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Assembly Success Rate Calculation Method for Aero-Engine
Based on Improved Taguchi Method
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Abstract: The calculation accuracy of traditional Taguchi method is not high enough to support assembly
tolerance analysis and assembly success rate estimation, which could not adapt to the demand of high—precision,
high—efficiency, short—cycle, multi—assembly dimensions of tolerance design in the manufacturing process of
aero—engine. Aiming at this problem, a kind of assembly success rate calculation model based on improved Tagu-
chi method is proposed. Combined with Pearson distribution theory, this calculation model is set up by using the
improved Taguchi method to calculate the first four moments of statistics. On the basis of theoretical analysis, the
proposed method is applied to calculate a turbine rotor’ s assembly success rate. The results show that compared
with Monte Carlo simulation results, the improved Taguchi method reduces the relative error from the original
19.38% to 0.21% when estimating the kurtosis of the assembly gap, and the relative error of the assembly success
rate obtained by the proposed method is 0.02%, and the effectiveness of the proposed method is verified.
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Fig. 1 Tolerance analysis of mechanical assemblies
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Fig.2 Cylinder- Piston engine assembly drawing
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Table 1 Pearson distribution family

No. Distribution pattern
0 Normal distribution
1 Four—parameter beta
2 Symmetric four—parameter beta
3 Three—parameter gamma
4 Not related to any standard distribution
5 Inverse gamma location—scale
6 F location—scale
7 Student’s t location—scale
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Fig. 3 Flow chart for the calculation of assembly success
rate based on improved Taguchi method
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Fig. 4 High-pressure turbine of aero-engine
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Fig. 5 Assembly dimensional chain

Table 2 Size of the individual dimensions

I.ndivid.ual I, L L.
dimensions ‘
Nominal size/mm 672.49 310.93 358.50
Tolerance size/mm 0.3 0.2 0.2
Distribution Normal Normal Normal
pattern distribution distribution  distribution
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Table 3 Three level values of individual dimensions

Factors
Level
L, /mm L, /mm L, /mm
1 672.4034 310.8723 358.4423
2 672.4900 310.9300 358.5000
3 672.5766 310.9877 358.5577
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Table 4 Calculation results of assembly dimension

1 2 3 Weights  f/mm
6724034  310.8723  358.4423 1216 3.0888
6724900  310.8723  358.4423 41216 3.1754
672.5766  310.8723  358.4423 1/216 3.2620
6724034 3109300  358.4423 41216 3.0311
6724900 3109300 3584423 16216  3.1177
672.5766 3109300  358.4423 41216 3.2043
6724034 3109877  358.4423 1216 2.9734
6724900 3109877  358.4423 41216 3.0600
672.5766  310.9877  358.4423 1216 3.1466
6724034  310.8723  358.5000  4/216 3.0311
6724900  310.8723  358.5000  16/216  3.1177
672.5766  310.8723  358.5000  4/216 3.2043
6724034 3109300  358.5000  16/216 29734
6724900 3109300 3585000  64/216  3.0600
672.5766 3109300  358.5000  16/216  3.1466
6724034 3109877  358.5000  4/216 2.9157
6724900 3109877  358.5000  16/216  3.0023
672.5766 3109877  358.5000  4/216 3.0889
6724034 3108723  358.5577 11216 2.9734
6724900  310.8723  358.5577 41216 3.0600
672.5766  310.8723  358.5577 1/216 3.1466
6724034 3109300  358.5577 41216 2.9157
6724900 3109300 3585577  16/216  3.0023
6725766 3109300  358.5577 41216 3.0889
6724034 3109877  358.5577 1/216 2.8580
6724900 3109877  358.5577 41216 2.9446
672.5766 3109877  358.5577 1216 3.0312
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Table 5 Statistical coefficients calculation results

Coefficients Taguchi IT:;E):}:] ?f(;tfirizzl;)
Hy 3.0600 3.0600 3.0600
o} 0.0047 0.0047 0.0047
By 0 0 ~4.0228x10™
By 2.4135 3.0000 2.9936
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Fig. 6 Assembly gap simulation results
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