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A Method Based on Dynamic Characteristic Analysis for
Turbofan Engine T-S Fuzzy Model

QIU Xiao—jie, CHEN Jie, FAN Bai—qing

(AECC Aero Engine Control System Institute, Wuxi 214063, China)

Abstract: Aero—engine is a complex system with strong nonlinearity which is quite difficult to be described
by limited linear models. A new method based on the aero—engine dynamic characteristics analysis to establish
the full envelope aero—engine linear model is proposed. The method defined a set of characterization parameters A
based on the dynamic characteristic analysis of the full envelope. The feather of these engine parameters is ex-
tracted by the K-means clustering algorithm. The full envelope T-S fuzzy sate space model is composed of linear
model of the clustering extracted center points. The simulation on model accuracy verification is conducted, and
the results show that the T=S fuzzy state space model is almost no steady error and the calculating time is about
3ms.
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Table 1 Dynamic feature clustering method for engines

based on K-means

Algorithm: Dynamic feature clustering method for engines based on

K-means

Step 1 Input: dataset X = [Real()\i) Imag(/\i)], i =1,2,..n,the
number of clusters k&, the number of iterations
Step 2 Initialize: let I=1, initializing the cluster centers randomly
C,(1).j=1.2, .k

Step 3 Clustering: calculating the distance d(x‘, Cj(l)) between
each data x; and the center CJ([) and clustering, the rule of x; € M;
is:

d(x,, CI.(I)) = min(d(x,, Cl.z,.,.k(l)))
Step 4 Update the centers: updating the centers based on the aver-

age of the clusters

c(r+1)=—

Step 5 Judge: if CI(I +1)= Cj([) or the iteration reaches to the
maximum, the algorithm is convergent and output the clustering re-
sults. Otherwise, repeating the step 3 until the algorithm converges.

Step 6 Output: getting the T-S fuzzy model nominal operating
points based on the final cluster centers Cj([ + 1), the linear mod-
els on the nominal operating points are established, and then com-

bining the membership (11), (13) to construct the aeroengine T—S

fuzzy model.
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Fig. 1 Diagram of the turbofan engine
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Table 2 Characterization parameters of operating points in

the envelope

Operating points Real(A) Imag(A)
1 -2.8926 -0.5311
2 -3.2509 -0.5901
12 -5.8770 0
53 -1.6886 -0.2564
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Fig. 2 Clusters of the envelope based on K-means
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Fig. 3 Responses on H=9km, Ma=0.88 with 2% W step
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Fig.5 RMSE of the T-S fuzzy model under different operating points
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