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Time Response Analysis for a Spinning Disk with Misalignment

Jin wook Heo and Jintai Chung
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Abstract

Time responses of a flexible spinning disk of which axis of symmetry is misaligned with the axis of
rotation are analyzed in a numerical manner. Equations of motions are derived by Hamilton’s principle based
on Kirchhoff plate theory and von-Karman strain theory, and the equations are discretized by finite element
method. In obtaining the time responses, Generalized-a method is used to solve the equations. Based on the

result, the effects of the misalignment are analyzed on the vibration characteristics of a spinning disk.
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Fig. 1 Configuration of spinnng disc with misalign
-ment

Sdvaa R Ao Mol g WY u v,
w SAt FRPEFo)] EAE) YR 7+ 3
HE FUHo] ofdER, A (1)F 2ol r,0,2,t
o g2 Jehlojor @ =

u= u(r,6’, z,t) y

v=u(r,,2,1t), ¢y
Kirchhoff W %o]&3 von-Karman W& o282
g2 sAgaze dRuR Y L6z
HEotd d3u) e eEuAAS 5% 5 g
=3
+qr—q6
ot? ot or  rof r
= ph(rQ2 +eQ? cos 6 - eQdsin 6’)+ P
ot 06  or r
=—ph(7Q+estin9+chos0)+B,
ow ow
TG AR O

w= w(r,e,z,t).
9= Tt S ES 92 (Hamilton’s Principle)ol
h[azu ov I J (3qr+"9q_ra
ph[a—v+29%1-:——ﬁzv+9 j [%+@ﬁ+2&9~)
v fialfo el
A71M, q,, gy, g ZRF UFESHL Y

13av1=3
g = Eh [a_u V(E-+ av)]
i = r ro6
Eh ou u ov
% 1( o 7*%) ®)
Eh ou dv v
s = 2(1+v)(% Er—_?)

D= Y239 #9 7 (bending rigidity)S e}
W3, V2% bi-harmonic GAkA}o)r}

3 2 2

:‘Eh 5o V2=_62+i+—26 > (4)
2(1-v%) or* ror r*se

H2a9 WEE 24" Jm, gF= A4

wolmz AAzde ted QOI Foj A},

u=v=w=a—ui:0 atr=a
or
2
qrzqr0=rnr=_DaV w+__afn,-g =0 atTIb(S)
or rof

7] A,

ey =_(1_V)D[ Cw _ ow ©)

fod AWMy oznE =RYR
AAG2a9] £4E& 93 FA2LYL AHEEA
o fFEsayel FHge, Aupgozne
weak form & X351 ol T AAE HL3 A
3ol dis] ojitsigtoz A AupAAe 4.
HY BN es fEE AR o FolL,

WA, Weak form o A3t= o33 g}
_r oM’
phLu" P

+O%ph [ 07 kuPdA+ Oph [ W*' guPdA + [ &' DrEraa

P
u Tgau—dA
ot

= [#717dA

2. b
~pT O
ph at?

= [a*'1°aA
o 7} A,

dA+ [ & D'g}dA+ [ 87QedA @

oo fow ow)’ 0—_{9_@ @}
“lor we] T " 1ar o8
0
J, Q:[qr qra}
- 9o 9o
P = PhIrQ? +eQ? cos@ - eQsin 6 +P,
phirQ +eQ?sin g —eQcosd)+ P,
£ ={p,}. ®
weak form S ZH-E o|itstE fHE-AE A2
£ =371 Y98l C, continuity @} twist condition
KR

S WE3E A (conforming) 249 2 A HA
LR A4 (Fig )& A&t} o] BB L= 443

-483-



Ay ase Zeol A APYsarz ¥
(mapping)d & ‘}{lc’ R ohgt FHYP BA
HE MR ol FAHYY AAE R LB
st vl ¢ 34?;}6}4. FAWEY e A}
& 98X Lagrange BHAE(0E AlES% I, o
Ao ZALE ¢804 Hermite RS0
AHESEGT e Eg Aol g Al=34r(trial
function)= ©+&3 2t}

uP =NPd#, u®=NPa’ )]

>

d,,_{ ow o Pw,

T
w owy dw, aw4 2w,
1" or o0 o080

Wy —/—
or ’ 88’ aroe
a2 ={u, v u, vyt (10)
Pe HdY BAE A shape function ©]x
N°e e WA E 9% shape function ot} 7}
%8 (weighting function)v= 99} & shape
function & 7HAY 2 AFE A9 & P &
ne& Feth

'ﬁP=an5’ —ﬁb=an: . an

T
. ow, ow, 9'w,
=qW, s ) s Wy, R >

or 00 orof or 08 oro8

7 U, D) (12)
g A&3d g 2L 7%
& glo.

(b) A 4-node conforming element with C, continuity
and its Mapping into a parametric square element

Fig. 2 Figure 2. Finite element discretization of the disc
and the newly proposed disc element with curved
edge

N N
- T .
> e med2 + 203 7F g8 a2

e=1 e=1
+ 32" (%, +gh, +k2E =3 P52
- =1
; e=1 e=
Zr] m2d? + qu "(k? + K2, it Zr] (13)
=1 e=]
e 714,

T T
m? = ph LNP NPdA, gh. =phLN" gNPdA
T T
Kk, = ph L N? koNPdA, kP =ph LB” DPBPdA,
fP = LNprPdA, m2 = ph LN”TN”dA,

T
= ph LB{’TD”B{’dA, kb, = ph LB’; QB2dA,

£ = LNbebdA (14)
HEHOZ 4(13)2 assembling FAHE AAHA
ojatste MY WAHLoR I Fo| F =
gt A
MPdP +2QGEAP +(0°KE + OKE + KP jP = FP
(15)
MPd® +(K” +K’;)d” =F? (16)
A15)E WUHSY uwet vt A48 APy WA
Ao|m, FP 7} sAgy Y 23 9
£ vehdez 3 2 EHHEF o3t 4FgL
A @15)dA Ed F Avh A6 HeWY
wol AR FANe|h K7} 783ty wAg
A wEdH  HA7Ad P H(tangent  stiffness
matrix)Z2A] HUHSY u e v T2 ZEHE
2 4 (162 dule Aepae] wayg BA
Aolct,

41 gzze 844 2 edzA

EAYEF S v AYaIY ASTHEHY
< A8 s 16l AFHER s}
o BHE HE3qct % °3.¥°ﬂ 1 dwsle o
He Z—i%lz}oﬂ )JOW,
Z £ 0.001sec & st{ . 239
B4R = @zﬂ CD-ROM tjx=0] 2ols EAX
£ A3t &,

E=3x10°N/m?, h=00012m, p=1.19x10°kg/m?,

-484 -



v=035, a=0.0075m, b=006m
2 74 daae gdsce

7V, A4, 2
T BFE BAY £ UEE FQ0. gag)
FE3e dEgone

B =F =0, p,=5t),
ol Aggttn 7kt o W, sit)e =73 4
(impulse function)©}t},

52 AlZHeE A

FTAHe ATz g3} drE o
Fodoz 7HAReong WY u, v,
2 rte) A2 FTAHAT, HHY B o)
Addaae | o4 ZYAe oF4 %3}
Ha3 A9 ¥9e r3t g9 52 gl
W, $4EEYo] e dgray A
TR A= W) YRt obyg 9
& (tangential direction)®] 2|0 W W e
& ARt Ty wigwgo s W
71EY d7AA Zo] =HHYA T U3
o A9e) WEe T wpyl glerg B
TANE AFUF) w2 W e We nn
At o1& A8 u, v, w e W) )

=
2

B3~ o

g
N
fuorlr fo tu

s
o

}

N

S ok rR Hu lr Kk o ofo

F

o X rE AN

.
T,
ot

o r=b ol THNA ¥R =0, g=x/2,
1.5e-4
1.0e-4 / A
} ~~~~~~~~~~~~~~ LT N \
»é\ /7 A\
£ 5.0e5 25 2\
5 Y N\
% N\
0.0
-5.0e-5
0.0 0.1 0.2 0.3 0.4
time
(a)
1.5e-4
1.0e-4
E s5.9es et ot
] - b
’:‘-:",.«w».ﬂrwmuwnw\nwmwwmu\unn%\“\:\.
0.0 - "
-5.0e-5
0.0 0.1 0.2 0.3 0.4
time
(©)

u {m)

u {m)

O=r,0=37/22 3to 7z} Holrxe] HAE vl
o=y

HA, HHYEFo] HXE wake] WY y o
A e FH3) 98 4 F Adyndy,
AEEFo EAd 98 YR Yehps oY
2 eph2?cosd oF —ephQsing 7} Y. zo
Bt} Q? o] FE3 gz s, WY u
eQ’cosg ol o3 FA A wE=gn & 4
Stk o] e coshd B EFStRE I HAd 9
Bt ~z/2<B<x/2 AoldM FHEEI Zohe
TE U us 9SS 088y, 1/2<0<37/2
Aol Mg SIAEE Y Z7HESFE Wy = 7
asts ARS gy a8y, g=x/2 <%
=372 dME FAHGEF o7 W w3l
7b ek ole bidt A& Holy] 98t Fig 3 o
W uod i AeHE SHAEH AL
JNEEE WA MUY o] W, Fig.
39 (a), (b), ©), (&)= &7 0=0, z/2, 7, 3x/2
A2 WS veldiv, 2850z WY =
¥EL AFge vlHEte Fobslv, taai
o iAo weby FHBEZ wHste Zr}s)
AY Ee #AasA g

o v N,

o

L

L
L.

1.5e-4

—
1.0e-4 1
5.0e-5 \
0.0
-5.0e-5 J
0.0 0.1 0.2 0.3 0.4
time
®)
1.5e-4
1.0e-4
5.0e-5 -/ \
0.0
-5.0e-5
0.0 0.1 0.2 0.3 0.4
time
(d)
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Fig. 5 Time responses for displacement w with misalignment e = 1mm ;
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