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1.fore bearing of axial-flow compressor; 2.axial-flow compressor rotor; 3.rear bearing of axial-flow compressor; 4;clutch; 5.squirrel cage type elastic

support; 6.fore bearing of centrifugal compressor; 7.centrifugal compressor rotor; 8.rear rotor of centrifugal compressor; 9.main drum shaft; 10.maneton

bolt; 11.the first reaction wheel; 12.the second reaction wheel; 13.rear shaft of turbine; 14.rear bearing of gas turbine
K1 HF RS R ER

Fig.1 Rotor system structure diagram of the engine
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Fig.2 System model and division of the element
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Table 1  Contrast of five order critical speeds
Critical Considering No considering Relative
speed gyroscopic gyroscopic difference
order effect(r/min) effect (1r/min) (%)
First order 4175 3999 4.2
Second order 14399 13674 5.0
Third order 21215 17285 18.5
Fourth order 36415 26535 27.1
Fifth order 48177 35092 27.2

YRR 1 TR W AR U LT B RN 1Y
SN AN SRR 0 B S, (L i 2 e S P38 o, B SRR 1)
SRV . R AT R 1 TR TR IR R b
AN S L ZETE = A I R 3, B 41751/ min

14399 v/min F1 21215r/min. {1 B3 By Il 5% 3 55/N
TESEBR TARER AL T 3 i B g i tad il i, foc 3 Pk
AN RAR K T2 = B il S AL TR T %) AR e
YE%I,E:%#;EE@F%@ I 5 i oy e KB
(1) 63% , 3% 5 FAE F b BILE I 7E 60% ~ 70% %
HIE IR REIS B i Z e BN A
2.3 IREISH

Kl 3 it % Kk L+ R G 5 By
PRI

0T 3 AT LAE H FERT S BrRA 2 5 g1 10
F 26 Z A RIESC 3R AL ATl R 2 iR 5 5 A
R Z B B TR SIAR XS AR U HAESS 3 4 PR Y
B, 23 5715 5(23 50 S R SRR SRR )
BT A B B A B . B0 WA % R S AL T AR o 2
rh BRI S X0 1 Y iR Bl A K. TR B 3 A i TR
BLTE 4 AR Y 15 4 526 51 AR
B/ T 10 5745 250 I 1 3 SR Ak ) 91 8 A
POE SN



38 oo 5 oE o M 2019 4F55 17 4

2.4 AFEMRRLSHT

PRI ST IR RE RS — i e B S e A% 1 A B R
BRI (BT Sz W F) A 45 DA A IR sl i, OF AN
b ¥ R G0 LS M IR Bl . Ry W i 2% 1 B 3 R A
{EL, AU R AE SE PR AP A B R B H SR BI{E.

BB I ARV AN - Al A g S R
¥ A2 NE 4 Frs 9T s 212,20 .22 2R
ORI 45 A5 2 12,20 .22 43 5% g g B ) 2R S
MU B0 R AWV T8 53— R e o
3L

1 \ 1 o
Q
S - b, B % rﬁ
Bl £, X ™
/3 e, Nt
s 8 s S
& 4 Noo #f E : 2 i \j
0 o 02 03 0+ 05 05 0 0o 02 o 05 050 0 o 02 04 05 0§ 07
Axial length(m) Axial length(m) Axial length(m)
(@) SR (b) 2R (c) HE3IRA
(a) First order mode (b) Second order mode (¢) Third order mode
1 i
1. A\ 3.
g bty \ / g RO . - Mf\ \/
4 Vol g,
E‘u o E 05
QU Q
@ @
0 04 02 04 05 (1] 01 0 04 02 04 05 1] 01
Axial length(m) Axial length(m)
(d) 4R (e) S5 IR
(d) Fourth order mode (e) Fifth order mode
3 HiS BriR
Fig.3 First five modes
) 7
0.
0.
1 1
c 07 c
g g
(3 Q
[ [
B 04 o
3 3
Eo E
0.2
. | '
. J L — L4
0 05 1 0 0.5 1

'8 Rotazte spezé%(r/mi::\)X103‘5

(@) %l LR i

(a) Imbalance response of axial-flow compressor

Imbalance response

L

"% Rotdte speed(r/min)x10%°
(OF a3t e AN
(c) Imbalance response of the first reaction wheel

0.5

s Rotéte spééii(r/mi?\)}(lﬁy
(b) FL LA A Y
(b) Imbalance response of centrifugal compressor

14

>

Imbalance response

0.5 1 15 2 25 35
Rotate speed(r/min)X10*

(d) SB i
(b) Imbalance response of the second reaction wheel

Kl 4 L BlibLie 1 B AP L
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Table 2 Peak value of RMS for 5 test data( unit:mm/s)

Number Total Medial frequency High frequency
vibration band band
: 22.91 8.32 2.92
2 26.52 7.61 3.82
3 30.93 9.41 5.10
4 21.31 6.81 3.35
5 18.30 773 378
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Table 3 Test of normality

Test Total Medial frequency  High frequency

object vibration band band
sample size n=23
test level a=0.05
o quantile W,=0.85
Statistic W=0.9905>W, W=0.9863>W, W=0.9913>W,
Result normal normal normal

distribution distribution distribution

Table 4  Vibration notice value of the engine (unit:mm/s)

Total Medial frequency High frequency

vibration band band

Notice value 34.11 10.42 5.70
All scillati

ow oserflation ¢ g6 5.34 3.84

limit
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Table 5 Multiple relation of adjacent level of each vibration standard

Adjacent level

Vibration standart

1 2 3 4 5 6 7 8 9 10 11 12

1502372 F1 1503945 1.61 1.58 1.58 1.61 1.56 1.61 1.58 1.58 1.61 1.56 1.60 1.57
VDI2056 1.61 1.58 1.58 1.61 1.56 1.61 1.58 1.58 1.61 1.56 1.60

BS4675 1.56 1.61 1.58 1.58 1.61 1.56 1.61 1.58 1.58 1.61 1.56 1.61

GB/T11347-1989 1.55 1.58 1.61 1.56 1.55 1.64 1.55 1.58 1.61 1.56 1.64 1.55
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RESEARCH ON EVALUTTION OF VIBRATION LIMIT VALUE
FOR AN AEROENGINE FIELD GROUND TEST RUN"

Qin Haigin®  Xu Kejun

Zhang Longping Yu Xiaolin

(School of Naval Aeronautical University , Department of Aviation mechanical engineering and management in Qingdao Branch.,

Qingdao 266041, China)

Abstract The study was taken in order to evaluate vibration limit value for an aeroengine and to improve its

safety in utilization. Based on the analysis of characteristics of the engine structure and its rotor bearing, a model

was built by means of rotor dynamics finite element methods. The dynamic performance of engine rotor was inves-

tigated. It points out that gas turbine case is key point for vibration monitoring. Field vibration tests were carried

out according to the findings. Vibration data were fully studied. According to principles for rotating machinery vi-

bration standards, the vibration limit values for field ground test were put forward, which was suitable to engi-

neering.
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