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OBJ~CTIVE 

The purpose of t n is repnrt is to 1nvest-

i _ate the reflectance characteristics of light 
~ ~ 

on potatoes,stones and soil clods,and with this 

knowledge attempt to construct a mod el separat-

ion u n it for these materials. 
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I NTR DUCTION 

Harvesting ~ethod s and Equ ipment 

MPchanical harvest ing of pot~to~s as o~ ~ o s e d t~ 

h2.~r1 ~ ~-I'Ve sting is o ft en s ed in Canadc. A.nd 'Ihe United 

Stat~s. Although these two methods achieve the same e~d, 

~ec .. _a!l ical harvester s. work in~ on arP" e areas, a re ~or~ 

eff . cie ~ t,reQuire l ess t· rr. e and are g enerally +~e er-

er'lte-1 n.:ethod. 

e :r- ~:: ion s : 

r 2 . . · ·; 3. r 2. : ' ;-1. o i .., -. s e J :.. <- •• ::: . l c l · ) · · r · .. 

( 3 ;r:: ~ 0 V ~ 1 0 f V . .. ~ S :::l r.. W 8 ~ · . 

( 4. ) '. : 1 east p ~ r .. · a _ s c:' ":' 8. ::-at ·. , n o 

fro m si ~i lar l y st~ e d st0nes ~n~ 

In hand harvesting , the potatoe digge r 

f t e above 

io~s. T ~e mate r i als which are n separated by the di gger 

are deposited in ro s, t hen are hand se parated. The po tatoes 

are then delivered to controlled s torage • 

On a ~echanical harvester c-o :::nl ete ... epA.rat i cL ~ 

~ s ..... o t ~ Anera ly btaine -. initially , 'h.e re f re the 

pl ete the ~re ce ss . Or ce t~is i s achieved t~P potato~~ 

are ready to be !;On .. ~ye ri to 8. tr~ ck or hi::1 y ~el t eo -

( 1 ) 
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) ..; and - .... -- ~' 

Dizging and loose soil separation ~re the pri~-

arJ operati~ns undergone in fullmechanical harvesting~ 

Different blade configur~tions depending upon the soil 

type and condition, are employed to cut into the soil a nd 

loosen the tubers. Since blade depth con trols the quan-

tity 0f soil and pot~toes which i~itially ente~s the har­

vester,the blade must be operated deep enou gh to recover 

nearly all of the potatoes without including excessive 

soil. ?o r a blade de th of ten ce~timeters a two row 

h~rv~ster must be abl~ to handle 8 to 10 tons of soil 

per ~inut e if it travels at a rate of approximately 3.2 

ki l o~eters per hourf Table I may help to illustrate the 

ratio of soil,stones and potatoes q harvestP.r may have 
1 

to handl e for a i ven soil type and condition. 

Located i~~ediately after t he bladA is a r0d 

~hain type of conveyor whose rimary purpose is to al-

l ow loose soil and anv other loose mate ri 2.1 who se d i .a .. ,-

eter is less than the snacirg of tl:P rods -:o dr0 out 

res ·m e its T~ · structure of 

the conveyor .;s ~·1 _,_, ~o +'J allow sr- ye :_t; i t i a} SP!'ar-

a.tio~ to occur. It's effic ~ ~~cy is i~cre8sert by self-

8-[:itatio __ • 

Agi tat i 0 n is achieVed n. y 0 f f sett . r. e eVe r"J 8 e c () '" d 

o r t ~ i -r i l i r. ~ r the c ha in and by r 8 s s i r ::3 the c ha j_ n 

( 3) 



Soil Type Va r i e ty R~w Wi dth Soi l Cl ods St ones MPltan~ 
1 

Potato es 
& , ( J_ n c h c s ) a e r l a 

condition to ns % i2n§ % ton s % 1ons % ton s _ % 
a cre ac r e a cre acre acre 

. . I nc l t ded 
Sand y Loam Ma Jes t l c 28 0 95 '? with Soil 7 2 1 5 1 .1 0 . 2 1 2 .4 2 .6 

( d r y ) • LJ. 58 . 5 · • • · 

Medi um Loar Maj esti c 8 1'7 3 4 8 
stony- ?7 . 5 291 . 8 0. 3 52 . 1 1~ .• 3 2 . 3 0. 6 n.a. n. a . . • • 

Jv!o i s t 

Me di um Loan Ma j e s tic 

Very Stony ~ 7 . 5 244. 0 72 . 2 1 . 0 0 . 3 77. 6 23 . 0 n.a. n.a. 15.5 4.6 Mo i s t 

Sa ndy Loam Maj es t i c 
Ve r y Dry 28 . 0 355 . 6 83 . 9 55 . 9 13 . 2 ---- ---- 1 .9 o.4 10.4 2 .5 

Clay- Dry Ma j e st ic 28 . 0 125 . 1 70 . 6 L~0 . 6 22 . 9 ---- --- 1.0 0.6 10.~. 5.9 

Clay Loam King 
with Flint E Edwar d ?8. 5 1 60 . 0 76 . 8 23 . 9 11 . 5 18.4 8.8 1.1 0.5 4.8 2.3 
Moist 

Mean 272 . 5 78 .6 34.7 10. 0 26.4 7. 6 _ 1.3 0.4 11 • 8 3.4 

Ta bl e I. Briti s h Soil s 

-------- ----··-- '--- _;;;._ 

,...--.,.. 

\.N 
lll .___.., 



ore~ t~lers of var·aus shapes. AlthouEh thi ~ increases 

soil separation, the possibly of tuber damage also incre-

ases. 

'ine Removal 

~~~e re~ova isachieved by q seco~d rod type con-

veyor system establ.shed soon after so~l separatio~ has 

ermi~ated. All the material whicn has been subjected to 

this soil separation process is the~ de~osited upo~ anoth-

er rod co~veyor whose pitch is approximately lOO t o 125 

m~. Thic is just laree enough to ~llow the rotatoes and 

detris o ~ s'milar s'ze +o drop cown on to a cross convey-

or le~v·n t~e vin es and other trash above. 

T bers wh.ch ~ay still be att~ched to vines w~ i c~ 

~ o n ot dr . ; bPtween ~e rods a~e detached by stripper rol-

_ers located at the e~d of the rod co~veyor. A similar de-

vi ~_er ~q_y a l so be set up on the cros s conveyor to e l j_:n-

_:_:l.atP vi.~os s til l attache ') tc tubers .r~ _ ich have dro,p8d 

t~rough t~e bar co~veyor 

Separa t ion of Potatoes from Stones & Clods 

Separatior of the tubers ~s th~ final ~nit oper-

+ " a , 1 n o f t . e four reviousl ~~~t ione ~i~:tiatert b y the 
... " I 

~arves~~r. T~ Are ~re ~a~y d"ffe~en t ~ethods1a~d propcsed 



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. 

ArALYSIS 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 

tota l input , po tatoes comprise only 3.4 percent. Stones con-

tribute 7. 6 percent, and soil an overwhelming 78.6 percent. 

It is apparent that the extraneous material occupies a vol-

urne several times that of the usefull crop. 

In order to automatically separate t hese materials, 

a characteristic mu st be present whic h may be p e rceived by 

the separating me c hanism, a nd which differs in the materials 

to be separa ted . Nhen t· ·o of the se materials are stones and 

potatoes , dete ctable c haracteristic differences which may be 

practically e mp oy ed are difficult to isolate. 

(5) 



A third factor of equal importance is the fact 

that a tuber is reasonably suscept i ble to damaee such as 

b~1ises and cuts which rr.ay 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 moTe research regarding this nrocess is 

inevitable. 

During analysis of this situation the first quest-

ion whict is bound to occur, is ;f this ~irect S AD-

e~ .: "T'_ i:.':~t.P. t he separat i o n nro~" ::;;: t~ e f or:-:I ·i-· p pot ·1. ·. ce 

ani / ··..... ~ -: s con f ~ 2 rat i o .:1. ·,.., i t h .·.__ t r. c· s o i 1 \v o ~ 1 d ha ve t 

be a l ter8d. This wo· l d i~P ~Y ~ o d if ~ c 4 ticn of t he pctat o 

p l ant as we now kn ow it. A project of t hi s nature ~s con-

s iHered to be lon£ ter~ and although it was pr~posed as 
s 

early as l950,little has been acco~pl ished ~erta ining to 

that field. Redu ction of the separation process has also 

been proposed. This could be acco~ nlished cy limiting 

the number of stones in the field itself either throu gh 

·manual pic k ine ,a labor int~nsive operation,or by e rr. ploy-

i n g mecha~ical stone pickers . HcwAver,i n addit·on to coT.­

p l icatine the process ~nd increas i ~ ~ the likAlihood of 

pro b lems by adding another machine,the idea of removing 

the stones from the soil profile : s qu estionable as it 

~ay ~e related to accelerated e~osion a~d related soil 

:'O b lems. 

Since i t au~ea~s that t he s eparat i on nrocess can-

(6) 



not be presently reduced or eliminated,the direct app­

roach must be pursued,that is,direct separation. In order 

to approach this problem a mo~e in depth investigation 

must be done with regards to illustrating what is act­

ually being 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 attached 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 t.o its suit-

a bil iy for tuber production. In short,these fi~1res may 

be used with non-excessive error. 

The main stages of potato 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 pattern 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 

fi~ld and to establish problem areas with such a device. 

o~ce these problem spots are established and understood 

(7) 



it is possibl e 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 u ni t time. 

(2) The soil will vary in arnount,rnoisture . content 

and aggregate s i ze . 

(3) Varying a mounts of soil and moisture will be 

on potatoes and s t ones . 

(4) The se parat i on device must have the ability to 

function in the presence of a small a mount of organic 

matter. 

(5) Potential dama g e to the crop. 

(6) Property similarities of ston es and potatoes. 

(7) Varia t ions about crop areas and motion of de-

vice due to fi e ld operation s . 

REQUIRE~1.ENTS FOR SEPARAT I ON 

To effe c tive ly des ign a mec~an ism t o separ ate t wo 

or more materi a l s f r om one another it is nec e ssary to 

outline what i.s actu ally ·exp ec.ted fr om such a u nit. Th e 

following lis t has b e en comp osed with t his 9u r p o s e in 

mind,leading to a n imnrov ed u n d e rs tanding of how the 

mechanism may be d e v e loped . 

(8) 



Pre- separation 

(a) Separation ~aterial must be conveyed in some 

manner to the separator. 

(b) Since only the separation of stones and soil 

clods from potatoes is to o~cur,all other mat­

erials must be previou sly removed or the device 

must be able to handle them.,. 

Property Difference 

(a) Since separation will be based on a property 

difference,this character i st i c mu st be consist-

ant under all conditions if separation i s to 

be co!nplete. 

Sensing t h e Property Difference 

(a) The sensor i n corporated must be as consistant 

as the property. It s h ould be able to consist -

antly distinguish between propertie s . 

(b) Singularization to some extent must occur in 

order for the propert y to be sense ~ 

Force Application 

(a) Tf separation is to take place,the r esu l t wil l 

a t ive to one a n o ther. 

(~. Con v erselJ ,if one class of material 1s moved 

r~ lat ive to another a separation force must 

be appl ied. 

(9) 
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(c) There must be a direct coordination between 

the sensing unit and the separation of the two 

classes of materials. 

(d) To prevent interference adequate singulari~­

ation must be available for the two classes 

of materials. 

Post Separation 

(a) After separation the material~ must b~ avail-

able for eollection and transport f rom the sep­

aration mechanism. 

EConomics 

(a) In 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) 



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 du~ped into a vat containing a mud slurry which 

was fixed to the harvester. The potatoes floated atop 

the mixture,whereas the stones and clods sank to the 

bottom where they were frequently scraped away. The float-

ing _otatoes in turn increased in number which foTced 

them over to a partially s ubmerged belt conveyor 

vhe re they were then withdrawn from the tank. This 

device was very simple;effective,required minimum power 

and provided fo r singularization and differentiatiqn. 

The property incorporated with this device was 

specific gravity,which is consistently different for 

potatoes,stones and clods. 

From the graph of specific gravity vs material 

it can be seen that the specific gravity for all potat­

oes lie between 1.05 and 1.10 whereas for stones and 

(11) 
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soil clods it is never below 1.40 • 5 

This device also allowed for handling a large 

number of items per unit time with continuous sensing 

and g~avity force application. There w~re,however, sev­

eral problems. 

Firstly,the mud slurry had to be renlenished on .. 
a regular basis. Secondly,with all the debris i~ the 

tank along with the large amount of liquid required 

there was a weight problem. Thirdly,and ~ost important, 

it was discovered that wetting of the tubers caused break­

d own 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 1 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 

throug h the use of deflector arms. 

(12) 
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One pro blem with this type of machine lies in the 

singularization technique. Synchroni zation of the nota~o 

wi ~~ q ~articular de fl ector arm wa s inconsistant due to 

lateral movement of the mechanism. Another problem arose 

due to the impact of the potatoes on the arms and with 

the bel~ 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.z -potatoes would float tn 

an air stream while stones and soil clods would remain 

€rounded. However,the real separation criteria which was 

tested was the ~hape of _ the ob j ect in question. Specif­

ically, this was th~ ratio of the weight of the object 

to its front al 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 , the y too mi~ht float ~~ this tended to incr­

ease their drag coefficient. 

Another problem encountered was interference of 

air streams,or singularlization . This allowed a floating 

11 
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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 least able to roll,consequently they remain 

on the belt while the potatoes roll off. However,as the 

graph of Figure ( ~ ) indicates,t h ere is no consistent pro-

,eFty difference for resistance to rotation for potatoes, 
s 

st ones and soil clods. For this reason,and because of 

ro l lini interference,rnodifications have been made to this 

sA~aratio n 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-

i gn of a S 1lCCessful separation unit. 

I Separation criteria. 

(1) 'Property to be used. 

(a) single . 

(b) Composite. 

(2) Deg ree of dif f erence. 

(a) Percent overlap. 

(b) Chang e during season. 

(c) Change between areas. 

(d) Change within areas. 

(e) Consistency of dif f erence. 

II Sensing mechanism. 

(1) Property actually s ensed. 

(a) In laboratory. 

( b) In fields. 

(q ) At full working capacity. 

(2) Non-dest~1ctive sensin~ . 

( 3) 

(a) I mmediate e ff ects. 

(b) Subsequent ef f ects. 

De~ree of sin~ularizat ion required. 
0 '--' 

(a) Mass. 

(b) One dimensional (sheet). 

(c) Two dimensional ( l ine). 

(d) Three dimensional (i~dividual). 

(e) Positioning - spacing of object. 

(15) 



(f) Orientation - alignment of object. 

(4) Degree of singularization provided. 

(5) Sensing in relation to flow of materials. 

(a) Cont inu.ous or discrete. 

(b) Remote or contact. 

(c) Chang e in velocity or direction caused. 

(d) Maximum rate possible per channel. 

III Application of separation force. 

(l) Integral with sensor. 

(2) Coordination with sensor. 

(3) Degree of singularization required. 

(4) Degree of singularizatlon provided. 

(5) Quality effect of force application. 

(a) Immediate e ffects. 

(b) Sub sequent ef f ects. 

(6) Force applicat i on in relation to flow 

of materials. 

(a) · Continuous or d iscrete. 

(b) Direction relative to f l ow. 

(c) Change o f velocity or direction c aused. 

(d) Gravity effects. 

(e) Maximum rate possible per channel. 

IV Economic considerations. 

(1) Weig ht and size of u n it. 

(a) Flotation. 

(b) 'l'raction. 

(c) Maneuverability. 

(16) 



(2) Quality losses at field operating rates. 

(a) Immediate. 

(b) Subsequent. 

( 3-) Cost for capae:i ty. 

(a) Initial. 

(b) Operating. 

To produce a capable mechanical potato 

harvester all of the above m~ntioned factors must be ta­

ken equally into account during _the_ process of design. 

If one was t o be neglected or showed 

tp to be weak in act1al production or practice,the remain­

i~g factors would equally suffer,resul ting 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 performed on rocks,soil clods and potatoes.· 

These tests provided evidence that reflectance properti~s 

of a potato were dissimilar to that of a stone or soil 

clod over a given ra~ z e of wave le~gths.As illustrated 

in Figure (4))page l9dthe percentage of reflectance tends 

to be bi3 heT for a potato between the 0.5 to 1.3 micron 

band a t. d 1 o ,..., ~ r out s id e of __ it than stones or so i 1 c 1 o d s . 3 

Th is ap~ears to be a constant differential property~con-

-(l 7) 



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 Luis Va~ley. Their reflect­

ance properties were tested on a Perkin-Elmer Model 450 

double-beam ratio recording spectrophotometer equipp~d : 

with an inte~ratini sphere reflectance attachment which 

was ~edified to extend · to the 2.5 micron wave length by 

the installation of lead s ulphur cells within barium 

sulfate coated spheres. 

Sample Preparation 

Potato samples requirea 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 potatpes 

were included in the tests. 

Sto~e sampl es consisted of smooth as well as porous 

rocks and i n clud ed rock of volcanic orig in. Colors varied 

through light,dark and reddish. 

Varying soil types were used in the test ranging 

fro ~ ~ black clay loam to light colored loamy sand. The 

variable - ryarameter t~sted in the soil samples, was moisture 

(18) 



co ~tent. All soil samples were oven dried at 100 degrees 

C. until no moisture remained. Then varying amoun ts of 

water were added to each soil sample so as to test them 

at 10%,20% a~d 3~~ soil moisture on a wet basis. 

Results of the Test 

( 19) 

The resu l t s 0 1 t he tests are shown in Figures (1),(2), 

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

is clear that t h e potatoes display a higher reflect2nce 

t han - either stone or t h e soil clods between the 0.5 to 

1:3 rang e wi th a relatively low reflectance outside of -

t hi s band. Freshly dug potatoes appear to possess the 

ti~hest ref l ec tance within th i s range whereas dry or de-

hJdrated p o tatoes display hig h reflectan ces outside· of 

t his ran ge. 

I mplications 

Fro~ the tests re no rted by Story (1970) it 

would appear t hat there is a method for the mechan ical 

non- d estruc t ive separation of potatoes by use of their 

· re f l ectance characteristics. The absolu te differences 

in t h is property for ston es r9otatoes and soil clods, 

howe ver, i s n ot s u fficient for co mp le t e separation. The 

r a t io of re fl ectances within the 0.5 to 1.3 micron 

ba n d to t hat ou t s ide of it 1 however - ~as fou n d to be suff-

i cient for compl ete separation . 
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A AECHA!~ IS M FOR SORTI ~T G POTATOES FROM 

S OIL CI.ODS AND STONES 

Configuration 
/ 

Th e sorti~g system which was developed worked on 

the principle oi non-destructive evaluation of potatoes 

throug h the use of their reflective characteristics. 

The system was designed f or testing these characteristics 

in the laboratory,not in the field. Consequently,the main 

body of the mechanism was fabricated from wood so as to 

allow mo d ifications,if necess a r y to bemore . e a si l y d on e. 

Tt e se carat io ~ un it c o~s is t ed of t ~ e t ol low i~g : 

(1 ) A s i ngl e c h annelin g c onve y or s e r ving to pro-

pel the materials toward s the se parator. 

(2) A g ate ~echanism which in effect caus es sep-

aration by its motion. 

(3) An electronic circuit which enables one to 

make use of the potatoes' re f lective pro perty. 

(4) A lig ht source. 

(5) Two optical filters so as to ascertain the 

proper light frequ e n cies. 

(6) Three power sources. 

(7) Two electrical motors. 

The practical separation unit would consist of 

a ppro x i mately 15 channels to handle a total of 250,000 

(20) 
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* 
objects per hour,which would correspond with the quant-

ities handled by a two row potato harvester! Above each 

channel unit there would be a light source with a detect­

ion device fixed alongside it,so that when an object pass­

ed under the source,light would be reflected from it to 

t h e d etection unit. Once a potato is detected a message 

will be produced by and ·sent through the electronic cir­

c u it so as to allow the gate mechanism to be activ ated 

thus causing separation. The gate would then retract to 

its orig inal position awaiting the next sig nal. 

Since all o f the channels are identical to one an-

o ther,onl y a si ngle c hannel separation unit was built. 

·Channel ing Con veyor 

Th e o bj ect· b e h ind the design of t h e channeling 

c onvey or,besides getting a n ob j ect from Po i n t " A" to 

Poin t · " B" wa s to accompl ish this wit h low power consum:pt-

i on , minimum dama g e to the potato during trans port,and 

s i m~ licit y of des ign. Al thoug h different transport syst-

e ms were eva luated,such as pneumatic and s haker-vibrator 

conveyor s y stems,i t was concluded that the simpl e belt 

co nveyor would most e a sily satisfy a l l of the above ob-

j~ c tive s . 

The co n veyor s y stem co n sisted of three 0.5 in. wide 

(21) 

"V" belt s placed parallel to one another with about 0. 75 in. clea 

r a n ee be t ween them. Each of t he outsid e belts is 98 in 

long with the cen t er o n e 96 in in leng th. These three 

* Ba sed on Clo ds & Stone s 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 diam·eter cent­

erect on a common shaft. 

At the discharge end .each ou.tside belt runs around 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. 

(22) 

The pulley shafts were cut from a 24 in. long x 0.5 in. 

diameter steel rod and are each supported by two pillow 

block bearing s . The length center to center of the pull-

ey shafts is 48 in~his axle system is mounted on a narr­

ow rectangular arrange ment of s pr-_lc e 2x4 in2 on e r.gP. , t !: -e 

4.5in~ he structure is sJpporte~ by two square wood frameR 

at ~ ached at thre·r up per ends to the underside of the 2x4 in2 . 

These fra~es se r ve 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. · 

I n t h is l aboratory model removable sides were con-

st ructed f~om particle board,each side being about 12in x 54in 

and o.75in. thick. They are each supported by two wood 

posts wh ich are bolted to the rectangular frame. Sides 

were placed on this model so as to keep the potatoes on 
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(23) 

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 ~·ight 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 4in2 

frame and occupies the total width between the ·2 X 4 1 s . 

, and the full length between axles. Since the outer pull­

eys at the exit end ~re larger then the inside pulley 

it was necessary to use two 0.25 x 1.0 in2 masonite fillers 

along the len~th of the baseboard under the outer belts. 

These fillers were nailed to the baseboard. 

Since the potato itself cannot undereo more than 

a 6'' free fall and subsequen t i mpact without damagi 

there ·s ~clearance between the belts and the baseboard 

which tends to cushion the fall initiially. Ho~ever,once the 

potato has travelled along the belts they no longer sup­

port it. It is supported primarily by the ~asonite fill­

ers which are directly under the belts,consequently tr1ey 

act only to propel the potato. 

Electronic Circuit 

Th e proposed electronic circu i t actu~lly consists 

of two circuits,an inner and an outer one. The function 

of th e outer circJit is primarilj to receive the reflAct-

ed light fro~ the potato or stone and transform it into 
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r·--; u rJ E.~ R 
t /trJ T E G R l\ T E D 
~ f C lr. C U ITS 
: f o Wide Range of Supply Voltases 
l~~ • Single Supply ... 3 V to 30 V 
( or Dual Supplies 

Low Supply Current Drain 
Independent of Supply Voltage 
... 0.8 mA Typ 

• Common-Mode Input Voltage 
Range Includes Ground Allowing 
Di rect Sensing near Ground 

schematic -

de!;cription 

The TL321 is a high -g ai n, fr equency-compensated 
op~rational a-mplifier tha t w as d esig_ned specif ica ll y to 
oparat~ from a single supply over a w ide range of 

TYPES Tl3 21 F!i, TL3 211, Tl3 21 C 
0 PER AT I 0 i J A L A r . ./1 P ll F I E R S 

BULL E TIN N O _ DL -S 1 2:>1 5 _ A PRIL 1977 - REVI SE D O C T OBE R 1979 

~------
• Low Input Bia s and Offset Pe1 ra metcrs 

Input Offset Vo ltage ... 2 mV Typ 
Input Offset Current ... 3 nA Typ (TL321M) 
Input Bias Current ... 45 nA Typ 

• Differential Input Vo ltage Range 
Equal to Maximum-Rated 
Supply Voltage ... ±32 V 

• Open-Loop Differential Vottage 
Amplification ... 100 V/mV Typ 

• Internal Frequency Compensation 

JG OR P 
DUAL-IN-LINE 

PACKAGE (TOP VIEW1 

HC 

._.,-,,_ Gt-0 

I~PVT '"V 
... i"\Jt 

NC-No inter nal connectiOn 

volt8ges. Op-=rc;tion from split suppli es is also possib le so lo ng as the di fference between the two supplies-is 3 volts to 
30 volts and P in 7 is at least 1.5 vo lts more posi t ive than the inpu t common-mode vo ltage_ The low supply current 
drain is independent of the magni tude of the sup pl y voltage . 

Applications include transduce r amplifiers , d -e am plif ication blocks, and all the conve nti ona l op:.!rational amplifit:r 
circuits that now can b~ more easily implemen ted in single-supply-voltage systems_ For exa mple, the TL321 can be 
Oferated directly off of the standard fi ve-volt supp ly t ha t is used in d igita l systems and v. ill eas ily provide the required 
interface electronics without req uirin g additional ± 15-vol t suppli es . 

absolute maximum rating:; over operating free-air temperature range (unless otherwise noted) 

Supply voltage, V cc (see Note 1) . . .......... _ .. . ...... __ .... _...... . ....... . . • . . . . . 32 V 
Differential input oltage (see Note 2) .............................. . _ . _ .... _. . . . . . . . ±32 V 
Input vol tage range (e ither inpu t} ........ _ ........................ _ .. _ •••.• _ -0.3 V to 32 V 
Duration of output short- circui t to ground at (or be low 25°C 

free-air tempe:rature (V cc< 15 V) (see Note 3) . _ .................•. . ...• - • . • • . . . . unl imited 
Continuous total d issipatio fl J : {or below) 25°C free-air temperature (see Note 4) •......•. _ • . . . . • 680 mW 
Operating free-air tem·pe rature range : ' TL321M ... . ....•..... _ ..... _.. . . . ........ -55°C to 125°C 

TL3211 • . . . . . . . . . . • . . . . . . . . . . . • • . . . • • • • • • . -25°C to 85°C 
TL321C . . . . . . . • . . . . . . . . . . . . . • . . . . . • . • • . • • . . . 0°C to 70°C 

Storage temperature range ... . ..........•..... . ............•.• _ .••.. _.... • -65°C to 150°C 
Lead temperature 1/1 6 inch (1,6 mm) from case for 60 seconds: JG package ....••••.• _.......... 300°C 
Lead temperature 1/1 6 inch (1.6 mm) from case for 10 seconds: P package . . • . • • . • • • • • • • • . . . . • . . 260°C 

.J OTES : 1. All voltage values. except differe n t ial v o ltages , are w i th resp ect to the netvvork ground ttorminaf. 

2. Differential voltages are at th~ non invert ing input terminal w ith re~pect to the invert ing input te r minal. 

3. Short clrcui~ from the ou tp ut to V cc can cause ex ce s: ~ i vft hea ti ng and e ventual destruction. 

4. Fo r optration above 25a C free- ai r temperature. refe 7 t o O i~sip ation Oer_ating Tab le _ In the JG pac i< age. T L321 M c hi r>s are alloy­

mounted;TL321l an d TL 321C ch ips are g la ss-mounted. 

Copyrigh t © 1979 by Texas lns:ruments In corporated 
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INCORPORATED 

.. 

C>QST OFF ICE BOX 12 5012 • DALLAS. TEXAS ? 265 

Opera t ional Characteristics of Circuit Amplifiers 

(23b) 

151 

I' 

I 
.I 

'I 

I 
! 

i 
.\ 



152 

TYPES TL3211Vl, Tl3211, TL321C 
OPERATiOPdt4l AMPLIFIERS 

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

PARAMET ER TEST CONDITI ON St 
Tl321M, TL32 11 TL321 C 

MIN TYP MAX MIN T Y P 

Vlo Input of!set voltage 
V o "' 1.4 V, 25° C 2 5 2 

V CC a 5 V to 30 V Full range 7 

'•o Input of·f!>et current 
25° C I 3 30 5 

Vo = 1.4 V 
Full range 100 

'•a Input bias current 
V o "' 1.4 V, 25° C -45 -150 - 45 

See Note 5 Full range -300 

25°C 
Oto Oto 

VI CA 
Common-mode . input vcc-1.5 Vcc -1.5 

V cc "' 30 v 
voltage range 

I 
0 to 0 t o 

Full range 
Vcc-2 Vcc -2 

V cc= 30 v. 
Full range 26 26 

V oH H igh -l evel output voltag<! 
AL = 2 kf2 

V cc = 30 v. 
Full range 27 28 27 28 

RL ;;;> 10 kn 

VoL Low-level output voltage AL<10kn Fu ll range 5 20 5 

Large -signal d i fferential V cc= 15 v. 25°C 50 100 25 100 
AvD V 0 = 1 V to 11 V, 

vo ltage amplification 
AL ;;;> 2 kf2 

Full range 25 15 

CM RR Common -mode reject ion ratio As.;; 10 kn 25° C 70 85 65 85 

ksvR 
. Supply voltage reject ion rat io Rs.;; 10 kn 25° C 65 100 65 100 

vcc "' 15V, 25° C -20 -40 -20 -40 
VID = 1 v. 

v 0 = o\J Ful l range -10 -20 -10 - 20 
.. .. 

lo Output current 
V cc= 15 v. 25° C 10 20 10 20 
V10 = -1 V, 

Vo = 5 V 
Full range 5 8 5 8 

V10 = - 1 V, 
25° C 12 50 12 50 

Vo = 200 mV 

No load, 25°C 0.4 ' 0.4 
'cc Suppl y current 

No signal Fu ll range 1 

"ksvR = t.vccl av•o 

(23c) 

UNIT 
MAX 

7 

9 
m V. 

50 
n A 

150 

-250 
nA 

-500 

V 

V 

20 m V 

V/mV 

dB 

dB 

m A 

JJA 

m A 
- 1 : 

tAll character i st ics are specif ied under open-l oop conditi ons. Fu ll range is -55°C to 125°C for TL321M, - 25° C to 85°C for TL32l. illld 0°C 

to 70°C for TL321C. 
NOTE 5 : The d irect ion of the b ias curren t i s o u t of the dev ice d ue to the P-N -P input stage. Th is cur r ent is essen tially constant. resard less o f 

the state of the output, so no loading chan ge is presented to th e input li nes.. 

DISSIPATION DERATING TABLE 

PACKAGE 

JG (AIIoy -Moun:ed Chip) 

JG (Glass-Mounted Ch ip) 

p 

POWER 

RATING 

680mW 

680mW 

680 mW 

Also see O i ssipi!tion Derat i ng Curves, Sect ion-2. 

DERATING 

FACTOR 

8.4 mWf C 

6.6 mwtc 
e.o mwfc 

TEXAS INSTRUMENTS 
INCORPORATED 

POSl OFFICE BOX 725012 • DALLAS. TEXAS 75165 
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an electrical mess~ge 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 

page 23 a, are .simply variable resistors whose resist-

a n ce varies with the intensity of the light which is fed 

~~ t o them. The eircuit which was built for the system in­

cornorated two cadmium sulphide detectors with a sensit­

ive area of 0. 45_ sq. cm. , a minimum dark resistance of 0. 5 

me~aohms and a typical resistance of 100 ohms. These de-

teeters 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-

* er with its positive input leading to a 100 kilo-ohm var-

iab le re s istor. · The operat i onal a mplifi e r is f Ower Gd oy 

~ 1 2 volt dire c t c rren t power so r ce,and i s used to 

~~_l i fy a potential difference when it receives one. In 

th e case where a potato is "sensed" by the detectors D-1 

a n d D-2,the bridge of which they are a part becomes un­

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

appear b e f ore the operational amplifier. This positive 

* Charact e ristics describe d 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 1 micro­

farad 35 volt c~pacitor which it promptly charges. It 

then discharges through a 10 Kohm fixed resistor and a 

250 Kohm varia~le resistor. 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-

ranee poin t and flow backwards through a second diode 

CR-2,unaffected. The messag e then comes into contact with 

a Triac. The Triac acts as an electrical aate. When no 

message reaches it,it acts as an open circuit. ~hen it 

receives,it act s as a closed circuit so when a potato is 

sensed the Triac close circuits,allowing current from an 

outside source to pass throug h it. This Triac is in eff­

ect used as a control to operate an electronically oper­

ated ~ate system,allowing the gate to open or close de­

t:endin ,.. on what the detectors "see". 
~ ..) 

(25) 



If a stone or a soil clod is seen by the detectors 

the bridge system will again become 1nbalanced with one 

exception; V-2 will be larger than ·V-l,causing a ne~at­

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-l,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-

oid spillage of material . On the underside of the gate 

is attached a mechanical f astener which grips a metal 

rod. The othe r end of this rod is bolted to the outer 

r im of a pulley on the shaft of a !hp motor. dhen the 

shaft rotates a pis~on t y~e acti0~ ~s ~~i ti~ te~ ~- ~~ t~ P 

~~t~ ~ n t~at i~ raisPs and lower ~ i phase with the mot or 

thus opening and closing t~~ gate. The motor itself is 

connecte d with the Tr i ac so that when a potato is SPen 

by the electronic circ ~it the Triac closes,allowing pow­

to travel to the motor which pushes the gate into 

pl ace. Power f or the motor is supplied by a standard 110 

(26) 
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volt AC wall source. Dampening action for the motor gate 

system has not yet been attached to the gate 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 

• required wave lengths of light. The bands required were 

inside of 0.5 and · l.3 microns and from 1.3 microns and 

higher. 

The filters were placed over the conveying system 

with the detectors ri ~ht in line behind them so that the 

reflected light from the potato passes through the filt­

ers directly to the detectors. A proposed alternate des­

ign utilizes concave optical lens~s placed just in front 

of the filters. This would aid in the concentration of 

light on the detectors. 

Conveyor Power Unit 

The nower unit used to operate the conveyor syst-

em is a i bp,l740 rpm electric motor. Since the ideal 

conveyor speed was found to be approximately 4 ft/s, 

providing a capacity of about 250,000 items per hour at 

15 channels,considerable gearing 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 

(27) 



<1.> 
u 
~ 
m 

+> 
+) 
·rl 
s 
(j) 

~ 
m 
H 

E-l 

50.0 

40.0 

30.0 

20.0 

10.0 

0 • 0 , .,.~......_ .,,........,....,..~ ..... "",.,.........,~w-,_ ....... ...,_r"""~\ll\4 ... ~-... ...,_...._..., ............... ,._~ .. ------------.~--------..-..-----...,t"""' ...... ------------

0.6 0.7 0.8 0.9 1.0 

Wavelength- Microns 

Figure I. Transmittance vs. Wavelength for Optic Filter #1. 

........._ 
(\) 
--() 

A> 
~ 



(27b) 

100.0 

80.0 

60.0 

4o.o · 

20.0 

o.o 

1.0 2.9 3.0 4.0 5.0 

Wavelength- icrons 

Figure J. Transmittance vs. Wavelength for Optical Filter #2. · 



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 re~ulated newer c ~ 

supply Models lP-32 and lP-20 to suppl y 115 volt D.C. 

and 12 volt D. C. current respectivel y. Model lP-32 

possessed controls ' to vary the voltage only,whereas with 

~odel lP-20 both voltage and amperag e may be adjusted 

depending upon what the c i rcuit draws. 

DISCUSSION A_m CONCLUSIONS 

Unfortunately,due to problems with the circuitry, 

SllC~essful c ompl etion of this project has not yet been 

attained. H9wever,many errors were made and difficulties 

encountered,consequently much of value may be dra 'n fro~ 

this pro~ect report. Firstly,when a c omplete project i~ 

atte~pt ed by one individual all fac8ts of the develop-

ment process are encountered and experienced. ~hese May 

~ A su~marized as follows: 

(1) Initial design process. 

(2) Feasjbility study . 

(3) Materials search. 

(4) Budget interaction. 

(5) Redesign process. 

(6) Actual ea .struction. 

(7) Errors. 

The s~ seven categories are all of equal importance 

~~d are interdependent to o~ e another. 1deally,they are 

(?8) 
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basically in ·order with the exception of the errors cat­

egory which may enter at any given process and for as 

many times as an . individual will permit. However,pract­

ically,many of these categories may be interchanged or 

may switch po sitions with any other stage. In other words, 

there is no steadfast rule. 

In the development of the singl e channel separat­

or unit problems were : encountered in all of the above cat-

egories. The initia design process and feasibility study 

were generall y combined into one and there were various 

levels of design. Initially one was concerned about the 

overall desian process,consisting of the mode of convey-

ance,force application and separation. From there it was 

again subdivided. For examp le: conveyance. The type of 

conveyanc e had to be estab lished whether ·it be pneumatic, 

belt drive or shaker ty_e. #hen the ~s e of belt drive was 

establishe1,the type and orientation of t h~ bel ts we re 

t~': tativ~ - Y determined~ ~elt size, p~lley d~ amete~s , frqme 

support , potato support ,conveyance speed,belt separation 

and many other detai ls,e a ch being successively smaller, 

had to be considered and plugged into the design process. 

Materials search a ls o was a problem in some asp­

ects. Mechanical components such as pulleys,belts,shafts, 

bearings and ot her items were relatively easy to fi~d, 

once their nec~~ary characteristics were decided on. 

However,electronic components were a quite different mat-

(29) 
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ter. It was found that to purch~se even the simplest 

of electronic comuonents a relatively large background 

of electrical knowledge was required. For example,to 

purchase an operational amplifier initially appeared 

to be an e~~y chore but actually there were 40 or so 

dj_fferent V?rieties which were available. These included 

6 pin,8 pin,lO pin,l? pin,monopolar,bipolar as well as 

various configurat~ons 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 su hst i tu ted $ Spec tf-

cations for these detectors were vague and generally 

lacked suff"cient information fo r the novice electrician. 

Budgetin8 was also a prohlem. Power systems and 

prime movers are generally far beyond budget restrict­

ions,c~nsequently the ability t o 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,functional and no~-

f u nctional. One was from an o~d laundry mac hine and the 

other from a table saw. Originally a solenoid activate ~ 

pneumatic cylinder was considered for the operation of 

the gate system, but the " Redesign" facto-r came in,to play 

when the cost of such a device was realized. 

The redesign ·process was incorporated throughout 

(30) 



the developmental scheme. Examples have already been men­

tioned such as the electronic circuit detector from lead 

suluhide to cadmium sulphide,as well as the method of 

actuating the ~ate. the most prominent redesign feature 

may have been the relocation of the reflectance circuit 

from a position above the middle belt,concealed in a box, 

to a place beside the separation unit and enlarged for 

demonstration and obser~ation purposes. 

(31) 

Finally,actual construction was initiated. At first 

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 rnounts,mis-

cellaneous shafts and bearings and e etting them all to 

combine for a unified mdvementit was discovered to 

be no easy ~ ob. Alignment of holes,fitting of joints and 

proper sizing of the wood components all presented diffi­

culties,while the proper positioning of bearings and mat-

ors to insure s mooth operation of the belts was ~also 

quite difficult. Translating the preliminary drawings 

into a finished mechanism was ~chieved principally by 

assumine an initi~l set of dimensions for the f~ame and 

fitting the · components individlally as work prog ressed. 

Errors presented another problem,such as one that 

led me to construct three successive electronic circuits. 

It was found out that excessive voltage will burn out 

low value resistors and small g rade wi re. 
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Mechanically the separation unit should work as 

it was desig ned to function. It was designed to be sim­

ple and effective and these objectives have been satis­

factorily met • . Problem~ still 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 consequ~ntly it must be further debugged. 
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THE TWO POWER UNITS 

ErllPI~OY.ED: LEFT, ~ 2" V. 

D.C. RIGHTt 115 V~D.C$ 
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