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 The results of laboratory bench testing of car automatic transmission are presented in the 
paper. The main parameters of the transmission have been measured varying the fluid temperature at 
different rates. Graphic correlations are designed for the changing and loading characteristics and 
efficiency coefficient, for velocity ratio of the torque converter and reduction ratio of the whole 
transmission unit including torque converter, mechanical unit and automatic control system. Constant 
input velocity has been maintained at different gears while changing output loading to the fixed rates. 
Conclusions are given about the influence of the fluid temperature on the transmission performance. 
  

 

I. INTRODUCTION 
       
      The temperature of the working fluid in 
hydro-transmissions largely determined its 
characteristics and indirectly influences of the 
hydro-mechanical and volumetric losses 
arising in the system of automatic control and 
within hydro or turbomachine. She also 
influence the additional power consumed by 
the internal combustion engine (ICE) for 
powering of the system for automatic control 
and the losses in mechanical transmission. 
      For determining these influence on the 
performance of the overall transmission 
(hydraulic and mechanical part, along with 
automatic control)  was conducted a study in 
laboratory conditions of hydrodynamic 
automatic transmission for passenger cars. 

 

II. METHODOLOGY AND APPARATUS 
      
      Laboratory equipment (the test stand), 
which is used to study the temperature mode 
of transmission and the instrumentation, with 
which is equipped, are described in separate 
publications [1], [2]. Generally this stand 
consists of a drive unit, including asynchronous 
motor and hydrostatic transmission with 
primary control, tested hydrostatic transmission 
and brake (load device) consisting of 
adjustable axial piston pump and valve for 
creating load by throttling the oil. 
      The test transmission consists of a 
complex two-phase torque converter with 
reactor on the one way clutch and centripetal 
turbine, planetary gearbox, cylindrical main 
transmission and differential. The system of 
automatic control includes hydraulic executing 
devices, valves and distributors operated via 
microprocessor unit and solenoids. 
      Were examined indicators of transmission 
at a constant input speed  and multilevel of 
load on the output of individual gears and 
change operating temperature. Maintaining a 
constant temperature of the transmission and 

its adjustment without special cooling system is 
quite difficult. Therefore the results are 
summarized for a range of temperatures, and 
in some of the characteristics of the parameter 
is assumed load at the output of the 
transmission (torque) which, at the adopted 
scheme of the stand can be conveniently 
adjusted by altering the working volume of the 
axial piston pump of hydrostatic loading unit. 
      The rotation speed of the input is 
maintained in the range n' = 1000 ± 1 tr / min, 
by adjusting the working volume of the pump 
from drive unit and this at the outlet (n'') is 
amended depending on the selected gear and 
the operating mode. 
    Output torque (M'') is determined by 
measuring the reactive torque (М''') via strain 
gages and corresponding calculations, and the 
rotation speeds of input and output of the 
transmission are measured by optoelectronic 
converters and frequency. 
      Input torque of the transmission M' [Nm] is 
determined by measuring the difference in 

pressure p [bar] in the working hydraulic 
pipework on the driving hydromotor [2]. The 
amendment to the hydromechanical efficiency 
is as expressed by either analytical 
dependence in function of working pressure. 
The other factors affecting on the value of this 
efficiency in this particular case, according to 
the adopted methodology , are supported 
practically constant:  working volume VХМ = 89 
cm

3 / tr; rotational speed nXM = n' and the 
temperature of the working fluid for the 
hydrostatic transmission of the drive unit TХОП 
= 80±2oC. 
      The latter is achieved thanks to the 
supported a constant rotational speed the 
hydraulic engine, respectively flow in 
hydrostatic transmission and availability of 
cooling system, whose fans can be switched 
on or off as needed. 
      In this case, the relative hydromechanical 

losses ΔM, respectively hydromechanical 

efficiency XM of the hydraulic engine will 
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depend in practice only by working pressure, 
presented in dimensionless form via KP, and 
the other factors are calculated via the 
constants A and B, defined in advance by 
conducting additional experiments and 
approximation of experimental data [2]: 
 

      ΔM= А + В.KP                            (1) 
 
      By the change of the input torque are 
judged for the load properties of transmission - 
the product of the coefficient of primary torque 

of the torque converter  and the density of the 

oil. : 
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       where Da is active diameter on the torque 
converter , [m]. 
      Transforming properties of transmission 
are characterized by a change of the torque 

ratio к = M''/M' for the calculation of which is 
determined output torque by the dependence : 
 

Nm,М)K(1'''М.K"М
0TPТМ   

 (3) 
       
where KТ is the coefficient of friction torque; 

MTPo - frictional torque of idling, [Nm]; KM - 

coeficient of calibration, [Nm/µst]; '''M - 
indication of the strain gage amplifier, [µst]. 
      Kinematic ratio of the torque converter for 
each experiment is determined from the 
indications of the input and output revolution 
counter and the transmission ratios of the 
mechanical part (the main gear, differential and 
gearbox), which are known. 
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The efficiency of the entire transmission is 
obtained by calculation of its torque ratio and 
its kinematics ratio i=n''/n': 
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III. THE TEST RESULTS 
 

      Described in point II indicators of 
hydrodynamic transmission are determined at 
different working temperature of the oil, which 
is measured in the crankcase of the test 
transmission on the individual gears at some 
fixed values of the torque М''', that is 
represented via the relative deformation of the 
strain beam  mounted on the blocked half shaft 
of the differential in µst. 
      Some of the obtained results are given in 
Fig. 1a, 1b, 1c, 1d, 1e, 1f and 1g: 

 

            a) transforming properties - I-st to IV-th gear 
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            b) load properties – I-st to IV-th gear 

                              c) efficiency  - I-st to IV-th gear 

                         d) torque ratio - III-th gear 
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Fig.1. Change indicators of the hydro-transmissions depending on the working temperature (working 

fluid - hydraulic oil type МХП 40A) 

                      e) cinematic ratio of the torque converter - II-nd gear 

                       g) coefficient of efficiency -  II-nd gear 

                             f) coefficient of primary torque - IV-th gear 
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IV CONCLUSIONS 
  
      Are studied complex the indicators of 
hydrodynamic automatic transmission for 
passenger cars on the a testbed in the 
laboratory depending on the change in 
temperature of the working fluid. 
      It was found, that with an increase in 
working temperature at the same other 
conditions increased torque gear ratio  of the 
transmission as a whole and the kinematic 
gear ratio on the torque converter, on which 
corresponds reduction of the primary torque 
(Fig.1f). This increase is more pronounced in 
the range 30 ÷ 65 

O
C at kinematics ratio 

(Fig.1e), while above 65 
O
C  the temperature 

influence is much weaker (the relationship is 
nonlinear). At temperatures above 80 

O
C of 

some modes of load is observed even slight 
lowering the kinematic gear ratio and from 
thence on the common efficiency (Fig.1f and 
1g) 
      Load properties vary mainly due to the 
change in the density of the oil, while the 

coefficient  is retained practically constant. 
This is confirmed by the dependence of the 

product  from kinematic gear ratio on the 
torque converter, which practically does not 
change with temperature change (Fig.1b), 
while at the remaining dimensionless 
characteristics influence of temperature is 
significantly (Fig 1a and 1c). 
      The recommended temperature regime for 
the studied transmission and working fluid is 
obtain in the range - 65 ÷ 80 

O
C. 
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