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An exact modeling method for dynamic analysis of multi-stepped rotor systems

Jong-Heuck Park, Seong-Wook Hong, Chul Lee, Jong-Wook Kim

Abstract

Although discretization methods such as the transfer matrix method (TMM) and the finite element
method (FEM) have played an important role in the design or analysis of rotor-bearing systems,
continuous system modeling and analysis are often desirable especially for sensitivity analysis or
design. The present paper proposes a comprehensive modeling procedure to obtain exact solution of
general rotor-bearing systems. The proposed method considers a Timoshenko beam model and makes
use of complex coordinate in the formulation. The proposed method provides exact eigensolutions and
frequency response functions (FRFs) of general multi-stepped rotor-bearing systems. The first
numerical example compares the proposed method with FEM. The numerical study proves that the
proposed method is very efficient and useful for the analysis of rotor-bearing systems.

LA g foosde BZY 2R AL AN AAE
$o zauY 5 AAY Soh AA Azus 88
% AANHAR RaTE Holok v ol s B
43 )3 zAS 2 TE o
JET I AArAL N TN FETE 0 o109899 gas eRAnes A8 4 ¥
o I AL 35 0y B Z
B AT FUA VY AriRYPA WIE LU ay, Aol gol zasez wrojud =
o] =
‘;‘ A H U]‘s‘:o d2o] & A7)t &olsA B wal oAb el At $HA] o] AL 5 o] g2

d
o)
T
L
ot
2
“L] o
>
+

Adlle dBsSt LA5A

A AT gusye FTAXA OB W gono aegaet 4 5 wEs) B89
A %A AL AU BAE BN YVAE T L ol augue mane Ease Qb e
7 2ok B4 HRARED ouse W oL 4
BIeel S £AAA Fol2 B AT DDy gagae A2 R FURE) Helo} e
e dEH A olUs WUOE FARLE Lags ojgae BN, AR RAE, AuE
& 5 & fon of BRE ARE FRITE N8 yo gad Timoshenko FLLY SFPFHo2Y
sl Q48 RANFESND BHVIL FE T O aug wan gug oL pAAL §ea
Helh o} ol #HulEwgad oz ZTHE Timoshenko L&

2 old FAE Qo] FIAFEST YL Bl(exact)

AN, 2eEAREa o
: 3, FeFHUER 7IABHR
'Ry, FeFAeE oo
C 2o FBURT e

- 200 -



wdzA g AP Fal de FAFIRYSE AT PRI Ao e o) PA £ 4
E olésld 273 H, AMUSH 52 L€+ A U
o} A< Z@Y 9H S Timoshenko R4S £¢
3 dubzo) g 3 dA FEA Ao Lo & ap v
dasyel Fmoo mawsiadth HEd dARRE 701G
Aord WEe $FAe ¢ & Atk » m
ox  El,
ov ’p
A Wil
2. AAA) =AY x P @
~ 2
. om=v+pld—? Jmplp@
Fig.1 7} Z<2 Timoshenko #8249 $E¥4g22 o ax ot
S o] ZHdAT
9 AL Aol W sEeaugsE g 4e
d=o.
v=kAG(-2)
m-—EIdgp- 8P= N \"
6x2 ox kAG
ov F)
- =paZl o 2eM
ox at ox  EI
om . o E\Y
O _v=pl, "X _inpl = OV Al
ox " Pdae Py o = PASP 3)
M

~ =V +pl,s’® - jopl s®
714, %P ¢ = &9 F WY ¥ w9l IJA A
Yol v, me A

= 2x 9,
(Young's modulus), @83 B A A (shape factor, A}

2 56, 47 910), L, LE HANE dHA 2 5y

Eo} I3 WA A =l E(diametral and polar area = BY )
moment of inertia), wt 3] A& ol

o71M s Ak B epEetaigoln] PP g
o2 ofglet o] N3] mEE F Urh

)

oq7)4,
& Y={PoVM}"
Z]p pAdx—2Il
-d
0
0

1

|

©
OO -
S O o O

P 1 1
a=pl,;s’—jopl s,b=—, c=pAs’,d=——
ply Jopi, El, p KAG

AL, B xof Betel eEeausstn 49
o .

Fig.1 A Timoshenko shaft element

W(A) =AM~ B]"'¥(0) (5)

- 201 -



71d, At FHHsol #F} HEeta@goly
[M-BI" & RZ9 2A)% #rt

9 A5yE FAF diste] eEgx guEEd
& Ag deth

¥(x)=C¥(0) (6)

o7M, ce F59 A@B)E g9
9 2ere Fx Yustel BE AuiAE F o

Al A=
mTE T

dlo

v P,
M, D,
=D’ O]
v, P,
M, @,
o 714
d, d, d, d;
B2 d -d d
D* a B 3 5 6 (8)
A |d, -d, d, -d,

ga, A, d 15126 o n=o M.y 2
Ay ) 24¥FEZ FAHY F2x0 U
57344 @ydolt).

T3 A2l g FB(conjugate)! T LA Ao
et SellAe sl R AlS AASHA A4y
BeHE 24E vgdg o

Mol B GEgGsuge
guigeh #H b, d £ AFOlR2 b, ¢ a9} §
Qe @& ZAIY 3 = ash AolF AA Bt
o& Hestel The A Be M YIS ¥LS
sie},

q714 -~ & FTAY
b

i 4, 4, 4§
p-E B4 & & 4
A |d, -4, d, -4,

i, 4, -4, 4§

Q7)4, & B?,A,d, i=12,6 & B=g) 2(c-
AC-3)3 2} #9 g23agio] gy £
AAe g3 P

m'p="f
Ig-jolpd=m ©)

dzlq mLIL I Em = o2 gaa aw
Ay A% TdEg Iuy AP wAE
(diametral and polar mass moment of inertia), Y7 =
REo|c},

9 4e SEGaug F Y89 ted ge o
23824 344 P48 2=

MEHIMEEH

(10)

0 457 —j(t)J s:|

~4 m's?
D" = 4.2
0 JS+_]OJJS

o714 F, M, P, o = ztzt f,m,p ¢ o gEg
2ot} 3 wlojy QAo] WP &5 WA
< o3 2o

f=cp+c,p+k,p+k,p

f=c.p+S,p+k,p+k,p (11)
FEetadg T ooy 949 tg F ERA I
48 der

F=D!P+D!P, F=D!P+DP (12)

- 202 -



714,

D} = (c;s+k;), DI = (c,s+ky)

D? = (5;s+k,), D° = (E,s+k,)

2¢; =¢,, +¢,—j(c,, —¢,)

2¢, =¢,, —c, +j(e, +Cy)

2k; =k, +k,, —j(k,, —k,) (13)
2k, =k, —k, +j(k, +k,)

A A@), (10), (122 EFE F24, t2=324 W
ojgass] TR FPL o] &3t HA A2y
el 2hEets Gl ojgEstE g Ao §7
#ANE derh

F Q

[?]=D[Q] 3
9714, Q. Q & A7 A Ruywe ¢ 2o oig
FHdE e #Eelagggoln F.F & oo g5
E F9E Soin 4a4)e pHEL Alx" FFA
gHoln, HE FTHFIHEYET FPF=2A g3 7

(14)

fr

ol e)
=
]
jor)
———
o™
—

o}
D* d b b 1
H=p'=|P*D*Pr D as)
D, D*+D®+D;
3. TR 2 EY

Fig2+ 4ol 12m, ¥4 25cm% F829 okgo]
A 2, A 24E 717 wiold oz olfojz A
AA sl ALE WHow mAAGH A9 {3
ga¥or RAYF Hphe FoFLEdEyE v
wated I ot} HI}giLyoT wdHF ol
2478 FIMEESE AQME WHoT AL dUs
BT BEFE B 5 Ao

Fig4< Fig3ol B »uie} o] gete] wojgioz

A g 2o dRHd g sdAAe taFed 10g
-<m?] EdYo] & W txa Ao Bgy
THE 2™ Aol orje 3 WA 24 E
2] A}%FE Table 13 Zt}

wagni tude

[ 100 200 300 400 500 600

Fequency (Hz)

Fig.2 frequency response functions at node 1

Fig.3 A multi-stepped rotor-bearing system
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Table 1 Specifications of the numerical model

Length 1.20 m
Diameter 6, 4 cm
Shaft 3
Young's Modulus 200 GN/m*
Density 8000 Kg/m’
Mass 20 Kg
Disk Polar Moment of intia |0.163 Kg-m’
Dia. Moment of intia |0.085 Kg-m’
Kyy 20 MN/m
. Kyz -15 MN/m
Stiffness
Kzy 10 MN/m
. Kzz 25 MN/m
Bearing
Cyy 60 KNs/m
. Cyz -40 KNs/m
Damping
Czy -40 KNs/m
] Czz 65 KNs/m
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