Two-carrier two-speed planetary gear trains with brakes on single shafts
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TWO-CARRIER TWO-SPEED PLANETARY GEAR TRAINS WITH BRAKES ON SINGLE SHAFTS
Summary: This paper considers two-speed planetary gear trains with four external shafts, composed of two simple planetary gear trains. Possible shemes of these planetary gear trains are pointed including systematization of variants. By putting brakes on different shafts transmission ratio changes and also power flow through the planetary gear trains. This fact makes possible application of two-carrier two-speed planetary gear trains at the systems which need transmission ratio changes under load.
Apart from the two-carrier two-planetary gear trains structures definition, the analysis of the operation of the trains with different layout variants also included in the paper.
Key words: two-speed planetary gear trains, transmission ratios, brakes on the single shaft 
1. INTRODUCTION 
Planetary gear trains (PGT) are a type of gear trains with many advantages. Since that their application is increasing in mechanical engineering and conveyor systems as single-stage and multi-stage. Multi-stage planetary gear trains are obtained from single stage gear trains by linking one or two planetary units shafts. A special type of  multi-stage PGTs is two-speed two-carrier planetary gear trains which consist of two coupled and four external shafts and have brakes on single shafts. This type of compound gear trains has many advantages, first of all possibility of speed change under load. Speed change under load is request of mechanical system in some occasions (e.g. machine tools, cranes etc.).
This paper deals with the structures of these copmpound gear trains, their labelling and systematization. Also, the alalysis of the operation of these compound gear trains with different layout variants is included.

2. STRUCTURES OF COMPOUND TWO-CARRIER PGT
These compound PGTs consist of the basic type of PGT. 

The basic type of a PGT is a design which has a central sun gear (external gearing - 1), central ring gear (internal gearing - 3), planets (satellites - 2) and carrier (h), shown in Fig.1. Planets are in simultaneous contact with the sun gear and the ring gear.
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Fig. 1 Basic type of PGT (1- sun gear; 2 – planet; 3 – ring gear; h – carrier)

This type of a PGT is often used as single stage transmission, and as a building block for higher compound planetary gear trains. 
Its advantage over other PGT types lies, first of all, in its efficiency. The efficiency value varies negligibly in the whole range of the internal gear ratio, i.d ideal torque ratio (
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). Also, this type has small overall dimensions and mass, and its production costs are relatively low because of the relatively simplified production [1,4].
Because of its characteristics, it is applicable in transport and stationary machines without limitation in power and velocity, for example in the vital parts of the helicopter, caterpillar, mining, agricultural and other machines and so on.
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Fig. 2 Torque ratios and Wolf-Arnandov’s symbol of the basic type of PGT
In the Fig. 2. ideal torque ratios and torque ratios, as well as Wolf-Arnaudov’s symbol, of the basic type of PGT are pointed. The carrier shaft is summary element, since by carrier stopping negative transmission ratio is obtained. 

Two-speed planetary gear trains are obtained by linking two planetary units. A planetary gear train with four external shafts is shown in Fig. 3.
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Fig. 3 Planetary gear train with four external shafts (compound train)

Two component trains can be joined in a whole in 12 different ways, called the PGT with four external shafts [2]. Since that brakes can be setted on the different shafts which cause the different energy flow throw the transmission and transmission ratio changing, there are many variants of these transmission which indicate the need for systematization.
To each of 12 structural schemes an alphanumerical label (S11…S56) is attached, which indicates the ways of connecting the shafts of the main elements of both component trains (Fig. 4). In every presented scheme it is possible to put brakes as well as the driving and the operating machine on external shafts in 12 different ways (V1…V12), which will be here called layout variants (Fig. 5) [2].
These compound gear trains can be divided into three different groups depending on the layout of brakes on the shafts. The first group consists of the compound trains with brakes on the coupled shafts. The second group consists of the compound trains with brakes on the single shafts. The third group consists of the compound trains with brakes on the coupled and the single shaft. In all variants, by alternating activation of the brakes shifts the power flow through the PGT, which causes a change in the transmission ratio [5].
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Fig. 4 Systematization of all schemes of two-carrier PGT with four external shafts
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Fig.5 Systematization of all layout variants


3. ANALYSIS OF THE OPERATION OF COMPOUND TRAINS 
Analysis of power flows is shown at the layout variant V6. 
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Input and output of power are on the coupled shafts. In this case, whatever the brake is turned on, only one component train operates actively while the other operates idly. Therefore, the transmission ratios of the compound train are equal to the transmission ratios that the component trains accomplish. When the left brake is turned on, power is transmitted through the left component train (component train I), and when the right brake is turned on, power is transmitted through the right component train (component train II). 
The same power flow is at the variant V12 since that brakes are setted on the single shafts, too.
Furthermore, this approach indicates a way for analysis of power flow for other variants.
These variants could release transmission ratios limited by planetary unit kinematic characteristics. It is possible to release  two speeds like reducer, two speeds like multiplier or one speed like reducer and like multiplier with other speed. Also, it is possible to release positive and negative transmission ratios. Transmission ratio of each planetary gear train unit depends only on basic transmission ratio (ideal torque ratio). If required transmission ratios 
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can be released by one planetary unit, these transmissions are properly solution.
For each variant presented in Fig. 5 transmission ratio when the brake Br1 is turned on 
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and transmission ratio when the brake Br2 is turned on 
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could be defined using ideal torque ratio 
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 [5]. Also, ordered couples (
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) expressed by transmission ratios can be achieved.
A part of that rewiew is presented in Table 1. The labels are in accordiance with the labels in the fig.4 and fig. 5.
Table 1 Function of ideal torque ratios and transmission ratios of PGTs with brakes on single external shafts for some layout variant V6 
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The design concept shemes and the transmission ratio ranges for variants pointed in Table 1 are shown in Table 2.
Table 2 The design concept shemes and the transmission ratio ranges
	S11V6
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Energy flow: X
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Energy flow: Y
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Energy flow: X
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In order to suitable solution defined by design parameters choice multicriteria optimization could be applied. In this procedure multicriteria optimization is applied at the each transmission ratio [3].
3. CONCLUSION
In this paper two-speed two carrier PGTs are introduced. These compound gear trains consists of two basic type of PGTs and have considerable application at the systems which need transmission ratio changes under load. By activating different brakes transmission ratios and energy flows change. The relations between transmission ratios and ideal torque ratios are pointed, too. Since there are numerous variants of these transmissions, systematization and labeling are necesary in order to make easy choice in concrete situation. In the next step, multicriteria optimization can be applied to choice design parameters for defined input data.
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