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OBJECTIVE

"The purpose of tnis report is to invest-
igate the rerlectance characteristics of light
on potatoes,stones and soil clods,and with this
knowledge attempt to construct a model separat-

ion unit for these materials,
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INTRODUCTION

Harvesting Methods and Equipment

i+

Mechanical harvesting of potatoes as oppocsed to
hand harvyesting is often used in Canada and The United
States. Although these two methods achieve the same end,
mechanical harvesters,working on large areas,are more
epted method.

Mechanical harvesters perform the following op-
erations:

(1) Digeing.

(2} Cesaration of logse soil, smsll cl

(3) 2emoval of vines and weeds.,

(4) ** least partial separation of the tubers

from similarly sized stones and clodg,
In hand harvesting, the potatoe digger

performs only the first two of the above listed operat-

ions. The materials which are not separated by the digger

are deposited in rows, then are hand separated. The potatoes

are then delivered to controlled storage .

On a mechanical harvester complete separation

is not wenerally obtained initially, therefore the

5 St T 4= -
seyen individaals Lo com-

rachine requires from two to

achieved the potatoes

0N

plete the process. Orce this 1

are ready to be conveyed to a truck or bin by belt con-

3
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Digging and lcose soil separation are the prim-
ary operations undergone in full mechanical harvesting,
Different blade configurations depending upon the soil
type and condition, are employed to cut into the soil and
loosen the tubers. Since blade depth controls the quanF
tity of s0il and potatoes which initially enters the har-
vester,the blade must be operated deep enouch to recover
nearly all of the potatoes without including excessive
soil. ror a blade depth of ten centimeters a two row

harvester must be able to handle 8 to 10 tons of soil

per minute if it travels at a rate of approximately 3.2

o

ilometers per hour? Table I may help to illustrate the
ratio of soil,stones and potatoes a harvester may have
to handle for a given soil type and condition.1

Located immediately after the blade is a rod
chain type of conveyor whose primary purpose is to al=-
low loose so0il and any other loose material whose diam=-

eter is less than the svacing of the rods to dren out

D

and resume its place on the ground, Th= structure of
the conveyor ig sueh a2 Ta allew seme iinitial zepar—
ation tg aceur, Tt!'s efficiency is increased by self=
agitation.

Agitation is achieved hy offsetting every seco-d

oy teird link in the chain and by paseing the chain

AN



Soil Type | Variety Row Width Soil Clods Stones Plant Potatoes
& (inches) Material

condition tons % tons % tons % tons % tons %
acre acre acre acre Y acre|
m
Sandy Loam| Majestic = ml?Fnged] 7
((1:(‘)') (?ES.O ,‘_{58.5 95.? "."L ,l UO:L r/.e l-f) _I_-]. 002 12-}4 2'6
Medium Loanl Majestic e 3
Stony- 275 291.8180.3 | 5.1 | 1u.3 | 2.5 | 0.6 | n.a.| n.a. | 17.3 | 4.8

Moist

Medium Loan Majestic

Hﬁggsitony 275 2Ll 0 (tes2 ) s 0 80,3 Sli2776 1F 2500 Fn.a. | nean § 1505 G

Si;;%i;am MRSt 28.0 255.6 | 859 55.9 | 15.2 | === L —=—=l=1.9 | 6.4 | 10.48] 275

Clay-Dry Majestic 28.0 125.0, | 706 ho.6 | 229 | ——=- ---11.0 0.6 | 10.4 ] 5.9

Clay Loam King

ﬂé;EtFlints Edward 28,5 160.0] 76.8 | 23.9 1155 S i e Ba8 Sl GSHR L SIS
Mean 272.5] 78.6 | 31.7 | 10.0 26.1 7o 1og Ol 2180 5k

(B¢)

Table I. British Soils
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various shapes. Althoush thi= increases

soil separation, the possibly of tuber damage also incre=-

ases.
Vine Removal i

Vine removal isachieved by n gsecond rod type con-
veyor system established soon after soil separation has

terminated. All the material which has been subjected to
this so0il separation process is then denosited upon anoth-

er rod conveyor whose pitch is approximately 100 to 125

mm. Thie is just large enough to allow the potatoes and

[t

debris of similar size to drop down on to a eress convey-
or leaving the vines:. and other trash above.

Tubers which may still be attached to vines which

o’
3
9]

do not dron between the rods are detached by stripper rol-

lers located at the end of the rod conveyor. A similar de-

viner mav also be set up on the cross conveycer tc elim-

inate vines still attached tc tubers which have dropped
- -~ e <

through the bar conveyor . )

Separation of Potatoes from Stones & Clods

Separation of the tubers is the final unit oper-
ion of the four previously mentioned,initiated ky the

X i3 P s
harvester. There are many different methods,and proposed




methods by which to accomplish this task, and such being
the topic of this paper, no real depth of elucidation
shall be conducted in this section. Details of these methods

shall be introduced in the following sections.

ANALYSIS OF THE DESIGN OF POTATOE-STONE SEPARATION METHODS

As illustrated in Table 1, there is a huge amount of
material to be handled by the potatoe harvestor. Out of the

total input, potatoes comprise only 3.4 percent. Stones con-

: . = Lea LI
tribute 7.6 percent, and soil an overwhelming 78.6 percent.

It is apparent that the extraneous material occupies a vol-
ume several times that of the usefull crop.

In order to automatically separate these materials,
a characteristic must be present which may be perceived by
the separating mechanism, and which differs in the materials
to be separated. When two of these materials are stones and
potatoes, detectable characteristic differences which may be

| practically employed are difficult to isolate.

()
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A third factor of equal importance is the fact
that a tuber is reascnably susceptible to damage such as
bruises and cuts which may easily occur during separation.

The combination of these three points with respect to sep- |
aration of potatoes from stones and clods makes the sol=-

ution evasive and more research regarding this process 1is

inevitable,

During analysis of this situation the first quest-
ion whick is bound to occur, TSeaf thié direct sep=-
aration can be either eliminatzd or reduced. To totzlly

eliminate the separation nrocacs the form of ‘re

ani/cr its configuration within the so0il would have to

be altered. This would imply modification of the potato
plant as we now know it. A project of this nature is con-
sidered to be long term and although it was proponsed as
early as 1950ilittle has been accomplished pertaining to
that field. Reduction of the separation process has also
been proposed. This could be accomplished by limiting

the number of stones in the field itself either through
‘manual picking,a labor intensive operation,or by employ-
ing mechanical stone pickers. Hcwever,in addition to com- !

plieating the process and increasing the likelihood of i

(!

problems by adding another machine,the idea of removing
the stones from the s0il profileis questiornatle as it
may be related to accelerated erosion and related soil

problems,

Since it appears that the separation process can-




(7)

not be presently reduced or eliminated,the direct app-
roach must be pursued,that is,direct separation. In order
to approach this problem a move in depth investigation
must be done with regards to illustrating what is act-
ually peing dug out of the ground by the harvester.

According to more recent work,the quantity of mat-
erial which is lifted out of the ground by the harvester
varies from 400 to 650 tons per acre. Included in this
quantity are from 60,000 to well over 100,000 tubers,
25,000 to 55,000 stems still a2ttached to the tuber,and
up to over 100,000 stones of similar size to that of the
potato? The estimated number of soil clods is unknown,
due to limited literature upon the subject. However,con-
sideration must be given to a soil which is excessively
stony and contains numerous soil clods as to its suit-
abiliy for tuber production. In short,these figures may
pe used with non-excessive error.

The main stages of potatc harvesting,with the ex-
ception of the separation unit or units have already
been dealt with. Therefore their introduction is unnec-
essary. Instead,the flow patteen initiated in the intro-
duction will be resumed starting at potato separation
from stone and soil clods,

when designing such a separation mechanism it is
often profitable to examine other ventures into that
field and to establish problem areas with such a device,

Once these problem spots are established and understood

—
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it is possible to incorporate that understanding to the
ideal model. The problems concerning separation are as
follows.

(1) There is a large rate of objects to be hand-
led and separated per unit time.

(2) The soil will vary in amount,moisture. content
and aggregate size.

(3) Varying amounts of soil and moisture will be
on potatoes and stones.

(4) The separation device must have the ability to
function in the presence of a small amount of organic
matter.

(5) Potential damage to the crop.

(6) Property similarities of stones and potatoes.

(7) Variations about crop areas and moticn of de-

vice due to field operations.
REQUIREMENTS FOR SEPARATION

To effectively desizn a mechanism to separate two
or more materials from one another it is necessary to
outline what is actually expected from such a unate S he
following list has been composed with this purpose in

mind,leading to an improved understanding of how the

mechanism may be developed.

= §
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Pre- separation

(a) Separation material must be conveyed in some
manner to the separator.

(b) Since only the separation of stones and soil
clods from potatces is to occur,all other mat-
erials must be previously removed or the device
must be able to handle them,

Property Difference

(a) Since separation will be based on a property
difference,this characteristic must be consist-
ant under all conditions if separation is to
be complete.

Sensing the Property Difference

(a2) The sensor incorporated must be as consistant
as the property. It should be able to consist-
antly distinguish between vroperties.

(b) Sincularization to some extent must occur in
order for the property to be sensed,

Force Application

(a) If separation is to take place,the result will
be producing two sets of mate-ial moving rel=
ative to one another.

(n) Conversely,if one class of material is moved
r2lative to another a separation force must

be applied,




(e¢) There must be a direct coordination between
the sensing unit and the separation of the two
classes of materials,

(d) To prevent interference adequate singulariz-
ation must be available for the two classes
of materials.,

Post Separation

(a) After separation the materials must be avail-
able for ecollection and transport from the sep-
aration mechanism,

E¢onomics

(a) Tn addition to physical requirements,budgeting
and cost considerations must also be included
in such a list. The economic foundation behind
the system must make it practical to produce

and operate such a system,

(10)




(11)
LITERATURE REVIEW

Shotbolt Harvestor

The Shotbolt Harvester was first produced in
1952-53 in England and was one of the earlier commercial
harvesters equipped with a potato,stone and soil clod
separation unit. The device was very simple in principle
The harvester dug up the tubers and then transported
them across an agitator bar conveyor allowing the small=-
er debris to fall through. The remaining material would
then be dumped into a vat containing a mud slurry which
was fixed to the harvester, The potatoes floated atop

the mixture,whereas the stcnes and clods sank to the

| bottom where they were frequently scraped away. The float-

ing potatoes in turn increased in number which forced

them over to a partially submerged belt conveyor

where they were then withdrawn from the tank, This

device was very simple,effective,required minimum power

and provided for singularization and differentiation.
The property incorporated with this device was

specific gravity,which is consistently different for

| potatoces,stones and clods.

From the graph of specific gravity vs material

it can be seen that the specifiec gravity for all potat-

: oes lie between 1.05 and 1.10 whereas for stones and
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3

s0il clods it is never below 1.40
This device also allowed for handling a large
number of items per unit time with continuous sensing
and gravity force application. There were,however, sev-
eral probtlems,
Firstly,the mud slurry had to be replenished on
a recular basis. Secondly,with all the debris in the
tank along with the large amount of liquid required
there was a weight problem. Thirdly,and most important,
it was discovered that wetting of the tubers caused break=-

down and complete loss of some crops.

X-Ray Separater

The X -Ray Separator basically consists of an
X ray emitter and detector. The potato property which
this mechanism incorporated was the tuber's resistance to
X ray penetration which is directly related to its dens-
ity. To achieve separation by this means it was necessary
for the potatoes to undergo at least two dimensional sing-
ularizations., As Figure (c¢) indicates,singularization was
accomplished by allowing the mixture of stones,soil clods
and potatoes to fall off the end of a conveyor form-
ing a vertical sheet directly in front of the emitter,
Once a potato was detected,separation occured

through the use of derlector arms.
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One problem with this type of machinerlies in the
singularization technique. Synchronization of the potato
with a particular deflector arm was inconsistant due to
lateral movement of the mechanism. Another problem arose
due to the impact of the potatoes on the arms and with

the belt conveyor after they had dropped.

Air Separation

Separation through the use of an air blast or a
constant air flow is now used commercially in potato
harvesting apparatus. The technique is old. ~ Due to the
appreciable difference in specific gravities of the obj-
ects to be separated it was proposed initially that at
an air velocity of 115 ft./s.? potatoes would float in
an air stream while stones and soil clods would remain
grounded. However,the real separation criteria which was
tested was the shape of the object in question. Specif~
ically,this was the ratio of the weight of the object
to its frontal area. This allows the flat,thin stones
to float as easily in a fluid stream as potatoes. It was
also found that due to the edge roughness of some soil
aggregates, they too might float as this tended to incr-
ease their drag coefficient.

Another problem encountered was interference of

air streams,or singularlization. This allowed a floating

(13)
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or suspended object to momentarily cut off the air way of

another suspended object causing sensing and force applic=-

ation problems,

Belt Separation

The belt separator is a transversely mounted belt

which takes advantage of the ability of the potato to

roll,or its resistance to rolling to effect separation.

As illustrated in Figure (E ),a mixture of rocks,potatoes

- and soil clods is cross conveyed to a tilted belt convey-

or where the separation takes place. Stones and soil clods

were thought 1least able to roll,consequently they remain
on the belt while the potatoes roll off. However,as the

graph of Figure ( P ) indicates,there is no consistent pro-

peety difference for resistance to rotation for potatoes,

| ] = :
stones and soil clods. For this reason,and because of

rolling interference,modifications have been made to this

separation unit such as the addition of an air blast mech-

 anism to force stubborn potatoes to roll, and a rotating

-

brush mechanism which catches potatoes, and allows stones

to pass under.,

DESIGN FACTORS

Through the use of the preceding material, a

. finalized list may be composed, whose contents are simply

(14)
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a summary,identifying the factors involved in the des-

ign of a successful separation unit,.

I

18

Separation criteria.

(1) Property to be used.
(a) Single.
(b) Composite.

(2) Degree of difference.
(a) Percent overlap.
(b) Change during season.
(c) Change between areas,
(d) Change within aréas.
(e) Consistency of difference.

Sensing mechanism.

(1) Property actually sensed.
(a) In laboratory.
(b) In fields.
(¢) At full working capacity.

(2) Non-destructive sensing.
(a) Immediate effects.
(b) Subsequent effects.

(3) Degree of singularization required.
(a) Mass.
(t) One dimensional (sheet).
(c) Two dimensional (nine ).
(d) Three dimensional (irdividual).

(e) Positioning - spacing of object.

(15)
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(f) Orientation - alignment of object.
(4) Degree of singularization provided.
(5) Sensing in relation to flow of materials.
(a) Continuous or discrete.
(b) Remote or contact.
(e) Change in velocity or direction caused.
(d) Maximum rate possible per channel.
Application of separation force.
(1) Integral with sensor.
(2) Coordination with sensor.
(3) Degree of singularization required.
(4) Degree of singularization provided.
(5) Quality effect of force application.
(a) Immediate effects.
(b) Subsequent efrfects.
(6) Force application in relation to flow
of materials.
(a) Continuous or discrete.
(b) Direction relative to flow,
(c) Change of velocity or direction caused.
(d) Gravity effects.
(e) Maximum rate possible per channel.
Econoxic considerations.
(1) Weicht and size of unit.
(a) Flotation,
(b) Traction.

(¢) Maneuverability.

(16)




L

(2) Quality losses at field operating rates.
(a) Immediate.
(b) Subseguent.

(3) Cost for capacity.
() Toitial,

(o) Operating.

To produce a capable mechanical potato
harvester all of the above mentioned factors must be ta-
ken equally into account during the process of design.

It one was to be neglected or showed
up to be weak in actual production or practice,the remain-
ing factors would equally sufrer,resulting in a possible

failure of the mechanism.

SPECTRAL REFLECTANCE OF LIGHT AND INFA-RED
RADIATION BY POTATOES, STONES AND SOIL CLODS

Reflectance Characteristics
In the last 25 years spectral reflectance tests

have been perrormed on rocks,soil clods and potatoes.’
These tests provided evidence that reflectance properties
of a potato were dissimilar to that of a stone or soil
clod over a given ran-e of wave lengths.As illustrated

in Figure (4),page 19dthe percentage of reflectance tends
to be hizher for a pbtato between the 0.5 to 1.3 micron
band and lower outside of .it than stones or soil clods.?

This apnears to be a constant differential property.con-




sequently it shows possibilities of playing a vital role

in the separation process.

The Test .

The reflectance test was performed by
Story (1970) and utilized 10 potato soils from Colorado,
three basic color type of potatoes and 69 stone samples
from alluvial deposits of San Imis Valley. Their reflect=-
ance properties were tested on a Perkin-Elmer Model 450
double-beam ratio recording spectrophotometer equipped
with an intesrating sphere reflectance attachment which
was modified to extend to the 2.5 micron wave length by
the installation of lead sulphur cells within barium

sulfate coated spheres.

Sample Preparatibn

Potato samples fequired very little preparation
for the test and may be as catagorized. Stored, freshly
dug potatoes, and varying potatoe color. Their skin cond-
ition was also indicated. Dehydrated and decaying potatoes

were included in the tests.

Stone samples consisted of smooth as well as porous

rocks and included rock of volcanic origin. Colors varied
through light,dark and reddish.
Varying soil types were used in the test ranging

fron black clay loam to light colored loamy sand. The

variable parameter tested in the soil samples, was moisture

=il



content. All soil samples were oven dried at 100 degrees
C. until no moisture remained. Then varying amounts of
water were added to each soil sample so as to test them

at 10%,20% and 30% soil moisture on a wet basis.

Results of the Test

The results o: the tests are shown in Figures (1),(2),

(3) and (4), of pages 19, a,b,c,d. From these graphs it

is clear that the potatoes display a higher reflectazace
than-either stone or the soil clods between the 0.5 to

1.3 range with a relatively low reflectance outside of

this barnd. Freshly dug potatoes appear to possess the
hizhest reflectance within this range whereas dry or de-
hydrated potatoes display high reflectances outside of

this range.'

Implications
From the tests reported by Story (1970) it

would appear that there is a method for the mechanical
non-destructive separation of potatoes by use of their
reflectance characteristics. The absolute differences

in this property for stones,potatoes and soil clods,
however,is not sufficient for complete separation. The
ratio of reflectances within the 0.5 to 1.3 micron

band to that outside of it ,however w#as found to be suff-

icient for complete separation.
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A MECHAWNISM FOR SORTING PCTATOES FROM
SCIL CI.ODS AND STONES

Configuration
The sorting system which was developed worked on
the principle oI non=-destructive evaluation of potatoes
throuzh the use of their réflective characteristies.
The system was designed for testing these characteristics
in the laboratory,not in the field. Conseguently,the main
body of the mechanism was fabricated from wood s¢ as to
allow modifications,if necessary to bemore. easily docne.
The serparation unit consisted of the following:

(1) A single channeling conveyor serving to

}rj

ro-
pel thé materials towards the separator.

(2) A gate mechanism which in effect causes sep-
aration by its motion.

(3) An electronic circuit which enables one to
make use of the potatoes' reflective property.

(4) A light source.

(5) Two optical filters so as to ascertain the
proper light frequencies.

(6) Three power sources.

(7) Two electrical motors,

The practical separation unit would consist of

approximately 15 channels to handle a total of 250,000

(20)
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objects per houriwhich would correspond with the quant-
ities handled by a two row potato harvester, Above each
channel unit there would be 2 light source with a detect-
ion device fixed alongside it,so that when an ohject pass-
ed under the source,light would be reflected from iih o
the detection unit. Once a potato is detected a message
will be produced by and sent throﬁgh the electronic cir=-
euit so as to allow the gate mechanism to be activated
thus causing separation. The gate would then retract to
its original position awaiting the next signal.

Since all of the channels are identical to one an-

other,only a single channel separation unit was built.

Channeling Conveyor

The object behind the design of the channeling
conveyor,besides getting an object from Point "A" to
Point -"B" was to accomplish this with low power consumpt-
ion,minimum damage to the potato during transport,and
simplicity of design, Although different transport syst-
ems were evaluated,such as pneumatic and shaker-vibrator
conveyor systems,it was concluded that the simple belt
conveyor would most easily satisfy all of the above ob-
jectives.

The conveyor system consisted of three 0.5 in. wide

"y" belts placed parallel to one another witth about 00758 eles

rance between them. Each of the outside belts is 98 ip

long with the center one 96 ininlength. These three

* Based on Clods & Stones to Potatoes ratio of 50/50.
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belts are powered at the feed end of the conveyor where
they run around individual pulleys 3.5 in diameter cent-
ered on a common shaft.

At the discharge end each outside belt runs arourd a
3.5in pulley with the center belt around a 3.0 diameter
pulley. The two outer pulleys are fastened to a freely
rotating shaft whereas the center pulley is allowed to
rotate freely on the shaft and is positioned by handmade
washers, |

The pulley shafts were cut from a 24 in. léng X 0I5 S
diameter steel rod and are each supported by two pillow
block bearings. The length center to center of the pull-
ey shafts is 48 inThis axle system is mounted on a narr-

2 on edge,ths

ow rectangular arrangement of spruce 2x4 in' 2
1925 being about 72 in,inlength with an inside width of
4.5inThe structure is supported by two square wocd frames
attached at their upper ends to the underside of the 2x4 ina.
These frames serve a dual purpose as not only do they el-
evate the entire structure off the floor but- they also
serve to house the electric motors which drive the mech-
anism,
In this laboratory model removable sides were con-

structed from particle board,each side being about 123in % 54in

and 0.75in. thick. They are each supvorted by two wood

posts which are bolted to the rectangular frame., Sides

were placed on this model so as to keep the potatoes on
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track,since there is only one conveyor channel.in actual
field application this may not be necessary due to the total
width of the conveyor system being 15 channels wide,and
in effect might even cause impact damage to the tubers.
The pulley belts themselves rest on a particle-
board base hoard which sits on the rectangular 2 x 4in?
frame and occupies the total width between the 2 X 4's.
and the full length between axles. Since the outer pull-
| eys at the exit end are larger then the inside pulley
it was necessary to use two 0.25 x 1.0 in® masonite fillers
; along the length of the baseboard under the ocuter belts.
These fillers were nailed to the baseboard,
Since the potato itself cannot undergo more than
| a 6" free fall and subsequent impact without damage
there is a2 clearance between the belts and the baseboard
. which tends to cushion the fall initiially. However,once the
potatd has travelled along the belts they no longer sup-
port it, It is supported primarily by the Masonite fill-

ers which are directly under the belts,consequently they

act only to propel the potato.

Klectronic Circuit

The proposed electronic circuit actuslly consists
of two circuits,an inner and an outer one. The function
of the outer circuit is primarily to receive the reflect-

ed 1lizht from the potato or stone and transform it into
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TYPES TL321/, TL3211, TL321C
GPERATIONAL AMPLIFIERS

15, APRIL 1977 — REVISED OCTOBER 1979

I
L e i,

® Wide Range of Supply Voltages

L]
Single Supply ... 3V to 30V
or Dual Supplies
* |ow Supply Current Drain
Independent of Supply Voltage °
... 0.8 mA Typ -
® Common-Mode Input Voltage -
Range Includes Ground Allowing o
Direct Sensing near Ground
®
schematic
n-um:‘:;-c ‘L _1’;,

description

*—oon

#

The TL321 is a high-gain, frequency-compensated
operational amplifier that was cesigned specifically to
" oparate from a single supply over a wide range of

Low Input Bias and Offset Parameters

Input Offset Voltage ... 2 mV Typ

Input Offset Current .. .3 nA Typ (TL321M)
Input Bias Current .. . 45 nA Typ

Differential Input Voltage Range
Equal to Maximum-Rated 1
Supply Voltage ... 32V

Open-Loop Differential Voltaga
Amplification ... 100 V/mV Typ

Internal Frequency Compensation
JGORP {

DUAL-IN-LINE
PACKAGE {TOP VIEW!?

ouT
Ne Ver mT e

N 1%L VA GRD
INPUT 1NN
nAUT

NC—=No internal connection

voltages, Op=ration from split supplies is also possible so long as the difference between the two supplies.is 3 volts to

30 volts and Fin 7 is at least 1.5 volts more positive than the input common-mode voltage. The low supply current
drain is independent of the m:agnitude of the supply voltage.

Applications include transducer amplifiers, d-c amplification bl

ocks, and all the conventional oparational amplifier

. . - - - - N
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the TL321 can be
operated directly off of the standard five-volt supply that is used in digita! systems and will ezsily provids the required

interface electronics without requiring additional *15-volt supplies.

-absolute maximum ratings over operating free-air temperature range (unless otherwisa noted)

JOTES:

Supply voltage, Vi (s2e Note 1) &
Differential input voliage {see Nate 2)
Input voltage range (either input)

Duration of output short-circuit to ground at {or below 25°C
free-air temperature (Voo < 15 V) (see Note 3)

Continuous total dissipation at (or below) 25°C free-air temperature (se2 Note 4)
Operating free-air temmiperature range: TL321M

......................................... Go S

32V
-03Vito32V

unlimited
680 mW
—55°C to 125°C

T e s —25°C t0 85°C

. IR ISR S TR Wy Wl SR 0°C to 70°C
SIOTINEETIPETATUPBFANOET < oreie o o o besor oronmremineiato s st s lete o rale s = ra s e o o oot e oo —65°C 10 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package . ........ S D St .... 300°C ] .
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . ... cvoccmmnceen e, 260°C i

1
2
3.
4

. For ogeration above 25°C free-air ternperature, refes to Dissipation Derating Table. In the JG package, TL321M chips are alloy-
mounted; TL321| and TL321C chips are glass-mounted.

« All voitage values, except ditferential voltages, are with respect to the nenwork ground terminal.
. Differential voltages are at th= noninverting input terminal with respect to the inverting input terminal, i
Short clrcuits from the output 10 Ve can cause excessiva heating and eventual destruction.

Copyright & 1979 by Texas Instruments Incorporated
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TYPES TL321M, TL321l, TL321C
P

OPERATIGNAL AR

LIFIERS

(23e)

electrical characteristics at specified free-air temperature, Voc = 5 V (unless otherwise noted)

TL321M, TL3Z1I TL321C
PARAMETER TEST CONDITIONS? ; UNIT
: y MIN TYP MAX MIN TYP MAX
Vo=14V -
Vio Input offset voltage o s =3t C 2 2 L mV,
Vec =5V 1030V | Full range 7 9 i
ho Input offset current Vo=14V Ak = B 5 2 nA
Full range 100 150
. Vo=14V, 25°C —43 —150 —45 -—250
s Input bias current nA
See Note 5 Full range —300 —500
. O Ot
& . 25°C ¥ ¥
VicR ommon-mode input N =30 Vee—-1.5 Vee—1.5 v
voltage range cc Ora Gt
Full range
Vee—2 Vee—2
Vec =30V,
HCC_ e Full range 26 26
VOoH High-level output voltage L v
Vee =30V,
Full range 27 28 27 23
RL =10k
VoL Low-level output voltage R < 10kQ Full range 5 20 5 20| mV
Large-signal differential Yec =18V, 25°C 50 100 25 100
AvD Vo=1Vtwo1ly, VimV
valtage amplification RL > 2k Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 85 65 85 dB
ksvR” Supply voltage rejection ratio | Bg < 10 kQ 25°C 65 100 65 100 dB
VigE U 25°C =l —20 20
Vip=1V,
. Full range -10 -20 -10 —-20
Va=0V
VO & mA
=15V, o
lo QOutput current SE s 25°C 10 20 10 20
Vip=—1V,
Vo=5V Full range 5 8 5 8
Vip=—-1V,
AL 25°C 12 50 12 50 HA
Vg = 200 mV
] Th X No load, 25°C 04 ~ 0.4 . d
rre
CC Ll No signal Full range 1 1 _-m_

“ksvr = AVec/Avio 1 1
T All characteristics are specified under open-loop conditions. Full range is —55°C to 125°C for TL321 M, —25 C to 85 C for TL321. and 0C

10 70°C for TL321C.
NOTE S5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially consiant, regardiess of

the state of the output, so no loading change is presented to the input lines.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Alloy-Mounzed Chip) 680 mW 8.4 mwWrc 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 mW/C a7°c
P 680 mW £.0 mW/C 65°C

Also see Dissipation Derating Curves, Saction‘z.

Operational
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an electrical message whereas the function of the inner
circuit is to receive the message,delay it and amplify it
so that it may be perceived by other electrical components.,

The detectors D-1 and D-2,as indicated on figure H
pasge '23 a, are simply variable resistors whose resist-
ance varies with the intensity of the light which is fed
into them. The eircuit which was built for the system in-
corporated two cadmium sulphide detectors with a sensit-
ive area of 0,45 sq.cm.,a minimum dark resistance of 0.5
mecaohms and a typical resistance of 100 ohms, These de-
tectors are activated,or turned on,by a 115 volt direct
current power source and are linked up in series by two
resistors on either side of them,whose resistance is as
yet to be determined. This combination of two resistors
and two detectors form a bridge system with two 470 kilo-
ohm fixed resistors.

Midway between the detectors is attached the neg-
ative input to an 8 prong monopolar operational amplifi-
efbwith its positive input leading to a 100 kilo-ohm var-
iable resistor. The operational amplifier is rowersd by
a 12 volt direct current power source,and is used to
amnlify a potential difference when it receives one; In
the case where a potato is "sensed" by the detectors D-1
and D-2,the bridge of which they are a part becomes un-

balanced,causing a potential difference V-1 and V-2 to

appear before the operational amplifier, This positive

* Characteristics described on pages 23b,c.
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potential will then be amplified and passed out the pos=-
itive exit of the operational amplifier to pass through
a diode CR-1 unaffected. It then travels to a 1l micro-
farad 35 volt capacitor which it promptly charges. It
then discharges through a 10 Kohm fixed resistor and a
250 Kohm variable reéistor. This three component system
consisting of a capacitor and two resistors is termed an
R-C circuit whose purpose is to delay the relay of an
electrical message.

The message then returns to a second operational
amplifier whose orientation is altered from that of the
first. It enters by the negative input and exits through
the positive output to travel through a 100 Kohm fixed
resistor only to enter the operational amplifier a second
time. This action reverses the charge in the line causing
the charge to exit the operational amplifier at its ent-
rance point and flow backwards through a second diode
CR-2,unaffected. The message then comes into contact with
a Triac. The Triac acts as an electrical gate., When no
message reaches it,it acts as an open circuit. When it
receives,it acts as a closed circuit so when a potato is
gensed the Triac close circuits,allowing current from an
outside source to pass through it. This Triac is in eff-
ect used as a control to operate an electronically oper-
ated zate system,allowing the gate to open or close de-

rendinz on what the detectors '"see",
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If a stone or a soil clod is seen by the detectors
the bridge Systgm will again become unbalanced with one
exception; V-2 will be larger than V-1,causing a negat-
ive potential_to develop between the lines before the
operational amplifier, This will be amplified but will
be unable to‘pass through the diode CR-1,as the diode is
set up so as to allow only passage of positive current.
The circuit may also be modified so as to reverse the

role of the potato and stone.

The Gate System
The gate consists of a 4 in wide by 18 in. long wood-

en board one end of which is fixed to a hinge which in
turned is screwed to one end of the rectangular frame.
Masonite sides are attached to the gate in order to av-

0id spillage of material. On the underside of the gate

is attached a mechanical fastener which grips a metal

rod. The other end of this rod is bolted to the outer

rim of a pulley on the shaft of a 1 hp motor. When the

shaft rotates a piston tyve action is initiated with the

)]

gate so that it raises and lowers in phase with the motor
thus opening and closing the gate., The motor itself is
connected with the Triac so that wﬁen a potato is seen

by the electronic circuit the Triac closes,allowing pow-
er to travel to the motor which pushes the gate into

place. Power for the motor is supplied by a2 standard 110
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, volt AC wall source. Dampening action for the motor cate
. System has not yet been attached to the sate to prevent

carry-through from the momentum of the motor.

Optical System

The optical devices which were used for this sep-
aration unit were very simple optical filters, The purp-
: ose of these filters was to supply the detectors with the
| Tequired wave lengths of light. The bands required were
- inside of 0.5 and 1.3 microns and from 1.3 microns and
; higher,

The filters were placed over the conveying system
with the detectors rizsht in line behind them so that the
| reflected licht from the potato passes throuch the filt-
, ers directly to the detectors. A proposed alternate des-
ign utilizes concave optical lenses placed just in front
of the filters. This would aid in the concentration of

l1ight on the detectors.

Conveyor Power Unit

The power unit used to operate the conveyor syste
em is a 4+ hp,1740 rpm electric motor. Since the ideal
conveyor speed was found to be approximately & ft/s,
providing a capacity of about 250,000 items per hour at
15 channels,considerable zearing down of the motor had
to be established. This was achieved by using a 12" diam,.

pulley on the shaft at the drive end of the conveyor with
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a 1.5 in pulley on the motor.

Power Sources

The two power sources which were used to acti-
vate the detector circuit were Heathkit regulated power
Supply Models 1P-32 and 1P-20 to supply 115 volt D.C.
and 12 volt D.C.current respectively. Model 1P-32
possessed controls to vary the voltage only,whereas with
Model 1P-20 both voltage and amperaze may be adjusted

depending upon what the circuit draws.

DISCUSSION AND CONCLUSIONS

Unfortunately,due to problems with the circuitry,
successful completion of this project has not yet been
attained. However,many errors were made and difficulties
encountered,consequently much of value may be drawn from
this project report. Firstly,when a complete project is
attempted by one individual all facets of the develop-
ment process are encountered and experienced. These may
he summarized as follows:

(1) Initial design process.

(2) Feasibility study,

(3) Materials search.

(4) Budget interaction,

(5) Redesign process.

(6) Actual construction,

(7) Errors.

These seven categories are all of equal importance

and are interdependent to one another. Tdeally,they are




j basically in order with the exception of the errors cat-

| egory which may enter at any given process and for as
' many timgs as an individual will permit, However,pract-
ically,many of these categories may be interchanged or
imay switch positions with any other stage. In other words,
there is no steadfast rule.

In the development of the sinzle channel separat-
' or unit problems were encountered in all of the above cat-
:egories. The initial design process and feasibility study
. were generally combined into one and there were various
levels of design. Initially one was concerned about the
i overall design process,consisting of the mode of convey-
ance,force application and separation. From there it was
iagain subdivided. For example: conveyance. The type of
conveyance had to be established whether it be pneumatic,
belt drive or shaker type. When the use of belt drive was
established,the type and orientation of the belts wore
tentatively determined., Belt size,pulley diameters,frame
support,potato support,conveyance speed,belt separation
and many other details,each being sﬁccessively smaller,
had to be considered and plugged intc the design process.

Materials search also was a problem in some asp-
ects. Mechanical components such as pulleys,belts,shafts,
bearings and other items were relatively easy to find,
once their necéaary characteristics were decided on.

However,electronic components were a quite different mat-

(295
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ter. It was found that to purchase even the simplest

of electronic components a relatively large background
of electrical knowledge was required. For example,to
purchase.an operational amplifier initially appeared
to be an easy chore but actually there were 40 or so
different varieties which were available. These included
6 pin,8 pin,10 pin,12 pin,monopolar,bipolar as well as
various configurations and voltages etc etc, The list
goes on and on. There were similar problems with obtain-
ing detector units. Initially 2 lead sulphide cells were
required but these were found to be practically unobtain-
able,so cadmium sulphide units were substituted. Specif-
cations for these detectors were vague and generally
jacked sufficient information for the novice electrician.
Budgetins was also a problem. Power systems and
prime movers are generally far beyond budget restrict-
jons,consequently the ability to make use of what is at
one's disposal was frequently brought into play. For
example: the two electric motors which were used were
both borrowed from existing machines,funcfional and non-
functional. One was from an old laundry machine and the
other from a table saw, Originally a solenoid activated
pneumatic cylinder was considered for the operaticn of
the gate system,but the "Redesign" factor came in}o plav
when the cost of such a device was realized.

The redesign process wWas incorporated throughout




the developmental scheme. Examples have already been men-
tioned such as the electronic circuit detector from lead
sulphide to cadmium sulphide,as well as the method of
actuatihg the gate. the most prominent redesign feature
may have been the relocation of the reflectance circuit
from a position above the middle belt,concealed in a hox,
to a place beside thé separation unit and enlarged for

demonstration and observation purposes.

Finallyv,actual construction was initiated. At first

(31)

this process was thought to be of minor detail by the author

/designer, however after wrestling with nuts,bolts,nails,
drills,pulleys,belts,2 x 4's as well as motor mounts,mis-
cellaneous shafts and bearings and getting them all to
combine for a unified movement it was discovered to
be no easy job. Alignment of holes,fitting of joints and
proper sizing of the wood components all presented diffi-
culties,while the proper positioning of bearings and mot-
ors to insure smooth operation of the belts was .also
quite difficult. Translating the preliminary drawings
into a finished mechanism was achieved principally by
assuming an initial set of dimensions for the frame and
fitting the components individually as work progressed.

Errors presented another problem,such as one that
led me to construct three successive electronic glTeulil vas
It was found out that excessive voltage will burn out

low value resistors and small grade wire.

1iliji
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Mechanically the separation unit should work as
it was designed to function., It was designed to be sim=-
'ple and effective and these objectives have been satis-
| £aetorily met;.Problems sti1ll remain with the circuitry
as circuits rarely per form as they should the first 10
or 20 times around. This circuit has never been complete-

?ly tested and consequently it must be further debugged.
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DISCHARGE END OF THE SEP-
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FEED END OF UNIT
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OPENING ACTION OF
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GEAR DOWN MECHANISM AT
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THE TWO POWER UNITS
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