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ABSTRACT

The aero-engine is unable to obtain the axial trajectory of the rotor directly by testing the
vibration displacement of the rotor shaft due to the inclusion of the magazine, in order to obtain
the axial trajectory of the rotor to monitor the rotor operation status, a method of extracting the
axial trajectory from the tip clearance signal is proposed by utilizing the tip clearance test as an
indirect monitoring means. The specific work of this paper is as follows:

(1) Based on the measurement of the leaf tip clearance, the domestic and foreign methods
for the testing of the rotational static clearance and the extraction of the axial trajectory are
introduced.

(2) The change mechanism and dynamic model of the tip clearance are introduced, and the
influencing factors of the change of the tip clearance are explored.

(3) Finite element simulation of the blade is carried out to study the influence on blade
elongation from two aspects: rotational speed and crack, and the simulation results obtained find
that the centrifugal force generated by rotational speed has less influence on blade elongation,
and therefore it is theoretically feasible to extract the axial trajectory of the rotor through the
signal of the tip clearance.

(4) Measurements of rotor shaft vibration and tip clearance were carried out by eddy current
sensor, and the rotor axial trajectory was extracted from the tip clearance signal through
envelope analysis and compared with the axial trajectory directly measured by eddy current
sensor.The validity of the method described in this paper is verified by comparing the two shaft
trajectories with an accuracy of more than 90%.

With this method, the rotor vibration state can be monitored with the leaf tip clearance
signal.

KEY WORDS:Leaf tip clearance; Eddy current sensor; Axial trajectory; Finite element

simulation; Envelope analysis
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. ZHBEE S EALSNE SHORSRHOR, I RE S R EMTIT e ), REE
ST RS IAT B REMBCZA A F . K35 IS S H A A BT S, 7R 5L
ERHASCHNA BAE 575, XS EEE AT VRS A . I IT, R DR A 3R
PHE RN RAS 5, NIfTE— 25 i A il O P B . X — 3 FRSEIL T
R HER AL FRAN G AT (N SR P RE, AW AU T A AR AL T AT S A B SRR LY
A SE A e AEAR VRIS 7RG B 00 AT 1 P2 [ B R 2 A8 T PR A AP (R B, A
BRI 1) AL B 222 T AN TR 90° [ HLTR LA B o I A B S T ok R R SR 3
TR, REMSTRALRERA IR B . R0 AR AT T AR AL AR AR E , bR IR
Bk VY X iR AR A [ e RS & b, HIEROR G — 2R MWIAGE RS, R RSN & i

":ngf;' 5
4-2 L Rk2ZHRE B 4-3 KL RB[HE

-20-



F RN RS ARE L BT GBSO

L

e, , ag{_ “‘

—

"~

ST 25 4x I 253x/ 2%/ 1X
IR

ML E (&

// \ \\
ks
1022 % TN B AL 5 2
RS SEhAS S

5 EE R ALREVADS

IMS59385 &85

& 4-4 RN R-EE

4.3, NI HIENIE R ER D
4.3.1. EXDRHEENE

FAHRIEREAE MR P 5t T A RO -G 5. MR 7315 miR, BT AF
iy 5| L R SN2 DL AR (D IRSNHNERAS 5, R, 1ESLbR¥: 7 RS Rsh
A, kB EIRENE SIS A HAhFIE 5. Bk, FEHEERMES P00,
ARIUAE B 1 AN P UURD T B B A000 SL  (E AR A7, 177 35 T ELAH 9% 23 B R 1 B A5 5 e B
ASE—MAEE A R TTE, %07 1R R T B RS 5 A BTN A B e NS 5 AT BAH SR AL
PRANPTSEI . I T R B GO VA SR B

WIRAME SXONIEZE S SR EESHEm,

X(t) = Asin(27 f, + ) + n(t) (4-1)

FHorp fo N IESZAR S A%, n(D) N HAMAR > EATEE R 22 . RIREIE S x(t) 5HRSE
Tfor WIMANIEET O UIETZAE SARGZAS T 0 RIMCEARSS, RITWEESE 5 IR & A
Bz WAE[O,TIEE N, 1EZMREE S 20N

{y(t) =sin(2z f,t)

(4-2)
X(t) = cos(2r f,t)

R L5245 Ty () RI21E T2 73 A SIRANE TxOMELA B H
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Ry (0) = = [[ sin(2r ft+ g) Asin(2r f,)dt+= [ sin(@z fty n(t)t

T T (4-3)
R_(0)=~ jOT cos(277 Tt + B ASIN2r f t)dt + = jOT cos(27 f,t)n(t)dt

7E(4-3), AN BT sin(2z fot) Al cos(2x fot) 5 n(t) ASESE HASFERE, BT LA

BMEYIN 0. FrAAS:

1,7 . . A
R, (0)== jo sin(27 fot) Asin(27 fot + g)dt =~ cos
(4-4)
1,7 . A .
R.(0)== jo cos(27 ) Asin(2z fot + g)dt =—sing

R, (0) = jOT sin(27 ft)JAsIn(27 ft + g)dt = A—2Tc05go (4-5)
HIt (4-4) 530 (4-5) FRMIRAE LA, sl (4-6) 53 (4-7) s

A=2x[R? (0)+RZ (0) (4-6)

¢= arctg (4-7)

R, (0)
R, (0)
432 BEEMTH7TENS
{6 LT 4 T 2 T S RV ) 25 2 0 A AR BRI L 2, B
EIRIO R, 3 F— AP0 T AR A PR 2 S50, DR LA 4 S R AL BT ) T
E ST T DA A L ) b
F(w) = FI[O] = [ f(De ™dt (4-8)

HrbwESR, tRER R, e ™ NEARRE. HEMHAHRI DR EIE )
BB ZAINE S5, AR RE(E ) AT 2 A ek Bk s B AR N I & . APIBE A 2
T AAE {6 HL AR 0 DL — 2R IR B BR B (= A BB RSSO0 R BRI AT S A e,
T U 2 5 o HULE 25 AL R B 55

3.3. KBS
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TERRE T R IIMERERIAT . KR IAE S RIEAH G, B8 T 4-5 FrrrifEs. B
4-5 (a) JE7R T HARIAIBHRIE S BRI TE . X R, 2 RS MEAAFLE 1 SLhrll £ 15
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