207 24 7]y 227 22 ~
ARE=E SHsE JHAN 2D A
o] AF, o] AN, A AFT, H F2", H B4

Development of Flexible Rotor Systems

For Gas Turbine Engine

J-H Lee, Y-S Lee, K-S Kim, C-G Kim, M-S Kim

Abstract

High speed rotor test rig was developed

for flexible rotor systems which have its

bending critical speed at 14000 rpm. In designing the flexible rotor systems, operating

speed have to be escaped from the critical speed, due to large vibration. In this paper,

dynamic characteristics of the rotor systems were analyzed and compared with test

results. And the effect of allison ring damper and rotor balancing were examined both

theoretically and experimentally. Finally,
reduced at the critical speed.
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-U1,U2,U3,U4: Unbalance mass correction plane
[292] 2&3AA A7) e

‘ *]‘ﬁﬂ“‘ul‘-ﬂ 3
‘&olm &m ;.}ou E4HE AFRYE FH)

&%= 30000 rpm ©]4e] 1

L BeA 2EozAe RAAAS olgsd o4

Ao &9 is9de AgETYo

'/ﬂ%% -8—\9‘ sy A &3] ﬁﬂé‘ﬂﬁf ﬁ@iZM 2
wAYge 3L F R ﬂﬂ% "}ﬁﬂﬂi“‘i E
# UL, U2 143 Correction ng@}g cl%a*réq 2

U wenede 3gen.

B3l Pelol WA 0000 rpm HEH e
$HEEE AAE AQHUAE WA =@
&7 9AA A APSEE FHsol B A
48247 A AWEES Z9=E T8

o 2
—_=

AAA Age)ae HAA, wolRAd W AF
AN e FY3H. 2Y37 o] AgelE Test

rig case, Driving unit, 22} 3 Test rotor®} disk

A

‘2 FE&3 Z¥z2 Shaft element® 138t}

2} Shaft element¥ Linear stiffness$} Damping

constant® 71X & Link% 2 939 Ao g 7143

@t gi 82 B3 Ba G2z —Gap
; ; L] L) NTO NT2 NI G N6 Sensor
— Attison ring
M2 WD MY e N MO NS Ka0.2E7 N/m
J( { ~ [% £=1200 Ns/m
u uz u3uk
Hode shave.l  n = 538 RPN
L4 3
e
Mode shape,2 . n = 14919 WPW
Z 3

Hode shape,} n = IS68. RPN

(23] NFHAA S AgEE 2 2= 8y

goidoz ge WAt B4R ¢ + U o
4 W B4l HYe mese oAt
22k 18455 14919 mmeolw Al H 8 A Ate

FTEFAA A w2 W A 13 Y
o HdM HHEEF Fow A A
SdE FPEGol T A 2 AFol
gt ojeld BEFL 274, 259 #e 3
Mrdel AFETY FHEAE st #$A¥
T Atk & d7E oY 3% 549 Re=E
TAsd EEHE nE5HAAY 7H‘2ﬁr ojmj &

3 Aojrt, et

35()6() pm o] A o
2 A gsgrt.

ANgAe AAd TR} AFETH
oA A A JHAEHEY ol Bagade
Aol e dAggNE g E FHRD S
o] &3t dF3rt T4 FHA Fodol AAE
AXBINA, 1Y5E taAe AP MAG2)
AM Zrzte] EHPAF HAXC BE §EENE
e Aot} 23 PETOAM 13 APEE
Bt g4 Z AFol AT AR FIRe

_lm-



W7t ddidez 3¢ ¢ 5 Ud =28 XY
AFol gaartge AR FHA AXNE B
d WFol F& & F U

Unbalancs Sensitivity, B3(N34-N72)

R
—

§ o e

;1 T oot

Bt oty s

Magniudeimm. pk)
i

[} 00000 000000

(234) 23ETY EE€54, 4% B3

000000 1500000

Unbalance Sensitivity, G2(N56-N76)
e e — ——————

Magnitude(mm, pk)

[(295] 23E7E

2

i

4 Y 33 G2

olo

JHE AMARE HAAANYGE FAGE o
AESGY 279 54 7Y d43stn, A¥a
£ stefsts o N2ARZA )88 + AU

3 oMas BAUAY I MmO =
EHEY Al

Ag&Es AFBFY 3954 AHHL Fa
o NAR AF 27§ A% ¥ A9

442 AW AN $7S SR
AAA AGlNE FY APSEE BF A
w4 2 AN Ak} HAA TS FHSE

HAAM(B3)7F Ak 1969 Nise B2 #
AaMeA FHY SFAZH A7IME AP
A7 ¢ 10000 rpme 2 #A™stE 1 mmel 717t
HAE FAAII USE ¢ F Utk

ol EwWid APN2)AME APFAA} F

Mo

AR AlolE AFdE ARG Zywe Y
g g, AZY FrF 59 AgEa Ade
Eid 23 AYEEE BT ¢ AU A g
A e 22 d¥$xE o 14000 rpm A SR
FAY AN E B 5 ey NN ogad
A& 47 248 4 = Ay

DIANIS Firsi Bending Critical Speed Pass Test

g
*
000
18000 < omoms o
2000 e I
? 000 1
H
£ ww ~ V= e e
-180:00

0.00 5000 00 1000000 15000 0C 20000 00 2500000 30000 00

nm

[2¥6] AgSs $3A 2E¥9, 233 B2

AYEEE B3 A BYSE WAt A8
4FE2YPAe  BAE  BASI AAA

Correction Ringg& Ul$l Ao F&etn BEgdaz

Fg7teo] he $HEYe Agstgon Ag:
2T Zrf
D1A Unbalance sensitivity(Unbalance Position:U1, B3}
1000.00 : e T
= N3t Ring
800,00 fo—.e T NO2Ring e 19gom(fOdeg)
i —- N33 Ring + 1.99cm(-90deg)
- = — N34, Intial
€
2 60000 N
Q
3 |
=
[
D 40000 - — e -
=
20000 —— -
000
000 10000.00 20000.00 30000.00

[

[297] 2ZFETR €54 ANY, 534 B3

-1067-



2949l M 10 geme] AFETFHo) Ul A
ALHNE # dojx= ZEW A9 AVE F 3
mmoli, P74 Correction Ring® ZAXFE &
a3dFe] st 180" wH Y& ol(N32,N33)¢]
g =Zzato]l < 700 pmE Ul AN AFETF
dgog gatstd oF 23 gemolth ol AA A
FEFH AL 38 gemt Z #olE Holx
Z2e ¢ F Yo APE&E MM g4 AHE
73 $9454 A BeEHE & + Uk

Ak YL E B Ao mlae] Egel
AP Mg 249 ving o ozt i,
Erydy FEZ4To wHHT vHAAd FEE
AL dAE Radd. ole 9 g AYAHs
HAALYEE B3t A Urterd EAojrt

Q

2

S HHI ST S0 Ol
&

HAANEAN HAB HHEE FTA
AFL YA BRASL AAss WA
Saho] 29 4 Yok wF AAAN2De] WP
Z7A0A AYSEE 7 A 2Ase 2 3%

29 + 9o

rr ™
0R

=z
p =
o
&=
=R
=3
o
E3

D1A Unbalance Response According to Damping Constant{U4, G2)
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D1A Response characteristics according to damper and balancing(B3)
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