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Surge detection method based on rate of change of

compressor discharge static pressure
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Abstract: The parameters of the compressor’s discharge static pressure and rotor speed
were used to establish the surge detection method based on the first-order and the second-or-
der rate of change. According to dozens of surge detection verifications in core-engine and
whole-engine tests, when the threshold was exceeded, the stall or surge could be detected by
the first-order change rate of compressor discharge static pressure, and then the possibility of
occurrence was confirmed by the second-order change rate and the follow-up exceeding value
of the first-order change rate of static pressure or speed. Those tests proved that this method
had short response time, and the detection time was less than half of the surge period. The
successful detection rate was as high as 100% , and the false alarm rate was as low as 0. and.

With this method, no false or missed detection had been found.

Key words: surge detection; discharge static pressure; rate of change of pressure;

rate of change of speed; control logic; onboard detection

JEAHLE M PR 2 — 28 B e RSl I . TR AR I D T R A TR AL AL
LETAMFN. FERERE T, G Mbcs AR fEA LR E. £ 2 R THLT .8

W5 B #8 :2019-11-07
TEER A : £ EAA981— ), B S TR i, EE NS RSPl Rk e T R AR B %E .
E-mail : wangyd05@ 163. com

SRR EEAR. LT EAMH O R AR 300w R A 7 ik L. s 3l 12442 . 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.



1132 o= @ o R

%35 %

Fr o R HE B R e T LA 2 1 il AN . AE k3
Jer A IR A T DX I8 T L 4 mT BB A IE W 18 47 Hh R AR
R AELIE IR AT AR RG24 T Y« R R Je JLE T fiE
F VAT SR, U s A s TR B I sl R
1117 24 % AR A I L B AR e A I L i) RE S B —
SER A2 I SRS

Mg 4 ] RE 72 B A e S R N R A A
TR I A I L AR 4 LA I 45 J5 L b T 28 i
PR S . eI I A K AR AR AR R AR
TGN R 2 G ik Ak SR 2 0 s A
JE o PR RO I — RUE B R AL 2 K R
LG IR B 3 23 U R LS T4 1]
(NIRRT e b T DS I Wl @ R
Jei 300 A R ARG L e ML R AR B e o T
oo BlE R 2 A A PR M 3R o A i A ™ R M iR
I 288 0] DUFR B KR Mt R I il 2
T T i B P AR08 5 PR 114 L S ) e 1 IS T
)3l o A i 4R IS o A BB L I R BT Wi 4 it
AT I 1 A R A% ok DA AR T OB
A 2 A M 41 T 3% DU T SOBLRE 2 DA — JE MR 45 2
Mo iR I e 28 T BURSHHLIIR .

T KB G R b R A s 1T, 4 R T
L i 14 S 00 A Ak AR AR R T B . BARTER
AL BT R A ek e v s 28 T W AR 1 R Y
SMLFEA IR K. e L A R sl i
DA v G AN ) A e ) B VT
I . R — SR PRSL 2R CHE ANt =5 A s AL
18 3 S 43 B R ) AT AT RE T 1R M PR AR . X
TIEAEE SRR QAL AT B 3 Bk B AL
i 5 B4 ) 2L A — 5E RE 8 W 31 sl g 32 31 i ik #)
P o DRI AR T T 4R S A 8 1) L T2
2 W A 0 Ak PR

TE 5 S50 I A Sl L bR 22 HE R A RS %
4 15 7 R e A S e T M A TR R G
TARRE . MAER ST 5 R 58 H REAK SR
A7 R A AL 280 00 e 2 M R A s I 114 G 00 Rk B

VoA DI E RS RS SRl DR S AR U N L]
R 3 v A A R AR B O R T
AN A BT L AR O bR O A O B
PR AR B A . NE A UK R LE TR
AW GBS & B EFT Wi R A I . 2R
JH v AR AL Bk 3l B R T s 2
AL RAEW RIS 1~10kHz, (HAEHL IR
R A T ] — 2 5~20ms, P
50~200 Hz ., R XA B i 430 Wi 41 £ A6 000 119 225K

MG R G TR B AR R S HLIX Rl A 2 R 5L
P ATF S T i o 200 47 A 0 5K o3 e > B e 4
JI 15 B B P E BT A . AR X T AL
A0 M RGN A8 8 T A 38 T A e 2 0 £ 2R
KR RE. P, BIELERZ DAL B AL & 2
S AN BE AU 5 15 2R 00 25 5 00 P 0 » T 2 200
R JE A UE B 114 e 8 AL 0 2 Ky A
Mg 751 .

Xt A BN R A A 3 BIL A AL A W 7
15 AL ZVURE W 38 IV ML 38 PR 58 T 1 5 IR R AR R A
WAL . 2% LRI T 05 26 G0 v AL 9 A I 7
P AR EL b R T R L k3l
Je 22 AR A BT T A A 2 L PRUR 2205
RO T S = O ' R I
HZIEION A . 5 A {H#E 4% B, n) )
Wi e A 1 Ok R el iR o R AR K 6 B E L oy A A
ARG R 20ms X S @ HUE I E S
AR 50 Hez filike . 45 R R A {E ) 52 15 5% 58 el
Wiy Pk A7 — 5 S HK o (EL HE e A Ay A I R AL T
15 DX o3 B ol T R i I » 22 U R A T G 38 A B AH
5 SCHR T JEE 78 1 R o DN TR O A B L % 5 vk
P T HLER IR 1 5 At

FE T LA W D) BE A 52 B B iR AR
PPN 15 5 A7 0 Wi 119 996 A A 00 3R A0 g
FRPEHR B RAE ARG [ g 50~ 200 Hz 14 g 32
. S E M GRS R B A B R T
VESE LT 2R PR ACHL AR 0 P 3 4 7 140 i £ 42 o 32
BT IR R S PL R B AT T IR E 25 R R W]
R 3 0 fE A R AT B 2R

SO 1 T HARE SR AR APL S 1
e — Wi S5 R — 5 0 R0 BIL 480 A 0 5k L 2R
2 T ey IMEAZ O UL b B e SIS 00 . 26
3 VAT X% T B BT AT TR

1 IRt 77 i

X i 4R P RG220 B T ML S . AR
IR i i K AR I TR LAY H 11 TR ) A8 Al fe
oh AR R 2. i i B A i I 2% o0 A 45
Ui eI AR 2 5 | B T g 1 I ] B AR ALK A 3 el
Js 3 1% 1) AR ) AR5 AL B T 6 o st o o 5 1S 9
T BAFZ . e, BRI S 1 R
7 Bl R 8] 9 728 A R AR Mg 41k ¢ A 19 AT REE L I 41
TE A At 2 B HE AT i B 4

2% [ A E R AR R L i B K Sl AL BIL 3
I 2800, B R ASHL S R T po JLF- 2 AN AT



5 6 0]

FRAR T A 7 T A A 25 A i iR A T O 7 1133

D IR B TR O A i A A A A
MR . e, SR po 11 D 0 i 2 48 5 1 2
H T L E G AR A1 I R
L1 HABEEHLER-NSH

IR po B A EAL B I ] — B 280 58 SO

dp.
Do — iﬁ oD

SR it 28 R B ML) TAE @ BESE A, — i
AT 0~12000m, Hb AL 28 Z5 440 T [A) A i B
(1 P 28 AL N Hs AL TAR IR S 22 AL A [
UL S WA 2B s 1A FERE A5 Ak 3R R AF 5% i 4%

T Ak K pe B AH X AR AL R AR E
B, B}

_ 1 . dp.
B = ™ ar 2)
WAL AT L SC e AT B 14 i 4R ] DT 2 D Ay
B<—1.0 (3)

oA 47 54X 3R iy PR & 2B B R T B T B (Bt 36 ]
s — 1.0 AR AH X AR £k 2 H0 Wiy B ED . X T A [+
RARVR NP 5 - 2% 50 {82 AN [ Y A0 B X [
K 5. 0~—1. 0" .t Bl —500 % ~—100%s ',

H TR 3 W IR BB AR B ER 0 BN L T
i LI i PR BB R L IR T ERK . IRtk R B HLTE
AN [ 2 TS Rk Wi A W S AT A2 R PR AR Y .
I, AT K ] s 32 A6

B:_fl(Ngrzs) (4)
For N Ay e F 45 3 2 i, o SOy
Nos = — 5)

J/T0/288. 15
SR T 5 JE JE ORI 1R
2 1 TR 52 8 T A M A [
FH B (B AR IR (8 E AR 0 0 i1 5 3
o1 e s T L A B A
1.2 HWOBEZLE—HSE
7 92 LT 3o R b AT 4 T 7
TP R OS5 50 A
WRAN B F 0 A, L 1 O e i R T
B AR i B L IR po SRR
W e S HLHE IR T FE 6 F B Noo, T
ey (B AR I ) 2 5 W 4 T

Fe T A Noao 1 SLH
o ng
Nowow = =, (6)

TE K S HLASE A4 5 P2 A5 LA AR AIE A AT 42 1, o 42
i R Bl LA 7 A E M 4 S gl ) AL R AR A

158 4 L 0 2 2% JEOCE R R BT L F AT R R 1Y
2R oM 5 DL A Wi 22 A0 T R . O e SR
b WIS ] 0 3 8 D stonaon K X 50 BRI ) AN [] 114
My 9 J# 401«

A o
dem’ psS’ TCE %JF/:{.{EJEJ:}*‘

FEAAMLL C#E TR

Il S S AVAYA N — P
BiTRE: e
R EF —— Ny,
]

BIL R/ MR 0 B ATYR 2R 2 8
Fig. 1 Schematic diagram of restoring from a

slight stall or surge
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