® z T & F #

Journal of Vibration Engineering

Vol. 36 No. 4
Aug. 2023

5536 4 4 1)
2023 48 A

ETFHMMANES T ERNERTEESSH
ik B2 AR B 5%
HER, F F,EHE,E T

(LRt Z MR B 2 B 5 TR 2B, JExT 100191)

T i LS R B S SRR OC R B 2 A s LT = A RHLA B AT 22 42, X i TR 6 RS T b AT 7R 2k 3
N2 2RO R R I 2V A T Bz — o BEXBRFOIRAS B A B 11 1 SR A 42 Ak Dl A S R 0, R
WiFi Jo 2 &4 Jr S Bt v ik 3 15 5 0 76 42 0 A& 4 00 5 v o A6 LA b, BEat th — & nl LA & B R 2
) 712 2 KO Sl R Rl T 4R A% i ) 3 T A 2 RO R BT O BEAT T AR A LU R IE , 45 R R WX R GOy

AT 2K R

KB BS LR s BRI s Sy SR AR RGO ; T AL

fRESHES: 0329; V232.4 XERFREARD: A
DOI:10.16385/].cnki.issn.1004-4523.2023.04.009

51

[l

fiit 25 & B AL S — Fi b RS 25 1T S 4% 1 BT
PUBK , B BB AL 2s RAT 2R AEHE ) R s AT 4%
I I 1 | RN TN e B A SR L |
TR Es & S HL Y A KO — A B R A B
BOKP 2R, 02— EEEY B &0
ST A AR . R 4 G5 R R [ R A S
S SR Ao A e i 2 ) B A 4 HL e R )
— . A4 ANSYS, ABAQUS %4 Ryt 43 #r #x 4m]
DA I R #4780 ) 2 05 B0 0l Tk R B 22 s 17
WS A BA R ML BRI EA /N ZRE . TR
UEML 25 & B AL R 7 e e 5 o) 2 v Al L 22 4 a
H3Z AT, %F I R AR e R AR 64T 8 ) % S H0iK
ERELE,

TEHE i R 5 A 25 0 1 4R Bl 8 S B0y
(AN [ 32 22 26 B0 AR O v 5 R s D st vk 1 25
o WRAGE A E R T A - 28 Tk 58 AR R
R R A IR B B AF T SR A A i T
X G2 R A R S I A2 A ) AR 3 R 1 Dl
D5 AN 38 FH I 5 BB 10 O X B e A G 1 il
D53 R By i 0 R [ B 2 ) A 2 R R T iR
G SR IR AR . H AT hess v 7 RS S5

5 B #3: 2021-10-09; 1&1T B #3: 2022-02-12

HE£WB: bR 2L % H (2191100004619006) o

XEHS: 1004-4523(2023)04-0963-10

I 2R LA LA 5 i

(1) 4 figh =X Py BELR 78 3252 12007 W = AR M b
R 0t e BEL IS 72 e, M) P AR I 4 2 R 2 R A il 1 i
TG e 398 258 LR IO AR AR 5 A% 16 B e e LA S S, 22
i FTE O AR B, AT T IE SR o IR T R
1o, JEURAE AR 2 B I R N 0 78 R AR A 2 A
2%, AT EENE 22 | HLE AR 2 AR RS Y AR 75 i B

(2) WOt 2385 i MR 3 e JR 5 T TR
e AR B AR W Y IR 5 S22 22 X5
7 A R AR P R 9 AR R S T IR Bl e A L A8
A AR 280 90°MI R, ih I LAY K IR AR T AT R
P T R A T 4 O A S R A A
Jei o BIVAT A ) OB Y AR S . RN R
{EL— s LR I R0 5 Ak Y i 3l e R, 22 KHE A
WG R BIR Z8, B R G4 M E 2R Pk 3h
PEREZE DL E Rk H BT g, A .

(3) Y WA 237 P rp 2 i e AN PR B i, o
P de L BRI B B o 25 R IR 3h i A kR
AR 5o Y BAR L 22, SR B % # SRR
[ G N N D S T T NN N P 53
AR B 7 V5 BT B < AR A A RS ORI B 41 5
SE I IR K/ IN | Y T 2 T 1) i R Sy i KA AR I
Fr #E AL R A X () B 3 A S 1) 3 B e K
7 8% I B O A% B A 4 4 DX, 3k A 23 77 A i R A 5



964 W& L

S 5 36 &

o I MLEE AT DL 1% 07 5 E e s 2 4k B
WA 2%, HRIE AR BT PR 3h i HioE 2
Ab ¥ TR RE L RE S A5 B 0 R ARR S8
(4) 4 5 B 112 I 2 5 I ) e ) i L S 5

R X I A St TS AR X A7 A 2 A ] BT e AR 4R T
T -EE 1 DT 252 1 801 38 DAL Sy i e 1 DA 4R sl 2
I ELXF I AR sl FE S Bt AT A A . 1% i
R BAIT L A7 925 FEL B 2R AL, L0 3 A48 %6 31 T O 5, M5
FH w8 A4 sl i i R Bl S8 B0 I R R S Ak
PRI RS 2%, — M ] T 3 5 Ak B X DA A 3 S5 i)

H R B3 2 45 R S 5O e 28

WAL b 2 3 B 0F 5% R T AR MY sk 2 0

2 T DR R A S R A B A (o A B I
4 315 By i 15, 1 T A5 S0 6 X6 G 1 [ A 4R A B fE
FE , H G 32545 21 [ A 4055 Xt 7 1) R AR 5 X ey ik o
A S S Al A5 5, AR 2 i T AL 8 R
FORAUNASEZS 2 80, T2 SR I A A5 21 A I 2 g iy
i it FET 43 8 ok R 50, IR e g 45 21— B 814 4
5 22 3R FH R 1 1) P TR I 8 A o A R Y A5 FI S
2 R HAE S, T 1 S PR AR O 2R A

FAREAR B o X T I 3 A oK HRUA% 3o pR EROR R
B 2 SO0 R E R o SRR R, N
W, A il o ot o R 2 R I 2 ) 0
T ¥ IR ENE 5 B JC LR 92 i A B 7 vk O HE S L AR
SCHEFE 43 VELAIE R 45 15 38 (T RHAF I R ) 36k, DA

J5 2 O LT IR R A 2L, $E R IR B Al
il A T B o IR g R W TG 46 15 4 552
B 2l ) 17 A5 5 R AN A5 5 1 SR AR %
TI T — 25 1k 42 fih B 98 b -G £k A% S e e o R h o
SHMNA R G0, I IR0 500 T AR 5 A o .

1 REEMHARESSHENKATR

LRI 3 ) o SO R g — R R &R
g Ak RS IRE S AL . WMIRR
Gt 4y S A T 0 — 5 9 S0 LA RS 245 K IR 2l w5 AR
2yt Pk 2R 8 4% b A TR B A ) OAIR
IR E A% S5 RS 20 IR S 5 o e R R A%
SR 1A 5 I B FLAR S B UL A BEAT 4R 3
fi o B i o S5 b B
T R 22 B Bl ) 2 2 RO AR G R T ol 0 X
SERTEINR R AR RS R R IR 3 2 A il i [ ik
HLAEHEAT {55 R SR AL i o X TR M A Bl 2
Z BN, 0k 2R P e ol 3 Tt I el , B G e
45 e 5% (1 I 3 2 48 A% i i ok Sl (4 it D7 XA

P& Sl A5 5 19 4% 4 07 R0 3 R, IO B — &
SN AU WA NI DR EErIPARE S G R e

AR SCAR T AR 5 fioh 1 8 il - £ A% T B v
B INK R G0 SR BT 7 5, M 1 PR o %07
S5R39 W IR A 1 Ol PR 1 & ICP A%
JEARE N IR 30 2 10 A I R A, PR A A AL R R
B () 28 e %, 9 R G 4t i O AT IR B 15
TR AL o T T IR R R G RS
Y IR ENF T A% 7 G = 5 0 T 20 1 3k A 2 ol
Pl -0 4 A i e B i R 2 g 2 2 R0 R S
T,

T cP ||
[ | il
i JEgfh ICP i
N BTG !

Ttk | | i (i HE
GIREET Icp | || fm
[ e 58 e |
IaEsT icp | |
| ERS s

\—‘Eﬁ}}&%ﬁﬂﬁﬁﬁﬁﬁﬁﬁﬂiﬁiﬁﬂ

L Al 4 fih 0 80 G 2 A% e T
ENSY IS

Fig.1 Overall design scheme of non-contact magnetic
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Fig.2 Schematic diagram of magnetic shaker
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Fig. 3 Simulink model of magnetic shaker
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Tab.2 Natural frequency of blade at different speeds

(Unit:Hz)
3 /(r-min ')
i v
0 100 200 300
1 61.28 63.35 65.06 66.04
2 96.07 96.80 97.29 97.41

®3 AEEETHRENOEREL
Tab.3 Damping ratio of blade at different speeds

T /(r-min~")

[1R7¢
0 100 200 300
1 5.75% 6.91% 8.23% 9.19%
2 5.37% 6.88% 7.53% 9.20%
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Tab.4 Vibration shape of blade at different speeds

B /(r-min~ ")

B
0 100 200 300
1 1 1 1
0.29 0.37 0.43 0.48
! 0.18 0.19 0.21 0.22
0 0 0 0
1 1 1 1
—0.45 —0.44 —0.42 —0.40
? —0.22 —0.23 —0.21 —0.19
0 0 0 0
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Tab.5 Comparison of test results between hammering
method and magnetic excitation-wireless transmis-
sion method
T
Brko A me

Tl WU T 2 A% i 12
FA FE

®/Hr /% R i, wn &

1 1
0.38 0.29

1 63.18 7.67 61.28 6.75
0.23 0.18
0 0
1 1
—0.66 —0.55

2 97.60 6.91 96.07 6.37
—0.31 —0.29
0 0
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Research on modal parameter testing technology for rotating blade

based on magnetic excitation and wireless signal transmission

ZHAO Shou~gen, LI Tao, WANG Xin-hu, LI Ning
(School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: The dynamic characteristics of aero-engine blades is related to the safe operation of aero-engines and even the entire air-
craft. Therefore, it is one of effective means of ensuring security to conduct online dynamic parameters testing of rotating blades.
Aiming at such special research object of rotating blades, in this paper, non-contact magnetic excitation is proposed as the exciting
force for rotating blades, and WIFI wireless transmission is used to realize the online vibration signals measurement and transmis-
sion. On this basis, a dynamic parameters measurement system of non-contact magnetic excitation-wireless transmission is de-
signed to measure dynamic parameters of rotating blades, and the corresponding verification tests show that the system is conve-

nient to use and has high measurement accuracy, which indicates its high engineering application value.
Key words: modal test; rotating blades; dynamic parameters; non-contact magnetic excitation; wireless transmission
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