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Tho objective of developing a claecific.tion system for tractors and 

agricultural rechinen  íD te  liable  a sound ly-b', pod choie-;   to  be  made of the 

types of tractors  und unchin  v. which will   >rmit   total  rrtechani.a-'tinn of a 

¿riven country»:;  u^ricultur.   to  K   -ohi. va d  with miMmuir. labour requirements. 

^ In  the   crnditionir.  pr-, vai ling  in d.. v. 1-pin-'- oou'itru r-,   it   iti   particularly 

important  to  -.Jet   iron the   v^ry be ¿-inning typ., a of tractors und   agricultural 

machines which can   imru diuteiy  h.   u;-,-j  with the highest degree   of efficiency in 

agriculture,   hut   which en ^iro he   cuba- ••iue-nlij   modified  ut  r:¡ i nirvani expense 

tu r.aticfy   the   futur,  r qui lament     Oí   .-.•   dev, loping economy. 

The' ten:.  "typ„  ring." of tractor.? or "v-rtculturul aichirien  means the 

va,t of type-n,   .-ire a  • nd mod«. IF v:hich,  considered from -1  technical  and 

economic  point  of view,   can  h<   ucseinhUd   under th«.  heading of a single 

application yet  posea r3K progressiv;  f enture o which take into  account both 

. xistin?-   nd  future  requirement s oi' the   economy. 

A  type/size,   ran*:»,  of tractors  or agricultural machines  is  a ran^e or 

ret of rançcB  of  tractorr or agricultural   machiner, which are  all   designed 

for thv  s-Uue  purpos-    ( ..uch   ...  ploughing or tilling)  and share the  same main 

parameters. 

A mod.1   is  tri.   actual  manufactured version of a tractor or agricultural 

.eichine  of a given  typ4   and  size. 

Th...  banic  steps which raunt be  taken  in the  initial sta^e of developing 

types  of tr-.rtorw  and  agricultural  nacnin^v.  are  the development   and Ve.rifi- 

e tion of the  econoric  soundness of machinery tiyrftem.s  for the   comprehensive 

m.chanizution of  agriculture,   th,   development of methods of putting into 

practice the   M.-propriat.. machinery syntea   (taking in* o account  possible 

futur    changos  in  th.    technology of cultivation),  the assembly of the 

necessary reliable  data for making the  economic calculations,  and the execu- 

tion of the  economic calculations themselves. 
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Agriculture is quite different from industry, and the utilization of tractors and 

machinery in agricultura has  its own special features. 

Firstly,   tho cultivation of agricultural crops  involves providing them with 

nourishment  which   is  either already  in  the  soil   or is brought  to  ther.:, through the 

soil.     In  order   to grow agricultural  crop;;,  it  is  essential  to  have  solar energy, 

which,  however,   fall« uniformly over the whole  illuminated area .and,  like  plant nourish- 

ment,'cannot  be  concentrated  at  isolated  limited points.     For this  reason,   agricultural 

activities must   bo spread over large areas  of ground. 

Secondly,   the cultivation of agricultural crops  involves  the  execution of a con- 

siderable  number of different  operations  (working the  soil,   sowing,   tending the plants, 

harvesting the crop,   etc.).     These  operations can only be carried out by drawing 

agricultural machines  through the fields  so as to bring them to the points where the 

operations  are  te be carried out. 

Thirdly, these operations cannot be carried out at arbitrary times. They must 

be carried out in accordance with agricultural technology at strictly defined times 

which depend on the location of the farm, the time of year, the soil chemistry, and 

the  climatic  and other conditions. 

ourthly,   in carrying out the operations the machines must deal with living 

iture (plants,  micro-organisms) whose state is constantly changing in accordance with 

bLOlogical   laws. 

Ali  this means that there is a basic difference between agriculture and other 

branches of the economy, and this is the reason for the special conditions in which 

machinery has  to hv used in agriculture,, 

These conditions render impossible the arbitrary use in all countries of the same 

types of tractors and agricultural machinery, and special types of tractors and 

machinery must  therefore be  developed for the actual  conditions of each country.    The 

operations carried out  in agriculture can be divided up into moving operations and 

stationary operations. 

In moving or tractive operations,   the machines are constantly moved through the 

fields by means of various  tractive devices. 

j 

n' 
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Stationary operations are carried out at places previously set a¡.ide for this 

purpose (threshing floors,  silo trenches,   silo towers,   etc.) or else indoors, without 

any continuous movement of the machine through the froids. 

As tractors and agricultural machines,   joined  together  in machine-and-tractor 
I 
4    units,  arc  used  primarily for the  moving agricultural  processes,   the stationary 

,     processes will not be dealt with in  this paper. 
t 

The moving (tractive) processes can bo divided up, according to their function, 

i into the following groups: 

1. Clearing and improvement of agricultural land and preparation of fields; 

2. Reclamation work; 

3. Field protection work; * 

4. Crop spraying; 

5. Working of the soil; 

6. Application of manure and fertilizers; 

7. Sowing and planting of agricultural crops} 

8. Care of growing plants, 

9. Harvesting of crops;     and 

10. Transport work. 

• The special  features rind level of development of agriculture in developing 

\ countries,   the  range of agricultural crops cultivated  in those countries,  and the 

1 geographical,  soil  and climatic conditions  in which the crops are  cultivated govern 

I the  extent  to which  any given moving process can be used. 

! These  processes determine the  npecial  features of the  tractors and agricultural 

j   machinery used to carry them out. 
j 
Ì When we examine the process of cultivating ajoy given agricultural crop, we find 
j 

that all the operations making up the t chnical process of cultivation fall into one 

of three groups: 

(a)    Work of a general nature which is carried out not only in the cultivation 

of the crop in question but also in the cultivation of other crops 

(ploughing, harrowing, etc.); 
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(b) Special work carried out only in the cultivation of a given  crop (planting, 

of beet, between-row cultivation, harvesting of maize, etc.); 

(c) Auxiliary work, mainly transport and loading or unloading operations. 

Different kinds of agricultural Machines and tractors arc required for carrying 

out these types of operations. 

General-purport agricultural machines are those for operations such as shallow 

ploughing, thu loading and heavy application of manure and fertilizers, tilling opera- 

tions, ¡Misture retention and pre-sowina* tillage. 

Special machines aro produced for planting and sowing, bctween-row cultivation, 

top dressing and harvesting. They are intended for use only in carrying out a given 

technological process. 

In addition, transport equipment is needed for moving seedü, fertilizers and 

harvested products. 

It can be seer, from this list of machines that the operations involved in the 

cultivation of -agricultural crops can be divided up into simple operations and complex 

operations. Among the simple operations arc those 3uch as ploughing, harrowing, and 

df . e¡, cultivation, while among -ohe complex operations are sowing, planting, harvesting, 

and a number of other operations, which actually consist of several joint operations. 

If ail the op. rations involved in the cultivation process are mechanized, then 

it can be stated that total mechanisation of crop cultivation has been achieved. 

Thin definition is only really true, however, when such total mechanization is effected 

through system-; of interlinked machines .and. when the following systems and sets of 

machines are used to carry out the cultivation process:  (a) A system of general- 

purpose machines whose work capacity is determined by the conditions of the entire 

branch of crop cultivation in question, tricen as a whole; (b) a complex of special 

cultivation machines whose working width and work capacity are determined in the light 

of the size of the fields planted with the crop they are designed to cultivate, and 

(c) ,n system of transport ana loading and unloading equipment whoso load and work 

capacity is determined by the requirements of all the branches of the farm in question. 

"r^frr^YMÊÊbtt 
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In order to bring about the total mechanisation of agricultural operations, it is 

necessary to have a system of machines based on the most effective utilization of the 

power sources - the tractors find other power unite - of a pr rticul.r farm. A very 

1 important factor in reducing the range of machines in r   particular systerp is the 

]    versatility of the equipment, which permits machinen belonging to a particular set to 

, be used in the cultivation of several crops. 

j     In selecting machinery and equipment with a view to total mechanization, it is 

]    therefore necessary to reduce the number of different types of ti*actors and machines 

j to the minimum by ensuring that they are as versatilo ?s possible. 

5      In order to carry out the total volume of machine work it is necessary to havo 

J both sufficient machines and sufficient personnel to operate them. 

j     In calculating the technical faoilitj.es required to carry out the total amount 

1 of work, calculations must be based on the agro-technical requirements, the natural 
s 
' and farming conditions, the area to be cultivated, the size of the expected harvest 

i or sowing rates, etc., the average distance between the place of work of the equipment 

'<    and its storage place, etc., and the work capacity of the machines and unite,. 

j     At the present time, the main type of power sources for carrying out moving 

1 operations are tractors. 
! 
j     As the direct traction of machinery and equipment is effected by the contact of 

j the driving members of the tractor with the ground, machine/tractor -units have unlimited 

freedom of movement.  The driving members op  modern tractors ire so designed that they 

give reliable traction and enable machine— r.nd-tractor units to be used regardless of 

the state of the ground»  This LC one of the main reasons for the successful develop- 

ment and utilization of tractors in agriculture. 

Agricultural tractors, like agricultural machines, can be divided up into general 

purpose, universal and special tractors« Ln  addition, they may be divided up, accord- 

ing to their type of driving members, into tracklaying tractors, wheeled tractors 

with two driving wheels, and four-'rhcol-drive tractors. 

Agricultural tractors must satisfy various requirements, depending on their pur- 

pose and type. This is due to the large variety of natural, climatic, farming and 

technical conditions in which tractors are used, as well as to the considerable 

complexity and variety of the requirements which tractors must satisfy in connexion 

with their role as the key factors in raising the level of mechanization of agricultural 

activities. 
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The operating properties of tractors can ou divided up into throe aain groupai 

agro-technical, tuchnico-oconomic and ganoml technical propertufl. The property b 

which oh-.r:ictv.rizc a tractor's ability to ertisfy the technological recru i riatti oí* 

agricultural -icti7iti. r ^c.lLd th> agro-technical prop..rti..n. Vh«. Wohnico- 

cconomic properties: ar, divided un inte two sub-groups:  those in inl.v concerning the 

work capacity of th- tractor, and those concerning iU economy of operation. 

The rum-ining properties which do not have • direct influence on the agro- 

technics performance, th.. work cpaoity -na  th.. economy oí' the tractor ar. the general 

technical properties. 

The a^-ro-technical properties of the tractor ar,. those which directly influence 

its working capability. Such properties are, for example, its ability to operate- 

between th, rows of plants ano. it. manoeuvrability. These properties are relevant 

not only to tractors but also to other sir.il-r agricultural machinery and equipment. 

The tuchnico-economio properties, such .as the work capacity .and the economy in 

fuel consumption, as well as the- poner;! technical properties such as safety and 

eomfort of operation, are relevar.; not only for tractors and agricultural machines, 

hut also for other mach Aes of the moat vai led purpose and construction. 

Cn -nalysing the properties and performance figures of different tractors the 

approach should always be a comprehensive one and the interconnexion between the 

various properties and f igur .? should al way e be borne- in mind. 

Wheeled tractors are mor, versatile, lighter per unit of engine power, and caaior 

to couple to tractor-mounted machinen than tracklaying tr-ctors. Wheeled trr.ctore 

can -Uso be used more effectively for high-roe,, ci operation. The UBO of tracklaying 

tractors for certain types of operations may give higher productivity, however.. 

Because of the ability of track! .ying tractors to work on difficult ground, Certain 

operations, especially in spring, car: be carried out by such tractors at tine s which 

ara more advantageous from ari agro-technical point of view. The tractive efficiency 

of tracklaying tractors is also higher than the continuous tractive efficiency of 

wheeled tractors, especially on loose soil. 
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For praetioal purposes, the moat suitable tractors arc those whose performance 

figures fit  in with e-ach other in a balanced manner and satisfy the entire  s. t  of 

r. <mirem> ntr,    Th«   development of d .-niirns of modern tractors  io proceeding along two 

directions?     universaliz"tion .and  apeci-1iüation.     Thus,   whiK   th.   rang,   of operation:' 

that   can  be carried out   by tractor• of  "  fiven  tyx,   i" continually bv in,* widened,  m 

increasing number of  special  types  of  tra-toi.Jf  such  as those   intended for UL>~  in 

marshy   ir^as,  gardons  :uid in hilly  arv.as,   is  being developed. 

It  can  readily  b     appreciated  from the above  that  new types of tractors and 

agricultural machines must bo developed eide by sida, and this to a oompitóX task which 

calls  for dtp study. 

The- machinc-and-tractor unit,  consisting of a tractor and an agricultural machin. , 

is the basic unit in the mechanization of tagricul+ure.    The execution of a given 

operation,   such an ploughing, mowing,  etc.,  can be carried out by machirie-and-tr-ictor 

units with various parameters,  although possibly of the  same basic design.     Phut», 

for example,   th.   unit may use machines  of different working width .and different 

operating speeds,  coupl d to a tractor of a given Weight  and power,  or  the unita 

may consist of different  tractors coupled  to  an  agricultur-1 machin,   of a given 

working width. 

The- question of the selection of the  best  parameters for machinc-and-traetor 

units   .5  therefor*, one of the most  important  questions, to  be  solved   in establishing 

standard types of tractors  and agricultural  machines. 

The first  steps towards th..  scientific  study of the question of ¡.¡electing the 

best  parameters  for machino-and-traci >r units war. mad,,  by  th.   fatiu.r of  th-'  theory 

of agricultural machinery and the  creator of  "agr^cailtur-i m -hanic-v ,  Ac-de-ician 

of the Academy of Sciences of the US ST",:,  Vasiiii Prokhorovich Ooryachkin, who work d 

out   che main probi,, m arising under th.      ' heory of a,.-ss  and  speeds"   laid down  by him, 

namely,  the determination of the  adequai     and re -iecssary size of the wording parta 

of equipment -and engines so as to be able to accommodate the largoet possible amount 

of mechanical power per unit of mass. 
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T-kinr the example of the. relationship betten mass and spood in nature, 

Acucian V.  P. Goryachkin wrote:    »Similarly, there «.t be certain maxi• values 

of nasa and  epeed for agricultural .aching  and ..uipmont   aso,     lessive weight  xs 

U--1   ss or .v,n harmful,   while  on th.  other hand insufficient woight  ia  al.o j 

in^ie^bl,",    Exc.rsiv, v, i.ht  in harmful   because   it  increases  the  amount  of power 

require for the propulsion of fm   unit  ana  xnue r.uuca, tfc.   -aunt of pow.r available 

for the  locution ,f tm   actuM  technological   procu«:    that  is,   it  reduce« the work 

capacity and  th„ econeni,  efficiency    On the   other hand,   insufficient weight  reduces 

the adhesion  of th. unit  and  reduce  ite   ^active capacity. 

In the  opinion of  /.  P.  f.ory.aonkin,   th.   queeaion of the  right weight  is the most        ; 

important  qu.ction in agricultural  mechanics. 

In showing the way to  study th,  probiuns of the theory of »nes and speed, 

V.  P.  Goryachkin warned  agamct  th-.  USUK.H  complication of th.  question under consider*- 

t;..:>: with   in^Ld..ntal  factors  of ninor  i t.: port -.ne ,. 

•Th = work capacity of agricultural machines for use in the field,  for sample, 

d-i.nd-  on  many elemente  (the  particular features of the  noil,   the engine,  the 

w "thtlf   .tr.).     Basically,   howe-Ver,   it   i„ n-^ssary to take  into account only th. 

„nrkinp  width of the machine   and  it.  Cp,el of movement,  ~nd the  answer to  the question 

of +he work capacity of field :aachiru ry  is  to be found in the  area covered per unit 

of time." 

Academician Goryachkin «tressed the need to consider the execution of a giv.n 

technological process as a whole,  and not pi-co».-*, wlun studying the parameters of 

::   nhme  and  tractor unit«.     He   pointed out   that the engine,  the   machinery and the 

,r,rH   bexng proceed are   the main a^-nts  in  any working proceso  and nuet be 

eouBid,red .«;  a who!,.    The   general  purpose of the  investigation is  to shed light on 

the   i inks  between the Se  el-iuonts. 

evaluation of the process is posinole  only when all threu of the elements in 

question  are taken into  account. 

Considering the  resistance of the working parts in various technological procosaee 

and also  th,   :Mtor characteristics,  V.  P.  Goryachkin showed that the resistance and 

,nwrsy consumption of th.  working parts can be expressed generally by tho following 

equation: 
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P = c + dv2 5 N - (c + dv2)v 

while the tractive capicity and power capacity of the tractor can be expressed by: 

P = - - bv" ; il =  (a - bvL)v 

>and can be expressed graphically by parabola of different kindr: (scu  figure  l). 

"Thuso formula" - writ.s V.  P.   Goryachkin - ,;form a basic system covering the 

main essentials of the  process,  although they are not  -always cor.plotcly accurate." 

The  graphe which  arc given in this  ¡:ap,.r ar«.   constructed for the  case where  the 

SDucd of Movement  of the  tractor vari, s  i;i a  stepless manner and the  tractor engine 

develops the  sane  power r.-gardless of changvs  in speed. 

Further investigations hav.   enabled th,   curves for the  tractor to be  plotted 

raore  accurately,  but  th-ir baaic form remains the  sane  ( See dotted linus). 

The  point of  intersection of the  curves for the resistance to  traction 

P      « f(v)  aid the  power consumption of the  machine W      = f(v) with the curves for 
op °P 

the tractive capacity P,     = f(v)  and the  power capacity of the  tr-ctor K       •* f(v) 

defines the maximum speed of movement  of a unit consisting of a given tractor and a 

given  agricultural  anchine. 

Here the tractive capacity and the power capacity of the tractor are limited by 

the curves P. = f(v) and H, =» f(v) which detcruine the amount of power that can bo 

used by the agricultural   machine. 

In  the. graphs  sriven  in this paper,   the value P, is determined by the adheDion 

characteristics - the weight and design of the tractor - while the speed at which 

P      = 0 is determined by the pow-r of the   tractor -nginu. 
kp 

The variation of the power capacity ohown la figure 1 it. characteristic for all 

types of tractors - tracklaying and wheeled. 

These capacities cover the  .nginu,  the agricultural machine,   and the material 

being worked.    The  power consumption of the  agricultural machine depends both on the 

parameters of the  machine  itself and en the nature of the material being worked. 

The  possible power made  available by the  engine driving the unit depends,   in its turn, 

|     both on the  properties of the engine itself   vnd on the design parameters of the 

tractor in which it  is  installed, as well as on the nature of the soil over which the 

unit  is moving. 
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Figure 1 

Pfkf 

vf  km/h 

/^OD °*" agricultural machine 

vt  km/h 



ÍD/U.^, 
Page 13 

The various engine power cecities •d working dm, retirements shown in 

xeurc 1  for» the b,sis for ,„,. auction of th. best „ossici. tTOn0Bic p,r_tera 

for the unit. 

W, «ill consider b, 1„„ the ».thodologicU  ^uesUon, r,.K,rdlr„ the .i.tor.inrtion 

and  basic  data required for th. determination of tho h .*<•    -,    * • xi.iin .xión oi   tnc bei t  economic weight  and power 
oí   tractors,  the working width of agriculture m,-chini-     -Md   th     ^    ,\ x i!il cninf--i  .liid  th..  speed of movement of 
machune-and-tractor units. 

Optimum economic  parameter.  for ruachme^nd-tractor unit« 

ao  optima« economo peters  for .achm.-and-tr^or unite  ar. those peters 

which make  posnbL   the   ,xocuti,r. of given  ^ri-ul trr -l   , •• 

tur. of labour and boriala. ' ^'^^ "^ ^^ «**"- 

.   ^  0Vh^  l'r"L m"ber °f PMOtCrS f0r tht -bil^   »".  the   tractor and th. 
agriculture B,chinc,   wo will  select  those which,  while fully charactering the unit 
and  providing the basic   n-ramet • TH-   prt„ +v    * "--mg tn.   anit 
H        +        + PJ.mctv.rb for th. tractors and machines,  at th. same  tir • 

I  do not restrict  the design possibility P  for the~e unit.      q    w 
following: *    SUCh P*•^•   ^ the 

(a) "Typo  and design of tractor - T C+r-^n   , e    , 
r.cxor - i  (tracklaymg, wheeled tractors with two 

driving wh.ols,  four-wheel-drive tractors,   etc.); 

(b) Power of tractor engin. - IJj 

(c) Weight of tractor - C|p>   its tractive capacity and its class; 

(d) **. a.d d.siga of thc ,,ricultur^ acxäano _ f;   (knifc couityr 

disc coulter plough,   rotary plough,   etc.); " 

(c)    Working width of agricultural machine - B; 

(f)    Sp.ed of mov.ment of the unit - V. 

A »nxhine-^ t,,ctor una i8 ,10t  Ju3t , ,_,„ ^^ 

cultural machin.,   but  r.  unit-rv whni     „;+v, * »     ^«  .. uiiiu.ry wnoii.   with new Dronr-r+i r.o      TIW, 
,,,        , . properties.    The parameters of tractors 

ITTI :USt3— - <— -—uSl,   in , sin?io process,  TZ 

M        T n      rininVh" mSt b,J SUCh " t0 "*" POSSlW' ^ —„/deten- tion of th. r.bovc-montionod opti*» paranoie« of tho units. 
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The optimum parameters of units must bo determined in conformity with the actual 

natural and technical conditions of the given area,  region,  zone or country as a whole. 

Within i given area (region,  zone, etc.), the calculations -re based or. typical 

farms. 

The determination and establishment of the optimum economic parameters of units 

is carried out by finding the conditions which give the minimum expenditures for the 

execution of operations of a given extent -and nature which are characteristic for the 

units  in question. 

Criteria for the determination and establishment of 
V\y opti:.mrn economic  parameters for machine-and-tractor units 

In solving th.   probi, n under consideration,   it  is  extremely important  to establish 

criteria for comparing nrchine-and-tractor units or complexes with ea^h other and 

determinine-; the  parameters of unit;;, which comply with the principle  of optiraality. 

Such characteristics of  the units as  their power consomption,  ne t. al  content, 

number of operating personnel   required,  and so forth may be used as  criteria for tho 

establishment of the  parameters of the units.    The  most  importât of -.11 the possible 

criteria,   howcv« r,   are-  the economic  efficiency -and the work capacity of the units. 

It was  stated -bove  that   the optinui; economic  parameters  are those which enable 

th.   unit  to work with minimum  expenditure of labour   ind materials ~ +   a high rate of 

productivity.     This st:-.te.r.v.nt   requires some  father definition,  however.     The fact  is 

that  the criterion which  is rnoat widely accepted  at  present,   and which will   also be 

accepted by us an  the basic  criterion for the optirnality of units,   is  the  criterion 

of minimum  specific expenditure  p r unit of work carried out.    This value  represents 

the ratio  of th.   expenditures  of human and mechanical   work connected with the operation 

of the units for a çiwn period  of tir.;., to the volume  of work carried out   in that 

period of  time.    The operating expenditure  is nade  up of the  expenditure of fuel  and 

lubricants,  the cost of repairs,  technical  servicing and maintenance,  renewal of parts, 

and the wages of the operating personnel.    Apart  from this,  the use of new technology 

must make possible a given return on the capital  investment. 
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The investirions carried out on the dependence between the productivity of units 

and their associla costs on  the one hand,  and the parameters of the units ,ond their 

conditions of operation on th..  other,   show that  the parater, corresponding to 

ninimur:  costs  and .raximio productivity of units do not  coincide.    Therefor.,  when 

.p-akin^ of the  option .conornic  paran.t.rB of units,  we moan the paratore  of units 

which correspond to r.i.nimu;. operatine costs. 

At  the  Fv^e time,  ca.es   z.v.  possible where the work capacity of units  is of nore 

practical   significane,  than their ,cononic  efficiency.     In saving    the parameters 

of unit,,   therefore,  th.ir work -apaevty nu,t be  calculated and the conditions  in 

which this  capacity reaches  its r.axinur. murt b_. detonan, d.     This is all   the  easier 

because i,he determination of  the work edacity of units  in  an essential stage in 

calculating their .canonic  _f fe-c t ivvn.E-i. 

D^te-r.:.inatior.  oí  expenditures   involved 

Depending on the probi,:.,  to h,  3olv,.d,   th    expenditure are calculated either 

per unit of work c-rrivd out  or  for  the  total volurru, of work. 

In the first ca«e,   the expenditure* or    determined .according to the formulât 

E = z^A + r; + cG + x + KB (1) 

where Z iß the wages of the operating personnel; 

A is  the depreciation coats; 

R is the expenditure on crvicm- and major and routine maintenance; 

C is  the  ...xpenditur.  on  fuel   - nd lubricants; 

X is the expenditure an the  itor^    of tractors and agricultural machines 

KB is the standard rate  of return .,n capital  investments. 

The components of the fonml     for calculating the expenditures ar, expressed in 

their turn in the following manner: 

- expenditure on the wo*, s of  the operating personnels 

and 

S;,Z?IK * LC'ZHC  + LT,SHT 
(2) 

**ûru h,,C,T iS th'   n*J--r ->? operators working on the agricultural machine, 

the coupling -nd th..  tractor,   respectively,  during operation of the unit. 

^t,C,T ÌS th    hourly w"^   of tht~ operators working on the agricultural machine, 

the coupling and the tractor,   according to their specialities .and their 

qualifications;    and 
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W is the productivity of tho unit por hour of shift work, 

The -amount of the depreciation deductions per unit of work carried out let 

1 „1 1 

(3) 

1 

á    ,'Jälii        c""'c C
T"T>      i 

•K v-     "T~ + TT' * TOR yi-                  yc yT 

where CJJ c T is the  .'03t of the agricultural rischine t coupling and tractor in question 

ôj, c T is th.,  annual percent^.- of depreci ation for each machine,  coupling 

and tractor;     and 

*yM C T is thc ramuri1 lading of the agricultural machines,  couplings and tractor 

The expenditure on major and routine maintenance and servicing per unit of work 

carried out is expressed by the formula: 

H  ,   i   t +    —      +    -j )   . 

yïï yc yT 100W (4) 

where Qj, c T is the percentage of annual deductions for major and routine maintenance 

and servicing for the agricultural machines, couplings and tractors. 

Tho total expenditure on storage of the unit per unit of work carried out is 

determined by th. forrnul-: 

Xj. + xc + ^ 

W (5) 

**urc *fi c,T iS th -xp^ndituro on Btorage of th« machines, couplings and tractors 
por hour of operation of the unit. 

The expenditure on fuel and lubricants per unit of work carried out is calculatod 
according to the formula: 

E.F.N 
W (6) 

«hero g is the specific consumption of fuolj 

F is the price of fuel and lubricants| aad 

N is tho power utilized. 
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The mtc of profitability of capital investments, relative to oach unit of work 

carried out,  is calculât-J according to the  formula: 

n; 

rs 

J,cr v J-t   J- C T   \ 
(7) 

whore J is the standard   coefficient   for the profitability of the capital invustments. 

The expenditure for - given volume of work is determined in the following manner: 

h Œ E,iï (8) 
where H is the given volume of work. 

It was st.-itcd above that although the expenditure is the basic criterion for 

establinhing the optimum parameters of units, it is advantageous to determine at the 

sine time such figures as the work capacity, the expenditure, of human labour, the 

fuel consumption and the metal content, which characterize individual aspects of th.. 

effectiveness of units.  These figures, which are supplementary criteria to the 

expenditure, car. in certain circumstances play an important role and act as criteria 

for the determination of th.; optimum parameters of units.  The analysis of theHe 

figures in combination with the analysis of the expenditure enables a more qualitativ, 

approach to be made to the determination of the advisability of introducing specific 

kinds of units into farm operations. 

The work capacity of the unit is determined according to the formula: 

W = Wm. Y 

where WT is the work capacity of the unit per clear hour of work; 

(9) 

r is the coefficient of utilization of the shift time. 

The expenditure of human labour on the execution of a given amount  of wot* is 

determined according to the  formula: 

and is expressed in man/hours. 

The hourly fuel consumption E ) is determined in the following manner: 

S * g'N (11) 
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The fuel consumption for the oxocution of a given amount of work is determined 

as follows: 

1 (12) 
H 'W 

The met.-il content D of operations when they arc carried out by a given unit is 

determined according to the formula: 

1 Gr 
^t .. 

y*. yc 
(13) 

and.is expressed in kilogrammes per unit of worked area. 

In formula 13, 0 , 1    and a    aru the áosim weight of the agricultural machino, 

coupling and tractor,  respectively. 

The metal content D,. of th,  entire complex of work carried out by given units 
n 

io determined in tiu following manner: 

Du = D.H rl 
(14) 

As may bo  n^n from the fonnul-.e for the various expenditures (I-8) and the 

supplementary  indexes (IG-I4),  the determination of the expenditure i.ocs not present 

any unusual  features,  and the expression of the expenditures and the expressions for 

the supplementary  indexes  is quite  straightforward.     The  problem of determining and 

establishing the optimum parameter:.;  for r¡achilie  and tractor units really lien  in 

finding the relationship botwe  ¡i  th«    expenditures,   the  parameters of the units,  and 

the> conditions  of operation of the  unit:'.. 

Procedure   for determining the  opU.aup. economic  Weight  and  power of  tractors, 
optiraum working width of  agricultural   .: chine-;,    tud  optL..m..  speed  of move- 
ment of v,iachine-and-tractor  '.¿nit,;,     aindiue  the  rel"tionahip b  'wu,n the 
corrected  expenditures and  :;uppi.-o ...   i',y   iria^x. .0   -jnd   tiu.   parameters of the 
units 

1.      Pirat of all  t \k«. f-rms (x)  which aia   typical  of th.    .rea of the country 

in question from the  point  of view of  layout  of cultivated areas,   ro-ngo 

of crops cultivated,  list  of operations carried out (O),  soils, and operat- 

ing conditions for machine-and-tractor units (length of working run of 

tractor in the fields,  dimensions of fields,  etc.). 



• n 

2. 

¡age 1, 

Por each agricultural undertaking it is then necessary to determine the 

volume of work involved in respect of each operation and th, values of such 

operating indexes as th,. specific résistée, of the soil, the length of 

the uninterrupted working runs m the fields, tho dimensionn of th, indi- 

vidual fields to b. worked, the different depths to which th, coil must be 

worked, etc., as well ,3 the int.r-rclationship between ..11 the., lector, 

at the farms in question. 

Depending on th, actual condition, of the developing country, this stage 

can be solved oith;r by Sélectif typical farras or by taking the country as 

a whole.  This stage is essenti M for th, correct dav.rtnin.aLion and choice 

of the type« of tractors and agricultural machines to b, used to carry out 

given operations in the cultivation of agricultural crops winch are typical 

of the developing country in question. 

It is recommended th-t th, results of this stage shoule b, sot out in a 

table or in a forrr. similar to th-t shown below (figure 2). 

Depending on the range of operations to be carried out m the cultivation 

of agricultural crops, the present etat, of agricultural technology, and 

its development prospects, alternative variant, can be established for the 

units fron the point of view of the type and design of th, tractors (T), 

the weight of the tractors (i^), the tractor engine power (if) and the 

working width of th, agricultural machines (W) for each typ, or design (^). 

At this stage, the various possibilities of carrying out the operations 

arc considered: for exanipl,, with wheeled or crawler tractors of different 

classes and capability coupled to ploughs of r^ouldboard or non-mouldboird 

type, .and so forth. 

All the possible variants of machine/tractor units ar, tabulated in figure 3. 

The pow,r, operating, economic and other parameters must be established for 

oach machine/tractor unit or gr ip of urate. The correlation between those 

parameters and th. Weight and power of the tractor, the working width of 

the agricultural machine -„d the speed of advruic of th, unit is calculated. 

Similarly, calculations are raad. of the relationship between the formula 

for determining th, expenditures and th, sought-for parameters of machine/ 

tractor units. In carrying out this stage of the work, it is necessary to 

determine the twoing coefficient and the resistance to motion of tractors 
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Table of agricultural work (operations), their 
volume and distritution, under headings of 

specific resistance, depth of working, 
length of run, etc., on a typical farm 

Figure 2 
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of tho typoc under consideration, th.. correlation between th^ resistance to 

traction and the power required to operate agricultural machines,  the values 

of the coefficients of efficiency of machine 'tractor unite,   th.   influence 

of changes  .n  specific  rj;il  iv.uist-.nc..  or.  the  execution of igricultuml 

operations,  the  utilization  factor of units,  thu  cost  of tractors of various 

engine capacities  and Lì -. -rrici'ltural  ~, achillei-- <>î various working widths, 

the  standard rater- cf various deductions,   and other indexes. 

It is Tocomnondcd that th.,  following formulae giving th.  relation betweon a 

number of the above  indexée  and the dusircd unit parameters be usad. 

Thus,  fer example : 

The planning price of agricultural machines depends basically on their 

working width and can be determine to a sufficient degree of ace racy by 

the expression: 

M       uniti* 

whore C .,,. =• the unit price of a mnchinc, unitw 

This expression is also valid for the planning price of coupling!, i.e#t 

C = C  . . .3 
c   unit 

*kere Cunit    *  ttv~ 1Jni^ prie», of a coupxing. 

The analysis of the  indexes for tractors shows that the planning price of a 

tractor chassis can bu expressed as a function of the weight of tho tracto* 

by the formula: 

e .   • e     . .     , . Cr— eh        unit eh    T 

,*erc Cunit ch.  * th'~ unit priCü of a t***0*0*" ohneals, which differs for 
different types and designs  of tractors, 

while the planning prie of a tractor engine- essentially depends on its 

rated power and can K   expressed by thu  formula: 

C        - C     . . .N eng        unit eng. 

where C    . t» th.   unit price of a tractor engine, 
effe,. 
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Before considering th. expenditure on fuel and lubricante,  the following 

points must first bo mr.de: 

In calculating o crating costa by the method described below,   the  nararieters 

of units will   v-.ry with thv»  speed of  advance   and th.. working width.     The 

required  .n^in.    pow.r  :r  -   function of theOe  twn  p-roisters.     Thue  a given 

unit   if -ny given working width will  develop difi\ r.nt  „npin,   powe-r at 

diff rent  spe.de  of advane, .     In  -ctual  unit;:,   the   en¿,in.   power is  limited 

to  a définit,   figure   and ^.nnA   ,xc..d   it - th- t  i-.   to say,  the unit  cannot 

exceed ,a certain speed owing to  insufficient  power. 

It  is assured  that tlu   specific fuel consumption of the unit's engine doe-e 

not  v-.ry with changes   in th.   pow.r required  to  operate  the unit.    Thio  is 

based on th.  fact  that,  having determined th,   .-»ptinuir. engine  power for the 

machine/tractor unit,   it   is  always pasible to  build an engin,   having the 

specific fuel  consumption assured in the calculations. 

The  rrtos that   it  if  reasonable- to assume for depreciation and  repairs  in 

cost calculations will  differ for each type of design of machine,  but, 

within a single   type,   they will be  the  same  for different working widths, 

capacities,   spenda,   etc. 

The working ti.:i utilization factor, ¿,  can be determined from the relation 

between the ti.ae, 3w,  during which the unit is carrying out a technical 

operation,   and th. total  tia„  in the field, ^ 
tot. 

The latter, i..., the total tine spent in the field, is composed of the 

working ti..e ¿lus the tùie spent in turning the unit round at the end of 
a fun, 5 

turn. 

3 tot = ? w + 3 turn 

Thus ^ « JJL 
ê w  ?. turn 

In this way we can establish the relation between the working time utilisation 

factor and the speed of advance and working width of the unit. 
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It is known that: 

Sum * A turn 

turn 

lulero A » tho length of run, 

.A  » the length of turn. and 
turn       e       ' 

v.   « the turning spued of tho unit, 

Thonî 

n _    1 
1 + A turn 

A ,Vturn 

There are two basic way3 in which units can move when carrying out agricul- 

tural work in the field: the up-and-down method and the round-and-round method. 

Thu round-and-round nethod of uovecnt LS not used by soil-working units, 

BO in considering th.. v.ri-tier.c in the working ti...e utilization factor, 

we shall use only the up-aad-dowr. .-nethod ac an example. 

In the up-and-down Method of ¡..ove.vat, the unit worko in straight lines up 

and down the length of th.. fi .Id or at an angle to it, with idle turns or 

pnsses at ^nponite .ndc of the i'Uld. Depending on the fona of the idle 

turns, the up-and-down i.iethou of r.ov^ent can, in its turn, be divided into 

looped .and non-looped. 

In calcul-ting optinrur. parane-ters, one type of turn may be taken as typical 

for plough unite and the oth^-r for the remaining types of soil-working units 

(seed drills, cultivators, etc.). 

Thus plough unita using the up-and-down r.ie-thod can nako wide or tight turns. 

In this case, tho average length of turn is: 

A turn " °'5U- 3) + 2.14 Ö + 2 
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where 2   • "the width of the field or strip, 

$    » the turning radius of the unit,  and 

•   « the distance the unit noves out before turning. 

Por plough units,  then, 

ff 1 

x   ,  '  0-S( v-  :•)  + 2.14  e  +  2^v 

Har>:    A    .Hi's 

It is assured that  Hv.ed Hriliy,  ;-..; Lavatore and other units comprising 

similar nachinec -arie sinpl..,   p.-;.r-shaped loop turns,  for which the length 

of turn is: 

tAn = 6  * + 2^ 
The turning radius can be taken as being äqual to the working width of the 

unit: 

0=3 

Hence, the working time utilization factor for this type of unit 1st 

7 
x  +  (o3 4- ¿^ 

v, 
turn 

The power required for tlu. work of the machine/tractor unit (in the case of 

ploughs and other rr.chinun, the actual force applied through the tractor 

drawbar) is civon by the formula: 

M f        or 
"" rr-rTT7 \S 

where N      » f .0  .V =» the power of the tractor available for self-propulsion, 

f.    « the coefficient cf rolling resistance of the tractor, 

N      « ^or'V = "^  power required to overcome- the tractive  resistance 
of the agricultural machine, 

RQr - the tractive resistance of the  agricultural machine, 

y m the  towage coefficient of  the  tractor engin.,  and 

i mg « the efficiency of the transnieeion and engine of the tractor« 
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Academician V. P. Goryachkin's formula pro vi dee a rational method for 

dctorcining the tractive r„3iütance of ploughs? 

R      - f    .Ü      + k: 2 + *   aBv¿ 

or        or    or 

where f  - th.- coefficient of friction of ttw plough in the furrow. 
or 

G  - the weight of the plough, 

k  »a proportion .1 coefficient expressing the resistance to 
deformation of the cross-section of a layer of soil, 

a  » the depth t>; which the soil i3 worked, and 

/; a a proportional coefficient expressing the resistance arising 
out of the kinetic energy conmunicated to the particles of the 
soil layer when thej' are pushed aside. 

Here:  G  » y B 
or  ' 

where y  * the specific metal content of the machine« 

Hence: R  » I3(f . y + ka + X av ) 
er   v or ^ ' 

Por other typos of soil-working machines (cultivators, seed drilli, narrows, 

stubble ploughs, jtc.) the tractive resistance is taken as being determined 

by the formula: 

R  - K ,.B 
or   ud 

where K      « the tractive resistance of on agricultural machine per metre 
of working width. 

In this case,  for determining th.„  soocific resistance of agricultural 

machines as   a function of their speed cf advance,   it  is best  to uSv  the 

compound percentages formula, which reflects quite accurately the variations 

in K j  and is comparatively easy  to calculate: 

\l 
K  . - K (1 + T7~)V 

ud        ov        ICO 

where K » the specific resistances to movement of an agricultural Bachino 
when the speed of raoveoont is nearly zero, 

11 
m the percentage increase in the tractive resistance for each 

increase of spood by one unit of value. 
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The definitive forra of tho formula,  from which expenditures ,ar.  calculated, 

is found by substituting tho calculated variations of the unit indices .as 

a function of th..  sought-for parameters for the values  assumed for the 

various coefficients in the original  formula for finding the  expenditures. 

First,   th..  .:p.,.,d of -dvruiCe of tho unit corresponding to  the  required 

load/power ratio  on  th.   tractor  is  calculated for ,',oh  variant  of the 

nachme/tractor unit  for a given  tractor weight  and power and working width 

of the  agricultural  machino,  by mean« of th,. formula for the  energy balance 

corrospondin« to  these parameters,   then the  expenditures  -.re calculated. 

Diagram  for determining th, speed of advance and  a typo  of graph showing 

the variation of expenditures for variation of  the nPeed of movement  and 

working width of the. mut with given  types  of tractor  arc given m figur. 4 

below,     it will be  seen that thoy fully correspond to Acadcuician Goryachkin's 
diagram. 

Tho iBinir-ur, value of the  expenditures determines  the opticum combination of 

Bpood of  advance of the unit and working width of the  agricultural machine 

for every variant of unit  and for every operation. 

The appearand   of the cccnonically  opti::,*;-, combination of working width of 

the agricultural machine  and speed of advance of the unit,  for constant 

given tractor Weight  and  power,   can be  explained ac follows.     The basic 

index with the  great,.t  influence  on changes in expenditure   is the  product- 

ivity of the ruachmc/tractor unit.     It  appears in the denominator of each 

torn of the  formulae  (<W)  for determining the expenditures,   no that  these 

expenditures are  in  inverse ratio  to  productivity. 

Let us consider the variations of the productivity of different typos of 

unit coupled to a given tractor.     By comparing the tractor power with tho 

requirements of the  agricultural   machine (figure 4),  the theoretical 

productivity of the  uni+  0^.^)  can be  found. 

The point where the curve of the  power requirements of .an agricultural 

machine of glven working width interacts with tho tractor powor curvo dotciw 
minus the  speed of advance of the  aesonbly. 

mÊÊÊÊÊÊÊ 
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g***• 4 

B„ N when V.' a variable 
°.i   or 

Bz  N  whoa N, G. a 
•^     con Ht tint 

*  fl,     H  when W = var 
Ifom/h 

Rkr w/ien N, C 
o   - constant 

Diagram for determining the speed of advance (v. ) of agricultural 

nachines and equipment of varying working width (B = variable) and 

the optimum combination of speed and width for units with tractors 

of given weiGht and power (Gt and N * constant) for a Civen steady 

load/power ratio on the tractor. 

(The combination B^ is the optimum one). 
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ft» curve thun plotted for th. theoretical productivity of the unit under 
consideration is determined by the formula: 

Wthoor,t =  ^ 

-and is shown in figuro  v
Jm    On this euro,   u ^D    \ 

curVü ^theoret * f<B'v) **> Buporliaposüd 
radian* lin,c xnuioaUn, the varinone  in the  theoretical productivity 

of th. unit for constat „orJcin* width;     in th., „ay th. workin, width of 

thu agricultural  .achin,, oorrocponciing to the  .axi.un productivity ^ b, 
determined by .graphic methods. 

Fro., figur.   5 u  ,,„  bt   3£„n t,.,t  tho producUvi(y :rf .   ^ wit]i ^^ 

engine  now'T r. ~ch.-«   ->    — vi,.-,,      -  i e i^w.i   f-xrito  a M, .X111IU..1 valu...  at  a  D^rticul-r- ~n . ^     r m, . .     , i'jui-ui,.r .-.pood  of aavancu.     This 
» due to  the fact th.t,  for •   i;ivo„ tractor p0Uir,   „„, ^  npuud of  :dv_c 

morbos th, working width ,.f th„ ,Eso:iblj. dccano= ^ ^  .^^ ^^ 

to zero - when ,n to.  power wil]   b„ aSvd fjr  ih,   propulalon (¡f ^ ^ " 

To begin with, for !„„ =P^C of .4ra^   ^   f.,n   ._._ ^ ^ ^ 

soon  ln coKp,,luün with th,   lMp_?^. ln ^ ^ of    ^^  ^ ^ 

xvxty ,„... klt.r, „it,. higncr 3p..do uf ^^  tho ^ 

more  rapidly than th.  soo.d of -dvanc .   L-icro—~    -„.  •, -   llcrease¡j,  and the productivity,  aft.r 
attaining a Mu-ir.u,. valu.,   begins  to decline. 

Thi8 is the ,ay th. th.or.Ucal productivity vari«,  ;.,d, tcvking into „^ 

tho wor<i„s t,,, utilizai« f,,tor and th. actual productivity,   it d.ter- 

"" ^ f0m °r ^^^ °f «- "I^-ti'Mr coot, of tho unit for constat 
tractor „eight and pow.r,  once th.c. exceed ,0,,   ,:animu„ v,lu(J. 

The operating cost  fer ^ vol.,,., of work is „ow aalcuiated for c,ch 
variant of .1 unit with -. civer. tr-ctor u i -ht    „ 1 

" tr.-M-ir weight -.nd .ninne power raid a Riven 
optimum ratio of working width to sP„ed of advance. 

T*c data concerning op.rating co8tB   )bfciru;d in ttio ^ ^ ^^ ^ ^ 

teM. (figure 6) •, tot,lUd for th. v^iouc cp.r.,tio„s carried out by 
umts having tr,ot,rs of -. glv.„ „.i,ilt ,ad [lov^ 

It i- of tho highest i.porf.c,  „a indeed indisponso.Mc,  to determine  tho 

c,ponditurC3 involved in o,rryi»e out , given vol• of work,  operation by 

operation,  for „nits having tractors of a given „cl!r„t but varying power. 
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Figure 5 
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6. 

The expenditure por unit area workod depends mainly on the energy consumed 

during the procese. 

The most expensive operation is ploughing, in which the resistevo of th, 

Plough i., great ^  th.: productivity snail. Whcn the tractiv. resistance 

of the agricultural machine is lower, it is possible, with the same tractor 

parameters, to inorer.se the working width and, consequently, th, product- 

ivity of the unit. 

When this io done, the expenditure, falls. This is why th, co.t of ploughing 

is considerably higher than the coot of operation, like cultivating, etubblJ 

ploughing, sowing, harrowing and BO on. 

If the volume of work involved in crying out these operation, iB not taken 

into account, then, wh.n th. expenditure for carrying out all these op-r- 

ations with units comprising tractors of given weight but .ariabL pow. r 

are added together, it appears that th , minimum expenditure, and, hence, the 

economically optimum power, is determined by one sing!, operation - ploughing. 

The volume of work on a f.rm accosted for by cultivating (two p-3£JüS) or 

sowing (cross-sowing) and 30 on nay be substantially greater than the 

volume of ploughing, howcv.r.  In this cas„, the expenditure m respect of 

the whole voluta, of thes, operations is comparable with the cost of plough- 

ing and thus exerts a greater influonc ,v, -th ,, -I-.+ -  1   ± °   u imiuencw on the relation between minimum 
costs and engine power. 

In these circuit•*, the economically optimum power of a tractor of n 

given weight is different from that required for ploughing and yot has a 

considerable overall economic effect on the farm. 

Tho optimum .ngme power of . tractor of given weight is determined by the 

minimum value of total .xpenditur, recorded with respect to tho whole volumo 

of work on the f,rm for unito comprising tractors of given weight a*d 

varying power. 

The analysis of expenditure when selecting the optimum tractor engine- power 

can be carried out either by means of tables of calculated results or by 

moans of a graph. A specimen graph showing the variation of expenditure re 

a function of the power of a tractor of given weight is shown in figure 7. 



ID/WP.40/17 
Pa§« 32 

Figur» 6 

Expenditure (in roubles) for 
different variants of units, 
broken down by operations 
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Figure 7 

when G«r • constant, 
N • var. and (Bv) • optlawi 

N¡    N2  Ns   /ty   Ns   A'g   Ny  r.'e   /ty   A'/j 
N (h.p.) 

Diagram for determining optimum power for a tractor if given 
waight for units carrying out a given set of agricultural opera- 
tions on a given farm (Power Ng is th« optimum) 
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It should bo pointed out that the search for the optimum angine power of a 

tractor of given weight used for a number of different operations is useful 

primarily when it  is  intended to .-ploy only on,  type of tractor.     If,  for 

each operation,   a tractor having th,- cptiuun power for the agricultural 

operation in question  ie  uoed,  the  resulting savings nay be considerable - 

if the consequent  diversification of the  tractor stock and the resulting 

operational  and repair difficulties are  left out  of account. 

Such questione-, have not  Ken  t.-ken  into  account   m  the method of selecting 

optimum parameters  described -bove,  but  it has  been assumed that  it would 

H moro officient  to use  tractors of a single weight and power on a farm 

than to use tractors with different  p.ranetors. 

This assumption has also been rr.ade  m selecting the economically optimum 
tractor weight. 

Optimum tra.     r weight for the given conditions is determined by the minimum 

value of total  expenditure for units comprising tractors of opticus power 

but varying Weights. 

This stage of the calculations concludes  the determination of the  economically 

optimum tractor weight and power,  the working width of machines,  and the 

speed of advance of machine/tractor units. 

A graph showing variation of total expenditure for tractors of different 

weight and optimum power is given m figure 8. 

The some; sequence  is followed in the calculation .and .analysis of other indices 

used when it  is necessary to .lucidate p .rticular .aspects of the efficiency 
of various machine/tractor units. 

All the data obtained,  whether for expenditures  or for other indices (labour 

costs,  fuel consumption and K.tal content)  can be conveniently plotted 

together on one or riore graphs,  like thone shown in figure 9. 

Such graphs assemble all  the  indice, of units involved  m the determination 

of optimum tractor weight  and power.    They can conveniently be plotted as a 

function of tractor weight,  and all  the indicators reduced to an equal 

lovel of energy saturation (relation of the tractor power to its weight). 

mäBtm 
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Figure 8 

SE 
•in min when G, 

and (Bv) optimum 

a, Gt   G»  Gt,   G5  66   07 Qr$  o9  Qi0 - 0-, (*«) 

Diagram for determining optimum tractor weight for tractor« 
or a gingie type carrying out, aa component« of unite, a 
given set of agricultural operations on a given farm. 
(Weight 0    is the optimum;. 
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9,      Tho analysis of the results obtained is carried out in roverßo order.    First 

of all,  it  is necessary to determine tho economic:.lly optimum weight and 

power of the tractors (scpr.rn.taly for each type of farm, or region of the 

country) which ensure  minimum expenditure  for carrying out  a given volume of 

work (agricultural  opérations carried out  on a given  area). 

If oqual minimum costs are found with tractors of different weight and power 

(different levels of energy saturation), additional indies rr.ust be analysed 

for these tractors. 

The graph (figure <))  shows tnat expenditures  are practically the  sane for a 

whole range of sizes  and types of tractors.     Analysis of the additional 

indices,  however,   shows that  labour costs,   fuel consumption and metal  content 

are different  in the caüe  of  luútc comprising these tractors.    Depending on 

the actual  conditions on farms in developing countries,  the tractors 

«elected in this case will  be those ensuring optimum efficiency with the 

lowest labour costs,   fuel  consumption and metal content. 

Hext,  optimum combinations of the working width of agricultural machines and 

speed of advance of units  are determined for the optimum tractors,   taking 

into account  each type of operation involved,  as well as  the previously 

determined working- conditions of the  unit. 

Tho optimum parameters of tractors and agricultural nachines thus obtainod 

arc used in the calculation and justification of type selection. 
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~ ±  -    -   *      -j     "% tf c 

Diagram showing variation of expenditure and other indices of'machine/tractor 
M a function of the weight and energy saturation of tractors, for the total 
volume of work. 



Ili/WG. 40/17 
Page 38 

CONCLUSIONS 

The calculation and justification of tho typo range of tractor« and agricultural 

machines is a complex tn.sk involving a whole serios of problems connected with the 

manufacture and operating condition?; of tractors and the agricultural machines to 

which they are coupled. 

The- determination of tractor weight and power,  the working width of agricultural 

machinée and the speed of advance of th^ machino/tractor unit is an essential element 

in  the  sélection of type ranger,. 

Tho method set out  above for determining and justifying the optimum parameters 

for machine/tractor units makes it  possible to identify the economically optirawa 

weight .and power of tractors, working width of agricultural machines and speed of 

advance of unitr: so as to ensure maximum efficiency in carrying out a given volume 

of work. 

The criterion for determining anf3  justifying the optimum parameters of assemblies 

is the achievement of minimum expenditure,  expressed as the r.onjy cost per unit  area 

worked.    At  the  same time,  additional  indices such as   labour costs,   fuel consumption 

rand metal   content  should be determined 30  that  a more  qualitativo approach can be 

mad,, to  the selection of machine/tractor units and the determination of the appropriate- 

ness of using thf.m in th~ national  economy. 

The collection of data on natural  and agricultural  conditions and on  specific 

features of the cultivation of agricultural  crops,  together with the determination of 

the relation between expenditures and the  parameters of machine/tractor units are 

fundamental tasks in determining th..  economically   optimum parw.etei s of machine/tractor 

units. 

The variants of machine/tractor units for which expenditures arc calculated and 

from which the optimum is selected should  if possible  take  into account differences 

in working conditions,  as well  as  in design .and economic factore. 

The method we have described may be ucefl  in  the  assessment and selection of 

alternative lines of development  of agricultural  technology. 

As labour costs,  fuel   consumption ana metal content are  also determined when 

estimating the expenditures,  analysis can  if necessary be carried out on tho bests of 

any of these factors and the unit  parameters which »ncurc maximum efficiency of the 

unit for ffiv.n values of these factors can be determined. 

The method set forth may be used in other branches cf the national oconoay. 
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