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Abstract: Aiming at the issue that the improvement of quality factors is difficult and the traceability
path of quality anomalies is unclear in quality anomaly trace of heavy gas turbine high-temperature
turbine blades, a quality anomaly traceability path search method based on national quality infra-
structure (NQI) data baseline model is proposed. The NQI data baseline model of heavy gas tur-
bine high-temperature turbine blades manufacturing field is constructed., so as to provide the
manufacturing logic standard and NQI quality control logic standard of heavy gas turbine blades
manufacturing field. According to the complex logical relationship between quality events, the

posterior probability and critical importance of basic events are solved by constructing the T-S
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quality risk tree and introducing the hyper-ellipsoid model. Considering the posterior probability,

key importance and heuristic information value, the improved VIKOR algorithm is used to obtain

the interval compromise value of each scheme, and the interval number ranking method of the

possibility function of the binary connection number is combined to obtain the optimal scheme of

quality anomaly traceability. Considering the update of attribute values with the search process,

the optimal quality anomaly traceability search path is obtained. Taking a process of NQI data

baseline model as an example for application verification, the results show that, compared with

random search for incentives, the tracing efficiency is improved by 38% by using this tracing path

and the causes of abnormal shell quality can be found faster, which provides a reference for quali-

ty improvement.

Keywords: high-temperature turbine blades; national quality infrastructure data baseline; manu-

facturing quality; anomaly tracing
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Fig. 1 Example of T-S quality risk tree
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Table 2 Description rules for T-S gate 2

F o] Z1 Y1 P

vy, =0 v:=0.5 3, =1.0
1 0 0 P, (0) P, (0.5 Py (D
2 0 0.5 P, (0) Py (0.5) Py (D
3 0 1.0 P,; (0)  Py;(0.5) Py (D)
4 0.5 0 P, (0) P, (0.5 Py (D
5 0.5 0.5 Py (0)  Py;(0.5) Py (D)
6 0.5 1.0 Py (0)  Py(0.5) Py (D)
7 1.0 0 P,; (0) Py (0.5) Py (D
8 1.0 0.5 Pys (0)  Pys(0.5) Py (D)
9 1.0 1.0 Py (0) Py (0.5)  Py(D)
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Fig. 2 Comparison of an interval model and hyperellipsoidal

model in two-dimensional space
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Fig. 3 T-S quality risk tree for high temperature turbine blade shell preparation process
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Table 4 Prior probability table of basic events
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R LGRS S R
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Table 5 Posterior probability and critical importance of basic
events
HEAL A X [8] &5 46 48 2 X TH] 56 2 o %
x [0.059,0.011] [0.016,0.024]
X [0.113,0.143] [0.054,0.068]
xs [0.077,0.117] [0.014,0.020]
kar [0.117,0.132] [0.054,0.068]

3.3 BRBRBRERE
5 B BN B FEA A 1) IO Ak o i R ] AR AR
e 3 Rk M BE 43 2 R nt I X [ B, A K (28) 15
WA AR F XS R R R A BE L anER 6 s .
6 ARFH AR AR R XAZ B
Table 6 Improvement difficulty and heuristic information

value of basic events

A AL P i Ja &= BE
T [0.6,0. 7] [0.083,0.185]
k2 [0.2,0. 3] [0.373,0.722]
T [0.1,0. 2] [0.380,1,181]
T [0.1,0.2] [0.585,1. 326
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Table 7 Decision table for tracing abnormalities in shell

preparation process

HEAFM  JFRMR KHEEE BANEEE
T [0.059,0.011] [0.016,0.024] [0.083,0.185]
T [0.113,0.143] [0.054,0.068] [0.373,0.722]
T [0.077,0.117] [0.014,0.020] [0.380,1,181]
T [0.117,0.1327] [0.054,0.068] [0.585,1.326]

AR 3 4L HZI 3 AN BIERATIES . &L
FXE N A S X 3 AN B BT A an gk 8 R
K8 FRITH A
Table 8 Expert scoring table
e CHEEE  BARE

B

Gy s fH 155>
1 0. 35 8 7 7
2 0. 40 9 8 6
3 0.25 7 8 8

KB FAT 40643 2 WAL E 43 5108w =
0.359 9.w; = 0.337 4,.w;= 0. 302 7, % HMAGE T
SA A IX A 2 a8 PR Y % WAL EE L 15 31 1 45 21 43 51 R
w) = 0.623 3.w5=0.070 9.w}= 0.305 8, AW
FAE RBE N 0. 35, RHL A SR EIX[HZ
BN EEWLGEMNEN w = 0.531 1w, =
0.164 2 ,w; = 0.304 7 , $#%#EF RH VIKOR B kil
BAMRIT BT EE, ik 9 i,

K9 AAFHGFEM

Table 9 Compromise value of each elementary event

HA R PrEE AR Pk (e
x [0.597,1.541] g [0.616,1. 498]
x [0.191,1.023] e [0.543,1.392]
x [0.159,1.298] 2 [0.502,1.394]
x [1.009,1.636] e [1.346,1.881]
x5 [0.448,1.270] e [0.534,1.073]
s [0.504,1.313] x4 [0.702,1. 445]
x [0.314,1.390] T [0.709,1.471]
x5 [0.450,1.310] o [0.000,1.008]

SR FH o0 5 3 B nT BE JEE R B0 O vk X X[ 4 3
AT HER 4 R 1 RS i A T2 T S R )
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AT Rl 5
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Fig. 4 Sorting results of quality abnormality traceability

search scheme
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R Bl o R e AR B X BT e R R A R
T R0 X 8] 2 J@ PR SR R ATE IE ik 10 FioR,

10 BEEHFFRMRMEEREEL
Table 10 Revised abnormality traceability search decision table
AR JEREEE KEREREE ARMEEHE
x [0.059,0.111] [0.016,0.024] [0.084,0.185]

k&) [0.113,0.144] [0.047,0.053] [0.376,0.719]

5 [0.077,0.118] [0.054,0.070] [0.386,1.185]

X1 [0.069,0.118] [0.030,0.040] [0.138,0.296]

iz [ 5 AR ) A 2D B SRR B IE S Y B e
il # T e e WU IR R T SRR ST R A LR
R REE I SR A HE P A5 A A IEL 5 R .

13.960

ARG T R

23 4 5 6 7 8 910 11 12 13 14 15
HRENT R 5
Bl 5 B IE 5 o S IR AR R O S A R
Fig. 5 Revised sorting results of quality abnormality traceability

search scheme
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