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Abstract: A method to improve the dynamic stress measurement accuracy for compressor
blades was introduced. Dynamic stress calibration tests of the instrumented blades were carried
out before assembly of the rotor. Strain gauge sensitivity ratios of the measured strain to the maxi-
mum modal strain for each vibration mode of the instrumented blades were acquired. The ratios
were helpful in defining strain monitoring limits for the blades during engine tests, which made blade
vibration safety monitoring more accurate. Advantages and drawbacks of two calibration methods,
direct stress and af strength method (the product of vibration amplitude a multiplies vibration fre-
quency /), were comparatively analyzed. Based on the direct stress method, stress calibration
tests for two compressor blades were carried out. Results showed that the measured gauge sensi-

tivity ratios of the 1# blade for the 1st mode and the 3rd mode were larger than the theoretical ra-
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tios with values of 17. 4% and 24 % respectively. And the gauge sensitivity ratio differences of the
two blades (1% blade and 2# blade) for the 1st vibration mode reached 14. 8% . It proved that cali-

bration tests could improve measured data validation for blade dynamic stress comprehensively.
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Fig.1 Blade with calibration strain gauges
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Fig.2 Theoretical and measured strain gauge sensitivity

B2 0] O, 5t 18 AL 55 1 B s S L
PRI AH K 17.4% , 55 3 i A5 25 S I8 Le B8 (B K
24%  ENERE AR AR SE o 0T 280 50 1 B
ST AR RS A /N 4.5% , — B AL 5 3 i Ak
25 52 L BRI M K 18.9% , IS {H R AR5 . &
BB B, AR Al P e (1 A R A, v g
AN L Bl 7 A PR R [FI R

S (GE) A ®YHF NN, & shHL T 48
B, I 7 5 A 2 R o 4% 8 B, 6 R i e
BR SIS 7 7K S i B0 A R G 9 5 i R B PR OF:
FAC2) T3 R 2 i 7 W 0 BRI oo
Ouep Eeg
K.K. o,
K o, o G E T 00 R B il 5 i 34 R 3h g
15 Eee/o‘ AR A T B SRR N A T S
& UL 1 (Eey) FUG 5850 7 (o, ) B HGAH, S50
F PR SRS AN T AR e A OG5 K, 2 m [al — 2 nt B
i) 1) i sh AR 22 S I (HE F R 1.3 KRR
RSN EE .05,
2.2 afi@fEk
2.2.1 FigHES

PR 42 10 0 kO S i R 3 1 s
By, FOR F D — F bR AR TR W AR A B K R
By I3 B A S5 AR 2 g T ek 2 SRR R
% 55 05V X L L A5 R LR G s Y 3
T WS BRRIAE . AR 0 R B R AR B N
HARRA K, H 50 R Z 1 S 47 5, W45 1 R
77 (AR M 0 S e de K AR B Ty . MAh o g
55 5k 5 R 1 T2 AR R R T 4
i S5 22 T A G, 50 R 95 1 560 45 S 1T BE
KSR FE ASE A 2Z R E T TR E
I8 A7 50 3 R e RABEAS N A7 67 B 7 ) WA Y A7 7
2. I, RRARMA 1950 4 AR0E , i it R
P gl B i 23 1 PR 0 @ 5 4R 2 AR 1 T BUR FoR
R A B SRR L SR TG RS B T e e Bk
RS R 7 0 TR

B - B IR Sl R AR T AT A B St Sy 5 A v
BRI IR B, an & 3 FTR 7 B B8 H T iR shis
ghorFE . i TR R R T N TR K
BB R s ROk AR, BAUCH S AR
FER 1B — e doe, He VRO A B4 M,
BT F7 Q BN A A F1 wo, T LA R A IR
a SRR I T UL I Sy o RERTE R R
HLAARS SO S B WL 2 % SCik[15-16],

Xt PR EAT—Hoc R de,
d’y

da?

(2)

O-S(‘ —

EI —M (3)



i 6 B U TR ACRLI A Sl R S i 7 ik 1221
Yix) ‘ shpl = —

? // . ‘ co%p‘Lco%hpl ‘ 1 (11)
— I} P30 (R (TL) 02 5 45 By [ 49 0% )y

/’ a7 . TP

7 g 9

A = L) [EI

@ f}»—;—<p ) (12)

3 AT SRR S I A A

Fig.3 Forces acting on constant section beam in vibrating
U E S AR P R TR SR AT B9 2 5

L, M AT T T AR S 3CC3) B IR
(GEd

d{  dy dM
SlErsd =t 4
dx( da? ) dx @ (4)
& dty dQ
oy et (5
dﬁ( dz? ) e 0 )

W) B—DZ AL ST w R RYEIK
W DU R DB B0 93 A5 45 T SRR A T 2 B
PRER A D m, #TE RN A B 2O

82 dZ aZ
?<E13:)7nA 4 (6)
ox* da? ar’

X F AR ELRH 8, A
I’y .0
- —=0 (7)
ot ot
El
g — L
Ak mA

BB AE WA IR 0 FIRS), y=X sin wr, X
X PR, H 5 2 A AR A (7) 15 2]
d'X o

— X 8
da* b’ ®)

gz_wzm/\_ s (9)
v E1*
a] LA, 20 (8) 1y g i 2k

X= Cl<cospx + coshpx) +

cz<cospx— coshpx)—!—
Cg( sin px + sinhpx) +
¢y sin pz — sinh pz) (10)
A eveo e T e A EH B, T DL S B i i R
FAFHE -
XF B ROk U, 1 [ S N =0, X=0,

X o B s A B N 4 B =L

dx
d°X d°X N

> =0, SZO,EI]%K%Eﬁ?%JQJﬁﬁJﬁEO R5]
dx da

ST LA R R A A 1 A R 5 R

Pis 2nl? mA
K FoR B EAA B ERIK,i=1,2,3,.
2540 (3) = (10) , 15 21 B 92 [ 57 o 19
oy i)
2

d*X

My ,= —EI - =2EIc,p*  (13)

e
X=0

Hr=Lm, m010) K1) AT RS,
PRI a=2¢,, WX (13)BIN , My, = Elp*a.

AR 225 il B e, 255 2N (9) e — R IR
N I= Ap* FETAL (o 2 i A2 y I I 7 0 3]
TR A ER ), N ) ook

A
GZ%M:yEPZa:yan % (14)

Al fig
) 1 p o
af—zﬁ-y-@ (15)

A (15) KW, BA TUAT AL I e (6] Fobt L il
BRI, FE A R AR T LAAH 55 10 £ 5 B Ik Sl B
HoAR 2 Ny J7 AR 45 o
2.2.2 ik gy g s

FR A SCrh 2 2.2.1 7 A 2 S B m R AR
Y 4 WR @ 5 IR B 0 Y R R af (E AT R AEAS R 1Y
RN SJ K A S meHz, MY, i
FLPR I, DU 1 2 A IR R @ FIIR 20 450 ) S R
UL T ICIEAE M i b AR B KR 30 T DX S
XA

FE I 5 B LT B B, AT AR 9 A BR T 4 B 4
B af 98 BE VL PR AL M AR A RIS R, R
Bl NN F3 7K SR A5 T R R R A A R BB R, BLAR SR

TG, W i S B4R gl e KRS I g a5 (R
i 5 50 19 44 AR 3 1 T o, #00 TT o, R T AR
.

oW, w0 M iz B Ik B 2R i 44 LR IR a
AR SR £ FE Y BRI BT AR 5 ™ 4k
1 m«Hz 430 e 75 19 4R 8 b J1 KR o= 0./ af

SRJE AR R N 1K o, T AR IR B,
£ Goodman & I # 5 I s 09 V5 F 4R 20 1
O » I 0 L R TEIZ B IR S 1B 25 1Y af fiff 78 2R AL



1222 it = 3

%37 %

HN,=
KF1.

5 AT B I A R, S8
5 07 A8 T E e R iR Bl £ R 2 1 AR T
a, BVA] e i & sh WL A2 B, & T80T it B sl
719 W A0 B o 4

HEAR SR ERAWEE 5 AR oT o b
(FEA)ZE 5 o, Hofe T4R 5 3 X a) A7 46 37 32
J I ORS B e R Y SRR A BR T g b Bds G
F 1R

Gamman/ Oupy AL A M« Hz, 3 5 i 28 52 BN

®1 MEEMESERTOWER
Table 1 FEA results of a certain mode for the blade

S BE
5,/MPa 226 670
6,../MPa 384.2

a/m 0.188

f/Hz 8763

FRAE I R B S R T o, 4B BB 55
PB4 6] Goodman &, W& 4 Fr 7k o

450

400“"

350 |
<
& 300
=
5250t e
il? 200 | .l_'.fl.max
]
B 10 o

100 - e

50 1 -

i o Gp"'s I T
0 200 400 600 800 1000
o £/ MPa

E4 MR Goodman
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