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Abstract: In order to adapt to the range of non-orthogonal parameters caused by the self-constrained
parametric modeling method, a mapping method was proposed to map the sampling points of the
traditional orthogonal design space to the non-orthogonal space. A feasible domain boundary identification
method based on machine learning logistic regression was constructed to judge the compliance of the
sample space response with relevant criteria. This method was applied to a high pressure turbine two-/
three-tooth tenon structure, finding that an engine preliminary design scheme may fail to meet the design
requirements in the detailed design phase of tenon structure, and tenon structure parameters may be
advanced to the preliminary design stage, together with the superior parameter design, to prevent the

design difficulties in the detailed design stage. Through the boundary identification method, it was found
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that when the speed was reduced to 15 575 r /min or the outer diameter of the wheel was reduced to 303

mm, the two-tooth tenon structure can be designed. When the speed was reduced to 15 584 r /min or the

outer diameter of the wheel was reduced to 301 mm, the three-tooth tenon structure can be designed. This

method can be used as an iterative feedback information among various disciplines in the initial engine

design stage. The proposed method can be generalized to other details of the engine structure design.

Keywords: preliminary design stage; disruptive design; tenon structure;

feasible region boundary recognition method; pre-parameter design
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Fig. 12 Double circular arc geometric constraints

at the bottom of the groove
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Fig. 13 Circumferential stress distribution of three-tooth

tenon structure
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Fig. 15 Optimization of the front and rear three-tooth

tenon structure
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Fig. 16 Two-dimensional drawings of two-tooth

tenon structure
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Fig. 17 Three-dimensional drawings of two-tooth

tenon structure
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Table 4 Safety reserve factor of turbine disc
e
ZH
SRR R IR BR
AT A ) 1.33 1.57
TAHEWFREFRICHSREN  1.33 1.57
B IR 1) i 0.90
AR A B R AR ) IO ) 0.90

LR UL R, 430 AT 6T AR AL RN = 4
TR (1% 58 B A7 043 BT 5 SBCHIRE A58 el iz, 7 R
4% %% I (CPU & Intel xeon) ¥ F 10 # ¥E 47 AN-
SYS A MR, i AL 5.

x5 HEME

Table 5 Cost of simulation

SPFTRE REHC/min BUESEIIRERT s SCBRSFRER /s
SRR AT 1438 52.52 52.52
=Y 7043 130.30 124.99

= U ME 5 R 00 R AR I 7 2 ) B A
18 T, A AR 45 B (AR AR A5 7 32 % 4]
WA 19 fiR . y=1 8 58 ATAT A y=0 £1 S0 A
FIFT R o Nopeea 287N FEREEE T, My TR F TR
i, Ry TR ELIME

=1
. - y=0

1.0 e e “

08L ° 7 e et oo,

S 060« .,

B 18 I e = I MR A MR AR I R 3 A
Fig. 18 Sample response distribution of three-tooth tenon

structure of high pressure turbine
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Fig. 19 Sample response distribution of two-tooth tenon

structure of high pressure turbine
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Fig. 20 Boundary identification results of logistic regression for

three-tooth tenon structure
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oo, Table 6 Fitting accuracy of different order
10 logistic regression
0.8 Z I Z I A A
% 0.6 Firix BB K% THEE/%
0.4 2 10 97.5155 94.409 9
0.2
3 20 98.136 6 96.273 3
0 0
4 35 97.5155 93.788 8
G 5 56 98.136 6 93.1677
(d) THr 2T 6 84 96.894 4 93.788 8
F21 WA A2 A [l A SR A R 7 120 96.894 4 95.652 1

Fig. 21 Boundary identification results of logistic regression for

two-tooth tenon structure

IR BRI SR 5, LA 20 [a] B 3 1 A4
FREE M R BT R Y 45
St — LI, R R B A A

AR IF, e B ly 15 584 r/min I, A 53t
Ao BE MR =I5 MR 25 4, S RN
15575 r/min B}, AT AF G 00 B S0 0 — 145 44
B2 H 5 X s i 0 e 5 RN OR AR I f 4

x7 ZHEREMBEDELRRE

Table 7 Logistic regression boundary function of three-tooth tenon structure

LN 1 X z y X Xz 2

LS IRIEY 3.8953 -10.2121 9.5142 30.170 8 6.5452 —14.304 7 -1.9825
FEAETI xy vz > x° X’z xz* z

IR 25 79126 3.3575 22901 9.8839 -10.328 8 —22.868 2 -8.2799
FRIETS Xy xyz vz xy vz 3y

SR 4.004 7 -10.648 1 -4.728 1 —5.8400 -8.3353 -1.5545

TE: b x FORERIME, y FORM BT AL, 2 FORFe A, TR .

x8 ZIFEREMZEDIEFDREY

Table 8 Logistic regression boundary function of two-tooth tenon structure

2 2

FFEIT 1 X z ¥ x xz z
SETH 2% —6.574 4 12.8410 2.166 6 40.9794 11.3447 —15.626 1 -19.3266
FRAET Xy yz e x x’z Xz z
LEIRITES —23.9871 —21.7655 8.1815 —11.6826 —6.596 7 26.6870 6.0329
FEAEIT Xy xyz ¥z X7 Vz v
LRy —7.8526 —6.2959 —0.3774 —1.8543 -0.3100 5.3692
F9 ZHEBEMXERITARNER F 10 ZEEEENXEIRTHBIER

Table 9 Jugment results of key design of three-tooth

tenon structure

Table 10 Jugment results of key design of two-tooth

tenon structure

TS ShEeE H—AVIE e(x) g0(X) TS ShEEE H—AVIE e(x) g0(X)
BAME 308 mm 0.700 0 MR 308 mm 0.700 0

A REME S 60gm 05556  —4.17  0.02 iyl 60 g'm 0.5556  -1.25 0.22
At 15800 /min - 0.8500 ARt 15800 /min - 0.8500
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