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CHAPTER 1

INTRODUCTION

There is a need for improving the facilities at the point where feed

is consumed by the animal. There are advantages and disédvantages to a

~system for the self feeding of livestock. The same is frue when a timed

schedule is followed. There is a need to incorporate the advantages of

both systems in a mechanized feeding installation.

This investigation was designed to develop a system for allowing the

animal to determine when feed is needed in the trough.

(1)
(2)
(3)
(4)

Man

ate

The study includes a review of:

Basic findings and principies in farmstead mechanization.
Applications of electronic circuits in agriculture and industry.
The benefits of multiple feeding of livestock.

Eating patterns of animals.
HYPOTHESIS

The animal has all day and all night to consume the necessary ration.

time

,not animal time, is valuable.

Small equipment capable of delivering fresh feed any time will oper-
around the clock. Small equipment will do the job economically.
The benefits of multiple feedings are:

1. A minimum of equipment will be required per animal.



The cost of equipment per animal will be reduced.

A reduction in equipment cost per animal will permit more
animals to be put on feed.

The animal will consume additional feéd during a 24~hour

period for greater gains,

Improved controls are needed when small equipment operates around

the clock.

OBJECTIVES

The primary objective of this investigation was to develop a control

circuit that will contribute toward improved livestock feeding in a

mechanized system through multiple'feedings around the clock., It was

- planned to develop a control circuit capable of utilizing a signal from

the animal when feed was needed in the trough.

The project was conducted through three phases of investigation

1.

Perform an exploratory investigation to obtain informa-
tion on types and strength of a signal, the ‘animal ﬁas
capable of controlling, initiating or conducting.

Select and test or develop an electronic circuit capable
of utilizing the signal from an animal.

Analyze the performance of the system.



CHAPTER IT
REVIEW OF LITERATURE

There are numerous methods and procedures used in producing beef.
Many Oklahoma beef producers operate a cow-calf system. They do not
finish out the animals for market. Dry lot feeding is necessary to pro-
duce a desirable product for human consumption. Cattle in confinement
require labor, good feeding procedures, palatable rations and management.
Today labor is expensive and often not avéilable to the livestock pro- .
ducer. Mechanized equipment is needed to improve the feed lot operation. .
The equipment must be adequately managed and efficiently operated. The
equipment must also serve the requirements of the animals on feed.

Work on developing better methods‘for planning the‘farmstead layout
and developing greater efficiency in farmstead mechapization was reported
by McKenzie (1). This work employed the techniques>of time and motion
study as applied to industry. The flow of materials on the farmstead
and metﬁods for selecting equipment and machinery were evaluated. This
work was based on the philosophy that man~time be used first to think and
last for power, A plan for coordinating the use of buildings, equipment,
and work methods with an operating procedure was developed.

Rannfelt (2) analyzed the materials handling procedure on 320 live-
stock farms in Michigan., His work indicated the need for efficiency and

economy in handling the required materials, The magnituée of the problem’



clearly indicated a definite need for planned systems.

Agricultural Engineers have responded to this need. However, addi-
tional research and study are needed to make equipment pay a reasonable
dividend on its investment and to increase the value of human effort.

Kelly etbal (3) brought out the need for analyzing the mechanized
system. Procedures were developed for studying flow charts, for selecting
equipment and machinery, for evaluating a preliminary design, and final
selection of equipment, Kelly (3) also considered the design of buildings
to provide suitable environment for the animals, The coordination of
eéuipment and materials utilizing the shortest distance and least expendi-
ture of power and human labor is the basic philosophy under which a

materials handling system must be planned,
Definition of Mechanization and Materials Handling

Hall (4) defined materials handling as labor, methods, equipment,
and management required to operate the system. Agriculture materials
handling problems are more complex than materials handling in industry.
because there are more variables. Man and machine; animal and machine;
man and énimal; animal products and machine; seasons and‘machine and the
daily variation in weather and machine plus animal are among thé necessary
factors to consider for improving the mechanized feeding system.

More and more production per man hour of work or.increasing the
value of human effort is an importaﬁt function of the system. However
other functions are of edual or greater importance. A better return on
the investment and on the cost of operation is another important function

of the mechanized system.



Mechanization is the transformation of energy by machine, at the
decision of the operator, to do work that might formerly have been done
by muscle power (Hall &)). Automation is the application of controls to
machines so that they can function without human effort. The forward look
goes one step further and makes an application of electronic equipment
which is defined here as developing equipment to provide functions and

control beyond the realm of human ability.
Automation in Livestock Production

McDonald (5) states that there are powerful motivations toward in-
creased use of automatic machinery and automatic control techniques.
Automatic equipment permits operations far more complex than are poséible
through human effort., 1In feed lot mechanization, this will mean utilizing
low capacity equipment over twelwve or twenty-four hour periods. Controls
capable of making equipment operate around the clock and without the aid
or attention of human hands are needea for complete mechanization. Ordin-
ary machinery reacts in accordance with the laws of mechaniecs. Automatic
machinery is expected to perform a given function irrespective of addi-
tional stimuli that it might receive during the opefatioﬁ. Automatic
equipment requires a device to sense the need for a change in direction
or rotation. It must also sense the results of its action and use its
findings to take corrective measures. The completely automated feeding

systems will require several sensing devices with adequate controls.
Equipment Economy and Efficiency

Economy of performance is the aim of operations (Thuesen (6)). This

£

¥



means that the equipment should return a reasonable amount to the investor
after all costs of operation and of owning the equipment are considered.
The cost of owning and of operating the equipment must be calculated when
it is purchased. The method for arriving at a reasonable cost for owner-
ship of the system is a matter of business procedure. It is based on a
depreciation schedule. The length of service must be estimated at the time
of purchase, TIf the actual life of the equipment is longer than its estim-
ated life, the additional production can be put in the profit column.
Equipment must not be allowed to become outdated nor inadequate before
sufficient return on the investment is realized. The investment per animal
can be comparatively low when small equipment operates around the clock.
Continuous operation also reduces the danger of outdated and inadequate
equipment.

Efficiency is a factor that must be considered for all processes,
operations or activities within a system (Winter (7)). Improvement in one
area will have a definite effect on other areas. This effect can be
objectionable under some conditions. As an example, if a man watches
equipment run after punching the starting button, his time is wasted.

The benefits of reducing labor are not fully utilized unless the efforts
of man are efficiently used while machine works.,

Winter (7) indicates the need for feed lot equipment with capabil-
ities to operate without the attention of man and at the command of the

animals,

Electronic Control of Equipment

The investigation of one possible signal from the animal was based



upon the report of Bradley (8). The hand to hand resistance of a human
body was utilized to control a thyratron vacuum tube. A heavy beam that
carried a cutting die was controlled by an electronic circuit that was
triggered by the thyratron tube. The heavy beam was instantly stopped if
and when the operator's hand was in danger. Many people were measured
for hand to hand body resistance to determine the limits for designing the
required equipment. Maximum resistance values of all individuals tested
was 0,65 megohm for light hand pressure on a steel test bar. The same
electronic circuit instantly terminated the cutting stroke when the cut-
ting die completed the circuit between the beam~striking plate and a
conductive cutting surface. The precise instant for the stroke termin-
ation wés after the cutting edge went through the material but before it
damaged itself by hitting a termination block.

Electronic equipment now finds limited use in agriculture., John Dobie
et al (9) reported the use of a thyratron in developing a device for remove
ing tramp iron from hay. The hay is conveyed at a rapid rate through a
weak magnetic field which detects the metal. This magnetic field is in
the range of 100 to 150 gauss. The signal was amplified 500 times by a
conventional volt amplifier. The thyratron in turn actﬁated a solenoid
which actuated a device for ejecting the hay that contained the metal.

Puckett (10) has reported the use of an electronic controller for
an automatic feed grinder. The thyratron detected a change in load through
detecting a change in the amperage required to drive the feed grinder.

This control reduced the rate of flow of feed into the grinder, It is
possible to control the flow of feed into the grinder and thereby make the

operation automatic.



Putnam and Davis (13) successfully used photo electric cells, sensitive
to variation in light, in a feeding pattern study of steers in a feea lot.
The photo electric cells controlled a relay to record the number of times
that the animals approached the feed trough per day. The operating prin-
ciple of the photo tube is as follows: Certain metals have the ability to
emit electrons when exposed to light. A cathode of photo electric substance
is positioned in a tube with an insulated anode. An electronic potential
is created when light falls on the surface of the cathode. The intensity
of the light is critical and must be controlled. The photo electric cell
may not have sufficient capabilities to be used as a sensing element in the
feed trough., It will be useful to activate monitoring controls within the

feeding system.
Touch Control Circuits

A contribution has been made to the development of touch controlled
circuits by Atkins (11). He reports that a body capacity making contact
with a sensing element is used to actuate 30 to 40 watt appliances through
golid~state circuits and switches. Novel and useful devices such as lamps,
clocks, display systems, safety and alarm units are now being actuated by
touch controlled circuits, Touch or proximity control of apparatus is
reliable and the cost is low. 1In the past, the touch control units have
been controlled by a radio frequency oscillator detuned or stopped by bedy
capacity aqg associated body resistances shunting the oscillatpr tank,
resulting in a change of current which operates a relay. Also a thyratron
is fired by an a.c. signal coupled to one electrode by means of body cap-

acity. Both of these methods had serious drawbacks, It was difficult to



eliminate radio interference. Stray signals affected the operation of the
circuit,

Semi~conductor devices overcame most of the objections associated with
tube circuitry. Low standby power, freedom from radio frequency interfer-
ence, compactness, cool operation and long life favor the use of semi-con~
ductors. This system requires the use of self~sustaining oscillators which
are fed through a suitable touch control network to a semi-conductor device.
A more compact and less expensive system can be provided by using neon lamps,
They are used in place of the semi-conductors. They require very little
power and are reliable., The circuit is designed to supply negative going
pulses when energized from a positive power supply, while the circuit pro-
vides a positive going pulse. The positive going and negative pulses from
this circuit can be combined so that there is cancellation. The output of
the system can be balanced to zero or adjustment can be made to achieve a
residual pulse_iﬁ either direction. Additional capacity is added when a
body touches the sensing element., The positive pulses are increased and
a relay is activated.

The average adult has a body capacity with respect to ground which
usually varies between 50 and 100 jpf.* This value depends upon the
amount and location of plumbing, electric wiring or metal furniture in
the vicinity of the circuit. The body capacity of a child varies from
25 to 50 puf, A mouse has a value of about 2 puf with respect to the
ground., Body capacity values for an animal are not available, The elec-

tronic circuitry in a touch control unit must be capable of utilizing the

* micro-micro farad
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This same type of equipment might be utilized in the process of dis-
pensing feed for cattle in the feed lot. The cattle will activate the feed
dispenser and the flow of feed will be controlled by the animal's need.

The various segments of industry are utilizing electronic equipment
and sensing devices to produce better and more uniform products than ever
before known in history. At the same time, the cost par unit has been
lowered and the value of human effort has been raised. The applicatiop

of electrpnic equipment to agriculture can produce similar results.
Feeding Patterns of Animals

Several studies have been made to learn more about the habits of
livestock with emphasis on the consumption of feed. Dwyer!s (12) study
of cows with calves grazing in an open pasture indicated that they develop
definite eating patterns to take advantage of weather conditions and the
terrgin. The animals grazed an average of 7.96 hours during the day with
a major part of the grazing occurring early in the morning and late in
the afternoon. The animals desired to graze when the temperature was
approximately 85 degrees fahrenheit. At warmer temperatures the animals
showed a tendency to rest and stay near the water.

Davis and Putnam (13) indicated that animals, confined to a dry feed
lot, feed from 9 to 14 times per 24 hours., Approximately three~fourths
of the total time spent at the feeder occurred between 6:00 A.M. and
6:00 P,M, This study'also indicated that pre-arranged speed and time
of feeding are not significant. The feed must be available when the
animal has the desire to eat.

The actions of steers on experimentzal feeding programs were sampled
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every 30 minutes for 12 hours per day during a 5-day period. Unpublished

data (Pope (14)) gave the following results:

Rumin-

Ration Idling Eating ating Other
A high grain 65.0% * 10.1% 13.9% 10.4%
B high grain 67.1% 10.7% 11.2% 10.0%
C 1low grain 59.7% 11.8% 15.8% 12.2%
D 1low grain 60.7% 12.6% 14,0% 11.8%
E low grain 59.2% 14.6% 15.0% . 10.7%
*

All percentages are of total time,
A Study of Multiple Feeding for Livestock

Mochrie et al (15) reports on the performance of two groups of four
Holstein steers each in a simple-reversal trial of two 6-week periods,
The treatments were: feeding the.entire daily ration at 7:00 A.M. and
7:00 P,M, (four times per day feeding). The average daily intake of feed
for the once per day feeders was 4.0 pounds of grain and 6.3 pounds of hay.
The average daily gain on the two comparisons was 1,03 pounds (once per
day) and 1.21 pounds (four times per day). This difference in gain of
0.18 was highly significant. At the frequencies studied, frequent tesding
of equal daily intakes appeared to increase feed utilization for growth.

Mohrman et al (16) conducted " twe trials as follows, Trial 1 - Nine
Hereford cattle were hand fed two times daily and eight cattle were fed
automatically by machine six times daily at 4-heur intervals. The cattle
received only the amount of feed that they would clean up in a reasonable
time after each feeding. The cattle ted six times daily consumed 17%
more feed per head daily and were slightly more efficient in feed conver-

sion than those fed two times daily. They also gained faster than the
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cattle fed twice per day.

Trial 2 - Three lots of ten yearling steers each were group fed accord-
ing to three plans as follows: Lot A was fed six times daily, Lot B was
fed two times daily, and Lot C was self-fed. After 84 days of a 104-day

trial the results were:

Lot A Lot B Lot C
Daily gain 1.95 1b. 1.75 1b, 1.99 1b.
Daily feed consumption 19.5 1b. 18,6 1b. 21,1 1b.
Feed required per pound
of gain 10.0 1b. 10.6 1b. 10.7 1b,

The ration for all three groups was 64% ground corn, 25%
ground cobs, 10% soybean meal and 1% alfalfa meal.

It is possible that the self—fed animals wasted feed to require 10.7'p0unds
of feed per pound of gain., The animals fed six times per day significantly
out performed the other two groups in gain per pound of feed.

Twenty~two Cheviot ewes were paired and divided into two equal groups
which were comparable in age, body-weight and previous history, (Gordon
and Tribe (17)). The sheep were penred singly. The same quantity of feed
was given to each animal throughout the 18-week experiment. During the
first part of the experiment, which lasted for nine weeks, group "A" was
fed eight times daily at approximately hourly intervals between the hours
of 9:30 AM, and 5:15 P.M, Group *B" received its daily ration once per
day at 9:15 A.M, The treatments were reversed for the second 9-week period.
The shéep on multiplé feedings showed gréater gains with an increase in
feed efficiency than the sheep given the same quantity and quality of
ration in one feeding per day.

A statistical analysis has shown that these differences are highly

significant. The possible reasons for these differences are discussed
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by Gordon (17) as follows:

1. "It may be that when a ration is divided into several small
feeds spread over a long period of time the total surface area
open to attack by micro-organisms in the rumen might be larger
and/or available for a longer time per unit of microbial aetiv-—
ity than when the same quantity and quality of food is given
as one meal., 1In this way a more efficient coefficient of digest-
ibility might be obtained."

2. *Since food material passes into the abomasum from the reticulum
at a constant and not too rapid rate throughout the day, and
since during a meal the heavier and more finely divided portion
of the ration rapidly reaches the reticulum, then under a system
of small feeds this portion will pass on and into the abomasum
in a short period of time. Therefore the loss of energy due to
a fermentation process will be minimized. If a large amount of
food is ingested at one time it probably remains longer in the
rumino-reticular cavity, and this disproportionately greater
delay will result in large energy losses."

3. A completely different aspect is suggested by the third possi-
bility, The even supply of substrate and the supposedly even
production of metabolites that may occur under the frequent
feed system may (a) give rise to an alimentary environment
better suited to the growth and metabolism of micro~-organisms,
and (b) it may enable the animal to utilize the metabolites
more efficiently than under the single feed system where there
may be a more rapid f£looding of the tissues than is compatible
with an optimal rate of utilization." '

4, “It is possible that the length of time spent ruminating by
the animal under the two systems of management may be differ—
ent and might, by the consequent differences in mechanical
action upon the food, result in differences in digestibility.
Continuous observations were made on the ruminating behaviour
of four sheep, two from each group, over a 72 hour period. The
total time spent ruminating by the two frequently fed sheep was
2534 minutes whereas the two single fed sheep spent 3483 minutes
ruminating, Further work is continuing aleong these lines.”

Gordon (17) explains further that additicnal studies are needed in
this area. The basic information signifies that an increased live weight
gain and an increased efficiency of fead utilization are obtained when
sheep are fed a small portion of their daily ration numerous times per

day.
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Summary of Pertineat Information

The work of Putnam and Davis (13) indicated that animals on free
choice of feed around the clock used from 7 to 12 feeding periods per «°

day. The assumption here was that frequent feedings prevent hunger

stress and rapid rates of eating. The animal spends only a few moments -+, .

per feeding at the trough when it has free choice of feed; therefore,
the length of feed trough per animal can be shortened. The precise
iength of trough per animal must be determined by research.

The search of literature cliearly indicates that when animals eat
once or twice per day, less feed is consumed per animal and the feed
conversion ratio is not as desirable as animals on multiple feedings
per day,

A summary of information from Mochrie et a1 (15), Thomas and Mochrie
(18), Mohrman et al (16) and Pope's (14) experience indicated the follow-
ing hypothesis. It is possible that if an animal will consume one addi-
tional pound of feed above maximum present consumption, a twenty percent
increase in gain of weight can be expected.

Feed consumed by the animal is utilized as follows: (Animals on
full feed)

41% - heat and body functions
(to maintain weight)

11% ~ lost through the urine
30% - lost in undigestible residue
18% - gain in body weight
Most of the extra one pound of feed consumed per animal is utilized

in gaining weight.



15

Factors involved in increasing the feed conversion ratio are as
follows: Hughes et al (19)

(1) The components of the ration,

(2) 1Inherited ability of animal to gain weight.

(3) Physical condition of the feed.

"The true value of feed is a measure of what it accomplishes
and not a measure of what.it contains’. Tillman (20).

Then these factors are important too:
(1) BEnvironmental temperature and conditions,
(2) Rate at which feed is consumed.

(3) The amount of feed consumed per animal per day.
Future Development

The search of literature on feeding livestock reveaied that research
workers agree upon the beneficial effect of multiple feeding periods for .-
animals in the feed lot, Multiple feedings per day provide'for better
feed conversion ratios and often greater feed consumption per animal.
Research indicates that greater daily feed intake provides a greater mar-
gin of nutrients above the maintenance requirements of the animal. This
mafgin of nutrients is available for additional production. A better
method needs to be developed for making the ration available around the ;
clock. Equipment can be developed to serve the needs of livestock for’;

multiple feedings.



CHAPTER III
INVESTIGATION OF SIGNAL SOURCES AND REQUIRED CIRCUITS

This part of the project was designed as an exploratory study. Its
purpose was to determine the type of signal and the control system capable

of detecting the need for fresh ration to flow into the feed trough.,
Types of Systems Considered for This Study

A system of7preséure switches could be developed to signal a con-
troller when the animals emptied the trough, The system would be based
upon a variation in weight of the trough. Mechanical difficulties would
develop if moisture condensed and froze on the pressure points, The accumu-
lation of dust and rough treatment from the animals would also be a source
of failure., The pressure switﬁh system was not studied for these reasons.

The photo electric cell was considered because of Putnam's (13) work.
Photo electric cells were successfully used to signal instrumentation for
recording the number of times animals approached a feed trough.

A light sensitive cell could be placed in the bottom of the trough.
It would signal a controller for a feed dispenser when the animal removed
the feed from its surface. The photo electric cell was not selected for
this study because (1) the animal would become a mechanical device to make
and break the light beam. It might learn to operate the system when feed

was not needed in the trough, (2) The light sensitive cell will require

16
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a certain level of intensity. Variations due to dust and moisture could
cause interruptions in the performance of the equipment. |
The exploratory area selected for investigation was the application
of an electronic controller capable of utilizing a signal to be originated,
controlled or directed by the animal., The methods selected for study were:
(1) A low voltage circuit utilizing mouth to neck resistance
in the animal to control a thyratron vacuum tube in an
electronic circuit was considered. This method was
based upon the report bberadley (8) on how hand to
hand human body resistance was used to trigger a switch
through a thyratron to control a cutting machine,
(2) The capacitive effect of the animal®s body for controll-
ing an electronic circuit. This idea was based upon
Atkint®s (11) report. The method is commonly known as
"a touch control circuit®.
An exploratory study was made first on the low voltage circuit designed

to utilize the mouth to neck resistance of the animal,
Experimental Equipment

The experimental equipment consisted of:

1. The experimental feeder with adjustable trough. Figures
1 to 3.

2, Instrumentation and equipment to be discussed later in
this section, Figure 4.

3. Feeder animals ranging in size from 300 1lbs. to 900 1lbs.

A total of 15 Herefords and Black Angus steers and heifers
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were madé available by the Oklahoma State University

Aﬁimal Science Department for all experiments in this

investigation.
The investigation was made in the Ahimal Science Department feeder barn. It
is a long structure with gable roof and opened to the south. Rain did not
reach the feeder during the study; however, moist air and wind were often

present,
Feed Trough and Circuits

The adjustable feature in the feed trough was necessary to accommodate
the various sizes in animals, The feed was measured in inches from a
leveled surface to the bottom of the trough. Later in the study feed was
measured in grams. Approximately 240 grams of feed wasbplaced in each com~
partment. The analysis of performance was based upon the amount of feed
in grams remaining in the trough.

The electric circuit from trough to recording and amplifying equip-
ment was alternately A.W.G.#12 T.W.* and A;W.G.#ls T.W. wire. The sensing
conductor in the trough was ﬁade by removihg the insulation from a portion
of the wire and attaching it to the bettom of the trough. The;length of
the sensing conductor varied as indicatéd throughout the record of the in-
vestigation. The'performance of the sensing station was studied at'various
iocations in the trough (Figure 2). The bottom of the trough was ad justed

to four inches.

* A W.G, - American wire gaugev

T.W. -~ Thermo-plastic for use in wet locatiens.



19

= el —
1 71 T
A adjustable from 0"
B adjustable from 38" - 48"
C adjustable from 4° 0" 6l
neck
conductor o
;
| 37 |pm
B
TA&T
| 45N, :
E = T 3 1
trough conductor 1] 0" |14™
_— g 7
Figure 1. Experimental trough and feeder.
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Figure 2, Feed trough - wired for exploratory test,

Figure 3. Feed and animal ~ closed circuit.
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Explanation of Instruments and Equipment

The instruments and equipment required to study the performance of the

mouth to neck resistance signal were assembled in the Electronics Laboratory

of the Oklahoma State University under the supervision of Professor R. Le

Heiserman, Head, Electronics Technology Department, Technical Institute.

See Figure 4. The closed circuit is illustrated in Figure 5,

1.

Resistance decade box: Resistance increases from zero
to one megohm by a factor of 10 for each control.

Power pack or battery eliminator: Supplied d.c. volt-
age for the circuit. The circuit was tested from six
through twelve volts.

Recording instrument by Brush Instruments, Model Mark II,
The recorder was equipped with an escillograph and an
amplifier. Chart speeds range from 1 to 125 mm. per
second. A 10 millivelt input signal produced a pen
deflection of one chart line. It has an amplitude and
frequency range frem zero to 100 cycles per second.

When the sensitivity control is in the first or XI posi-
tion, the recorded signal is equal to'the product of

pen deflection in chart lines times volts per chart
line.

Substitutien box - variable in standard values of capac-
itance. The box éontained various sized capaeitors with
a rotating sﬁitch to give a variation in capacitive

values, The variable resistor and capaciter together
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Figure 4, Test equipment in closed circuit,

variable
resistor

neck E variable capacitive
conductor = T

¥ wvoltage variation

: c recorded hers
animal E; o

plus feed
trough l

conductor (1]
variable Lower pack

Figure 5. Closed circuit showing relationship
of equipment.
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act as an R.C.* integrator. The_pen on the recorder
cannot - react to the extremely high frequency of the
signal. The R.C, integrator reduced the frequency of
the signal to less than 100 cycles per second, or within
the range of the recording instrument.

Circuit to trough conductoer.

Circuit to neck conducter.

Explanation of Symbols

An explanation of symbols from Figure 5 is as follows:

Power supply ~ converts a.c., power to d.c.

Drop in potential from trough conductor through animal and feed

to neck conductor.

Drop in potential across resistor.

Drop in potential acress capacitor.

The sum of the voltage potential in this clesed circuit must equal zero.

Factors Affecting the Flow of Current

Factors affecting the flow of current in this circuit were:

1.

Resistance of thé hair and iﬁpurities on the animal's
neck. Figure 3.

Variation in pressure between the animal's neck and
the neck conductor. Figure 3.

Resistance in the feed. Figure 2.

* R.C. - Resistor capacitor.

22
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4., Variation in resistance between the mouth and the trough

conductor.
Testing of Glosed Circuit

Exploratory research was required to establish the characteristies of
the mouth to neck resistance signal. There was no way to get a verbal
response from the animals., The known values for the hand to hand resist-
ance in a human would not apply to the animals. The basic objective was
to isolate a signal that could be contrelled by the animal.

The closed circuit was assembled as follows:

Desistapne,decade box

. 0 tol megohm'
animal agts as =

high resistance

switeh L~ recording

S~ instrument

|

resistance in vzrlzgtzr
feed is higher 8 Ei‘l 6‘ .
than resistance U BE

in animal } \ '

d.ec. power supply

Figure 6. Instrumentation in the ecircuit.
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The voltage variation at the capacitor in thé circuit was recorded because
the extremely high frequency of the signal was controlled at this point,
The resistance in the circuit was varied as needed to keep the marking pen
on the chart. -

Six Hereford steers weighing about 500 1lbs, each were used for these
tests. They were fed as individuals and in groups of two, four and six.

A number 12 solid copper conductor wés installed the entire length of the
12 ft. trough. The neck conductor was adjusted to make contact with the
back of the animalfs neck., Figure 3, Each compartﬁent in the treugh
held sufficient ration per feeding to'satisfy the animal's appetite. The
animals were allowed to eat long enough to get readings on the chart for
each trial; then they were driven away from the feed. The feed Qas leveled
to three inches and the animals returned t§ the trough. The feed was
leveled the third time at one or two inches above the bottom of the trough.
Several recordings were made on each animal during each feeding. A total
of 140 tests were made of animals eating under varying conditioms. Variables
evaluated were (1) number of animals eating simultaneously, (2) depth of
feed, (3) impressed voltage on closed circuit, (4) size and shape of trough,
and (5) eating habits of animals,

These preliminary trials were made with the treugh adjusted_to'a
bottom width of 4 inches. The variable reéistor and capacitor were set at
400,000 ohms and .03 micrefarads respectively. The recording instruﬁent
was set at ,1 volt per chart line with a speed of 5 mm. per second. The
reproduction of the chart line, Figures 7 through 9,‘is a record of the
changing voltage at the capacitor in the closed ciréuit. The voltage in-

creased as the amount of feed in the trough decreased. The recorded voltage
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also varied as the animal's‘head moved in the trough during the eating
process,

The voltage varied from zero when the animal’s'head was out of trough,
to maximum voltage when the animal made contact with the trough conductor
in the bottom of the trough. The circuit was completed between the

animal'’s tongue in the trough and the back of its neck at the neck eon-
ductor, Figures 2 and 3, A definite change in voltage was desired because
the response of electronic equipment will be based upon a change in the

signal.
Valugs for Various Stations in the Closed Cireuit

There was a voltage drop at each junction:in the circuit., The voltage
was recorded at the capaciter., The benefit of the RC integrator was real-
ized at this point. The potential in voltage is recorded in the chart
below. See Figure 5 for the location of various stations. The computa-

tions are based upon Ohm's Law I = E/R.

TABLE I

CALCULATIONS FOR CLOSED CIRGUIT

Amopunt of Resistance from
. Volts . Feed in Trough Conductor
E By "-fﬁf , E.  Trough - to Neck Conductor
6 2.868 .232 2.9 0 inches 4,96 meg ohm
6 3.732 .168 2.1 5 inches 8.86 meg ohm
9 4,788 .312 3.9 0 inches 8.26 meg ohm
9 6.526 .184 2,3 5 inches 14,26 meg ohm
12 7.918 .302 3.8 0 inches 10,48 meg ohm
12 8.978 .224 2.8 5

inches 16;08 meg ohm
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ONE ANIMAL EATING

o] JE' Animal started eating tﬁf7 ;”Lfﬁ Anihal started eating
'T'&j:'g 2.1 yolts Tl LI 1.9 volts
R 1 5w feed "5 inches feed
:l'gifl S 2.4 volts increase
' 4 inches feed’
2,3 volts

3 inches feed
4 animals eating
2.8 yolt change

Animal out to level
feed to 3 inches

2.4 volts When four animals eat,
pen deflection is more
rapid resulting in a
smoother signal.

2,7 wvolts
2 inches feed

2.7 volts
2.78 volts

Animal out to level

feed

one inch of feed 2.8 volts

2.9 volts

Empty trough

3.0 volts 1 inch feed

(no significant

change in voltage)
2.8 volts
Empty feed trough

Figure 7. Voltage variation produced in test circuit
by eating activities of the animal - six
volts impressed in circuit.



Figure 8,

SIX ANIMALS EATING

| Animals started eating

2.8 volts

5" feed

3.2 volts

4" feed

+.] Animals out to level

and reduce feed to 3"
of feed

Ei The signal indication

on the chart was less
jagged than with one or
two animals because of
distribution of animal
eating time, Two to

" four animals eating at

all times,

3.7 volts

3.8 volts
Animal lifted head

Animals out of trough
Leveled to 1" of feed

3.8 volts
Empty trough

3.9 volts

4l 10-23-63

%;

Voltage variation produced in test circuit
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ONE ANIMAL EATING

Animals started eating
1.8 volts

5! feed

it Animal removed head

from trough

4" feed

2.3 volts

Animals out to level feed
to 3".

Animal's head out temp-
orarily,

2.7 volts

- Leveled to 1" of feed

2.7 volts
Empty trough

3.0 volts
10-24~63

by eating activitiss of the animal -~ nine

volts impressed in circuit.



ONE ANIMAL EATING

Animals started eating.

2.8 volts

5% feed

2.78 volts

Animal removed head
from trough.

Animal removed head
from trough,

2.5 volts

| Leveled to 3" feed
||+ animal out

SERE ?3 2 animals eating.
UL

2" feed
3 animals eating

3.7 volts

3.8 volts.

Empty trough.

3.8 volts

s
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Animal started eating,

2.7 volts

5" feed
Animal took bite or two
and lifted head,

3.5 volts

4" feed

Animal out to level and
adjust feed to 2",

2 animals eating
2" feed

-+ 3.7 volts

Both animals backed away
from trough then returned
for another bite of feed.

Animals out to level feed.
1" feed, 3,76 volts

Figure 9. Voltage variation produced in test circuit
' by eating activities of the animal -~ twelve

volts impressed in circuit.



29

4.0
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~Figure 10. The voltage response in the recording instrument.
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Test Circuit Operated at Zero Voltage

At zero impressed voltage in the closed circuit Figures 4 and 5,la
. definite change in voltage or change in characteristié of the sigﬁal was
detected when an animal touched the trough condﬁctor with its tongue. The
neck conductor was no longer needed bécadsé there was no fiow of curreﬁt.
There was no longer a need for a closed circuit. The power seurce was re-
moved and the trough conductor became a sensing conductor. The amplifier
in the recording instrument was detecting a signal from the animalfs body.
The instrumentation in the detecting circuit was:

l.. Resistance decade box. Figure 6.

2. Recording instrument. Figure 6.

3. Variable capacitor. Figure 6.

. , recorder
sensing element oraer

in feed trough : Ld DJ
e \/\/\/\/\/\/\ \ 1]
resistor ' capacitor
0 tol megqhm 0 to 1.0}1f

Figure 11. Instrumentation for circuit operated
at zero voltage.
The bottom of the trough was adjusted)to two inches in width because
the first trials indicated that this adjustment gave better perfofmance
than the 4~inch width, Six inchés of eating space were allowed per animal
(Figure 3). The smaller eating compartment required less feed. It was
no longer leveled at specified depths. An A.W.G. #18 solid copper conductor

was alternately used with an A,W.G. #12 solid copper conductor as a sensing
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TWO ANIMALS AT THE TROUGH

]

11-29-63, 6:30 A.M,

12-7-63, 5:00 P,M,

Temperature 28° F. o
R.H. Dry Animals started with 4%
feed

3" feed in trough

“Lf )41l Sensing conductor six
PPl inches of #18 solid
141 vl conductor

Sensing conductor six
inches of #12 solid con~
ductor

"Weak signal at 50 seconds
after start.

o b
b j[ ]l 78 seconds to first
f{”?“?“h%j impulse
SEIRERS | Signal through 1" feed
A} Animal striking sensing
f"i;{ . element with tongue
e - T
T ]
'f j : 5 g Poor impulse
N ;i AN A
RT3 IR TR
;i*ﬁ““j~;{ R R I
[0 LT NEEE R = el e.
’ ‘ EE A
bl i;_j}'r .’ Signal is not weak because
RN »i W} 3. recording instrument is
Tl bl . 1T | set on .5 volt/chart line.
{'{E}f"ﬂ Good signal for firing | q jw
Ll thyratron or for any co b -
| i~ type of control equip- {iu~; i
 ment. g I
L e
.1 volt/chart line Ean ;
i

Figure 12. Chart record when circuit was operated
at zero voltage.
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TWO ANIMALS AT THE TROUGH

Temperature 62° F,
R.H., 62%
Two animalsistarted

eating with 3" feed in
trough,

Sensing conductor 3"

of #18 solid conductor

Trough 2" wide at
bottom :

Animalfs tongue strikes
sensing conductor.

- "Equipment should be

adjusted to ignore the
first signals.

7 Animal would impul se

relay several times
here.

Trough almost empty.
Animal is striking ele~
ment with tengue. A
good signal,

.1 volt/chart line

Figure 13.
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Instrument records
signal from animal at
3" of feed.

Animals started eating
with 4" of feed in
trough.

Sensing conductor 3"
of #12 solid conductor

+5 volt per chart line

Trough 2" wide at
bottom

4" feed in trough at
start

The recording instrument
picked up signal before
animal made contact with
sensing conductor.

First impulse came in at
20 seconds after animal
started eating.

A relay nor a thyratron
would respond properly
to this signal.

Empty trough
.5 volt/chart line

Chart record when the circuit was

operated at zero voltage - 2nd trial,
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conductor. Each sensing station was made by reﬁoving the insulatien from
the portion of the electrical wire whieh was under sach feed compartment.
This eleetrical conducter was 30 inches leng but only 6 or 12 inches of it
was exposed. See chart notation on the folibWing pages for its length,
Only 3 inches of feed was placed in each compartment at the beginning of
each trial,

The two 550 1b. Black Angus steers were used for these tests. Beth
animals ate simultanepusly. The resistance and capacitance were set at
554,555 ohms and .53 pf respectively. The chart speed ﬁas‘5 mm. per second.

See Figures 12 and 13 for performance of this sensing eircuit,
Nature of Signals

A further search of infermation revealed that there was a 60 cycle per
second electromagnetic field radiating from the central station alternat-
ing current that travels on the electric power lines. A definite signal
could be detected from this field. The change in signal, Figures 12 and
13, could have been due to the animal's body aeting as an antenna to
collect the signal from the atmosphere or it was coming in on the record-
ing instrument. However, the animal was definitely controlling the signal
when it touched the electrieal conduetor in the feed trough,

;"The,average_adult has a body capacity with respect to ground which
usually varies between 50 .and 100 nf,* Atkins (11). It is assumed that
the average animal also has a body capacity with respect to ground of pro-
portionate magnitude. It was impossible to determine the effect of this
body capacity te ground in the signal as neted in Figures 16 and 17.

This study indiecates that a usable signal can be contrelled by the
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animal. It is electronie in nature, Therefore, an electronic circuit will
be required to utilize the signal.
The animals were no longer available, The test equipment was returned

to the laboratory,



CHAPTER IV
DEVELOPMENT OF ELECTRONIC CIRCUIT

This part of the experiment was designed to develop equipment capable
of utilizing the signal as noted in the previous_chaptaf and to test the
reliability of the eircuit. The sizeyof the trough and the location and
size of the sensing conductor were continuously studied throughout the
experimeqt. Fiverelee;ronic circuits were tested at the feed trough.

Data were taken_on.thealast three circuits as listed below:

Circuit "A" -~ Touch control or oscillating. Figure 14,

The following ¢ircuits were designed and built in the electrenies lab-
oratory at Oklahoma State University by Martin Bloek under the supervision
of Professp: H. L. Heisermann{.Head'of thg”Electronics Technol ogy Deparfment
of thé Technical Institute.

Circuit "B" - First test eircuit. Figure 16.

Cireuit "C" - First oPerafing eirecuit. Figure 17.

Circuit "D¥ - Circuit “C" plus a .25 pf capacitor.

Cireuit “E" - Circuit "D" plus a variable resistor on control

circuit, Figure 18.
Circuit "A"

Atkins (11) originally reported on an oscillating eircuit. It is also

known as a teouch or proximity ¢ontr91 cireuit. The touch eontrol unit, as

35
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discussed in this report, was purchased. The touch control "T1" in the cir-
cuit, Figure l4, was connected to the sensing conductor in the feed trough,
Figure 2. Pulse energy, originating with the neon oscillator, was fed to
the animal®s body when it contacted the seﬁsing station. 1In this manner

the control relay in the circuit was activated. The control relay activ-
ated a 150 watt light bulb fer these trials.

After each impulse the circuit remained in the "en'" position until the
operator furnished the "off" touch. The circuit could have been rebuilt to
reactivate itself in the "on" position. The results of these trials appeared
to be too erratic for continueus use of a touch control cireuit, No further

work was done with this circuit,
Test Equipment

The test equipment for circuits "B, "C", "D", and "E" consisted of
the follewing:

1. Amplifier or electronic circuit and step relay. See

Figufe 15, The amplifief was connected to the step
relayvthrough a plate relay. Thé step relay required
12 volts d.c. Each impulse advanced the relay counter
1 steb. The stationsvwere‘labeled in increments of
two from zero through 24,

2. Variable d.c. power pack or battery eliminator for the

amplifier. The voltage to the plate on the pentode
tubes and to the plate relay was varied from 100 to
150 volts in increments of 5 volts. Various circuits

were operated at voltages as indicated in this report.
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3. Battery eliminator for the 12 wvolt d.c. step relay,

See Figure 15 for equipment‘in the circuit,

4, Isolation transformer. The isolation transformer was

placed in the circuit to prevent the pessibility of a

ground loop existing through the power supply. It

could produce premature triggering in the cirecuit before

the animal touched the sensing conductor.

5. Feed trough. Individual trough sections were constructed.

A sensing conductor was placed in each trough section.

Each section was individually connected to the amplifier.

The bottom of the trough was varied from 5/8 to 2-1/2

inches in width, Figure 2.

6. | Sensing conductor. An A,W.G. #18 solid conductor copper

wire was located in the bottom of the trough at 3 leca-

tions. It was varied in length from 5/8 to 2-1/2 inches.

Preliminary Testing of Circuit

The circuit or amplifier was developed and tested in the electronics

laboratory in the Technical Institute. A preliminary test run was needed

to make the required adjustments for reliable performance of the circuit in

the feed trough,

Circuit "B", Figure 16, was connected to the test equip-

ment, Figure 15, at the feeder. Two Black Angué steers weighing about 500

1bs. each were used for these tests, The bottom of the trough was adjusted

to 2.5 inches in width. The 2 inch sensing cenductor was a #18 bare solid

wire. It was installed in the bottom of two compartments in the feed

trough. At the beginning of each trial 2.3 1bs. of feed were placed in



Figure 15, Test equipment for electronic circuit.

Step relay - 12 volts.

Amplifier or electronic cireuit.

Variable power pack - 100 to 130 volts d.c.
Battery eliminator for step relay - 12 volts d.c.
Connection for sensing station in feed trough.

Isolation transformer - not pictured.
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the trough, The amount of feed, measured in gfams, that remained after the
scheduled number of impulses on the step relay was recorded.

The voltage impressed upon the plate in the pentode tube vafied from
100 to 130 volts.

The pefformance of this amplifier was too erratic and the readings
were not recorded. Adjustments were made in the grid leak and bias resistors

to develop Circuit "C", Figure 17,
Circuit "C"

This circuit was tested with the same animals, trough, and electrical
connections as for Circuit "B". It utilized the 60 cycle. . signal  frem:
the eleetrical power lines. The signal was picked up by the animal®s body,
acting as an antenna, and amplified by the pentode tubes. The animals were
activating the step relay through the electronic circuit,

Apparently the capacity to ground effect inherent in the animals
affected the operating point of the circuit., After several trials, it was
discovered that the hum signal was also being. introduced into the system by
the feed trough. This circuit was also too erratic for continuous operation.

Two changes were necessary to develop a satisfactory operating ampli-
fier labeled as Circuit "D",

1. A ;4,nf capacitor shunting the plate relay circuit was

installed at "b", Figure 17,

2. Insulating plastic was installed acreoss the bottem and

on the sides of the troqgh for the purpose of isolating
the sensing stations. Itvprevented the feed trough from

introducing the hum signal into.the system.
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Test Circuit "C"

Circuit "D" was developed by shunting the plate reiay circuit with a .4 uf

capacitor in Circuit "C". The value of the grid resistor for the input

circuit to the control grid in the first pentode tube was reduced to 2.2
megohms. Circuit "D" is not pictured.

* Sensing conductor in the feed trough.
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Circuit "E¥

The final amplifier to be developed and tested was Circuit "E”, A
variable resistor replaced the 2.2 megohm grid leak resistor on the con-

trol grid that detected the signal from the animal. See Figure 18,
Operation of Electronie Circuit "E®

The animal, acting as an antenna in the electromagnetic fisld,
induced a voltage pulse on the contrel grid in the first pentods tubs
mach time its tongue made adequate contact with the sensing conductor
in the bottom of the trough, Figure 16. The resulting signal was smpliw
fied and pulsating d.c. signal was sent to the second pentode tubs. The
cireuit normally passed sufficient d.c, current through the plate relay
¢oil to hold the r@lay point open. A test of the circuit indicated that
1.24 microamperes of current were required to activate the plate relay,
The signal from the animal caused the turrent f£low and the voltage to
rise above that required te activate the plate relay, 8ee Figure 19.
When the animal disengaged its tongue from the sensing conductor, a
sudden voltage drop oceurred in the plate relay circuit. The tendency
of capacitor ”b", Figure 17, to recharge after this sudden voltage drop
caused the current in the relay coil to drop momentarily below its drop
put value. A test of the cireuit indicated that thé plate relay droppad
out at .195 microampere. Instantaneously the points on the plate ralay
closed momentarily which, passaed the electrical anergy in another circuit

to the step relay. This aetion advanced the step relay one station.
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Sensing conductor in the feed trough.

First pentode tube detected the hum signal that was picked up by the animal
acting as an antenna.

The second pentode tube further refines and ampllfles the SLgnal

The plate relay was activated by the signal from the second pentode tube,
The step relay was. impulsed when the animal released its tongue from the
sensing conductor in the feed trough. ’

—  step relay|

| 6%

12 volts d.(




45

If the current received a spurious signal from additional sources,
the drop in current flow or vwoltage drop caused by the licking action of
the animal might neot have created sufficient voltage drop to let the

~relay coil points close. The plate relay became inactive and would not
impulse the step relay.

The trough and the strueture that hield the trough were capable of
acting as an antenna to eollect the signal. Therefore, the sensing

stations had to be isolated from the feed trough.

Voltage level when hum signal
from the animal activated eircuit

Voltage level to Voltage drop dus
plate coil for holding ’ \v//’ to licking action
relay points open of animal

to step relay

-]

12 yolt eircuit

Plate relay circuit energized
by plate voltage plus signal

Z?—relay normally closed
after amplification

AN N pn

Figure 19, Operating primeiple of the eircuit.
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New Design of Feed Trough

Apparently the design of the feed trough and the sizé of the sensing
conductor were important for the successful operation of this system. The
strongest and most reliable signal came through when the animal®s tongue
ﬁéde contact with the sensing conductor in the bottom of the trough. If
the animal used its tongue too much, an excessive amount of saliva was left
in éhe trough., The saliva was objectionable because it made the feed unpal-
atable and it altered the operation of the electronic circuit. The trough
design, size and location of the sensing conductor were studied as thé experi-

ment progressed.
Other Variables to be Studied

1; Voltage impressed upon the pentode tube plate.
2, The size of the animals,
3. The number of impulses on the step relay that should be
required before fresh feed falls into the trough,
Other important variables are:
1. Relative humidity in the air.
.2. Moisture in the feed.
3. =~ Physical shape and éontent of the feed.

4,  Strength of the signal from ths electromagnetic field.
New Scheduled Trials

On February 15, 1964, the feeder was started with Circuit "D" (Figure

17). Four Black Angus heifers and two Hereford steers were made available
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by the Animal Science Department. They were identified as follows:

A1 Black Angus 325 pounds heifer

A, Black Angus‘345'pounds heifer

Az Black Angus 345 pounds heifer

A, Black Angus 360 pounds heifer

A; Hereford 425 pounds steer .

Ag Hereford 425 pounds steer
The animals were fed twice pér day for five days to adjust the equipment
and to get the animals eating properly before a record was taken. Six com~
partments were made in the trough. The first four were 5 inches long to
accommodate the heifers, The last two were 6 inches long for the steers.
See Figure 2. The procedure for taking samples of feed was the same as in
the preliminary trials, The bottom of the trough was adjusted to two inches
‘in width. The sensing conductor was two inches long.

A series of tests were made to determine the variation in the perform-
ance of each section of the trough. The animals were rotated from sectien
to section at various feedings. There was no significant difference in the
amount of‘feed left.in the trough when the same animal was fed in the vari-
ous trough sections.

Th§ aata for Circuit "D" were recorded and analyzed (Table II). The
circuit was operated at voltage settings of 105, 110, 115, 120 and 125,

The schedule of impulses for each voltage setting was 5, 10, 15 and 20,
The amount of feed, in grams, remaining in the trough after the scheduled
number of impulses was recorded. SN |

Circuit "E" (Figure 18) was developed by replacing fhg 3 megohm grid

leak resistér on thé part of the éirpuit’ that comnected the contrel grid in
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the first pentode tube to the_sansing‘station in the feed trough.with a
variable resistor. The system was operated with the resistance setting
at 1.75, 1.25 and 0,75 megohms with 110 vplts impressed upen the eireuit.
A second set of trials was made with the same resistance settings with

120 volts on the eircuit., The data were recorded in Table 1IV..



CHAPTER V
PRESENTATION»OF DATA AND ANALYSIS OF VARIANCE
Presentation of Data from Circuit 'D¥

The @gta in Table II are the average sample size, in grams, from
thre; replicétiépé ber animal frem a11>four animals in the test when the
electronie eircuit was operated at five equally spaced voltage settings
on the input to the amplifier for Cirecait "D", Figure 17, The variation
was from 105 through 125 volts. The variation on the step relay ranged
from 5 through 20 impulses in increments of 5. A sample was obtained by
weighing the amount of fged remaining in the trough after the scheduled
number of impuises were made on the step relay,

Figure 20 is a graph of the relationship of voltage variation te
the average sample size.

The analysis of variance, Table III, is based upon five equally
spaced treatments_or.voltages. This analysis was made to:determine the.
nature of a respense curve when the voltage increased from 105 to 125,
It is a statistical-procedure that_can be used in place of a standard
regression analysis for determining the effect of one facter. The two
factors considered were impulses and_voltage, Each of the individual
sums of squares for the voltage increments were tested by meansipf the

impulse by voltage errer term.

49
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TABLE II

SUMMARY OF DATA FROM CIRCUIT "DV

105 110 115 120 125

Impulses Volts ,Volts, Yolts : ,Voltg, . Volts
5 133.7 79,0' 62.7 32,0 49.0 356.4
10 106.3 62,7 54,3 51.3 35.3°  309.9
15 99.0 50.3 40.0 24,7 30.7 244,7
20 82,7 61.0 33,7 33.7» 30.0 241.1
 Total 421.7 253.0 190.7 141.7 145.0 1,152,1

y 105.6 63.25 47.7 35.4 34,2

The above table is the average feed sample, in grams, from 3 replications
on 4 animals,

TABLE III

A COMPARISON OF IMPULSES BY VOLTS ~ CIRCUIT "D"

'Meén §Eﬁaxe

Degrees or Estimate

Source of of Sum of of Standard Frequency

Variation Ereedom Squares Deviation  F Test . Level .
Total Mean 20 82,745.57

‘ 1 66,252.71

Impulses 3 1,960,54 653,51 8.19 99%
Volts 4 13,574.86 4,524.95 56,71 99%
1st degree 1 11,079.50 138.86 99%
2nd degree 1 2,279.96 28,57 99%
3rd degree 1 673,22 8.44 97 .5%
4th degree 1 62,32 .78 50%

Error 12 957.46 79.79




Average amount of feed remaining in trough

100
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60

.40
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105.6
The rate .of decrease in the amount .of
feed remaining in treugh is not. eonstant
-as the veltage was. lncreased
I : | | , |
105 110 115 120 125 : b4

Pentode tube plate woltage

Figure 20. The relationship of voltage variatiom in

Cireuit "D" to the sample.
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Presentation of Data frem Circuit "E"

Table IV is a record of 216 readings or samples with the contrel cir-
cuit operating at 110 and 120 volts. The sample of feed remaining in the
trough was taken at each combination .of res_ivstance, impulse. and _yoltage.
The weight of the sample was fecorded in grams,

The variable grid leak resister in the amplifigr.ciréuit that connec-
ted the sensing‘station in the ttough:with the centrol g:id in_thg}first _
pentode tube wasvvaried 1.75, 1,25, and 0.75 megohms. The step relay
was»schedulgd at 2, 5, and 10 impulsés. The sample varianeg, based‘upon
three repliga;ions, was ealeulated.J Figure 23 is thaxrelatipnship_of
~this variance taken over the range of impulses.ésvcompared to.the'varia,
tion in resistance.

The data{we;eistudigd as a fagtorial-expgriment;‘ The design was
4 X 3 X3 X 2with 3 readings or replications. Table V is an analysis
of variance due to the fpur:main-effects and due to the.sgc0nd_anthhird
order of interaetions. The main.gffécts we;eAanimals, rgsistance,

Impulses and voltage.



DATA FROM CIRCUIT "E"

TABLE IV
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Im~  Resist- ‘ 4 As
pulse  ance 110 120 110 120 110 120 110 120 Total
L Feed samples - in grams ' o
1.75 94 74 87 56 92 44 34 63
89 82 84 54 88 51 60 51
92 7686 64 91 56 109 37
Total 275 232 257 174 271 151 203 _ 151 1714
_ 86 48 76 30 87 36 106 31 '
2 1.25 84 31 80 64 88 54 92 20
o _87 .38 87 56 85 48 116 42
Total 257 117 . 243 - 150 260 138 314 93 1572
82 58 76 53 67 &2 80  2&
0.75 78 47 72 38 63 31 84 14
8l 62 75 42 52 38 83 18
Total 241167 223 133 182 111 247 56 1360
Total ‘ 773 516 723 457 715 400 764 300 4646
1.75 74 646 60 58 82 72 8 14
82 79 61 30 73 52 38 39
78 _ 44 42 21 96 55 77, .18
Total 236187 165 100 251 179 125 71 1317 _
64 22 98 48 39 34 98 18
5 1.25 76 39 62 37 42 28 71 6
71 32 73 42 . 44 26 80 28
Total 211 93 333 127 125 88 249 52 1178
74 31 92 53 54 . 46 72 13 ‘
0.75 67 36 89 41 71 41 59 23
42 48 86 54 52 36 63 7
Total 183 115 267 148 177 123 104 43 1250
Total | 628 395 . 665 384 553 300 566 166 3745
1.75 44 42 37 43 55 16 61 12
94 13 42 12 62 27 9 28
73 20 59 14 52 12 28 6
Total 211 75 138 69 169 55 98 46 86l
74 26 36 42 32 18 95 42
10 1.25 67 8 63 16 46 21 82 16
o 42 12 | 48 21 39 43 68 8 ,
Total 183 46 147 79 117 82 245 _ 66 _ 965
G 74 51 11 32 28 63 &
0.75 43 16 23 48 46 23 56 9
38 27 38 26 29 32 51 11 _
Total 155 117 . 112 .85 107 _ 85 170, 24 __ 853
Total ' ° BR9 238 397 233 395 220 515 1356 2679




TABLE V

ANALYSIS OF VARIANGE FOR CIRCUIT "E™
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Meanbsquare"f T

Degrees ‘or Estimate’
Souree of of Sum of of Standard Frequency
Variation Freedom  Squares Deviation . F Test Level
Toetal 216 710,018
Mean 1 567,337.5
Corrected total 215 4 142,680.5
Main Effects
Animal 3 4,289.09 1,429.7 1.074 <=<70%
Impulse 2 26,931,69 13,465.85 10.119 99%
Resistance 2 1,291.08 645,54 0.485 <70%
Voltage 1 53,518,52  53,518,52 40,220 99%
Readings or
Replication 2 388.69 194.35 1.134  <<70%
Error (a) 3 3,991.93 1,330.64
First order
interactions
Ax1I 6 1,765,94 294.32 0.652 —=70%
A xR 6 8,162,32 1,360.39 3.012 99%
AxV 3 3,991.93 1,330.64 2.946 95%
Ixy 2 596.06 298.03 0.66 =70%
Rx I 4 2,081.72° 520.43 1.161 = 70%
RxV 2 2,304,45 1,152.23 2,555 90%
Error (b) 48 21,681.98 451,708
Error (e) 142 24,335,29 171.375




CHAPTER VI

OPERATION OF ELECIRONIC CIRCUIT IN FIELD

TEST OF CONTROL SYSTEM

The observations on the following‘pages wera taken to,evéluate'the
performance -of the cnn;rol system. in the feed trough undarAnperating con-
ditions. A 60 inch portion of the trough was used for this study. der
Black Angus heifers weighing from 325 teo 365 pounds were fed twice per
day. They were keptvhungry to make them eat when observatiens were

taken on the performance of the system.
Deseription of Electrical System and the Trough

Electronic c¢ircuit VE", Figure 16, was used in the control system
for these trials. Four senging statiens were located in the bottom of
the trough as indicated in Figure 21. The A.W,G. #18 solid wire was
used for the sensing conductor. Its length vgried as indicated in the
record of obsefvations. Each station was independently connected to
the amplifier through a switch. The impulse to the step relay, Figure
21, was clea;ly audible. Each station was idantified on the feeder and
on the trough. When the gnimalfs mouth approached a station, the ecor-
respending switch was cleosed to connect that station to the amplifier.
When the animal triggered a station the second time during each trial,

that station's circuit remained open until the next trial started. The

55
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animal often triggered one station several times per feeding but eonly
two impulses weze.reeeiyed by the step relay. In this manner it was’
possibie to study the operatien of the system in centrolling a set of

step relays.

1 . ‘ 60!(

P . X 18"
s nSLnglstatlon ; /«bottom of

[ "}:é trough

!
1

step relay

Figure 21. Control system in a 60-inch section
' ~ of the trough.

The following log is a record of observations taken from March 1
through March 8, 1964. A total of 42 observations were made. Only
the pbservations that were signifiecantly different or eontributed te-

wards new infermatien were recorded here.



Obser~ Sensing Trough

vation = Conduc- ~  Adjust-
No,. tor . ment Performance of Animal Results or Remarks
1 13w 1%? Animal vigorously scoops feed All four sensing stations were
. with mouth and licked bottom triggered., Considerable saliva
of trough. deposit.

2 13" 13 Animals ate feed from center Sensing stations number 2 & 3
of ‘trough first, Anlmals each trlpped the relay tw1ce.
move up and down the trough There was no saliva deposit
leaving feed packed at each left in trough but only two
end, ‘ sensing stations wera,actlvated

(Figure 21).
3 130 1in Three animals were eating at There was some saliva deposit
' ‘ trough, The animals were in the trough The sensing
allnwad to eat unt11 all four conductor was shortened to 5/8"
sensing stations were each and the bottom of the _trough
tripped twice. adJusted to 5/8"
5 5/8" 7/8% First trial at new feedlng It appeared that the animals
' hour. Anlmals c¢leaned up wers sklpplng over the elec~‘
the feed before the relays trode in the bottom of the
were trlpped _ trough, Considerable sallva
in the trough
10 2" 7/8" Three ‘animals ate without All four sensing ststlons were.
' ' pushlng and fighting one an- activated. Sallva ‘was depos1t-
other for the feed. ed in the trough
11 2% 1-1/8" . Animals had a tendency to eat Animals left a little saliva

“the. feed that was readily ac~ because of licking action., More
cessible before licking bottom saliva was left in trough when

of trough Licking action ‘ animals tripped the relay at
caused a strong impulse on fourth station than when they
-each sens1ng statien, trlpped the relay at only three

stations,

LS



Obser-
vation
No., .

Senging

Conduc—

tor

Trough
Ad just~

ment

: Performance,of Animal

, Raéults_or,Remarksiv

16

17

19

22

1_3/4!1

1_3/4ﬂ

‘ 1.3/4"

1-3/4"

1-1/4"

1_1/4n

1_1/ 1"

1=1/4"

Three animals emptled the
60" trough and trlggerad 3
of the 4 sen51ng statlons.

Animals were allowed to eat
in trough until all four
sensing stations were activ~
ated, '

All four animals‘triggeqed

four relays. Animals in cen-

ter of trough had a tendency
to empty the trough first.
They -either licked the bot-
tom of the trough or pushed
the animal away from the end
of the trough where;feed.re-
mained '

Four animals were eating in
the trough. They 1mpulsed 3
senSLng statlons.

No evidence of saliva. Animal
did net lick feed until trough
was almost empty. 116 grams of
feed left J.n trough.

There were only 80 grams of feed
left in trough., Excess. saliva
was also left in trough

Excessive saliva was deposited
for about 35" through the cen-
ter of the trough

The animals left 132 grams of
feed in the trough, There was
little or no,ev1dence of
sallva.

”85
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Four additional observations were taken with the conditions described
in observation number 22. The animals readily tripped the relay twice at
three of the four stations. The amount of feed left in the trough was
not significant. The animals cleaned up the feed before leaying a,déposit
of saliva when the bottom of the treough was adjusted to 1-1/4 inches and

the sensing eonductor was 1-3/4 inches long.
Feed Compaction Test
Ration "A" -~ 80% cracked milo and 20% cotton seed hulls by

weight,

Ration "B* - 40% cracked milo and 60% cotton seed hulls by
weight, ' ‘

Ration "G - 5%.anima1 fat and 98% ground grain, no bulk.

The hum pick up signal readily traveled through all three rations
when the fegd was packe@ down by hand. Immediatgly upon 1posening the
material, the signal was bloéked untilvthe_animal made contaect with the
sensing conductor in the feed trough. The animals packed ration "A"
while eating in thg sma}lwcomparpmgnt,bAThey»did not pack this ratien in :
the 60-inch trough. Ratiop “C" was extra dense because of the high grain
and animal fat content, It did net perform well in the trough. The feed
dispenser should agitate éhe ratioﬁ.and drop it loosely a.short distance
into the trough. Pelleted feed and complete rations will probably per-
form best in this system. The éompaction rate went up considerably when
moisture was added te the feed. The tough control signal was altered
by a small percent of moisture in the feed. When the moisture content
of the ration was below 18% there appeared to be no effect in the hum

signal as long as the feed remained loose. The investigation indicated
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that a cattle activated electronic circuit can be developed to control a

gsystem of relays for operating a feed dispenser motor.
A Study of Saliva Build-up

The amount of saliva on the feed increased as the scheduled number
of impulses inereazsed., It was causad by too much licking by the animal
in‘the trough, Ratipn YA® was used for this observation. It was composed
of 80% cracked milo and 20% cotton sead hulls by weight. In the sack
Ration "A" contained 11,3% moisture based upen dry matter. The feed
pample was taken after the scheduled number of impulses on the step relay

and tested for moisture content.

Number -of Percent of Moisture
ImEulses Based Upon Dry Matter
5 11.8%
20 28.1%
10 14.6%
10 15.2%
5 11.3%
5 13.7%
10 13,8%
5 12.6%
8 12,0%
15 21.2%
6 -12.5%
10 18.3%
5 11.3%
5 12.1%
20 26.8%
15 17.4%
10 13,8%
5 11.9%
5 12.1%
10 13.8%
15 i8,2%

20 19.8%
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Trough Size‘Study

This study began during the investigatien of signal sources and

ended during the observations of the system.

Objective: Design trough to accommodate the sensing conductor for the
~ electronic eontroller. ’

Design trough to conserve feed and incite animal to consume
desired amounts of feed. Little feed should be exposed to
the air.

\\J' 4 " 4" trough too wide ~ animal : ate feed out

of middle - made: contact with sensing con~
duetor too soon. Too much feed exposed,

L
r— Z _’1 2" trough ~ still toe wide for the 300 to
350 pound animal, An 800 pound animal
4 might need this size - not tested,

1-5/8" trough ~ worked best for the 450
pound animals. If trough is too small
animal licks too much with teongue and
creates saliva depesit. The most desir-

able design requires the animal to use its
tongue when the feed is near the bettom of

the trough.
—1 Iz r— 1-1/4" trough - right size for the four
animals weighing from 300 te 350 pounds

each. Sensing conductor placed in center
of trough 1-1/2" in length.

d

*ﬂl f’ 1" trough ~ worked well on four animals,
Saliva built up often befere centroller
" tripped the relay 5 times.

8
-18 5/8" trough - too narrow, Objectionable
saliva was always deposited in the trough.

No favorablevfasults coeee

Figure 22. Variation in trough size.



CHAPTER VII
DISCUSSION OF DATA AND RESULTS
Data in Table II

This part of the experiment was planned teo determine the nature of
a response when the veltage imppegse@ upon the_circuit.and the required
impulses increagsed increments of five from 105 through 125 volts and
from 5 through 20 impulses, respectively. The.anaiysis.of-va:iance
due to the interaction vgits by impulses was made to estima;e:thg signiﬁ
ficance of the yoltage variation on the performance of the control
system. See Table III. Thaﬂva:iation_due‘tp-voltagnggs highly éignif
fican¢.and‘agpgpximatg1y gavgn;timgﬁbgreater_than_tha)va;iatian/due te
the impulses. vThafanalys%s §£'var?anpg furthgr_indicated_tbat the effect
of voltage change decreased as the voltage decreased from 105 to 125
Qo;ts. The variations from 105 to 110 and 110 to 115 were signifieant
above the 99% level. The change from 115 to 120 yolts was significant
at the ?5%rlgval._ The éhgnga.frpm 120 to 125 volts was not significant

The graph, Figure 20, shows the yoltage variation on the X .axis
and the average sample size of the average amount of feed remaining

variation due to voltage. The relationship is nen~linear.
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The analysis indicated that the variatien due to veltage was top
great for proper er aceurate pgrformance,pf the control eircuit, The
amplifier unit needed to be capable of utilizing the signal within a
nangg,ofywarioua voltgges wi;hout»afﬁeetingvtha samplg.siza, A variable
résistor was placed in the circuit to ground that ecennscted the sensing
station tprthe_aontrol g:id‘in the.firSt pentede tube in thé,ampliﬁiaf

unit. See Cireuit "E" in Figure 18.
Discusgion of Table IV

The investigation started with nothing known about the validity of
this method for testing the performance of the signal. Unknown and un-
tes;gd,discrepancies.wggelpregggt,‘ Glimatie-condit;pns,‘cbnsistgncy_gﬁ
the feed and type of animal were possible sources of variation. The
error terms in the analysis of variance, Table ¥, includes all of these
unknown variables.

The analysis was made from 216 samples of feed with the control
system’opgtating:atvva:ying.adjustmgntgvas indie@tedvin th&lptgsentgtign‘“

of data in»Table.III,
Discussion of the Analysis of Varianeg in Table V

The variation due to the main effect of the animal was significant
at the 70% level. Therefore, the variation in the sample size due to
the animal Epulﬁ»ha?e:beeqv¢3u§3d,bY,Ch?ne3.gnqxnot,b3¢395?:°£,Fhe
animal. The trough was adjusted to accommodate the animals and there
;hould np;Khaye begn.a.Va;égtipn,dueltat;he_gn;malsg_ The variation

due to the effect of the impulse schedules and due to the voltage was
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significant at the 99% level. These two main effects could have caused a
va:iation in»the”sam91§,size¢

The relationship .of impulse to the standard deviation of the sample
size is illustrated in Figure 23. wﬁgp the ecircuit was scheduled for
‘two impulses, the sample size varied the least, The relatively large
variations in the sample size from Aj and Ag accounted for the large mean
square or the estimate of theIstanda:d_dqyia;ionlfor‘theaeﬁfegt due to the
impulge, As the number of impu;ges.inereageqf the perfo;manﬁe_nfvthg,ciru-'
cuit beeame more erratic. In the laboratory, thg¢ampliﬁier functioneq
fromlldQvto,IBO_vqlts,‘UWhen it was put in the control eireuit, the yol-
tage appeared to become more criti¢&13 Theyamplifier.shaqld.nperate in
the contrm;vcircuit with either 110 or 120 volts impressed upon the pen~-
tode tube plate and the B+ termiga; en the plate relay. Duripg“the trials
the voltags was maintained at sither 110 ox 120 with a battery sliminater,
Figure 15. It appears that afvoltagg'regulatp? will be needed for field
operations.

The variance due to the resistance was significant at the 70% level.
However, the interaction of animal by resistance revealed that the effect
was,gignifi§a9; gt_Fh§v99% level. It indicated_that.underithpse tondi~
tions the resistance should have varied with the size of the animal. The
data in Table IV shows that‘;hg~sample-variapceiwasilessgat 0.75 mpgohm
for As (425 pounds) than at 1.75 megohms. Thg_sample;frpm_gl (325»pounds}l
and A4 (360 pounds) appearsd to have lgsSivérianéetatu1Q25,pag§bms.i The.
gamples from the.345>poundvanimél (A3) indicated a relatively DAFLOW yar-
iation.a; 1.75 and 0.75 megohms fap_tquimpulses. Th&wlagggrzanimal

required a reduetion in the resistance setting as neted in Figure 21.
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A
3
345 1bs.

360 1bs.

{ |
1.75 1.,25” 0_..__'75' .

| | |
1.75  1.25 0.75

Resistance in megohms on the input circuit to the first pentode tube.

Figure 23, A comparigon of the sample standard
' ' deyiation to the variation in scheduled
impulses on the step relay, -
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before it reached tbe;eﬂﬁtrql grid in the pentode tube. See Figure 18.

The variation in the following intmc?ims could have been due to.
chance because it was significant at the 70% level:

Animal by impulse
impulsé by voltage
Resistance by veltage.

Theivariance duelto_the interaction of animal by vo;tage“was”signifis
cant at the 95% 1eve1.and"resistance by-voltagg atvthe:90% 1eva1f_ There~
fore, part of the-variatipn in the sample size could have been caused by
»theSe two>interacti0ns,

The variation due . to the Eeadings,or»theﬂreplicatigns was signifi-
cant belew the 70% lével. 'This’evidence showed that the contrel system
would: operate on any day at amy time because the readings were randomly

taken morning, noon and night under yarying climatic conditionms.
Discussion 8f Results from Study of Additienal Variables

The trough used in this inygstigafian is picturediin Figures 1 and
2. TIts shape and adjustable features were selected after a study ef
existing equipment. The trough must be designed to force the animal te
use itg tongue t9 get,thB fged that is nearuthembpttnm,‘ When the‘tpqugh
~was set too narrow at the bottom, objectionable saliva was deposited in
the,trough_bacauggiﬁg the licking action of the anipélﬁ ngn the animal
reaehgﬁqthg,boptemv9f“;hg.traugh_with.its moupp,'a weak signglwwasloﬁteq ‘
received by the“amplif;ar. The. system operated bgst when'tge animal was

forced to make centact with the sensing conductor through its tongue.
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See Figure 22.

The results of this study indicated that the sensing conducter can
act as an antenna fer picking up’thg‘hum signal.w When theganimalfsvbogy
was the only facter in controlling the in-coming signal, the amplifier
pe:formgd,aatisﬁactorily witheut the vatiable'resigpa;, ‘The'eipcuit wa§
is‘orlat_je‘d to prevent the spuriqus .gignal,s 4s much as. ‘possivblev, If 'eomp/lete,
isol-a‘ti‘ond of all c_i:c-uij:s can be viaccumpll'idshe.d,“ it is po_s‘s,:ible tb.at an
operating amplifier will not need th,e_"var_iablev res i‘story as pictured in
Circuit "E". It is hig_hly pos_s:'.b_,f_te that bistabl,e ferromagnetic cores
could be designed to replace the step relay. Ferromagnetic cores are
easily magnetized andwcan stopg;bingry infnrpation. They are small,
rugged and they are reliable.

| The_fead‘compacyiop,;tudy indieated that’thg'feed dispenser should
agitate the ration as it falls into thg_t;pught_ The_study further indi-
cated that a pelleted ratien wfwu-l{dv have eontributed toward a satisfactory

performance of the eentrel system.



CHAPTER VIII
SUMMARY AND CONCLUSIONS

Summary

An exploratory investigation was made to determing the possibility for
improving_;he process of feeding livestock through the application of elec~
tronie cireuitry. In developing this investigation it was necessary to study:

1. Existing systems

2. Eating patterns of animals

3. Types and strength of signals the animal was capable of

controlling, initiating or conducting

4, Feed trough design.

Th;ee types of signals that ceuld be contrelled er eonduected by the
animal were tested:

1. Mouth to neck resistance of the animal in a elosed eircuit that
would be detected by a thyratron vacumm tube,

2. Capacitive effect of the animal to be detected through a sensing
conductor in the feed trough by a touch control cirecuit.

3. The 60 cycle per second sigpal from théeeleqtromagnetic field
from the electric power lines. The_signal was controlled by the animal
when it made contact with a sensing conductor in the bottom of the fead

trough. The sdgnal was amplified until it was capable of impulsing a
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plate relay in the electronic eircuit, Figure 18, The plate relay was
capable of contralling other relays as needed to contrel the flow of
feed into the trough,

Four animals varying in weight from 325 to 425 pounds_were ugad in
testing an operating circuit designed te utilize the 60 cyele hum signal,
The circuit in the control system was operated at 110 and 120 velts; 0.75,
1.25, and 1.75 megohms of resistance in the first grid leak resistor
(Figu;e 18) and 2, 5, and 10 impulses were scheduled on the step relay.
The effects of the_variation due to the animals, voltage, impulse sched-
ule, and resistance adjustment were analyzed. A factorial design was
used for this amalysis, It was indicated that the variatien due to
impulse and voltage was significant at the 99% level. Three first eorder
interactions were also highly signifiecant. They were animal by resist-
ance, animal by voltage, and resistance by veltage.

Other variables in the studies were:

1. Size and shape eof the feed trough.

2. Size and length of the sensing cenductor.

3. Compaction of the feed.

After the cirecuit was tested for reliability and for consigtency of actien,
it was tested under feeding conditiens. A 60 inch portion of the trough

and four heifers were used for these trials.
Conclusions

The following cenclusiens were drawn frem the experiment.
1. The exploratery investigation of three basic signals indicated

that the 60 cycle per second electromagnetic field signal from the electric



70

powertline ‘performed with the - least variation in sample size.

2. Cireuit "E" (Figure 18) conducted and adequately amplified the
' signal to impulse  a plate :elay for a,sgriesvof‘216vtr;g;s during the
.experimental phgse:pf this work.

3. Thg‘size and shape‘ofvthe t;ough-wege‘signifigant.v The‘trough
design must require-thevanimal to use its tongue in getting the feed on
the bottom of the trough. The tests indicated that the trough (Figure 2)
gaye best results when the bottom width was adjusted tp:1~1/ﬂ“inches for
the 325 to 360 1b, animals, The 425 1b. animal required a 1-1/2 inch
ad justment |

4. The bottom of the trough should be adjusted to fit the animal.

5. The length and size of the sqnsingﬁcondpgtqr-were significant.
The trials indicated that a 1-3/4 inch length of #18 A.W.G. wire was a
degipab}g size. A larger size of wire became an effective antenna and
picked up spurious signals.

6. Thg_sansing_statipnsuand the,elactgpnig cirepit should be com~
pletely iselated.

7. ThG;P"PPGr of S@FSi“g~St§tiﬂn5:in the trough wgre»signifiéant,
The apalysis of variance shows that the variation due tm thg,impu1§e_is
highly signifiecant. It was concluded that this evidence shows a real
differgncg‘ambnghthgﬂ;raatpgpt;@egns for the various impulse settingg,.
Four sensing stations were used in the 605inch>po;ti9n of the trough to
feed fpur.animals.

8, The feeding eqpipmeptﬂshoqldubeiactiyated:after two impulses on
the step relay.

9. The size of the,anima1ybad.an_ef£get upon the strength of the
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signal that:was picked up by the amplifier.

10. Thg,largar animal nequifed.a reduction in the»:esistanca on
the grid leak resistor in the amplifier ci;cuit that connected the sens~
ing station to the contrel grid. Under these conditions the control
system func;ipned withxtha‘laast variation in the sample size when the
resiStance:was“set at 0.75 megohms for the large animal and 1.75 megphms
for the small animal.

11. A circuit can be developed to utilize the signalvfrom.a wide
range of animal sizes and eliminate the variable resistmr.

12. The:analysis_of variance indicated that under these eQnditions
the voltage-shéuld be contrelled and kept constant.

13. The physical condition of the feed was significant. A compacted
feed had a tendency te conduct the signal. The ration must fall loosely
into the trough,

14, Moisture in the atmosphere did th>appear to affect the perform-
ance of Circuit "E”. |

- 15. Performance of the circuit was altered when the meisture content
of the feed exceeded 18% basgd upon er‘mattgr.

16. A cqttle.activated electronic eireuit can successfully control a

system of relays for operating a feed dispenser motor.
Suggestions for Further Study

Additional study is suggested to determime
1. The maximum number of sensing stations that can comtrsl
one system of relays.

2. The maximum spacing between sensing stations in the trough.
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3. The desi:able_matarial?'size3and;ahape fo: the,sensipg
leonductorﬁ
4, The methed and materials required to isolate the sens-
ing station and the electronic eireuit.
Develqp‘design‘equations for»a‘sys;em~of relays to control the signal
from a varying number of sensing stationms,
Design a ecircuit using ferromagnetic cores and ether semi-conductors
for contrplling»thg.signal from the animal.
Investigatg tha.bangfits‘of multiple feedings with a cattle activated

controller on the feed dispgpsar.
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