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Method of loading calibration for actual measurement of

aero-engine thrust based on installation structure
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Abstract: For a certain aero-engine, strain gauges layout and bridges design on the main
load-bearing components of areo-engine installation structure were carried out. To establish
the relationship equations between strain output and load input, load calibration tests were
conducted on the installation structure components and the whole structure respectively.
And the correlation and significance for calibration equation of the thrust was analyzed in this
approach. The results of correlation coefficient and F-measure reached more than 0. 999 and
22000 respectively. Comparing the thrust calculations and load values, the errors under one-
direction and two-direction were less than 2%. Results show that calibration equation has
high accuracy. With introduction of the flight data into calibration equations, the engine
thrust-time history curve was obtained. By contrast, the developmental trends of engine
thrust-time history curves and engine fuel flow-time history curves coincided well. The re-
sults verify effectiveness and feasibility of the engine thrust test method further, and provide

an enforceable technical approach for engine thrust measurement in actual flight.

Key words: aero-engine; installation structure; thrust; loading calibrating;

actual measurement

7 B 83 :2015-04-07
BEE&TH : HK A AR ¥ H4 (50135010
TEHE BT B0 E (1986 —) . BB WAL K TRR I, A 4 . 32 B8 M R 25 4 8 0 559 55 7T S i i,



2942 o7 @

1o AR 531 %

S HL R ) 0 Vs A S ML RE I 2 S
B TRAT I R R Sl B AT I A 2 ) e
LSS S Bl HIL S B filt A B0 B A 2l BIL 3T 3
XiF i e A S HIL A i D E Y AT SR A L DR B S HLAE
42 A7 A R L

JO7 78 o H R R B o U 59k . BT
JEFH T TEHLBLAR Y G v 4000 R H At A O A
LA T A S A H R EAR A AT R
P S AL F7. AR SOM I A2 3k I Bl L
$E 77 e S ALIE 2 e A [ S A R ALPL B OF
W A S BLHE I3 12 386 25 L B . 7E A% 3 e s HLIE ) 1Y
= ZEAR A A A8 A I S A7 A B RN AR T A SR B
(4 7 A% H A . 7 M T X 22 2 465 R Sl ik AT A B
SE T8 M B A i R A B 22 4 S T
5 07 A% AT i A ) R L X R R AT 2 04k
P10 Bir b BE A5 1 280 o - 107 722 R AT i o O R
K BT RE 5 B A b R Ak B EE SR AT X
AR BN A

AF—E R B AT SN B e AT R AT
A 55 ¥ 1T ) 23 26 F0 AT AT 55 BEAY U 38 2 1T R
VR G TR R U 2 M R R 5 B L A A
2 RATAE 55 A 26 4% 55 B M RAT BURAE T R 3h Al
(1 453475 155 190 0 A B AREDL AR A TR AT S B A
175 DL RE S0 QAT AT 55 A9 HY BUIIR 2847 1T 55 1R
B GEE TRAT IR £ 1 TR AT AT 55 1 A i A
FTET S 225 o AT ) T GE T AT G o R e S

P“-..
—
——
——
——

Br A 7 B 08 S ShHIL I 28 A2 R 2 2 25 4 1) 2
T R R S ILER AR ) A3 BT A R R T
FEHRAT B AL IR 50 LA K i 4 B 0 A 4 i A
ﬁ{ﬁ[].}lej .

1 RPNRELHRENBE

AR SCHTFE 1 S S HILAE ML b Ay i e R
PR 2228, 3 7 00 K 4804 s E in 28y X8
(e o A4 LA e ALk B8 e sl AL 22 2 23 Ay [
1T s e A s 28 U O 7 A S L EE O Ak 5 X fh
FAT T A S ML R WAL o IE Y R T X
B, O AR Z BhEE T XY CF T 98 KL
ZEfm.

KANPLHETT R X 1534 Pyl T8 .
oA T AL PE AR, i T2 A R B AT A% 3 AL
B 00> Px )5 BB R HL 5.

HETTH) Y [0 i Py — 82 ik L S L
FF o 145 R0 R AL 18 B HLEY 5 55 — 070 J0 3l o
Ja AT R AR R R ST SR AT
218 ) HL 5

JBIHLAE ) A 2B A b 1% A A 126 e A A
2 o RS HU A SHLB A (RO AR 3R,

R e Sl AIL 4 22 2 5 3L 3 1 3 s A B 2
PR 35 2% A o MR A 3 7 8 2o 1 | SRR AT LR
PIAT VJF RPLAT 5 B SR R BT S L
FE A IAEAT 8 AR AT 1 L 4% 8 B — 4> Il & D7) T A

| -

e~
| Pt gy
|

6 J R

4 TR
S SRR AR

Q
Jo R EEFF

Y
—_ V4
- ,\'\b
—
—

B 1 A b e 4 e 4 D T

Fig. 1 Installation structure and measurement section of engine
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Table 1 Loading condition of calibrating test

Jinzgk T Px/kN Py/kN Pz/kN
1 —12.5 0 0
X
2 —9 0 0
3 0 —9 0
Y 1]
4 0 —10.5 0
Z I 5 0 0 —3.5
6 —6 —3 0
XY [ 7 —11.5 —2.2 0
8 —10 —5.5 0
XZ [ 9 —10.5 0 —2.5
10 0 —3.3 —2.5
YZ [
11 0 —6.5 —2
12 —10.5 —6 —3
13 —38 —6.5 —2.5
XYZ [
14 —2.5 —5.5 —2.5
15 —5.5 —6 —2
16 —3.5 —6.5 —3
15 56
17 —6.5 —6.5 —2.5
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Fig. 4 Axial force and angle to X axis of the main pull-rod
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Table 3 Loads and correlated errors on the maximum loading of X direction condition
Tk P%.,/kN Px../kN Pi.n/kN Px/kN Px/kN Px/kN ex/ % /%
1 —10. 326 —1.568 —0.470 —12. 258 —12. 392 —12. 365 1.10 0.88
2 —7.379 —1.101 —0.320 —8.950 —8.826 —8..800 —1.38 —1.67
6 —4.726 —0.736 —0.274 —5.877 —5.841 —5.735 —0. 61 —2.41
7 —8.543 —1.323 —0. 384 —10. 231 —10.196 —10. 250 —0. 34 0.18
8 —8.286 —1.361 —0. 445 —10. 090 —10. 152 —10.092 0. 62 0.02
9 —7.734 —1.166 —0. 367 —9. 450 —9.491 —9.266 0.43 —1.95
12 —7.825 —1.303 —0.396 —10. 103 —9.976 —9.524 —1.25 —5.73
13 —5.985 —1.011 —0.336 —7.816 —7.782 —7.333 —0.43 —6.18
14 —1.698 —0.435 —0. 144 —2.509 —2.512 —2.277 0.12 —9.27
15 —3.775 —0.663 —0.270 —5.136 —5. 164 —4.708 0.55 —8.33
16 —2.515 —0. 484 —0.202 —3.479 —3.528 —3.201 1.42 —7.99
17 —4.813 —0. 839 —0. 304 —6.429 —6.437 —5.956 0.12 —7.36
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Table 4 Loads and correlated errors on the maximum loading of Y direction condition

T P¢./kN P¢../kN Pr./kN Py/kN Py/kN P%/kN &/ % &/ %
3 —2.692 —3.012 —3.077 —8.605 —8.611 —8.782 0.07 2.05
4 —3.234 —3.478 —3.657 —10. 129 —10. 196 —10. 368 0. 66 2.36
6 —2.677 —0.089 —0.029 —2.733 —2.774 —2.796 1.47 2.28
7 —3.433 0.744 0. 505 —2.183 —2.212 —2.184 —2.83 0.03
8 —4.293 —0.523 —0.151 —5.066 —4.851 —4. 967 —4. 26 —1.97
10 —2.255 —1.025 0.535 —2.755 —2.696 —2.725 —2.14 —1.09
11 —4.499 —1.981 1. 084 —5.324 —5.393 —5.396 1. 30 1.34
12 —4. 690 —2.035 0. 343 —6.300 —6.383 —6.383 1. 32 1. 31
13 —4.043 —2.250 0.438 —5.954 —5.927 —5.854 —0. 44 —1.67
14 —2.337 —3.099 0.110 —5.587 —5.320 —5.327 —4.78 —4. 67
15 —3.302 —2.842 0. 049 —6. 224 —6.225 —6.095 0.02 —2.07
16 —2.905 —2.913 —0. 441 —6. 455 —6.309 —6. 258 —2.27 —3.06
17 —3.753 —3.023 0. 383 —6.430 —6.514 —6.393 1. 30 —0.58
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