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Surge identification of a turboshaft engine based on sound pressure signal

YAN Siqi, ZHANG Yun, LI Benwei, LIU Chenguang

(Aeronautical Foundation Institute, Naval Aviation University, Yantai Shandong 264001, China)

Abstract: In order to identify the characteristics of a turboshaft engine during surge, the bench test
of a turboshaft engine was carried out by inlet distortion method, and the sound pressure signals on both
sides of axial compressor and centrifugal compressor were measured and collected by sound pressure
sensor. The test environment and background noise of sound pressure signal were corrected, the
characteristics of compressor blade stall mass and low-frequency surge caused by intake reduction were
detected by time-frequency analysis method, and the surge signal of a turboshaft engine was extracted and
identified by wavelet low-frequency reconstruction of sound pressure signal. The results showed that with
the increase of intake air, the amplitude of sound pressure signal at the rotor frequency of axial flow
compressor and centrifugal compressor decreased, and stall mass was generated. Surge can be first

detected on the right side of axial flow compressor, with the surge frequency about 60 Hz.
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Table 1 Board change at rotational speed of 32 400 r/min

AR IREL IF /s SRR X 5 E/ %

1 0 3.71

2 4.94 8.25

3 11.86 15.36

4 19.85 18.82

5 31.67 22.04

6 4138 25.00

7 62.84 27.82

8 72.44 31.71

9 97.46 34.46

10 99.64 37.96

11 111.09 41.14

12 120.71 44.61

13 131.61 47.79
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17 174.95 55.07

18 186.11 56.11
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Fig. 5 Time-frequency transform at rotational
speed of 32 400 r/min

0020 o 9 P SOPL G 1 I e e A AR s 3 A B
BER T LA i ) WY G Y 8 640 Hz 75 TEAR 5, 1%
WA 0 T L 16 e it Pl i R L

F R 3 2o AR P T A 1R A PR - B

JEAHLARTR], B0 e SO LEE 738 4 4 5 T ] g A8
s 55 4 A B BemT AW I 32 95 A R A S, A8
201.3 s Ze A7t BE, 56 IR I By Be W 2 T R
TECHLF o 2 RS B W iR A5 IR AL TR AT, X IR
WA B4 I A5 00 r 45 R AT IOR, AR 6 BTR, 1k

L,/dB

1500 o 4 ||I| 'I 11 115
[ | pi

e 'I' 110

S T LIl B

|:| 100
|||It'.'|l rll"lﬁ” 95
s lll |1L'|| ||.|I|r' l f L"||t 90

'l 75

201.37 201.47 201.57

t/s Bk

0 - - i -
201.27

6 3 32400 vmin T3 T RARAC S ARAE 4
Fig. 6 Time-frequency transform of low frequency band at

rotational speed of 32 400 r/min

201.41 s £ 201.46 s N 0] LA WE I 2 100 Hz LA AR
B (5 S R R I B, 201.46 s S BE R R
2 RUA ST Z BT T Mg B 2K
W 4 B B 7S A S AT A 0 A, 4

DL 7CH R T 25 B RIS 535841 ) L 46
2 B BCAHELES 1 B ER, 267.2 Hz 4b 75 TR A5 5 IR 1
T, SR BB 49.48%, SCHR [17-18] 48 i 2K 1 141 (1)
FEAE I 2R 2 Sk 7 SN 41 20%~ 50%, 49.48% 11
e RO R K MR (B3 T2 R 7 A T F S |
L A Bl ML R 2R AL, TR 5 | kil R <
ML 38 2o 03 K AR IR 5 5 3 B B LB 2 2 By
BE, 49.48% A5 il I R ML R 2k 3 A W {0
JIN, TR 5 2 g e ALl e R O 5 4
B B AH LLERS 3 B BE, 59.38 Hz 2 2 40 4k g 48
R SIS, SFEATI 1%, FF A MR ARATRAE 20,
Wit & A o

g fi K

e
H

JERf

| B3
PAVRORULTEN

=
I

SR {E/Pa
N AR N RO N PRAO NS
=
)E?
S

AN A amd

B4 |

50 100 150 200 250 300
fHz

(=]

K7 #5358 32 400 t/min T30 N ESRANTRS /4

Fig. 7 Spectrum analysis of low frequency band at rotational

speed of 32 400 r/min

20220273-4



5 43

RS HE TR TR AR5 i R AL i il s LI i R

2) 3K 32 000 r/min T80 F IR 56 45 4

TEBR SRS 3 32 000 t/min T.00 T, XA
B4 AR AR AL a2 2 TR, % TOL T, 187.99 s i 44
SRS IR B T e R T, AN TG 04 AR s R
LA B R

%2 EEEEH 32000 r/mingk TIEHRZEL
Table 2 Board change at rotational speed of 32 000 r/min

AR AL 1)/ FEASUREX 51 BE/ %%
1 0 3.96
2 3.99 8.00
3 18.6 12.64
4 28.54 17.18
5 40.23 23.93
6 50.16 28.36
7 61.27 32.14
8 72.76 35.57
9 85.03 38.64
10 98.38 4221
11 110.07 44.25
12 120.2 46.43
13 132.86 48.36
14 145.72 50.32
15 156.92 51.82
16 166.76 53.39
17 176.89 54.46
18 187.99 55.11

PG T R AR B IR JG 75 R U5 5 Lk AT
B ARAE 4, S5 5w 8 Fiow, AT LAE 1, 55 1A
BE[AIRE T LI 0 BH G 04 B i R S -
TR 7 TR AS 5, 4 6400 Hz, 1A AR X6 75
JE M 3.96% A5 AL F] 17.18%; 45 2 4By Be [E] RE 1] LU
W0 b AL i i AT R R AR
I BsF 97 W AH X 7R A 17.18% A8 4k 3] 44.25%; 28
3 A B [ R AT LA W T 380 4l 37 e LA 7 i R il
T A 5 3 AN B BEES O R ARMLES 7 38 2 A R
W IC I B 25 4k, A 8 533 Hz; &5 4 AN B Bt nl LA W
T2 G505 75 AR S, 16 209.15 s Ze A7 B, 1% T
BRI BT B TR B . R R R
SRR TR, XA ) B A5 4 AT 4 SR i
FFWOR, W& 9 fias, 78 209.12 s £ 209.19 s N Al
PLWE I 2] 100 Hz DL ARSI A 15 5 8 5 14 B Jb 14
K, 209.19 s JF O], e iH 2%, W PR 2% o
K 4 B B 7 TRAR S AT AR 434, I
F R ULIE 10, 5 2 BB ELES 1 BB, 262.5 Hz

BBl BB KB rBs L/dB
9000 : _____ ‘
B -
800 110
700!
AL 6000 100
: 90
N 5000
i e 80
= 4000 (RS REE
3000 F 70
2000 60
1000 50

50 100 150 200
t/s

& 8 #5332 000 r/min T4 T B A5 A5

Fig. 8 Time-frequency transform at rotational speed of
32 000 r/min

" Y |-
”..'II.- l*J 105

1000 Il i 100
ﬂ X 95
T 90

500

fIHz

20004 209.14% 209.24
vs  RAM

208. 94

Pl 9 3 32000 r/min T FARATAL IS 46t
Fig. 9 Time-frequency transform of low frequency band at

rotational speed of 32 000 r/min

iR gLz
| BBl [ ]

WrEe2 NM
i

{H/Pa
N RO N RO N RO DA
h h

U]

e
MAI\AWWW

Wriea ]
0

100 150 200 250 300
fiHz

(=]

5

& 10 %334 32 000 r/min .00 R {RARAN RS2 4T

Fig. 10  Spectrum analysis of low frequency band at rotational
speed of 32 000 r/min

Qb 75 AR S IR ARG N, R EE ARG 49.22%, Z A5 R
A W A 18 i 2 DR Ry 7 A T A R R HLHE e Sk 3 A

20220273-5



IR DA

%39 %

[] B 5 ) 2% 3t P AL I 3 A AR R A R s
3 v BEAH LSS 2 W BE, 49.22% 4 Tl TR ASBL
W 20 38T 1T R /S [ B 5 | & Pl 3 o S
IH A A R 5 4 B BOAH LR S 3 B Bt 62.5 Hz
B AR AL WA BRI 11.72%,
R4 Wi PR AP AR AE , Wi 2 A o

3 FeiREHERENS IR

Bt X & Sl WL s U A5 B AR AR KRR e, AR SR A
AR 208 2 /N e A e P A 5 36 % SR A ) B9 P T A
5 BEAT W AR R O S 36 3K b 7 3k B M i R
S PEREREAT XS LB o AR 308 B D4 A el R A i S
T E N 100 Hz LAF o SRR S8 B9/
ARAG 0 P AR A AT A B, /N AR R Bk
FEA5 5 BEAT FAA, 52 O Wik 5 5 B4R AE SR I

Wi Gy =%f:f(t)w(t_7y)dt o

Horff (o) R AR AL BE A P55, x M R
Ty WEBEHE T, ¢ () RN, AR db7
AN
p RHREREEAFS, WE 11 R, p, AK
U8 P AR AL B S R AR S, WE 12 iR, p, B
IINUEAR AT R B A S B AR, ARl 13 R .
N AT AT 2R B0 R I 1 75 A 55 A1 g g 2 Ak
HJS 0975 AR 54 L, 55 B8 T, BRI
SR, W B B 75 R AR 5 BRI B S, B I E)
Wi 4%
X SR AR 14 75 A 5 g B — B A A1 8 5 AR
AN AR AT E A, SRS R AT DR el L AR e, DL A
TR B AR 43 g A S 0 W Mg R & A2 O RRAE . p
i Al py R AE(E g G0 14~ 16 TR . A8 Hni
80

60
40

201.25 201.35 201.45 201.55
t/s

11 R RS

Fig. 11 Original sound pressure signal

p/Pa
=)

201.25 201.35 201.45 201.55
t/s

12 g A iR R

Fig. 12 Sound pressure signal processed by low-pass filter

80
60 r

p./Pa

201.25 201.35 201.45 201.55
t/s

F13 NI R B AR R R A S
Fig. 13 Sound pressure signal reconstructed by wavelet

low frequency coefficient

(75 TR AR 5 p Joik R g 1) 1 M I 2 15 4 2
ER A 8 2 A Ak BRJS B P AR5 py aT U g (B
W i 31 A 2, L W 4IR A 2B RIS G A Mg RS R T
PRFFAEAZ AW, /N IR A i B9 75 TR AR
7 py AT RIR T g B T Wi i 242, Wi i Al 52 HEAt
W S /N, Wi IR R i 2 1 B T A

1.6

14}
1.2+
1.0+
s 0.81
0.6
04}t 1
" WWANM
0 20.1.2 . 20.1.3 . 20.1.4 201.5
t/s

P 14 JRERE AR SR

Fig. 14 Eigenvalue of original sound pressure signal

20220273-6



5 4] ERSEEE: BT R AF S M AR AL i R S AL IR IR 5
1.6 Ao IR ETH, R (AT, S 3 i e AL
Lar FA) A% SR S T B 0 S A L 00 38 Wi 1 1) i A=
12+

25
1.0}
s 0.8 yol T etk
: — 25 LA
0.6 3L
04l 15l — 4otk
Y]
0.2}
1.0}
%12 2013 2014 201.5
t/s 05 N ‘ \j\ "/ 0
AL LVAY % ‘& il

Bl 15 fReiugi as b B 75 AR SRR E
Fig. 15 Eigenvalue of sound pressure signal processed by

low-pass filter

1.6
14}
1.2+
1.0r

0.6
04r
02r

O 1 n I I I A
201.2 201.3 201.4 201.5
t/s
K16 /INBARSI R B JS 1075 TR A5 S A fE
Fig. 16 Eigenvalue of sound pressure signal reconstructed by

wavelet low-frequency coefficient

K g fEXF 32400 r/min F1 32 000 t/min %% 3
T BN BAR R ECE A AR p, AT W PR
TEFRERL, 255 anf&l 17 FiE 18 frk .

A BE B E N 0.6, 24 g>0.6 I, A Jy
PR e, 45 TR ) 81 g B & A W st [ 4n ¢ 3
I 4 Fron, b TE AR ey H B A (] 2 17 0.05 s

2.0
L8 e
L6F —— 25 (L
1414 3SR
— 45 fREREY
12¢
% 1.0
0.8}
0.6 |
0.4}
0.2 1 AA
A \ y

0 - : :
201.2 201.3 2014 201.5

t/s

& 17 #E334 32400 r/min T.00 K BYRRAEAE
Fig. 17 Eigenvalue at rotational speed of 32400 r/min

0 1 n L
208.90 208.95 209.00 209.05 209.10 209.15 209.20
t/s

Bl 18 5 32000 r/min T8 FAGHFENS
Fig. 18 Eigenvalue at rotational speed of 32 000 r/min

%3 HEiEH 32400 r/min TR THRE & E
Table 3 Time of surge at rotational speed of 32 400 r/min

i ) 3 W A L 5 P el (v i fiflil/s
1 3 201.3479
2 1 201.3539
3 4 201.3559
4 201.3579

F 4 B 32000 r/min T THRHRA At iE
Table 4 Time of surge at rotational speed of 32 000 r/min

0 3 W I 5 IR f[El/s
1 3 209.1022
2 1 209.1062
3 4 209.1082
4 2 209.1102

4 & &

AR SCRAE T 15 48 Wi Hi 12X 560 A by 3 AL A
O RS P B P AR5, X 75 AR 5 2547
B 23 AT, I FH /N D 7 B 6 75 A 5 R4 T i B 4
TEFEEL, 75 DU T 2518

1) Fifi 5 SE 0820, 7RI Tk & S AL A U
ML R A R AL, 29 R A 49%, 51 Kk il
FE AL 38 1 4% R AR, Bl E S i —
D, R RS T R RS ST R

2) KRN & S LG BR & AR B, IRAAAR 7S R
155 e & U] W 19 K, Mg 4% 490 38 29 O 59.38 Hz #il
62.5 Hz, /N AR #4975 A 5 ] S 300 X0 2 7 5
il 2% SHML I R B R0 5 R AR B

20220273-7



IR DA

%39 %

S E Bk

(1]

[2]

[4]

[5]

[6]

[8]

(9]

FEREZR. T AL O R 22 3R 04w R A 7 s 0]
it 25 8 F1 2841, 2020, 35(6): 1131-1139.

WANG Yudong. Surge detection method based on rate of change
of compressor discharge static pressure[J]. Journal of Aerospace
Power, 2020, 35(6): 1131-1139. (in Chinese)

ZERAE, AEIT, Bh AL AR T GE T AR AE 0 Bl U R L W A U
[J]. 025 8 F1 273, 2010, 25(12): 2656-2659.

LI Changzheng, XIONG Bing, HAN Wei. Surge detection of an ax-
ial compressor based on statistical characteristics[J]. Journal of
Acrospace Power, 2010, 25(12): 2656-2659. (in Chinese)

ZERAE, H18 B, VBT T D-SIESE A& 1 R SAL 3
S5 Rk i 0], ki F R 2017, 38(8): 1870-1877.

LI Changzheng, HU Zhiqi, XU Siqi. Aerodynamic instability detec-
tion for compressor based on D-S evidence fusion[J]. Journal of
Propulsion Technology, 2017, 38(8): 1870-1877. (in Chinese)
kUL, A, AR — R T S P e R S A R A 32
3 F8 E VE £ 5 IR D] S 3 1 4R, 2013, 28(5): 1150-
1158.

ZHANG Haibo, HUA Wei, WU Weichao. Active stability control
method for turbofan engine based on post-stall model[J]. Journal of
Aecrospace Power, 2013, 28(5): 1150-1158. (in Chinese)

AL, XK, RSk, B RS R TR
I8 1 AR (9] AL 2 3l 12441, 2021, 36(9): 1880-1886.

PENG Shenghong, LIU Zhiyou, ZHANG Zhilin, et al. Research for
online detection of aerodynamic instability while aero-engine test[J].
Journal of Aerospace Power, 2021, 36(9): 1880-1886. (in Chinese)
MUNARI E, MORINI M, PINELLI M, et al. Experimental investi-
gation and modeling of surge in a multistage compressor[J]. Ener-
gy Procedia, 2017, 105: 1751-1756.

MUNARI E, MORINI M, PINELLI M, et al. Experimental investi-
gation of stall and surge in a Multistage Compressor[R]. Seoul,
South Korea: ASME Turbo Expo: Turbomachinery Technical Con-
ference and Exposition, 2016.

LI Changzheng, XU Siqi, HU Zhiqi. Experimental study of surge
and rotating stall occurring in high-speed multistage axial compres-
sor[J]. Procedia Engineering, 2015, 99: 1548-1560.

COURTIADE N, OTTAVY X. Experimental study of surge precur-

sors in a high-speed multistage compressor[J]. Journal of Turboma-

(10]

(1]

[12]

(13]

[14]

[15]

[16]

(17]

(18]

(19]

[20]

20220273-8

chinery, 2013, 135(6): 061018.1-061018.9.

ZHENG Xingian, SUN Zhenzhong, KAWAKUBO T, et al. Experi-
mental investigation of surge and stall in a turbocharger centrifugal
compressor with a vaned diffuser[J]. Experimental Thermal and
Fluid Science, 2017, 82: 493-506.

ZHENG Xinqgian, LTU Anxiong. Phenomenon and mechanism of
two-regime-surge in a centrifugal compressor[J]. Journal of Turbo-
machinery, 2015, 137(8): 081007.1-081007.7.

SUN Zhenzhong, ZHENG Xingian, KAWAKUBO T. Experimen-
tal investigation of instability inducement and mechanism of cen-
trifugal compressors with vaned diffuser[J]. Applied Thermal Engi-
neering, 2018, 133: 464-471.

LIU A X, ZHENG X Q. Methods of surge point judgment for com-
pressor experiments[J]. Experimental Thermal and Fluid Science,
2013, 51: 204-213.

CAMERON J D, MORRIS S C. Analysis of axial compressor stall
inception using unsteady casing pressure measurements[J]. Journal
of Turbomachinery, 2013, 135(2): 021036.1-021036.12.

LIU Yang, LI Jichao, DU Juan, et al. Application of fast wavelet
analysis on early stall warning in axial compressors[J]. Journal of
Thermal Science, 2019, 28(5): 837-849.

[ 5 B i B A S A g SR, P R R AR R B
P T I E WP R D) AR R R RE A g S A T By
VLML A B30 TR GB/T 3767—2016[S]. 4t 5t o [ 4 7
Hi Rt 2016: 41.

HAYNES J M, HENDRICKS G J, EPSTEIN A H. Active stabiliza-
tion of rotating stall in a three-stage axial compressor[J]. Journal of
Turbomachinery, 1994, 116(2): 226-239.

PADUANO J D, GREITZER E M, EPSTEIN A H. Compression
system stability and active control[J]. Annual Review of Fluid Me-
chanics, 2001, 33: 491-517.

WG, DA, W T, 55 /N R 2 90 i AP s 4
LARIR 1. 025 3 )1 % 4K, 2016, 31(8): 1957-1963.

HE Xiang, MA Hongwei, YIN Yueqian, et al. Experiment on surge
phenomenon of small multi-stage axial compressor[J]. Journal of
Aecrospace Power, 2016, 31(8): 1957-1963. (in Chinese)

WRT, U, EIEH, 5. 5 0 s i 00 5 A 1 R A 5 T 1k
[ i 28 3h 1 % 4, 2015, 30(11): 2666-2672.

PAN Tianyu, HE Lei, WANG Zhenghe, et al. Study on the frequen-
cy of partial surge and a frequency prediction method[J]. Journal of
Acrospace Power, 2015, 30(11): 2666-2672. (in Chinese)

(%t £8FE)


https://doi.org/10.13224/j.cnki.jasp.2020.06.002
https://doi.org/10.13224/j.cnki.jasp.2020.06.002
https://doi.org/10.13224/j.cnki.jasp.2020.06.002
https://doi.org/10.13224/j.cnki.jasp.2010.12.007
https://doi.org/10.13224/j.cnki.jasp.2010.12.007
https://doi.org/10.13224/j.cnki.jasp.2010.12.007
https://doi.org/10.13224/j.cnki.jasp.20210106
https://doi.org/10.13224/j.cnki.jasp.20210106
https://doi.org/10.1016/j.egypro.2017.03.503
https://doi.org/10.1016/j.egypro.2017.03.503
https://doi.org/10.1016/j.proeng.2014.12.707
https://doi.org/10.1016/j.expthermflusci.2016.11.036
https://doi.org/10.1016/j.expthermflusci.2016.11.036
https://doi.org/10.1016/j.applthermaleng.2018.01.071
https://doi.org/10.1016/j.applthermaleng.2018.01.071
https://doi.org/10.1016/j.applthermaleng.2018.01.071
https://doi.org/10.1016/j.expthermflusci.2013.07.015
https://doi.org/10.1007/s11630-019-1207-4
https://doi.org/10.1007/s11630-019-1207-4
https://doi.org/10.1115/1.2928357
https://doi.org/10.1115/1.2928357
https://doi.org/10.1146/annurev.fluid.33.1.491
https://doi.org/10.1146/annurev.fluid.33.1.491
https://doi.org/10.1146/annurev.fluid.33.1.491
https://doi.org/10.13224/j.cnki.jasp.2016.08.022
https://doi.org/10.13224/j.cnki.jasp.2016.08.022
https://doi.org/10.13224/j.cnki.jasp.2016.08.022

	1 台架喘振试验
	1.1 传感器安装位置
	1.2 试验过程

	2 试验结果
	2.1 测试环境与背景噪声修正
	2.2 试验结果

	3 喘振特征提取与识别
	4 结　论
	参考文献

