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Abstract: The paper discusses relative indices for evaluation of combining different hydraulic motors and planet 

reducing gears, taken as ready items and designed for crawler vehicles. Graphic presentation is provided and analysis of 

the variation of those indices depending on gear ratio and maximum output torque of the reducer. 
 

    

      In the design of tracked machines with hydrostatic 

drive are used most often axial-piston high-speed 

hydraulic motors with low-torque in combination with 

planetary reducer. Constructors have two options - to 

develop planetary reducer specifically for the new 

machine with parameters that correspond exactly of the 

terms of reference or use the finished articles by making 

compromises with their parameters, which generally will 

not quite fit their requirements. What are the possibilities 

for combining of the hydraulic and mechanical part in this 

event and how to choose the individual finished articles 

(hydraulic and gear reducer) to get full use of materials 

and good relative mass and overall performance? These 

issues are clarified via analyzing the performance of 

combinations of hydraulic motors and mechanical gear 

reducers of companies-producers. 

Usually companies that manufacture hydraulic motors 
offer them with bundled one-, two- or three-stage 

planetary gears tailored with flange for mounting 

hydraulic motor. One and the same planetary reducer 

could be combined with different types by standard size 

or by construction axial-piston hydraulic motors. Or vice 

versa - one and the same hydraulic motor may be 

combined with various reducers. Basic premise when 

selecting of the reducer is the required gear ratio. At 

tracked machines it turns out relatively large (60 to 140), 

which requires application of the three-stage planetary 

reducer with appropriate size and mass to embed on 

caterpillar tracks. 

Besides gear ratio (iр), size (D and L) and mass (mр), 

other important indicators of these reducers are allowable 

radial load (Fz), the maximum permissible output speed 

(nизх, max) and maximum output torque ( Mизх, max), 

by which are classified and mean. At some of these are 

integrated and multi-disc brakes on the input shaft, on 

which is prescribed maximum braking torque (Мсп,max). 

On the other hand hydraulic motors are characterized 

by a maximum working pressure (pmax) , maximum 

working volume (Vхм,max), by which are classified, the 

maximum rotational speed (nхм,max), masse (mхм), 

moment of inertia of the rotating parts (Jхм), the 

geometric dimensions and others. 

From the standpoint of necessary starting performance 

of the machine (speed and driving force) it is evident that 

the larger gear ratio of the gear unit requires a smaller 

standard size of the hydraulic motor and vice versa. On 

the one hand the working volume of the hydraulic motor 

is connected with the working volume of the pump, with 

the number of motors used in the composition of the 

projected hydrostatic transmission and a certain sense 

with its structure. In all cases, the minimum allowable 

working volume of hydraulic motor is determined by its 

ability to assume the maximum flow of the pump, at 

maximum authorized rotational speed the hydraulic 

motor. On the other hand the higher gear ratio suggests 

more planetary rows, more complex design of the gear 

reducer, higher price and lower efficiency. 

Additional considerations in the selection of the 

working volume the hydraulic motor can be: optimal 

mode of operation; mass and gauge parameters; optimal 

combination with existing mechanical reducer, the 

geometric parameters of the patency of the crawler 

machine and others. And in choosing the sizes of the gear 

unit via the maximum output torque, must be respected 

and the condition in grip on the crawler drive with soil. 

To assess the degree of use of hydraulic motor 

(respectively of the gear unit), combined with various 

reducers, are offered the following relative indicators: 

- utilization factor of hydraulic motor to working 

pressure: 
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p - efficiency of the gear unit; 

- utilization factor of hydraulic motor to rotational 

speed: 

(3) Kn
n

n

o  

XM ,max
, where nдоп = nизх,max.ip is 

allowable rotational speed of the hydraulic motor, 

consistent with maximum output rotational speed the gear 
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unit, and nхм,max is the maximum rotational speed on 

the hydraulic motor by catalog. (At the adjustable motors 

is taken the maximum speed at minimum working 

volume, which is greater than that at the maximum 

working volume.) 

When these coefficients are smaller than the unit does 

not maximize the potential of hydraulic motor and when 

are bigger than one does not maximize the potential of 

gear unit. 

To assess the mass and dimensions of a combination 

of hydraulic motor and gear reducer in terms of the 

transmitted power are used relative indicators specific 

mass (mN) and specific volume (VN): 

(4) m
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where mхм is the mass of a fully equipped hydraulic 

motor by catalog, which depends on its constriction, 

motor size and the way to regulate; mp - is the mass of the 

gear unit and brake, which depends on its maximum 

output torque and Nм is the installation power of the 

system hydraulic motor-planetary gear (reducer), which 

differs generally from installation power of the hydraulic 

motor, owing to possible limitations imposed by the gear 

reducer: 
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The specific volume is defined as the sum of the 

volumes of cylinders with dimensions Di and Li of the set 

hydraulic motor and reducer relative to the mounting 

power. (Fig. 1)  
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Fig. 1. Determining the volume of the set hydraulic 

motor and reducer. 

For a comprehensive assessment of the system are 

used also the indicators [2]: 

- generalized power 
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is summarized coefficient of celerity on the motor-wheel; 

nхм,maxv - maximum speed hydraulic motor at 

maximum volume. 

- relative alacrity, which is an important feature of the 

dynamics of the system, taking into account the maximum 

torque, adduced inertia, the maximum speed and its 

relative mass: 
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, Nm is 

theoretical maximum output torque, specified by the 

parameters of the hydraulic motor; 

(12) J=Jхм.p.ip2  , kg.m2 - adduced inertia of the 

hydraulic motor to the output shaft. 

In determining these indicators is accounted 

mechanical efficiency of the reducer as a function of the 

gear ratio in three-stage planetary gear [1]. 

To illustrate the calculations are shown graphically the 

changing these indicators in some combinations of 

finished products of the company Sauer Sundstrand [3], 

namely relating to the fixed hydraulic motor, construction 

of sloping disc type SMF90 and adjustable hydraulic 

motor, construction with sloped block type VMV51, with 

working volumes of 55 cm3/rev and 60 cm3/rev (Figure 2 

to Figure 5).  

According to the recommendations of the company, 

they can be combined with four or five type sizes of 

reducers for tracked vehicles with a maximum output 

torque 18, 26, 35, 45 and 62 kNm, each of which is 

available in versions with eight different gear ratios - 63, 

69, 79, 85, 95, 110, 117 and 136 according to Table 1. 

Table 1. Possibilities for combining hydraulic motor 

and reducer 
 

      REDUCER 
HYDR. MOTOR  

CT 
018 

CT 
026 

CT 
035 

CT 
045 

CT 
062 

CT 
085 

CT 
110 

 030 F        

 042 F        

90 055 F        

 055 V        

 075 F        

 075 V        

 060 V        

51 080 V        

 110 V        

 160 V        
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If are accepted admissible values of the coefficients of 

using of hydraulic motor to working pressure and to 

rotational speed from 0.8 to 1.2, it satisfaction 

simultaneously of two conditions at the selected hydraulic 

motors and reducers is possible with adjustable motor and 

gear ratios ranging from 60 to 83 for 26 kNm and in the 

range of 76 to 84 for 35 kNm. (Figure 2b) At not 

adjustable motor that would be partly possible only at 

gear ratio about 62 for 26 kNm. (Figure 2a) 

For other reducer sizes is possible satisfaction only 

one of restrictive conditions (or for Kp or for Kn), as with 

increasing of the reducer sizes (of the maximum output 

torque) the favorable area of joint work is shifts towards 

larger gear ratios. With increasing the gear ratio, 

hydraulic motor is unloaded by operating pressure and 

loaded by rotational speed, and with increase the 

transmittable torque is observed the opposite, but 

generally both factors are larger than one, which means 

that the hydraulic motor is used the maximum, and the 

reducer is not loaded enough. Equally, but insufficient 

load (by torque and by rotation speed) of the reducer is 

obtained at using not adjustable motor and gear ratio of 

80 for 45 kNm and at gear ratio around the 109 for 62 

kNm, as these coefficients are of the order of 1.65 and 

1.7. When using the adjustable motor those coefficients 

are lower - 1.3 at ratio about 91 for 45 kNm and 1.33 at 

gear ratio 123, which means that the gear unit is used 

better. 

The analysis of the relative volume indicates that the 

most favorable values for not adjustable motor (0.36 to 

0.44 dm3/ kW) are achieved at gear ratios in the range of 

60 to 93 for 26 and 35 kNm. At the adjustable hydraulic 

motor the indicator reaches the lower most favorable 

values - 0.26 to 0.34 dm3/ kW at gear ratios, respectively, 

from 60 to 90 for 26 kNm, from 60 to 101 for 35 kNm 

and from 70 to 119 for 45 kNm. The increase of the gear 

ratio over these values leads to an increase of the relative 

volume, as much the smaller is the transmitted torque, so 

under less gear ratio begins the increasing of the relative 

volume. (Figure 3a and 3b) Exceptions has at smaller gear 

ratios (under 70) for 26, 35 and 45 kNm and under 95 for 

62 kNm. All this is due to the reduction of the mounting 

power due to a reduction of the coefficient Kp under 1 for 

large gear ratios and smaller transmitted torque and 

reduce of the coefficient Kn under 1 for small ratios and 

large transmitted torque and ultimately insufficient 

loading of the hydraulic motor.  

HYDRAULIC MOTOR SMF90.055 

HYDRAULIC MOTOR VMV51.060 

Fig. 2.  Coefficients of the utilization of hydraulic 

motor to working pressure and to frequency of the 

turning in depending on gear ratio and maximum 

output torque of the reducer. 

a) 

b) 

HYDRAULIC MOTOR SMF90.055 

a) 

b) 

HYDRAULIC MOTOR VMV51.060 

Fig. 3.  Relative volume of the motorwheel in 

depending on gear ratio and maximum output torque 

of the reducer. 
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The same applies to the relative mass whose curves 

have similar character as those of the relative volume. 

The minimum values for her are in the range 1.1 to 1.3 

kg/kW  for not adjustable hydraulic motor and from 0.72 

to 0.95 kg/kW - for adjustable hydraulic motor. 

Generalized power at best combinations is moving in 

the range of 52 to 64 kW/dm2 at gear ratios from 60 to 80 

for all reducers with not adjustable hydraulic motor. At 

the adjustable hydraulic motor the smaller sizes of 

reducers (18 and 26 kNm) give smaller generalized power 

with increased gear ratio and in comparison with not 

adjustable hydraulic motor it is an average of about 5 to 

22% lower depending on gear ratio. This is due to the 

reduction of the utilization coefficient of the hydraulic 

motor to working pressure.  

The relative alacrity (Figure 5a and 5b) is best at 

reducers with a maximum output torque of 26 and 35 

kNm and gear ratios, respectively from 60 to 83 and from 

60 to 100 for not adjustable hydraulic motor and 

respectively from 60 to 75 and from 64 to 95 - for the 

adjustable hydraulic motor. For small sizes of the 

reducers the relative alacrity greatly decreases with 

increasing gear ratio, mainly due to an increase in the 

relative mass.  

 

At larger sizes of reducers the relative alacrity less 

dependent or almost not depends (at not adjustable 

hydraulic motor) from the gear ratio, but is lower in 

comparison with the highest values on average by about 

22% at 45 kNm and about 38% at 62 kNm for not 

adjustable hydraulic motor and respectively with about 

19% and about 34% for the adjustable hydraulic motor. 

For the smallest size of the reducer - 18 kNm the 

generalized power and the relative alacrity are the lowest 

at the large gear ratios, as for gear ratios from 60 to 80 

these indicators at him are lower by around 25% 

compared with the highest values. Compared with not 

adjustable hydraulic motor, the average values of the 

relative alacrity of the adjustable hydraulic motor are 

higher by about 22% , which may be explained by the 

lower relative masse and with possibility for regulation, 

which provides faster work of the hydraulic motor. 

HYDRAULIC MOTOR SMF90.055 

a) 

b) 

HYDRAULIC MOTOR VMV51.060 

Fig. 4.  Generalized power of the motorwheel in 

depending on gear ratio and maximum output torque 

of the reducer 

a) 

HYDRAULIC MOTOR SMF90.055 

 b) 

HYDRAULIC MOTOR VMV51.060 

Fig. 5.  Relative alacrity of the motorwheel in 

depending on gear ratio and maximum output torque 

of the reducer 
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In conclusion, it can be said, that for these hydraulic 

motors are best suited planetary reducers for tracked 

machines CT026 and CT035 with maximum output 

torque 26 kNm and 35 kNm and gear ratios from 63 to 85. 

At gear ratios above 100 is suitable standard size CT045, 

and standard size CT018 is suitable only for ratio 63 or 

less. 
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