Fr2 S MEF G WM E FAGe 2= F, pp 42~

Ze)F7r Newmark 7|88 o83t ZE-H|o]
Nzde) 435 6
Shock Response Analysis of Rotor-Bearing System
using the State-Space Newmark Method

Key Words : Rotor(3] AAl), Transient Response(3}%-&%), Newmark Method(77271']), Error Estimate(225-3),
Direct Time Integration(Z A 7t &)

ABSTRACT

In this study was proposed a transient response analysis technique of a rotor system, applying the generalized FE
modeling method of a rotor-bearing system considering a base-transferred shock force and together the state-space Newmark
method of direct time integration scheme based on the average velocity concept. Experiments were performed to a test rig
of a mock-up rotor-bearing system with series of half-sine shock waves imposed by an electromagnetic shaker, and
quantitative error analyses between analytical and experimental results were carried out. The transient reponses of the rotor
were sensitive to duration times and shape-qualities of the shock waves, and overally the analytical results agreed quite
well with the experimental ones. Particularly, in cases that the frequencies, 1/(2xduration time), of the shock waves were
close to the critical speed of the rotor-bearing system, resonances occurred and the transient responses of the rotor were

amplified.

1. A Z(Introduction)

g37], Au, $Fu8A 5o 52 AiEE H
d, BE QEU9) 2L HEIVAe $FA2He 3423
9 RE 59 dFgoz LAY FFEL AYSA &
ot olgfdt FAHYL Vg B3t HEVAY dAEQ =
-0l AA"le] A AgEHo] ZE uloly, AlY, &
golg] Alole] A FEo &g &4 T HEulEd] 7Y
g ZH 83 nAFS I 4 Aok oA, A9
ZA387 &5 Fu]7]%(critical mission)E FYE=
HR7AY A% 71249 FZ2d d3 26 =3
£ FY3] dE3ta GAGE UM 5 e Y] &
F-gck
712 AEH gt ZE-d oY A2de AxgH 3§

* PRV AAT Y FRITE AHAIFE
E-mail : aslee@kimm.re kr
Tl : (42) 83736, Fax: (042) 8B8-7440

** JR7|ALTY FEATH JAA2F

ok FAFEAF) Jledrd

Ao Axge wdg why gl el o 2F
& 4 9ot Hori% Kato"'& Jeffcott ZE|RUE o] &3}
o Fudolgew AXHE 2 AAsFel AL
29 A2"e) Ao Tetd ZALSIAC Tessarzik®
52 71z A dAHe 4 dYIEA (random exci-
tation)ol o3l FJUHEE 1 G ZEA2H] 7
=29 #4S 435929, Soni®} Srinivasan®e 7
Az AAd4E $He zASGY. Singh? 5,
Suarez” ¥, Gaganis® $& AALHHANE Hated 7
Z2$EFS YT 4924 2EEDE AN A}
=3¢ 42 33 53] Suarez 5 7129 3
AeFe o3 2AHE viA¥Ss 2 HNY aRE =2
El-do|g Alx=® Rl TFA7I=EAN G deFHY
N2t 2H-woy 2U& AAsdrh

A2 A= HES F37] A JFAFHEY
£ Runge-Kutta¥l® 22 explicit] & Newmark 3 2
2 implicit o]l Ak A¥tH o2 explicity & A HAH
At} £XA A wl$ AFHY 2Ho2 F4E
7] B¢ 2 AREE 71 FIHA2"HMEs o
Ate disiM X3 AFAE JHAE implicitol F2
A£ag? o A kg Q8 Ag"HE wWye

-242-



Newmark® 2 2, X3 <¢tPAo] BAEY 2nd order
o AYAHE 71H HE/FEE 7)wke] Newmark$o] 3
2 AHET Ad® zE-soly A2de AS Aoz
23 Y (gyroscopic) At} Hlojy FAH 2 Ao uy
Ao 2 3o E3) FHFL HEHE SYF AHEFL 1
A vlewAY ez B Moo ngAHAe
gt 7|29 HJAMEE 1 Newmark®d 2 Al 3
1A uEAYd e 4 £ qv] i #HAY
A FAE Y3t KimT Lee®7} Aots gaFse
MEE o] 838 AelF Newmarkl e 3138 =39
& Fated HLsnA o

M AT PR AYIFTEL 712729
o} oje] @E HHRL FEo JFHAYZ, AFF &
e 5% dNRde Sy FANTIHY AFF
Q aEANe £HEzR kgt wEM, B dFdMe
12AE FFHS el 2E-vloly Alade dwksiy
FE 2498 7¥3 Ja&E Adgel 7123 Aa33
Newmark ZHAZHHEHE H43 2EHY AESH 3
q71& AR FAd 2dg sy 2 H4Vey
FHE 95 BAL ZH-dwolg AAHe ds) AA
7HA 7l (electro-magnetic  exciter)& AF2-§  wH-ARQl s
(half sine wave) 7123¥9 %7 AYo] Yoy,
AN AEAIAY AFHA LB 0] 3=}

2. 2FYA A (Equation of Motion)

2.1 23 d M (Kinematic Analysis)

Fig. 13} 2-& ZA)7)2(Rigid base)d] E9ls ZE -
ol Al=®lAM  AFA xvze  #BA7IEA(nertial
reference frame)©]3l, H{A zyz & 7| BIg 7|15A
2 7Het ZEIAY 49 A PolA nlagie] x, yudk
HWARAE 247w, o8 81, HAEYS Z 9, 4,3
Aojgel F3AL 2% iy YRS FEE 0z HA
Fox 7HH3E, go g EHFPL TsA gt
3 Xvzo] dig 712 HAWY AELS 27} wy, uy,
uy, 2 BT HANEE Oy, by, 6,22 HTTL
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Fig. 1 Rotor-bearing system with rigid base and
definition of coordinate systems
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Fig. 2 Typical shaft element and its coordinates

3. 3295l 4 (Analysis of transient response)
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Transient response simulation at Brg.1 (6000rpm rotating}
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Fig. 5 Shock wave and transient response
simulation at Brg. 1

Transient response simulation at 8rg.2 (8000rpm rotating)
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Fig. 6 Shock wave and transient response

simulation at Brg. 2
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Fig. 7 Experimental rotor-bearing model

3 Frequency spectrum of base shock waves
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4. 238 @ (Comparison of results)
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Comparison of transient responses at Brg. 2 (8000 mpm)
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Fig. 10 Base shock wave and comparison of
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