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Abstract : In the paper is described laboratory setting for the investigation of the efficiency of an automatic 
hydromechanical transmission of a car as a function of the torque and of the rotation frequency (RPM). The 
hydraulic and the mechanical sections of the transmission are investigated separately for different gears. 
Are present conclusions on the influence of various factors onto the efficiency and the ratio of losses in the 
different sections of the transmission. 
 

 
 

 

I. INTRODUCTION 

The need for more relief on the drivers at 
driving, so as not to engage their attention during 
the movement requires becoming more widely 
mobilizing modern automatics in the car. This is the 
reason more and more be increased the share of 
automated and automatic systems used in vehicle 
handling and in particular of its transmission. So to 
some extent explains the increase in the relative 
share and on the hydromechanical automatic 
transmission, which have long been proven their 
advantages and have imposed to the American and 
Japanese market. In Europe due to a series of 
objective and subjective reasons, the share of this 
type of transmission is small, but grows and there 
are grounds for believing, that in the future this 
process will continue. One of the reasons that 
impede the massive deployment of conventional 
automatic transmissions (CAT) in automobiles is the 
relatively lower efficiency, a consequence of the 
hydraulic losses in the torque converter and the 
consumption of additional power from the internal 
combustion engine, necessary to supply with oil the 
automatic system, friction elements and the torque 
converter. This gave grounds of the team from TU-
Sofia to develop a laboratory setup for testing the 
efficiency of a typical modern four-step-CAT, 
designed for cars with front-wheel drive [3].  

II. EXPERIMENTAL SET 

 The investigated transmission has the possibility 
to block the torque converter, and thus can be 
tested separately only the mechanical part, which 
consists of a planetary gear type "Ravigneaux" and 
final drive with differential (Fig. 1). If is included 
direct gear in the mechanism of Ravigneaux (third), 
the efficiency will be determined in practice only by 
the losses in the automatic system, in the main 
transmission and in the differential. Under the same 
conditions of output were examined individually 
efficiency of the torque converter and of the 
planetary mechanism for different gears. The rig and 
methodology were developed on a modular basis, 
so that the setting can easily be used not only to test 
the automatic hydromechanical transmissions for 
cars, but also for other elements and units of the car 

transmissions, tractors and industrial trucks. For this 
purpose, as an drive unit are using asynchronous 
electric motor and continuously variable hydrostatic 
transmission, allowing smoothly varyation the speed 
of the entrance to the tested hydromechanical 
transmission, and as an loading unit - hydrostatic 
brake, with which also is selected smoothly  the load 
on the output of the tested transmission (Fig. 2). 

 

III. METHODOLOGY AND APPARATUS 

To determine the efficiency are working on the 
scheme of an open circuit (Fig. 2), where the it is 
necessary to define the inlet and outlet torques and 
rotational frequencies using corresponding sensors: 
optoelectronic pairs on the inputs and outputs the 
transmission for the rotational frequencies; 
tensometric beam with strain gauges, working on 
the bending - for the output torque of a CAT. And 
definition of the input torque on the CAT becomes 
via calculations. Thus is avoided the use of current 
collection rings. The mechanical parameters, which 
to be determined are indicated in Fig. 1 and Fig. 2. 
Input and output rotational frequency (accordingly n' 
and n'', respectively ω' and ω'') for the CAT are 
reported directly from digital counter. The 
transformation is performed by an optoelectronic 
transducer and serrated disc with 60 teeth, which 

allows accuracy of reporting 1 min-1. The input 

torque М' for CAT (which is equal to the torque of 
the hydraulic motor Мхм) is calculated taking into 

account the input frequency n' (the frequency of the 
hydraulic motor) and the pressures in working 
pipework of the hydrostatic transmission- p1 and p2. 
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Fig. 1. Schematic diagram of the test transmission 
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where: p = p2 - p1 [bar]  is working pressure of the 

hydraulic motor; V - working volume of the hydraulic 

motor (he operates with maximum volume)  i.e.       

V = Vmax= 89 cm3/tr; ηхм - hydromechanically 

efficiency of the hydraulic motor.  

 
1. An asynchronous electric motor; 2. An elastic 
clutch with rubber thumbs; 3. Adjustable axial piston 
pump; 4. Axial piston adjustable hydraulic motor 
(works like not adjustable); 5. Drive unit; 6. Opto-
electronic revolution counters; 7. Tested conven-
tional automatic transmission; 8. Tensometric unit; 
9. Loading unit (hydrostatic brake); 10. Adjustable 
axial piston pump; 11. Adjustable safety valve; 12. 
Tensometric amplifier; 13. Manometers; 14. 
Thermometer 

In order to pass in dimensionless form are used 
the relations : 
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where  Δpmax=350 bar, and nmax=2900 min-1. 
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where Nт is theoretical power of the hydraulic motor; 

N is the power, which takes into account the 

hydromechanical loses, Мт and M are torques 

corresponding to a power Nт and N. 

If presented the torque M, wich takes into 
account the hydromechanical losses, in 
dimensionless form, can be expressed and the 
hydromechanical efficiency via relative values: 
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is the theoretical maximum torque of the hydraulic 
motor. Therefore: 
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The relative hydromechanical loses M are 

calculated as a function of the coefficients kp, kv and 

kn by dependence : 
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which is obtained by experiments, affecting the used 
hydraulic machines at other studies [1], [2]. The 
coefficients а1÷а8 are determined by minimization of 

residual sum between measured and calculated by 
the formula (6) values at the points of measurement. 

The tensometric beam for determining the 
output torque of the CAT is mounted to one end of 

the differential, which is blocked (ω'''= 0), while the 
other is connected by semi shaft with the original 
universal joints to the loading device (Fig. 1). So the 
differential runs continuously during the test. 
Because of this at processing of the results was 
recorded his inner friction. To measure the reactive 

torque М'''of the blocked output on the differential is 
used tensometric amplifier KWS 3005 with accuracy 
class 0.1  [3]. 

From the kinematic and force analysis of the 
differential in this case is obtained: 

(7) ω''= 2ωк  ;    М
'''= М'' + Мтр  , 

where with ωк is indicated the angular velocity of the 

large sprocket of the main transmission (or on the 
cassette of the differential), and the friction torque of 
the differential Мтр at a constant speed and variable 

load is represented as a linear function: 

(8) Мтр = Мтро
 + k.М''' . 

Friction torque at idle Мтро
 (free member) and 

the coefficient of the rights k are determined at 
different rotational speeds via a separate 
experiment, respectively at removed loading unit 

(М''= 0) and under load. 
In case of blocking the torque converter and 

turning on the direct gear in the mechanical part of 
the CAT is determined efficiency, that takes into 
account the losses in the main transmission, in the 
differential and in the mains supply of the hydraulic 
system: 

(9)
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Fig. 2. Scheme of the experimental set 
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wherein the gear ratio of the main transmission iгп is 

determined by the ratio of the angular speeds or 
from the number of teeth of the respective gears: 
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To determine the efficiency of the mechanical 
part of the gearbox of the remaining gear, are 
conducted experiments under the same conditions 
of load on the transmission output and at turning on 
the respective gear with blocked torque converter. 
The efficiency of the gearbox is expressed by the 
general efficiency of the mechanical part of the CAT 
and the efficiency of the main transmission and 
differential: 

(11) 
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The efficiency of the torque converter is 
determined using the same principle - comparing 
the overall efficiency of the entire CAT with 
unblocked and blocked torque converter, with the 
same selected gear, under the same parameters 
(torque and speed) of the transmission output: 

(13) 
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In this experiment measured incoming and 
outgoing rotational speed at any load, because their 
ratio is not constant and is determined the kinematic 
ratio of the torque converter. 

Efficiency of the CAT has been investigated as 
a function of the transmitted torque and as a 
function of the rotational speed. 

To comparability of results between different 
options, when is study the influence the torque on 
the efficiency is maintained the same mode on the 
output of the transmission. In that case is sets the 
same rotation frequency on the transmission output 
ω'' = const and gradually is increased the load. 

Output torque of blocked semi shaft М''' is adjusted 
by changing the working volume of the pump to the 
loading unit. The relative deformation, indicated by 
the tensometric amplifier accepts values from 200 to 
1400 μst with step 300 μst. Additional group of 
experiments were conducted and at 300, 400, 700 и 
1200 μst. The torque values are determined by the 
scale factor found by preliminary calibration of the 
equipment – kм = 0,08 Nm/μst. 

At investigation of the influence of rotational 
speed on the efficiency of the CAT is maintained 

constant torque - М'''= const and changes the input 
rotational speed n', by controlling the working 
volume of the pump from drive unit in the range of 

300 to 2600 min-1 with step 100 or 200 min-1. 
The adjustment of the working volume is done 

by varying the inclination of the disc of the axial-
piston pumps by means of hydraulic servo amplifier. 

Additional parameters that give information 
about the operating mode and also are monitored at 

different attempts are: ТАХМТ  [оС] - temperature of 

CAT; ТХОТ[oC] - temperature of the hydrostatic 

transmission; p3
'''  [bar] - working pressure of the 

pump from loading unit. 
The tests are made at room ambient 

temperature of 22 оС. Prior to conducting the 
experiments, the stand must start to work for some 
time, to be able to warm up to operating 
temperatures on the CAT and the hydrostatic 
transmission. The switching of gears in the 
automatic hydromechanical gearbox needs to be 
done without load and at input rotational speed  
n'=0. 
 

IV. SURVEY RESULTS 
The obtained results  for some of the variants 

are illustrated in Table 1. and on Fig. 3 and 4. 
 

V. CONCLUSIONS 
The obtained graphical dependencies for the 

efficiency of separate component parts the CAT and 
general of the entire transmission make it possible 
to analyze the impact of each of them and of the 
operating mode the transmission on the values of 
the efficiency. 

At increasing the load on the transmission 
output, increases also  the efficiency of the 
mechanical part, while the efficiency of the torque 
converter decreases (Fig. 3). This occurs due to a 
reduction in the share of the hydro-mechanical 
losses on the one hand, and on the other of 
transition of the torque converter from the clutch 
mode to the transformer mode. 

With increasing of the gear room, increases also 
the efficiency of the mechanical part, as the 
character of the curves is retained - nonlinear, 
asymptotically approaching to an constant value. In 
that case apart from influence the changing in the 
kinematic scheme, has influence also and the 
reducing the power, required for power supply of 
friction elements, that govern the switching to higher 
gears. It is seen that the overall efficiency depends 
primarily on the input rotational speed. Hence the 
hydraulic losses will normally be smaller at higher 
gears, is why also and efficiency of the higher gears 
is higher. An important conclusion is, that the 
decisive role in the efficiency have hydraulic losses 
and is difficult with the chosen methodology to be 
defined the mechanical losses in the different gears 
due to the participation of the various components of 
the mechanism of Ravigneaux. 

With increasing of the gear room under the 
same conditions at the outlet is reduced the 
efficiency of the torque converter, as the character 
of the curves was also retained. This can be 
explained by the lower aligned rotational speed of 
the torque converter, when operating in a higher 
gear. 

From the experiments conducted on the one 
and the same gear with blocked and with unblocked 
torque converter can be concluded, that torque 
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converter reduces the efficiency of the transmission 
to 63% (in the range that was studied) compared to 
the efficiency of the same mechanism, but with 
blocked torque converter. The biggest deviation has 
at the lower rotation frequencies and at the higher 
loads, where the complex torque converter works in 
transformer mode. Here, the gear ratio iхт is low 

(reached up to iхт = 0.25) and the coefficient of 

transformation К is relatively high (reached up to К = 
1.45). 

Another important conclusion is the following: 
From the presented in Fig. 4 graphics can be seen, 
that at blocked torque converter, the efficiency as a 
function of rotational speed, decreases by a curve, 
that is approximated best with second-degree curve 
and approaches asymptotically to a certain value, 
that is different for different loads. These differences 
in the established efficiency values are determined 
by the relative influence, which have the mechanical 
and hydraulic losses compared to the transmitted 
power . 

Table 1. 

 

 
Fig. 3. Depending the efficiency of the conventional automatic transmission from the transmitted torque 

  
 
 
 
 
 
 
 
 
 

EXPERIMENTAL DETERMINATION THE EFFICIENCY OF CONVENTIONAL AUTOMATIC TRANSMISSION 

III, 
Converter 

lock 

II, 
Converter 

lock 

II, 
Converter 

unlock 

      Gear 

Gear III, axle drive with D; 
 
Gear II, axle drive with D; 
 
Gear I, axle drive with D; 
 
Only Gearbox, Gear I; 
 
Only Gearbox, Gear II; 
 

Converter Eff., Gear II; 
 
Converter Eff., Gear I; 
 
Total Efficiency, Gear II; 
 

Total Efficiency, Gear I 
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Fig. 4. Depending the efficiency of the conventional automatic transmission from the rotational frequency 
 
At working torque converter is obtained the 

characteristical maximum the efficiency of the 
hydromechanical automatic transmission due to 
simultaneous action by two phenomena: 

1. Increasing the efficiency of the torque 
converter due to the automatic switching in the 
clutch mode  (the switch point is the maximum) 

2. Reduction of the efficiency due to increased 
the hydraulic losses in the transmission, which 
increased with an increase in the rotational speed. 

Due to limited capacity of the drive unit the 
obtained maximum efficiency values of the CAT are 
lower than expected, because they do not reach the 
nominal load modes of this transmission, where the 
relative magnitude of the hydraulic and the 
mechanical losses is small. For the same reason is 
not reached and the stop mode of the torque 
converter. 

In conclusion it can be said, that with the 
attempts made and the developed methodology was 
gained important experience in the testing of the 

automatic hydromechanical transmissions. The 
results met the expectations as the character of the 
curves in terms of theory and could serve as a basis 
for more and different depth research in this area. 
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