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A new method for estimating the thrust of aircraft engines
LI Qiu-hong, SUN Jian-guo, WANG Qian-yu

(College of Energy & Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China)

Abstract: In estimating the thrust of an aircraft engine, the Kalman tracking filter(KTF) exhibits a steady-state error at

the off-design point. To deal with this problem, we propose a thrust estimator based on the controller tracking filter(CTF).

A subset of aircraft engine’s health parameters are selected as the controlled parameters. The degradation of the controlled

parameters are estimated and used to correct the onboard real time engine model, to make the onboard model outputs follow

the real engine’s measurable parameters output. This makes it possible to accurately estimate immeasurable performance

parameters such as the thrust. Compared with the KTF method, the CTF method takes advantage of the integral charac-

teristic of the controller to eliminate the steady state tracking error at off-design point, and improves the accuracy of thrust

estimation.
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2 (Kalman

tracking filter thrust estimate method)
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Fig. 1 KTF direct thrust estimator
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Fig. 2 KTF indirect thrust estimator
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Fig. 3 The sketch map of the engine
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Δẋm = AΔx+BΔu,

Δym = CΔxm + DΔu,

Δzm = CzΔxm + DzΔu,

(1)

: xm , u

, ym , zm

( , ), Δ
, A, B, C, D, Cz, Dz .
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Δẋe = AΔxe + BΔu + GΔh + w,

Δye = CΔxe + DΔu + HΔh + v,

Δze = CzΔxe + DzΔu + MΔh,

(2)

: xe , ye

, ze , w ,

v , h .
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h η,

(2) Gη, Hη, Mη, Δη

, :⎧⎪⎪⎨
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Δ ˙̄x = ĀΔx̄ + B̄Δu + w̄,

Δye = C̄Δx̄ + D̄Δu + v,

Δze = C̄zΔx̄ + D̄zΔu,

(3)

: Δx̄ = [Δxe Δη]T, w̄ = [w O]T, O

. , Δη = 0,

:

Ā =

(
A Gη

O O

)
, B̄ =

(
B

O

)
, C̄ = [C Hη],

D̄ = D, C̄z = [Cz Mη], D̄z = Dz.
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w, v

, Q, R, :⎧⎪⎪⎨
⎪⎪⎩

E[w(t)wT(t)] = Q · δ(t − τ),

E[v(t)vT(t)] = R · δ(t − τ),

E[w(t)vT(t)] = O,

(4)

: Q , R

.

4 , (3),

Δ ˙̄̂x=ĀΔˆ̄x + B̄Δu+Kf(Δye−C̄Δˆ̄x − D̄Δu), (5)

: Kf = PC̄TR−1 , P

Riccati :

ĀP + PĀT + GQGT − PC̄TR−1C̄P = 0. (6)

4 Kalman

Fig. 4 The Kalman tracking filter

KTF :⎧⎪⎪⎨
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Δ ˙̄̂x=(Ā−KfC̄)Δˆ̄x+(B̄ − KfD̄)Δu+KfΔye,

Δym = C̄Δˆ̄x + D̄Δu,

Δẑe = C̄zΔˆ̄x + D̄zΔu.

(7)

(7) KTF,

Δye Δu

ˆ̄x, ˆ̄x Δu Δze

, .

, 2

, ,

, .

C̄z, D̄z ,

, C̄z,

D̄z .

, Δxm=[ΔN1 ΔN2]T,

, Δu = [ΔWf

ΔA8]T, ,

Δη = [Δη1 Δη2 Δη3 Δη4]T,

,

Δym = [ΔN1

ΔN2 ΔP3 ΔT46]T, : P3 ,

T46 ,

. , (3)

:

Ā =⎡
⎢⎣−4.79 12.20 1.93 − 1.49 9.01 − 5.16
−0.15 − 1.02 0.50 − 0.19 − 1.88 − 0.65

O4×6

⎤
⎥⎦ ,

B̄ =

⎡
⎢⎣−0.14 2.01

0.27 0.19
O4×2

⎤
⎥⎦

T

,

C̄ =

⎡
⎢⎢⎢⎣

1 0 0 0 0 0
0 1 0 0 0 0

−0.14 −0.003 −0.13 −0.52 0.97 −0.51
0.30 0.28 0.50 1.10 0.04 −0.01

⎤
⎥⎥⎥⎦ ,

D̄ =

[
0 0 0.69 0.19
0 0 − 0.21 − 0.08

]T

,

Om×n m n .

Kalman ,

,

Q = 0.0022 ·I6×6, R = 0.0022 ·I [10]
4×4 , I

, MATLAB Kalman

,

Kf =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

2.04 −0.40 −0.90 −0.33
0.54 0.56 −0.82 −0.03
0.08 −0.59 −0.29 0.65

−0.27 0.15 −0.12 0.55
−0.03 −0.59 0.77 −0.04
−0.82 0.20 0.27 0.18

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
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3 (Controller

tracking filter thrust estimate method)
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Fig. 5 CTF indirect thrust estimator
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, ,

Δη ,

(N1, N2) , ym ,

, :{
Δẋm = ApΔxm + BpΔη,

Δym = CpΔxm + DpΔη,
(8)

:

Ap =

[
−4.79 12.20
−0.15 −1.02

]
,

Bp =

[
1.93 −1.49 9.01 −5.16
0.50 −0.19 −1.88 −0.65

]
,

Cp =

[
1.00 0.00 −0.66 0.31
0.00 1.00 3.89 −0.66

]T

,

Dp =

⎡
⎢⎢⎢⎣

0 0 0 0
0 0 0 0

−0.13 − 0.52 0.97 − 0.51
0.50 1.10 0.04 − 0.01

⎤
⎥⎥⎥⎦ .

LQR ,

LQR [13].

, ,

, (8) :⎧⎪⎪⎪⎨
⎪⎪⎪⎩

Δẍm = ApΔẋm + BpΔη̇,

ė =
d(Δye − Δym)

dt
= −Δẏm =

− CpΔẋm, t > 0.

(9)

: e = ye − ym, ye , ym

.

x̄m = [ΔẋT
m eT]T, (9)

˙̄x = Āx̄ + B̄ū, (10)

: ū = Δη̇, Ā =

[
Ap 0

−Cp 0

]
, Ā =

[
Bp

0

]
.

(10) LQR ,

, x̄ =
[ΔẋT

m eT]T = 0, (8) ,

,

. (10)

J =
� ∞

0
(x̄TQx̄ + ūTRū)dt, (11)

: Q=QT �0, R=RT >0. Q∈R
6×6, R∈R

4×4,

LQR ū = K̄x̄, K̄ =
−R−1B̄TP , P Riccati :

ĀTP + PĀ − PB̄R−1B̄TP + Q = 0.

K̄ Δẋm e K̄ = [Kx Ke],

Δη̇= ū=K̄x̄=[Kx Ke]

[
Δẋm

e

]
, (12)

6 ,

Δη = Ke

e

s
+ KxΔxm. (13)

6 LQR

Fig. 6 The augment LQR controller filter
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:

Ke =

⎡
⎢⎢⎢⎣

15.51 43.82 −19.76 18.99
−2.93 −18.78 −11.62 18.94
15.24 −16.02 −6.36 −5.25
−3.85 1.01 −24.86 −67.43

⎤
⎥⎥⎥⎦ ,

Kx =

⎡
⎢⎢⎢⎣
−4.49 −6.39

0.65 4.12
−4.56 8.04
−0.23 6.98

⎤
⎥⎥⎥⎦ .

4 (Tracking filter

thrust estimate simulation)
KTF CTF
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7 (H = 0 km, Ma = 0)

Fig. 7 The simulation of the estimated thrust at the design

point(H = 0 km, Ma = 0)

8 (H = 5 km, Ma = 1)

Fig. 8 The simulation of the estimated thrust at the

off-design point(H = 5 km, Ma = 1)

9 (H = 0 km, Ma = 0)

Fig. 9 The estimation of the tuned parameters at the

design point(H = 0 km, Ma = 0)
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10 (H = 0 km, Ma = 0)

Fig. 10 The measurable parameters tracking simulation at the design point(H = 0 km, Ma = 0)

11 CTF

Fig. 11 The simulation of CTF dynamic thrust estimate

12 (H = 0 km,Ma = 0)

Fig. 12 The simulation of the thrust estimate under sensor

noise(H=0 km, Ma=0)

5 (Conclusions)
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