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Synthesis of fan audio signals of turbofan engine in flight state

2
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(1. Basic Experiment Center, Civil Aviation University of China, Tianjin 300300, China; 2. Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to obtain the fan audio signals of turbofan engine at the noise measurement point during aircraft
take-off in a fast and low-cost way, the synthesis method of the fan audio signals is studied and an audio signal synthesis
method based on Heidmann fan noise prediction model is proposed. Firstly, environmental parameters, dimension
parameters and performance parameters of the fan components of turbofan engine are input into Heidmann prediction
model to obtain source noise data. Then, flight track data are calculated according to ANP database. Then, the source
noise data are modified according to flight track data to obtain noise data at the flyover noise measurement point in noise
airworthiness certification. The above data are input into Adobe Audition software to synthesize tones and broadband
noise by using additive synthesis and subtractive synthesis, and then combine the noise in the software to obtain the
audio signal of fan components in flying. Finally, the synthesized audio signal is broadcasted and measured by acoustic

measuring instrument, which proves that the method is correct and effective.
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Table 1 Track point coordinates

JP BEARREm YRR || P BEABAR/m HAER/m

1 2741.8 342.45 9 5760.5 833.06
2 3250.5 399.81 10 6177.1 918.12
3 3627.5 441.77 11 6506.0 945.53
4 3923.1 474.68 12 6949.3 981.41
5 4221.8 507.93 13 7524.2 1028.00
6 4536.1 578.92 14 8244.9 1086.30
7 4738.5 624.65 15 9388.6 1178.90
8 5242.0 727.18
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Table 2 Environmental parameters
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Table 3 Fan geometrical parameters
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Table 4 Fan performance parameters
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Fig.3 Schematic diagram of aircraft flight attitude
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Table 5 Partial filter coefficient setting for broadband noise

synthesis
P T A 23

J¥*% 200Hz 250Hz 315Hz 400Hz 500Hz 630 Hz
1 -65.63 -59.79 -5426 -47.8 -43.38 -39.36
2 -66.52 -60.30 -54.36 -47.63 -42.78 -38.30
3 —67.04 —60.56 —54.31 -4740 -4224 -37.42
4 —67.12 —60.44 -53.98 -46.92 -41.54 -36.47
5 -66.79 -59.93 -53.27 -46.10 —-40.51 -3522
6 —58.98 -52.34 4590 -39.04 -33.65 -28.55
7 -55.77 -49.19 4280 -36.04 -30.70 -25.62
8 -49.43 -4294 -36.60 -30.58 -25.39 -20.46
9 -40.00 -34.21 -28.60 -23.29 -18.75 -14.48
10 -39.65 -34.76 -30.08 -25.72 -22.06 -18.69
11 —44.60 -40.32 -36.27 -32.64 -29.69 -27.08
12 -52.97 -49.31 -4592 -4292 -40.55 -38.53
13 - - - - - -
14 - - - - - -
15 - - - - - -
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Table 6 Partial filter coefficient setting for tone synthesis

PEEA L e o o R
e R MMz REC WM. REC Pz
1 -62.95 3853.7 —111.33 7707.5 - -
2 -56.87 4153.4 -104.00 8 306.8 - -
3 -51.92 43809 -97.58 8761.8 - -
4 —47.71 45451 -91.67 9090.2 - -
5 —43.16 4689.3 -84.84 9378.7 - -
6 -37.65 42512 -71.38 85024 -103.18 12754
7 —-34.57 41082 -65.04 82164 -93.70 12325
8 -28.20 3729.5 -48.849 7459.1 -74.41 11188.7
9 -27.54 2903.6 -43.16 58072 —-60.88 8710.8
10 -36.43 21539 -49.69 43079 -63.82 64619
11 =51.99 17349 -69.19 3469.8 -89.87 5204.7
12 —67.65 1428.9 -84.462 2857.8 —104.11 4286.7
13 -81.37 1276.7 -97.40 25534 -115.14 3830.2
14 -92.86 12066 -10.82 2413.2 - -
15 - - - - - -
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Table 7 Relevant data at splicing points

e WHLRAT W RN P R
I 1) /s F R TR/ I TR 2 B s

1 2.00 13.0100 1.0440
2 4.88 14.4198 2.4538
3 6.88 15.3382 3.3722
4 8.38 15.9970 4.0310
5 9.84 16.6155 4.6495
6 11.34 17.2738 5.3078
7 12.30 17.7127 5.7467
8 14.80 19.0775 7.1115
9 17.30 20.5801 8.6141
10 19.30 22.1663 10.2003
11 20.80 23.5848 11.6188
12 22.80 25.9784 14.0124
13 25.30 29.5718 17.6058
14 28.30 34.3491 22.3831
15 32.80 41.9800 30.0140
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Fig.4 Spectrogram of synthesized audio signal
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