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UON THE NOMINAL TRACTIVE EFFORT OF AN AGRICULTURAL
DEPARTMENT TRACTOR

By A. P. Parfenov (NATI)

Beginning in 1956, the NATI worked out a classification of
tractors according to their nominal tractive effort which is based
on a parameter determining the possibility for equipping the tractor
with agricultural department lugs and equipment which have a suli-
able tractive resistance. In principle, the same constructionis
accepted as for the SEV "'tractor system'',

The classifying parameter which was adopted is sufficiently
dependable, regardless of the increase of operating speeds and
engine horsepower. The most important factor in developing a pro- .
spective tractor type and for the solution of practical problems is
an accurate formulation of a concept of nominal tractive effort and
the forumulation of a rational method for determining its value.

Varicus methods for determining the nominal tractivc effort
of an agricultural departmsent tractor are presently being proposed.
The most generalized of these is the proposition that nominal trac-
tive effort of a department of agriculture tractor can be determined
by characteristics on a stubble field of normal density and moisture,

In the case of the method proposed on the basis of the present
tractor type, the nominal tractive effort P, can be determined by
the permissible amount of decline in tractxve efficiency relative to

, max L . .
its maximum value 1 and by the permissible slip of the engine,

Subsequently, values of tractive efficiency and slip dctermining
P, were 1mrg£oved on the basis of more ideal methods determining
the zone N (2).

Some experts congider that for nominal tractive effort, traction
max
must be assumed at g T (3).

The opinion has also been expressed that the "'nomirnal' must
also take into account the tractive effort of the tractor at which the
maximum efficiency of the tractor aggregate is gnaranteed during
the fulfillment of more widespread operations (4) for the given type
of agricultural department tractor.

The disadvantages of determining nominal tractive effort P,
of a tractor according to maximum tractive efficiency are the follow-
ing:
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a) Very low accuracy (20-30%) in determining the abscissa of
this maximum for tracked vehicles and tractors with four
drive wheels, for which the dependence of nr on the trac-
tive effort pkp has a slanting character in a wide range

Pkp;

b) The system of maximum tractor efficiency is not entirely
the system of maximum efficiency of agricultural department

-~ tractors (4);

max AP .

c) The method 1T of the same tractorishifts in a range of
high speeds and low tractive efforts (5) with an increase of
the level of energy absorption which is witness to the failure
of the stability requirement produced by the basic classifying
parameter.

The method of determining P, according to the permissible
decrease of pT (3) is more satisfactory than the method of de-
- . ax ]
termining Px according to g and has none of the disadvantages
of the preceding (see a and b).

The methodical approach for determining P, according tothe
system of maximum efficiency of the tractor aggregate takes into
account the parameters of agricultural machines and equipment, the
balance of time of primary use, as well as the level of energy ab-
sorption characteristic for the present stage of technological devel-
bpment., Under these circumstances, the classifying parameter
loses its primary simplicity, definitiveness and stability., It is pos-
sible to arrive at the ridiculous conclusion that the same tractor,
when used on arable land, will concern one type of traction, another
type will be involved when the tractor is used for transport and still
another when it is used for cultivation. The realization of a system
of maximum efficiency of an agricultural aggregate is practically
impossible because of the inadmissibility of higgt slip values from
an agro-technical point of view (4). Once again, the determination
of P, involves the determination of a permissible level of tractor
slip.

The dependence of slip on tractive effort is a reliable indica-
tion of the coupling characteristics of a tractor of a given type and
class on a given soil base. Thus, a valid limit of slip with sufficient
accuracy for purposes of classification characterizes the tractive
potential of tractors. T

e '
Consequently, the determination of nominal tractive effort of
a tractor according to the permissible level of slip of its engine is,
from our point of view, the more correct approach.
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At the same time, it is necessary to indicate the limit
values of slip for an agricultural tractor by an arbitrary choice
(20% for wheeled tractors and 7% for those with tracks) which
are accepted for a characteristically nominal tractive effort of
tractor types for the years 1966-1970.

The cornmon disadvantage of all methods proposed for de-
terminin, nominal tractive effort is that they do riot indicate the
type of soil on which the nominal tractive effort o{ a tractor must
be determined. In the meantime, studies have shown that the
tractive efforts of tractors are quite different on soils of di\fferent
structure and composition (6).

The results of a large number of traction studies were ana-
lyzed from tests carried out at various machine testing centers
for the purpose of deriving permissible slip values, \

Certain dimensionless characteristics wcre accepted as
criteria for evaluating the tractive properties of tractors of vari-
ous types on various soil types: coefficient of coupling utilization
equal to the ratio of tractive effort on the hook to the adhesion
weight of the tractor with consideration of the dynamic redistribu-
tion of normal soil reactions and the coefficient of engine slip 8.

The tractive effort of a tractor with two drive wheels can
be expressed by its operating weight:

P.',-lan,. (l)

//‘
where G, A --is the operating weight of the tractor and the part

of it exerted on the drive wheel in operating conﬂttxon. Yxp is
the coefficient of utilization of coupling. \

For a wheeled tractor with all drive wheels and a tractor with
tracks:

Assuming that the tractive effort is exerted horizontally, co-
efficient A can be expressed by the tractor parameter

L—a Py My (3)
t t7a "
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where Jl —m=«> is the base and horizontal coordinate of the

center of gravity of the tractor; hkp is the vertical coordinate
point of the trailer, §

From Eq. (1) and Eq. (3) it follows that:

L—a

A an ——— o
’-‘—Yxp"xp (4)

Tractive power can be limited by two factors: engine power
and the coupling of the engine with the soil. For a tractor used in
the capacity of a pulling rnachine in a system of relatively slow
operating speeds, the coupling factor is limited.

Thus the energetically permissible slip limit of tractors is
useful for determining a result of the optimal utilization of adhesion
weight,

The expression characterizing the tractive power of a wheeled
tractor 4 X 2 may be presented in the following form:

N"-P,’ﬁ -109,,(!—3)0,. (5)
f
where vp, § -- is the calculated speed and 31\7\pping of the tractor
or, with consideration of Eq. (4):

. Pup (L—a)
W S —————
L— 'p’ h,'

e \ (6)

G(l-l)v,. :
For a wheeled tractor with four drive wheels and a t“;acked
tractor (2 = 1) the tractive power is expressed by the relation:

”np-aﬁ:p(l—")"r-} (7)

Eqs._(6)-and (7) show that at a given value of operating weight
and theoretical tractor speed, a larger value of tractive power,
according to the conditions of the engine coupling with the soil, is

attained at maximum value of parameter A for wheeled tractor
4 X2:

Vep (L—0)
A s = e (] =
L=—%phep @ ) (8)

and parameter B for whecled tractor 4 X 4 and tracked tractor:

Bmog,(1—V). (9)
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Fig. 1. General dependences of ¢, ~on ¢ for wheeled tractors

4 X 2: a -dry concrcte; b - stubble field of barley or winter wheat
on black dirt, loam (I) and sandy soil (Il); ¢ - field prepared for sow-
ing, on black dirt and loam.
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Fig. 2. General dependences of ¢y, on 3 for wheeled tractors
4 X 4; a - stubble field of wheat on black dirt and loam; b - field
prepared for sowing, on black dirt and loam.
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Fig. 3. General dependences of ¢, on $ for tracked tractors;
a - stubble field of wheat and barley on heavy loam and medium
loam black dirt {I-data of the KNIITIM; II-data of the No. Cau.
Institute); b - field prepared for sowing on black dirt.

The determination of permissible limits of slip for tractors
involves the determination of parameters A and B applicable to
general characteristics of the tractor on various typea of soil bases,

It should be noted that the permissible limits of slip for a

-wheeled tractor which will be acceptable in types from 1966-1970

is also established as the result of the maximum value of tractive
power with respect to coupling. However, we \id not take into
account the factor of dynamic redistribution of vertical soil reactions
which are exerted on the front and rear wheels of the 4 X 2 tractor.
Nevertheless, the maximum tractive power with respect to coupling
is determined according to individual traction characteristics and
not on the basis of general traction characteristics for a large num-
ber of tractors.

Figs. 1-3 present the general dependences ¢, on § for
wheeled tractors 4 X 2, 4 X 4 and tracked tractors, obtained in the
processing of the results of traction experiments.

The hatched regions mark the dissemination limits of points
P within the limits of which field the value of L™ is primarily
distributed in accordance with the values of relative soil moisture
on which the traction tests were conducted. Moreover, stubble fields
with a large value of relative moisture correspond to smaller values
of ¢ _, but for soiis prepared for sowing, the values of ’k in-

k P
crease with an increase of humidity.

The general dependences approach the characteristics of trac-
tors on a suitable soil base and soil type at normal moisture values,

el A w8
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] Thus, for example, the general curve of the characteristics of
~ 4 X 2 tractors on wheat and barley stubble fields and on a field
; prepared for sowing is characterized by soil humidity at a depth
of 15 c¢cm within the limits of 18-25%.

bases are satisfactorily approximated by a function of the form: R

_— g Curves of general tractor characteristics on various soil
i
}

| 'l’-'g' .n._'“.“; | (lo)

_ A similar characteristic function is used in studies (7, 8) to
i express the dependence of soil resistance to displacement on de-
formation, which is shown by the connection of tractive character-
istics of the tractor with physical-mechanical soil properties.

Coefficients of approximate functions of general character- ,
istic curves for tractors of various types are présented in Table 1,

P TUCSET S

: Values ¢, ., calculated according to Eq. (10) are plotted in
g the form of points on Figs. 1-3,

For tractors with all guide wheels, generalizations are made
on the basis of the characteristics of 4 X 4 tractors with dissimilar 1
front and rear wheels, for which a wide range of material is avail- S
able. According to the amount of necessary data accumulated with ’
: respect to tractors with all guide wheels of a single dimension, the
coefficients presented in Table 1 will be narrowed down with con-
sideration of a method of differentiation for evaluating the traction
characteristics of 4 X 4 tractors having different components,

A e — |

A

The nominal tractive effort of an agricultural tractor is best
characterized by slip values at which the functi\ons A(8) and B (§),
applicable to the general characteristic curves for a tractor, reach
maximum values (Fig. 4). Moreover, it is necessary to take into
account the negative scattering of the points of relations Pkp = £(8)
which allows us to take in the entire zone of optimum values of slip
) (according to the utilization of tractor adhesion weight).

' : The energetic optimum values of tractor slip 3opt at which

' the functions A (§) and B (§) have maximum values are presented
in Table 1, With the calculation A () we assume the following
constructional parameters corresponding to the MTZ -50 tractor:

.L=2.35m—utE=0.377; hkp = 0.48 m.
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Fig. 4. Dimensionless functions A (4) and B (§) for tractors

of various types on various soils: ——= wheeled 4 X 2; --- wheeled
4 X 4; --tracked; 1 - stubble field, black dirt with heavy loam;

2 - stubble field, black dirt with medium loam; 3 - after sowing;

4 - dry concrete; 5 - stubble field, black dirt, loam; 6 - aftersow-
ing; 7 - stubble field, black dirt, loam; 8 - stubble field, sandy;

9 - after sowing,

Table 2
Tractor Type Characteristics at Nominal
Tractive Effort
LM in % ‘°kpx
"Wheeled 4 X 2 17.5 0. 54
Wheeled 4 X 4 17.5 0.43
Tracked 5 0.6

Fig., 4 illustrates tests for wheeled tractors on stubble fields
of black dirt and loam as well as for tracked tractors on stubble
fields with medium loam black dirt; the deviation boundaries of the
relations A (4) and B (é) are plotted with ronsideration of the
negative scattering of points “kpr
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Orienting ourselves by the general tractor characteristics
on a stubble field with a given soil type and taking into account '
the negative deviation of relations A (§) and B (&) at corres-
ponding optimum slip, we can determine the slip\ values $x
characterizing the nominal tractive effort, Let us call §, the
nominal slip. In Fig. 4, the slip values 8, are determined
graphically.

The values of 8§, and the coefficients of coupling utilization
® kp x corresponding to them are presented in Table 2,

An analysis of tractive characteristics shows that at nominal
slip values, the nominal tractive efficiency of all types of agricul-
tural tractors makes up about 0,97 of its maximum value,

el
* " “Assuming that at a nominal tractive effort on the guide wheel
of a 4 X 2 tractor, 70% of its operating weight is’ bxerted (2x=0.7),
for the utilization coefficient of operating weight\ G, at nominal
tractive effort pkpx we obtain N

(11)

P |
L2 M upn=0,7+0,54 = 0,38
O

as opposed to 0.43 for a tractor with all drive wheels (Table 2),

The operating weight at nominal tractive effort takes into
account the tractor weight when provided with fuel, water and oil,
all operating instruments, a driver and ballast furnished by the
manufacturer. Thus, for example, according to test certificates,
the operating weight Gy of the T-40 and MTZ -50 tractors exceeds
their constructional weight by 15-20%.

A tracked tractor is turned by partially or completely dis-

aconnecting the driving moment supplied to the lagging track, in

accordance with which the turning potential of a tractor is limited
by the amount of power delivered at the wheel which is generated
only at the leading track. Thus, the value of the coefficient Prox =
0.6 which is selected for a tracked tractor from the condition of

its rectilinear movement, must be verified for the purpose of

guaranteeing maneuverability.

Prpu
In accordance with the value T'm the T-40 and MTZ -
50 tractors (equipped, as a rule, with standard agr?.cultural machin-
ery and equipment) can be referred to the 1.1 and li.Z ton tractive
class. Accordingly, at the same time according to'a method pro-
posed on the basis of present types, the T-40 and MTZ-50 tfﬁctors

can be put into the 1,2 and 1.4 ton class, \




The viewpoint of (9) is known, according to which in our
ugricultural economy it is useful to have both wheeled and tracked
tractors for plowing, which generated tractive efforts of 0.9 and
1.4 ton (4 X 2 wheeled tractor) and 2 ton (tracked tractor) on the
cultivated field with permissible slip. :

Papn

The relation , where  Yep,3, -- is the co-
Pup. 8, l

efficient of coupling utilization at normal slip 8§, Ag a field pre-
pared for sowing for 4 X 2 tractors on black dirt and loam amounts
to 1.45 (Fig. 1), for tracked tractors on loamy black dirt 1.3

_ (Fig. 3). |

For 4 X 2 tractors, due to the possibility of an\.\additional
drive wheel load on a cultivated field, we can assume that the'ratio
of nominal tractive effort to tractive effort on soft soil at nom&nal
slip 8, equals 1,3-1.4, For tracked tractors, we can assume that
the indicated ratio equals 1.3, According to these ratios, tractors
generating tractive efforts of 0.9 ton, 1.4 ton (4 X 2) and 2,0 tons
(tracked) on the cultivated field can be put accordingly in the traction
class (1,2-1:3ton; 1.8-2,0 tons and 2.5 tons (on stubble field). ‘

A\

Conclusions \

1. The nominal tractive effort of an agricultural tractor must
take into account the tractive effort realized on a stubble field
with normal moisture and density on black dirt or clay with
17-18% slip for wheeled vehicles and 5% for tracked vehicles,

2. The nominal tractive effort of a tractor can be determined by
the results of traction tests and for planning it can be calculated
roughly in accordance with given tractor parameters and the
magnitudes wy,, and Py, /G, .

"

3. In accordance with the proposed classification, the series-
produced T-40 and MTZ -50 tractors accordi&;g to our own
parameters approach the 1.2 ton traction class (nominal trac-
tive efforts 1.1 and 1.2 ton respectively), "

11.

ave vy can A

bk - EEL L e e A
S T

G e e PRR
o o R SN R

s




4, P
e g A i

[

e s b e o

Literature

(1) Trepenenkov, I. I.: Operating characteristics of agricultural
tractors. M, Mashgiz, 1963.

(2) Trepenenkov, I. I.: Basis and development of a complex of
characteristics of agricultural tractors. Dissertation in fulfillment

of a doctoral degree, M. 1965, s

e e

P " )
*(3} - - Boltinskii, V. H.: Prospective tractor types and their analysis,

"Mechanization and Electrification of the Agricultural Economy". No.

5. 1965, \\

(4) Mininzon, V. I.: On the nominal tractive effort of a farm trac-
tor. '""Mechanization and Electrification of the Agricultural Economy".
No. 5. 1965,

(5) Kushnir, A, M.: Influence of increased tractor moving speed
on the balance of forces and the character of tire deformation of the
driving wheels, Collection "Increased Operating Speeds of Tractors
and Farm Machinery" TsINTIAM. M., 1963.

(6) Xrobostov, C. H., Kharkhurim, Sh. X.: On the influence of
soil conditions on the tractive quality of tractors. ''Mechanization
and Electrification of Socialist Agricultural Economy'., No 1 (1961).

(1) Janosi, Z., Hanamoto, B.: The analytical determination of
drawbar pull as a function of slip for tracked vehicles in deformable
soil. Report of the 1st international conference on mechanical systems
"soil-prime mover' Turin, 1961,

(8) Gyorgy Komandi: D:termination of the physical ground charac-
teristic values on the basis of relationships between shear diagrams
and tractive effort characteristics. "Landtechnis%he Forschung"

No. 4 (1966).

(9) Kaipov, A. N.: On the problem of determining basic parameters
for planning plow tractors. "Tractors and Farm Machinery" No. 1.
1966. [)

\
v

\

e

12,

% St 2 s




- R . — ¥
s,- v - e (. ’
i L it . e N P U TR .

e DOCUMIHT COHTIOL DATA- & D

- (?M‘uﬂ‘v c*senilicatian of itle, beris of onatract and Indexing snnniation must de en'ared whan the cverall report te rhal!"td)

T 18

1. :v't't.éx.A CINTG AC IVITY (Unrnarate suthor) {14.‘ EEPORT JECUMITY CLABSIFICATION
b .

o V. 5. Avey Tenk Autemotive Cor—ond | Unclussified

. Wrreem, filehlom 1. GRour

5 ~~n B REPORYT TITLER
On the Veminal Tractive EZffort of an Agricultural Department Tragtor

SRS ol

4. DEICMI®TIVE NOATES (Type of report snd Inclusive detes;

Trenslation

S AUTHOIIR) ({iret mome, smidTe Initial, joet nems)

e T TR

6. NEFOMT DATE 7a. TOTAL NO. OF PAQES 78, NO. OF REFS

8 May €3 12
?'; COMTRACT O GMANT 110, 88, ORIGINATOR’S REPORT NUMBER(S)
J;, FI10-828
Y b PROJECT NO.
‘f, . . OTHER REPORY NO(S) (Any ofher numbers tha! may be seelgned
| ;‘;‘» thies report)
; ; Py
; Q

10. OISTAMRUTION STATEN KNT

Digtpthe Tehs oredoeracdnt '
T oddndted. \
11. SUPPLIMANTARY NOTES 12. SPONSORING Mu.H'\M!v ACTIVITY

ST AL TR IR R R

U. S. Army Tank Automotive Cormand
|

. ARSTRACT - ) s

E é - classification bfsthectors has been worked out nccordin& to their nominal trsctive | E
¥ !} effort. It is baned on a paremater daterminirg the polatbiiity for equipping the B
i ]| esctor with saricultural department lves and equipment which have a| suitable 2
? .1 tractive resistence, Various methods for determining the Rominal tractive effort of i
i’ ] sn agricultural department tractor are pzoposed, ¥
£ ;': h w
. i f 1t was found that the nominal tractive effort of aa agricultural tractor must take g
’ i} {nto sccount the tractive effort realized in a stubble field with normal moisture :
P and densnity on black-dirt or clay. Also the nominal tractive effert of a Zractor cam

be determined by the results of traction tests, For planning, it can be calculated :
roaghly in accordance with given tractor parsmaters, g

oo

S ¢
i i
o )
i 4
T
& !
R
st
;
i
:
!
i e T £ ./W TR Lt B me 1Y, 8 JaE AL T 1% v o '
L 0 kil - ! - \ - .
j ﬁi} + o vu!"&’ Fot - LET AW ATy U, UMCLACAITI®D
i \ Taturity CinawiTien o
—— X

N\

.




URCLASSIFIED
Becurity Claasllication

14. LINK A LINK & LINK C

KEY WORDS

L1-29 & wT ROLE wT ROLE wY
rominal Tractive Ertort
Tractor
Tractive Effort
i i > T,
-
f i -
~
hY
h) “w.
. . e -:_J
; UNCLASSIIIED

Security Classificatica



