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Abstract: The article is devoted to the development of a
generalized methodology for calculating the joint characteristics
of an internal combustion engine and transmission of a mobile
unit. The technique allows considering transmissions of various
physical nature: electric, hydraulic. The peculiarity of the
technique is that the power transmission of any physical nature
can berepresented by a generalized model, a four-terminal device,
the input of which is affected by the values of Min, nin, and the
output is Mout, nout. As a result of the calculations, graphical
dependencies of the joint characteristics of the internal
combustion engine and transmission, the efficiency of the
generator and the electric motor, and the mechanical and
electromechanical characteristics of the electric motor are
obtained.
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I. INTRODUCTION

Currently, serious attention is paid to reducing the time

required to complete the work throughout the chain - from the
birth of an idea to mass production of a product. There are
frequent cases when they are extremely stretched, and the
machines being created are moraly obsolete at the
development stage. In the process of creating a tractor,
experimental studies occupy the maximum share of the total
time spent [1,2]. They require attracting significant capital
investments. Reducing the timing of the development of new
equipment, reducing the reduced costs can be achieved by
applying effective theoretical research methods, improving
desigh methods and substantiating a rational version of the
designed product.

A feature of the theoretical methods of researching
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technical means is that they allow the widespread use of
modern computer technology, to implement a generalized
approach to the issue of choosing an effective product. Thus,
on the basis of the foregoing, important aspects can be
distinguished, whichis currently fundamental in the technical
policy of agricultural engineering in Russia:

+ Reducing the devel opment time of technical means and
reducing the cost of research.

» The world tractor industry is characterized by ever

wider use of hydrostatic, hydrodynamic, electric
transmissions.
» Generalized theoretical techniques will alow for

comparative studies of power transmissions of various
physical nature.

The essence of the generalized methods developed by the
authorsisthat the power transmission in the study of loading
propertiesisconsidered as afour-terminal device. Thisaspect
involves the study of transmission as a regulated system. An
assessment must be made of the stability of the angular
velocity of the crankshaft of the engine under the influence of
alow-frequency load.

In this work, serious attention is paid to the issues of
developing an agorithm for calculating these parameters.
Theam of thiswork isto devel op ageneralized methodol ogy
for the study of the protective properties of stepless power
transmissions of agricultural tractors.

Inthiscase, on the basis of research methods of the loading
properties of power transmissions, a comparative assessment
of the latter can be carried out taking into account the red
regulation law [3-6].

A. Study of the properties of hydrostatic gears

A hydrostatic machineisadevice that convertsarotational
mechanical energy flow into atranglationa hydrostatic flow,
or, conversely, a trandational hydrostatic flow into a
rotational mechanical flow. The first type of machine is
called a pump, the second one is called a hydraulic motor
[7.8].

A hydrostatic machine consists of the following main parts
of arotating rotor, afixed stator. The stator closes the space
around the rotor filled with the working fluid, and inlet and
outlet pipelines are connected to it. With the help of
distributors, the volumes of liquid under high pressure are
connected to the high-pressure pipe (discharge line), and the
volumes of liquid under low pressure are connected to the
low-pressure pipe (suction line).
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As areview of literary sources shows, research methods
for the joint operation of a hydrostatic transmission and an
internal combustion engine do not exist [7, 8, 9, 10]. Thisis
due to the fact that the hydrostatic gears used in the
manufactured tractors are designed primarily for manual
control. In such cases, the determination of the loading
properties of the transmissions makes no sense. However, it
should be noted that work is currently underway to develop
effective automatic control systems for hydrostatic
transmissions of tractors and machine-tractor units[11, 12 ...
15].

Therefore, to solve the problem of selecting and justifying
power transmissions of promising tractors, it is necessary to
have methods for studying the loading properties of
hydrostatic transmissions. These methods should allow you
to determine the desired law of regulation of transmission
parameters at the design stage. According to the data
obtained, it will be possible to select the appropriate type of
hydraulic machine regulator from the reference books [8].
The latter include not only types of regulators and hydraulic
machines, but also their characteristics. They are a set of
curves of efficiency, flow, pressure for hydraulic machines.
The directories provide theoretical and real laws of regulation
of automatic systems used in hydrostatic transmissions.

B. Study of the collaboration of a hydrodynamic
transmission and an internal combustion engine

In the torque converter, two main processes take place:
first, the mechanical energy supplied from the engine to the
drive shaft of the torque converter is converted into the
kinetic and potential energy of the working fluid, then this
energy is converted into mechanical energy on the driven
shaft [16, 17, 18]. In the simplest case, the torque converter
consists of three coaxia impeller type wheels - pump,
turbine, and reactor.

The main feature of hydrodynamic transmission is its
automaticity. It liesin the fact that in a certain range of loads
and frequency of rotation of the turbine wheel, the desired
speed and power modes are provided on the shaft of the pump
whesel. It depends on the degree of transparency of the torque
converter. So, for example, with an opague torque converter,
a torque and speed constancy mode are established on the
pump wheel shaft, and changes in the moment and speed on
the turbine wheel shaft do not affect the engine. With partial
or full transparency of the torque converter, external changes
in speed and load will affect the operation of the heat engine,
causing a deviation in the crankshaft speed.

To assess the loading properties of the hydrodynamic
transmission, input torque characteristics are constructed
[19], which are the dependencies of the torque on the input
shaft on the rotation frequency [2]. Based on these
dependencies, the amplitude of the moment and speed
fluctuations on the drive transmission shaft is determined at
the limiting values of the change of similar parameters on the
driven shaft [17, 18, 19, 20]. This method of studying the
loading properties of hydrodynamic gears is called
graph-analytical. The main advantage of these methods is
simplicity and clarity. It allows with sufficient accuracy to
evaluate the loading properties of hydrodynamic gears. In
addition, on its basis, it is possible to determine ways to
improve the quality of combining the characteristics of a heat
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engine and transmission.

The disadvantages include the fact that their capabilities
are limited from the point of view of the application in
determining the loading properties of other types of gears -
electric, hydrostatic. These methods do not allow to take into
account the work of special additional automatic devices
(control systems), which mainly determine the loading
properties of electric and hydrostatic transmissions.

C. A study of the collaboration of an electric
transmission and an internal combustion engine

Research methods for the loading properties of electric
power transmissions are detailed in [21,22]. In them, loading
properties are understood to mean the possibility of
achieving, through the transfer of a degree of stabilization of
the engine loading mode. The authors propose two methods
for the study of loading properties: analytica and
graph-analytical.

The only generalized method for evaluating the properties
of power transmission is the experimental method, i.e. based
on thetest results of aprototype tractor. Thus, the search for a
rational version of power transmission and determination of
the parameters of the latter is carried out to a greater extent
empiricaly. Thisleadsto along timeto create amodel of the
tractor and high material costs.

There is an urgent need to assess the loading properties of
power transmissions at the design stage: tractors, and based
on their comparison, determine the rational type of power
transmission.

For this, generalized methods are needed that alow
analyticaly using a computer to determine the properties of
transmissions of various physical nature. The objective of
thisarticle was formed on the basis of the following scientific
hypothesis: an increase in the efficiency of a machine-tractor
unit can be achieved by selecting the parameters of the
tractor’s engine-transmission system that determine its
loading properties.

The scientific task is to develop a generalized theoretical

methodology for studying the loading properties of stepless
power transmissions of agricultural tractors, with the help of
which at the design stage of the tractor it would be possible to
select and justify the power transmission effective in terms of
productivity, fuel economy, reliability.
When solving this problem, the following position was
accepted as a working hypothesis. the commonality of the
functional purpose of power transmission and the similarity
of their structural display suggest the possibility of
developing generalized methods for studying the loading
properties of power transmission.

D. Paper Submission Criteria
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Il. STATEMENT OF THE PROBLEM

The loading properties of power transmission characterize
the power transmission as an object equipped with an
automatic control system and give an idea of the power
transmission's ability to protect the energy source - the
internal  combustion engine - from low-frequency load
fluctuations.

A feature of the considered task of analyzing the loading
properties of a power train is that the object of the study is
power gears of various physical nature, for which there are
special methods. Private methods are based on taking into
account the features of physical processes that occur in each
of the specific options []. Therefore, they cannot be used to
analyze the loading properties of the transmission of various
physical nature. The problem that is solved in this section is
to find a generalized approach, on the basis of which a
generalized technique can be formed.

In order to show the effectiveness of the applied method,
specific examples of the analysis of loading properties should
be considered.

The power transmission of any physical nature can be
represented by a generalized model, afour-terminal network,
the input of which is influenced by the values of Min, nin, and
the output are Mout, nout.

The task of constructing a methodology based on the
theory of the four-terminal network is to determine the ways
of calculating the constant of the four-terminal network,
taking into account the physical features of a particular
version of the power transmission. The sequence of solving
the problem for each specific type of transmission is given.

1. RESEARCH METHOD

Power train as a quadrupole. From the theory of
quadrupoles, it is known that the relationship between the
input and output parameters can be described by the
equations[21]

M (in)=A lo_intB_1®_out (D)
M _(out)=A 2® (in )+B 2 ®_out

The A_1,A_2B 1B 2 coefficientsin the general case are
variable and are determined to take into account the specifics
of the power train under study.

generator U g=E 1R &g 2

engine U e=E 2+IR ae

For a single-flow hydrostatic transmission, consisting of a
pump and a hydraulic motor, these equations have the form:

pump Q_p=Q_1-py_p ©)

hydraulic motor Q m=Q 2+py m.

Consider the moment equationsfor electric and hydrostatic
machines:

M_(in.e)=c_(mh) ® rIn_mh"(-1) 4
M_(in.g)=q_p pn_mp”(-1) )
M (out.e)=c (me) ® elIn me
M (out.g=q m pmn_mm

From equations (2) and (3) we find the current and

pressure:
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I=(E_1-E 2)/R=(c mgd go_g-c med en_e)/R; (6)

p=(Q_1-Q_2)/y=(q_pe_p-q_mm_m)/y. M

We make the substitution (6) and (7) in (4) and (5), thenwe
obtain for electric transmission:

M _(in.e)=(c_eg"2 ® g2 1 _mg(-1))/R o_in-(c.mg [
c me®] gd en mg’(-1))/R o_out; (8

M_(out.e)= (c.mg [c me®] gd en me)/R o_in-
(c. me™2 @ e"2 n_me)/R o_out.

For hydrostatic transmission:

M_(ing)= (q_p"2 n_mp*(-1) )y o_in- (@ p om
n_mp”(-1))ly o_out; 9)

M (out.g)= (q pq mn_mp)y @_in- (@ m"2 n_mm)/y
®_out.

where ®_in and ®_out are angular speeds of input and
output shafts power transmission.

Comparing the equations of electric and hydraulic
machines, we find that they are identical in structure. It can
be seen from them that some parameters in electric and
hydrostatic machines are similar: U_( g) , U_e voltages
respectively; Q p , Q m consumptions; ¢ mg @ g, ¢ me
® e magnetic fluxes respectively; q p, g m working
volumes; armature current | and pressure of the hydraulic line
p, resistance of the armature windings Rad, Rad, and
hydraulic conductivity yp, ym.

From a comparison of the obtained expressions with the
equations of the four-terminal network (1), it follows that for
electric transmission, the coefficients:

A 1= (¢ mg™2 ® g2 n_mg~(-1) )R,
B 1= (c mg [c me ®] g® en me’(-1))/R,(10)
A 2= (cmg [cme®] gde [n] _melR,
B 2= (c me2 ® e"2 n_me)/R

similar to the coefficients of the equations describing the

hydrostatic transmission:
A_1= (q_p"2 n_mp~(-1) )ly,
B_1= (¢_mq_pn_mm"(-1))y,
A_2= (q_mq_pn_mm)/y,
B 2= (@ m”"2 n_mm)/y,
where ¢_mg,c_me are the constants of electric machines;
® g, ® e are magnetic fluxes of the excitation of the
generator, engine; R is the impedance of the anchor chain;
n_mgmn_mm are the efficiency of the generator and engine,
mechanical and magnetic losses; q p,g m are working
volumes of a hydraulic pump and a hydraulic motor; y isfull
hydraulic conductivity; n_mp, n_mm are the efficiencies of
the pump and the motor for hydraulic and mechanical losses.
Equations (1) can be transformed into another form [25]:
M_out=AM_intBwo_in, (12
®_out=CM_in+D®_in
The coefficients A, B, C, D will be equal to:
- for electric transmissions:
A=B_2/B_.1=-(A 2/A 1)n mgmn me=((c_me
®_e)/(c_mg ®_g))n_mgn_me ; (13)
C=1/B_1 =(Rn_mg)/(c mgc me D gD e );
D= A_1/B 1.
- for hydrostatic transmissions:
A=(q_m/q_p )n_mp n_mm; B=0; C=yn_mp/(q_p
q_m); D= q_p/g_m. (14)

(11)

B=0;
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The obtained dependencies alow us to propose a
generalized methodology for calculating the externa
characteristics of continuously variable power transmissions,
described below.

V. THERESULTSOF THE STUDY

A. Methodology for determining thejoint
characteristics of an internal combustion engine and
hydrostatic transmission

Stage 1. Initial data: heat engine power and parameters of
its regulatory characteristic; single-circuit hydrostatic
transmission with an adjustable pump; parameters of
hydraulic machines - range of variation of the pump
displacement qp (0...qmax); hydraulic displacement qm,
maximum pressure pmax, homina speed of the pump shaft
np nom, maximum speed of the motor shaft nmmax.

Fig. 1.Simplified kinematic diagram of the
motor -transmission installation of the DT-75M tractor
with hydrostatic transmission 1- internal combustion
engine A-41; 2 — matching gear; 3 — pump; 4 — hydraulic
motor; 5- coupling; 6 — bevel gear; 7—final drive; 8 —
drivewheel; 9 — hydrostatic transmission.

Stage 2. We determine the desired (ideal) law of changein
the pump displacement. We use the flow equations of the
pump and the hydraulic motor (3). By converting these
equations based on the fact that Qp and Qm are equal, we
obtain

a_p= (N_pm+p"2y_p+p"2y_m)/(o_(p) p) =
(N_pm+yp*2)/(@_(p) p). (15)

Since in the general case y_p= ¢(q_p ), then, transforming
the right-hand side of expression (15), we obtain the general
equation of the required law for changing the pump
displacement in the form

o_p= ((N_pm+py_m)q_m)/(p(o_p o_m-y_mp)).  (16)

In the expressions (15) and (16), y p ,y_m are the
conductivity caused by a leak in the pump and hydraulic
motor systemsis determined by the formulas [40]:

y_p= (k_l q_p)/my,
y_(m)= (k_1q_m)/mp, (17)
where Kk _y = 0,15 10-7 is leak rate; p is dynamic fluid
viscosity coefficient.

Note that expression (16) gives more accurate results
compared to (15). But since in practice, when the pump
displacement changes, its leakage conductivity changes
insignificantly, we can use the simplified expression (15) for
calculations. The calculation result of the theoretical law of
regulating the displacement of the transmission pump of an
experimental tractor DT-75M is presented in the figure 22.

Stage 3. We determine the law of change in the pump
displacement, taking into account the properties of real
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regulators.

An analysis of the well-known systems for automatic
control of hydrostatic gears shows that the most common
types of controllers use pressure feedback.

In this case, the liquid of the power circuit acts on the
piston, which overcomes the resistance of springs having
different characteristics. As a result of the movement of the
piston, the inclination of the cylinder block or washer
changes.

The characteristics of the springs and their number are
selected so that they approximate the required accuracy of the
law of variation of the pump displacement q_p asafunction
of the load.

Therefore, the real function g_p = f(p) is not a monotone
curve, but a broken line, in our case, dependence (15) is
approximated by three segments of a straight line (Figure 21)
and can be described by the equation:

q #=a_l ® v-b_1p-b_1M(p-p_k™)-b_1"'(p-p_k™"), (18)

where a lis proportionality coefficient between pump
shaft speed and displacement

a 1= q pmax/m_max; (19)

b1 [ b] 1~ [ b] 1~ are linear proportionality

coefficients characterizing the elasticity of the regulator
springs

b_i= (Aq i)/(Ap_i). (20)

In the case under consideration, as was noted in the initial
data, the speed of the output of the power transmission is
regulated by changing the working volume of the pump.
Therefore, the equation of engine displacement will have the
form

a 2=g_m- const. (21)
g,
Mm3ir10+4
5.0
AN
4.0
N 1
/ N
3.0 \\
N
20 / 2 />\"\\
1.0
/ .
0 P S— . . .
0 0.4 0.8 1.2 1.6 20 Haio’

Fig. 2.Thelaw of changing the working volume of the
hydrostatic transmission hydraulic pump of the
experimental tractor DT-75M asa function of pressure.1
- real, 2 - theoretical.

In the event that the gears provide for regulation by
changing the displacement of the motor, it is necessary to
establish the required law of change at stage 2. Then
expresson (21) will have a different form, structurally
similar to expression (18).
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Stage 3. We find the equations of the family of input
moment characteristics.

In general, the input and output gearboxes with gear ratios
are used to coordinate the rotational speeds of the shafts of
the heat engine and pump, as well as the hydraulic motor and
the working body (for example, propulsion) i_in,i_out
Thus, between the rotation speed of the motor shafts @_in
working body @_out and pump shafts ®_p and hydraulic
motor _m, the following relationships hold:

@ p=iin o_in
®_out= i_outo_m.

The equation of the family of input moment characteristics
in this case can be represented

M in=qpp=[alo_in-b 1p-b 1™ (p-p k)-b_ 1™
(P-p_k™)Ip .. (22)
The pressure in the hydraulic system of the power
transmission is determined from the system of equations (3)
p=(a_p o_(in)-q moe_out)/(y_pty_m). (23
Substituting (18) and (21) into (23), we obtain
p= (@la_ in"2+b 1N p kN @_intb 1M p k™
o_(in)-a_ 2 ®_out)/(y+(b_1+b_1M+b 1) ®_out). (29)

For every ®_out=const using expressions (22) and (24),
we construct afamily of input moment characteristics (Figure
3).
Stage 5. We find the eguations of the family of output
torque characteristics M_out= @(®_out). This equation can
be obtained using the equations of the four-terminal network
of theform (12), i.e.

M_out=AM_in+Bo_(in),
substituting the values of the coefficients, we obtain
M out=M in (q Mm1_mprn_mm)/q p.

S BE=T;
W
Y
2.0 I// 4
1.0//// / / : _
2 <N/ANI}

20 22 24 26 28 30 32 oblc

Fig. 3.External characteristic of the A-4l engine and
family input tor que characteristics of hydrostatic
transmissions of an experimental tractor DT-75M.
After that, taking into account (18,19,20,21) and (24), the
desired equation can be written
M_out=M_in (a_2(y+cwo_in))/((a_1 ®_in+c_17N+c_ 17"

)y+a 2 co_out), (25)
here:
c=b 1+b IM+b 1M ; ¢ IN=b IMp kN ; c IM=
b 1
p_kA".
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1.0, \t
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0 4 8 12 16 20 24 ob/c

Fig. 4.The output torque characteristic of the hydrostatic
transmission of an experimental DT-75M tractor

When constructing the output torque characteristic (Figure
4) by (25), thevaluesM _inand @_in take as the coordinates
of the points of intersection of the curves of the family of
moment characteristics and the regulatory characteristics of
the heat engine (Figure 3).

Stage 6. Based on the constructed external characteristics
(Figures 3 and 4), we will evaluate the quality of the joint
operation of the engine and transmission of the DT-75M
tractor.

V. METHODOLOGY FOR CALCULATING THE
JOINT CHARACTERISTICSOF AN INTERNAL
COMBUSTION ENGINE AND ELECTRIC
TRANSMISSION OF A TRACTOR

Initial data

N_rtm israted power of traction motor, W;

R _aistotal resistance of the chain of the armature of the
generator and traction motor, Ohm;

Q gn is nominal angular velocity of the generator shaft,
rad/s,

n_mmm is the efficiency of the traction motor for
magnetic and mechanical losses;

U_(max g) is maximum voltage at the terminals of the
generator, V;

®_maxg is maximum angular velocity of the generator
shaft, rad/s;

U_ming is minimum voltage at the terminals of the
generator, V;

I_max is maximum current of the armature of electric
machines, A;

Q maxm is maximum angular speed of the shaft of the
traction motor, rad/s,

Q minm is minimum angular speed of the shaft of the
traction motor, rad/s,;

|_12 is current strength of the armature circuit, at which
switching from the first control range to the second, A;

[(c®)] _i isintermediate value of the magnetic flux

within the second regulation range, V srad.;

I_max1 is intermediate value of the armature current
within the second regulation range, A;

R_ag is generator circuit resistance, Ohm;
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R_am istraction motor armature circuit resistance, Ohm;

Q rmis rated rotation speed of the traction motor shaft,
rad/s,;

AN_mechg isgenerator idle losses, W,

AN_mechmisidleloss of the traction motor, W;

U_mminis minimum voltage at the clamps of the armature
of the traction motor, V;

m1k 1 are coefficients of a linear equation
approximating the corrector branch of the ICE characteristic;

m 2,k 2 are coefficients of a linear equation
approximating the regulatory branch of the ICE
characteristic.

Resulting data

M_ e~ engine crankshaft torque of ICE, N m;

| _aisarmature circuit current, A;

1 _mmg is coefficient of magnetic and mechanical losses
of the generator;

Q e is angular rotation speed of the crankshaft of an
internal combustion engine, rad/s,

Q tmis traction motor shaft rotation speed, rad./s;

M_tm istorque on the shaft of the traction motor, N m;

7 _mmm is coefficient of magnetic and mechanical losses
of the traction motor;

n_mn is coefficient of performance for losses in the
winding of the armature of the traction motor.

A. Calculation of the theoretical law of regulation
magnetic current generator

By transforming the equations describing the electric
circuits of the generator and the traction motor, we obtain for
a parameter proportional to the value of the magnetic flux
[26]:

¢ g® g=((N_rtm/(n_rmmm)+I_a"2 R a))/(Q _rgl a),(26)

where:

N_rtmis rated power of traction motor, W;

n_rmmm is rated efficiency of the traction motor;

Ra=Ra+Ram+ R pg+ R bg+ R bm is tota
electrical resistance of the chain of the armature of the
generator and traction motor, Ohm;

R_ag is generator circuit resistance, Ohm;

R_am is same of the electric motor ohm;

R_sg is same of sequentia field winding of the generator,
Ohm;

R _bg issame of brush contact generator, Ohm;

R_bm issame of brush contact of the electric motor, Ohm;

|_aisarmature circuit current, A;

Q rgis rated angular speed of the generator shaft, rad/s.

B. Themathematical description of the real laws of
regulation magnetic flux generator and traction motor
An analysis of the principles underlying the formation of
the laws of change in magnetic fluxes suggests that they
(laws) can be described by dependencies:
Generator
cgdg=alQg-bll a,
al=[U] maxg/(Q maxg"2),
b 1=( [ [[(c] g® g)] _0-(c g® g)])/l max,
U_maxg is maximum voltage of the generator, V;
Q maxg is maximum angular velocity of the generator
shaft, rad. /s.
1st subband. The magnetic flux of the electric motor here

(27)
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remains unchanged and is equal to
¢ m® m= U maxg/(Q2 maxm ,) (28)
where: Q maxm is maximum angular speed of the motor
shaft, rad./s.
I1. subrange.
cm® m= [(c m® m)] 0+b 2(I_al_0), (29
[(c m®d m)] 0=a2
is magnetic flux of the traction motor at the starting point
of the second subband;
|_0Oiscurrent strength of the armature circuit at the same
point, A;
b 2=( [(c m® m)] k- [(c. ® m)] _0)/(I_max-1_0),
[(c m® m)] k
ismagnetic flux of the electric motor at the end point of the
second control sub-range.
Note: the law of variation of the magnetic fluxes of the
generator and the electric motor can take the form of abroken
line.

C. Calculation of the current strength of the armature
circuit
I. subband
[a=(a 1Q g"2-a2Q m)/(R atb 1Q g), (30)
I1. subband
[a=(a1Q g2+b 21 0-a 2)Q m)(R a+tb 1 Q g+
b2Q m). (31)

D. Calculation of the generator efficiency by magnetic
and mechanical |osses

n_mar= (E gl a)/(E gl s AN nmechr [(Q m/Q gnu)]
M+k 1E gMNo 1)), (32)
k l,a. 1 are smallest coefficients squares based on
dependency AN _mg=f(E 1) (Figure 5);
AN_mg is magnetic power loss, W;
AN_nmechg is mechanical losses in the generator, W.

AN, [ T o <l

kBT |
11 , - — — — - —[
9

|
T
[
|
2 _1
E

I
|
]
4

3.

0 8 12 16 18 10* E% B?

Fig. 5.Magnetic (1) and mechanical (2) lossesin the
I'ITA-220M generator

E. Calculation of torque on the generator shaft
M g=n mmg’(-1)(a_ 1Q g-b 11 a)l_a (33)
Calculation of the efficiency of the traction motor for
magnetic and mechanical losses
n_mmm=(E_ m1I (a)-AN_nmechm (Q m/Q _mn )"2-k_2
E m™o 2))/((E m/ a)), (34)
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E m=E g-1_a(R_ag+R _am),

k 2,0 2 are least squares coefficients based on the
relationship

AN _mm=f(E_n) (Figure 6);

AN_mm is magnetic power loss, W;

AN_nmechm is mechanical lossesin the electric motor, W.
AN,

kBT ( [ |
3 : 3.
)] I I i ,/!
L —t— = ?
= |
| — —
|
0 . 1 |
0 20 40 60 80 100 !0°E%B°

Fig. 6.Magnetic (1) and mechanical (2) traction losses of
the II1-200M electric motor.

F. Calculation of the efficiency of electrical machinesfor
lossesin the armature winding
Generator n_mg=U_g/(U_g+I aR a).
Electric motor n_mm= (U_g-1_aR _a)/U_g.

(35
(36)

G. Calculation of torque on the traction shaft

|. subband
M tm=(M_ga 21n_mmgn_mmm)/(a_1Q g-b 1l_a). (37)

Il. subband
M_tm=M_g ( [[b] 21 _a(b 21 0-a 2)Jn_mmg
n_mmm)/(a_ 1Q r-b 11_a), (38)
M g and Q g are torque and angular velocity on the
generator shaft are defined as the coordinates of the
intersection points of the combined characteristics of the

engine and transmission.

H. An example of calculating thejoint characteristics of
an internal combustion engine and an electric
transmission of the DET-250M 2 tractor

Initial data:

Diesel engine B-3lI;
Rated power N_en= 242880 W;
Rated speed n_(en )= 1400 rpm;
Maximum moment M_max= 1960 Nm;
Minimum speed n_min =900 rpm;
GShh-220M generator
Rated power N_nr = 220000 W;
Rated voltage U nr=310V;
Maximum voltage U_gmax=500v;
Rated current I gr=710A;
Maximum current I gmax=1I00 A;
Rated speed n_rg =2120 rpm;

Armature winding resistance
Series field resistance

R_ag =0,00763 Ohm;
R_1m0=0,0034 Ohm;

Generator efficiency n=0.91;
EDP-220M electric motor

Rated power N_1au= 220000 W;
Rated voltage U _tne=300 V;
Maximum voltage U_mmax=500V;
Rated speed n_mr= 430 rpm;
M aximum speed n_mmax = 2000 rpm;

Armature winding resistance R_am= 0,013 Ohm.
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|. Calculation of thetheoretical law of regulation
magnetic flux generator

Table- I: Thetheoretical law of regulation of the
magnetic flux of a generator

I A 100 | 200 | 300 | 400 | 500 | 600 | 700 [ 800 | 900 | 1000 | 1100

o®.Bc | 895 | 45 | 3.02 231 |1.88| 16 | 141|127 1.16|1.08 |1.02

Fig. 7.Simplified kinematic diagram of a DET-250M 2
tractor engine-transmission installation.

J. Calculation of thereal laws of regulation of magnetic
fluxes
a_1=500/2312 =9.37-10-3 (V/S\(-2));
(c_g® g)0=1500/231=2.16 (V/s-1);
(c_g @ gk =(220000+ 11002 - 0.1958)/(II00 +222,1) =
0,997(V/s-1);
b 1 =(2,16-0,997)/1100 = 1,06 10-3 (V's/A);
[(c. m® m)] _0=500/209,44 = 2,39 (V/s-1);
(c._m @ m)k =(199,93-1100 - 0.0221)/30 = 60 (V/s-1);
b _2=(5.5-2,39)/(600-370) = 1,37 - 10-2 (V's/A);
b_3=(6,0-5,5)/500 = 1,0 -10-3(V's/A);
cm® m =2,394-1,3710-2 (I_a 370) (V's);
cm® m=55+1,0-10-3(I_a- 600) (V-s);
The graphs constructed on the basis of the obtained
dependencies are presented in Figures 8 and 9.

E/w,
Be et
60 F—F—"t—— _ e
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| /
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3.0 21 : i T
I I3 ; |
2.0 . ‘ |
| —
1.0 b—-—f— i ] l---—“—:':‘:‘:—,-_._,,_‘
|
\ |
0 I |
0 100 200 300 400 500 600 700 800 I.A

Fig. 8.Thelaws of regulation of magnetic flux: 1 -
generator (real); 2 - traction electric motor (real); 3 -
generator (theoretical)
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Generalized Method of Calculation of the Joint Characteristics of the Internal Combustion Engine and the Tractor
Transmission

K. Calculation of the current strength of the armature

. subband

[ a= (9.37-10"(-3) Q g"2-2.39Q m )/(0.04167+10"(-3)

Q g) ,whenl ag<370A,;

1. subband

a= (9.37- 107(-3) Q_g™2-2.39Q g )/(0.04167+ [1.06 ‘10
] A(-3) Q r+1.37-10°(-2) Q 1) ,when (370<I_a<600) A;

[ a= (9.37- 107 (-3) Q g"2-4.9-Q m )/(0.04167+ [1.06

‘10] N(-3) Q g+1.0 - 10/(-3) Q m) ,when
(600<I_ag1100)

The electromechanical characteristic of the electric motor
isshown in Figure 11.

Simplified kinematic diagram of a DET-250M2 tractor
engine-transmission installation.

L. Calculation of the generator efficiency by magnetic
and mechanical losses
nmmr =(E gl a)/(E rl s+0.1313 [ Q] r"2+6.59 -
10N-4)E I2.6) ,
E g=3.37 - 107 (-3) Q_g-1.16 107 (-3) | _a .

Here, an expression approximating the dependence of
magnetic and mechanical losses is obtained by the
least-squares method based on Figure 6. The dependence of
the generator efficiency on magnetic and mechanical lossesis
shown in Figure 10.

M. Calculation of torque on the shaft of the generator
and internal combustion engine

M_g=n mmm (9.37 - 10°(-3) Q r-1.06 - 10~(-3) I_a) |_a,

on the shaft of an internal combustion engine

Me=M gi,
wherei = 1.414 isthe driveratio of matching gear.
M. .
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Fig. 9.Combining the characteristics of the B-3l engine
and GPA-220M generator of DET-250M 2 tractor
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N. Calculation of the efficiency of the electric motor by
magnetic and mechanical losses
n_mmm= (E mI a-0.499 Q tn"2-4.67 - 10"(-4)
E m"2.6)/(E nl s),
E m=E _g-0.04167'1 a.
The dependence of the efficiency of the electric motor on
magnetic and mechanical losses is presented in Figure 10.
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Fig. 10. Thecalculated valuesof the efficiency of electric
transmission machines of DET-250M 2 tractor

O. Calculation of torque on the motor shaft
M tn=M g (2.351_mmgn_mmm)/(9.37 - 10"(-3)
Q g-1.06-107(-3)1I_a) , whenl_ag370A;

M 1n=M g ((1.37- 107(-2) |_a-2.72)n_mmg
n_mmm)/(9.37 - 10°(-3) Q_g-1.06 - 10~(-3) |_a) , when
(370<I_ag600) A;

M =M (g) ((1.0- 10°(-3) |_a-4.9)q_mmg
n_mmm)/(9.37 - 10°(-3) Q_g-1.06 - 10~(-3) |_a) , when
(600<I_a<1100) A;

The dependences reflecting the relationship between the
torque on the motor shaft and the armature current are shown
in Figure 11.
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| | |
200{2000 ! | |
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Fig. 11. Electromechanical (I) and mechanical (2)
characteristics of the EDP-20 traction motor.

Published By:
Blue Eyes Intelligence Engineering

Exploring Innovation


http://www.ijitee.org/

opmanccess
V1. DISCUSSION

The results obtained indicate that the proposed
methodology is generalized. It allows you to carry out
calculations of both the joint characteristics of the internal
combustion engine and transmissions of various physical
nature and energy indicators. Therefore, make an informed
choice of a particular power train at the design stage of a
mobile unit.

An analysis of the calculated joint characteristics of the
engine and transmission makes it possible to recommend
rational operating modes of the mobile unit at the design
stage, taking into account the features of the relief and soil.

VIlI. CONCLUSIONS

1. Based on the analysis of information sources, it was
found that in the theory of power transmission of mobile units
there are no generalized methods for comparative studies of
power transmission of various physical nature (electrical,
hydraulic).

2. Stepless gears, regardless of the physical nature of the
machines used in them, can be described by generalized
equationsin the form of quadrupole equations. This makes it
possible to develop a generalized methodology for
calculating characteristics that reflect the loading properties
of the transmission.

3. The article shows that, based on a generaized
methodology for studying the loading properties of power
transmissions, at the tractor design stage, it is possible to
determine the combined characteristics of an internal
combustion engine and transmission, the desired laws of
magnetic flux control in electric and displacement in
hydrostatic power transmissions. In addition, the technical
requirements for electric and hydrostatic machines can be
determined from the point of view of the maximum and
minimum values of magnetic flux, armature current, voltage,
displacement, pressure in the hydraulic system, flow rate of
the working fluid, and shaft rotation speed.

4. One of the man advantages of the developed
generalized methodology is the possibility of its use at the
design stage of a machine-tractor unit. Moreover, it is useful
from the point of view of the choice and justification of
effective power transmission of various physical nature.
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