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Abstract. The article gives the theoretical base for construction of equipment for 
experimental research of static, kinematic and dynamic characteristics of devices for speed change 
by epicyclic gear trains with closed circuit hydrosystems through the ring gear during the 
transmission by them of the periodic, shock long-term or short-term loads or their executive 
mechanism stoppage due to overload. This equipment can be successfully used for experimental 
study of devices for speed change by epicyclic gear trains with closed circuit hydrosystems through 
the carriers or sun gears. 

Keywords: speed change device, experimental equipment, epicyclic gear train, stand, 
kinematics, statics, dynamics. 

Introduction 
In order to change the speed in modern machinery, methods and devices are widely used in the form 

of stepped, stepless or combined gear boxes [1]–[4]. Existing speed management methods and devices 
have many shortcomings. The main disadvantages of stepped speed control are the complexity of the 
design of these devices, their large material capacity, and large dynamic loads that arise when shifting from 
one speed to another. In stepless speed control there is a great deal of wear of the drive elements due to the 
use of friction brakes and locking friction clutches. As a result, the durability and reliability of drive 
elements and machines in general decreases. Therefore, there is a problem of creating new speed change 
management methods and devices that eliminate these shortcomings. The substantiation of the theoretical 
foundations of the process of speed changes control by epicyclic gear trains [5] and the development on the 
level of invention of cargo stop gears [6, 7] in the form of closed circuit hydrosystems and their application 
in differential gear transmissions, led to the creation of new devices for stepless speed changes control [8]. 
Developed devices are the matter of special interest because they eliminate these shortcomings. 

Problem Statement 
Such devices require conducting kinematic and power theoretical and experimental studies, 

knowledge of energy efficiency estimated by the efficiency coefficient, the possibility of self-braking and 
optimization of parameters during design. The fulfilment of these tasks for new speed control devices 
using epicyclic gear trains and a closed circuit hydrosystems is an urgent task for engineering. 

Review of Modern Information Sources on the Subject of the Paper 
Devices for speed changes control by epicyclic gear trains with closed circuit hydrosystems were first 

described in [9]. Theoretical scientific data about them was reported at scientific and technical conferences, 
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symposia [10–15], and others, where questions aroused about their kinematic possibilities, which were 
further considered in works [16–24], performance efficiency coefficients [25]–[27]. Moreover, work [28] is 
devoted to 3D modeling of such devices. Obtained analytical solutions of actual problems are theoretical 
basis and require further experimental research and confirmation of the obtained results in real practical 
situations for different kinematic and power modes of operation of various executive mechanisms. 

Objectives and Problems of Research 
The purpose of the work is to obtain the scientifically grounded principles of the development of 

equipment for the experimental study of speed change devices through epicyclic gear trains with closed 
circuit hydrosystems during the transmission of periodic, shock long-term and short-term loads and their 
significant overload, up to the stop of their executive mechanism. 

Main Material Presentation 
For the experimental studies of kinematic, static and dynamic characteristics of speed change 

devices, a stand was developed [29]–[31] containing an epicyclic gear train and a closed circuit 
hydrosystem. 

One of the schemes of epicyclic gear train with the device for speed changes control through the ring 
gear, shown in Fig. 1, consists of a sun gear 1, planets 2, ring gear 3 and a carrier 4 located in the housing 5. On 
the housing 5 there is a closed circuit hydrosystem 6 connected with the ring gear 3 by a gear transmission 7. 

  
a b 

Fig. 1. Principle schemes: a – epicyclic gear train with a closed circuit hydrosystem; b – a closed circuit hydrosystem 

The closed circuit hydrosystem 6 consists of a hydraulic pump 8, pipelines 9, a regulating valve 10, 
a return valve 11 and a tank for liquid 12. 

For drives containing devices for changing speeds through epicyclic gear trains with closed circuit 
hydrosystems, there are four distinct cases of load variation in the form of a torque on the executive 
mechanism, the graphs of which are shown in Fig. 2: a – the load varies periodically over a long period of 
time; b – the magnitude of the shock load after a sharp increase remains unchanged for a long time; c – the 
magnitude of the shock load after a sharp increase is maintained over a short period of time; d – the 
executive mechanism instantly stops due to a significant overload. 

For the experimental study of speed changes devices through epicyclic gear trains with closed circuit 
hydrosystems, a stand designed to realize the following four characteristic cases of load variation in the 
form of a torque on the executive mechanism and to perform kinematic, static and dynamic studies. 

The stand shown in Fig. 3, consists of: frame 1; engine 2; the test device 3 for speed change by 
epicyclic gear train with a closed circuit hydrosystem (the inner part is not shown); coupling 4, brake 
pulley 5; a lever 6 with a brake shoe 7 fixed hingingly with one end on the support 8, and the second end 
through the adjusting screw 9 interacts with the profile cam 10 mounted on the second engine 11. The legs 
12 serve to position the frame horizontally. 
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a b 

  
c d 

Fig. 2. Graphs of load variation – torque: a – the load varies periodically over a long period of time; 
 b – the magnitude of the shock load after a sharp increase remains unchanged for a long time;  

c – the magnitude of the shock load after a sharp increase is maintained over a short period of time; 
d – the executive mechanism instantly stops due to a significant overload 

The algorithm for studying the speed change device is as follows. The test speed change device 3 is 
being set on frame 1 and connected with engine 2 by coupling 4. The adjusting screw 9 sets the necessary 
movement of the lever 6 relative to the proximity of the profile cams 10. 

The initial position of the lever is created by a compression spring so that there is a slight clearance 
between the brake pulley and the brake shoe for idling. After turning on the engine, the torque through the 
coupling is transmitted to the test speed change device and through it to the brake pulley. Next, a second 
motor with a profile cam is inserted, which moves the lever from the brake shaft through the adjusting 
screw, pushing it to the brake pulley, creating a load within the height of the profile of the profile cam, and 
then returning to its original position under the action of the compression spring force. Load cycle depends 
on the profile cam, and the load frequency from the rotational speed of the second engine shaft and the 
number of profiles on the initial disk of the profile cam. 

Stand for speed change devices study with load mode as in Fig. 2, b, shown in Fig. 4, is similar to 
the previous one and consists of the frame 1, engine 2, test device 3, coupling 4, the brake pulley 5, the 
lever 6 with the brake shoe 7, fixed hinged one end on the support 8, and the second end rests on the 
compression spring 9. A guide device 10 set over the second end of the lever, which includes vertical 
guides 11 connected by a crossbar 12 to a mobile carriage 13 with a falling load 14. On the crossbar, there 
is a lever hook 15 for fixation of carriage with falling load at height and its release in the time required. 

Research of power parameters of speed change devices is as follows. Engine and test device with the 
brake pulley set on the frame and interconnect with the coupling. The initial position of the lever is created 
by a compression spring so that there is a small clearance between the brake pulley and the brake shoe for 
idling. On the giude device we lift the moving carriage, hang it on the lever hook and set the falling load. 
After turning on the engine, the torque through the coupling is transmitted to the test speed change device 
and through it to the brake pulley. Further, a mobile carriage with a falling load is released and load falls 
on the lever with the brake shoe, pressing it against the brake pulley, creating a shock durable load. 
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Stand to speed change devices study with loading mode as in Fig. 2, c, shown in Fig. 5, similar to 
the previous, but from the side of the frame 1 on the vertical guides 11 of the guide device 10 there are 
compression springs 16 which, in the compressed state, are fixed by the clips 17. 

Research of speed change devices is being performed the same way as described above for the stand 
shown in Fig. 4. The research differs only by the fact that when a load falls on a lever with a brake shoe, 
pressing it to the brake pulley, creating a shock load, at that time a moving carriage with a falling load 
interacts with the clips and releases compression springs that lift the moving carriage with the falling load 
in the reverse direction, releasing the lever from the long-lasting load. 

   
Fig. 3. Scheme of the stand for 

research of speed change devices 
when periodic load changes for a long 

time 

Fig. 4. Scheme of the stand for 
research of speed change devices 

when the load, after a sharp increase 
remains unchanged for a long time 

Fig. 5. Scheme of the stand for 
research of speed change devices 

when the load, after a sharp increase 
remains unchanged for a short time 

Measurement of the magnitude of the kinematic, static and dynamic characteristics of the 
investigated speed change device with closed circuit hydrosystems is carried out by known methods and 
devices - standard tachometers, resistor sensors, tensor stations, and the like, described in [32]. 

Conclusions 
The developed equipment for the experimental study of kinematic and power characteristics of speed 

change devices using Epicyclic gear trains with closed circuit hydrosystems through the ring gear ensures 
the verification of the obtained theoretical results and allows for their refinement during the transmission of 
their periodically variable, shock long and short-term load and significant overload, up to stop of the 
executive mechanism. The work is a solid ground for conducting experimental experiments of speed 
change devices using gear epicyclic gear trains with closed circuit hydrosystems through a carrier or sun 
gear for drives of various branches of mechanical engineering. 
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