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ABSTRACT

VARIABLE SPEEÐ HYDRAULTC DRT]IES r'OR POTATO

DÀIqAGE P;EDUCTION ON POTATO IIÀRìrESTERS

by

Kumbháshi Shrinivasa Upadhyaya

Research in tbe past ferìr decades has revealed that po-

tato damage during mechanical harvesting of potatoes is the

main cause of economic loss to potato gro\ùers. This finan-

cial loss has been estimated to be of the oraler of miltrions

of doLLars every year in the United States and Canada. Stud-

ies conduct,ed by Washington State üniversity have shovùn that

consÌderabLe reduction in damage to potatoes during harvest

can be obtained by adjusting the conveyor speeds in relation

to the forward speed and Èhe yielit. The concepÈ of speed

adjusÈment of the conveyors to forward speed of the ttarvester

and yiel.il conclitions was incorporated into the design of

variable speecl hydraulic drives for the rear cross conveyor

ancl the side elevator and tÌ¡e boon elevator on a Lockwood

Mark 76 potato harvester.

A 1o\,r pressure variaõLe speêd lryilraulic drive system

was designed for the Lock\ùood Mark 76 potato harvester, which

was maile availab]-e for thìs stu¿ly by A.A. Kroeker and Sons

Ltd., Wink1er. The machine was fieltl tested in the fall of

1975 anct was used. for approximateJ-y 400 hours. On L975 09 04

a fielil day was held in co-operation with the Manitoba DePart-

ment of AgrÌculture, the Manitoba Potato Growers I .Association
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and À.À. Kroeker and Sons Lt¿l., l¿Íinkler, at lrtinkler. The

performance of the macbine was observed by growers. The

opinion ïras expresseil that the hydraulic drive units shoulil

be ilesigned for the Locl$ùoo¿l llaÌk 'tÆ which is more popular

than tlre newer lltark 76.

FieJ.d tests we.re conclucte¿l to ¿leterlfiine if there ¡cas

any signÌficant dllfference ìn tbe a¡ûount of damage infLìcted

on potatoes at sfoÞr conveyor speecls properLy correLate¿l to
yield and forwaril speeil corupareil to fast conveyor speeils.

Têsts wère conductè¿l on fìve fielils anêl Ìn each fielÈl eight

salpJ-es \rere takên for the a¿Ijustè¿l conveyor speecls ancl eight

s4pJ-es aJ.so were takên for fast conveyor spèeds.

On the. avêvage totaL daJoage to potaÈoes rùas reducedl

to 12.5 percênt wben the conveyors ran slow anél fuLl compâr-

ecl to L8.1 percènt wben Èhe conrrèyors ran fast. Tlre slightly
damagecl potatoes werè re¿lucè¿t fÏorû 4l-.9 to 36.7 percent ÌJhen

the conveyor speedl was rè¿luce¿l. Tbe ayerage mass of tbe un-

ilaruagecl tuber ¡r¡'as 
, 
sìgnÌf icantly hìgher wben tbe col¡-vêyors

ran slower comparecl to when the conveyors ran faster.
The measure¡nent of the reguired opêraÈing t,orquè for

the side efevator anil the rean cross conveyor ga've a maximr¡n

torgue of 13¿ N.m. Torquè measuremênts on tbe boom elevaÈor

gave a m'.<imurn torque of l-09 N.n wben tbe outer boorD r¡as in-
clined.

Àr¡ economìc analysls shot¡ecl Èhat the project !ùas econ-

omicaJ-Iy feasible anil coul-d result in consìclerable savings Èo

growers. Therefore, ìt was concLuiled that varìable speed
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hydraulÌc drÌves for potato harvester conyeyors were econcrni-

cally desirabLe andl mechanìcalLy successful. These systems

couLd be maile avaiLable Ìn l<ìts for interestecl potato grow-

ers.
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CITAPTER I

INTRODUCTION

1 . L Scope of Stu¿ly

1.I.1 Extent of potato damage

Potato damage, defined as any injury to potatoes caus-

ed by agents oÈher than disease, insects or physiological

factors, is estimated by various research workers to be about

30 to 33 percent. cluring harvest alone (3, 5). From a stuily

conducted in Itlaho it was found that Ìt is almost impossible

to get ten unilamaged potatoes frorn. a storage bin (16). In

one field in Àlberta 100 percent damage \ùas reported (38).

About. 70 percent of the total defects !ùere found to be due

to rnechanical injury caused by the potato itigger (L3). The

Ìrarvesting operaÈion is considerecl to be the greatest source

of injury to potatoes [3).

L.L.2 Effect. of potato clamage

VtiÈh the increase in quality consiousness ¡rmong house-

\ùives, damaged potatoes aÌe not being acceptêd and therefore

are contributÌng to ¡¡aste (5). Damagecl potatoes lose about,

8.5 percent of tbeir weight comparecl to a 5.5 percent loss by

sound tubers. FurÈhermore, tbY acÈ as a nucleus for further

damage in storage (10). Skinning increases dry rot in stor-

age. ln a¿tdition, fresb market preparation neeils more Labor

for sorting, trfurming an¿l quality control-. Damage also leads



to loss of raÌù product due to cutLing and tri¡r¡nin S 147') .

tast, but not tl.e least, pot.ato damage leads to the process-

ing of a Ìow quality ra'ûr procluct to a l-ovt quality finished
producÈ. All these procluct, losses ultimately conLribute to
financial ]-oss.

L.1.3 Economic ].oss due to damage

The potato is one of the major borticulÈuraÌ crops

of Canada in Èerms of quantity produceil (3). h 1974, revenue

due Èo potato crops in Canada was 22.6 miJ.lion doLlars (42).

Farm value of the total potato product,ion in the United States

was LJ.97 mil-lion dollars in 1973 (46). Each year losses due

to potato damage amount. to milLions of doLLars (21).

Potato ilamage is considered to be tle greatest cause

of ].oss to potato gro\Àrers (5) . Financial los.ses due to mech-

anical injury are estimaÈed t.o be 20 percent of gross potato

crop income

L.1.4 Chain speed anct damage

It is Ìeported that nearly 50 percent of the mechanical-

damage can be el-iminated by proper harvester operation and

soil con¿liùioning (43.). Experiments conducted by Smittl-e et

aI. (39) aÈ tüashington State University have sho\dn that by

properly co-ordinating chain speeds to forward speeil ' yielcl

anil soiL conditions it is possible to reiluce damage consider-

ab1y. One potato processing company claimed that its gro\ùers

enj oyed an average of 40 percent increase in bruise-free po-
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taÈoes after the growers ltere educated in the use of the

speed ratios deveJ.oped by lÍashington State University (47).

1.2 The Objectives

In research carrÌed on by Smittle et ä1. (39) sprockets

of various sizes were used to get the clesired speeds. This

arrangenênt provided speed changes in steps only anil required

sprocket sizes to be changed depending on yieL¿l and soiL cond-

itions. The fo¡¡-damage harvester developed by the University

of Idabo an¿l lÍashingÈon State University was powered by hydrau-

lic Èlrive systems for infiniteJ-y variable chaÌn speeds. The

low-damage harvester was tested in the higb- yield con¿litions

of lrTashington and Iilaho !43 ) .

Considering the interests of tbe Manitoba potato grorù-

ers, the obj ectives of this stu¿ly ù¡ere:

1. To design, builil and test 10\ù cost variable speeil

hydrauJ-ic drives for the rear cross conveyor, the side elevaÈ-

or anil the boom elevaÈor on a conmerciaÌ poÈato harvesteÌ.

2. To determine Èbe effectiveness of thè reduction

of chain speeds in reducing damage to potatoes in the l-ow

yield conditions of Manitoba.

rt \ as hoped that the successfuL clemonstration of Èhe

variable speeil hydraulic dlrives would encourage manufactuÈeïs

to produce the drive units and al.so ¡¡ouLd encourage gro$7ers

to adopt ttre drive units. PerI.aps the clrive units coulil be

supplieit ìn kit form for use on older existing barvesters.



1.3 ceneral AppÌoach

. A nev¡ Lockwooil Mark 76 potato harvester vJas made avaiÌ-
abJ-e from À.À,. Kroeker and. Sons Ltd. for this study. A l-ow

pressure hydraulic systen was designed and developed to drive
the rear cÌoss convèyor, tb-e side elevator ancl the boom ele-
vatot. Às the boom elevator neeils to run at a slightly Low-

er speed than the side elevator, depeniling on the amount of
clods and stones in the field, two sepatate motors \ùere used,

one to drive the boom elevator and. the other to drive the

rear cross conveyor and the side elevator. The existing ilrive
system also ¿lenan¿leil such an arrangement,.

The modifiê¿l machine was taken to tÌ¡e fÌelct ancl put in-
to operation on 1975 08 19. Ðamage studies were conducted at
high and Low chain speeds on fÍve ¿iiterent fiel-ds. Eight

samples of approxjmately 5 kg each ¡¿ere collected at the boom

delivery point for both Low and high chain spee¿ls. Samples

Ìrere tested for damage using catecbol anil classified as un-

damagedl, slightly darnaged, moilerately damageil or seriously

darnagecl. Five yield sarnples ¡¡ere taken nêar the test site
.]-n eacl1 tJ-elcl.



CHÀPTER II

REVIEVü Or' LTTERATUP"E

2.L lmportance of tbe Potato

Arnong the few crops which nature has provi¿ted that
are capabJ-e of nourishing the great population of Èhe worlcl,

the \thite potato is the most Ìmportant (29). Both the nutri-
tional and the meclical value of the poÈaÈo are quite .signifi-
caÌ¡t, compared to its cost. Today, potatoes form one of the

main constituênts of the food for many people of the vtorlCl.

For some it is the major fooil whiLe for others it is only

suppJ-ementary. Apparent per capita consr:mption of potatoes

in Canada r¡¡as 73.80 kg,/year in 1973 (42) .

2.I.1 Nutritional value of the potato

BeneatÌ¡ the skin of the white potato are liberal
stores not onLy of energy but also of nitrogen and high qual-

ity proteìn that \ùiII support health and growth. Val-uable

minerals such as iron ancl magnesir¡m a¡rd essenùial viÈarnins

sucb as C an¿l several of the B vitamins are present too (29).

2.1.2 ìle¿licaL val-ue of the potato

Potato consumption appears to partially prevent tooth

decay. Tbis rnay be because potatoes are not sticky. Thêre

may al-so be a cleansing effect of the fiber in the skin (29).

Thê potaÈo is naturally a1kalìne ancl belps maintain the aI-



kalinity of the blood. This is claimed to aid in the preven-

tion of such diseases as tuberculosis, heart disease, blood

vessel disease, high blood pressure, gout and kidney disease
(19). ft is because of this nutrÌtionaL ancl meclical- value
of poÈ.aÈoes that a well- bal-ance¿l ¿liet should contain some

poÈatoes.

2.2 Potato ProÈluction

Rapidl deveÌopment in potato handling and processing

machinery along with contract production for processing firms
have resuJ-t,ed in an increase in the area planted to potatoes

as we]-L as the estabLishment of potato ptoduction as a spec-

ia1 enterprise. Potatoes are tlre most important of the horti-
cultural crops in terms of quantity pro¿luceil and. area plantect

Ìn ì.{aniÈoba and Canada.

2.2.1 Potato production in Canacla

TabLe 2.1- shoÌùs the production of potatoes in Canada

by province. Tota1 production in 1974 was 2 427 440 000 kg.

2.2.2 Potato pro¿luction in the Unite¿l States

Table 2.2 shows the production of potatoes in the

United SÈates and the rnajor growing areas. In 1973 the total
potato pro¿tuction in the United states was Ij 472 x 106 kg.

2.2.3 , Potato production ìn Manitoba

The area plante¿l to potatoes in Manitoba increasecl
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nêarly 34.7 percent bet\¡reèn 1964 and 1970 [3). I'avorable

agro-climatic condiÈions, along \,'rith the development, of po-

tato handling equi¡xnent,, spreail potato cultivation from the

fine textured soÌls along the Red and Assiniboine Rivers to
the coarse textured soils of Portage Ia Prairie, Carman anil

lfinkler. Potato pro¿luction in Manitoba during 1974 is list.-
eil in Table 2.1.

2.2.4 Potato varietÌes

Many varieties are grown in UaniÈoba but Reil, I{arba,

NorLand, Viking, lrish Cobb1er, Norchip, NorgolÈI, Red Pontiac,

La Rouge, Nettê¿l .Gem, Ke¡:nebec and Chiefton are grown for
co¡mnercial- purposes.

2.2.5 Markets for Manitoba potatoes

Decreases Ín potato pro¿luction in eastern canada and

the United States ¿lue to poor seasons coupLed with the in-
crease in dernandt by the potato processÌng companies which

have increasê¿l in nr¡¡¡ber anil capaciÈy in Manitoba have

strengtltenêil the market for l"lanitoba potatoes. Fresh market

poÈato pro¿luction Ìncreasecl in I'lanitoba due to recent in-
cÌêasè¿l prÌcès for potatoes (3).

2.3 Potato Cultìvation in Uar-¡Ìtoba

Rapiil ex¡ransion of processing firms, ailvances in the

technoLogry of processîng anil handling equipment, irnprovement

in potato varieÈÌes an¿I di-sease control- practices have made



gro!¡ing potatoes a specialized business requiring large
capital invest¡nents anil business and technicat skiIls. The

corûnents on potato cultÌvation in this section have been

revie¡¡,¡ed in ref erence three .

2.3.I Soil and climaÈe

Potatoes grow weJ.l in rich, deep, friable, well-drain-
eil, meilir¡n to sandy loam soiJ-s, free from stones and cLods,

sLight,Ìy acidic and containing organic matter. The crop

neeils a good suppJ.y of moisture but cold, waterlogged soiÌs
are not suit,abLe.

.Àn average day time Èenpêrature of l50c to 1B0c with
cooL nÌghts favours good tuber formaÈion. Rainfal-l of 2.5

cm per week throughout, the grol¡ring season gives best results.
Five to 7.6 c¡n avêragê monthly rainfaLl- in ManÍtoba during

the growing season is cLose Èo this figure. Becausê oi the
particuLarl-y suÌÈable cl-imatic conditions and tlre rapid
developnent of potato hanct1ing equipment, poÈatoes are grorùn

in alL tfzpês of soiL in Manitoba.

2.3.2 Cultura]. practices

2.3.2.1 TiLLage pracÈices The soiJ. is tilled to a

depth of 15 to 18 c¡n in Èhe faLl and in the spring. This,
besides preparÌng a goocl seeilbe¿t and root bed., conserves

moÌsture, helps to control- weeils, loosens the soil and helps

make. nutrients .avaiLabJ-e to the next, crop.

2.3.2.2 Crop rotation Rotation of potato crop with
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some other crop is found to increase yields as vrell as con-
tror diseases such as scab, rhizoctonia, brackleg and r¿irts.
Sod crops also adil organic matÈer to the soil.

2.3.2.3 pl_antÌng anil ferÈilization Cut potatoes
are spaced 22 to 38 cm apart in rows. The roÌùs are spaced

0.9 to 1m apatt depending on soil tl1)e and potato variety.
The soìL temperatuÌe shoulil be 4.50C or higher.

Unless othêrwise ìndicated by soil test, 6Z to 90 kg,/
ha of nitrogen and 34 to 56 kg,/ha of phosporous shoulct be

ailded to get good yielils. Sandy soils usualLy require an

aildìtÌonaL appJ.ìcation of 28 kg¿lha of potassium

2.3.2.¿ fntercultÌyation In addition to the primary
tilLage operatìons frequent, h¡rrowing may be needed to con-
trol weeils, break cloils ancl retain moisture. These operations
should be done before hiJ-Iing. AfÈer hilling chernicals rnay

be used to controL rùêe¿ls and diseases-

2.3.2.5 lrrigation practices Vl1rerê \,rater is avail-
¡Ê'Le, 4 ¡rn per ilay may be added during the growing season.

On loose soÌIs sprinkler systems are preferabLe.

2.3.2.6 Earvesting The tops are kilLed by a roto-
beater or chernical spray fo,r early crops or by frost for
J.ate maturing crops. In üanitoba tubers are harvested by

several metl¡ods. These include (rl digging, hanil picking
and bagging, (ii) cligging. hand pickÌng ancl the use of bulk
boxes, (ìiil indÌrect haryesting, Gv) itirect Lrarvestingr
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and (v) di¡ect-inclirect. haryesting. The most common method

of harvestÌng is the direct metÌ¡oil whexe a potato harvester
lifts, cLeans and clelivers the potatoes to a truck. Indir-
ect harvesting makes use of a windrower follolred by a har-
vester.

2.3.2.7 llanilLing and storage potatoes are carried
to storage by truck. The potatoes may be graded, sorte¿l and

marketeil or simply sÈored for a few days or several months

before being taken to processing or dtelivereil to market.

2.4 Potato Damage

Potato ¿lamage is any injury to potatoes caused by

agents othèr than dÌsease, insects or physiological factors.
Hastings O3) ¡eporteet tbat nearly 70 percent of the totat
defects are due to potato clamage. Baseal on Èhe size, shape

anil cause of injury, potato claoage has been classifìeil into
three main categorÌes by rhornton (3).

2.4.1 ShaÈter damagè

Shatter dâmagè is thät ¡¿hich results in tuber break-
age r.ùhich ¿loes not usually leave large areas of broken cel1s

exposedl on the tuber surface.

2.4.2 lt{ecbanical da¡nag.e

Mecha¡ical clarnage is that which ¡esults from mechan-

icaJ- gouging ot tearing of tubers and procluces aïeas of rup-
turecl ceÌLs expose¿l on the tuber surface.
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2.4.3 TnÈerna1 bLackspot

Internal- blackspot has no externaL symptoms but has

a dark area uncler the Èuber surface. ThÌs is normally due

to pressure in Èhe storage piJ.e wbich results in the rupture
of int,ernal tissue leadÌng to enzlmatÌc reactions. rbis is
not, present during harvest (.3). ft Ìs rnosÈ cortrnon among

tubers J.acking in potassiun or relatively ilehydrated or warm

tubers.

2.5 Damage Detection

Às mechanical damage is normally not. readiLy visible,
chemical reagents are used to make the damaged tissues more

vÌsìb1e. Damaged tissue exposês the enzyme tyrosinase which

catalyses the oxidatÌon of naturally occurring tyrosine.
TbÌs ÌeactÌon procluces a reilili sh-brown decomposition pro¿luct

¡¡hicù. fi.nally prodluces the bLack colour of metanin. Holùever,

the ratê of tbis reacÈÌon is slow and depentls on tlre variety
of the potaÈo. Sorne monohyilric phenol.s such as phenol, para-

cresol an¿l catechol are al-so oxidized by tyrosinase. Creso1

can also be useil O). These rêactìons produce highly colour-
eil quinons. Catechol turns black to purplish after 3 to 5

mìnutes when co¡¡bÌneit wìtb. the enzyme tyrosinase. lloÌeever,

catechoL dloès not. ¿letecÈ internal blackspot. Ì,ye peeling,
wbicb. consists of ÌernovÌng the skin, 48 Ìrours after the in-
fLicÈion of the ìnj ury ìs usecl to iletect this type of ¿lamage.

But since tF r's t]lpe of ilamage is not corunon during harvest r.
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têsting !¡ith catechol is quite adequate (3).

Catechol l-ike otlrer monohyilric phenols is inexpensive

buÈ shouLd be stored in airtight, ligtrt-proof containers.
It is prepared by adding 12.5 9 of the chemical catechol to
l- n of water along ririÈh one fourth of a spoonfuJ. of liquid
detergenÈ. The solution can be stored for a year or Longer

(3).

2.6 Damage Eyaluatìon

The methoil developed at the National fnstitute of
Àgricultural Engineering NfÀ5 ) assesses potato damage based

on the nrunber of strokes neecled to reùnove the damageil port.ion

using a potato peeler rrhÌch is set to remove I.5 ¡run for each

strokè. If only one stroke Ìs needed the damaged tuber is
terrned as sl-ightLy clamagect fSL). If t!¡o strokes are needeil

the tuber is motlerately itamaged (IDi. If the tuber is cut
or moÌe tban two strokes are needeil to renove the damage,

the tuber ìs classifieil as serÌousJ.y damaged (SD) (3).

AnoÈhe¡ metho¿l useel by researchers Ln Ne¡¡ Brunswick

e:<presses potato ilarnage Ìn te::ms of trim loss by measuring

tbe weight of trim requìreil to reraove the damage. Trim

wèÌg¡rt is expresse¿l as a percêntagê of Èhe original sampJ.e

weÌqbt (3).

2.7 Damage hdex

Tbe ilæage in¿tex (XlI) for potato damage is a number

ì¡hÌch combÌnès the relativê ìmportancè of the various types
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of ¿laÍiâge. The tlamage Ìndè:< ìs useful in evaluating potato

harvesting and handling machines ancl assessing the economÌc

importance of thè total damage in a sa¡npLe C3).

The NIAE metho¿l obtains the da¡nage index by nultiply-
Ìng the damage percentages in the sampJ.e by various factors
ancl adiling tbe tesult,s. Tlrese factors aïe zero for undamag-

e¿t fUÐ) , one for sì-ight,ly damagecl (SL) , three for rnoilerately

darnageil (f\{D ) andl seven for sevérely da¡naged (SD). Thus Èhe

ilarnage index by the NIAE êmpiricaL mêtlro¿l is given as:

Dr = o(uo) + ]-(sI,) + 3(¡4D) + 7(SD)

Tbe Nerú Brunswìck ¡nethod obtains the damage index by

a regressÌon êquatÌon:

Y=Co*C¡X¡*CzXz

Ìrbere

Y = the dalage index

Co = a constant

C1 ancl C2 = rêgression coeffìsients
X¡ ancl x2 = t¡)es of injury defined as flesh anil crack wounils.

There ìs apparently no correLation bet¡¡een thê t\úo

methoils of calculating the darnage Ìnclex.

2.8 tr'eqctional E1ernênts of Potato ltarl¡esters and Design

consideratÌons

Tlre requirement of being able to harvest Large areas
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Ín a short sêason coupled with the scarcity of manual labour

has contributed to the ¿levelopment of potato harvesting

machines. The potato tuber is an und.erground modification
of the ste¡n and is aÈtachê¿l loosely to the aerial_ shoot.

This makes potato h>rvesting quite different from other rooÈ

crops such as cartots and poses a problern in harvesting by

mechanicaL means. The mechanical- harvest of potatoes con-

sists of tÌüo stages: (i) vine oÌ top kiJ_ling and (ii) tuber
Lifting an¿l cleaning.

2.8.1 Top kiIlÌng

Top kÌUìng prior.to harvest reduces work, bruising
and prevents Lossès duè to oversizeil potatoes. Vlhen chernicat

sprayìng ìs usecl to kÌIl tbe tops, the vÌnes Left behin¿t can

often cause blockage problems. Cbe¡tìcal vine killing also
increases tuber moisture content.. If a rotobeaÈer is used

to cbop the Èopsr it may reduce the blockage problecû buÈ in-
cre.ase the cleanÌng probJ-an. PullÌng th.e vines out of the
riclge ls onê of the posslble nleans of, getting ricl of vine
probJ.ems but Lt is rather a tlLffìcuLt operation. Generally

the ¡nechanÌcal- metlroil ìs preferable Èo the chernical_ method.

IlawkÌns (141 suggests that possÌbJ.y mucb of the damage can

be ¡eiluceil by liftÌng the r¡ines u¡ith the potatoes an¿l then

separatÌng thern by an aÌrbLast, or an inclined plane. Ho'tù-

ever, an aìrblast separatl.on can bê useil only for sma]-l_

quantitÌes O1). À ml.].ct frost early in the season can be

benefÌcÌal ù kìlJ.ùg tFe rrÌnes but, a severe. frost is danger-



l-6

ous to tlre tubers.

2.8.2 Tuber lifting anil cleaning

Lifting the tubeÌs from the hì11- and cleaning them

is clone in severaL steps tùith a potato harvester.

2.8.2.1 Tuber digqing potatoes in the hill- are lift-
ed together with soÌJ., stones and some tops and weeds by a

bJ.aile, drum, d.isbeil disc or rotating rocl (7, 14) .

The bLade share is reJ-atively cheap, simple and most

lrì¿lêLy used. ff the soìL shear strength at the soil-bLade
interface is more than the soil to soil strength ¡¡hich is
the casê in J-oose, ruoìst soÌJ., there wÌl-l be disruption of
thê E-ÌLL abead of tne r0outb. of, tãe harvester. ThÌs wilL
cáuse l-oss of potatoes fron the sides. Addìng side guÌdes

d.ecreases th-is probJ.em but Ìncreases tl¡e soil metal_ frÌction
and bJ.ockages. Blockages can be eIùnìnated by a bar point
but tñLs breaks täe rldge and potatoes wil-I be lost at the
sides. A RVrt shapecl share . recluces thr's loss buÈ needs to
be. run cleep tbus increasìng the soil-<netal frìction. All
these probJ-ems can bê elùûÌnated by using a dìsc in front
of the sbare or by removing the tops and the weeds before
ñarvest,. Discs adcl to the cost and top removal a¿l¿ls one

more operatlon.

Drr]l9 tlT)e sñãres tl¡InÞlê tÈe potatoes through a 1arge

distance an¿l can damage them. $oÌ1 drlven dÌscs do not l-ead

to anX" of the above probJ.enÌs but clo not scour wêLI Ìn adhes-
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ive soils. The disc type clelivers the potatoes and soil aÈ

45 degrees to the cenÈre l-ine of travel thus l-imiting the

choice of subsequent steps to those which wil_l- continue the
f].ow approxìmaÈeIy in the same direction. power driven
doubLe d.iscs fittêd \ùith deflectors to deJ.iver the potatoes

and soi]- para].].eL to the harvester travel have been develop-
ed at tbe ScoÈtish tnstitute of Agricultura]. Engineering and

are reported to be working wel-l- (30). The rotary rod has

been satisfactory where there b"aye been probJ.øns with fibr-
ous mat.erÌa1 but sincè tÌÞre t¡as increaseil drafÈ the netù con-

cept of the v.lbrating blade bas been €levelopecl.

No:rual.Ly the conventional Èligger blade is pJ-acecl Ín
sucb- a positlon that Ìts rear eilge co¡ne.s mÌdway on tbe prjm-

ary cÊain as the ch¡i.n goes arounil tbe cones. this helps
in feeilÌng the l-oose materlaL onto tbe primary chain and

helps reduce draft. IloÌrever, Ìt causes consiilerable .damage

to tãe potatoes because of tbe impact with the rapid1y mov-

i¡g prì¡lary chaìn wbÌIe tbe tubers are sti].l held firmly in
the soi1. UsuaLLy Èbe blade does not. renove enough soil_ to
provLcte cle.arance for the prùnary chain. This increases
prùtrary chaln wear (2L).

Àr¡otber probleo lilith Èbe conventionaL blaÈle is exces-

sìve spl]-l out at the bl"a¿le. Tb.e Idaho Crop an¿l LÌvestock
reportlng serylce repol?ted an average spÍJ-I out 1oss of
0.35 k9þ2. Vìbratìng hlailês were deveJ-oped in rdabo to
recluce machanlcal ¿lamagê 4ntl ilraf t. to assist in feeding

materìal to the barvester, to enåance the soiJ- separation,
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to aLlow fast, digging speeds and to reiluce overaLl mainten-

ance. The development consiste¿l of tÌ¡o separate blades, one

in each row moving independently in opposite direct.ions.
The blades were supporteil in the middl_e so as to assist the
feetling of materÌal-s to the chaÌns and al_so to reduce dam-

age at the blade änd digger cbain. Ilowever, this posed a

problern of clogging with vÌnes. So a new centrally pivoted
full width blaile was developed. This elminate¿l the support,

betr¡een thê roì¡s anil hence provideil more clearance for
trash.

The bJ.ade vibratlon cauEed rapÌd break-up of the soil-
and qulcker éoÌJ- separatìon. A b1aéle angle of 25 degrees,

a stroke Iength of 2.8 crn anil a frequency of 2.5 IIz l¡rere

rêporte¿l to be tb.e optùourrr operatlng conctitLons (21- ) . The

vl.brat,ing blaile was found to reduce injury. In a l_9?2 test,
70.7 percent of the tubers were fountl to be unÌnjured with
the yibratlng blade conrpared to 59.8 percent uninjured wlren

using a stan¿tar¿t bla¿le (211. Prùnary chain wear was recluceil

to 1/3 to l/2 of tbat on stanalar¿l dlÌggers. The reguireil
ibaft was rèportê¿l to be Less. Eoltrever, no net saving in
energry Ì¡as reportêôl because of tb.e adilitional energy needed

to clrlve the viôratr'ng bla¿te. The vibrat,ìng blade r,ras founcl

to cut morê tubers. DaÐage reiluctl.on was reportecl to be more

signifìcant in aclverse. cllgglng condÌtions.

2-.8..2,.2 r.Soì1 seppration It has been estimated thaÈ

an average harvesting maclulne is faceil wìth the prob]-eln of
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separating 26.4 t/ha of potatoes fro¡n 751.2 t,/ha of soil,
stones an¿l tops. This means that at a for-ward speed of 3.22

I,nn/h the machine must be abJ.e to handle, on the average,
2.36 t of soil, 0.23 t of stones, O.27 L of cJ-oils, 0.0I t of
tops and ¡¡eecls and 0.L È of potatoes each. mÌnute (l-4).

Tlre second harvest step involves separation of soil
from tlre tubers. This can be done ,by a roÈating ilrum, a

conveyot Ì¡ith. aqÌtation, seiving or rÌililJ-ing. Tbe rotating
.drurn tumbLes the potatoes and causes damage. Conveying with
agiÈation is accornpJ.Ìsh.ed either by a chain with eccentric
agitaÈlon or a shaker conveyor. Chains v¡ith eccentrics for
agÌtatlon are uost connnonly used but lead to clamage if agit-
atlon is vlolent especìally at the rear of the chains. Seiv-
ìng or rìddJ.lng causes no sucb_ clarnage ê..cept skinning which
is not regarded as serious damage. Hoì¡ever, if tubers are
d¡oppe¿l onto the separatùrg mecbanism iÈ leads to danagê.

PotaÈoes sbouLcl not attain tlre speect of the ridclle before
the point of delivery. Tb.Ìs can be achr'eved by sloping the
¡Ìddle an¿l ìnstaJ.hlrg retarcllng fences.

Replacing vlbratùng chaùns by rubber roJ_Ls results
ìn pract.lcalJ.y no Ìnjury as the potatoes are hanilled very ,:

gentLy. Tå.e handtllng capaclty per unìt. area is al-so increas-
ed. lt l.las the a¿lvantage of more posìtive separation and

works better uncler clamp and mu¿l¿ly conilitions (26) . It rùas

foun¿l to opelate better uncier hìglr yielct than low yietd.
ÀntÌ-rol-I belts are founcl to be advantageous especial-J-y on

the slile eLeyato.r where rol_L back of tubers is co¡runon. Anti-
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roll belts ¿lo not neeil any flights which heJ-ps in reducing

drop heighÈs thus reclucÌng damage. The drop heights are

reiluceil since no clearance is required for the flights.

2.8.2.3 RenovaL of vines and weeds A conveyor chain,
also kno¡yn as the deviner chain, has a space beÈrùeen consecu-

t.ive links large enough to a]-].ow potatoes, stones and cLods

to separate from the vines and weeds. .A, rolLer of about 15

c¡n in diametêr set towards the rear of Èhe deviner grips
only the vines and pinches off any potatoes still attached

to the vìnes. Any remainìng pLant material [rith the potatoes

can be re¡noveil by the ileviner ro].ler at tbe junction of the
rear cross conveyo? andl sÌtle eLeyator.

2.8.2.4 Clo¿l an¿l stone sêparatìon Basíc clifferences
Ìn pbysical propertiês sucb as resiJ-ience, hardness, electri-
ca1 propertÌes, specÌfÌc aravÌty, shape, size anil surface

texture bave been usecl to achÌeve separation. Viscoelastic
studies on potaÈoes ha'ye lnilicateil thát thèy have a high re-
Laxatlon constant andl hence cannot, be separated fro¡n stones

anil cl-oils based on resÌllence and hardness ¡¡ithouÈ Èlamaging

tÊe potatoes O7), By usìng ErÌne or soiJ- suspensions to
separaÈê potatoes fron stone.s and c].o¿Is baseil on gravity it
ls possibÌe to get 100 percent separation. However, this
affecÈs storage quality.

Basecl on surface texture, pot.atoês can be separaÈed

from stonês anÈl cl"ocls by roaklng potatoes, stones anêI clods

move on a ñorìzontal corweyor slante¿l siileways. lt ìras ob-
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serve¿l that Ìt Ìs easier to pick potatoes fron stones than
stones ftom potatoes. So any such device must be set, to
leave a few potatoes in stones an¿r cr.o¿rs rather than stones
and cJ.oils Ín potatoes t14). Spectral- reflectance with infra_
red. rays, y-rays and x-rays prornise 100 percent sèparat,ign
from clods and stones f30).

2.9 The Potato Cornbine and lts parts

fn potato cornbines, as marketed today, the fo1lowing
components are present:

Gl a clÌgging device, normally a blade;
(ri} primary anil secondlary chêins equippeil with agit-

ators to remove soÌI;
fiiì) dleviner chains and deyiner rolLers to renove

pJ.ant mateÌÌaI fro¡n potatoès t

Gy) a cross conveyor and side e1êvator to conyey and

elevate potat'oes to desÌred height;

h¡) a cLocl and stone separating ilevice, normalLy a
horizontal conyèyor sLanted sÌcleways; anil

[vì] a boon eLeyator to convey potatoes to a ttuck.

2.10 Ca¡ses of Potato D@age

-

2.10.l- Damage before 1Ìfting

Tñê ¿lamage tbat occurs before 1ifting varies from 0

to l-3.8 percent $ra'tã an average of about 5 percenÈ. Cate-
less.harvester steeri¡g, narrow row spacÌng, wÌ¿le tractor
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tÌres anil poor hilIs are found to be tbe cause. It was found

that Èhe average weigbt, of the damageil tubers was slightly
less ùhãn the unilarnaged ones. Tbe smaller potatoes tended

to gÌo!'r shallower antl hence were subject to injury (3).

2.:.0.2 Losses at the soil--machine interface

Losses at tbe soil_-rnachine interface were founcl to
vary from 0 to 21.1 percent v¡Ìth an average of about 9.2 per-
cent C3). Injury to the poÈatoes r¡as found to clecrease as

Èhe clepth- of digging Ìncreaseil. The deeper operation ilecreas-

es danage due to cuts but ìncreases po\ùer consr¡mption. The

ilÌstrlbutlon of potatoès in the riilge depen¿ls on thè cultural_
practlces such as tui11in9, Location of the seecl in the ridge
at tbe ÈÌme of plantÌng and rêÌnfal-l- intensity during the
growÌng season. Ì,ocation of the seed pieces either to the
Left o¡ to tbe rrtght may make tbe dìstïibution asylunetrical-.

Damagedl tuhers harze been found to be 22.5 percent heavier
than undamagê¿l tubèrs. This is because the bi.gger tubers

tend to grow ¿Ieepêr and aLso tend to haye dÌfficulty getting
onto the p!Ìmary cbaÌn. Tñê proper sett,Ìng of the blaite
¿leptb. can el-iminate most of the damage at tbe soÌL-machine

interface.

2.1-0.3 Àfter llftLng da¡rrage

SeveraL factots conÈrÌbute to damage. Some of then

are clue to the machìne wbile otbers are not machÌne related.

2.10.3.1 Non-machine factors I,Ìgh.t soil ancl dry con-
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ditions lead to bruising of the tubers since the soil ancl

the tubers separate rapidly exposing the tubers to chain
vibrat,ions. Medium or heavy soìIs in damp conditions can

red.uce the bruising but ÌriLl result ìn more soil going to
storage anil this couLd resul_t in rotting due to heating (18).
Fine t,lxtured soiLs produce cLqds in dry conditio¡s and the
clods can cause ilamage. Low soiL moisture can leail to clog-
ging in weedy coniliÈÌons.

In an èxtènsive survey con¿lucteil in 196g-69 fourteen
dÌfferent operàtors Ì¡ere conpâred. ft lùas founct that the
resuJ.ÈÌng darnage varied f?on 3 percent to 42 percent. This
showed tbat the skÌLl of tbe operator heil considerable . in-
fLuence on tbe clarnage [3].).

Shattêr bruÌsÌng increases as tubèr moisture content.

increases whereas blackspot d.ecreases vriùh tbe inc¡ease in
tuber moÌsture content (42). TotaJ. damage gençral-ly decreases

as the a¡nbl.ent tenperaturê Ìncreases. Shätter damage is at
a minìmr¡m when air tenperaturê is 18 to 240C. Earvèsting
should be done when soil te¡lperature is above 4.50C to avoid
excessive dannage. Therefore earJ-y Ìrarvest is better though

it, reduces tbe yield slightly. For tbe sante reasotr harvest-
ing at about noon or ìn t}re af,t,ernoon decreases loss compar-

e¿l to hìrvesting ìn tbe mornÌng or l-ate at nighÈ (42).

Gooil cultural pract,ìcesf to ptoduce favourable soil
sÈructure couple¿l with the r4ininr:ru number of fieJ-d operations
possÌble, avoid cLo¿l forloatìon and thus reduce damage. cood

plantìng practices sucb. as even spacing anit uniformly sized
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tubers help harvestÌng operations. Gooil weeil controJ. heJ.ps

reiluce blockage problems and also avoids some Loss at har-
vesÈ time.

Variet,ies show sqne difference in their resistance
to shattering due Èo tbe difference in tbeir skin texture.
Though dÌfferent, varieties exhìbit relatively sma1l differ-
ences Ìn tbeÌr resÌstence Èo static forces, dynamÌc handling
condìtÌons proiluce large differences. Experi:nenÈs conducted

in Colora¿lo show that RusseÈ Burbank sampJ.es are more sus-
ceptibLe to bruising than Red irlcClure sarûp1es t9).

Results obtai¡¡ed by Zahara et aL (4g) indicate that,
damage varies frqu fielil to fielil. Tlris may be ilue to topo-
graphy, soiL conilitÌons ancl soil types.

. Ean¿t pìcking, though causing less ilanage cturing pick-
ing, leacls to as much ¿lälûagè as caused. by mechanicaL barvest-
ìng by ùhe time the potatoes reach the sto¡age place. This
may be due to careLess handling of Èhe potätoes after pick-
ing t3). fn a survey con¿lucted Ìn Ïdaho it tùas reported that
single row macÌ¡-Ì¡es caused less darnage than hanil picking.
Sìn91e ch¡Ì¡ machìnes causeil less clanage than ilouble chain
machìnes. Pìcking ìnto sacks ìüäs found Èo be bettelî than
pickl.rrg Ìnto basket,s. Traìler type iligger-pÌckers causeil

more ì.:njury than sìngIe unit cligger-pickers. The potato
corobÌne wiÈb proper adjustments causeil the least cla¡nage (2g).

2.10.3.2 Machine factors The main considlerations

in the dêvelopment of ¡nachines shoul_¿l be the smooth f1o¡¡ of
materials, avoitlance of sharp drops and sudden changes in
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directions. Scnne ìmportant factors that affect ilanage are

Listed beJ.ow.

À stu¿ly con¿lucted on sèven different ¡nakes of har-
vesters in L968-69 by OrJ-eary [31) inclicated that there is
noÈ much ilifference bet¡rreen ilifferent makes of machines as

far as damage causetl.

Tbe forwaril speecl ilete:ruines Èhe rate of lqork. À rea-
sonable fonùar¿l speêil must be maintaÍnecl for adequate field
capaclÈy. Results obtaineil by various researchers concern-

ing the êffect of forward spêe¿l on ilanage do not agree.

Ifiunphrey (16 ) concl-u¿le¿l f,rdn hÌs studìes in l¿laho that a

forwa::il speeil of ore than 2.4I '!slû./b. was bad from the point
of vìew of ctarnage. Irìgh fÌeJ.it speeds mean high chain speeds

an¿l thus tbe tubèrs gain Bsrûentr¡xt whÍch-, wben th.ey come in
conÈact ¡¡l.tb- hardl clocls , rocks or parts of the cliggÌng rnach-

Ìne, causes da¡age. TtËls is especìally true for potatoes

wìtb low moisture content. Researcb conducted by Green anil.

others (-a, 8) indÌcatecl that there ìúas no significant iliffer-
ence Eetweèn dlarnage donè êt varlous spee¿ls. In sorne iÌghÈ
soils a higb forwardl speecl results in Less damage than a low

forwarcl speecl sìnce enough soìJ. Ìs retained on the cÌ¡ain [14).
The s-oì.J- cushLons the tubers from tb.e chain. Itoweveï, if the
bigher forwa¡d speecl dec:re.asès the damage by retaining too
much soil tho overall ?esuIt, may leaCl to ¿try roÈ in storage

because of the retainecl sol.l. When the forÌùar¿l speeil anil Èhe

cbain speetts were properly co-ordÌnated an increase in for-
ll:afal speêal tùas foun¿t to ¿lecreesê ¿lÐnage by 6 6 percent (3 9 ) .
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It appêars that the êffect of forward speed on damage de-
pends on soiJ- type anil conilitÌon anil chain speeds.

SpliÈs, lace¡ations and bruises are caused by the
impact of tubers on soti¿l surfaces. fn á stucty conducted

by Green ('8 ) it, \,\ras found Èhat heavier potaÈoes cannot be

droppeil more than 15 c¡n onto bare chain. on rubber coverear

chain the drop can be increased to 45 cm. lihen potaÈoes

rúere ¿lroppe¿l onto potatoes there rías no ilarnage to the dropped

tubers eve.n at a ilrop of 60 cru. Hot¡ever, the potatoes which
re.celved the falling potatoes were danaged.

Expe?iments conducte.d on inclined planes suggesÈecl

that there was not mucb ilifference between potaÈoes strik-
Ìng bare metal oÌ reslllent coating CB). Rubber coating ãF-

pe.ars to have Less r¡a1ue Lf tbe ¿trop ls not verticaL . It
was also reportedl thaÈ a coatlng of ].ess than L.25 s¡n does

not har¡e much effect O4).
In tesÈs conducte¿l botb- Ìn the fielct and on station-

ary diggers Ìt was foun¿l that as the nu¡nber of chains de-
creaseil, tbe damage decaèased. A single J.ong chair¡ the sarue

].engÈh as tìro short chaìns, causeêl J.ess itaage because of the
elìmìnatlon of the arop ú81. Irardenburg CIt) reported 35

pèrcent J.ess inj ury wìtb. onè contÌnuons apron.

Potato sampì.es taken off, stanilarcl steel chains sho¡¡-

eil an average of L5 percent bruÌsing. The potato ilamage

was reclucedl to 2.1 percènt when tbe chains were covereil wÌth
¡ubber (161. The weìght of ühe clamageêl tubers Ìúas foun¿l to
be 20 to 30 percent Lìgher than un€lamagecl tubers (3). In
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Ner¿ Brunswick tests, darnaged tubers were found to be 3L

percent heavier (J.). To reduce damage at ¿trops, at, least
i..25 cm thick rubber coating must be useil at aIJ. drops.

In heavy rain, rubber covered. chain cannot be usecl as they

become covered. \ùith nu¿l (,L6).

HarvesÈÌng potatoes into water fiLleil trucks re¿luced

ilanage to 4.9 percent fron 10.2 percent in conventional
Èrucks, a re¿luction of about 50 percent (3). Howèver, this
methoil Ìs not, suitable for big acteages.

The rUaìn purposes of tb.e chaÌns are to remove sgiL

froro the poÈatoes and to co$7ey tbe potatoes to the truck.
llÌgb. chain speeils reso.ye soÌl- faster anil hence expose the
potatoes to fast, Bolring chaÌns wbiich ¿lanages the tubers.
Pot.atoes changè fro¡¡ zero yelocity to the chain velocity in
approxìmateÌy 1 seconil ìn a distance of 90 cm (16).

Chain agìtation can be proviilecl to loosen the soiJ-

and re¡nove it,. Dr loose soìl, agitatÌon rernoves the soil
too quÌckly an¿l êxposès ÈÌre tube¡s to the chain. Viol-ent

agitaÈion can throw thê tubers Ìnto the air result,ing in
ilarnage. AgltatÌon u"as foun¿l to increase darnage 

.from 
0. 25

percent to 4.5 percent (17). lt Ìs reco¡Enended that the
soìJ- separatlng aÌea be increase¿l so that agìtatÌon can be

elìmLnateit,

Trim loss rùas foun¿l te increase exponentialJ-y with
chain speeil anit skÌnnlng was founcl to Ìncrease linearly (3).

Experùnênts har¡e shown the maÌn cause of darnage to be gJ.anc-

ì-ng Dlows recêÌye¿l by the tubèrs agaÌnst, chains, l-inks anil
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Èhe dÌgger blade. Hardenburg (fÌ) reported that changes

in chain speed frorn low Èo meilium to high increased damage

from 2.3 percent to 7.3 percent to l_5 percent respectiveLy.
Àn ìncrease in the primaty chain speeél resulted in a defin-
ìÈe increase in injury even \úh.en the secor¡dary chain speed

\das kèpt Low.

For 10Ìù soìl moisture conditions, grounil speed should
be higher an¿l tl¡e secondary chain spee¿l Lower. tr'or higher
soìL moLsture conclìtìons the primary chain speeit shoul-d be

hi gh an¿l the forwardt speect J.ow (.].) . To red.uce damage all
chaìn Ll.nk ends must be turnedl Ìn or shieliled.

Tbe primary and seconclatry chains hanctle mainJ-y soil
and bence thelr speeil shoul¿t be tùel_l co-or¿linatè¿I with tbe
for¡¡ard speedl and the soÌJ. type. Tù.ìs ìs because the bulk
of the materìaL Llfteil by the bLade consists of soil. Hoì¡-

evêr, the Ìear cross conlreyog, the sÌde el-evator anil the
boom eler¡ator hand].e maìnly potatoes. Tbus their speeil

shoul¿l be co-orclinated ÌrÌtb. forwaril speeal an¿t yielct.
Theoretl.cal hàtvester cTrain speeds have been cal_cu1-

aÈe¿l. Tab1e 2.3 gives täe theoretÌcal chain speeil and for-
w"ard speed for a haryester witb^ a l-52 cm (60 in.) wide pri-
mary ãn¿l seconilary cñaÌnr a 147 cru f.5I in. ) wicle reat cross
conveyor ancl a 74 cn (29 fn.l wide side ancl boom conveyor

wìtb' 5 c¡¡ [2 in.l flights [431. In a stuily con¿tucte¿t at
l[ashington State ltnlversÌty Ìt was founcl tbat the ¿lanage

was recluceil to 6.6 percent when the spee¿ls of tbe seconilary

cLaln¡ the rear cross conveyor, the sÌdle elevator and the



I I l--
--

-

T
ab

le
 2

¡ 
3 

T
hå

or
:Ê

tic
al

 H
ar

vê
st

er
 F

or
ra

ril
 a

ni
l C

ha
in

 S
pe

e¿
l 
R

at
es

 in
 n

ph
r 

(4
31

ge
4v

r-
ge

iIs
P

rln
ar

y 
ch

ai
n

S
ec

on
ila

 ry
 c

ha
 1

n
!¿

s!
!-

se
!lç

P
rln

ar
y 

ch
ai

n
S

ec
on

tla
ry

 C
ha

 1
n

11
9.

8-
ss

lla
sE

el
!

S
ea

r 
cr

os
s 

Ê
, 
S

iil
e 

E
lle

va
to

r
B

oo
n 

81
e 

va
to

r
!?

99
-ç

cl
la

çs
e

R
ea

r 
C

ro
ss

 D
 S

ltl
Ê

 4
le

va
to

r
B

oo
n 

E
le

va
to

Î
!3

99
-s

cl
le

çE
e

R
ea

r 
cE

os
s 

t 
S

lit
e 

E
le

va
to

r
B

oo
n 

E
lê

va
to

!
!9

9-
sc

!/e
c¡

e
R

ea
r 

cr
os

s 
0 

si
ile

 E
le

va
to

r
B

oo
n 

E
le

va
to

r
59

9-
ss

!/e
ss

e
R

ea
r 

C
E

os
s 

6 
S

iil
e 

E
le

va
to

r
B

oo
n 

lle
va

to
r

.6
90

-c
c!

/e
s¡

e
R

ea
r 

cr
os

s 
E

 s
id

e 
Í-

1-
ev

at
or

B
oo

m
 R

le
va

to
¡

20
0-

s!
!/c

sæ
R

ea
r 

cr
os

s 
F

, 
sf

 tl
â 

E
le

va
to

r
B

oo
n 

E
le

va
to

r

1.
6

1.
1

1.
1

1.
4

1.
0

0.
3

0.
3

0.
4

0.
3

0.
6

0.
5

0.
7

0.
6

0.
9

0.
7

1.
0

0.
9

1.
2

1.
0

C
ha

in
 S

pe
ed

s 
fo

r 
F

or
ra

ril
 s

pe
ei

ls
 c

f 
I

1.
8 

2.
0 

2.
2 

2.
4 

2.
6 

2.
8 

3.
0 

I

1.
9

1.
2

t.b 1.
1

0.
3

0.
3

0.
5

0.
3

0.
7

0.
6

0.
8

0.
?

1.
0

0.
8

1.
2

1.
0

1.
l

1.
1

2.
1

1.
4

1.
8

1.
2

0.
4

0.
3

0.
5

0.
3

0.
7

0.
6

0.
9

0.
8

1.
1

0.
9

1.
3

1.
1

1.
5

1.
2

| 
1 

m
ph

=
1.

61
 k

m
/h

. 
* 

S
pe

et
l$

 .á
t,t

he
.s

a 
yi

el
ds

 h
av

e 
no

t 
be

en
 a

ðe
qu

at
el

y 
te

st
êf

l 
an

ô 
nu

st
 b

e 
co

ns
itl

eE
et

l 
as

th
eo

re
tic

al
 v

al
ue

s
**

 1
 c

,tl
/a

cr
e=

0.
n1

 1
 k

q/
nz

=
o.

11
 t

/h
a

2.
3

1.
5

2.
0

1.
4

0.
4

0.
4

0.
6

0.
4

0.
8

0.
7

1.
0

0.
8

1.
2

1.
0

1.
4

1.
2

1.
6

1.
3

2.
5

1.
6

2'
.2

1.
5

0.
5

0.
 ¡

t

0.
7

0.
4

0.
9

0.
?

1.
 t

0.
9

1.
3

1.
'1

1.
6

1.
3

f.8 1.
5

2.
7

1.
8

2.
3

1.
6

0.
5

0.
4

0.
7

0.
4

0.
9

0.
8

1.
2

1.
0

1.
lt

1.
2

1.
7

1.
4

1.
9

1.
6

__
__

-_
__

__
l

2.
9

1.
9

2.
5

1.
7

0.
5

0.
5

0.
8

0.
5

1.
0

0.
9

1.
3

1.
1

1.
5

1.
3

1.
8

1.
5

2.
0

1.
7

I
3.

2 
I

2.
0 

I I
2.

7 
I

1'
9 

I I
0.

5 
I

0.
5 

I I
0.

8 
I

0.
5 

I I
1.

1 
I

0.
9 

I I
1.

4 
I

1.
1 

I I
1.

6 
I

1.
4 

I I
1.

9 
I

1.
6 

I I
2.

2 
I

1.
8 

I
--

--
--

-¡

N (o



30

boom eLevator n'rere recluced, compared to 1g.5 peïcent tuber
damage hrhen the harvester was operated as it was derivered
by the dealer. wt¡en the seconclary clraÌn speed vras re¿ruced

to 80 percent of its inÌtiar speed, the danage rùas decxeased

to L0.4 percent f39).

2.Ll- DevèLopaent ìn potato Earyesting irÍachines

å,ttempts have been rnade in the past fe¡¡ decacles to
Ìncorporate rese.arch findings into existing machines to
red.uce ilamage. Thê Departments of .Ã,gricuJ-tural Engineering
aÈ the UnÌversìty of ldabo ancl at Þfash_ington State Univer-
siÈy were tbe pÌoneers Ìn tlrÌs fielil.

Às early as 1942 many potato coubines n¡ere in use in
fdäho. Tbêy were developecl most,ly by inilivÌdtuaL farmers.
ntrprovenent,s anil engineerÌng assÍstance were neeiled. With
the co-opetaÈÌon of Ìctabo potato ConnÌssion, the Iilaho Àgri-
cultu¡a]. Ðrpetirûent StatÌon 1auncheil a research project, \iùhich

provided engineerÌng assÌstance Èo farmers to buil_d bêtter
potato comDi¡es an¿l aLso to buÌLd nev¡ machine.s. Hr:mphrey (16)

suggested to tbe fanners to follow the fo11ou¡ing guidelines
to recluce clarnage:

(i) Reduce fÌeLil spee¿t of dÌ99er to 2. 4I tr:rn /h or J_ess.

eiÌ) Reiluce the ttigger chaÌn speeil to 2.7 4 Jcn /h or
].ess.

CiiÌI Operate the illgger chaìn witb tlre raisecl por-
Èìon of the l-lnk encls on Èhe unde¡sÌde or shielcl the ends

tzìt,h beltÌng.
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(iv) Replace tt¡e kickers witb idler ¡rheel-s if soil_

condiÈÌons permit,.

(v) Put rubber tubing on digger chain Links.
(vi) Eliminate aII drops of more than L5 c¡n whenever

possible.

(vii) PuÈ paclding on the sacking pJ-atform.

(viiåI Pa¿l the bed of the truck in wñ.ich the potat.oes

are bauleil;

(j'x) Re¿lucê the spee¿t of any transfer chain to l_.2I
!or/h or less.

(x) Put rubber tubÌng on al_l- transfer, elevator anil

pÌJ-er cbalns.

(xÌ) Pä¿l the sìêles of tbe pil.er bopper.

(xìil EandLe the sacked patatoes witb care.
(xÌlìl Dig tleep enough to ayoìd cutt,ing Èubers.

þìv) HarroìÀr prÌor t,o harvest to re¿luce the number of
clods anil to lenoì¡e vines.

(xv) nurìng the growing season keep nachines out of
tÌ¡e fleldt as far as possible. i.e. minÌmize the fieJ.d oper-
ations.

(xvì ) Replace tbe vibrat,ing cbain beÌt.s by rubber ro1ls.
CKviì) Use gooil cultural practices iluring tb.e grotùing

perl.od to estabLisl good soLl structure.
Lxviiil Use goo¿l seed and plant,ing methods to get. evenly

spaced tubers.
(xìxl EstabÌish p¡oper soil moisture for harvesÈing

(if Lrrigation possìble!.
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(xx) Ernploy good weeil control practices.

Modifications \,vere done on some existing machines

and some ne¡r¡ machines were buìJ.t using the design ideas
suggested above. A singLe rov¡ potato sacking machine was

buiLt arouncl a 66 crn dìgger. The fra'ne was alÈered to arrow
for rubber separatÌng roJ.J.s, a picking platform anil a sack_
ing ilevice. The digger chains Ì.reïe coveïed Ìùith rubber,
The rubber separatÌng rolLers ¡¡ere driven at different
speeds. ..Eolireveï, this ìdea vras not used later as fixed roLl-
er speed didl as gooit a job. The sacking hoppers were 1ined
Ì¡Ìth- sponge rubber sheet anil the ÌreÌght was made attjustable
¿281.

À, single ror¿ bul_k handling ¡oacÌ¡ine ¡¡itlr basicalLy the
sarne design feaÈures as above lüas constructed except that
thè potatoès ìre.rê .delivereil directly to a bul-k handtling

truck.

.A firo rorú bulk hanilJ.ing machine was built in two ilif-
ferènt. moclels. The first modeL used a stan¿lard Èwo row dig-
ger for the basÌc fra¡ne ¡uÌth rubber separating rolls mount-

ed across Èhe frar¡e. The second model_ was ttesigned wiùhout
refetence to any exisÈlng machÌne. Botb v¡ere sjmilar in ite-
sign andt were meant to be useil in J.igbt, soils vùère ïocks
\úere not a major problern. Tbe haryest,er used tìùo engines.
Tbe first one Ì¡as used to drl,¡¡e the iligging chaìns and the
secon¿l to ilrìve the elevaÈoys and rubber rolLs. This pto-
vÌcled gooil speed control of the chains.
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À tÌúo roü? heavy duty buLk hanilLing machine was design-
ed Èo operate in severe condiÈions where rocks and clods
lttêre a problern. T]re construction .rdðs s jmilar to the single ¡ow
sacking unit,. The originaL ¡nachine !¡as poÌÍered by one engine

but a second engine was aclded for better speed control (2g).

Às tjJne passed potato harvest,ing ¡nachines \úere manu-

factured in large quant,ities by cormnarcial companies. Many

developments occurÌed. but still the potato initustry remained

at a Low level- of mechanÌzation. Àn estimate in l-974, plac-
ed the degree of mechanÌzation at 30 percent of its then poss-

ib].e potentia]. (47). Daoage and l-oss due to darnage remained

hìgb. Tbis ].e¿t to further atteùrpts by the Depârtments of
Àgrìcultural Engineering at Èhe University of Idaho an¿l at
lläsbington State Unìversity \ritb fÌnancÌaL suppoït frorû the
Tbikol Cbenical Cornp¿¡ny, the ltlaho potato CorunissÌon, the
lfashington Potato Cs¡rmìssion an¿l the ALberta potato CoÍmis-
sion to clesign a low darrage harr¡ester. Tt¡o J.ow ilamage har-
vesters were deveLopeil. The machìne for Idaho gro\iùing conil-
ìtÌons hail a s¡aaI1 ro11 table ¡¡hi1e the machine for lÌashing-
ton conilìtions had no rolL tabLe as soil conilitions Èhere

dìd not, require a rolL tabl-e . .litany ilamage recluction concepts

rrhicb led to the s¡nooth fLow of materials to reduce da:nage

were Ìncorporated (20, 23t 24t 25). Sone of tbese concepts

ìùeÌe :

G) À vìbratÌng b1ade.

(rì) À by¿lrostatÌc clrìrre to supply porùer to the cbains

and the b1a¿lè.
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(iiÌ) An inc¡ease in the length of the primary chain

to reduce the angle of fift and thus prevent, tuber rotL.
(iv) À reduction Ìn drop heights to reiluce damage.

(v) À re¿luction in the slopes of the secondary chain

and tbe side eLêvator by passing the chain over idLer roLLers
just prior to the head shaft, of each chain.

(vi) The el-i¡oination of the drop between the prJmary

an¿l secondary cf¡ains by carrying the deviner chain down an¿l

around the tn¡o nosê cones with ùhe iligger chain.
(viì) À return side drive for tlre prjmary chain to

furtber rêducê drop onto Èbe secondary chaÌn.
(viii) À return siite dlrive for the seconilary chaÌn to

red.uce the ¿lrop onto the c?oss conveyor.

(ix) À staggerÌng of the dlischarge point. of tbe sec-

on¿lary chain ont,o tl.'e rear cross conveyor to more unÌformÌy
load the rear cross conveyor.

(x) Re¡noval of, Èhe fIÌghts on the side elerzator to
decrease Èhe drops bètÌ¡een thê rear cross conveyor andl ùhe

sìde eLevatot and also òetween the side èIeyator anil the rol1
ÈabLe. .An antirolL beLt, ¡¡as provided on tl¡e side eLevator

to arzoìil tuber ro11.

(xil À 5 c¡û cliameter trash eI:ìminator rolL which rot-
atè¿l ät about 250 r¡rtn ìn the reverse directÌon, placeil bet-
rùeen the discharge of the side elevator and the rol1 t,ab1e.

It Ìúas foundl to reduce the nr¡mber of traslr pickèrs by one

person.

(xii) .An auto¡natÌc boon beight control- device.



In addition specÌal hi ing discs were developed

vthÌch t'ùerê driven by a smaJ.I tractor and. were found to be

effectÌve in handling vine proble¡ûs. It, \i¡as found that the
J.ow ilamage harvester caused 1ess ilamage than conventionaL

harvesters. However, the reduction in damage \¡¡as not, as

much as ¡¡as expected.



CIIÀPTER ITT

DESIGN AND DEVELOPMENT

3.1 Conveyor Speeds

Às vüas mentioned in the review of Litèrature at a for-
ward speed ot 3.22 ]<¡n/h a potato harvesting machine bandles
about 2.36 t of soÌl , 0.23 t. of stones, 0.27 t of c1ods,

0.01 t of tops and weeds and 0.1 t of potatoes on the aver-
age eveql mìnute (L41. Since the anount of soil handl_ed in
comparison to the amount of potatoes hanil].ed is very high
and since the prùnary and secondary chains handle almost al.l
the soil, the speed of tbe primary and secondlary chains de-
pends on soil type anil forwa¡:il speecl. Tbe rear cross con-
veyor receìves a snaLl arnount of soil (abouÈ IS percent of
tuDer weight, ) anit almosÈ alJ- of the potatoes, stones anil

cì.ods plus sqne vìnes (39). The side eLevator receives po-

tatoes, stones anil cl-odls. Tbe boo¡n elevator receives onJ.y

potatoes.

Às tbe ptesent project deals wÌth tbe adjustrnent. of
tbe speeds of tbe reat cross co¡rveyor, the side elevator and

tbe boo¡n êlevator , än atternpt r!¡as mad.e to develop a relation-
sluip between convêyor cbain speed, yield, forward speeil, soiJ.,

stones and clocls.

3.2 l\Íatbenatìcal FgrmulatÌon

For tbìs analysis a barvest,et ¡¡ith rated lifÈing widÈh
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of Ì¡ c:Ifl rvorkÌng at a constant forì¡ard spêe¿t of, S }f,D/h in a
- fiel-il witL y t,/ha yìeld ìs assrs¡ed. Let !"r qs, nso be the

ratìo by voLume of cloils, sto.nes ancl soÌl liftêd to the vol--

ume of potatoes Lifted. Let pp bê tbe buLk clenslty of tbe
potaÈoes expressed in lony'rns .

It, Ìs further assumed tbat tbe potatoes I stones and

clocls a¡e of uniforrn spberlcal shape witb. r crn dÌa¡neter.

Then the potaÈoes, stonès and clods and loose sol.I Ìf pre-

sent, are assr¡neil to move Ìn a layer Ì¡ith ¿têptb èqual to the
dlämêter of the potatoes on a conveyor w ccn trÌde.

Tbe voLume of potatoes handLed can be exl¡ressed as

L000y/pp rû3,/ha oB y/ tl0On) m" /m" .

ff v n: /ta? Ìs the total anount of materia]. lifted
and passeil onto thê convêyo? ÈÊên:

vO-%-\-n=o)=y/Ooon)

so tbät

v = y/ooo - qc - \ - \olpplms/mz

In 
^t 

sêconcls tbe har¡rester wl].I mo.i¡e S^trl3600 k¡t.

Then tbè area cove¡ed ùû Àt seconils wlLl- be S^tq/3 6 0 n .

Tbe yoLt¡¡ue of materìa1 handlecl in tbe area co\zereil Ìs
v = vSÀtV36ô rns. Substl.tutlng for v fron above gives

V = S¡rf.At,/(3600(f - R" - rrs - n=oIO/ ..3.1
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To avoid any accr:mulaÈion this materÌa1 rnust be moved

as it, comes onto the conveyor. -AssumÌng Si l<¡n /h to be the
speed of the conveyor, then the distance it moves in At, sec-
onds is d = sìÀt,/3.6 n.

If the amount of materiaL received by.the conveyoï

in Ât second.s ìs distributed evenly at a uniform cleptl of
r cm over tbe conveyor wicltb, \ùi sm then the voh¡ne on the
conveyor is

v" = sÌÀt r\ùi,/ (3. 6 (10" ) )Ð3

Assurning there ìs no buìl_it up materiaL on the convey-

or. the änount ênterÌ¡g must be equal to ämount taken away.

Tberefore equätìng Equatìons 3.L anil 3.2 and solvìng for Si
gives

si = J.0sy[w,/5)./(rpno - tr" - \ - n=o)] . . . . 3.3

fnspection of Equatìon 3.3 sbows thaÈ the speed of
the conveyor depen¿ls on the macbÌne type, ì.e. \¡ùidth of cut
anil widtb of chain, thê amount of stones and cloils on the

chain, tbe amount of soÌI retaìr¡ed, tEe speeat of the haryest-

er, the yie].d of potatoes and the variety of .potatoes. If
thè potatoes are not spberical, but, oblong, then instea¿l of
usÌng the dìamêter, r, usê tEe Least ÈlÌmension. However,

ÈhÌs assu.roes that thê stones andl clods are simil-ar to po-

tatoes Ìn ilimensions.

EquatÌon 3.3 can be applied Èo the rear cross convey-

or as weIl, if tbe clÌmensions of the ?èa¡ cross conveyor are
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substìtuted. If tbe ìridÈb of ùhe rear cross conveyor is
wr crn anil speed is Sr lsn/h then from Equation 3.3

S, = 10sy(/w")/(rpp(I - nc - rrs - nso)) 3.¿

NormaLly the side elevator is expected to run free
of soil. Therefore e"o = 0 for tb.e side eLevator. Assum-

ing ùhe sÌde elevaÈor lras a speed of Ss tstrÂ¡ and a width of
*" *, ss can be given by,

s= = 10syfr./ì¡")./(ron[1 - 4" - ns)) . . 3.5

TheoretÌcally the boom elevator runs free of soiÌ,
cl-oils and stones, i.". nc : tr"o = e, = O. If the width
is wO en, its speeil Sb Isn/h can be gìven by,

sb = 10sy (VwOI,/ (ron)

3.3 Àctual Spee¿l an¿l TbèoretÌcaL Spêed of Chains

The actuaL speeds of thê rear cross conveyor, siile
eLevator and boqn eLevator on a new macb.ine operated at
standlartl poìrèr-takê-off speecl t1000 rpm) are l_isÈed in
Table 3.1 together wltb ùheoretical speeds. The theoretÌcal_

speeils ate taken from TabLe 2.3 for two operating conditions.
Tbe first con¿lition for a thaoretÌcal mìnimuu chain speed

has a Low fielÈl speeil of 2.58 Isr,/b (1. 6 rnph) co¡ribineit vrith
a low yiel¿l of 11.2 t/ha (.f O0 cwt,/acre) . ¡.or a theoretical,
maxù[u4 chain speecl a higher flelct speeil of 4.2 fu/h L2,s

mphi anÈt a hìglrer yìeldl of 33.6 t/ha (300 cwt,/acre) have
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been assr¡necl.

The thêoretÌcal speeds listed Ìn Tab1e 2.3 ¡,¡ere for
a particular machine working unde¡ ideal- condÌt,ions. The

Lockv¡oo¿l Mark 76 L¡arvester bas different specifications such

as chain ¡¡idths and ÌrÌdth of cut, etc. and therefore Èhe

vaJ.ues may vary consÌderabJ.y for tñ1's machine. I.urthermore,
Equation 3.3 indicates that the soÌl conditions and the var-
iêty of potato also have an inf].uence on the chain speed.

Tbeoret,Ìcally the rear cross conveyor andl the sÌde elevator
shouLd run at the sane speecl if tbê soÌl on each is negJ.igible

[Tablè 3.1). tt \ras note¿l that tbe actua]. speeds on the Lock-
woocl lltark 76 harvester ìrerè consÌderably different fro¡n Èhe

tabulated values of Table 2.3.

The teasons for tbese ill.fferences couLcl be itifferent
chaìn wÌdth.s buÈ perhaps the ¿6¿¡¿1 values of Tabl_e 3.1_ are
in er¡or for Manìtoba conclìtìons. I'or ilesìgn purposes Ìt
was decìded to use the speedts l_lsted in rabÌe 2.3 as a gruÌ¿te.

The varlable speeil cå.aracterl.st,lc of hyclraulic ¿lrives gayê

consìclerable flexìbiJ-ìty. The rear cross conveyor r s speed

ratì.o ¡sltb, the sÌde elevato¡ was not changed iniÈiaJ-Iy.

3.4 Estimation of Torque Requlred for Chain Drirres

The theoreticaL estÌmatùon of the torque requireil is
ratber difficult because of tbe uncertain nature of the
forces acting on the convêyors. Iloweyer, by rnaking sìmpli-
fyÍ"ng assuBptions a ÈbeoretÌcaL estlmat,e J.s presenteil beLor¿

to obtaÌn a clesign 'ya1ue. The clerÌvatìon presented is for
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the general cäse of a convèyor inclined at an angJ.e g ilegrees

to the horizontal.
fn Tig. 3.1 a conveyor elevaÈed to an angle 0 degrees

is slrown loaded witb poÈatoes on the upper side. Both the
upper and the lorrer portion of the chain are supported by

idlers. Íbe follo¡¡ìng simplÌfying assumptions are made ìn
order to derÌve an expression for the torque required to
d¡ive tl¡e conveyor:

1. fhe top of the chain ìs 1oaded uniformly with one

layer of potatoes containÌng no stones or c1ods.

2.. The top and boÈton chaÌns are fuJ.ly supporte¿l on

Ìdlers so that catenary action can be negJ-ected.

3. The force rêquireil to moye the Loadeêl chain on

the iilLers is large compareil to the frictÌon forces in the
uppêr and ì.ower sprockèt, antìfriction bearings, i.e. neg-
lect the frictÌon of, antìfÌction bearings for upper and 1ow-

er sprockets.

4. À composÌte coefficÌent, of, friction is assr¡neil

for the idlers andl any cbaÌn ¿lrag on.the sides or supports
of the conveyor chaÌn.

5. The chaÌn mass is w. kg,/m, the conveyor J-ength

(ì. e. haLf the chain lengthl is .Q, metres andt the chain ¡¡iilth
is b metles.

6. The mass of potaÈoes is wn k9/m2. ,

7. The piÈ,ch railius of the drÌve sprocket, is r metres.



potato mass = v^ kg/m2v
wi¿lth of the chain = h m

chain mass

per metre = w" kg/m

I'Lg. 3.1 Schematìc Side View of an Ele¡¡ating Conveyor.
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Then wiÈh the above sÍmplifyÌng assunptions, the

following forces can be detennÌned.

1. Normal force on the upper chain

= (wc + wnh) 9¿ cos O

2. Direct force paral-ÌeL to the upper chain

= (wc + wnh) 9[ sin 9

3. No:rnal- force on tbe lower chaìn

= \úc g.l, cos 0

4. DìrêcÈ force paralleL to lower chain

= \rrc g¿ sin o

SuÍEftìng for ÈotaL force required at pitch itiarneter

of ilrlve sprocket À gives

Ft = f þc + wnb) gL cos 0 + (Ìrc + \úph) 9.e, sin 0

+ rwca'[ cos 0 - \ùcag sin O . . 3. 7

The required torque. T, wÌII bê

lF=llrr : "T. . . 3.8

¡¿here

T - Totque, N.m

Ff = Resist,ing foÌce, N

r = pìt,ch railius, m

SubstÌtuting f,rcù! Equation 3.7 and. sirnplifying gives
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T - il (w" + wnh) glr cos 0 * wc glr cos 0

+ v¡*h glr sin 0 . . . . . . 3.9p

Equation 3.9 estimates the Èorque for a conveyor

subject to the above simplÌfyÌng assumptions. The Èorque

estimated r¿ilL be tlre require¿l torquê inpuÈ to the clrive
sprocket aÈ the ilelivery end of the conveyor. SuitabLe de-

sign factors woulcl be used a1so.

The use of Equation 3.9 wiLL be ilLustrated by estim-
atÌng the torque needed for the rêar cross conveyor. The

ili¡nensions an¿l other physical païa:neters wÌ¡ich fol_Low are

tlpicaL for tbe rea? cÌoss convèyox 3

IÍi¿tth of Ìear cross convêyor, h = 0.85 m

Lengtb of, rear cross conveyor, .1, = 2.33 m

Efevation angle of rear cross conveyor | 0 = 0 degrees

Acceleration . due Èo gravity, g = 9.8 m/sz

composite coefficient. of frÌction, i = 0.2

Pitch radius of drÌve spxockèt, r = 0.0545 m

torque,

Substìtution into Equation 3.9 gives the estimated

Tr = 2o'7 N'm

For the sÌêle eLevator

L = 4.5 ¡n

0 = 3ó degrees

wc = 26.35 kg,/¡n

tLe ilimensions Ìúere :

h = 0.85 ¡n

s = 9.8 m/sz

r = 0.0545 m
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wn = 36.5 kg,/m2 .p = 0.2

The estimated torque for the side elevator rlras

T=. = 72.L N.rn

The required torque for the boom elevator lùas sùnil_-
arly estimated. The boom eLevator has approximatel-y one

thircl of its length incrined at an angre of 4s degrees whire
the remainiler is horizontar. Equation 3.9 was usecr for each
portion of the boom eLevator and the results sununed for the
total torgue. The pertinent dimensions rt¡ere:

L=6.6m; h=0.85m
0 = 45 ¿legrees (Ì,/3 of length) ; r = 0.0545 m

0 = 0 ilegre es (2/3 of length.) ; ): = 0. 2

w. = 26.35 kglu;

\'ù* = 36'5 kg/m"¡
P

The estÌmatêil torque for the boorn eleyaÈor Ìrâs
'

Tb = 79.1 N.rn

3.5 Sêl-ectÌon of Hy¿lrauLÌc Conponents

In or¿let to avoid problems r¿hich are sometÌmes assoc-

iated r¡itb. high pressure systens it, was decided to use a 1o¡r¡

pre.ssure system. lnspection of the drive systern present on

the Lockwood ì4ark 76 showed that tÌùo sèpatate motors (one to
drir¡e the reat cross convêyoï anil the sìde elevator an¿l the
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oÈher Èo drive the boom eLevator) woulcl be eequired. These

t\úo motors hrêrê to opêratê Ìn paralIeI . The basic circuit
was tÌ¡o separate open-cente.r paralle1 circuìts (¡ìg. 3.2).

3.5.I Se1ectÌon of motors

À suìtablê driwe poìnt Ìras sêIecÈed to drive tlre
gide elevator anil the rear cross cotlyeyor (Fig. 3.3). I.rcm

thì s rirÌve poÌnt to the slcle e.lêvator the ¿lrive unélergoes

two reductlons [Table 3.1). Th.e spèèd reductìons were lg,/25
andt J.8/30 for a combìned reilustÌsn of 0.432. Therefore, the
maxùnu¡u speect requireil for tbe hydrauJ.lc ruoÈor was 20/0.432

rpn (162 rpml CTaSl-e 3.11.

The aboye rotatlonal speecl represents tËê Bâ:ì¡n¡n re-
quìrecl ln orcler to rêpLace the egulvalent aechanìcal ilrÌ¡ze.
tr actuaL use tbe moto? spêêil coulil De any speed betlrêen

0 r¡no anil J.62 rpm. The byclraulìc motor selèctÌon was based

on obtaining a motor wit}r the correct speeil range anil tl¡en
checkìng for adequate torque.

À Charlynn àyilrauJ.ìc Orbit ]lotor (tr¡-2 0 6 ) rateil at
6 . I95 ÌtPa ¡ras avaLlable. The dis¡rlacement of tD.is lryclraulÌc
motor was O.2442 !,/rev, Tbe requlrêcl flov¡ for m':11q*o =n."U
was 39.6 .l,r/nÌn. The maxùnum torque for thÌs otor was

L99. 6 N.¡0.

Tbe êstÌr4àtedl requìred torquês for the rear cross cot¡-

veyor anil the slile e]-èvator bays 5gs¡t gir¡en abor¡e as 2 O . 9 N.m

anil 72.1 N.m respectlvely. There were lntervani.rlg speeil re-
ductlons betveen the cl:rù¡e por-nt and Èlre ctrive spxockeÈ for
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FÌs.3"3 Vi evv of Mount for Hydraulic Motor to Drive Rear
CToss Conveyor an¿l SÌde ELevator.

Fig. 3 .4 Vìe¡,v of Mount for Hydraulic Motor t.o Drive Boom
E1evator.
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each of the ¡ear cross conveyor and side elevator. The

drìve reductions were l-5l20 anil I,l8/25) (18/30) respectively.
Thus the requirecl torque, Tt, at the drive point, was

rt = 20'7 LIS/2o,

= 46.7 N.m

+ 72.t(t8/2s) (18,/30)

The above ÌryilrauJ.Ìc motor was judlgeil a¿lequaÈe and

aLLo¡red for an or¡erloacl factor of 4.3.

The boom elevator requÌred a rotational speeil any-

lrhere betÌ¡een 0 r¡m anct 59 rprn. Tlre torque requirenent Ilras

79.L N.m. Tbe drive point for the boorn elevator is sho¡tn

in Fig. 3.4 anct ìs a dìrect drÌr¡e. À simÌLar þilraulic
moÈor as was specified fo:r the rear cross conveyor andl side

elevator ilrìve was avaiLabLe. Tbe spèêd range l¡as adequate

and tbe avaÌLabl-e torque at, systen clesign pÌessuïe alLo¡¿ed

for an overJ.oail factor of 2.5. Àt maxjmrln design speecl the

requìreil bydraulìc fluicl fJ.ow was 14.4 !,/ruìn.

3.5.2 Sel-ectÌon of bydraulÌc pr¡np

. i\ pump capable of suppl-ying tbe total fluid fÌow

needecl anil operating at syst€n deslgn pressure vtas required.
The systen dlesìgn pressute was 6.895 MPa anil the total rè-
guÌreil fl-uìd f].ow was 54 l,/nin. The hydrauJ-Ìc circuit, de-

sìgn was basecl on the use of a fJ.ow ilÌvicieil for two cÌrcuit,s
of equal f1uÌil fl-ow. Tberefore, the requÌreil fluiit fLo¡¿ was

actualJ-y 79.2.e,/nin [39.6 + 39.6.e,,/min].
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À surplus hydraulic pump was avaÌl_able at reasonabLe

cost, (Princess Auto and tr{achinery Ltd., Iten L2O]-14B CataJ.og

No. 133). The punp hail the foLlov¡ing specifications:

Maximum pressute = 8.23 ÌIpa

Maxi¡nr¡m fLow LêÌ800 rpm) r: 90.9 .{,/nin

Tlris pr:mp \Àras seJ.ected as it, had tbe requireil capacities .

3.5.3 Select,ion of accessories

The foLlo¡r¡j¡¡g accessories foï tl¡e control and main_

tenance of the hydraulic cÌrcuit were used (See Fig. 3.2):

L. A surplus Ìrydraulic oil reseryoir of Z5.Z I capa-
city þrincess Auto ancl titachinery IJtd. , ften 32J.52Ll- CaÈalog

No. l-33) (See FÌ9. 3.5).
2. Two hydrauJ-ic fLuùil strainers hrith l0O mesh hrire

ele¡nent useil ìn parälleL on the suctÌon 1ine to the pump

þrìncess Àuto an¿l Machinery Ltil., It,ern 32151gl Catalog No.

L33) L see Fig. 3-5).
3. À Ìryilraulic fLuiil fiJ.ter ìn the Ìeturn 1ine to

the reseryoÌr þrincess Auto and Machinery lt¿l.. ïtêIn 32ISOO2

Catalog No. 133).

4. .A proportìonal tl¡pe f Ion¡ clÌvider to provide two

equaL fLows Ìn botL circuÌts regardless of tbe inclividuaL
cÌrcuit dernanils (PrÌncess Auto and tlachinery Ltd., ften
3203052 caralog No. L33) [see r.Ìq. 3.6).

5. fLolr controÌ ¡¡alves to pxovi¿lê variabl_e fluid



Fig. 3.5 GÞnera1 Vie¡¡ of pump, pump DrÌve and Reservoir
Àrea.

Fì9. 3.6 View of ControL
Control VaLyes

PaneL llLustTat¿ng the Flor¿
and A.ccessorÍes .
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flow for speed control of the motors (princess å,uto and

Machinery Ltd., ttem 32O3O8Z Catalog No. 133) (See Ïig.
3. 6)

6. pressure relief valves (one in each circuÌt) to
protect the circuiÈ from overpressures þrincess Àuto an¿l

Macbinery tÈd., rùem 3203032 CataJ.og No, I33) (See Fig, 3.6).
7. Two directional controL valves to give fo¡r¿ard

or teverse dìrection for the motors (cresen Mo¿leL SpD 4) (See

I.Ìs. 3.6) .

8. À dust cover and vent for the fluid reseïyoir
þrincess Auto and Macbinery Ltd., Item 32A3072 Catalog No.
133).

9. A shutoff, yahre to perroÌt servicing of the strain_
ers (.Princess Àuto and MachÌnery Ltd., Item 3203072 Catalog
No. 133).

10. Various bydraulic plurnbing compoRents selectecl to
minìmÌze pressute ¿trops (37). In geneÌal steel pipe (norninal
size = 3/¿ in.) was used except u¡here flexibilÌty was requir_
ed. Itydraul.ic höses (:norninaJ. sÌze = I,/2 ìn. ) were usecl in
some cases to simplify the plurnbing tsee f,igs. 3.2, 3.3|
3.¿, 3.5 and 3.6).

3.6 Design of prrmÞ DrÌve

lnspection of tb.e original mecñ=nÌca1 drive systern on

the harvestet showêd that the input power-take-off shafÈ
d.rove a secondary shaf t tlrrough a nuÌtipLe V-bel_t and puJ-Iey

d¡ive. There was a speê¿l reductLon frotû l-0OO rpm þtandard
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pto rotational speed) to ?50 rpm for the secondary shaft.
It vras convenient to use the secondary shaft for the po\^rer

source to drive the hydraulic pump (-See Fig. 3.5).
The design speed for the hydraulic pump was 1800 rpm.

Therefore a speed increase was required. The speed increase
ratio from the secondary shaft was 1800/750 = 2.4. À V-beLt
drive v¡as seLected- The trans¡nitÈed power, based on maximum

pump capacìties, was estimated ftorn the equatùon:

P = ps./6o ..3.1_o

where

P = power, kYl

P = pressure, IvlPa

voLume flow, l,/uin

Therefore,

P*". = 8.23 x 90.9/60

= 12.5 kt[

From a V-bèIÈ manufacturer I s caÈalog (O74 Oodge Canaila)

a suÌùabLe V-belt and pulIey co¡nÞination tùas sel-ected to
transmit Èhe above ÞoÌret. À 39.I crn.[Ì5.4 in.) piÈch ¿lia-
met.er three groovê pu1ley drÌvìng a l_6.3 m (6.4 in.) pitch
diameter tlrree groove pul1ey with three 866 bel_t.s was select,-
ed.
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3.7 Desi'gn of üoto¡ and pump ¡{ounts

The pump. motors, reservoir and the controt paneL

lùere mounted on the harvester. Figs. 3.3 to 3.5 show these
units mounted on the haryester. AII the mountings ¡¿ere de-
signed in such a r!¡ay that they could be detached easily from
the machine . Therefore, no parts r!¡ere .hre.l-d.ed to the machine.

TÌ¡e dimensions of tbe parts of tbe mounts \ùêïe not strictly
selecte¿l on stÌengtb consideration but more frorn the poinÈ
of conformity with other me¡nbers already on tlre machine anil
tbe avaÌIabilìty of the materÌal. Steel angLe sb.apes and

pJ.ates lrere usê¿l. The parts were considerably over designed
fro¡n a mechanical strength consiileration. some of the cøn_

ponents such as tbe stub shaft for tb.e purnps an¿l the short
shafts coupLeil to the ¡notor shaft,s werê seLected basecl on

matcbing tlre size to tbe components t,o lùhicb they were coupl_
ed. For these rêasons ê dètaÌlè¿t clesÌgn of the corûponents

basedl on mechanÌcaL strength ¡uas not clone.

llost of the materÌal- useil for the construction of the
nbudings was miLd steel angl-es and plates. unless otl¡erwùse
mentìoned the angles were 50,8 n¡o x 5O.g ûn (2 in. x 2 in.)
an¿l tbe pl-ates were 9 lrtrlr (3,/B in.) thìck. The bolts were

general.J.y 9 mn (3,/8 in . ) Ìn diarneter.

The pìrmp was driven by a stub shaft through a flexible
couplÌng Èo take up any possible mÌsal.Ìgnment (FiS. 3.5).
The stub shaft was mounte¿l on tlrro ball bearings. The dia-
meter of the shaft u"as 25.4 Ísn O in.). The pump end of the
shafÈ -w"as,Jnachìned to 20.6 :nn (13,/16..in.) ,itiameter to maÈch
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the pìùnp shaft, sizè. Tlre bearings wêre mounÈed on a 10L.6 mm

(4 in.) wide plate 304.8 m¡n f12 in.) apart.

A 7 6 .2 nrn ( 3 in . ) widte pIat,e was wel-ded to the prunp

end of tlre above pJ.ate. fÌro angl-es ¡¿ere bolted on Èo this
76.2 ¡nn wide p].ate, one on each side, with their backs next
to èacb other and other side facing up (see I.ig. 3.5 under

punp). On tbe top of tlre angles a 10l.6 ¡rnn [4 in.) wide
pLat,e r,r?itb two 12.7 tù\ Ll/2 in.) diameter holes was wélded.

This pLate 'ürâs the base for the pump mount and tbe pump v¡as

bolted using the tapped boles in the pump and l-2.7 mt (I/2
in.) diameter bolt,s. At the other end of the shaft a 162.6

¡uû t6.4 in. ) pitch dia¡ueter puJ-J-ey was attache¿l using a

square key an¿l busbing. This was ilriyen by three 866 V-belts
connected to a 39L.2 ruû (15.4 Ìn.) pitch dìameter pu]ley key-

ed to tbe maÌn d¡l.ve shaft.
The entÌre pulop mount. unit ¡¿as boltèd to two s]-ottè¿l

angLes mounte¿l 152.4 rûû (6 Ìn.) apart in such a Ìùäy Èhät the
mount couLil noye '!¡ertÌca].Iy jJ¡ order to provide aaleguate

belt tension. Thè bel-ts were tigbtêned by a¿ljusting two

bolts ¡¡bicb. tigbtenêd against t}lc maÌn fra¡ne and prrrûp ¡nount.

The sl-otte¿l angles were ¡¿elcled to t\úo oÈÌrer angles

wbÌch in tutn wêlê welcleil to a ?6.2 rEû ìride plate. Thìs
pLat,e !¡as bolted to the machine frame by sj:< bo1ts. In order
to provide ailditionaJ- support in the vertical direct,ion an

angle rúas ¡rêLded to one of the slotted angles an¿l the other
enil bo].ted to the macEine frame.

The uotor clrÌving the rear cross conyêyor and the side
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elevatõt \¡ras coupl"ed to a short 25 . 4 mn (1 in. ) shaf t through
a fÌexibJ.e coupling. The short slrafè was welcleCl on centel
to a 10L . 6 mn (4 in. ) dia:neter circular pJ.aÈe . The pLate \,ras

bolted to the existing sprocket usÌng spacers rirelde¿l to the
pJ.ate (See rÌg . 3 . 3 ) . The Ìrol_es for bolts vrere spaceil equal-
}y on a 76.2 nn dÌameter cÌrcle. This arrangement, aLlo¡¡ed

for easy repJ.acenent, of the chain d¡ive, if necessary.

À 10J_.6 ¡un x 101.6 ¡r¡n (4 in. x 4 in.) steeJ. pJ_ate

\Àtìth ¿ b.o1es drÌl1-eil in ìt ÌÀ?as used to mounÈ t}.e motoÌ. Two

angles, one on each sìile, wêre bol-ted to the rnounting boles
provìded on the motor \Àrith tbè plate clarnped Ìn betr¿een.

Tbe reä? angle was bolted direct,ly to the machine frame
througb a base pLate to wbìch it tras wêIde¿I. TIre other angl_e

r.¡as ¡'elded to another angle wbìch ran perpenclÌcuLar to both
the angles Ìn tbe forwardt directùon. The perpenilicuJ.ar angJ.e

was boLteil Èo the frarûe. ln oriler to keep the fÌexible coup_

J.ing frorn separating ìn use, an adilitÌonal angle was lùeLdeil

to tbê mounÈ provÌclLng axial rigÌttÌty.
The boom motor was couple¿l to the sprocket in a sim_

iLar fasbion (See Fìg. 3.4). À 101.6 r¡un x 406.4 ¡run (4 in.
x 16 Ìn.) steeL pLate vras bol_ted to the mounting hol_es of
the ¡notor and the otber encl of the plate was bolteil to tlrro

vertÌcaL anglês spaced 101.6 t@ [4 in.) apart. Each of these
angles ¡¡"as ¡rrelclecl to anoÈher angle dÌrecteit to the boom el-e-

vator . The oÈber enils of thesè two angles v.rere Ì¡rel¿le¿l Èo a
38 . L rEû tJ. . 5 in. i ¡¡lde pJ_at,e wLich t¡as boì.tè¿l to Èhe boom

eLe¡¡ator.
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Àn additionaJ. angle was welded âcross the angles
weLded to the 3B.L n¡n hride ptate and to the 10I.6 ¡¡n wide
plate to protèct thè motor from moving axially when in oper_
ation. To the top end of the vertical arrgles, two long 25.4
mn x 25.4 ¡un (L Ìn. x I in.) angles were bolted so that they
extended across an¿l over tbe boom. Eðch of these long angles
was weLded to another angle on tbe fortrrard side of the boorn

êleyatot ¡rbere a connecèìön was made to the frane. .An angle
frame was welded around. the motor to protect it fro¡n damage

f¡o¡u the truck box.

3.8 Mountinq of .Accessory EquiprenÈ

The reservoir ¡ras sLung ìn two Loops formecl from 3 Ím
(1,/8 in. ) thick by 25 . 4 mn (-t in. ) wide f1at, steeL strÌp
(see Ïig- 3.5). The encts of the roops were trúÌst,ê¿r to bring
the¡n ìnto the plane of 3g.l- rEo (I.5 Ìn.) wicle fLats. The

loops were weLded to the fLats ¡¡t¡ìch were bolted to the
fra¡ae. LateraL stabÌIity durìng operatìon was provìiled by
a short brace fro¡n the frame to an angJ.e attachê¿l to tbe top
of tbe reservoir.

Thè contro] paneJ. was mounte¿l as shown Ìn FÌ9. 3.6.
Tbe accèssories were boLtecl Èo the paneI. Because of tbe
many bydraulic cornponents ìniro].ved, the plurnbing was cornpJ.ic_

at,ed and s\rìvel encled hydrauLic hoses werê useal to make the
connections easier.



CHÀPTER IV

FTEID TESTTNG PROCEDURES

Thê procedures adopted for tÌ¡e fiel_d tests of the
¡uodified harvester v¡erè as fol-lows:

1. Preliminary fl-el¿t testÌng of Èhe Ìrarvester,
2. Sel-ectLon of the têsÈ sites,
3 . Rêcor¿Iing of the e,xperime.ntaJ. conditions ,
¿. SampJ.ing procêdure,

5. Dete:rûìnation of yielil,
6. DeÈerminatÌon of speeil,

7. Damagê Èèsting an¿t cLassÌfication, ancl

8. DeterminaÈLon of äctual torque requirsûent.s.

4.1 PreLiminarv Field Testins

The first task \Àras to chèck out the machine in the
fieLil. As the design hadl been based on theoretical estÌmates
of the Loails inr¡olved ùt was necessary to fìnd out wbether
the machìne functloned propêr1y Ìn fieldl conclitions. TÌ¡e

macå.ine !r-as taken to tâè lockwoocl ilealer r s workshop in
ÌfinkJ-er, Manìt,oba and opèrated at no ].oad on ?5 Og Lg. The

no Loail test was successful an¿l the macbine was taken to the
fÌeLd on 75 Og 1"9 whelce it workecl wel.l . Thetefore, Ìt was

decliled to dernonstÌate the ha¡vester to intetested potato
grorùets at a fleld ¿tay.

the prelimìnary flelcl test revea.l_e¿l that th-e operator
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did not operat,e the tractor at raÈed engìne speed. The
por,eer-take-of f speed was only 667 rpn instead of the assu¡ned.

rated speed of J-000 rp¡Il. AJ.though the haryesÈer had Ìúorked
satÌsfactorily in the preJ.irninary frer.d tesù and at the denon-
.stration fÌe1d day, Ìt, was felt that Èhe maxÌmu¡n speed of the
sÌde elevator might, not be bigh enough Ìn high yield condi_
tions. Therefore Èhe orÌginaL moto? clriving these tr,ro con_
veyots was replaced wÌtb a motor capable of hìgher maximum

speed [CharJ.ynn tvl-204). The motor had a displacement of
0.1688 l,/rev ancl a moximr¡n torque rating of Ì65.4 N.m at
8.23 MPa. The design factot for torguê Ìùas reduce¿l to 3.5
but Èt¡is was fel-t, to bè adequatê. The maximum speed fot the
säme fLow of hydrauÌÌc fluÌil was increasecl by 4g percent.

The preJ.ìninary tests also ìndÌcatê¿l that the differ_
ence Ìn spee¿l beÈwèên thê rêar cross conveyor anct tlre side
elevator was too bigh. The dìfference \ras tèducê¿l by 39 per_
cènt by replacÌng an eÌghteen tooth sprocket, witb a tÌ¡enty_
five tootb- sprocket Ìn the chaìn drÌ¡¡e to the sicle elevato¡.
Ifoweyer, it, was found Later that in weedy coniliÈÌons ÈhÌS

change !¡as not desÌrabLe. The problern of blockages on tÌ¡e
rear cross convèyor in weedy condiÈions was partÌal.ly over_
come by ìncreasing the speed of tEe rear cross conveyor by
29 percent anil by ailJustlng the spring tension on tlre devin-
er roIIer.

The pteLimÌnary field testing and Èhe demonstrations
at Èbe fielcl day gavè an opportunity to adjust, the modified
harvesÈer to ùhe optùnun operaÈl.ng proceclure. CorEnents from
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tlte growers änd the operators aÌale¿t in these aäjustrnents.
For example, it was found èhat the tractor opeïator made the
decisions as to setÈing the conyeyor speeds. Since tbe con_
trol panel \ùã.s out of hÌs reach a rernote controJ. dqvice was

added to the systen (See Appen¿lj:< À for details).

4.2 Selection of Èhe Test Sites

The test sÌtes were selected in the fÌe].ds whìch ¡¿ere
being harvested by the grov¡er. The size of the Èest site
¡¿ag baseil on the size and confÌguraÈion of tbe fieLd. For
a snalL fìeLil the site covered a rnajor portion of the field,
¡rrhereas for a large f ielil it covereil only a f el¡ ro¡.vs. This
metàod of seLectÌng the sÌtes håil the advant,age of confining
thè tests to mote unÌfor:n fìe1d and rnachine operatÌng conili-
tlons. The uncohtroll-able factors ¡rere the varÌaÈÌons in
the soÌL and in the cLlmaÈlc condlÌtLons, the potato variety,
tbe date anil the ÈÌme of day of tlre sampling.

4.3 Experimental Conilitions Noted

fnfo:mation ¡¡Ì¡ich r¡as reLated to the expeïimenÈs such
as harvester make and modeÌ, ilate and time, grower, soiJ- type
and conilìtion, soiJ. terqper¿¡u¡s at a depth of I5.2 cm, arnbienÈ

te¡npetaÈure and potato variety was recoriled. Tempetature Ìtas
measured. using a sìmple mercury-Ìn-g1ass thermometet.

{r4 sarupJ.inq procecli¡re

Based on tbe nqork of .Ahmad (3) it was decideil thaÈ
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eight samples replicated on fìve fields would be adequate

in ortler that tbe accuracy of the results of the experiments
be at the 5 percent, significance leveJ_. r'or yieLd estia-
ation five samples per fiêl¿l Ìrere t.aken. yield samples tùere

colLected at rando]n on the tesÈ site. samp1es for darnage

Èesting at slo¡¡ (ailjustect) speecl anil at hÌgh spee¿l were tak_
en on adj acent roÌ¡s as nèärly oppositê as possible. yieLä

samples were dug by hand. Samples for daruage testing were

collecÈeil at, the delivery point of the boqn elevator using
a sÌmpIe catching devÌce.

5 Determìnat,ion of yielil

The yieJ.d was ¿letemÌned by takÌng tbe avêrage mass

of five samples and multÌplyÌng by a conyersìon factor Èo

obtain t/ha. The row qpacing ¡¿as 96.52 cro f3B in.) and a

å.I9 :n (13.76 fÈ) length of row Þras dug to coLlect the sample.

The convetsÌon factor was 2.¿Z to obÈain yieJ.d in t,/ha tsarn-
pIe mass Ìn pounds multiplie¿t by ten gave yielcl in cwt/acre).

4.6 Dete¡zûÌnäÈÌon of Spêêils

l¡¡o markers were fÌxed along tbe ïovù 3O.4g m apart.
Two morê markers ¡tere fixeä across several ro¡¡s 30.4g m a-
part and opposÌte the flrst tsro. Tlris arrangernent ar¡oided

error ilue to paralIax. The tìme in second.s for the lraïyest-
er to pass the Èìto markers was measuteil usìng a stop vrat,ch.

The ave¡age speecl was calcuLated from

s : 3.6 d/t . 4.1
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'whexe

s

d

t

averagè speèd, lcn/h

dÌstancè betv¡een markers, m

averagê t,jme for ¡uachìne to pass markers, s

The lengths of the primary chain, the secondary chain,
tbe rea¡ cross conveyor, the sÌde elevator anil the boom er_e-
vaÈor were measureil. .A, distìnct mark was made on a Lìnk of
each' conveyor chaÌn. T}re time neeiled for the marked link to
compJ.ete a con¡zenient numbê:? of ìntegraJ. revol-utions Ìùas ïe-
corclecl for each conveyor. T}re speeds of the primary chain
and the sècondary chaÌn were related Èo Èhe forward speed.
If the operating 9eâï \ras not changed, whicb was the case
in this experirnent, Ìt was not necessary to measure the speed
of the prì:nary and secondary chaÌns more than once. simir-
arly, since the spee¿r of the rear cross conveyor r¿ras rêrated
to the speèd of the sìde eJ.eyätor only t}re measurenent of
tbe siile eLevator speê¿l Ìras necessary. I.orlùar¿l speeds and

chaìn speeds for each operating conilitions were determined
ät least three t,ì¡nes Ìn each fìelcl.

4.7 Damaqe Testìna

The sanpLes were brougbt to Èhe 1aboratory and tested
for damage. À catechol solutÌon ¡¡as used. to make the darnag_

ed are.as detectabl_è quÌckly. Th.e potatoes v¡ère i¡unersed in
tbe sol-utÌon for 2 min and then drÌed for L0 min. The dam-

age, ìf any, showed up as ilark red to purplish sÈains. Àn
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ordinary potato peeler v¡as usêd to trjj[ the st,ained area.
A sLice approximately I.5 nm (1,/16 in.) tf¡ick was removed

by one stroke of tbe peeler. The damage was cl-assified de_

pending on tbe number of st¡okes requÌred to remove the
stain :

1. No strokes (no stain)
2. One stroke

3. fwo strokes

4. More than two strokês

unilamaged

sligbtly damagecl

mo¿leïately clamaged

severêl-y damaged

4.8 Torque Determination

In oriler to provide info::mation foï future studies
tbe actual amount of torquê needed to drive the conveyors in
fielil condÌtÌons Ìras measurecl. Àn ordinary toÌque wrench

\Àras usè¿l tùÌtÞ. a cl-ãmp. The cl_amp \úas made by bencling a l. . 25

qt Ll/2 Ìn.) square rocl so that it hookeil onto two a¿tj acent
spacèts on the sprockêt (¡ig. 3.3). During the measure¡nent,

of the torque, Èhe siile eJ-evator and the rêar cross conveyor
were part,ìalIy fl].J-eil witb soÌI . It lras hopedl that this
wouJ.d give a tÌuè value for the torque needed in field condi-
tions. I.or the boorn e.l-evaÈor the torque vras measurecl in a

raiseil as weJ.L as a Lowerect position. Tbe maximr:m torque
$¡âs measuretl in the raisedl position. Three reaciings l¡ere

taken for each conveyor to obtaÌn an ayèrage vaLue.



CHÄPTER V

ECONO¡üCS oI. USE

5.1 Economic ûnpLicaÈÌons of VarÌabLe Speed Ey4rauJ-ic Drive

In judgÌng any new developments, the value of the
dêveLopment,s is usualLy decÌded in terms of dol-Iars saveä

by incorporating such development.s. It is not Í¡orthtùhi1e to
make any expendiÈure if thê return from tbe expenditure does

not justÌfy iÈ. Thetêfore, to convÌnce potato growers about
tbe advantages of varìabLe speed bydraulic drives it, was

necessary to caLculate Èhe doLlars saved by sucb Ìmprove-

ments. ln this Chapter an estimation of the total savings
due to tbe varÌabLê speêd. hyctraulÌc drives is present,ed.

5.2 Cost Ànälvsìs.-.__-_é-

Thê increasê in the per Lrour operating cost of the
machine is determined by calculatÌng the actded fixed and

operating costs duê to the addÌtÌon of the hyctraulic drÌve
unìts.

The fìxeil cosÈs consìsÈ of depreciaÈion, interest on

initial Ìnvestment, taxès, ìnsurance ancl Ìrousing as applÌed
t,o Èhe aililed componênts. Thê cost of the components which

were Ìncorpoïatêd for experìmental purposes onJ-y is noÈ, con-

sidered. Tbe excluileil components Ì¡ere Èhe tr\ro dÌrect,ional
vaJ-ves, tT.e p¡essure gauges anil one relief yalue. The cÌr-
cuit dl.agram for tËê simplìfìed system Ìs sbown in FÌg, 5.J..
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Table 5.Ì lists componênts as Þ¡ell as their costs. Tab1e

5.2 lÌst,s the mat,êrials useil for the mounts and tbeir costs.
The ]"abor cost for constructìon ¡r¡as estimated at

$350.00 consisting of one technician and one assistant for
one week.

Tbe tota]. inÌtÌal cost was obtained by srumning Èhe

component, materÌaL and. construction Labor costs to give ap_

proxÌmateJ.y $L346. 00.

The folLouri¡g assumptìons \¡ere ma¿le to caJ.eul-ate the
annuaL cost of the modlfÌcatÌons:

1. Sèrvicè 1Ìfe Ìs I years (2000 hours of operation) ,

2. Yearly operation Ìs 250 hours,

3. No salvage yalue,

4. Jl^ntêrest on ìnìÈìal Ìnvest¡nent Ìs Ì0 percent,,

5. Straìght lÌne depreciation.

The cal-cuLatÌon of tbe annual cost, was as folJ-ows:

Deprecìatl.on per year - 1¿36 - o

I

= $155.75

rnreresr on Ìnir,ìar invesÈ$ênr = ¿l!_4_e.J__Q.¡ ¡_å9.¡2 l-00

= $67.30

Ta-es ancl insurance 1346 x I
(]" percenÈ of init.iaL cost per yèaï) l_00

= $13.46
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Table 5. 1 First Cost of conpo¡ents Us3d (1975 prices)

I f tem
I No.

ften Deseript i on Cost per Quantity Cost

t----_-_-________ __________l
I 1 Hvdraulj.c gear pumD 49.00 1 ug-00 I

'l Hvdraul j.c gear pumD 49.00 1 49. 002 Charlynn orbit notor 129.95 1 129.95
{!t_206)

3 Charlvnn orbit mctor 11q.00 1 114.00
{ l!- 2 04)

4 oil reservoir 29.9A 1 2g.gg5 Elos control valvè r¡9.50 Z g9.OO
6 Proportional type flo$ 34.95 1 _34.95divider
7 Gresen relief valve -l 9.50 1 29.50I cresen line type filter 11.50 1 1 1.509 oil- strainers 14.50 2 2g.OO10 Breather 0. 99 1 0.99

lDust proof vent )11 Shutoff valve 3.95 1 3.9512 Pump drive cotDponents 202.14
Itro pu11eys,3 V-belts ,bearings anC couplinqs)

13 Hyrlraulic hoses
1. Rear cross conveyor

aD ¿l side eIâvat or
notor l ines

2. PümÞ to floï clevider
line

3. Boon elevator line
{ttro pieces)

4. Return lin e
14 Hyrl raul j-c hose fittinqs
15 Short hoses and

coupLings
16 R €,1ucers. b us hi¡g s

elhovs, tees retc.11 12-vclt electric scrêc
i ack

18 -l -ca y sritch
Total

No. (Sl

2 16.60

18.20

31.72
29.56
14.30
18.00
2s.00

25.00

'12.50

3. 50

Itni t ($)

8. 30

18.20

15.86
14.?8
14.30
2.15

12. 50

2
2
1

I
(,

3.50 1

928.34 |
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Repair antl maÌntenance cost = 1346 * 10
(10 pe¡cent of init,ial cost per year) tgQ

= $13¿.60

Surnaìng the above charges gives $371.01- for the total_ annual

cosÈ of the modÌficatÌo?rs. Based on 250 hours of use eacl¡

year thè cost pèr hour was appro:<jmately L.5O $,/h.

In the above cal_cul_ations ùhêTe rúâs no charge made

for housing, fuel or operating J.abour sÌnce these ite¡ns were

assr¡ûe¿I to be the sane .f,or tbe co¡lventional mechanical clrive.
The Ìryilraulìc drìves if used occlusÌvely wouLcl elìminate
some costly chains and sprockets but r¡o account. was taken of
tbis.

5.3 Savìngs due to Damage Re¿Iuction to the potatoes

In the folÌowÌng analysis the foll-owÌng assumptions

arè macle:

L. PercenÈ damage recluction = p percent

2. lûachine operatLng speecl = 3.22 l<¡n/h t2 ¡npb)

3. FÌeJ-cl efficiency = 70 percent

4. Rat,ed wÌiltb- of tbe machine = L93 c¡n (76 in. )

5. YièL¿l = yrlha
6. VaLue of poÈatoes = x $,/t

Using tbe above data, the poÈentiaÌ savings in dollars per

hour can be esti¡nateil as:

Savings, $/h = 0.435 lap
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The nèt savings per year can bê expressêd as:

NeÈ savÌngs, $,/year = (0.435 yxp - f.5)250 . . 5.I

Àn estimate of how muclr savìngs can be expêcte¿l undêr
typicaL conilÌtions is presented !¡ith the resuLts ancl discus-
sÌon in Èbe next Chapter.



C¡IAPTER VI

RESULTS AI{D DISCTJSSTON

6 . J. Potato Da¡nage ResuLt,s

Às potatoes are procluced and markeÈed on a unit mass

basis, the damage study results were calcuLated on a unit
mass basis. The ra¡rr data obtained is lÌsteil in .Appendix B,
Àppenctix C contains tlre calculations for reclucing the data
to a percent basÌs and LÌsÈs thê resuLt,s for eacl. sample..

The fìeLil condÌtÌons are listeil Ìn Täble. 6.L and the overal].
results are listêd ìn Tab1e 6.2. For the purpose of dis-
cussÌon in this ChapÈer Èhe moderately and the severeLy dam-

ä9è¿l potatoès \iüiLl_ be aitdecl together and collectively re_
prêsent tlre total- damagê.

On the basÌs of tbe eaperÌments conductecl tolüar¿ls

tbe enil of Septernber and during the first t\ro days of October,
1"975, it was founil . thät. on the average 12.5 percent of t}¡e
potatoes lt¡èrè damageil wben. the harvestêr llras ctigging potatoes
utÌtb. tbe convêyor speeds adjusted [s]_ow) to Èhe yÌel¿l con¿t-

itions as cornpared to 18.1 percenÈ ì¡ben the conveyorls were

moving at bigh s?ee¿t. ThÌs is a rêduction in darnage of 30-B

percênt. I'ulthêImorè, Ìt was found Èhat on Èhe avêrage

skinnÌ-ng Ìnc¡easeil from 36.7 petcent Èo 4j..9 percenÈ when the
conveyots \rele operateil at high speed. This represents a
reduction in sJ-ight. damagê of 12.5 percent. [owever, in-
spection of Tabl-e 6.2 ¡eveaLs that the annount of ilamage var-
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TahlÊ 5.1 Field Conditions
Grower:4. A. Kroeker axd Sôns ltd.,!¡ink1ër
Harvester ¡{ake anC Model:tockwood ttark 76

lFielrl I
tt1
I No. I

l---___+_ _______-__J
I soil l-riqht, -L.i qh+ -Liqhi. _tiqht _Liqht 

IlTvrje and l-¡{ois+- -ttoist -tfoist -uoist -tloist
I Con- l-Grassy -Very -Good
I dition I

F--------+--
lDate 115 Oe 23 15 Og 2u
land I

lTinê 111 3C 12 0C

Grassy

I roïeil I

F------{-
t Yield I

lFor'rard I

3. 'l 3 3.07

't5 a9 26 75 09 30 75 10 02 I

12 45 13 00
I1230 I

I45t

-Ðxtren-ô -Good
ly

19 .21 15.06 I
I

3. 07

I Ànbient I 16.4 18.3 23.3 -2.2 2.1 .1 I
l?emD (oC) I ¡t--___ | _________{
lTemD I ¡lat 15 cm | 13.1 14.4 16.j 0.0 5.6 I
I De pth locl I tF-------+- _-_______{
lt IlVariet y lKennebec Kennebec Boison Chiefton Nettea II I cem Il------- | ______-__{
lqhether I ¡
t ilind- | yês yes No No No I

I

--_-,
II I 28.0c 2q.82 23.85

I (t/ha) I

I SÞ€ed I
I {kmlhì I

3.14

F-----+- ----------Jlspe€C of | .i
fPrinary I 3.28 3.22 3.30 3.31 3.22 |I tkn,/h) I ¡Þ---------F ---------{
lspe êå of I Ifseconda¡yl 2.43 2.39 2.44 2.45 2.39 |
I (km/hl I ¡

-t
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Ìes consÌderably frcnr field to fieLil. The data of Table 6.2
were anaJ.ysed by statisÈicaL methods to determine any sÌgni_
ficant trends.

The analysis of varÌance Èable basèd on a cornpJ.eÈeJ_y

randomÌzed block desìgn with. more than one reailìng per block
is lìsted in ÀppenäÌx D. In the anal.ysis of vaïiance Èhe

bLocks were the fields and Èhe treatmqnts s¡e¡e the s]ov, ot
fast convêyor speeds.

The percènt undämaged potatoes was significantly high_
er for tbe slow speêd trèat ent (t percent level). The per_
cent of darnageil poùaÈoes tùas signÌficantly bìgher at, the
fasÈ cbaln spee¿ls (5 percênt. leveLl. The percent of s]Ìght_
Ìy danraged potatoes Ì¡as not signÌflcantry clÌfferent for the
two speeils. AJ.Èhough the illfferences in the percent undam-

aged potatoes Ìrère sìgnl.flcantly dlfferent. bettùêen fÌel-ds
the ilifferences bet¡¡een fì.eIits for total danage werè not
sÌgnifìcant.

Perhaps tbe pêrcent of s1Ìghtly damageil potatoes was

not sÌgnificant,ly ilLfferent for the tÌtro spèe¿ls because of
tbe late harvest date when the tuber skins are no::rally
t.ougher than f or earlÌe¡r lÌf t,ed tubers . The teason wtry po_

t,atoes .aÌê more prone to clamage when the conveyor runs faster
may be ùhat their momênÈìm ìs greatet anil hence when they hÌt
any object,s such as stones and clods the inpacÈ forces are
bigher. ÀnoÈher reason may be that wben.the chain is only
partìaIly fll-Leil wÌth tubers at hìgb speed the potatoes
bou¡ce anil roll as they are conveyecl anil thìs repeate¿l bounc_
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ing antl roJ.lÌng rèpeat,èdl-y stresses the potaÈo tÌssue.
Ànother source of impacÈ to the potaÈoes is when po_

tatoes are transferred frcrn one conveyor to another. Fin-
arry tbere is the impact of tbe potato dropping from tbe boom

. elevator to the Èruck box or to the top of Èhe potato pi1e.

6.2 VariaÈ,ìon Àmong the FieJ.ds

The analysÌs of varÌance sholt¡s ttrat there was a signi_
fÌcant dÌfference beÈ¡reen fierits Ìn tbe percent of undamaged

and sÌÌghtry danaged poÈat,oes. This may be due to the ilif-
ferent fierd condÌtÌons such as soir- type anil conditio¡r, rùee¿r

growtb and soil teù¡pêrature on tlre day of harvesÈ as well as
dÌfferent potat.o varÌeÈìes. The arnbient, teruperåture on the
day of harvest, also has a consÌder¡bLe effect.

Fìelds one and two wèrê adjacent and bad sjmìlar con_
ditÌons êpcept for ¡rreed growth. FleLcl two was very weedy.
fhe heawy weed growth reguìrecl that the rear cross conveyor
ran faster than in fleÌil one even thougb_ fieLd two ha¿t a

J.ower yÌeJ-il than fÌeJ-d one. FieL¿l two had 1ess skinning.
Thìs nay be due Èo the prêsence of Ì¡êe¿ls wb.Ìch mÌght have

cusÌ¡-Ìoneil thè potatoes.

FÌeld three doês not sbou¡ much cliffarence in the amount.

of damage at b:Ìgb and low speecl tb.ougb the darnagê ¿lone at loÌI
speed is sJ.ÌgLtly less. ritear- condìtions exÌsted ön that day
wbicb mÌghÈ Ìnclicate that varìable speecl ilrives har¡e more

aclvantage in poor ilLgging.conditions. AIso fieLd three was

pl-anted to a neì¡ varìety whìch- may have had higher ¿lamage
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tesistance.

FieLd four ruas harvested in very bad conditions.
The tempetature ù¡as very low and the fieLd was very weedy.
There was a large ilifference ìn tbê arnount of damage at slop
and fast crrain speeds. The effect, of speed reducÈion coulir
be ¡nore signÌficant for low yielit con¿litions particuJ.arly
wben field condit,ions a¡e Ead.

Fielil five hail generally good condl.tions for harvest.
Tbe potato variety was Netted Gerû. The speed of tbe convey_
ors at sJ.ow speed couLd not be adjusted properly. The oblong
shape of these potaùoes pl?eventecl them fron spreaclÌng evenly
across the conveyor t¡l¿ltâ. Tbe tuEèrs tended to pÌJ.e up and
pe.rhaps the l-ack of ::ol1ing cçnt¡LDuted to tÊê 1ow percènt
of sllgLt daruage ln tÈls case. Tñi.s yarlety is known for
its tough. gkin andl had the 1o\¡est yalues of slight]y damaged
tuÞers fo¡ a1l tests.

6'.3 YleLd an¿l SÞee¿t

-

E,quatÌo¡r S.3, aeveloped ln Cl¡apter 3, LLLustrates that
tñê speêil of a conveyor depends on thê for¡vard. speed of the
hä,rvester, the yield, tfte pïesence or the absence of stones
or clods ancl the avexage size and shape of the potatoes. The
forrt¡ard speeds of tbe haryeste.r was al_¡aost constant durÌng
tha experÌments. The ya¡ietal differences infLuence¿l the
couveyot speeds considorably. No concl-usive Ìnference can
âe dra¡rn frqn the rèsu1t€ on the dependence of tlre conveyot
speecl on yÌeJ.it except thê two Lowest yÌeÌds dld haye the
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lovJest conveyor speêds.

À convêyor Ìs saÌd to be runnìng fuLL when one l"aye.r
of potaÈoes is movÌng over Ìt. In thê fiel-d a subj ective
judgernent is made as to the fulr-ness of tbe conveyor. often
Èhe potatoes rl¡eÌê in more than one Ìayer especùaJ.ly near the
receiving side of the conveyo¡ r¡hÌl_e Èhe oposite side was

not fuJ.J-y covered \rÌth potatoes.

9.4 }lachine Perfonuance

Durlng tlre harvestìng season of 1975 the machìne work-
ed for ahout 40O hours. Tbe?e was no major problem during
tD.e entlre period. A mlnor proÞJ.er¡ of blockages at tàe de*
vù¡er roller at the polnt of transfer from the rear cross
conveyor to tñê slcle eLevator occ'trred. sêveraL tÌmes. This
probrem vüas notê¿r as beìng prêsènt on almost alr makes ancr

mocleLs.

On harvestèts wÌtb mechanlcaL drlve units no:znaIIy a

sJ-ip clutcb. slips thus protectlng tEe ilrlve sysÈen. With
Èbe bydraulìc system Èhe sarne functl.on is acconplished by
the relÌef vaLve whìch opens al.J.owing tbe motor to stalJ..
Thê probl€ìm coul-dl bê avoLded by usÌng a higber speed on the
side eLevato¡. Therefore, tbe sÌcle elevator had to be run
fastel than cleslralìIe. .Another method of preventÌng tb.is
tfr¡>e of blockage ¡rould De to proylde hì.gher torque ìrith a

Ligb pressurê systêm.

TD.e bèst, way to solvê tl¡e probLem woulcl be to pre.vent,

any blockages. On thìs partlcuJ_ar machìne the ¡ol-Ier on the
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deviner was too tight.. Àfter l-oosenÌng the roLLer the clog-
ging problem was conside.rably reiluced. Other suggestions
for overcc¡ning bJ.ockages are giyen in Chäpter eigbt,.

During ùbe entj-re season tbere ¡¡as no problem of over-
heat,ing of tlte hydraulic oil- or of any of the components.

The J.arge capacity reseryoir was specified to avoid any over-
heatÌng problerus.

6 . 5 Darnage anil Average Tuber lvlass

lnspect,ion of TabJ-e 6.2 ÌndÌcates that as the average

tuber mass increases, the ch¡nce of receùving damage aJ.so

ìncreases.

When tbe conveyor ran f,astèr Èhe qygs¿gs masses of
thê damaged ancl unilamagè¿l tuÞers were less tban at slow speeil.

This could be ilue to ùhe facè tbat at bigher conyeyor speeds

even tÊe snal-l"er potatoes acgulrê¿l hÌgE momenturn. Ito\ùever ,

tbe analysis of varÌance ¿tid not confirm this except in tbe
case of thè undanaged potatoes. Both fielils an¿l spêe¿l

treaünent,s showêd sÌgnÌfìcanÈ, dÌfferences fot un¿lamaged po-
taÈoes O percent 1e¡¡ell. No othêr comparisons were signifÌ-
cant. The dÌfference beÈween fields Ìs probably due to ilìf-
ferences in fÌeId conditìons ot 'lrarletal ¿lÌfferences.

6.6 f.cononlc FeasÌblLl.ty

ln Chapter flve Ìt was sbown Èhat the annual_ savings

due to damage reiluctlon could be expres secl as lEquation 5.I)

s .-- [0.¿35 :¡xp - 1.5)250
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S = I09 yxp - 375

wbere

= savings due to damage reduct.lon, $/year, and

p and x atè as defined in Chapter five.

ln tb.Ìs sect,ion the l_924 average yielct in tvlanitoba

and the averagè wboLesaÌe farm price for potatoes during a

six montb perìod ln L9Z5 ¡¿ere used to lLlustrate the potent_
iaI savÌngs.

The potato marketing board was consulted as to the
¡nethod usêd to evaLuatè potäto danage. potato damage Ìs eva-
Luated as f otLo.¡ùs :

t. Ninety percent, of the potatoes can be 10 percent
skÌnned and tlre remaÌnÌng 10 percent can be 100 percent
bruÌsed an¿l yeÈ the lot \Èl_1 make the graile. In anitoba
no penalty is no:rnally assesse¿l for skìnnÌng as skinning
done durlng haryêst itÌsappears \rlÈD.in a few days. SkÌnning
due Èo pìJ.ing ¡¡bich leadls to cl,lscolouraÈÌon and bad appear_

ance is sdûêtìmes penalìzed. Tbe onl_y Losses from skÌnning
are d.ue to dry rot an¿l loss of mass ìn storage. Because

these losses are itìffÌcuLt to guantÌfy in doLLar value, Èbey

wÌll be negLectèd ln tb:ts discussion.

2. f'lve percent of the potatoes may have ilarnage that
.can be renovedl by removing 5 percent of tbe total mass of

s

Y¡



8.1

the potatoes an¿l tbe 1ot ìrìIl- still- make Canada No. L gradê.

3. Five percent of tbe potatoes may have damage that
can be removed by removÌng a naximìm of 10 percent of the
Èot'aL mass of the potatoes and the rot wÌlr make canada No.

2 grade.

The above classìflcatl.on is not absol_utely rigict but
onJ-y a guide lÌne. co¡Enon sènse anil experience of inspec_
tors are .often inval-uable in cleciding the classification.
tr'or these reasons ìt Ìs ilìffÌcul-È to get an accurate cost of
darnage. The values caLculateil below are to iLLustrate tbe
approxlmate potêntÌaL savings if potato damage coul-d be re_
duced. Tho data usèd wère:

1. Àyerage yìeJ"d ìn ltanltoba (:-}ZAL, y = f5.Z t¿lha

2. Àvèrage wholesale fanu prlce (1975t, x = l_10 grlt

ût the pres€Int claruage study the totaL overaÌl da4agê

e:<ce.eded 5 percenÈ. Thus, any reductìon due to slow conveyor
speecls ls potentlaJ.Iy a saving. The dif,ference in total_ da¡n_

age Ìs 18.L - 12.5 = 5.6 percent,. SubstÌtutlng the above

¡¡aLues in Equatlon 5.I gives

s = l-09 x l-5.7 x 5.6 x 110/100 - 375

", l0 I50 gzlrear

This amount Ìs significant an¿l ÌI]-ustrates that efforts
to reiluce damagè are verl¡ worth\rbl.1e. À teduction in darnage

of only I percènt has a poÈentlaÌ saving of approxÌmateLy
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L500 $,/year baseil on the assurged yalues aboye.

6.7 Othêr Economic BenefÌts

In ailditÌon Èo the savings due to danage reducÈÌon
there may be other benefits such as reduction in the wear
and tear on conveyoï choins. Because of Èbe slow movement

of Èhe conveyors Èhe r¡¡hole machine operated much. smoother
ancl qurÞter. sqne sprockets an¿r chal.ns couLd be eIìminated
enÈirely Irhìch would partÌalLy offset tñê cost of the hydrauJ__

ic clrives .

6.8 PossÌbLe Dì.sad]¡antages

Ãny ¿lèfects Ìn a mechanlcal- ilrl.ye syste¡û such as a
bÌokên chain can be dêtecteil easÌl-y an¿l correcteil in the
fielcl. Eoùevêr, the falLure of a.hyäraulic ilrive syste$
may be due to a fault ìn a pu¡sp or ruotor whìcb cannot be re_
paiTe¿l Ìn tbe flelil. ln tbê Earyest season any delay roay

be critÌcal. SucL faìLures age not co¡Euon in modern tryÈl-

¡aulÌc devices andl generaÌJ.y dlaÌIy maint,enance requirenenÈs
¿üe not, exêessive.

6., re"=""*""t Of kh

Thê actual- totque requirements of tlre boom eJ-evator,
tlre siile e.Levator andl the rear cross conveyor are not, con_

stant for one ccmplete revolutÌon of the drÌving sprockets.
As tlie sprockêt teêtE- make contact, between lÌnks the Èotque

requiremênt Ìncreases, reacbes a oaximr¡n anil then clecreases
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as the teeth disengage. Thê maximìrm torques measured for
the boom eJ.evator, ùhe side elevator and the reaï cross con-
veyor ale t,abulated Ìn TabLe 6.3.

The actuaL torque requÌrenents as d.et,ermineit by dir_
ect measutement wêre higher than the vaLues estimated for
desig:n purposes. The net effect ìras to reduce tlre actuaL
overLoail factors tô L.48 for the rêar cross conveyor and

the sÌde elevaÈor ancl 1.83 for the boom elevator.

Table 6.3 llteasured Torquê RequÌre¡nents

for Potat,o EarvesÈêr Conyeyors (-Lockwooil Mark ?6 Moclel)

Name of tÞe Conveyor
I"laximun Torque
lleasured (N.ml Recnarks

Rear cross convêyot
a¡d
SÌde elevator

Booro el-êvator

Bodn eLevat'or

r.35. 0

83. I

r.09. 0

Outer boon ele*
vator rel-atively
flat

Outer boom e.l-e-
vator inclined



CHAPTER VII

CONCLUSIONS

From the Ìèsults of this study as presenteil in Chap_
ter 6 , the foLLo¡r¡ing concJ-usions lùere drawn :

1. On the average 50.? percent of the potaÈoes rrrere
undamaged when the speê¿ls of the conveyors ,r¡rere properLy ad_
jusÈed to yield, forward speed anil fieLit conditions ccnnpar_

êd to 4O.O petcent undanragecl potatoês l¡rhên the conveyors
lrtere tunning fasÈ.

2 . FÌeld conillt.lons hâ¿t a signl.f lcant êffect on thè
amount of unilanraged potatoes.

3. The average mass of qn unilaage¿t tuber wbên the
convèyor speedls were acljusted properJ-y vl"as hÌgher than the
ave?âge mass of an undamage¿l tubèr ¡¡hen the conveyoÌ speeds
wère hì gâ.

4. On the average 36.8 percenÈ of the potatoes Ìùelae

slÌglrtly danaged wEen Èhe speêds of the con]ref.ots Ìrerè pro_
perly adjustetl cornpared to 4L.9 percent when the conveyors
¡¡ere runnÌng fast.

5. The average mass of a skinned tuber !ùhen Èbe con-
veyots were runnÌng sJ_ow o¡ fast ilÌd not clìffer sÌgnifÌcant1y.

6. On the avetagè 12.5 percent of Èhe potatoes Ìùêre
damaged wlen the conveyors were running slow an¿t ful]. conpar_
e¿l to J.8.1 peròent when the convêyors were runnìng fast.

7. Fìelct condlìtions ¿Ë.d not hayê any siqnifÌcant ef-
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fecÈ on totaL damage.

8. The average mass of the clamaged tubers Ì¡hen the
conveyots hrere running fast did not differ sìgnificantLy
froru tbe average màss of the darnaged tubers ¡¿hen the con-
veyors were running slow.

9. Under the low yieJ.d condÌtions of }lanitoba, sLol/ù_

ing ttown the conveyors rê¿luce¿l claruage to the potatoes.

10. Tlre Lockwooil Mark 76 potato hâryêster equìpped

¡niùh. variaÞle speè¿l bydraulÌc clrirres workê¿l satÌsfacÈorÌIy
tbroughout tbe 1975 potato barvesÈing seaso¡r for about 400

hours.

11. Slightly LÌgher torque capacities woul-d ensure
posÌtÌye drive of the conveyors Ìn adverse operating condÌ-
tÌons.

J,2. The econd[Ìc analysÌs shows that considerab].e

savÌngs arè possibLe ìf the ä.nou¡t of clamage can be reduced

by installing Ìryclraulic dllves.



CIIAPTER YIII

SUGGESTIONS FOR FUEURE SIIUDY

Based on obseryatÌons iluring this stu¿ly, the foLlo¡¡¡-
ing precauÈions or reconunenilations are offered:

L. For the design speed of thè conveyors it must

be reaLìzed that the tractor was not operated aÈ ratê¿l engine
speeil. The actuaL engine speeil used must bê ilet,omined.

2. Higber ovêrl-oa¿l factors must be useil for the rear
cross convèyor an¿l sÌ¿lè êlevator motor. ÀIternateLy tlte
meclranÌca1 ilrive couLcl be ?estore¿l for tbe tèar cross con-
veyor.

3 . The cosÈ of thê Y-beÌt andl pulley Èlri.ye to ttre
pì¡mp was quite bÌgb. Tberê rgay be an econo¡uìc advantage in
replacing the drìve ¡¡ith a charn anil sprockèt clrir¡e. The

chaÌns re!ûove¿l from the sÌile eLevator clrive or boom el-evator
drìve couLcl be ugedl.

Suggestecl future sùudìes coulil be as folJ.ows:

Ì. DesÌgn cbanges ìnvolvìng the relocatÌon of the
ileyÌner roLler currently located at the juncÈion of the rear
cross conveyor andl the sÌde e.Levator.

2. Soune tracÈors ¡üay Ìrave adequate hydraulic capacìty
to cleliver the requìrecl floìù of, hydraulic f1uÌd Èo the by¿l-

raulic rgotots. Thls woulcl elùoìnate the nèèil for a pump,

tbe pump ilrÌve unìt anil othar accessor.les. Such tractors



shoulil be Ìdent,ified to the gsowers.

3. The Lockr¡roo¿l ^lrlark VI Ìs more popular than the
Lockwooil Mark 76 and therefore variable speed hydraulic
drives for the Locktùoo¿t Mark VI potato harvesters should
be desùgned.
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DesÌgn of Re$otê Control_ for Changing

HydraulÌc Motor Speedl

ÀppÌoxjJûate1y 10 degrees rotation of the lever of tlre
floÌr control varÌeil tÌ¡e motor speecl frorn zero to maximum.

Àn electrical control unit powered by tlre tracÈot baÈtery
rdas a convenient, r,ray of accomplÌshing tbe remote controL of
tbe byitraulic motor speè¿l. À llnear actuator was selectecl
to move the flo¡¡ cont?oL lever. The l2-voLt, electrìc screw
jack þ¡¡¡¡qess .Auto and ntachÌnery ltd., Itèn No. l_106114)

bail a 8.89 su ß;5 ìn.l stroke. A 1inkage systëû as ilLus_
trate¿l ì.n FÌ9. 4.1 was desl.gned and fabrÌcatecl.

FrôùB the thèory of ÐechanÌsIu it can be sbown that for
the mechanÌs¡¡ shown

2t2(1 - cos 0) + 2ar, Sin g * L.Q,2 + 2a.{,) = g . . À.1

where

f¡ = length of acùuatÌng roil. cr!

a = ÌêÈracte¿l J.ength of äctuato¡, crB

L = stroke, qü

I = angle of actuat.lon, degrees

Substl,tuting a = 31.?5 clr (f2.5 in.!, ! = 8.89 qn (3.5 in.)
a¡il 0 = L00 Ìn Equat,ìon À.I an¿l solving for L gìves

f, = 51.33 m

Iimìt, swÌtches we¡e used to ]ùûlt the tra¡¡el_ of acÈ-
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uaÈor. By adjustìng the positions of the ljmìÈ switches
the stroke of acÈuator was control]-ed.

The linear actuator was pÌvoted on a woo¿len block by
a long boJ.t a¡d spacers. The free end was hookecl to Èhe

long roil so that the ro¿t couJ.il pìvot in tbe free end. The

rod. ¡¡as fÌxed Ìn position by an Àl_lan screù, in the hoJ.e pro_
vìdeil on èhe flo¡r¡ ilÌvÌder suclr Èhat the actuating ro¿r rengÈh
was 5L.3 cm. .A,t, äbout L5 cm fron the centre of rotation,
a short, pÌece of ro¿l was fLxed to a sÌmi1ar controL rod on
the otber fÌow dir¡icrer. The rengtb. of the connecting ro¿r

t¡"as maile adjustable so thaÈ a spee¿r differentiar courcr be
obtaìneil between the tvro motors.

TÞo erectric control swÌtch ìras rocatèd at the Èractor
operatoÌ rs seat so thât hê couLd ìncre.ase or decrease the
motor spèe¿l as was necêssary with changing fierd conditions.



APPENDÐ( B

I.AVü DATA



97

Tabl+ 8.1 Rau Ða+a for Damaqe Studi"s
¡ield 1

S1or,r S DÊçâ

-----'tI Sample SanDIe üass of ¡)amagêC Tuhers,/Number of .Tube=sl
(k q,/co un t ) I

------{Number ¡tass
lk.¡)

UÐ SL t{Ð

5.45 2.15/14 1.98/11 0.53/3 O.7s/3

2 4.11 1.17/7 7.01/15 0.0A,/O O.OO,/)3 5.11 1.'tB/8 3.65/21 0.0c,/0 0.28'/a4 5.55 1.9q/12 2.77/12 0.00/a 0.8+',/35 4.81 1.5i/q 1.83/9 0.23,/1 1.23"/36 4.e2 2.27 /14 1,41/6 0.00,/0 0.74'/17 ¿¡.8r 3.04/19 1.65,/6 A.1g/1 O.OC'/o8 5.15 3.'18/18 1.72/9 a.2u./1 0.00,/0

F'ã c+ q nê=.:l

I SanÞ1e Sannle ¡{as*. of Damaqed. Tube¡s7¡ìrn5er of Tub:rs I
{k q /co rrn+-ì

-----------{Nunber lvlass ûD SÌ, I{D Slt i{ka) 
r----_-----iI 1 5.48 1.25/9 1.88/22 a.33/2 0.00,/0 I2 6.1s 0.66/4 5.2s/24 O.OO/O O.2s/13 ?.33 2.01/15 \.03/22 0.30/.t 0.00,/o¿ 5.08 1.O8/-t 2.59/11 0.60/2 o,B0'/35 5.81 1.67/14 2.Bs/g 0.32/1 1.OA/46 4.34 2.20/16 q.83/tt 0.73/3 ß.58'/37 5.3C 2.u8/17 1.78/7 0.61/2 0.43/2l8

L----_
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Table B. 1 Continueil

Fíelil 2

Slov Spêed

I Sannle Sa¡ìÞle l_rass of Danagêd lubers/Nunber of Tubersl

Nunber !!ass
fkql

II¡ I{D sD I

I

3.64,/22 1.94/11 0.C0l0 O.10/1
2.33 /17 1.60/10 0.00,/0 0.81/3
2.39/t 1.02/5 0.00,/0 2.75/r:t
'l . 85 /10 2,55 / 14 O . jA ,/2 0. 15 //1
1.-t'7 /9 1.45/14 0.00/O o.60/2
i.63/21 '1 .66/10 A.q6/1 0.3't/2
3.15 /16 A.58/9 0.2,q/2 1.25/4
2.4q,/1u 1.77/7 0,00,/0 0.29/1

1 5. 87
2 4.1a
3 6.15
4 4. 84
5 5.81
5 6.11
7 5.27
8 4.53

Fast Spee.d

Sanple San.¿l-? IYass of Danaqêd. T ub er s,/Nu Ðber ef
(k g /co utr t)

-------'t
Tubêrs I

NumheT EasS ryD sL IID SÐ
{kqì

-------*--{2.82,/15 1.61 /8 0.tru/2 0.66/3 I

I

-t
I

I
+--

1

2
3

4
5
6
1
A

5. 53
4.88
6.0f¡
c ?o
4.26
_).4D

5. 01

1.64y'10 1.09/6 0.22/1 1.93/8
3.01 /15 1.38/1 0.6e/3 0.97 /3
c. u6 /2 3. 13 / 17 0. 64/4 1 .06 /41.89/1't 2.11/10 0.15/1 0.11,/1
2.21 /17 1.77 /1C u.t!5/2 a.98/tr
2.15/1u 1.96/'t A. _aC/2 0.52/3
?,.29 /12 2.35,/12 0.23/?, A.2q/1
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Tahlê 8.1 Continu4:(l

Field ?

Slov Sp€ed

I SamÞle Sanpl= Mass of Þanaqed Tubers,/Nurìb3r of TubÊrsl
lk q,/co ut t )

rr,rnber r{ass --;;------;;----;;----;;--1.(kq) 
rl--------

I 1 6-62 2.q3/16 ?.88/13 O.AÐ/O 0.82/3 |2 5.46 't .90 /1j ?-.20,/8 A. 33,/1 1 .03 ,/5i 6.14 2.90/1s 2.56/14 o.oo/q o.6s/54 6.21 2.57 /1t]. 3.1t4/1t1 0.00,/c a.56,/35 6.33 2.rt1/17 2.90,/14 0.51r/1 0.41 ,/16 4.9't 1.81 /1t, 2.40/12 0.00,/0 0.69/3? 5. 90 3. 13 /22 2.46 /15 0. 31/ 1 0. 00 /oB 5.61 2.14/16 2.52/12 O.AO/O o.11/2

SanDlê

¡lunber

Sa n pla

!fass
{kq)

Fast SrreÊd

_______1
¡lass of Ì,amaged Tubers,/Nunber of Tuhêrsl

nÐ SL r,l D s, I
I

1 6. Bc ,.;; ^;--;;;r;---;:;;);--1:;;rr-i2 6.24 3.02/25 2.A1/10 0.40,/2 0.82/5 |3 6.1? 2.95/23 2.31/12 O.OO/O 0.e1/6 Ir¡ Á.08 2,14/19 2.83/12 0.00,/0 0.51/25 5.90 2.12/16 1.57,/20 0.oo/o 0.22/26 5.65 1.62/14 2.72/15 ).5-7,/3 O.-t4/37 tt.t¿3 1.99/14 1.74/11 A.15,/1 A.62/38 6.23 3.05/1a 2.71/.t 3 0.00,/0 0.4-t/2
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TabIe 8.1 continue¡1

Field 4

SloH s Deêd

SampÌê saßp1e t{ass of Dãmloed ?"b".;;;;;;;-;t *;;;;j
(kqlcountl I

Nu$ber ¡rass -*ì;-----;;---:;;-----;;--l
lkq) I

2 4.'l{, 2.39/15 1.51,/g 0.00//0 0.85/13 4.¡r4 2.4u/11 1.28/6 0.00/0 0.72//24 6.11 1,15/9 3.07/16 C.g5/3 A.-74'/25 4.64 2.34/1e 2.3A/.t1 o.o0/o o.oo/c6 5.9? 1.50./.10 1.52/s o.co/q D.g\/j7 5.32- 2.tJ4/19 2.49/16 0.00,/0 ().35,/2
8 5.3" 3.76/26 1.37/6 0.00r'0 o.?-tt'/2

Fast S Deâd

I Sample Sanple ¡,!ass of Ðanâqed Ïubers/NunbeE of Tubersl
(kqlcount) I

------{Nunl,.er l{ a-s s
I kq)

ryD SL ¡lÐ SÐ I
I

't.48/13 3.46/19 0.00/0 1.09/6
1.1'l/8 3.45/17 0.11/1 1.1\/5
1.79,/15 3.12,/17 O,OO/0 ,1 .84/9
2.35/1p 7-. 12,/12 0,40/2 1.1q/5
1.66 /14 2.55/',ts A.00/q 1.11/4
2,46/'15 3.08/16 0.f;û/() 0.38/2
2.C2/14 ?..50/15 0.5a/2 1.21/6
2.OA /11 4.15/15 0.00,/0 0.72/3

1

2
3
4
5
þ
'l
I

6.04
6. ttc
6.'75
6. C?
q 2')
5.92
A )a
6.81
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Table 8.1 Conc 1u d ed

rield 5

Sloc S need

Sanple Sanola ¡4ass of fanaged îub"rs,/Nunb?¡ of Tuhersl

_ _ _ _ _ _:\1!_"_:::' 
) ________l

ì.ru ¡ì her ¡lass
( kqì

ttD ¡! 1) sÐ I

I

----{
1 O.9l¡
2 4.63
3 4.3?
4 5.41
5 4.10
6 lr. 86
7 .5.06
I 5.7_?

2.92 /22 1.26 /6
2. 96 / 3O O. 99 ,/5
2. 9A /22 o. 84 /5
u.51 /26 0.00./0
2. 12 /19 0.94 /4
lr . 14 /25 0. 0 0,/0
tt.29/32 0.26/1
5.06/33 C.43,/1

0.00/o J.16 /2
a.1q/1 0.54/3
0.00,/0 0.55/4
0.00,/0 0.90/3
a. a0 /c 1 .04 /5
0.00,/0 0.41/1
0.00,/0 0.52 /4
0. o0 /o o.24 /1

t--------

Fa s'! S n€ed

Sanple saßp1e ¡,lass of Ðamared lubers,/Number of Tùb€rs I

(k g,/co rrn +-l I

Nu.nber
---{|r¡ s¡ I

I

Itrass IID
{kq}

1

2
3
t¡

6
'7

q

4 .23
5.52
rt .45
l¡.99
5.12
'J .17
5.12
5.21

1 .81 /18 2. O2 / 10
3.83/26 1.36,/5
3.18 /2'l 0.85 /5
2.29/'t6 1.62,/9
3.50 /27 1 .61/8
2.68 /2q 1.47 /7
2.82 /2C 1. 06 /5
3. 22 /25 1. 2E /7

0.00,/0 0.18/2
0 .00 /0 0 . j3,/2
0.00,/0 0. \2/2
0,40 /c 1 .oe/4
0.00 /0 0.51 /3
a .00 /0 4.62,/ j I
0.59/3 1.26/5 |
0.00/0 4.71/4 |
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c. I Sai4rÞLe CalcuLati,ons

The raw Èlata were reduced to a percentage basis. Let
M bè the totaL sampJ.è mass in kg and MUo, ilSL, I{¡{D an¿l MSD

be the mass in kg of the undamaged, slightly darnaged, moder-

ately damaged ancl severely damaged tubers, respectively, in
Èhe sarnple. Let Nu¡ r NSL, N¡¡¡ ancl N"O bê the nr¡nber of tub-
ers classìfied as undaruaged, sJ.iglttLy damageil, mocteratel_y

ilaroagedl and severely daruage¿l in the sauple, respectively.
Thè presênt danage ancl tbe averagê mass Ìn each category
were obtaÌnecl ês f oll-o¡øs. SarupJ.e nr¡nber one, collecteil in
fieÌd one at the slow speeil con¿Iltlon ìùas use¿l for the sarDpl_e

calcuLatÌons.

C.1:1' ÞgrcenÈ caL'cuLâtLons

ti) Percènt undamageil GtD) 100

r00_ r..53
_x

6.22

= 24. 65

(ìil Pèrcênt stlgbrJ.y ¿t4age¿t (sÏ,l

\:¡É _l<
t4

r-0 0

1004-.42=-)(
6.22

= 71.04

ì
(lEDl =:l4qx l-00

ü
GÌil Perccènt mo¿leraÈely ilauagecl



- 0.00 x too
6.22

0. 00

M('iv) Percent severely ilamagedl (,SD ) = 
'ED * IO0

M

_ 0.2? x 100
6.22

= 4.31

tv) PèÌcent total damage (t¡¡ + sD) = %p t uso 
* ,oo

M

= 0.00 + 4.3I

= 4.3L

ti) Àvêragê mass of unilåmaged tubers (UD) = þ-UD

= ].53
10

=150s

(ìil Àverage ¡lass of slightly damageil tob."" = 
üsI

(sL) Nsr,

= !.!2
18

rnassl of tubers in each .cLassification

lnounded to tno slgnìflcant, cligiÈs.



L05

=250s

(iìi) Àverage mass of mo¿lerately ilamagea = \tD
Èubers (sD) _r"

(iv¡ Àvèrage mass of severeì.y Èlarnaged = 
ù"o

Èubers (sD) Ns¡

- 0';2'1

1

=270s
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Table Ç.1 pÉ'rcent llamaqê and Àverag¿ ¡,lassÊor Fiel4 T+sts

Fi eld 1

Sl ow s Þ€ed

I Sample pcrcent r)anagÊlÀv?raqe Hass (q) përcentl
Da nage I

NUNìbET ÛD SL ¡{D SD F!Ð+SÐ ;l--------- !

-------{I 1 24.65/1so 
11 .04 IZSO 0.00/o 4.31/270 4.31 r2 27.98/110 72.02/2AA 0.00/c o.oo/o 0.003 23.03,/150 -t\ .49/1-tn 0.o0,/a 5.4g/2FO 5.48t¡ 34.92/16C 49.89/23A o.oo/o 15.19,/2?a rs.ls5 31.80/190 38.03/20a 4.70/230 25,4q/!r10 rn.176 56.39/160 35.16,/2qo 0.00,/0 B.trs/ :,u0 8.45'l 62.q5,/160 33.89,/21 O 3.66'/180 A.00,/0 

-1 .56q 61.87/18q 13.39/1gO q.7U/240 0.00,/0 t!.7u

Fa,s ì s õe+d

I SamÞ1e pÊrcent Denege,/Àverage fiass {cf} percêntl
Da neqe

It Number rtD st HD sD ¡{D+SD It--_____r r -_----J1 23.28/14C 70.78/1BO 5.95,/160 0.00,/0 5.9s2 1O.601160 84.15/220 0.00,/0 4.62/2aO 4.52i 27.35/130 ('e.Sq,/Z3A 4.08/300 O.OO/O 4.084 21.31 /150 51 .04/240 1,1 .8gßoa 15.75/21() 27.655 2e.36/120 t19.17/32O 5.45/32C 1-t.02/250 22.476 5q.65/1!!0 la.19/210 .16.74/240 13.42/1oA 30. i?1 46.87/151 33.66/2-cC 11.47/3OO 8.04/21A 1c.51| 8 ls.4Rl_1 50 1É'.32/18C 9.73/180 14.41 /26.0 24.2îL______
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Table c.1 continued

FieI,1 2

S:ì- oï S Deâd

S annlc Petcqnt Dana.r?/Àveragè Uass (gl

Number fI ll

Pêrcent
Da rrÌ a qe

¡r!D+sI)SD¡ÍDt---------
32.97/1a0 A.00/0 5.11/?OO s.11
33.'71/160 0.00,/0 11 .03,/270 1?.01
16.5j/200 0.00,/0 44.66,/460 44.66
52.60/1p'0 6 .12,/ 150 3,02/150 c.13
5e.33/25A 0.00,/0 1a.26,/3AO 10.26
27.09/1-t0 7.52,/460 6.08/1eC 13. 61
10. gtt /6a 5.51/140 23.A1/310 29.32
39.06,/250 0,00,/0 6.31/290. 6. 31

1 6 1 .92 /1't r)

2 U9 .26 / 140
3 39.81/?,4O
4 38.26/190
lr 30.41/2DO
6 5C. 31 /17 0
1 59 .'t 4 /2q0
!ì 54. 6i / 181

L--------

I SamDle
I
I

I Numher st)uD5i!tn

Fast S Deed

Percent Da na qe,/À ve ra qe Uass (g)
Da maqi

]ì{D+SÐ

2e.12 /2OO 7 .96 /220 11 .87,/220 19. I I I22.36/180 4.50/22A 3e.52/240 u4.02 I2?,80/200 11,20/230 16,10,/320 27.3A I59.11/180 12.14/160 2C.12/270 ?2.26 I49.58/210 3.56/150 2.58/110 6.1r¡
32 . i7 /1 8A 8 .17 /220 17 .87 /240 26 . 03
3e.oo/28a 5.89/15A 12.38,/210 18.27
45.92/200 4.57/120 4.72/2uA 9.2e

t----
1 51.05/'teQ
2 33.52/16n
i 49.90/2DO
r¡ 8.62/2iA
5 44.28/170
6 41.60 /13A
7 42.7t] /15 4
8 ¿r4.79/19t)
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Table C.1 eontin u3,l

Field 3

Sl orr Speed

I Sa!ìÞ1€ PÊrcent DamaoÊ/AvÊragF'Mass lq) percentl
Danage I

Nurîber ñ-----;;------;;------.i---- *o*ro i

2 34.79/'150 a0.21 /z7c (,.11/13a 18.Bg/210 2a:0ì i3 4'7.11 r'160 t|1.63/1aC 0.0a/0 11.20/1rr} 11.20 i4 r¡'t.01,/tB0 50.00/220 0.00/0 a.s9/190 8.99 iI 11.14/140 45.88,/2'tO e.5s/540 .1 .3s',/470 ls.ss ;6 37.70/190 48.41/2oo 0.00/0 13.8e/230 li,Áq ;1 52.98/1!r0 41.73/16A 5.29/310 0.00,/0 s.ic i8 49.48/1-t0 44.s6/21O O.o0/0 5.56/160 s.ir ;

Fast S DÊêd

sanÞ1e pÊrcent namaqezlve¡;;;;;;-:--;;;;;l
Damaq? |

Nunber IJD St ¡4D SD
I

I"t Ð+s D I

1 _34. 43 /16C 16,46/i1o 6.s4/2402 4 8.30 /120 32.16,/20a 6.44 /2OOj u't.83/1?0 37,\8/1 90 0.0c/0,r fi5. 08/140 q6.60/24q 0.00,/05 35.85 /13O 60.45/180 0.oo/06 28.63 /120 uq.2 o/180 10. a1/19C1 44.01 l.tuQ 1e.16/160 f.30/1509 49.02/1't0 4?.50/21(\ C.O0/0

-{22. '18/250 29 .11
13.1A/160 19. 54
14. 69,,/15A 14 . 6 9
8.32/250 8.32
3.69/',t10 3.6e

13.16/25A 23.18
13.87/210 17.11

7 .4A,/2f 0 't. uB



109

Table C. 1 côntinuéd

Field 4

51ow S Þeed

-----tI Sanple Pêrcent Danaqe/ÀveraqÐ gass (q) pêrcertl
na na g-- |

Numher frD SL i{Ð sn ïD+SI)

1 56. 33/140 U3,6'7 /1sO 0.00| f,b.33/1+u 4.r,6//190 O.CO/O 0.00,/c 0.002 50.34/160 31 .-t1/170 O.0O/0 17.s6,/g5} .t 7.1ì6. r\t.r4/tDv rt.tt/1 tt) 0.ou/o 11.96,/950 ,l 7.1ì6I 54.95/19C 28.'7t1 /210 0.00,/c 16.31 ,/760 .t6.31
4 22.A'7/1\D 50.20/1sO 15.55,/320 12.1q/3-to 27.735 50,43/120 tr9.57/21A O.OA/O 0.00 0.006 25.29/15C 5C. r¡7,/390 0.00/o 15.25/300 15.251 q6.6't /130 tr6.19/'t60 o.ao/c 6.54/17O 6.548 ?0. a3 /1ut, 25.rt6/23C C.0o/0 4.51/120 4.51

Fast SDi!ed

I Sa:¡DlÊ P?rcen!. Danagê/Averagê Hass (g) perc4ntl
¡ra na ga I

llumbe¡ T'D 5Ð !!D+ SI)

1 24.51 /11q 5'7,37/1BO 0.00./c 18.12/1BO 18.12 i2 17,28/140 57.86/2OO 1.66/110 27.21 /35A 28.81 i3 26.56/120 46.19,/1 80 0.c0l0 27.25/2OO 27.254 3s. 11 /130 35.28/1SO 6.64/200 18.9A/230 25.555 ,?1.27/120 47.Au/17A o.ao/o 20. s9,/280 20.896 41.6o/160 51 .98,/.190 0.00/0 6.42/19A 6.L27 32. r)9/144 40.13,/1 ?0 8,03/250 1s.36/200 ?-7.3a8 29.12/180 60.43/28A D.AO/C 1Q.47/2uA 10.47

)1, I.ID
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1lab1e C.1 Cónc 1. ud ed

Pi€1d 5

slow s De€ô

SampLe

Sampl e

Pe!:cent Ðana qe,/Avârage t4ass (ql Perce¡t I
Danaq: I

Ir,!D+SD INunber flD St I'lD SN

-{_1 59.'12/130 25.53/?.10 0.00,/0 15.36/380 15.36
2 63.96/1qi' 21.U1/2Oo 3.A6/'tUO 11.57/1q0 14.63
3 68.1A/14cr 19.20/17e 0.00,/0 12.62/1uO j2.62
Ir 83.41,/'l-t} 0.00/0 o.c0/a 16.59,/300 16.59
5 q1.11/110 22.95/7-40 0.00,/0 25.3t1/210 25.3tr6 s 1 .47 /180 0.00 /0 0.00,/0 8.53/410 8.53't a4.10/110 5.10/26A 0.00/0 10.20/130 10.20
8 88.21 /150 -t.54/430 0.00,/a 4.19,/240 4.19

Fes¡- S Deed

Percen t- Ðamag€/Àveragê ¡lass (o)
Dana ge I

I
Nunb€r D

1 4 3. 22 /100 47 .15 /20 0
2 69.q3/150 ?tt . 62 /27 0
3 71.54/120 19.11/1'7A
r¡ r¡ 5. q1 /14|, 32.51/1 8A
5 61.2U/130 28.10/?,0C
6 55.27 /11q 3C.80/?-1A
7 49. 30 /140 18.48/210
8 6 1 . 8't /'130 2t! . 5C /1 8D

sD i'!D+st !¡{Dst

0.00,/0
0 .00 ,/o
0.00,/0

9.43,/194 9.03
5.95,/160 5.95
I.35,/2'l0 c.35

0.00/0 21.68/2-7A 21 .68
0.00,/c'10.66/2Ao 10.66
0.00,/0 12.92/210 12.92

10.24/200 21.95/?.50 12.22
0.00,/0 13.51,/180 13.53
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'l'able D.1 !.nalysis of varience for Damager

rjndamagcd Samplcs

I S o.J rce DF

I Blocks
I Trea tûe.lt s

Ll

1

I Erl.ôr 'lU

SS MSS F value I

;*;1--- s;;--il;;;;l
5.764 5.764 14.852*+l

28.719 0.388 I

---------{I Total 7q 56.804 I

ls
l--

ource

Slioht 1v Damaqed Samples

NF
---------------'tfiSS !'val-ue I

---l22.632 5.658 12. q37** I
1.32't 1.321 2.997 I32.615 0. 441 I

ss

I Blocks
lTreatncnts
I Error

llota1
L---_______

u
I

7tt

'79 56.568

!'!od€¡at"1v+Severely Damaqed S a nÞ1es

lSource 55 HSS F valu" I

I Blocks
I Treat oents
I Error

I Total

o
1

14

1.20tt
1 .567

16.963

0.301 1.313 !
1 .567 6.834* I
0.229 I

79 19.'7 34
--{

I

rTh.' sa¡lDlc -"izr vas norr¡alised to fivê kq fcr analysis
of varianc:

**Siqnificarrì at o::: Dercênt 1eva1
*Siqnificant at fivs D€.:¡ceni- 1evc1
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Table D.2 Ànalvsis of tr'ariance for Average uass
of Damaqed Tubers

Itn¿lamaged Samples

I Source TJF l{SS F ValuÊ |
t--- ;---;:.r;--ì;;-;.'u. ;;-1

1 0.006 0.006 7. S6tr'i* |
0.001 I0. 055

I B 1cc ks
I Tr êat nent s
I Errot

lTotal

1U

19 0.087
-------_----{

'l

S 1iq ht Itt Damag6¡d Sanpl-es

-----_J

I
I
I

--{
I

lsource D1 )5 --l;--";J;;-ì
I Blocks 4
I Trea t ne rt s
I Error
l------_
I Tota I 79 0 .286

!Ioderately+Severely Damaqed S a I p]-es

1

'7U

0. 010 0, 0 02 1.66u
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