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Bome Aspects of Designing of Grain Jarvesting

Macaines

M. Pustygin, Professor,
Doctor of Engineering
Sciences, JSSR

1. Area Under Crops and Yields of Major

Grain Crops

The harvesting of grain crops completes the whole
process of grain production. The amount, quality and
cost of the product are depender.t in the final Analysis on
harvesting efficiency,

Depending on the viriety of crop, the ggrotecan.cs of
cultivation and climat :, weather and otner Cunulitivns, the
physical and mechanica. properties unt the yiela: ot crops
harvesied very .v-r s wiue Tange, whicl lmposes stringent
requirewenis up .t Froln harvestiig -oc.iaes.

The mc . popusar epricultural crors 1. developing
countries, like in all otuer rountries arcund vae surid,
are wheat, barley, corn, millet and sorgyhums urd :.ce,
Table 1 indicates cultivetied areas and Lne av.ryse yields
of grain crops for 1966 1n sowe of the develor.in countries
uf Africa, Asia, in Africa and Laliu America as a whole,

and also,for comparison, .o certain well levuioped

countries. The arcas unuer M8jor (rait Crugs 1in weveLloping
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countries range irom 200,000 hectares (Kenya) up to 93.5
million hectares(India); in all Lhe countries of Africa and
Latin America the figures are 57 and 42 million nec .ares,
respectively. Tue aversge yiciu o0t uhese Crops itlu. veirieg
over wice ranges: wheat from 2.2 (L.bia) to 20.8 cenluers
per hecitare (UAR); coru from 2(Libia) to 44.2 centners per
hectare (Zambia); millet and sorghume from 3. (Morocco) to
39.2 centners per hecture (UAR,, and 1ice from &.4 (the
Budan) up to 60 centners per hectare (Morocco),

The grain crops presented in Table occupy (percent
of the whole ares under each major crop):

(1) in the couutries uf Africa: millet and sorghum
52 percent; corn 26 percent; whea. 10 percent; barley 6.4
percent; and rice 5 percent;

«2) 1n the countries of Laiin America: corn 57 percent;
wheat 19 percent; rice 1,7 percent; millet and sorghun
5.5 percent; bar.ey 3 .ercent; oats 1.6 percent; an. rye
1 percent.;

(3) i cue ountries of South Asisa (Pakistan, India,
Afghenictarn  burma): rice 42 percent; millet and SO rgaum
33.5 perc- U (mainly in India and Pakistan); wheat 7
percent; corn 5.2 percent; and barley 2.7 percent;

(4) in tne countrics of Near East (Iran, Irax): wheat
67 percent; barley <o., perzent; rice 5.8 percent; millet
and sorgum U.3 j.rcent; and corn 0.2 percent;

(5) in tue dSA: corn “Y.8 percent; wheat 33 percent;

oats 11.8 percent; aiilet and sorgoum 3.5 perceunt; barley

6.8 percent; rice 1.2 percent; and rye 0.8 percent;




(6) in Canadas wheat 63.7 percent; oats 17 percent;
barley 16 percent; corn 1.7 percent; and rye 1.6 percent;

(7) in Denmark, bariey 74.8 percent; oats 15.8 percent;
wheel 6.3 percent; and rye 2.1 percent;

(8) in the USSR: whesat 60 percent; bar.ey 16.5 percent;
rye 11.6 percent; oats 6.1 percent; corn 2.8 percent;
millet ana sorgnum 2.8 percent; snd rice 0.2 percent.

In the countries of western Burope, due to the high
ievel ot the wgrotechnics of culivation and also to the
favourable ciimatic conditions, not only the highest yield
of grain crips is obtained, but the stabiiity of yields from
year to year as well as with respect to crop varieties is
also observed (for instance, in Denmark, 27 to 42 centners
per nectsre, and even tne yield per hectare of rye is 30
centners).

In tne USSR, owing to an exceptionally large variety
of scil and climatic conditions, the yields of grain crops
vary over wide ranges.

For example, in 1967 the aversge yield in the Ukraine
was: wheat 2% ceniners per hectare, and millet and sorghun
14 centners per nectare; in Kazakhstan: wheat 6.3 centners
per hectare, and millet and sorghum 4.2 ceutners per
hectare. in the Kuban region, the aversge yield per hectare
of wheat is higher than 30 centners, and the figure on
many farm$ reaches 40-50 centners.,

Under tne conditione of the arid steppes in Kazakhstan
(the regions of virgin land now being cultivated and called
"Teelinnye zemly") the deficiency of water limits the
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possibility of increasing crop yields and mekes the

application of fertilizers ineffective; however, under these

adverse conditions the Research Institute of Grain Farming
in Shortandy (the Tselinograd region) succeeded in obtaining
the average wheat yield of 15 to 17 centners per hectare
ovar tens of thousands of hectares every year. Such an in-
crease in the yield of wheat has been achieved by the
proper use of new techniques and special machines for
erosion control, mechanical cultivation of scil by means
of a subsurface cultivator without turnover of sod, and by
the use of trash or mulch cover and other asgrotechnical
means for preservation of water in so0il and for control of
both wind and water ersion.

In undertaking these measures the Shortandy institute
took into consideration the experience of maay yearc of
soil trestment in the rid regions of Canada, and revised
it creatively for adap .ation to the particular conditions
of the virgiu wnds of Kazskhstan.

lu wany de cloping countries the grain crops are

cultivaied - ier the conditions of arid climate. The

experier. - gained in Canada and in the Soviet Union in
increasing crop yields and combating soil erosion under
similar conditions should be utilized to the best advantage

in these countries.

2. Methods of Grain Harvesting

Two principal methods for harvesting grain crops are

distinguished: the windrow or multistage method (mowing
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and binding with subsequent threshing) and the combine
harvesting providing for direct or single~-stage vombining
and windrcw or two-stage combining.

In the countries of western Burope, North America and
in come other countries the windrow method of grain harvest-
ing using binders and stationary threshers was predominating
for many years. The availability of a large number of such
machines on farms and also the small size of most farms have
been and s.ill are a considerable obstacle to the wide
employment ot combines in these countries.

In 19%0s, for a comparatively short period of time,
the Soviet Union completed the change-over from hand
harvesting and the use of simple machines (horse-drswn
reapers and threshers and hand winnowers) to the most
progressive method--the use of combine harvesters, by means
of which more than 98 percent of all grain Crcps, groats,
oil-producing Crops, podded legumes and grasses for seed
are harvested Loday.

The combine harvesting of these agricultural products
hes becume the principal method all over the world and is
now firmly replacing all other methods. In comparison with
the windrow (multistage) metnod the combine-harvester
direct method has indisputable advantages as regards all
the indices (losses, labour expenditure, cost of production,
etc.). However, in complicated and varied harvesting
conditions, especially in the USSR witu its sharp differences
in the clima.e, weather snd otuer regional peculiarities,

the apy:.ication of the direct combine uarvesiing introduced

new seriovus provlems, Tnese problems nccessitate tae
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corresponding improvement of grain harvesting equipment
to meet the requirements under the conditions of a particular
region.

The properties of crops harvested vary over very wide
ranges, depending on the species, variety, zone of cultiva-
tion, wecsather during the vegetative stage and the period of
harvesting operations and even during each day of harvesting.
In many cases—-in areas of increased moistenging, in
harvesting rice, etc.-—additional difficulties are eancoun-
tered due to the necessity of providing the moveunent of
machines along water-logged S$oil with & low bearing capacity.

The above-mentioned difficulties which arise from the
comuvine harvesting of grain crops and tne high strain of
field operations caused by the necessity to garner the fu..
yield of grains and gstraw for a short period of time ied
many specialists to sea ch for other noncombine n>thods of
harvesting.

In tne USoi, three noncombine methods have been develoup-
ed and tested. 1 .se methods provide foT delivery to the
station sud - ocessing, under stationary conditions, of
bulk cere.) crop in whole or ground form, or of uncleanded
grain.

In GDR, simila-r work was carried out by using silage
combines for mowing and grinding grain crops and subsequently
processing bulk grain at the station.

This harvesting technology has been developed at a
higher level in Czechoslovakia, where a system of machines

was designed for cutting, delivering to the station and
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processing bulk grain under stationary conditions (batch-
loader and thresher—precleaner with pneumatic discharge of
chopped straw). The Czechoslovakian specialists do not
oppose this method to the combine harvesting, but they
consider it expedient to apply it in those regions, where
the grain crop are planted on steep slopes.

Repeated testing of ™noncombine™ methods of grain
narvesting has uemonstrated that no advantages are gained
from the use of these methods as compared with the combine
method, and moreover, conirary to the expectations of the
advocates oi noncombine tecnniques, big complicatlions
arise in their realizstion. What is contemplated in this
noncombine tecnnoiogy, in lieu of tne combine, is a
cumberscme system of macnines which limit the capacity of
each other.

Additionel uifficulties appeared in connection with the
necessity to proviue tue uniform feeding of dense (noniocose)

strew neap with u variasble amount of grain Lo the
stationary macnines. The combine takes advantage of the
netural uniformity of distriobution of the stand.ing crop
over the field, whereas in "noncombine" methods it is made
use of only in cuttinz and crushing operations with partial
or compiete threshing, end tne most formidable operation——
separation of grain from straw--is to be performed after
collection of the crusued bulk grain in a pile, which
involves violation of the grain-to-straw ratio in various

potrionc of the pile.

Investigations into ™noncombine™ methods of grain




harvesting are still in progress in the USSR and Czecho-
slovakia, hut at the present time there are 10 grounds %o
hope for tue success of this techaology. Bven 1n condiiions
of rugged terrain with steep slopes (up to 20-2%) this
technique is nardly capable of offering advantages over t.c
hillside comblue.

All tne experience accumulated up to tune prescat tiae
indicates that the perspective in the development of grain
harvesting techniques is in the wide applicstion and
continuous improvement of the combine harvesting methcd, and
tae developing countries snould take up the use of tne most
perfect and productive combines.

The harvesting conditions iu tne regioms - Lae
USSR witn differences in the¢ clim~ie resemble in many
respects those in deve oping countries (regions of insuf-
ficient snd excess wmoJ) stening; dry and irrigaticn farm.ing;
crop ver.et . being cultivated, and variations 1n crop
yields, etc. & i the experience in the use of combines
under these :ondi.ions can be put in opractice to the best
advantage . these countries.

ln the USSR, before 1955 use was made of the direct
(single-stage) combining, and later the windrow (two-stiage)
method won remarkably rapid acceptance and found wide usage.
In major grain-producing regions up to 70 percent and even
more of the crop is picked up by the windrow method.

In recent years tnere has been observed a tendency to

achieve s rational combination of the direct and windrow

methods.
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On the one hand, the windrow coabining involves an
sdditional operation, that of windrowing, which entails
corresponding expenses, and on the other hand, i1t permits
the harvesting operations to be started at an earlier time,
taking advantage of the period of gold ripeness of grain;
prevention of crop overmature and harvesting with lower
losses. In order to avoid considerable losses from the
shaking of grain from the stalks by wind it is necessary to
pick up the grain when it is fully ripe within 4 or 5 deys,
but the direct combining would require a considerably
greater number of combines, trucks end grain-handling
equipment, Use of the windrow combining over 50 percent of
the land under greir crsop provides a two-fold reduction of
the required number of these machines, though at the expense
of use of an additional number of wuch simpler and less
expensive machines-- wiudrowers.

Besides, tue windrow or two-phase harvesting is of
advantage for picking up weedy crdps. The wetted weeds in
windrows huve time to dry and do not exert an adverse
influence on the operation of the combine.

The windrow method should alsc be applied in the
areae subject to stroug wind and the falling of hail at the
harvest time. In these conditions the stalks lose a large

amount of grain and even run the risk of being destroyed,

but in windrows they are preserved.
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3. Basic Requirements Imposed on
Grain Harvesting Combines and Ways of
Raising Technical Level

The modern groin harvesting combine must meet very high
requirements as to capacity, operational reliability,
reduction of losses and damage of gZrein and of tne
maintenance and adjustment time, 1improveament of working
conditions of combine drivers, possibility of Larvesting <.
various c¢rop varieties, operation under varied conditions,
aestnetic appearaice, 8tc,

The cajacity of the combine depends on numerous factores
the tuhroughput of a threshing devi:ze, distribution of buik
grain over tune field and the conu.tion of the [leld,
conformity of tie operating width of cutterbar witn the yie.u
ard the cuarging of thi:saing device, qualificaticn ¢ tue
driver, organizat:ior c¢. the transport fscilities for
unioading tue ~res-n, the design of tne combine and its
operation (bres.eges, clogging, etc.) and sc on.

The ca icity of tne threshing device of the combine (the
permissiole feedin of bulk grain in kg/sec, reduced to the
sccepted ratio of @ruin to straw, witn the pruper functioning
being provided) depends, in its turn, upon a number of
factors, including the scheme of operation, the size (width
and lendth) of the grein separating-and-thresuing unit, and
the properties and condition of the crop being picked up.

The narvesting conditions prevailing in developing

counvries (tropical climate, wide variations in yield, etc.)
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place turtner requirements, which mus\ be considered in the
designing of combines intended for use in vhese countries.

Today, ever increasing use is being made of sealed-
for-life besrings and slso of devices for rapid adjustment
of worzirng elements, this permitling a snarp reductciou of
the mainieunauce and adjustment time.

Considersble work is being carried on to improve the
working condiicions of combine drivers.

hil-weather (airtight) and air-conditioned cabs are now
bein develojed, the steering effort is reduced, drivers'
seats with an improved cushioning freme are introduced,
which are agdjustable to tne weight and beight of a driver,
and control of tne principal working elements of the
combine is made much easier.

Serious atiention has recently been paid to the
aestnetic appearance of coubines; besides seeking to
modernize the combine in its external appearance, ine
designers do vheir best to provide betlter satety, |roiect
V-belt and otier transmissions againsl tue cetriuencal
effects of atwospucric precipltsilon anu suiiisnl, reduce
vibrations and noise, and 1o create vetuer w.rking conditions

for the combine driver,

Many tirms with a long-estebiiched prodaction of
8rain harvestinz combines try to iniroduce ref.inements into
the external appearsnce of taeir coubines witu winiauwn
éxpenses, and witiout reconstruction of Freauction and

substantial moai.ication of working elements tuat accunplish

tne tecannolosical process,
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Fig. 1. Combine narvester "Ssnstor™, Cass, GIR.

2. Conbine nervester "Matador Gigant®, Class, GFR.
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For example, the L{lsas fim ia German Pederal Republic
switched to the production of a new combine "Senator"

(Pig. 1) which differs only in externsl appearance from the
eariier produced combine "Matador Gigant®™ (Fig. 2). Other
combines put out by this firm underwent similar changes in
their appesrance.

The B.M., VOLVO, in Bweden made a shifit to the produc-
tion of a new combine harvegser "5-950" (Fig. 3) without
substantislly altering the working elements and size of the
previously produced coabine "8-1000‘(1‘13. 4), with the

exception that the new model was given a modern appearance.

Fig. 5. Combine harvester "8-950", B.M. VOLVO, Sweden.
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In the JSEK, a set of experimental models of grain
harvesting combines "Niva™ (Fig. 5) and "Kolos™ (Fig. 6)
have been put out by the industry, which have modern
externasl forms and are built in versions with one or two
threshing drums. A numver of refipnements have been i1ntro-
duced into these combines to meet the requirements indicated
above.

The combine harvester "Niva™ is equipped with a
threshing device of the same basic dimensions as the combine
"EX-4" and a 4-section straw rack. Its width is 1200 mm. The
driver's cab is located on the left side and has s good view
of the edge of the field over which the operstor drives the
combine. Behind the cab is s platform from which the driver
has easgy access to the engine and cen come down to the
ground using a convenient flight of stairs.

In the combine harvester “"Kolos™ the driver's cab is
situated between the tv sections of the hopper and has
en exit for the operatur to get to the engine located at
the rear of the¢ ceb. The width of the threshing device is
1500 am, and the straw rack is of the 4-section type.

In thes, both combine harvesters the hopper has a
capecity of up to 3a’, and the driver can switch off the
reeping device with the combine running, change the
clearsmoes between the drums and the concave and control
the primcipal opersting nunits of the machine. The sections

of the strsw rack are mounted on sealed-for-life bearings.
The sntomatic controvl of the speed of trevel of the
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VOLVO, Sweden.

Pig. 5. Combine uarvester "Niva", ULER,
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combine harvester over the field, depending on the
variaticn of the yield, to provide constant feeding, is
now entering the production stage.

The results of the laborsiury and comparative fieju
tests of the combine harvesiers built in the USSR and
elsewhere have made it poscible to improve the design of
"Niva™, "Eolos", and other combines which are now produced
in the USSR (SK-44, Rostov Comine Factory, and SKD-9
"Sibiryak", Krasnoyaisk Combine Factory), as a result of

which thne capacity of these combines was increased by

30-40% .

Results of laborstory and Comparative

Meld Tests of Combine Harvesters

Conseiderable w Tk .«uf bee: carried out ir the ~ oLk
on investigatio: wiu . -elopuwent of combirnse hervios o ¢
with a two avor thresning-and-sepsrating device. The
founder ot . . ence of sagricultural machinery
Academ:c18sn .P. Goryachkin in 1934 Lu.gested an idea of
the advuntiges of & two-drum threshing-and-seperating
device. He maintained that the first drum, operating
under mild conditions (reduced speed and increased con-
cave clearance), threshes the greater proportion of the
most valuable, fully ripened grein without damaging it
while the second drum, operating under severe conditions,

shells the remaining, smeller part of the less valuable

grain strongly hold in the stalks. As a 1c¢sult, the total
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demsge of the grain being threshed is less and losses from
returns are lower.

More than 15 years ago the two-drum threshing-and-
separating unit was mounted on combines intended for
harvesting rice; in front of the conventional beater drum
was placed a peg-tooth drum (Fig. 7).

Later the Krasnoyarsk fastory built experimental
models of grain harvesting conbim.l with two beater drums
mounted side by side. Leboratory and fields testis showed,
however, that the large proportion of the grain that had
been threshed but had no time to seperste in tne first
drum, was hit by tbe counter rotating second drum and

damaged. This forced the designers to plece an intermediate

g-2518-6

Pig. 7. Diagram of combine for harvesting rice.
Thresher un’t.
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beater between these drums (Fi.g. 8), as a result of which
the extent of grain damage was reduced.

Fg. © .rram of thresh: : . mbine narvester

. .=5 (CKA =5) "8ibizier".

Very _ood results are attained u; ~ .¢ use of an in-
termmedisie beater with back rotatiom, a r¢v-Ts.ing heater
(Fig. 9). In this case there is no counter 1l act wren the
beater catches the heap and feeds it ic the seciud drua,
because in both cases the speeds of the heap and Deater
blades or the bars of the second drum are subtracted from

‘each other rather than added.




The use of two drums, especially witn a reversing
intermediate beater added, mekes it possible not only to
reduce grain dazage, vut also to increase considerably the
separation efficiency. From the upper part of tne reversing
beater tne heep is fed to tue second drum tangentially to
its circumference in a thin layer at a speed of 15-18
m/sec, tne kinetic epergy of the grain being used up in
passing through the concave grate.”

Trne tests demonstrated tnat at a feea rite of about
5 kg/sec of bulk grain in & one-drum thresning-and-
separating unit the efficiency of seravretion (through the
concuve grate) is 80-85 percent of grain, whereas in a

two-drum unit the separation rescnes 95-97 percent with

only 3-5 percent going to the straw rack.

~r 01 comciue harvester

SkPR-5 (CKM r=5) "Niva",
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The direction of feed of tue hesp from the beater to

the straw rack is also very importsnt. Formerly .u a..
combine harvesters, and even today in the major:.y »f ner
the hesp from the drum passes beiow the beater axis andi 18
thrown upward by its b.ades (or spike-teetn) to t.. cover
or inclined -~hield (Pig. 10), and wnen str.king against iz
cover tne heap ioses its velocity. iere trne «iret.c energy
of the grain 1s used for passing througn Lo *aLe top ley=rs
of the heap, and on the straw reck the grsin nas to go
down through the eniire tu.ckness of tane ucap, walch
hempers sepesration and .ncreases grain iosses.

Now the trend in tLe designing of ccubine narvesters
i8 o iirect the heap from tae drum vertically u;waru to

the other side of the beater axis toward its b.iades whic:h

Pig. 10. Bchematic of combine harvester *Ii-9000"

B.M. VOLVO, Sweden.
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moving counter to the heap throw it onto the beginning of
the strawwalkers. The heap is then moved across the
strawrack loter at an acute angle. With this direction of
the heap the kinetlic energy of the grain is expenued in
passing through to the lower part of the .iayer, cluser to
the walker surtace, which speeds up coneiderably the separa-
tion and reduces losses of grain in the straw.

Figure 11 .s a graph plotted on the basis of tne
researc. work carried out in the laboratory of the All-Union
Researcn Institute of Agricultural Machine Building, USSR.

Three var:eties of wheat were used for these investiga-

tions.
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Fig. 11. Results of comparative laboretory research

work cn threshing~and-sej arating mecnanisms

of combine harvesters SK-4 (CE-4) and SK-4U
(CK-4Y ),
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The upper curve indicetes losses of grein in the straw in
the threshing-asnd-separeting mechanism of the serial comoine
harvester SK-4 with a Beparating spiked beater which tarcw:
the heap upward to the cover an!: deflector. Thc lewer curve
refers to the nechenism that has been re-des.yned. The
alterations introduced were as follows: the aiygle of contact
of the concave (at the outlet) was increased by 389 {(from
‘105o up to 1450); tne spiked beater was rej.ace! with ¢
four-blade beater and, finally, the first step of the
strawwalker was slighily modiiied. The oversll diwmensions
and weight of the threshing mechonism remalned the same,

and .osses of grain in the straw being removed - re reducec
s, proximstely by a facicr of 4.

Thi: me.hsnism is employed in tle combine harvester
"Armada", Cliayson, Belgium. During the comrarative tests
carried out in the Kut _. region in 1966 this cowb.ne ciowed
a high capacity owiug to the use of “he re-desinned
thresuin, iec.an:so and also due to 1ts larger widuin
(1285 mm) (F..-. 1:12).

Durin, the field tests in 1908 Fig. 13) in the same
region (‘:.van) and with the same wheat variety "Bezostaya I"
("Awnless I"), but more yielding (about 50 centners per
hectare), with good laden kernels (tne weight of 1000
xernels was 47 g), the combine "aimada" showed & higher
capacity (6 kg/sec). But this time it was surpassed by the
combine SK-4 (6.6 kg/sec) with a thresninz mechanism the
width of which was 85 mm less and even by the combine

5-950 B.M. VOLVO (Sweden) with a much liesser width (185 mm
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less), “h1s may be accounted for by the fact that in
the combine "Armsaa™ there ig D0 receiving beater, the
angle of contact 1n thre 1irst section of the ccn~ave is
smnail and the Separation of the grain is ahifted to the

second cection woich is mounted zostly vertically.
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Pig. 12. Results ot compsrative tests of coabines

in 190c, KubNII{IM. Direct combining; wneat

"Bezostaya 1",
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In this case tne wheat was easily threshed under tiae
beater and the greater proportion of the graiu was
separsted at t.ue outlet of tne tarcshing mechenism and
through %ne concave grate pushed lorvard (in combines
BK-4 and 5-950).

With a more difticultly tonresuable whest (1366) tiw
threshing operation i1s performed on the front part of tae

concave, while on the resar purt, which has a larger t£ize in

the comtine Armeda, there occurs separation.

JURPNEP U I > S - .

3 4 5 é 7 8 3 0 11
{ saa 4 IID 1245, *B e

Pig. 13. Results ot comparative test:s of coubine harvesters

in :968, Kutg’lITIM. Direct coumbinin,-; wneat
"“"Bezostaya 1"; tne moisture countent of
July 4-6 Juiy 10

straw 35-485% 14-20%
kermel 12-1%% 10=-11%
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Fig. 14. Schematic of the combine harvester

§-950 BM VOLVO, Sweaen.,

working units of this combine were designed at a high
tecnnical level. But tne uesign of it. threshing

mechanism cannot be considered efficient (Fig. 16). Like
in the "Armada" coumbine nervester, tue receiving bcater

is omitted in this umodel. Besides, tor .nue reasons that are
difficult to explain, the 4-blade beater tust throws the
heap onto .ue inlet of strawwualker hLas been replaced witu
8 multi-bluade beaiver whicu turows tue aeap onto wne in-
clined shield, the scheme that was made use ot eariier in
the 5-1000 combine uaarvester. Altuough t.is scheme uad

been abundoned in Sweden, it wac epplied later in the GDR.
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tiatins i

Fig. 16. Schemetic of tnc combine hervester E-512,

GDR
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As a result, the angle of contact of the cylinder in the
B-512 combine is unreasonably small, and this reduces the
throughput of its thresning unit. It is believed that this
error will soon be corrected, since it is not aifficult to
increase tne ang.e of contact at tne outlet, replace the
beater with & 4-blsde one and chenge the direction of the
neap. Tne absence of the receiving bester still makes it
impossible Lo increase tne angle of contact of the
cylinaer, to 138-143° (¢f. 6-950, CK-4A and CE-S "Niva"),
but this arawbacx will be compensated for by the use of s
wider thresuning unit (1300 mm).

Table ¢ gives tne relast.ve capacities of some
combines on tue vasis of tue results cf tue tests carried
out in 1906 in the Kuban region (Fig. 12) at a tolerable
level of grain losces in the threshing unit (1.5 percent)

and in tae strawwalker (0.5 percent).

Table 2

Peed (kg/sec) at losses
Model of combine,fimm,

country 1.5 percent, threshing |0.5 percent,
/ wnit straywuiker
105, John Deere, USA 2.9 2.6
"Matador Gigant",
Claas, GFR 3.0 2.8
Gleaner "C", Allis
Chalumers, USA 3.2 3.0
CK~4, USSR 4,0 3.7

"Armada", Clayson,

Belgium 5.3 4,6
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The results of the tests accomplished in 1968 (Fig. 13)
are presented in Teble 3.

By comparing the results given in Tebles 2 and 2, we
can see that the combines CE~4 and "Armada™, wuicn were
tested in both cases, showed better resu.ts in 1363. This
can be accounted for as follows., Pirst, as ind.cated above,
in 1968 the grain of "Besostaya 1" whest being harvested
was large and full-weight (the weight of 100C grains was
47 g) and easier to thresh and sepsarate. Second, 1in 1364
the tests were carried out at the very beginning of full
ripening of wheat, when its stalks nad nct yet iost their
intercellular moisture. The greain was already dry
enough (mcisture content 12-15 percent), and Lhe straw
wet (31-48 percent) due to the intercelilulsr ratner than
surface moisture, ihe surface of this sitraw was dry eaough
and consequently the passage of the grain througa the
straw heap was much casier. When tne ripened and suffi-
ciently ary stulks are wetted from over tue ground
(rein, dew)/, tue net moist.re content can be i1ncressed,
though =ligntly, but this will be enougt for thue coefficent
of resistance to increase noticeably, and uence tureshing
and separation wiil be more aifficult to accoaplash.

During t.e tests in Biberis 1n 196 it vsas noted thet
tne thresning iosses in the same comblnes 1n a test lasting
18-19 hours witn tne weatner getting cold and tue reiative
bumidity of t:e air iucreased, rose 2 or 2.5 tlides as
coupared witn the results obtained 2 or 2 hours earlier

(in & test lastiug 15-16 hours).




Table 3

¥oisture content, Peeding (kg/sec)
Model, firm, Date > 4 at .osses
country straw grain 1. 5%, C. 5%,
thresning | strewwalker
"Armeda", Ciayson,

Belgium July 6 40 13 6.1 5.9
E-512, GDR July 5-6 | 40-48 13-14 6.1 4.8
£-950, BM VOLVO,

Sweden July 4-6 | 3248 12-15 6.5 5.7
CK-4, ]S8R July 5-6 48 13 6.6 6.0
SK-5, USSR July 6 26~41 12-13 7.0 -
CKD -5, USSR July 5-6 41 13 7.2 £.6
CK/1P-5, USSR July 5-6 26=-41 12 10.0 8.5
CK)1P-6-8, USSR July 5-6 41 13 11.0 9.8
CK~4, USSR July 1% 13.7 10.5 4.7 4.7
CKMP-5, USSR July 10 20.0 11.0 8.0 6.7
i

The moisture content of the straw and grain as
determined by conventional methods (in drying ‘chambers)
practically remained constant. The moisture precipitated
onto the surfuce of the stalks a8 a thin film and thia was
enough to impair the indices.

Uzn‘ortunat.ely, efficient methods for determining the
surface moisture are not available at present. They coulad
show that in tests of July 4-6 (Table 3), inspite of the
very high net moisture content of the straw (31-43 percent),

1ts surface nmoisture content was small. Four or five dgys
later (July 10) two combines CK-4 and CKNP-5 were
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subjected to control tests, the results of which are

shown in Fig. 13 (dashed line) and in Table 3 (the two
lines from bottom). Only # days elapsed since tne time of
the basic tests, but these were very hol days and the
moisture content of the straw was reduced, the heep (grain-
snd-returns) became finer and tne threshing iosses at the
same feed increased 3 times and the capacity dimu:ished

by 20-30%.

The test conditions (July 4-6) were highly favourable
in all respects (large laden grsin, insignificant chopping
of straw, uniform feed, etc.), losses were lowest,the
capacity highest among the results obtainec at different
times in other regions.

In the same year (1968) during the test conaucted in
the Ukraine with tne winter wheat "Mironovskaya 808"
(yield 32 centners per nectare; large, but sickly grain)
all tne combines under test snowed much lower r=sults
(Pig. 17) which are typical for the conditions most
frequently encountered.

The capacity st 1.5 per cent threshing losses wasi
3,5 kg/sec for CK-4; #.6 kg/sec for E-512; 5 kg/sec for
CK-5 “"Niva"; 5.1 kg/sec for CKD =5; 5.5 kg/sec for CKMNM P=5;
and 6.4 kg/sec tor CKN P-o-8.

Figure 18 sunows the results of testing of tne saane
combines (except for the last) in the harvesting of winter

rye.

The capacity, also at 1.5 rercent threshiug losses,
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Pig. 17. Resu. s of comparative testing of combine

harvesters in 1968;(,the Ukrainean Machinery Testing
Station; winter wheat "Mironovekaya 808" yield

— LA 32 centners per hectare.
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Fig. 18. Results of comparative testing -f cowbine narves—

ters, 1968; utie Central Mecniucry -esting Station

(tue Moscow region); winter rye "Gibridnaya 2",
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wast 4.0 kg/sec for CK-4#; 4.4 kg/sec for CK-5; 4.8 kg/sec
for B-512; 5.9 kg/sec for CKD -5; and 6.1 kg/sec for
CKNP-5. dere the B-512 combine showed relatively better
results osinly due to more unifora feed of thne stelks from
the reaping section to the threshing unit. It was noted that,
inspite of its great operating width (5.7 m), tne B~512
combine harvested long-stem rye wel., wheress in the
headers of tne other combines with tneir snape reproducing
ground contour the stalks were delayed on their say from
the auger to the irclined elevalor and tne feed was uneven.
However, when short-stem and leaid grain crops were
harvested by the E-512 cumbine, .iosses incressed because of
the absence of tne longitudinal ana lateral fitting of

the header snape to ground contour.

Pigure 19 shows the results of testing of combines at
the Tselinograd Mashinery Testing Station 1n Kazaknstan
for harvesting short-stem awnea sprin: wheat "Bezen-
chugskaya 98". In those tests tne capacity of all the
combines was nigh (at tue same level of threshlug losses,
1.5 percent): 4.9 kg/sec for CK-4; ©.0 kg/sec for k-512;
6.3 kg/sec for CK-4M (modernized CK-4 model with increased
angle of contact, 1450, and expanded cleaning unit);

6.6 kg/sec for CK~5; 6.7 kg/sec for CKD -5; and 7.9 kg/sec
for CKMnPp-5.

Analysis of the test results given in Figs. 13, 17, 18
and 19 shows that in all the cases when harvest.ng winter
and spring wheat varieties and rye in the regionscf the

USSR differing in the climate the highest capacity was
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Pig. 19. Results of comparative testing of combines at the
Tselinograd Machinery Testing Station, 1968,

pickins windrows of spring wheat “Bezencugekaya
98",

demonstrated by the two-cylinder combines CKD -5, CKNP-S
and CKN P-o-8,especially the last two combires, which were
equipped with an interuediate reversing beater, The same
combines, witnu tae first rasp-bar cyiinder being replaced
with a spiked cylinder, alsc showed good resuits in the
narvesiing, of rice.
Witn equal alimencsions (length ana widtn) of the

separating surface tnese combines showed a nigher capacity

(by 50-70%) as compared witn the formerly produced CK-4

combine,
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The introduction of sligzht changes into the design
of single-cylinder combines, namely, increase of tue
concave angle and tne throw of tie heap (grain-and-returns)
by Lhe tour-blade beatler to tne inlet of tre strawwslker,

permits increase of capacity by 30-40 percent.

5. Sejaration Reguliarities and Determination

of tue Capacity of Combine Harvesters

Modern combine narvesters built by nwuerocus timms in
various countries havc many features in common: auger
heauer, floating inclireu conveyor, cylinder, strawwalker
and one two-stz"’::leaner. A great variety of combinations
of tne widtn and length of threshing-and-separating units,
and difterent concave angles and other dift'erences, dre,
however, encountered, which affect the operation of
comb.rnee and meke it difficult to comparat vely as:ess tueir
cupacities.,

the cayacity of grain combiies is wost frequently
limit~d by tue losses 1n the strawwalker, because it is these
losseg L.al Lucrease more rapidly than tae 1‘eed(t.‘is in-
Creacse 1< & power function of tue feed).

In 1soleted caces, when the straw i: very dry and the
cleanins unit 1s overioaded, it 1s tue cleaner, ratuer tnen
tue corewwalker, wnat limits the teeu. Witu difficuitiy
turesnable crop ver.ieties toe feed can be restricicd by
“we lusses trom unthreshed grain,though this occurs seldonm,

becuute ln setting t..e required clesraices in the thresaing
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mechanism and the cylinder speed the amount of returns, sas
the feed is speeded, increases insignificently.

In the USSR, the 0.5 percent losses each in the straw-
walker, in the cleaning unit and from unthreshed grain,and the
total 1.5 percent threshing losses are considered tolerable,
The capacity of grain combines are specified on the basis
of these losses.

Much work has been done in the USSR for investigating
tue reguliarities of separation of coarse grain-~and-returns
with a view to determining the output of threshing-and-
separa.ing units. As & result, a number of mathematical
relationships have been proposed.

It is well known that the capacity is linearly dependent
on the width of the threshing mechanisgm, the relation between
its length and capacity is represented by a very complex
law,

. Investigations carried out at the All-Union Research
institute of Agricultural Machine Buiiding sllowed us to
arrive at t..e following relationship betwesn relative losses
f (feed of grain to separstor inlet is assumed to be
unity) and separator length L, (distance from the point the
stalks enter tihe threshing unit and the end of strawwalker)
and feed of straw per unit width of the separstor

¢ ( _f.‘;.),
secC-n
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where k, m, n = experimental coefficients
¢ = base of natural logarithms

Fron the above equation it follows that

1 m log L
= log
?5 n loge

k
log =

#ith given losses T , straw factor A (ratio of
straw weight to total weight of grain), length L and width
b .. separator the permissible feed (capacity) is equal tos

qg B B

1 m log L
Q= = og .
A An log e k
log @
1 n
Assuning that =N end =0 ,
n log e k

los?—

Q= 75108 (§ 108 1)

For the majority of present-day combine harvesters
(CE-A, Massey Ferguson 50V, John Deere, etc.), in which
the concave angle ranges from 100 to 120° and the heap is
thrown to the cover or inclined shield, these coefficients
Ry be assumed to be equal to:

n =48 0 = 6.8.
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For the CK-4 combine (B = 1.2 m; L = 4.41 m) tne
capacity Q = 4.8 B (6.8 log L) = 3.7 kg/sec, which is
actually tne case under average conditions (Fig. 12).

For the Massey Ferguson 500 comoine (B = 1.14 m,

L = 3.33 m) the capacity & is equal to 3.0 kg/sec. When
this combine was tested in the Kuban region in 1965 together
with the CK-4 combine, it had the same iosses of Zrein in
the strawwalker at a feed of 3 kg/sec as the CK-4 maciine
at a feed of 3.7 kg/sec. |

For the "Matsdor Gigant" combine, Claas, GFR (R = 1.25 m,
L= 3.83m)Q = 3.6 kg/sec. in comparative tests conducted
in the Kuban region im 1966 the losses in the strawwaliker
in this combine was 0.5 percent ( & = 0.005) at a feed
of 2.8 kg/sec (Fig.12).

As was pointed out above, the throw of the heap by the

rear beater onto the inlet of the strawwalker aids in
improving the separation and increasing the output of the
separator. For this throw to be accomplisned there must be
provided an anple space between the 1ear beater and the
surface of the first step of tue strawwalker, Ii tue distance
between them is small (space is confined) the heap is
retarded in its movement and accumulated as a thick layer.
When a fresh portion is fed, it meets the previous one and
is thrown back Lo the cover of the threshing unit, as a
result of which the separation efficiency is reduced.

Fgvourable conditions for the throw of the heap onto the

strawwalker inlet have been developed in a number of

combines: "Armada", Clayson (Belgium); "Titan", Bautz; Fahw,
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M 66 (GFR); "8-950", BM VOLVO (Sweden), etc., and also in
combines built in the USSR: CK -5 (Krasnoyarsk factury);
CK-4A (Rostov factory) and in exreriuental models "Niva” and
"Kolos".

Besides, in new cumbines built in the USSR and in the
5-950, BM VOLVO (Sweden) combine the angle ot contacl or
envelop of the cylinder by concave (cuncave angle) is
increased to 138° (5-950), 143° (CK-#4) and 146° ("Niva" and
"Kolos"). As may be seen from the test 1esuits indicated
above, the use of tuese two refinements makes it possible to
ob¥ain the highest output of the separator. For these
combines the coefficients in calculations of tne output may

be assuued to equals

q = 6.8; 9 = 6.3

For the $-950 combine (B = 1,1 m; L = 4.08 m) Q = 4.4
kg/sec.

For t.e CK-4A, CK-4M und CK-5 cumbines (B = 1.2 m;
L =4.41 ) Q = 5,0 ke/sec.

In the “Arwada", "Titon", b 66 and ol..er couwbines there
18 1o recervine beater and uie cunceve angle 1s 50-400 less,
Whici rcauces ine ca aclity as Compnred witnh tue tneoretical.

Tue aluesica acity 1o proviaed by coubines witu two-
cylinder taresuin j—end-s¢, srating uniis, tue coefficients

for wnicn may be acsu.ed Lo be equal woe

f = 7.6; d - 6.2
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For the CKA -5 and CKA P-5 "Niva"™ (B = 1.2 m;
L=4.41m) Q = 5.5 kg/sec.

Por the CK P-6-8 combine (B = 1.5 m; L = 4.37 m)

Q = 6.9 kg/sec.

In tesis tue capacity of combines is estsblished on
the basis of the feed corresponding to 1.5 perceat threshing
losses (0.5-0.7 percent of these losses co;ol {rom untnreshed
grain in the cleaner), the share of the strawwalker being
0.8-1 percent. in this method of csic.lation the resulting
capacity is 10«15 percent higuer tnan according to tae
above-given :ormmula. It seems more correct that the
calculation: should be based on the losses in the straw me
(0.5 percent), and only in reiatively rare cases, w..en the
strew is heavily ch-opped and the clesning unit is overloaded
and loses more grain than the strawwslker, the capacity
should be determined on the basis of threshing losses
(1.5 percent).

The theoretical cavacity refers to the operation of
combines under average conditions. The actusl or service
caracity of combines varies over very wide ranges, derending
upon tne properties and condition of the crops being vicked.
Under unfavourable conditions (awned verieties of wheat and
barley, sickly grain) the capacity of a combine of tne CK-&4
type is 2.5-3 kg of bulk grein per second or 3.6-4.3 tons of
grain per bours, while under favouraole conditions (awn.aiss

wheat with large laden kernels’/ it rises up to 6-7 kg of

bulk grain per second or up to 8.5-10 tons .f grain per hour.
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In case of grain crops with a small amount of straw the
output of grain reaches 12 or 13 tons per one hour of the
net operating time.

The properties of tne crops picked at tne harvest time
and even during one day very 8o widely that it is very
difficult to compare the results of teste conducted in
different regions and at different times. The properties of,
say, metals vary over a considerably narrower range than those
of the crcps. However, modern mechanical eng.neering 1s
impossible without the use of numerous wmeans fur determining
the properties of the materials being worked (nardness,
strengtih, viscosity, etc.). The need for tne use of appropriate
means for determining tne objective indices cnaracterizing
the properties of the crops being threshed has long been
felt. Two devices nave been developed for this purpose at
VISKhOM (All-Union Resesrch Institute of Agricustursl
Machine Buiiding) for meas.ring tne thresnability of greain
crops (Pig. 20) and grain crusnability (Fig. 21). These
devices were culled‘clascifiers”. In tne thresnability
measurin~ device tne stailk is secured to tue end of the
lever. When the lever 1s thrown from one of tne 10 steps
(classes), the stalk is set in motion by the spr.nz; its
velocity ranges from 2 to 20 m/sec. Striking egainst tne
bumper the lever with the stalk is stopped, and the grains,
scted upon by the torcee of inertia, use tue kinetlc energy

scquired and are serarated from within tue stalk at the

corresponding steps.




The difficuity of tanresning (tarecuability) is
ciaracterized by tne .istribuiion of tue TLresLOU STe.l aicny
tue ciesies (steps). Tn.s device also per-.iits deieruinaiicn
of tne energy reguire2 £ r ine re ovsl of .. pgraia frow
t.ue stalx witn i1ts n.2s8s and vesoclty at walch 1t was separa-
ted belirs; Anown,.

In the crushability "clascifier” the graim is placed ip a
clawp and strucr by t.e edge uf a p.aie wiicn 18 atis-h-d 1O
tiue end of tue .ever actuated by tne syring. Bet.re
Btriking toec piate uas vne of e 10 speeds Lrow o to SC
u/sec, dependiug upon wuich step ihe iever was move. Lo
prior to the impact. Tunese devices cau de used by piant
breeders for the astessment of the prorerties of new
varieties of graiu crops being devef%ea. Lue Lares..abiiity
‘clascitier uas been nighly esitiusted by vae :tirain testing
comnission 6 a device ;ermitting assessing not on.Ly
tureshability but also tue shattering ability of the grain
in the glending crop.

Unfortunately, no devices are available at the rresent
time for estimating otner properties of grain crops such

as, for exemple, serarsbility, surface amoisture content.
Tue developuent of sucn devices must be given more attention.

The use of tne most acceptable unified procedure for
conducting laboratory and field tests of combines is of
great importance for obtaln.ny most relisble data and
pro¥iding tue possibility of their comparative estimation.

It would be strungly des.rable to develop suci unified

Procedure on tne besis of generalization of the experiernce
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Pig. 20. Device for @easuring threshability of grain crops
(thresuability "classifier").

Pig. 21. Device for measuring grain cruchaoility

(crusaability “classifier").




gained and to use it for testing of combines under a
variety of conditions characteristic for the developing

countries.

6. Harvesting Grain Crops by Using
Industrialized Metnods

The process of grain vesting even in the .ost
de¢veloped countries 1s accomplisned under big strain and
requires considerable lasbour expenditure aud a great number
of various technical facilities. All these circumstances
are an obctacle tu reducing the cost of product, and lesads
to the prolongation of the harvest.ng time and increase of
grein losses.

The processes of cutting, threshing and separation
accomplished by tne combine harvester require relatively
less labour exyendi.ure--less tnan one man-hour prer hectare
or 0.5 man-hour per ton of grain, whereas ut.c .abour required
for double transportation of tue grain, tirst from tne
combine to the grain-nandling plant and then 0 i€ grai
stora.e or +to tue elevator, is 3 or & times freater.

The combin¢ hopper with a capacity of 1.2-1.5 ton of
grein, 1s filled up in 10 or 12 minutes. The 3-ton truck
takes the grain from two comuines and 1n order to provide
continuous operation of the sutter turee such trucks are
required if tune radius of groin transport is from 3 to 5 km.

Atteapts Lo deliver tue grain from combines to t.e eievator
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at a transport radius of 15-30 km have been unsuccessfu},
since too many trucks were needed, and the synchromism of
their approach to combines was violated, as a result of
which much opersting time was lost.

In recent years noppers of increased cajacity (2 tons
of grain/ have been instu.led on combine hsrvesters.
However, withcut increasi::; tne load-carrying cajacity of
grain trucks this measure 1t useless, becs.use a 3-ton truck
will texe tne grain not trom Lwo combines, but only from one
and tue nu.ber of trucks requ.red will not be reduced.

10 reduce the required number of trucks wide use 18
now made in the USSK of truck-trains (e truck with one or
two traiicrs), but itney are used for delivering tne grain
from the processing plant to tune elevator, siunce tnelr use
for unloauin: tne gra.u frow tne comblne is nampered by
tneir low mahceavreabliil)” & unwleldlness,

Of L.ler Lo 1n thie ree «ct 1s the work carried on

currently in uDK for rcaiization of the lrnuustrielized method

of grain [ uduction. Tnis e 3 consists lu using a line of
S combi:es B-11C, disc .ar.;.: the grain trom all these
combines into one truck (12-1% tons) and transporting

it direcily o ... .nu.8.:.al centre tor clesning, drying and
processiug tne grali, W.:.ci 18 capable of receiving and
processing up to 120,000 tons for a season. This industrial
centre includes a coamb.ned-fodder plant wnich services tne
animal farmings of a part.icular area.

The neceseity of a sharp increase of the losd-carrying
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capacity of trucks eamployed for transporting the grain from
the combines is highly evident, the more so that in the
barvesting of otuer agricultural crops (silage, potatoes,
cane, and others) tue effec.iveness of use of these
mechines is beyond any doubt,

For the lest 20 years the load-carrying capacity of

trucks emjloyed in industry and in construction has
increased manyfold and 15 now 15-25-40 and even 75 tons; in
agriculture matters have cnanged little,

The labour expended in picking straw left by combine
harvesters is severn.-fold higher as compared with grain
harvesting; therefore in some countries all the straw or
the greater part of 1ts is left in the field. Many
countries have to paick the straw and use it,

In all the countries where the straw 1s removed from
the field an. used, a lendency apjeared to relieve the
combine of unwieldy fescilitiles intended for removal of
straw, to place it irn windrows and tnen pick up by otner
machines which are also desisned for nhorvesting hay

(balers, choppins pickupe, BLACK-fOTminy [lCKupS).

A great amount of labour .s vXpended 1n ploking up the
straw in Gdr using & baler K422, where bules are “irown
over into the *“railer (Fig. 22). Thilo mec-ainc it operated
by one driver. Hand placement of bales is exciuded,

Much labour forece 18 requirei tur stacking tne straw,
losding 1t intu the transporting laciiities, lelivering it
to aninsl fammings and for stacriug 1V again., Tnerefore in
the USSF meny atteartc have been wade !, picy up the straw so

88 to frum-stacks res.ctent to sliLospueruie rrecoipitation,
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Fig. 22. Baler K 442 with throw of bsles into trailer, GDR.

to leave tuem till the end of harvesting operations along the
edge of the field and later to deliver without damaging them
to tne farm and leave there for turtner storage till they are
needed for use.

0f interest is au automatic stacker built in tne USSR,
whicno makes a round tighi stack of crushod straw 20 m3 in
volume and sbout 2 tonc in weight. In sucnh & steck the straw
is stored well (only a swnall proportion in the top layer is
demaged). The straw can be teken from the field without
being denaged at a convenient time and delivered to the

farmm by special stack-mover (Fig. 23).
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Pig. 23. Transportation of stacks made by autonmatic
stacker ACf] -20, USER.

The usefulness of removal of the straw or any part of
it should be decided for each particular case, with concrete

conditions being taken into consideration.
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7. Recommendations

On tone basis of the experience gained in the countries
with a highly developed state of industry the developing
countries snould taxe up the use of the most improved and
productive couab.ne harvesters and windruw harvesters and
@ rational combination of direet and windrow combining
methods.

Trensportation from the comvines, cleanliug, drying
(where Decescary) and processing of grall 18 exped.ent to
accomplish through the use of industriai wethods, and trucks
of hign-capacity with direct delivery of grain to the
industrial combination plants. Bxperience shows that new,
most advanced, metnodigb easily introduced 1n the areas
where mechonlizat:on has Just started aund .here are no
establi .ied traditions.

in order v, choose tue most efficient machines for use
in developing countries and to work out uetailed well-
grounded recommendations it is necessary:

-= to study tac concrete conditions typical tor the

harvesiing of grain in these countries, and to obtain the

data cnaracierizing the sizes of lends under crops to be
harvested, ihe features of ground contour, variations in the
properties and condition of crops and of the soil at the
narvest times

-=lu conduct tests of combines and othier harves.ing
mechines under tune conditions LWYpical for deveioping
countries ard Lo elaborate a tentat.ve rrocedure for carrying

out these tests on Lne basisg of generalization of ine
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experience gained,

—to find out the straw requirements in animal farming
and elsewhere tue expediency of pickup of all the straw or
any part of it in whole, crushed or pressed form.

To create the conditions contributing to the efficient
application of advanced methods of grain harvesting and of
the most improved and productive combines and olher
machines, it is necessary to detemmine tne most acceptable
forms of machine utilization to suit tne particular
conditions 1n developing countries (organization of big state
economies, organization of hiring of machines, production
cooperations and other forms of cooperative use of

agricultural machinery by small-scale economies).









