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EVALUATION OF CONCEPTUAL SOLUTIONS OF UNIVERSAL HELICAL TWO STAGE GEAR UNITS
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Summary: Universal gear reducers are very simple and quite improved mechanisms, but despite of that their further development is constantly made in order to find better solution. On the basis of the present solutions it can be note that almost every manufacturer has its own conceptual solution of gear reducer. Different conceptual solutions of universal gear reducers do not make a problem for customers because it is not the point of their interest. They are only important to have quality gear unit, primarily a strong, reliable, durable, with low-vibration and noise and that is cheap, also they want short delivery time, low maintaining costs and the repair time is short. However, manufacturers of gear are very important what kind of concept solution is adopted and therefore it is necessary to evaluate some conceptual solutions during the time of their development in order to adopt the best. This paper gives the evaluation of particular solutions in order to realize the degree of goodness of some solutions.
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1. INTRODUCTION

Universal helical gear reducers are the mechanisms which have very wide application in mechanical engineering. They are regularly bought as finalized product and none of their costumers and users do not think about their manufacturing. However, manufacturers of gear reducers are continuously working to improve the technical characteristics of their products in order to achieve certain advantages at the market. This paper deals with the affect of arrangement of pinions, gear wheels and bearings inside of gear unit on the technical characteristics of universal helical gear reducers.
Universal gear reducers are usually made as single, two, three stage and multistage gear units. Some manufacturers do not produce single stage gear units because they are not often required, and the same case is with multistage gear reducers. Multistage gear units are usually made by combining of two and three stage units, although there are manufacturers which make only multistage gear units in special large housing with several gear pairs, but it is rare case.
Universal reducers can be made as geared motors with special reducer electric motor or with standard IEC motor and they can be made without installed motor with free input shaft or with IEC motors interface.
Gear reducer without installed motor is now very little used because of more complex structures and difficult installation. It usually need another coupling (for connecting motor and reducer), larger space for installation (because of those coupling application), and there are additional difficulties with aligning input shaft of reducer and motor shaft. However, manufacturers of gear reducers (due to market competition) must also have those reducers in their offer.
2. CONCEPTUAL SOLUTIONS OF GEARS AND BEARINGS ARRANGEMENT
There are different practical conceptual solutions of gear unit design despite the small possibilities of variation, arrangement and position of gears and bearings within the gear reducer housing. These possibilities are the smallest for the single stage gear reducers and the following conceptual solutions are possible here, which is shown on Fig.1 and Fig.2. Two stage gear reducers are available as geared motors, Fig.2-1 (with special reducer electric motor or with standard IEC motor), with an adapter for IEC motors, Fig.2-2 (with one or two bearings) and without installed motor, Fig.2-3 (with free input shaft). Geared motors with standard IEC motors are not considered here, because most of the manufacturers do not offer this solution, and it would only slightly expand the number of possible conceptual solutions. In this paper only two stage gear reducer are analyzed.
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Fig. 1 Possible conceptual solutions of universal single stage gear reducer 
(1 – geared motor, 2 –adapter for IEC motor, 3 – adapter with free input shaft)
3. PROBLEM INTERPRETATIONS
Based on the theory of possible conceptual solutions, it should adopt the best solution, which is not so simple. In fact, almost every manufacturer of gear reducer has a different conceptual solution of gear units, so that it is very difficult to determine which solution is best.
The output shaft is usually designed that only one bearing accepts axial force in order to make cheaper solution and make possible easier installation and removal of the output shaft assembly.
Minimum consumption of material must be considered during design, the lower volume of machining as possible and sufficient strength and stiffness of the housing, with a simple assembly and removal of gear unit. Additionally, it is necessary to take into account the possibility of using the same set of gears in the frame of particular size of gear reducer. For example, gear pair from single stage gear unit is the first gear pair of two and three stages gear reducer.


1. Universal two stage gear reducer with special reducer motor installed


2. Universal two stage gear reducer with adapter for IEC motor or with standard IEC motor


3. Universal two stage gear reducer with free input shaft (so-called B interface)

Fig. 2 Characteristic conceptual solutions of universal two stage gear reducer
Today there is a tendency to achieve a high gear ratio, so it means to use large driven gear, which resulted in a need to make the frontal opening of the housing (and/or the top opening for two and three stages gear reducer). It is necessary because the standard frontal opening (which size depends on the electric motor flange) cannot be used for installing so large gears. This concept housing, so called monoblock construction, is somewhat weaker, but their possibility of simple installation gives them a certain advantage. Large back cover of single stage gear reducer provides completely installation of large gears, so there is no need to make opening on the top of gear unit.
Easy assembly and removal of gears must be provided when defining their arrangement and position with smaller as possible overall dimensions of gear reducer. Also, minimum use of special tools must be enabled because today fast delivery is required (usually within 72 hours) and fast repair of gear reducer, which is usually done in service centers near the major markets since fast delivery, service, maintenance and repair are often a crucial factors for decision to purchase gear reducer. Generally, fast and quality service is an essential support for gear reducer sales, and to ensure this constructive gear reducer must be prepared for it.

4. THE PROPOSAL OF EVALUATION

Evaluation of conceptual solution can be done in many ways by a simple comparison of so-called partial indicators of quality: the weight of gear reducer (m), gear ratio (u), output torque (T2), etc. Also, complex indicators can be used: the ratio between gear ratio and weight (u/m), ratio between output torque and weight (T2/m), etc. In order to obtain more complete assessment of gear reducer, it is necessary to introduce more complex indicators, such as uT2/m. It should be noted that this method of assessment can evaluate only gear units with the same shaft height. In order to obtain a more complete assessment, it is necessary to introduce the shaft height value (h) and to considerate complex indicator (uT2/h) or more complex indicator (uT2/mh), where the value of these indicators should be as higher.
Of course, evaluation can be done for gear reducer housings made of same material (cast iron). If the materials are different, obtained values will not be comparable, although obtained assessment can refer a lot about the benefits of individual solutions. Also, it should note that some manufacturers are oriented to high load capacity (high output torque) and small gear ratio, while others are oriented to smaller output torque and high gear ratios. Additionally, some manufacturers offer two gear sets in the frame of one housing (or the same shaft height): with small transmitted torque and high gear ratio and the other with high transmitted torque and small gear ratio, so that they can successfully compete with other manufacturers. With this approach manufacturers slightly complicate their product range, but certainly achieve great advantage at the market. In a rough assessment of these solutions it cannot obtain enough accurate evaluation of the goodness of particular solutions, and therefore it is necessary evaluate assessment for each gear ratio for the same shaft height and compare it with other manufacturers’ solutions.

5. ASSESSMENT OF CHARACTERISTIC SOLUTIONS
This paper deals with assessment of technical characteristics of two stage universal gear reducers (foot mounted type) of several leading manufacturers of gearboxes which names will not be mentioned, so they will be marked as Manufacturer 1 to 6 (Fig.3). Geared motors are not observed, but variant without installed motor with the classical solid input shaft, in order to make accurately comparison and evaluation of gear units.
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Man. 1           Man. 2            Man. 3             Man. 4            Man. 5             Man. 6

Fig. 3 Frontal view of universal single stage gear reducer
On the basis of analyzed solutions of these six manufacturers, it can be concluded that the Manufacturers 1, 3 and 6 offer ten sizes of a two stage gearbox (ten shaft heights), but for some shaft heights they offer two gear sets in the frame of one housing: with small transmitted torque and high gear ratio and the other with high transmitted torque and small gear ratio. It can be concluded the most required shaft heights are between 90 and 160 mm, so they offer two gear sets and can successfully compete with other manufacturers. Manufacturer 2 offers eleven sizes of gear units, Manufacturer 4 offers eight and Manufacturer 5 offers seven shaft heights. The values of output torque (T2), gear ratio (u), weight (m) and housing volume (V) for each shaft height are shown in Fig.4.
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Fig. 4 Diagrams of maximal output torque (T2), gear ratio (u), weight of gear reducer (m) and housing volume (V) of universal two stage gear reducers with free input shaft for different axis heights (h), Manufacturers 1 - 6
Analyzing obtained curves, it can be noticed that the increase of output torque is fairly consistent for all manufacturers and it is especially higher for the Manufacturers 1 and 6 for greater shaft heights. Manufacturer 2 and 6 offer the highest gear ratio. Furthermore, it is obvious that reducers of all manufacturers have almost constant value of gear ratio, except the Manufacturer 2 which offers high gear ratio for shaft height until 200 mm and after that it is reduced. Comparing the reducer weight, it can be observed that the weight is evenly increased for all manufacturers and the reducers of Manufacturer 2 have the highest weight for largest shaft heights. Increasing the volume is also the same, but for higher shaft heights reducers of Manufacturers 1 and 6 have the largest overall dimensions. However, Manufacturer 6 reducers are nonsymmetrical and they have lower volume than it’s calculated.

Since gearboxes are not standardized, manufacturers offer a variety of reducer shaft heights. Shaft heights of these six manufacturers are not same, except for the height of 250 mm, which suggests this is the most required shaft height for two stage gear units. Also, similar shaft height is for 130 mm (125, 130 and 132 mm) and 315 mm (300 and 315 mm).
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Fig. 5 Comparison of output torque (T2), gear ratio (u), weight of gear reducer (m) and housing volume (V) of universal two stage gear reducers with free input shaft for the shaft height h = 250 mm, Manufacturers 1 - 6
Therefore, the initial assessment is taken for shaft height of 250 mm which all six manufacturers can provide. Comparison of output torques, gear ratios, weights and volumes for shaft height of 250 mm is given in Fig.5.

Comparing the most important technical characteristics of gear reducers with shaft height 250 mm, it is observed that the biggest output torque is provided by gear reducer of Manufacturer 5 (T2max = 5000 Nm). The highest gear ratio is achieved by reducer of Manufacturer 6 (umax = 62.04, three times higher than Manufacturer 3). Gear unit of Manufacturer 5 has the smallest weight (m = 117.1 kg). Gear reducers of Manufacturer 1 and 6 have the largest mass and volume. Gear unit of Manufacturer 2 have large weight and the smallest volume, which means the Manufacturer 2 has better arranged and more compact design, but unfortunately with the lowest output torque. Therefore, every reducer of these manufacturers has some typical characteristic, so that according to these basic indicators it is impossible to adopt the best solution.

Therefore, complex indicators are used for evaluation, such as the ratio of output torque and weight (T2 max/m) or the ratio of gear ratio and weight (umax/m), Fig.6.
Comparing complex indicators of two stage gear units (Fig.6-1,2) of those six manufacturers, it can be concluded that Manufacturer 5 has an advantage, because it has the highest torque per weight unit and gear ratio value per weight unit. After them reducers of Manuf. 3 and 6 have high torque per weight unit, but reducers of  Manuf. 6 and 2 have high gear ratio per weight unit. However, after this comparison it is not clear which manufacturer has better reducers after Manufacturer 5.

It should considerate more complex indicators such as umax T2 max / m to obtain a more complete assessment of the quality of gear reducers, Fig.6-3. Based on analysis for this indicator for shaft height 250 mm and consideration of achieving as highest as possible output torque and gear ratio for the minimum mass of gearbox, it is confirmed that gear units of Manufacturer 5 are the best, and after them there are gear units of Manufacturer 6 which have the most rational utilization of material, much better than other gear reducers. Therefore, it should adopt such kind of gear units with maximum output torque and gear ratio per mass unit.
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Fig. 6 Comparison of complex characteristics of universal two stage gear reducers with free input shaft for the shaft height h = 250 mm, Manufacturers 1 - 6

This evaluation has been performed from the viewpoint of design optimization, which means obtained amount of technical parameters based on the designed weight or volume. If considerate the price of gear unit, it would obtain more complex assessment of gear reducer, but since the price is a market category, it will not be discussed here.
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Fig. 7 Complex indicators of technical characteristics quality of gear reducers for different shaft heights of universal two stage gear reducers with free input shaft
This method of assessment can be used only for gear units with the same shaft height, so the evaluation for the shaft height of 250 mm cannot guarantee the same conclusion for other shaft heights. Introducing the shaft height values is necessary to obtain more complex evaluation that will allow comparison of gear units for different sizes of gearbox. Therefore, it should considerate an indicator u max T2 max /h or even more complex u max T2max /mh or u maxT2 max/Vh (Fig. 7).
Analyzing obtained indicators, the gear ratio and output torque are in the most favorable comparison with the weight and volume for smaller shaft heights (100 - 200 mm). Therefore, the Manufacturers 2, 5 and 6 have the best relations of complex indicators until the shaft height 315 mm. Manufacturer 3, which provides the lowest gear ratio, has the lowest values of these complex indicators. After shaft height 355 mm, reducers of Manufacturer 1 are leading and the best solution.
6. CONCLUSION

Based on the implemented evaluation, it can be seen that the weight of gearbox of certain manufacturers are not uniform. Also, gear ratios and output torque are different for particular manufacturer (even within the certain sizes of the same manufacturer). Based on complex indicators, such as the ratio of output torque and weight (T2 /m), or the gear ratio and weight (u/m), we can see a big difference between different solutions, but reducers of Manufacturer 5 should be highlighted because they have the best relations of technical characteristics. In order to obtain a more complete assessment, a complex indicator (u max T2max /m or u maxT2 max/V) is introduced into consider​ation on the basis of which was also confirmed the advantage of Manufacturer 5. It should consider that this method of assessment can evaluate only gearboxes with the same shaft height. Shaft height is introduced into consideration in order to obtain more complex assessment, so indicators (u max T2max /mh) or (u maxT2 max/Vh) are used. Based on these evaluations, it is concluded that Manufacturers 5, but also 2 and 6 have reducers with the best relations of complex indicators, so that this concept should be adopted in the development of new two stage series of gear units. Therefore, it should adopt such kind of gear units with maximum output torque and gear ratio per mass unit.
Of course, the price as market characteristic is an additional argument for the purchase of gear unit, but also the speed of delivery, provided service, spare parts, which is all not discussed in this assessment of most favorable and optimal design.
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