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Theoretic and experimental-modal analysis of labyrinth air seals
with damping ring/ sleeves

ZENG Liang, GUO Xuelian, LI Lin

(Scheol of Jet Propulsion,
Beijing\ University\ of Aeronautics Astronautics, Beijing 100083, China)

Abstract: Modal analysis of contact system is complex due to its norrlinear and chaotic
behaviors in_the procéss. This paper builds up the equivalent linear model of labyrinth air
seals with damping-ring/ sleeves by introducing local contact stiffness and using vibration me-
chanic theory. The experimental results of natural frequencies and mode shapes of the laby-
rinth air seals with damping-ring/ sleeves verified the validity of the proposed simplified mod-
el and the simulation results by finite element method(FEM) . T he influence of variable pa-

rameters( position, width, thickness and gap size) of damping ring/ sleeves are also studied.

Key words: aerospace propulsion system; labyrinth air seals; damping ring/ sleeves;

contact pressure; contact stiffness; modal analysis
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Fig.1 Labyrinth with damping sleeves/ ring :
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Fig.4 Pressure distribution of damping ring/
sleeves
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Fig.5 Geometrical parameters of damping ring/
sleeves
, (G >
[.5} 4
() ;
q - q
( ) ( 5 R>,
R1, Ro, h
b) A E A
A= 2R o - 2TR"o (1)
Ko R Ro
()
; q A
»q A
[6]
() ;
() ;
) ( 6(a)).

(.
(e

M, Q,N M1, Qi, N q
() ;
;E, G
A () A= bh;
J () J=bh'/12,
Ky , , Kv=

Fig.6 Strain/stress of damping ring/ sleeves
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Fig.9 Geometrical parameters of shell(Unit: mm)
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Fig. 10 Geometrical parameters of damping ring/

sleeves
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Fig. 11 Test model of damping sleeves
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Fig.12 T est model of damping rings
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Fig713 Test model of shell with
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1 2
Table1 Contact parameters of the interface elements Table 2 Natural frequencies of shell with damping ring
N b hi pl kol b/ N 2 3 4 5
mm mm mm N (N mm) (N/mm) /Hz 566 656 1112 1727
/Hz 566 691 1136 1755
2 35 066 13824 11385
10 /% 0 51 21 16
05 165 36730 30250 /Hz 560 656 1110 1725
B 03 35 32080 26420 X /Hz 549 690 1123 1750
05 992 3098 25510 /% 200 493 116 1 43
10 . 03 214 27060 22285 /Hz 557 666 1115 1735
05 6 61 19940 16420 ) /Hz 554 686 1129 1756
20 03 142 17418 14344 /% 054 29 124 119
05 220 42960 35380 /Hz 558 668 1115 1734
B 03 475 37530 30900 3 /Hz 549 689 1130 1749
05 132 36230 29837 /1% 164 T 305 1 33 0 86
30 . 03 285 31650 26065 /Hz\, 561 669 14 1731
0 05 8 82 34090 28077 A /Hz 559 688 1133 1731
03 189 27649 22770 /% 036\ 276 168 0
/Hz) 562 686 1112 1727
, , S THz ~ 559 688 1128 1749
) ( ) /% 054 020 14 126
= — x 100%
2 )
2(1)
5% ,
:(2) .
15 ( 2)
’ ’ Fig. 15 Mode shapes of shell with damping ring
' ' ( Position 2)
; , 15 \ ,
’ 53
’ ) 3 A 10 mm
2 s 15
b h
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( A= 10 mm)
Table 3 Natural frequencies of shell with
damping sleeves ( A= 10 mm)

b/ hl
2 3 4 5
mm mm N
/Hz 534 640 1098 1626
0.5 /Hz 526 670 1105 1623
! % 15 45 063 018
75
/Hz 546 663 1121 1663
0.3 /Hz 530 666 1119 1636
! % 3 0.45 018 17
/Hz 541 658 1112 1648
0.5 /Hz 526 690 1126 1639
! % 29 46 .2 055
45
/Hz 551 669 1131 1677
0.3 /Hz 535 691 1117 1655
! % 3 32 1.3 13
/Hz 550 609 1132 1.680
0.5 /Hz 554~ 584 1119 1661
1% £ 0.72 43 1. 2 11
30
{Hz 556 \ 615 1093 1698
0.3 /Hz 543 602 111 1664
! % 24, 22 1.6 2
> 3
(D .
5%
(2) ,
(3) )
( 19.
[1] .
17 18 A 10mm

b 75mm 45mm, h 0. 5mm

=
= - b=45mm
JE}' 1000 6=30mm

2

60 1 L
2.0 25 30 35 4.0 45 5.0
/N
(a) A=0.5 mm
1800 —
+ B
o 1400F - H=75 mm
= % b=45mm
3 1000 5=30mm
K
60 1 1 1
20 25 30 35 40 45 5.0
A /N
(h) A=0.3 mm
16
(A= 10 mm)

Fig. 16 Natural frequencies of 'shell with different

damping sleeves

17 (b= 75mm)
Fig.17 Mode shapes of shell with damping sleeves
(b= 75 mm)

18 (b= 45mm)

Fig.18 Mode shapes of shell with damping sleeve
(b= 45mm)
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54 55
19 20 A 10 mm, p A
b 75,45mm (h= 03,05 , . (
mm) ( ). 4 A 30mm
3), , b h
) 4 A= 30 mm

19 (b= 75 mm)
Fig.19 Natural frequencies of shell with
damping-sleeves( b= 75 mm)

20 (b= 45 mm)
Fig.20 Natural frequencies of shell with

damping sleeves (b= 45 mm)

Table 4 Natural frequendies of shell with damping sleeves

( A= 30 mm)
b/ hl
2 3 4 5
mm mm N
/Hz 541 716 1113 1649
0.5 /Hz 554 701 1134 1655
! % 23 21 .9 0 36
45
/Hz 551 729 1131 1678
0.3 /Hz 548 . 702 1130 1664
/% 0.55 /38 /009 084
/Hz 550 729 1132 1680
05 [Hz 568, 709 1131 1654
/% 32728 0 89 16
30
/Hz 556 737 1094 1698
0.3 /Hz 558 709 1126 1749
/% 0.36 39 28 29
21 h 0 5mm, b
45mm A
h ,
21 (b= 45mm)

Fig.21 Natural frequencies with variable gap

(h= 0 Smm, b= 45mm)
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