Coincident with the spray step theom
shield assembly of the bill is released b§ the
gngagement of an actuator element. Thus, the sh
is free to open under the action of the ﬁin e i
ligament, together with the action of the wgt
spray. The holder arms then begin to turn ineg
downward direction as they are conveyed on th
track. Half-way through the turn, a downwarde
thrusting motion is generated to the holder ar
causing the meat to be ejected out of the shelTs’
into a wash tank. The holder arms automaticallS
open, dropping the empty shells for disposal,. J

Orientation desired: vertical position; bill
the left valve of the oyster ?gd

uppermost, Also
placed such that it faces the left or dor ;
of the bivalve holder arm. sal side

Orientation device: manual .

26, Wenstrom, R.T«, and T.S. Gorton,Jr.
1970. Method of shucking shellfish.
No. 3,528,124.

1.9 Pat,

Combination of a two step shocking ope :
and immersion in a_hot water bath for sgpa£a£?220n
calico scallops (Aegquipecten gibbus)

raw scallops.
are carried on & paneled conveyor belt to the
first shocking station. In one form of the first
shocking station, the bivalves are dropped 20 tg

a vertical chute onto a metal baffle

60 feet down
ther form, the bivalves are

plate. In ano
subjected to a blow by rotating paddles

(400 to 600 r.p.m.) mounted in a chamber on a
central rotary shaft. After the scallops have
been shocked, they are immersed in a hot water
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bath (150° to 212°F,) for a period f

3 sgcondg to 20 seconds. Thg immersigg ;:ggt
assists in separating the meat from the eholessd
shellg. Scallops are then conveyed to the‘sose
shocking operation similar to the first ,Ateiond
second station, the shells are broken aﬁd th e
meat-shell products fall onto a vibrating scg
Here the meats fall through to an evisceratoreene
where the edible muscle is removed. The
eviscerator consists of a series of contiguous
rollers geared SO that adjacent rollers rotate i
opposite directions. The eviscerator is arran 2
at an incline and provided with a water spray "
above and below the rollers. The viscera is
gripped between the rcllers, peeled from the meat
and dropped beneath the rollers to a pan. The
remaining muscles are progressively advanced to
different pairs of adjacent rollers to be rotated

and turned for further cleaning.

Orientation desired: none, batch process.

Orientation device: none.

27. Willis, E.D.
1971. Scallop processing. U.5. Pat. No. 3,562,855,

scallops (Aeguipecten gibbus)are
feed hopper onto an open mesh
y are washed by an overhead

Calico

discharged from &

conveyor belt where the
The conveyor discharges the scallops

spray unit.
onto a chute which is inclined to drop the bivalves
between a pair of drum rollers. The rollers are
driven to counter-rotate to mechanically shock the
gcallop muscle. The scal%ops are dropped into a
hot water bath (180°- 200°F.) for a period from
about 6 to 9 seconds. The immersion process
lessens the adhesion of the adductor muscle to the
shell. They are then conveyed from the tank to
another pair of rollers and shocked. The scallops
are dropped onto a vibrating shaker which separates
the shell. The vibrating shaker
forated plate which is
sized to allow only the passage of the muscle and
The meats and viscera pass into

attached viscera.
tank where any shell fragments

a brine flotation
The scallop meats are then conveyed

are removed.

to an eviscerator consisting of a plurality of

inclined rollers and an overhead water spray. The
t a frictional pulling force on the

rollers exer
viscera in a downward direction through the nip of

the rollers while at the same time restraining
movement of the gcallop muscle in that direction.

the meat from



114

The overhead spray unit impedes the
: mo
the muscles down the inclined path to ¥§2§§§t2€-
{ﬁrtger giea?igg. Scallop muscles after traverging
e leng 0 he roller path
collecting pan. p » fall into a

Orientation desired: none, batch process
Orientation device: none.

28, Snow, H.F.
1971. Shucking of bivalves. U.S. Pat. No. 3,564,648
? "

Sea clams are fed in random-space
onto an open-mesh wire conveyor bel%, %hzriigsigent
travel through a heat cell (800°F, or higher) fores
period from about 45 seconds to about 3 minutes o
Each bivalve is completely enveloped about its )
circumference by a concentrated bed of heat. It
has been found that by enveloping the bivalve in
this heated stream and effecting release of the
with the subsequent springing open of the
shells has tended to prevent cooking of the meat
within the interior of the shell. The liquid
passes out during the heat treatment in the form of
vapor, thereby cooling the meat and obviating
premature cooking. The heat cell has 2a number of
propane gas conduits, spaced 12 inches apart
positioned beneath the conveyor belt. The nézzle
orifices on each conduit are spaced 1% inches
apart and are positioned in a horizontal plane
about 8 inches beneath the conveyor. Gas pressures
are from about 1 p.s.i. to 3 p.s.i. Interposed
between the nozzles and the conveyor are a series
of metal interference rods, one rod parallel to
and lying in the same plane as each conduit. The
interference rods produce 2 uniform level of flame
for the several parallel conduits. Above the
conveyor is a refractory layer comprising of
several spaced heat-reflective planks made of
ceramic., The planks reflect downwardly any heat
rough the belt. The spaces between

which passes th
the planks permit the escape of exhaust gases to a

single exhaust fan.

muscle

Orientation desired: none, batch process.

Orientation device: none,

29, Snow, H.F.
1971. Shucking of bivalves. U.S. Pat. No. 3,566,438.

This apparatus is similar to U.S. Patent
No. 3,564,648, Sea clams are fed in a
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random-spaced arrangement onto an open- .
conveyor belt., The bivglves travelpigrgssﬁ wire
heat cell (600° to 1200°F.) for a period <o

30 seconds to 120 seconds, and are then crush gbout
and separated in a flotation tank. In the heet
cell, mounted above and perpendicular to the % 1t
are a series of electric coils or heating rod -
These heating rods impart the necessary heat i-
completely envelop the clam shell., Mounted o
between the rods are a series of fans which rotat
in such a direction as to draw the air in the B
interior of the cell in an upward direction. Such
an arrangement maintains a constant stream of heat
on the bottom face of the bivalves. After the
clams have been heated to separate the muscle
attachments, the shells are crushed into sections
less than 2 inches by a toothed rotating cylinder
The meat and broken shells are conveyed into a

flotation tank. A pubble system supplies gas
under pressure to the solution to agitate the
shell-meat products and assists in separating the
meats. The meats are then skimmed off the top.

Orientation desired: none, batch process.

Orientation device: none.

30, Hanks, F.,Jr., and W.C. Grieb,Jr,
1971. Method and apparatus for removing meat from the

shells of bivalve mollusks. U.S. Pat.
No. 3,594,859.

This patent discloses a spray separator for

soft shell clams (Mya arenaria). Clams are
immersed in tw8 guccessive water baths, a warm

water bath (80 F.) and a cold water bath (35°F.),
in order to extend the clam syphon and immobilize
the clam in this position. Clams are transported
singularly by a paneled conveyor to a syphon
cutting station. A pair of inclined rollers
carries clams, syphons extending downwardly, past
two series of spray nozzles. Low pressure nozzles
(40 to 200 p.s.i.) mounted above the rollers, hold
the clams in an on-end position for syphon cutting.
Syphons are severed by spray nozzles (900 p.s.i.)
mounted beneath the rollers on both sides of the !
syphon. ¢lams are then subjected to a hot water
en the shells, and the meat is

spray (212 F.) to op
removed by another series of high pressure spray

nozzles (900 p.8.i.).

Orientation desired: syphon extending downwardly
so that the longitudinal axis of the clam is in a

vertical direction.



116

Orientation device: pair of inclined ro .
(4"d.), spaced 4 3/4" apart, rate of rotliizg

36 r.p.m. Rotation of rollers cuases clams to
attain an on-end position since center of grévit
does not coincide with geometric center when :

syphon is extended.

31, Nelson, R.W., R.F. Mackin, and W.I. Tretsven,
1971. Method for shucking and eviscerating bivalve
mollusks. U.S. Pat. No. 3,594,860,

This process consists of an oxygen-acetylene
burner and spray separator for raw bivalves,
particularly scallops. Scallops are transported
on a series of L-shaped trays mounted on a
continuous belt. The belt forms an inverted
triangle with the horizontal belt passing
around three wheels. The long base leg of each
tray is aligned with the direction of the belt
travel and a scallop is manually positioned such
that the hingelike portion faces the upright leg
of the tray. As the scallop advances along the
belt, it passes under a water cooled burner with a
supply of oxygen and acetylene. The burner, with
an array of flame-directing tips, is positioned
such that an even temperature is produced over the
adductor and catch muscle area. The scallop is
heated for a period of approx%mately 1 second at
a temperature from about 5800°F. to 6000°F. Once
the muscles are severed from the top shell gaping
occurs and the scallop proceeds to a station
where the upper and lower shells are separated by
breaking them apart. A pair of spaced right angle
channels are positioned around the periphery of the
inverted portion of the belt forming an interior
scallop enters the track, the

track. As the gaped
top valve gtrikes a U-shaped bracket mounted on
top breaking it from the lower valve. The half-

shell scallop proceeds in an inverted position to
an eviscerating station. The inverted scallop is
submerged in a water bath where jets of water from
d nozzles loosen the viscera. A
suction intake nozzle receives the viscera for
discharge into 2 waste receptacle. After
evisceration, the gcallop is conveyed along the
track and lifted in an inverted position onto a
second conveyor. The second conveyor travels in

a horizontal plane, carrying the scallop beneath

a second water jet and burner for severing the

muscle from the remaining half-shell. Open
gpaces in the belt allow the muscle to fall into

a chute for further processing.
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gi |

orientation desired: horizontal positi -
forward in direction of travel. omy Bill

Orientation device: manual.

32, Harris, S.G., and B.F. Zober.
1971, Apparatus and method for shucking oysters,

u.5. Pat. No. 3,605,180,

The shucking device consists of four
processing stations arranged along a straight
horizontal conveyor rack. The four shucking
stations are the feeder assembly, shell cutting
operation, spreading of shells and adductor
muscle cutting, and shell release. Prior to
being processed, the oysters are washed and the
shell fluid entrapped between the two shells is
drained off to prevent damage to the oyster
stomach by the saw blade. An oyster is placed
manually, hinge end uppermost, into a clamp of a
carriage assembly and secured by compressible
spring loaded spikes that conform to the exterior
contours of the shells. The oyster is
automatically conveyed along the rack to the shell
cutting mechanism. A diamond edge saw, cutting in
a horizontal plane, removes the top (hinge) portion
of the oyster. t is then moved to the shucking
station where the tops of the shells are spread
apart. The spikes holding the oyster in the

4 and a pair of hook-like arms

clamp are relaxe
spread the opened shells apart. Two spade shaped

blades are then introduced from the top of the
shells which follow the interior contour of the
shells and sever the adductor muscles. The blades
then force the shells apart at their bottoms and
the oyster meat drops out of the shells into a
container. The empty shells are then carried to

a final position where the clamps are opened and

the shells are discarded.

vertical position, hinge end

Orientation desired:
most, left valve (cup) facing right hand side

upper
of clamp assembly.
Orientation device: manual.
33, Henry, M.T. ’
hucking shellfish. v.5. Pat.

1971. Method for 8
No. 3,614,806.

¢ and an oxy-acetylene heat
or shucking raw oysters on the
Oysters are conveyed with their

Microwave
treatment is used f
half shell trade.
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flat valve uppermost under a series of
oxy~actylene torches, exposing the shell to a
temperature from about 3000°F. to about 6300°F
for a period from 5 to 10 seconds per oyster '
After the meat has been detached from the flét
valve, the oyster is opened by microwave heat
treatment. A microwave oven operating at a
frequency of 2450 megacycles at a power of 2 kw
for a period from 20 to 30 seconds per oyster ié

used.

Orientation desired: right valve (flat) u
with the bill ends placed forward and paragggimggt

the flow.
Orientation device: manual.,
willis, E.D.
ssing. U.S. Pat. No. 3,619,855,

1971. Scallop proce

A division of U.S. Patent No. 3,562,855,

Similar in theory and design.

Wenstrom, R.T., and T.S. Gorton,dJr.
1972, Apparatus for ghucking shellfish. U.S. Pat.
No. 3,683,458,

Same as U.S. Patent No. 3,528,124,
gimilar in theory and design.

Hanks, F.
meat from the shells of

1973, Method for removing
bivalve mollusks. U.85. Pat. No. 5,722,055.

(lams are heated sufficiently to obtain
partial opening of the shells and the release of
one of the adductor muscles. The bivalves are
then transferred to a flotation tank containing
two stainless steel conveyor belts and a
compressed air device. Compressed air is supplied
to cause upward turbulence and thus separate the
bivalve meats from the shells. The meats float
upwardly to be skimmed from the top by a conveyor,
The shells fall to the bottom of the tank and a
second conveyor removes the shells.

Orientation desired: none, batch process.

Orientation device: none.

Harris, S.G.
197%, Method of shucking bivalves.

No. 3,605,180,

U.S. Pat.
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Same as U.S. Pstent No. 3,605,180,
similar in theory and design.

38, Ouw, W.B.G., and A.L. Johnson.
197%. Method for opening shell fish. U.S. Pat.

No. 3,755,855,

A concentrated beam of infra-red light is
applied to the oyster adductor muscle attachmeht
area of the flat valve to assist in later hand
shucking. A forced-air-cooled, 1 3/4 inch
focal length, 1000 watt infra-red lamp having an
ellipsoidal focusing reflector and a beam width
of 5/16 inch diameter at the focal length is used
Oysters were treated from about 2.5 seconds to )
about 20 seconds per oyster. Maximum rates of up
to 24 oysters per minute were achieved.

Orientation desired: horizontal position, right
valve (flat) uppermost.

Orientation device: manual .

39, Harris, S.G., J.D. Smith, D.D. McCall, G.S. Moore,

W.P. Hidden, and N. Svendsen.
1974 . Method and apparatus for shucking bivalves.

U.5, Pat. No. 3,828,398,

gimilar in theory and design to U.S5. Patent
No.'s 3,605,180 and 3%,724,031. However, the
present invention presents a number of
improvements over previous designs., Unlike the
horizontal conveyor rack used previously, a

vertical work carrier is employed. The work
carrier consists of two tables, rotating about a
vertical axis. The first table includes six
stations, five of which are active in operation.
These stations include a load station, three
vibration stations, and a transfer station. The
second table has four stations; a transfer
position, saw position, shucking position and a
shell discharge position. In general, the

this device is similar to the device

operation of
describved previously. Several modifications have
been made. TWwWO major modifications are the

oportional sensing device and an

inclusion of a pTr
oyster vibrator. The proportional positioning
device is sensitive to the maximum width of the

oysters and 18 employed so that the muscle centers
will be directly under the centers of the fixed
knives. Thus, precision and accuracy of shucking
can be achieved regardless of oyster size. The
oyster vibrating mechanism settles the meat
between the shells and insures that it occupies
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the space left free by the removal iqui
between the shells. gse of the vibigtggs ;éqﬁld'
eliminates damage to the oyster stomach b tﬁ e
blade. As the machine is designed to opeiat St
the rate of an oyster every three seconds aedat

it has been found that as much as 4 seconés gf o
vibratiog is desirable, three vibration positio
each giving about 1 1/3 seconds of vibration tins
are used in order to allow for indexing time o

between stations.

Orientation desired: hinge end uppermost, left
valve (cup) facing right hand side of clamp assembly

Orientation device: manual.
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APFENDIX D
DIMENSIONAL ORIENTATION TESTS

PART A
BUSHEL TOTALS

Note: Only bar 2, Prison Point, has table for oyster

length class 5.8 - 5.9 inches. There were no
oysters in this length class for the other bars.
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TABLE E-1

AR SUMMARY
LEFT HANDED OYSTERS

B

AXIS 1

OF OYSTERS

TRIAL 2= HINGE RIGHT

[@X=]

OYSTER EN

TRIAL 1- HINGE LEFT

RIGHT VALVE

DOWN

LEFT VALVE
HINGE BILL

RIGHT VALVE
DOWN

DOWN

LEFT VALVE
HINGE BILL

DOWN

HINGE BILL

HINGE BILL
LEAD LEAD LEAD LEAD LEAD LEAD LEAD

LEAD

1453

TOTAL

205



TABLE E-2

BAR SUMMARY
AXIS 2 =RIGHT HANDED OYSTERS

OYSTER ORIENTATION : V-SHAPED TROUGH RESULTS
OYSTER END EXITING TROUGH :

: NUMBER(#) AND PERCENT(XZ) OF OYSTERS

TRIAL 1- HINGE LEFT TRIAL 2- HINGE RIGHT

RIGHT VALVE LEFT VALVE RIGHT VALVE LEFT VALVE
DOWN DOWN DOWN DOWN

BAR SAMPLE HINGE BILL HINGE BILL HINGE BILL HINGE BILL
NUMBER SIZE LEAD LEAD LEAD LEAD LEAD LEAD LEAD LEAD
1 41 4 25 16 21 20 11 30 17 24
X 61.0 39,0 512 48.8 268 73,2 41.5 5845
2 88 &% 5 53 46 42 14 74 54 34
%4 39.8 60.2 523 4747 15.9 84.1 61.4 3B.6
3 38 # 10 28 20 18 1 37 29 9
X 263 7347 526 4744 26 9744 T6e3 2347
TOTAL 167 # 70 97 87 80 26 141 100 67
X 41.9 5841 521 47.9 15.6 84.4 59.9 4041

90¢



TABLE E-3

BAR SUMMARY
AXIS 3 -STRAIGHT AXIS OYSTERS

S
OYSTER EN E

RIGHT VALVE

DOWN

BAR SAMPLE HINGE BILL
NUMBER SIZE LEAD LEAD
1 193 # 69 1 4

X 35.8 64.2

7 339 # 99 240

X 29.2 70.8

3 278 # 53 225

Z 19.1 80.9

TOTAL 810 # 221 589
X 273 7247

: V-SHAPED TROUGH RESULTS

NUMBER(#) AND PERCENT(X) OF OYSTERS
TRIAL 1- HINGE LEFT

LEFT VALVE
DOWN

HINGE BILL
LEAD LEAD

62 130
32.6 67.4
146 193
43.1 56.9
78 200
2841 71.9
287 523
35.4 64,46

TRIAL 2- HINGE RIGHT

RIGHT VALVE
DOWN

HINGE BILL
LEAD LEAD

39

6

A
108 231
31.9 68.1

8

1

2

o2

LEFT VALVE

DOWN
HINGE BILL
LEAD LEAD

75 18
38.9 61.1

60 279
17«7 8243

36 242
12.9 87.1

1 639
211 78.9

Loz



LEAD

LEFT VALVE
DOWN
HINGE BILL

HINGE RIGHT
LEAD

TRIAL 2=
RIGHT VALVE
DOWN
HINGE BILL

LEAD

LEAD

DOWN
LEAD

V-SHAPED TROUGH RESULTS
HINGE BILL

NUMRER(#) AND PERCENT(%) OF OYSTERS

TRIAL 1- HINGE LEFT
LEFT VALVE

TABLE E-4
LEAD

AXIS SUMMARY

LEAD

DOWN
THINGE BILL

RIGHT VALVE
LEAD

OYSTER ORIENTATION

OYSTER END EXITING TROUGH

SIZE

SAMPLE
1453

AXIS
NUMBER

208

owm
N~ o
(Vi aV]
LadVa)

S

2430

TOTAL



TABLE E-5
BAR SUMMARY

OF OYSTERS
HINGE RIGHT

oY
D

OYSTER EN

-

TRIAL
RIGHT VALVE

TRIAL 1- HINGE LEFT

RIGHT VALVE

LEFT VALVE
DOWN

DOWN

LEFT VALVE
DOWN

DOWN

2430

TOTAL

209
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