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 Abstract: The paper presents a method for development of technical pull characteristic  of crawler tractors with 

powershift transmission and the PC software package based thereon for analytical presentation  of soil parameters, 

hydraulic machines  transmission automatic control system, internal combustion engine parameters, etc.  

      The methodology allows preliminary assessment of indices of newly designed crawler machines with 

powershift transmission and   effect analysis of various structural and performance factors.  

 

 

 

      The theoretical construction of the pull 

characteristic is essential for preliminary assessment 

of the parameters of the newly designed tractors or 

other traction machines. If there is a hydrostatic 

continuously variable transmission the construction 

of this characteristic will have some peculiarities that 

complicate somewhat the methodology compared to 

machines that use conventional mechanical step 

transmission. 

      In crawler tractors mostly use two independent 

hydrostatic circles, which is the more general case of 

the arrangement of hydrostatic machines and allows 

the proposed methodology to be valid also unto 

wheel traction machines with such transmission. [4] 

       To build the pulling characteristic of crawler 

tractor with hydrostatic transmission is required in 

advance to specify the scheme of transmission and 

size the hydrostatic machines, as well as their main 

characteristics, taken by producer.[5] Besides the 

maximum working pressure, maximum speed and 

maximum working volume of the hydrostatic 

machines are necessary and experiment data for 

volumetric and hydromechanical efficiency, 

respectively, for volumetric and hydro-mechanical 

losses and regulatory characteristics of the automatic 

control system (if any) that are expressed in 

analytical form by approximation of the experimental 

data. Are also needed the parameters of the road and 

details of construction the designed tractor and chain-

drive. 

      The curve of acceleration skid on caterpillar 

tracks is convenient also be presented in an analytical 

form, based on test data for different soil conditions, 

characterized by coefficients of resistance of 

movement (f) and skid () (expressed as a function 

of pulling force - FT or of the tractive factor – T = FT 

/G). Are accounted also the influence onto the 

acceleration skid on the movement speed (v), on the 

average pressure of the chain drive onto the soil 

(qср), on the length the supporting surface the chain 

drive (Lоп), on the average hardness the ground (s) to 

a depth of 5 to 10 cm and its humidity (W).  [1].  

      At hydraulic system for automatic control of the 

transmission is determined dependence of the control 

pressure from the speed of the internal combustion 

engine – Py = f(n) and the equation of regulatory 

curves which represent the dependence of the relative 

displacement from the working pressure at parameter 

the control pressure Kv = f(p). Depending on the 

type of used hydraulic machines and working 

conditions are classified following options, given in 

Table 1 and Table 2. 

      The coefficients Ko. and K in the equations of the 

control pressure taken depending on the setting items 

(the corresponding adjustable throttle or valve) in the 

block for automatic control, that form this pressure. 

      The efficiency of the hydraulic machines is 

expressed in analytical form, depending from the 

relative hydro-mechanical losses (  and the 

relative volumetric losses ( ), and as a function of 

the working volume (Kv), working pressure (Kp) and 

speed (Kn), which are represented in the equations in 

dimensionless form under the assumption for 

constant temperature of the working fluid [2]. For 

some hydraulic machines on two of the leading 

manufacturing companies received various equations 

and coefficients, given in Table 3 
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Table 1: Soil conditions and slippage curve coefficients 

  Factors and coefficients 

Equation Terrain qср 

[kPa] 

s 
[MPa] 

Lоп 

[m] 

 

A 
 

B 
 

C 
 

D 
 

f 

 Cultivated 
field 

 

29 
 

0.2 
 

1.34 
 

0.0381 
 

0.046/V 
 

1.657/V 
 

8 
 

0.11 

= Аf+BT+CTD Stubble 30 0.8 1.3 0.0194 0.023/V 0.83/V 8 0.07 

 
Meadow 30.5 1.9 1.28 0.0127 0.015/V 0.539/V 8 0.08 

 
Land road 31 2.5 1.26 0.0111 0.013/V 0.47/V 8 0.06 

 

Table 2: Automatic adjustment of working volume of hydraulic machines 

Manu-
facturer 

Equation of 
control 
pressure 

Equation of 
adjustment 
characteristic 

 
A 
 

 
B 
 

 
C 
 

   a0+ a1.Py b0+b1.Py c0+c1.Py 

Rexroth  Py = кo+ к.n  Kv = A + B.p + C.p2 a0 a1 b0 b1 c0 c1 

   0.43434 0.09315 -0.0841 0.01625 -0.4587 -0.0909 

Sauer Py = к.n2 Kv = A + B.p 

A B 

a0+ a1Py+a2Py2 b0+ b1Py+b2Py2 

a0 a1 a2 b0 b1 b2 

6.27794 -3.0958 11.2304 -0.5762 -0.3091 -0.00271 

 . 

Table 3: Relative volumetric and hydromechanical losses in hydraulic machines 

Manu-
facturer 

Loss types  Coefficients    х 10-2 

  Equation a1 a2 a3 a4 a5 a6 a7 a8 

  pumps 
A4V a1.Kv

a2.Kn
a3.Kp

a4 
 
4.38 

 
-7.6 

 
65.7 

 
167 

    

Rexroth  motors 
A6V 

 

a1.Kv
a2.Kn

a3.Kp
a4 

 

6.7 
 

11.6 
 

80.6 
 

118 
    

  

  

pumps 
A4V 

a1Kn+a2KnKv
2+

p
K

a

n
K

aa

n
K

a

.

65

1

1

43

1

1









 
 
1.25 

 
2.52 

 
366 

 
0.33 

 
3.65 

 
3.51 

  

  motors 
A6V 

 

a1.Kv
a2.Kn

a3.Kp
a4 

 

9.96 
 

106 
 

44.4 
 

42.2 
    

 Q  pumps 
SPV 

(a1+a2Kp+a3Kn+ 

+a4KnKp+a5KnKv+  

 
0.38 

 
0.51 

 
2.87 

 
1.46 

 
1.22 

 
0.04 

  

Sauer  motors 
SMV 

+a6KnKvKp).Kp 
 

0.39 
 

0.5 
 

2.86 
 

1.47 
 

1.22 
 

0.04 
  

  

  

 
pumps 
SPV 






p
K

v
Ka

n
Ka

n
Kaa

)3
4

(

3

21
 





 )1.(

7

65
v

K

n
Ka

n
Kaa   

 
 

0.12 

 
 

0.41 

 
 

7.08 

 
 

288 

 
 

0.04 

 
 

0.65 

 
 

 0.87 

 
 

1.03 

  motors 
SMV 

2
).

3
1.(8 nKvKa   

 

0.13 
 

0.46 
 

6.81 
 

257 
 

0.03 
 

0.63 
 

 0.92 
 

1.03 
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Table 4. Fuel consumption of internal combustion engine 

Equation Fuel Coefficients 

  ao a1 a2 a3 a4 a5 a6 a7 

 ao+a1 n +a2 M +a3 n M +   6.604 2.557 3.047 1.129 0.542 0.454 0.146 0.412 

+a4 n 2+a5 M 2+a6 n M 2+  Gh a8 a9 a10 a11 a12 a13 a14  

+a7 M n 2+a8 n 3+a9 M 3+   0.237 0.171 0.084 0.089 0.287 -0.17 0.018  

+a10 n M 3+a11 M n 3+   ao a1 a2 a3 a4 a5 a6 a7 

+a12 n 2 M 2+a13 n 4+  gдв 218.6 2.354 -8.02 -3.93 17.64 17.13 -1.44 7.945 

+a14 M 4  a8 a9 a10 a11 a12 a13 a14  

  4.263 -7.41 3.058 -1.73 12.16 -8.9 5.151  

 

      The fuel consumption pro hour (Gh) and the 

specific fuel consumption (gдв) on the combustion 

engine are presented in an analytical form by 

surfaces of fourth degree in the field of external 

speed characteristics, based on experimental data, 

obtained via trials on the testbed  and processed with 

method of least. The type of the equation and the 

values of the coefficients are given in Table 4. They 

relate to encoded values of the factors a torque and 

rotational speed in the range from -1 to +1 ( и n ). 

      For the construction of pull characteristics is used 

a PC and a corresponding package applications. 

Besides automatic control of transmission at which 

collaboration between the engine and hydrostatic 

transmission, is determined by the type of automation 

and its assigned parameters,  is provides also manual 

control of the pumps displacement. At manual 

control collaboration work with the motor is not 

uniquely defined and therefore is considered a private 

event, where the volume of the pump is amended so, 

that at different load on the transmission, the engine 

conserved constant power (nominal). 

      The package applications includes: program for 

selection of hydro machines and assembly schemes 

from database for hydrostatic machines; program for 

approximation of the characteristics of the blocks for 

automatic control; program for approximation of the 

data for efficiency; program for approximation of the 

characteristics of the internal combustion engine; 

program to build a joint work between the engine and 

hydrostatic transmission; program for approximation 

of slipping data; program for the construction of the 

pull characteristics. As a result of  the work of the 

various programs are receive the type of equations 

and their coefficients and visualization in graphic 

form. On fig. 1 to 7 are given the obtained results  for 

one possible variant. On the pull characteristic are 

shown additional changing the flow (Q), work 

pressure (p) and control pressure (Py)  in 

hydrostatic transmission with increasing traction 

force and speed regime of the internal combustion 

engine (n) at work on external characteristics, 

determined by the setting of the system for 

automatic.       

With these programs is possible to choose different 

variants of transmissions, operating conditions or 

vary the design parameters of the crawler machine 

and to assess their influence on its technical and 

operational indicators. To confirm the reliability of 

the theoretical results are used and experimental data 

for pulling characteristics of viticulture crawler 

tractor with such transmission [3]. 
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Fig. 1. Crawler engine slippage 
 

 

Fig. 2. Transmission regulatory characteristic 
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Fig. 3. Relative volumetric losses 
 

 
 

 
 

Fig. 4. Relative hydromechanical losses 
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Fig. 5. Hydraulic machine efficiency 
 

 

 
 

Fig. 6. Fuel consumption of internal combustion engine 
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Fig. 7. Theoretical pull characteristic 

 

 

Conclusions 

      The proposed methodology and created on its 

base package applications represent an possible and 

accessible tool for analyzing the performance of the 

newly designed crawler tractors with hydrostatic 

transmission. 

      Are used analytical dependencies, based on 

experimental data regarding soil conditions, the 

characteristics of hydro-transmission, the internal 

combustion engine, etc., with which are simplified 

calculations and is achieved universality and 

flexibility of the programs. 

      The constructed theoretical pull characteristic of 

a concrete variant of the crawler machine with 

hydrostatic transmission shows good coincidence 

with the results, obtained experimentally with pulling 

test the same crawler machine. 
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ICE – D3900K; Pumps – 2 x A4VG40DA; Motors – 2 x A6VM55DA 

Full weight of the machine – G = 32,6 kN;  Soil background - stubble 
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