St=RASHSSE3 20138 EA S =UHa =28, pp. 506~508

Vibration Ana

s o
oY U

7Y " A5 s AF
lysis of a Multi—Stage Nonuniform Shaft

* . 70“‘3 3;:_1*. /q ;g z\q *

Ohseop Song, Sangyun Park, Sunghwan Kang, and Jeongsuk Seo

o
=
2
Q4 ZTEWS o]
4 AT, d HAEA0 F4 ﬂ?

Impeller Impeller

Fig. 1 Configuration of multi-stage non-uniform shaft

u(z,y, z3t) = uy (z5t) — yo (2t),

v(z,y,zit) = vy (2:t) Fzo(z3t), (1)
w(m,y,z;t) = w, (z3¢)+ 0, (z;t)y(s)
+0,(z5t)x(s)— ¢’ (z5t)F, (s)
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kGA(2) (uy +ey>] Puy’
Zm(z)u[) m(z )QUO m(z) u,2*

(kGA(2) (vy" +6,)] — Pv,” (3)
=m(z )v0+2m( )Quo m(z )vOQ2 )
(£1(2)0,'] = kGA(2) (uy' +6,) = J(2)0
(BI(2)0,'] —kGA(z) (v, +0,) =

[e) . =
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at z=0
kGA (u0’+9 )— Puo + M, u0+M1 r 9 =0
kGA (vo +0, ) PUO —|—M1 v0+M17"19 =0
E[G +J 9 , My u0 0
EI9, JrJ19 +M1T11}0 0 (4)

-506-



at z=L :

kGA (uy' +0,) — Puy’ + My ug—
kGA (v, +0,)— Po, + M, vy~
EI0, + J, 0,— My ry ug=0

EIO, + J,0,— M,ryv,=0 (5)

Myry0,=0
Myry0,=0
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Fig. 2 FEM model and experiment setup
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Table 1 Comparison of 3D and 1D FEM results

3D 1D ; lD T4 .
5 22k 9}
AFREF | AfFRET FAEF
12 230.31 205.59 |10.73% 226.26 1.76%
22K 509.12 480.78 | 5.56% | 517.23 |1.59%
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Table 2 Comparison of two different 1D models
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Table 3 Variation of natural frequencies with

Table 6 Comparison of FEM and experiment

bearing stiffness results
3 (N/m) L E(Hz) 19 4= (rpm) Uilmeslieng FEM Modal test
4% 107 beam (Matlab)
Y- . 233.03 12991.08
z:2Xx10
y:4x10°8
% 9% 10° 305.39 17814.33 236Hz,
. 8
Y100 606.76 3357721 -
z:2X10 234Hz 209Hz
Table 4 Variation of natural frequencies with 4. 4 =
damping of bearings
HHANms) | I ES(He) 91 ¢4 (rpm) w AelMs de] @ A77F wskehs
: 2 9B 5] 2] = 5 ZE d oA
2210 o] dyaiglon), nE Aojzamz 7, A
e o 233.02 12990.52 7} AWy Sol AHRAA FHBAA 1]
z: o : . .
A 10 A gl tiste] ATsTt
Y- ’ 232.04 12935.12
z:2Xx10
. 5 = 7
y 100 165.86 9200.54 =
z:2x10
. . N ETas AT A e
Table 5 Variation of natural frequencies for o Taoioqlz o ;:T A] RiahE (jL kel
different models AGEARIHE G E o2 FalE AFZA Y

% od 34 | 35T (Hz) 913 4% (rpm)
71ER 233.03 12991.08
Zhedd 189.89 10821.49
FAeeH 353.35 18562.63

71€ Bl | ke BY | AL Bd
Total mass(kg) 300.52 257.31 383.07
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