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Analysis and diagnosis of turbine pump rotor instability
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Abstract; As a typical structure of liquid rocket engine turbo pump, the sleeve structure has the risk
of vibration instability during its high-speed operation. Therefore, it is necessary to dissect the failure
mechanism of the sleeve structure and reveal the nature of instability. In this paper, the dynamic model of
the inner friction of the sleeve structure was established, and the expression of the internal friction of the
sleeve structure was derived. The dynamic model of the inner friction of the rotor with the sleeve was ob-
tained, and the cause of the instability vibration was explained. The simulation was obtained. The vibra-
tion characteristics of internal friction instability of the sleeve rotor were summarized. The influences of va-
rious influencing factors on the instability threshold and the instability vibration characteristics were sum-
marized, and the experimental verification was carried out. Through the above research, it is found that
the factors such as the shaft span, the mating surface diameter, the shaft stiffness, the eccentricity and
the fit clearance are the key parameters for the instability, and the stability check is required during the

design and assembly process. The influence of the influencing factors on the instability vibration can pro-
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vide technical support for rotor stability design with similar structure.

Keywords : sleeve structure ;stability ; internal friction instability ; turbine pump; rotor

0 3|5

TEWRA T A sl B, AR Sy i s 40} i 25 2
BRI EE AL RN Bk
5 R BIAL I T 1 A A I 2 A o 0 S P AR
AR A Rl g 1o BT R K ] A0 2 R i e
A %A

1990 4 H A LE-7 Je Bl HLAE7E 47 1 it 52 360
BB B R I — B e B R, B TR A
AIREN JF AT IR X RS B R AR B Y
EESP ) N L 1 | 2 R e L e SR
2, PR R BLE A L. SR, KRBT R R
i Je 5 47 1 88 kN 4K F] 167 kN HEAHRIE SR
AR EERIBEL G s/ MESEEE 1S54 it . Zad B m
fitygeh 28 M) 3 o 1 = i i B A s, Ok I 2 IR 2l T
KU SEEMMUR CHL AR S HLAE T A T I e 5
SEH R, 24 R R A A B U I 19 000 1/min
R p T e A i 7R e SRR W EE AN A2, X I 3l rry )
il BE ST ANGE N b el T2 ) 4 B F R 2 A AR
16 73 09 25 163 8 18] A A 14 Alford 5003 K, PR T 7
ARV I ) IR I 2 B e 2

AN ET PR 2 B R AR B AR, [ A A G
LR S R R Wi T — S B )
Bro BT VFIRARSFER ] Muszynska %5 ] ) 17
FRAE LN TR BIR Ty, A2 TP K5 R Bl
WA R T ARG AR R A FROUEE L, F 5T
RRGAEAF] 00N £ Pl 2 Gl 52k A2 o B2
RSN o 25T, 8 B T 28 G A E P 52 )
O AR SOR T 3B 5 25U &
Geke s P52 00 W] 88K T R SRR i
s/ AT T DR A5 I B 2R B 5 AR G B T Y
TR T, 0 e B 25 T i 58 2R TR 28 Bk 2 L
PRANA RN A A 37 A% A Child D
W SRR 3 ) RBO TR I E T T IE B G
A2 FAT R0 P B2 B JE , SR JH o A A2 388 R I 2k X =%
JEU A LA Alford T 51 AR FE TR EL T RS
R PEHEAT 158, 5 R 3R, 38 Jin SR BELJE Atk
FRCs sl il LA iR s i e R 5 T R iR

EHE

HI TR TR LI 24, OF H 5 45 % 1)
DG, [ B 5% 0 PR 38 Ak 22, DR, 3 R OA
AT A IR ) 2 o Bl e R B 4 O K A 21 i
P ARBlbs K R AE B G A A e A, A 2
S AEPNIVER RPN IF e LTS

1 WHELSHMAEZERE

B2 b B — BUE A b A i 1) B AL 17, A
P A A A B B, — Bl R R T B AT Bl ) S
VAR 521 B SOk U LR TR Sl 2 B
JE LR b, LSRRI L £ 2B 25
ARSI I b5 P AR R L A, 5 Y
HE AL T — 2L 3G I, 42 fk 1 15 DR AR X 8 2l i
AN BESE T K B AL I BE R 1 ER 5 R T AR
B 1RSSR

1 HEEMTENRNEER

Fig.1 Internal friction generated by the clearance of

the cylindrical surface
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Fig. 2 Instantaneous position and force of the shaft
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Fig. 3 Rotor instability time domain waveform
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Fig. 4 Effect of disk mass on the instability speed

4400
=
E 42001

= 4000
J

4d“*";noo-
H<

3600
11 12 13 14 15 16 17 18 19 20

A 242 /mm

5 HWEFEMEREEHNZME
Fig. 5 Effect of surface diameter on the instability speed

0.50 055  0.60  0.65  0.70
e 5 B/ m

B 6 iR K IRFEER R
Fig. 6 Effect of the shaft span on the instability speed

T 4060
‘E 4040
= 4020
lﬁé\_ﬁl 4000
£ 3980

ﬂ\";()ﬁ() - - : : ' %10’
1.0 1.2 14 16 18 20

BERAKIE/(N - m™)

7 RN B RIS E R0
Fig. 7 Effect of shaft stiffness on the instability speed

P4 ~ 18] 8 S e i e S AR el
KR I BE I e T~ AR X R AR R 5 e o AT
PAFE H O A J o It 7 B 488 T 4 3 R il /1, B
A A AR I T /), B i 125 1 49 K o 46
R, B ek )8 8y 30 DA T 96 G i A % A~ AR 0 R
Mo WS TR AP AT LA, 5%
BANTEE T BUE FL 5% R S BO8 I, 28 AT E
TIHEIN RS HG W) 5 55 55 BN RE F1 U L B
PR 2 e b EN SV I YW SE St
L RESR SIS S

. 4400F
'5 4200+

= 4000f
J

ﬁ’ﬁ 3800}
RIE]
g0l v
11 12 13 14 15 16 17 18 19 20
B2 /mm
B8 i A RIBEENZM
Fig. 8 Effect of shaft radius on instability speed

RSB R T BT SRR B
FIRIEE ) o AHRERS T e A Mok i, B o 21
%?%%E‘J@EA%%‘& Rl iy N AR S B il i S
ZIA LB 3X A 2 I R Tk E e T AR T
PS8

AT A 15 i 22 TR] A [R] B e 1 A E TR Y
SOMRIN , B2 T R AR S I S (] BRI e 2
Ja S P T -5 B i A/ 3 T RH B4 o, A AE AR
XSO, T A T RE R AR . P LR T BRI
R EIBEE, il - il 42 i, A7 6 AR 8 Bl 2 i
PN RLEREA T 5 B . 4 5 T 1 TARFGd /N T
7R ARV B T it Bk B B e e, W e 1 R G AR



546 & 554 ]

TEM o

ST Ak T Y A L S L Y [ B
(IO TS = G 2 e S g e A 70 g
AFBEIIRANRE . B BRI AT S7 Fy AR

l3
EARIBE AN - = (20 IR ISR

)3 Fy M o MV J5 R Z, AP, e
B F/N r U 0 W T RFR LK r = Koo' o

PR r /ANT IR o I, B BEE 77 A 5 2 4%
BEr KT o 0, BEESIA7AE . PESE T R T
AT = o JHXTR TR E N 0, = Vi/K
= Vo/K M T T o, BERIBT o 197281656
FANE 9 FiR,

7000

2 6000 F

E 5000

& 4000 -
¥ 3000

{HE
X 2000

1000 1 1 1 1 1 1 1 1 1x 107

1 2 3 4 5 6 7 8 9 10
fic A (8] B/ mm

EHY MR ERERAOTLXR
Fig. 9 Relationship between the threshold speed

and the clearance

Hi1E1 9 AT %07 FLA5 2R, 1A Bk 2 —
TEARLIN , KRG R Bt ] B A4 1 R R 24 [a] B
M 0.05 mm ZZAEF] 0. 1 mm B, A3 HE L H R
T#51 500 r/min,

3 IS

FIE 10 FroR i 5e 7525 an db AT 5000 . fESL TR
o TG AR AR (P-84) A 1L I AR (In-
085) o fEZE A7 Wi~ Bk b 73 5 CEL P S A 7% A% T
i, PG RRE R &,y T7 A 22 90° 1977 kAT
A T I B A B IR S A2 5 R — SO %
G E T T S HLE SR AL, TR A TR
LU

L1 A 2D HE N 1 BRI il 45 4, D AR SO
PIRBFTE R ER AT o

G, 5 IR RS T R AR R 27

10 SEHB[ET

Fig. 10 Experiment rotor

B IEERE
B gmg&z

- N
Y7777y N NSS\7zzzzrrz7777

......

bk TTHESCIE2

B 11 HEZEN
Fig. 11 The sleeve

W 1 B IE 4 R0 1L, I B0 A
WAL PR SR, 383 5 2E I8 8 Jy i AL ke,
DA SR PR B 17 00, o6 i A R 2 e AR I Tl
i dh R BN T SL i s R W i R AR By
BHEZRESO N - m, & 12 FLIEEFM 2 000 r/min
DU s ) % 5 2 5 - 3 % 70 ) 2 000 r/min
DIT R AR bt 2. e% T RGE ARG,
Wi (P S 0 g P 42 52 YU I, 5 PR 5 AR A, 2 R
B, B BRI AR

x:2.056
70001 76 250

6000 N\

5000

4000

3000f

& 2000}
1000 i

O 1 1 1 1 1 1
00 05 1.0 15 20 25 3.0

5} [8]/min

g
g
&
5

* min

W/ (r

12 EEETWHE
Fig. 12 Speed curve



28

KOfir e B

2020 48 H

RIS B , %80 b T8 E i i SR
BEH 64 A IUEAT USRI A o SHTEANIE 13 B

Pl 13 #2211 8 53 Ry 7K V-8 30 A S A A g 3
W BAFIR, A 3103 Dy 86 L A 7 G A N 4
PG LA, IIE R u] LUE 77 RGPk s i 3
T 044 f5, HazAG Ui (E % Ko 7E 6 249 1/min
FER 0. 44 fEMdT & 0 45. 82 Hzo FHEHE T RGE
R E TR, o T SR B IR AN, B T R 48 B R
PR AP R . i 45. 82 Hz B0 5%
TH—Hr BRBUR . BIFRGE A AR AR B I 2 &R

oA T B — B B RS R R B

P 91 5 R AE L 55 S TR () 1 5 o AT AR S
OyME, AN 14 R, ATRLE S B T IERW R —.
SAEARAN A L R, R — EAR R R K
F-—Bi B PR 2 LA K R — B B R R B
t FAMRELJE IAFLE , 3 50028 B 43— LA FE 4
AR .l il A% s LUS , 76 6 200 1/min
BRI 7K — B B PR 400 2R 4 0 ik 3 R 1 28 9K 4
K, PHEE T ARG I G, X S04 5 Fe A7 3k 30 2y
BT, A5 3] S 000 o Rl Ok st A T ] 15 s

] O - s I -
61.3 108.1

25.0 I 50.0 ‘

0.0 'J i ' 1‘

-25.0 t 0.0

-50.0 ~50.0

-75.0 }’ V\
-100.0 ~100.0 ‘
-135.6 , , , . . . -149.3

291.9 292.0 292.1 292.2 2923 292.4 292.5 291.9 292.0 292.1 292.2 2923 292.4 292.5
=7 I - R o R SikE = I - I e I
48.5 68.5

400 IR A 60.0 FEAE A%

50.0

30.0 40.0

20.0 30.0

10.0 200

: 10.0

0.0 ' . O.O‘L .

0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

B 13 XKIQHIEMES T

Fig. 13 Spectrum analysis after instability occurs
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