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ABSTRACT

An estimation law of air mass flow rate for high speed engine control is presented. The variables of
mass estimation equations are modified to measurable variables which can be obtained during flight,
and the effectiveness of each variable to the estimation accuracy is evaluated. The equation is modified
to a simplified form, and the uncertainty is evaluated. In addition, reference data for the selection of

estimation methods is suggested by considering the sensitivity analysis of sensor error.
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Fig. 3 Approximation of J(M).

Table 1. Estimation error of approximation functions.

Polynomial coefficients Error

Order
(from high order) (%)
Ist (-:375.5 40469.3)x1e-5 2.26
2nd | (1525 -1184.2 5081.2)x1e-5 0.35
3rd | (464 5219 -2142.7 5891.9)x1e-5 | 0.05
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Table 2. Sensor specification.

T Sensor Sensor Measurement
ype | oenso Capacity error(%)
Py 7.0 bar 0.5% FS.
Py 8.5 bar 0.5% FS.
Typel
Py 9.0 bar 0.5% E.S.
T, 1500 K 0.5% FS.
Py 7.0 bar 0.1% FS.
Py, 8.5 bar 0.1% FS.
Type2
Py 9.0 bar 0.1% FS.
T, 1500 K 01% E.S.
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Table 3. Ranges of effective parameters and their
effects on estimation error.

Variable Range Error(%)

Py, (kPa) 0 ~ 600 93.2
Ty(K) 340 ~ 1500 221
M 20 ~ 50 18.0
a(deg) 0.0 ~ 10.0 1.3
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Table 4. Simulation conditions. 1.8 ; ; ‘
| | O M-C simulation results
16— - - -~ [ e iy Gaussian distribution H
Condition Combination of Error | 2 Y Mean value line
L reeo@ g T Soline
C1 Type 1, Case 1
c2 Type 1, Case 2 g
3 Type 1, Case 3 5
C4 Type 2, Case 1 &
C5 Type 2, Case 2
Co Type 2, Case 3

Estimation error (%)
Table 5. Flight simulation condition.
Fig. 4 Approximation of mass estimation error.

Flight AoA
; Mach | Alt. (km)
Point (deg) 1
1 2.0 0.0 2.0
2 2.3 3.3 2.0
3 2.7 6.7 2.0
4 3.0 10.0 2.0 P
1 2 3 4 5 6 7 8 9 10
5 33 133 2.0 Flght P
6 3.7 16.7 2.0 —3
7 4.0 20.0 2.0 °gz
8 43 23.3 2.0 s
9 47 26.7 2.0 &
‘_'o T T T I L L L L
10 5.0 30.0 2.0 "’1 9 3 4 5 6 7 5 T
Flight Point
45 AEHlA A Fig. 5 Simulation results for condition C1.
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Fig. 7 Simulation results for condition C3.
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Fig. 10 Simulation results for condition C6.

Error (%)

Std. deviation (%)
o
o

Table 6. Simulation results of the estimation
uncertainty.
| Simulated uncertainty
Condition
e Error mean 30(%)
1 2 3 4 5 6 7 8 9 10 (%)
Fiight Point c1 -0.044~0959 | 0.770~8.134
C2 -13.543~19.392 0.977 ~6.403
C3 -19.318 ~24.053 0.271~12.629
C4 -0.058 ~0.070 0.155~2.628
t 2 3 4 5 6 7 8 9 10 C5 -13.540~19.395 | 0.194~1.289
Flight Point
, o - C6 20.791~24.056 | 0.054~3.975
Fig. 8 Simulation results for condition C4.
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