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1. Introduction

The planetary gear transmissions are widely used in industrial applications for motion
and power transmission such as automotive, aerospace, robotics, machinery etc., because
of their significant advantages including the compact structure, self-centering capability,
high power density, high transmission ratios, high degree of efficiency, durability in
operation, low level of noise and vibration. Design of planetary gear transmissions depends
on a large number of parameters, some of these are: material, module, addendum, profile
shift, tooth thickness, dedendum, cutter tip radius, pressure angle, face width etc. [1, 2] The

analysis and optimization of the planetary gearbox with the mark 47, was performed in this

ha
paper. The optimization of a simple planetary gear train was performed by authors of [2].
They were observing the results obtained by changing the number of gear teeth, module,
number of planets and face width. For development of mathematical model for multi
objective optimization they used the Puerto and ELECTRE methods and noticed that the
correlations between used methods are obvious. This kind of approach shows that the other
planetary gear transmission types can be subjects of the multi objective optimization [3].
Multi objective approach in optimization is much faster with the use of the Taguchi-Grey
method. For optimization of plastic gear production authors in [3] applied the hybrid
integration of Taguchi parametric design, the Grey relational analysis and principal
component analysis. For demonstration of efficiency and validity of the proposed hybrid
optimization methods, in controlling all influential injection molding processing
parameters during the plastic gear manufacturing, a plastic gear was used. The optimal
combination of different process parameters is determined in order to minimize the
shrinkage behavior in tooth thickness, addendum circle and dedendum circle of molded
gear. They concluded that the proposed optimization method can produce plastic-molded
gear with minimum shrinkage behavior of 1.8% in tooth thickness, 1.53% in addendum
circle and 2.42% in dedendum circle and it should be noted that these values are less than
the values in the main experiment. Therefore, defects related to shrinkage that lead to severe
failure in plastic gears can be effectively minimized while satisfying the demand of the
global plastic gear industry [4].

The Taguchi method is a well known optimization method, which is used in a variety
of applications [4-5]. Application of this method ensures savings in labor and time costs,
with simultaneously examining several parameters in several experimental conditions
providing the quantitative information, [6-7]. The Taguchi method limitation is that it can
only be applied to solve individual objective problems and cannot be used for problems
with multiple objective optimization. However, this problem has been overcome and the
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Tab. 2 Experimental design using L27 orthogonal array

Experimental results
E]\;:- - 1Y Sni-2 Shzs T.:’iaify ‘;/":.{ ;:;gi L

1 16MnCr5 | 250 | 30| 1.31 2.36 0.36716 -8.70297 25
2 16MnCr5 | 2.50 | 33 | 1.37 2.47 0.40345 -7.88425 21
3 16MnCr5 | 250 | 36 | 1.42 2.57 0.44152 -7.10098 19
4 16MnCrS | 2.75 | 30| 1.44 2,59 0.45408 -6.85741 17
5 16MnCrs | 2.75 | 33| 1.51 271 0.51924 -5.69263 12
6 16MnCr5 | 2.75 | 36 | 1.57 2.82 0.59492 -4.51088 8

7 16MnCr5 | 3.00 | 30 | 1.58 2.82 0.60218 -4.40554

8 16MnCr5 | 3.00 | 33 | 1.64 2.95 0.71780 -2.87995

9 16MnCr5 | 3.00 | 36 | 1.71 3.07 0.89541 -0.95958

10 28Cr4 25030 1.33 2.39 0.37743 -8.46331 24
11 28Cr4 25033 139 2.5 0.41588 -7.620603 20
12 28Cr4 250 (36| 1.45 2.61 0.46306 -6.68725 16
13 28Cr4 27530 1.46 2.63 0.47241 -6.51365 15
14 28Cr4 2,75 (33| 1.53 275 0.54334 -5.29850 11
15 28Cr4 27536 1.59 2.87 0.63134 -3.99473 6
16 28Cr4 3.00| 30| 1.51 2.86 0.57470 -4.81114 10
17 28Cr4 3.00| 33| 167 2.99 0.77659 -2.19617 3
18 28Cr4 3.00 36| 1.74 3.12 1.00000 0.00000 1
19 CI5E 25030 1.24 2.24 0.33333 -9.54243 27
20 CI5E 250|133 1.3 2.34 0.36149 -8.83814 26
21 CI5E 250 36| 1.35 2.44 0.39174 -8.14002 23
22 CI5E 275 30| 1.37 2.46 0.40161 -7.92385 22
23 CISE 275 (33| 1.43 2.57 0.44544 -7.02428 18
24 CI5E 27536 | 149 2.68 0.50000 -6.02060 13
25 CISE 3.00 | 30| 1.49 2.68 0.50000 -6.02060 13
26 CISE 3.00| 33| 156 2.8 0.58017 -4.72887 9
27 CISE 3.00| 36| 162 2.92 0.68159 -3.32956 b}
The absolute difference value is calculated according to expression, [9]:

Ay = ||x0(k) _xi(k)l > @

where: x, (k) referential normalized value (x,(k)=1).
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According to the ANOVA, the most significant control parameter is module with
contribution of about 68.17%, the gear width with 18.02% and material with 10.09%.
Interactions of observed parameters are insignificant because their effect on the safety
coefficients was negligible. Analysis of parameters' influences was obtained from the
response tables of the mean S/N ratio and the results are listed in Tab. 4. The larger values
of the S/N ratio correspond to the better quality, thus the optimal combination of design
parameters was obtained as A2B3C3, which is also shown in Fig 1.

5. Conclusions

Based on the Taguchi-Grey analysis, the following conclusions were drawn:

(i) according to results of the ANOVA analysis, the main contributing factors affecting the
safety coefficients for the surface durability of a planetary gearbox were material, module
and the gear width, with contributions of 10.09%, 68.17% and 18.02%, respectively.
Interaction of factors B*C has influence of 2.12%, influences of other factors were
negligible; (ii) the optimal combination of parameters, according to the Taguchi-Grey
analysis is A2B3C3, which means that the highest values of the safety coefficients for the
surface durability of a planetary gearbox are for material 28Cr4, module 3 mm and for the
gear width 36 mm. The Grey grade for this optimal combination of parameters is 1 and the
S/N ratio is 0; (iii) based on results from applied methods, one can conclude that the
Taguchi-Grey method can be applied for optimization of the safety coefficients for the
surface durability of a planetary gearbox.

Tab. 4 Response for the Grey grade
Level A B (&

1 -5.444 | -8.109 | -7.027

2 -5.065 | -5.982 | -5.796

3 -6.841 | -3.259 | -4.527
Delta | 1.776 4.850 | 2.500

Rank 3 1 2
1
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Fig. 1 Plots of the S/N ratio for the safety coefficients for the durability of a planetary gearbox
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