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Abstract. In a gear box design, it is quite difficult for a designer to quickly find an optimum solution, 

while the space restriction is given and the weight is to be minimized. Also the manufacturing cost, 

total power loss and other relevant factors have to be considered. Solving such a problem is very 

time-consuming, if different variants of reducers have to be evaluated carefully. A new optimization 

tool, based on KISSsys software, permits to layout automatically a complete gearbox using functions 

for the layout of gear stages, shaft dimensions and bearings, if the required torque capacity, life time, 

safety factors and the total ratio are given. This tool is used to generate a complete set of different 

variants of gear reducers. The main results are displayed in 3D graphics, showing weight, costs and 

efficiency of the different variants. Another graph shows the casing dimensions of the variants in 

three dimensions in order to check the compliance with space restriction. The use of this tool in two 

typical engineering applications gives very good results; the potential for weight reduction is higher 

than expected, going up to 30%. Manufacturing price reduction is even higher, going up to 50%. 

Introduction 

A gearbox design, for example a planetary gearbox design with the total reduction ratio of 60:1, is 

quite difficult for a designer to quickly find an optimum solution, when the maximum space 

restrictions are given and the weight is to be minimized, and even the manufacturing costs, total 

power loss and other relevant factors have to be considered. Is it better in such a case to design a 

two-stage reducer, with relatively high reduction per stage, or a three stage reducer?  

Solving such a problem is very time-consuming, because a large number of different variants have 

to be evaluated carefully. A new optimization tool, based on KISSsys software, permits to layout 

automatically a complete gearbox using the layout functions of gear-stages, shaft dimensions and 

bearings from the given torque capacity, life time, safety factors and total ratio. The casing and the 

planet carrier is also automatically dimensioned, and the gross manufacturing price is calculated 

based on per kg-prices for gears, shafts, planet shafts, carrier and bearings.  

In the first step, the number of gear stages is defined. If the number of stages is not clearly defined, 

variants with different number of stages are checked. Furthermore the distributions of the reductions 

istage over the individual stages can be different and should be checked with different variants. Other 

parameters giving big influence on size and weight of reducers are the face width to center distance 

(b/a) and the face width to reference diameter (b/d) ratio; therefore also these parameters are varied.  

The automatic optimization procedure then generates the gearbox variants for a given output torque 

and total ratio, depending on the required variation range of parameters (b/a, istage) and the number of 

stages, each with its weight, efficiency, dimensions and costs. The main results are displayed in 3D 

graphics showing weight, costs and efficiency of all the variants. Another graph shows the casing 

dimensions of the variants in three dimensions for checking the compliance with external space 

restrictions. Furthermore, Excel compatible tables are produced with details for additional analysis of 

the results. 
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A ‘Gearbox-Variant-Generator’ based on KISSsys 

In the calculation software KISSsoft [1], a tool for the optimization of gear stages (pairs of gears and 

planetary stages) called ‘Fine-Sizing-Routine’ was developed already in 1987 [2]. Now, this function 

became one of the most powerful features in KISSsoft. Based on a user-defined range of parameters 

(module, helix angle, etc.) the software presents a large number of possible solutions covering the full 

parameter space and presents a list with many data (geometry, safeties, characteristics as sliding, 

losses, price, transmission error) including a qualification of every solution based on required 

characteristics. So the user can investigate all the near-best solutions and then select the optimal 

variant, which best fits his needs. In order to assist the engineer during this task, the program offers 

filter and sorting functions. KISSsoft was the first professional gear software worldwide proposing 

such a concept [2]. When the ‘Fine-Sizing-Routine’ was first developed, it was impossible to imagine 

a similar feature for the layout of complete gearboxes. But with the evolution of the computing power 

of today, the more powerful tools have been developed. KISSsys [1, 4] is such software available 

since 2000 for the calculation of complete power transmissions. The KISSsys software combines 

kinematic analysis, lifetime calculation, 3D graphics and user defined tables / dialogues with a 

programming language (Fig. 1). Due to its flexibility, it is the tool of choice for strength and lifetime 

analysis of various kinds of drive trains and gearboxes. 

 
Fig. 1. KISSsys windows of the Gearbox-Variant-Generator 

User Interface: Provides for input of required torque and speed 

Sizing: Includes the various sizing functions and functions for user data input 

Table of Variants: List of the different reducers, of which any solution can be selected 

Solutions: 3D display of main results for the 90 reducer variants calculated  

Optimization of a Compact Micro-Planetary-Gearbox 

The tool was used in a project for a Chinese company, producing small compact gear reducers with a 

high speed reduction. Such reducers, having an outer diameter of 50 mm and less are called as 

Micro-Planetary-Gearboxes. Normally the ring gear is the housing of these reducers, and all the stages 

must have the same ring gear geometry to simplify the manufacturing process (cutting the inner gear 
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tooth form with a needle out of a steel tube). The design data for one of the required gearbox was: 

Output speed 31 rpm and 16 Nm torque. On the input side, a 50 W with 5000 rpm motor should be 

used. Therefore, the required total reduction is i = 160. Since a single planetary stage has normally a 

reduction between 2.5 to 7.0, the reducer can be built as a 3-, 4- or 5-stage-reducer. There are many 

possibilities how the total reduction is distributed over each planetary stage. 

The tool proposes in the first step different possibilities for the ratio distribution over the stages 

(Fig.2). The proposal can be easily modified by the project engineer. The user can request a special 

design to share the same ring gear for all stages. Additionally other design parameters can be varied, 

for example the b/a ratio. Then all the different gear reducers are automatically designed for the 

required torque, and then the weight and manufacturing price are calculated. In this example, 42 

reduction ratio variants combined with 4 different b/a ratio results in 168 different reducers. All the 

solution can be visualized and in 3D graphics with showing the different characteristics. As shown in 

Fig. 2, the 5-stage solutions are the most economic. 

 

  
Fig. 2. Micro-Planetary-Gearbox with common outer ring (Analyzing 168 different reducer-variants)            

Above: Proposed stages and ratio variants.   

Below: Manufacturing prices of the different reducers (left), 3D-model of the selected variant (right)               

Optimization of a 3-MW Wind Turbine Gearbox 

One of the most important criteria in wind turbine design is weight reduction. Normally lower weight 

of the gearbox is even more important than lower manufacturing cost, because when the reducer is 

lighter, this reduces the cabin and tower construction costs. The wind turbine gearbox can have 

various configurations, and we decided to design a 3- or 4-stage planetary gearbox with no restriction 

on the ring gear geometry. The design data for the gearbox was: Input speed 15 rpm and output power 

3.2 MW. The required total gear ratio is i = 120 (speed increaser). The number of planets of all the 

stages is set to 3 to simplify the design. 

The tool proposes 153 different gearboxes from 51 ratio variants combined with 3 different 

b/a-ratio from 0.3 to 0.7 with the step of 0.2. Fig. 3 shows the minimum and the maximum priced 

variants for each b/a ratio. The average prices of the 3- and 4-stage gearboxes are 1.51×10
5
 and 

1.73×10
5
, and have less than 13% of difference. However, it is surprising that the difference of the 

minimum and the maximum prices is over 4 times (1.05×10
5
 and 4.44×10

5
) with the similar level of 

safeties. In addition, it should be noted that the minimum price gearbox was found in 4-stage variants, 

not in 3-stage. Thus, the proper selection of the design is most important to reduce the gearbox price, 

and it’s inevitable to use the tool in order to achieve the optimal gearbox design.  
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Fig. 3.  Wind turbine gearbox variants 

Above: Gearbox variants with minimum and maximum masses.           

Below: Price of the gearboxes (left), 3D-models of the minimum(center) and maximum prices (right) 

Conclusions 

A new tool, a Planetary-Variant-Generator permits an arbitrary number of completely defined 

planetary gearbox variants to be created automatically using functions for the layout of gear-stages, 

shaft dimensions, bearings and planet carrier; given the required torque capacity, life requirement, 

safety factors and the total ratio. As specified by the user, gearbox variants with different number of 

stages and different distribution of the ratios over the stages are calculated. The results such as weight, 

power loss, manufacturing price, torque capacity can be visualized in 3D-diagrams, in which the 

numbered variants are displayed. Thus the user can review the best proposition, but he can also see all 

the near-best solutions and then select the optimal variant, the one that best fits his needs. 

The use of this tool in two typical engineering applications gives very good results; the potential for 

weight reduction is higher than expected, going up to 30%. Manufacturing price reduction is even 

higher, going up to 50%. This product will be enhanced with some additional features and be 

available for general use. 
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