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CALCULATION OF THE PERFORMANCE INDICATORS OF MACHINE AND TRACTOR
AGGREGATES USING BIOFUEL

Summary

The existing methods for the calculation of the performance indicators of machine and tractor aggregates (MTA) do not
take into account the effect of biodiesel fuel on their operation and therefore require corrections considering the key and
associated factors. The aims of the investigation are clarification of mathematical dependencies in case another kind of fuel
is used and development of a methodology for the calculation of the efficiency of the MTA. As a result of simulation of the
MTA draft indicators, the effect of biodiesel fuel on the tractive characteristics of the MTA power unit has been investigated
under different operating conditions.
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KALKULACJA WSKAZNIKOW WYDAJNOSCI MASZYN ZAGREGOWANYCH
Z CIAGNIKIEM ZASILANYM BIOPALIWEM

Streszczenie

Istniejqce metody kalkulacji wskaznikow wydajnosci maszyn zagregowanych z ciqgnikiem nie biorq pod uwage wptywu bio-
paliwa na ich prace i dlatego wymagajq korekt po rozwazeniu kluczowych i powiqzanych czynnikow. Kierunki badan sq wy-
Jjasnieniem matematycznych zaleznosci, jezeli inny rodzaj paliwa jest uzywany i rozwoj metodologii dla kalkulacji skutecz-
nosci maszyn zagregowanych z ciggnikiem. Jako wynik symulacji wskaznikow maszyn zagregowanych z ciggnikiem w fazie
projektu, wphyw biopaliwa na pociggowe cechy bloku energetycznego maszyn zagregowanych z ciqgnikiem zostal zbadany
na mocy innych warunkow eksploatacyjnych.

Stowa kluczowe: biopaliwo, maszyny zagregowane z ciqgnikiem, wydajnos¢

1. Introduction The aims of the investigation are clarification of
mathematical dependencies in case another kind of fuel is

The existing mathematical models of the machine and  used and development of a methodology for the calculation

tractor aggregates (MTA) do not give a full idea about their ~ of the efficiency of the MTA on the basis of its draft indica-

operation when biofuel is used, and not always do they pro-  tors.

vide a possibility for adequate estimation of the changes

that occur in the process of operation of the aggregate when 2. Materials and methods

it changes the kind of fuel. For this reason it is necessary to

clarify the existing dependencies [1]. Investigation of the The methods applied in this work are based on mathe-

work of machine and tractor aggregates was conducted by: ~ matical simulation of the physical and physico-mechanical

B. Rodichev, A. Guskov, V. Anilovich et al. In work [2] a  processes that take place in the MTA structural units and

dynamic model of a machine and tractor aggregate is of-  are considered successively one after the other. Let us con-

fered with variable parameters of the condition. Mathemati- sider a towed (mseoswiii) machine and tractor aggregate
cal simulation of the MTA draft loading is discussed in [3].  consisting of a tractor and an operator-guided agricultural
A calculus and ways how to improve the performance indi-  machine. The tractor, in its turn, consists of such structural
cators are presented in works [5-6]. Works [7-8] deal with  elements: the engine, the transmission, the undercarriage
the issues how to raise the efficiency of the MTA at the ex-  and the control mechanisms, the operational equipment. In-

pense of a two-component biofuel, which is a mixture of  teraction of these units and mechanisms is characterised by
the methyl ether of the canola oil (20%) and a diesel fuel = a multitude of various processes which successively affect
(80%). each other. It is a mathematical description of these proc-
esses that is the task of the simulation of the MTA opera-
tion. The energy estimation of the MTA operation presup-
poses determination of the tractive power balance of the
tractor. In order to determine the tractive power on a par-

The issues of mathematical simulation of the interrela-
tion of the parameters of a tractor engine with the opera-
tional parameters of a mobile machine are studied in works
[9-10], the operation of an engine using biofuel is consid-
ered in [11]. In work [12] the tyre road hold of the driving  ticular gear, a concept of the load factor ked of the engine
wheels of the tractor is examined. In order to determine the  can be used [17]:
basic operational parameters of the MTA, it is also impor- R +f-G (1)
tant to take into account the basic familiar dependencies ke :T— edlim
presented in [13-14], and for the calculation and simulation !
of the tractive characteristics of the tractor it is necessary to
know its technical specifications [15-16].

where:
R, - the draft resistance of the machine, kN,

Viktor ANISIMOV, Vadym RYABOSHAPKA , Semjons IVANOVS 16 ,Journal of Research and Applications in Agricultural Engineering” 2016, Vol. 61(3)



f- the coefficient of travel resistance;

G - the operational weight of the tractor, kN;
Pn_ — the tangential tractive force on the i-th gear, &N;

k

wtim — the allowed load factor of the engine.

In order to calculate the draft resistance R, of the

machine, depending on the kind of agricultural work, we
will select a structure of the aggregate and choose this or
that formula.

For instance, calculation of the draft resistance of a

ploughing aggregate MTZ-80+PLN-3-35, used for
ploughing, is carried out according to the familiar
V.P.Goryachkin’s formula [15]:

2
R =f,-O+a, b, n, (K, +&,V) ()
where:

ﬂ) — the coefficient of the first term of the rational
V.P.Goryachkin’s formula;

O — the weight of the tool (plough) in the composition of
the aggregate, N;

Kp — the specific resistance of the plough, N -m™;

a,. bpc , — the depth of ploughing and the working width
of the plough body respectively, m;

n, - the number of the plough bodies with a respective

number of coulters;

& — a coefficient depending on the parameters of the
pc

working surface of the plough body and the soil properties,
N-s*-m™;
V' —the working travel speed of the aggregate, m s

To determine the travel speed V of the aggregate, we
use the familiar formula [12]:

_rn (1-5)’ A3)
30 U,
where:

n — the rotation frequency of the engine crankshaft, min';
7, — the rolling radius of the driving wheel, m;

U, — the gear reduction rate;
O — the skidding coefficient.
Let us determine the rolling radius 7, of the driving

wheel according to the formula:

r,=254-10°-(0.5-d,, +0.8-b,,), )
where:
d b, - the diameter at rim seat and the tire section

dw > bw
width of the driving wheel in inches.
The gear reduction rate {J . of the tractor is calculated as

a product of the gear reduction rates of its units and
mechanisms. Knowing the kinematic scheme of the tractor
[14], we build a formula to determine the total gear
reduction rate of the tractor:

U/ = Um,tzb : U»‘g : Umg : Ufﬁ > (5)

where:

U U U U, — the respective gear reduction rates of:
mgb rg mg g

the gearbox, reduction unit (pedykmopa), the main and the
final gear.
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By substituting formulae (4, 5) into formula (3), we
obtain:
0423107 (d,, +1,66-b,,) 7

Umgh : Urg ' Umg ! U/g

In order to determine the skidding coefficientd , we use

the empirical dependency [17]:
4
5_a(/+¢hj+b[%J s (7)
A A

6K 6K

~n'(1_5). (6)

where:
a, b — the empirical coefficients depending on the medium
soil hardness and pressure onto the ground;

@, - the coefficient of the used adhesive force
(kosghpuyuenm ucnonvzosanus cyennoo éeca);
A . —the load factor of the driving wheels.

dw g

The empirical coefficients a, b are found according to
formula [17]:

a:0.25-3\/":~ ®)

o

bzz,s-s\/zf ©)
o

where:

g, — the medium pressure of the wheeled driver of the trac-
tor upon the soil, kg.cm?;

o — the medium hardness of the soil, kg-m™.

We recommend determining the medium pressure g

for the driving wheels according to the formula:
2

dw mrr >

_ (10)
. F
where:

m,, — the operational mass of the tractor, kg;

F;p — the area of the contact plot of the wheel with the soil

(em?), which is defined as:

F,=F K.

where:

F — the contour area of the contact, cem®

an

K, — a coefficient depending on the tire diameter of the
wheel.
Area FL is found out according to a simplified formula

on the basis of [13] and considering the size of the tires in
inches:

F =254-10"-b, L,
where:

L — the length of the support surface, determined by A.V.
Guskov’s methodology [13], cm:

L:%-a0+,/D,~h’

where:
D — the reduced (npuseoénnuuii) diameter of the driving

(12)

(13)

wheel, m;
O, — the angle of the covered (oxséama) support surface of
the wheel, rad,

h —the depth of the track, m.
Diameter D is determined according to formula [13]:
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. , 14
D,=D, -(1+2 ’”J (14)
oD,
where:

D, - the nominal diameter of the tire, m;

m,  —the mass of the tractor per one driving wheel, kg.

Itrw
Depending on the rolling conditions of the deforming

wheels along the deformed surface, we select D for an

external diameter of the wheel in a free state. Thus, by

analogy with formula (4), we determine:

D, =254-10"-(d,, +1.6-b,,). (15)
Depending on the distribution of the operational weight

on the axle of the tractor, we determine:

— mn' i ﬂ'dw .

lrw
2
Angle @, is determined according to formula [13]:

(16)

m

a7

a, =arctg D"h_hz.
= Lehmn
Dy
2
The depth of the track [13]:
. m, , (18)
 645.16-10°-K*-b2 - D’
. aw "y

where:
K — the coefficient of the volumetric deformation of the

soil, kg-m%.
3. Results and discussion
By substituting formulae (11-18) into formula (10), we

obtain an equation for the medium pressure of the wheeled
driver (konecrnozo dsusicumens) of the tractor onto the soil:

m,, A, 107
9o = 645 .16 10 °-b - K,-(d, +1.6 -b,)x

m_ A

mp 6K

X[l

T35 400 0 o -(dK+1,6-bK)JX

mm} .ﬂel\'
X arctg L x
-6 mmp ﬂ’e/\
1290 .32 -10 °-K b, -(d, +1.6-b,)-|1+ ~
254107 -0 -(d, +1,6 -b,)
2 2
x 1_ mmp 6K . x
-7 2 2 3 m,, '/IGK
0.423 .10 7 -K?-b>-(d +1,6-b,) |1+ S
25.4-10 % -0 -(d, +1.6-b,)
x 1

(12.7-103><(dk+1.6-bk)-[l+

m, A

mp 6K

25 .4~1O3-a~(dk+1.6'bk_)J_

0 (19)
2 2
_ mmp 6K . +
m, -A
0.423 10 7 -K?-b2-(d, +1.6-b. ) |1+ L L
25410 7 -0 -(d, +1.6-b,)
+ mp ) ﬂ’ax
A
25,410 K -(d, +1,6 b, ) |1+ A L
25,410 % .0 -(d, +1,6 -b,)
Coefficient ¢, is found according to formula [18]: p-Yim s (22)
’/‘ e
_5, 20 "
D, _E, (20) where:
. 7, — the coefficient of efficiency of the tractor transmission
where: t

P, — the draft force on the hook of the tractor (kN), deter-
mined by the familiar dependency [14]:
Ph = R -P r°

where:

P - the resistance to self-propulsion of the tractor, kNV.

2]

To determine the tangential tractive force P, we use the

following dependency [18]:
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M , — the efficient engine torque, N'm.

On the basis of the kinematic scheme of the transmis-
sion, as well as using the familiar dependency [14, 16], we
determine:

1, =M My M

where:

(23)
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N> Moga> My~ the respective coefficients of efficiency: of

the cylindrical and the conical gears, as well as in idle run-
ning of the transmission;
K, , K, — the quantity of cylindrical and conical gears in

the transmission.
Substituting formula (22) of dependency (4-5, 23), we
obtain:
p oMo Un Us Up U i s 1,874
' (d,, +1.66-b,,)

dw

Parameter Af_ in formula (24) considers the connection

(24)

mgb

of the draft parameters of the tractor with the parameters of
the engine efficiency.

The interrelation of the efficient engine parameters are
described by the familiar dependency [14]:

_9550-N. |

M- (25)

n
where:
N, — the efficient capacity of the engine, k.

Consequently, formulae (24-25) reflect the connection
of the efficient parameters of the engine with the draft
parameters of the tractor, which affect the draft force P,

(11) and, in their turn, the skidding coefficient ¢ (7, 20)
and, as a result, the MTA energy parameters.
Let us simulate changes of the tangential force P

depending on the efficient capacity N of the engine by

using the data presented in article [16], where for engine
4Ch11.0/12.5 (the manufacturer's mark D-240), there are
investigated changes of N and the rotation frequencies 72

of the engine crankshaft in an experimental way, using a
diesel and a biodiesel fuel B100 for all the working
conditions.

The technical specifications of a tractor of the drawbar
category 1.4 with engine 4Chl1.0/12.5 are given in work
[20].

Using indicators N, and 71 as external characteristics of

the engine [12], after formulae (14-15) we obtain a
dependency N = f(P) on various transmissions. We

perform simulation of the change of such a dependency by
means of electronic tables Microsoft Excel. On the basis of
the results of calculation with the help of the grapho-
mathematical editor OriginPro 8 we build graphs of the
obtained dependencies for four working transmissions (see
Fig. 1).

Analysis of the obtained graphs, for example, for trans-
mission VlImg show that for the diesel fuel the maximum
efficient capacity (N, = 55.2 kW) is achieved at value

P =15.31 kN, for the biodiesel fuel — the value of maxi-
mum capacity is N, = 53.67 kW at P =15.63 kN, which

is a witness of insignificant improvement of the tractive
characteristics of the power unit within the MTA under
nominal conditions of the engine and under conditions
close to the nominal. At the maximum value of the tangen-
tial tractive force of the tractor for the same transmission:
when the diesel fuel is used (P =18.32 kN), the efficient

capacity is N, = 40.89 kIW; when the biodiesel fuel is used
(P =18.01 kN)— N =37.11 kW.
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Fig. 1. Dependence of the efficient capacity N of the
engine on the tangential tractive force P of the tractor:

- for the diesel fuel;
—¢ = —* — —* = _ for the biodiesel fuel; VImg, VIImg
— for transmissions with a reduction gear; IV, V — for
transmissions without a reduction gear

—

-
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As aresult, a dependency of the efficient capacity of the
engine on the tangential tractive force is obtained for four
basic transmissions, using a diesel and a biodiesel fuel. This
dependency is produced on the basis of experimental data
[16], and it characterises the effect of the kind of fuel on the
draft characteristics of the tractor. However, when doing
calculations, one should consider also extraneous factors
which arise in interaction of the wheeled drivers
(osuoicumenenr) with the soil and may level out or increase
the effect of the kind of fuel on the MTA tractive character-
istics. This leads to an error in calculations and, conse-
quently, to incorrect conclusions. To avoid this and to make
the calculations more exact, in the present methodology
there are formulae (7-9, 19) used which take into account

the impact of the skidding coefficient o upon the draft
characteristics.

4. Conclusions

1. A mathematical model is offered which considers not
only the basic working processes that take place in the
structural elements of the MTA but also the physical and
physico-mechanical properties of the soil. Such a scientific
approach provides a possibility for a more objective as-
sessment of the effect of biofuel on the performance and
technological indicators of the machine and tractor aggre-
gate.

2. The results of the simulation of the MTA tractive indi-
cators show that under nominal conditions and conditions
close to the nominal the use of the biodiesel fuel can raise
the tractive characteristics of the energy unit of the MTA by
2.1 %; but when the engine is working under overload con-
ditions, the use of the biodiesel fuel reduces the tractive
properties of the energy unit of the MTA by 1.7%.
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