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SMART STRUCTURES, PRECISION
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MECHATRONIC SYSTEMS WITH
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Background & Objective

> Applications:
Magnetic fusion, Energy storage device, Magnetohydrodynamic

system (MHD), Magnetic forming, Magnetically levitated
vehicles (MLYV) ...

Magnetic guns or cannons in military field, Nuclear-magnetic-
resonance measurement (NMR) for medical use ...

** Problems Induced & Objectives:

v" Stress in electromagnetic structures induced by electromagnetic
forces

v' Magneto-elastic stability

v Mechanics behaviour of electromagnetic structures under
coupled multi-fields, such as magnetic, thermal, fluid fields and
SO Oon ...

Page 24 (c) Wang Xingzhe



N
DEPARTMENT OF MECHANICS LANZHOU UNIVERSITY %;

* Mathematic Modeling GREBH-BETHE, LIELM)

——Magnetoelastic generalized variational principle

(1) Magnetic energy of ME system ( )
" {¢,u}=

—
(jo B*dH *)dv)+

(2) Strain energy of plate ( )

™ {pup=—[ C

1.0u
+ jy C(l—v){z[a +

BR, O*W O*w
+_[ +D(1_V)[( - 2 2
S OoXoy OX° oy

(3) Total generalized energy of ME system

11 {¢’ U} — Hem{¢, U}—l— Hme{¢’ U}
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(4) Magnetoelastic generalized variational principle

Al {¢,u}=6,IK{p,u}+6,IKgp,u}=0

Mechanics Deformation Field
Governing equations &
Boundary conditions for plates

Magnetic Field
Governing equations

& Boundary conditions

(5) Equivalent magnetic forces exerted on SFM plates

=0y, Explanation:
Transformation from
the magnetic energy

to the mechanical energy
of the system.

em Hp, +
o (X’y):|:2/u (H, ) + (H ) —j B dH :|
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*Numerical Method -- Coupled FEM for Multi-fields

Magnetic Field

FEM for Magnetic Field
[K™'([®], [UD][@] =[P]

r————

Mechanics
Deformation Field

FEM for Deformation Field

[K™(UDI[V] =[Q(@([UD])]

\N-R Method for nonlinearity of MF N-R Method for nonlinearity of MDg
©,.]=[@,]-[J, ] {KT (V] [@,])]@,]-[P} 1 [U,.]=[U]-[A THIK (U, DIV, ]-[Q(@ F1} L

Iteration Method for nonlinearity of coupling fields: |Umna—Ymn
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* Numerical Simulation Results

(1) Linear magnetization and linear deformatiQp

TAELE_ 1. Comparison of Critical Magnetic Fields B [=B./
(o E)'™ = 107

Theoraetical Results
(Error in %)
E xperiment of Moomn et al.
Miva =t al. (1980}
[y

— G5
— 03"
¥ -0
-—u =07
-8 G

00O
B b

Mmoo obkale
— 0y D S e thk oD

.07
3.0l
554
0 4.64 (
ZRE W
6.49
11.9 ¢
o066
6.7

B0 L bn D0~ b L e

o o N M g g g

WO LA

Note: 1) For cantilevered SFM plate in transverse magnetic field.j§
I1) Edge effect of magnetic field included.

R
k S ——

Zheng XJ,Zhou YH,Wang X, et al ASCE J. Eng. Mech. 1999
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(2) Nonlinear magnetization and linear deformation for ME system

= 2.0 {Linzar) —=— B = 7.47 (Linear)

—o— B, = 7.47 (Nonlinear)
—_— Bﬂ‘: 17.51 (Linear)
—o—B, = 17.51 (Nonlinear)

B,
SFM simply supported plate in oblique SFM simply supported plate in
magnetic field: Wyax VS. By, obligue magnetic field: Wy VS. 6.

Zheng XJ, Wang X, INT. J. Solids Struct. 2001
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(3) Linear magnetization and nonlinear deformation for ME system

(a) Pre-buckling

—e— | Small-dedlecion theory }
=—a— { Large-daflectson theory |

/:'—;\\t{\\\\\
PSS\
\\\Q'"'l,’//t'.h\\\ O
\ //

A7
N

b) Post-buckling

Effect of incident angle 6 on BOcr for SFM —\v'#
cantilevered plate ‘\\\\\\\\\‘\\\}tt X
N
N\

Zheng XJ, Wang X, ASCE J. Eng. Mech. 2003
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(4) Mathematic Modeling and simulation For SFM Shells

Strain energy of shell

™ {p,u} = %IS+{C[55 + 5[23 + 2vgagﬂ — % (1- V)gjﬂ]

+DLx.+ x5 +2vi,x s +A—v) xos1}ds

Outs d.c Region

gg
HEH
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Table 2

LANZHOU UNIVERSITY

The circumferential strain at the middle section of a ferromagnetic cylindrical shell in magnetic field (B, =1.0T)

Strain &> 107%)

Experiment result  This paper result
Miyata and Miya

(1988) A~

Moon and Pao
{1968)

N\

Pao and Yeh Eringen and
(1973) Maugin (1990)

N\ N

fl =(*
Relative error (%0)

fl =90
Relative error (%40)

250

531
(112.4)

=576
(278.9)

97 489
(58.5) (95.6)

=203 =T7134
(33.6) (4593.4

—— = 0.0a+0
—— =1 0e43
—0— = 3.0a43
—— =1 .0a+d
— = 1.024+10

(a5 195" (%

Zheng XJ, Wang X, INT. J. Solids Struct. 2003

T e e e e e —— e

4x107 6x10° ax10° 1x10*
relative permeability o,
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“*Mathematic Modeling (J~ X &#a8 1435 S5 IRIS)

—— Magneto-thermo-elastic generalized variational principle

(1) Magnetic energy of MTE system (Magnetization nonlinearity)

Hem ¢ u} —

%—“Q(u)’uO (V¢‘)2dv+ISO 00 B ek

(2) Total mechanical energy of thermoelasticity for MTE system
Hme{u,T}zj'm [, T)+n T - -u]dv—js F™ .-u ds
:_fm{%i[tr(e)]z +Ge:e—a(31+2G)[tr(e)](T —T,)

2
L CE (T _TO) n
2T,

—fme -u}dv—_[s F™ .uds
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(3) Heat potential energy of thermal flux of MTE system
1

= [ KOVTY - A TIov— [ [0~ AH,TT = 2H, T s

(4) Functional of total generalized energy of MTE system
I {p,u, T}=1"{g, u}+ I"*{u, T}+ I"{T}

(5) Magneto-thermo-elastic generalized variational principle

Al {p,u,T}=06,IKgp,u,T}+5 I{g,u,T}+6 1K, u, T}=0

Magnetic Field Thermal Field Deformation Field

Governing equations Governing equations Governing equations

& Boundary conditions & Boundary conditions & Boundary conditions
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NAnalyS|s (I\/Iagneto thermo-elastic buckling of SFM plate )

V- (uVep") =0 In Q (u)

o¢: Equations for magnetic field;

o0 T. Equations for thermal field;

kV*T + phyr =0 in Q°

T=T" onSt
on Sp

2 2 2
—(N a—2+2N a—+N 8_
" OX ' Oxoy
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» Solutions
For simply supported rectangular SFM plates(without edge effect)

W= ZZAmnsm—sm% 22tk EshHE P

H" =H; +h"=—V®"-Vg¢" inQ " (u)f Ho = V" = Bo/sppk in Q"(u=0)
H =H, +h =-V®d -V¢~  inQ Hy = -V& = Bo/jpk in Q (u=0)

Vo'
_ By Sy Apn MT  MTX o T . Box Y A BT i

) cos wm oshl.k,,mu i
Uty S~ — Ay, a a f..: .L.[“H st s A, b

nimy . Boy Ak . mux . nmy . \
% €08 —— cosh(ky,z)i 4 ( N T Gin sin —— sinh(k,,z)k
b ’ Holly ‘—-' AV a h '

vf’fl
By T T‘ A M o™ 131. : ( R_Th )C.i..«..n':_.h.-'l 1)

Hy S S A a

P

Ay, . mnx niy kot \ & nin
— sin cos sinh | —— |e™

b a b 2

B S FHF

By -I,,,,TF\,,,,T .omax . oy . kel
2% sen(z : \_; sin sin —- smh( e I

;_ I g
0 ] m ﬂ Fri
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FHFL -

W ol

a¥Th 5 . mnx .
S11 S

» Buckling

Case (i). Magneto-elasticity:

Wang X, Zhou YH, Zheng XJ, Int. J. Eng. Sci. 2002
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2 ]. 2
[ (V62 dots [ (Ve de+ [ 0By
Jat i) = J2 fu)

« Ko

Clle, + e )t +2(1 — ‘L':If!-'f.v — &.&,)|ds

o S

D((x. + 70" + 200 —v){(x — x.7,)] ds

r .'5!."-2 _}; .|-._
/ (g + &) {/ (T — Tﬂjd:] ds + 1” / (£, + 7.) [[
. K B2 — ¥ gt . /2

Cg ¥ (1 + ) [ /’“
T — Ty dzd
27, fl—ul—’m} S - 0) dzds
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- S : ", . 1y T L. )
Hr_g! J| T I’ — / {:k|TTI_ — I:"Hr!-r T:| dov — / [| g — 22 .lr.lrr TI T — ;.-".]If‘:r r_:| ds
Jot L« o Sp -

VT +phr =0 in@Q

FEM formulation for magenetic field o=
! ! Fc?_ g+ LH(T-T) onSp
o

|H—;'.r.1r||{h| — |I]| |H£‘.F.'r| — |He-_r.-.= | u, }r-||

FEM formulation for thermal field

(K" (u)][T] = [Q(u)]

FEM formulation for plate
[K™][U] = [R]
K] = [K*(U)), [R] = [R(@(U))
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Tterative method

I (U1 = (U] — (K] [¥([U])
O [¥((U,])] = K™ (U )][U,] = [ROK™ (U, [P, T)

©N VYU ") = K™ (U™ l|:]||l,.f::r' - R{K™([U ] l|I"|,]""]|

Um0 = (U] = (K], (U 7])]

m4l i

L e e e e e e e e e e e e e e - =

Repeat (1)~(4), until the following conditions

DI < e, NUREL] = [URH]I] < &2
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T = Pcos(ny/b), atx=0; T =0,

oT/ay =0, aty=0,b
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T:To—i'-ST, : T:To, at:::—h/f.’.

'aT/a,v = HT(T — 7). atx =0,a and y= 0,54
(T) =

(a) B = pyu H with g, = 1000, and (b) B = pgu, (T)H with g ( it + p.T.

—=— B8, =1286 (a)
— o @ _=1288 (b)

—A— @~ 38.63 (a)

x/a i (b)

Fig. 9. The bending of the plate in an obligue magnetic field with a small incident angle (# = 3.0°): (a) the deflection curve (371 = 50 =C
¥ = £/2); (b) the deflection vs. magnetic field.

—— B, =1288 (a)

. —a—5T=50"C {a)
—O—B,=12.88 (b

. _ —O— &T =50 C (&)
—d— B, =3863 (a) -

. —w— ET =100 |
—&— B, = 3853 (b)

. —r— ET=100"C (&)
——B,=5150 (a)

. O —— ET=200"C a)
—oo— B, =5150 (b) et~

—— T =200 "C [&)

(b}

Fig. 10. The bending of the plate in an obligue magnetic field with a large incident angle (8 = 10.0°

)z (a) the deflection o
(8T = 50 °C, ¥ = b,/2); (b) the deflection vs. magnetic field.

Wang X, Zheng XJ, Lee J.S., INT. J. Solids Struct. 2003
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1.  Xingzhe Wang, et al. ASCE Journal of Engineering Mechanics, 2006, 132(4):422-428
2.  Xingzhe Wang, et al. Int J of Mechanical Sciences, 2006,48(8):889-898

3.  Xingzhe Wang, Int Conference on enhancement and promotion of Computational Methods in
Engineering Science and Mechanics, 2006, Aug, Changchun,China
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Background & Objective
QEARE:

> Flexible rotating blades, gas turbines,
circular saws ......

» High density and high speed —
HDD, VCD/DVD, Floppy Disk.

~———

Page 45 (c) Wang Xingzhe



DEPARTMENT OF MECHANICS

100

o
>
o
o
W
£
B
Q
<
>
=
]
g
T
&)

Page 46

LT I
‘J r.d ’1_ lm::h Proflle

e _fl J"‘l":

141 GB
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Epr
a3*'5.1 GB _
1GB
Microdrive

O

0.34 GB
Microdrive

Availability Year
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> BET 5% (HDD) B9 775 5]/l

R GEN. AR EH;
kB LGREF. 242 Hi4H;
RN EAGAERZE;
#HEGRE Hit 4,

iR RSP 3l < Rotating Disk Flutter (#i#) 2

1) [BETR TRmz 2 — Hydrodynamic instability caused by
aeroelastic coupling between rotating
FTF)

disk and surrounding airflow.

2) BiiREiE (S mEE) Critical speed for disk flutter
—Flutter Speed (g 5 e E E)
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> BEIE R ERIHIR

By enhancing the disk stiffness

)

By designing the base casting
Heo et al. (2000) [S2%]

Reduce disk-rim to
Extended
shroud #3 shroud gap
Smooth the shroud

Page 48

LANZHOU UNIVERSITY

Eh?
12(1-v?)p, 1

Flutter speed oc

By employing air squeeze film
Bittner and Shen (1999),

Ono and Maeda (2000),
Deeyiengyang and Ono (2001).[52%]

squeeze air bearing plate
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<+ THEORETICAL MODELING (Fipaal)
O =1 -k

l Actuator(Speaker)
sy

S ‘.
Z| | Disk r Sensory | Gei©

Enclosure

Acoustic pressure loading,
Control acoustic force.

——] T,
&)

Air-coupling force, }

Feature:
> Indirect, non-contact method —— JEFEfhiEEl
> FEFSABAO

(c) Wang Xingzhe
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B Mathematical Modeling — ¥ 2 #E %!

Description of rotating disk vibration

o’'w  o'w & 16
% at\év—l_zat@\/;+80V¥+IUV4W_[Fa(rGr or )+ ( 9)].
= Boundary Condition
:!_JE a) At the clamped edge: =5EH
] KM HEE T P 1
W _ =aw/er|_ =0 ...

b) At the free edge:

82 (an 1 0°w
o ‘ror r’oe r 66’2 o r

)]_1_0 [ (V2 (1—21/) O oW w

)1 =0

(c) Wang Xingzhe
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Description of loadings of system

(1). Aerodynamic Force Induced By Rotating Disk-Airflow Coupling
----- Rotating Damping Model

ow . Q, ow
q; (r,0,t) =/;C [E"‘(l—g—) 86?]

C: Damping coefficient Q. / Q : Rotation speed ratio

(2). Acoustic Force Induced By Acoustic-Structure Coupling

o¢,(r,0,2=0",t) 0g,(r,0,z =0‘,t)]

0. (r,0,t) = A[ = =

(c) Wang Xingzhe
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Where ¢, is the acoustic velocity potential, and is governed by

[ % — . By N — . — —E—— A BT B i — - N — 0 — I
[ >
7 8 ¢a
| Vid =Moo :
17 |
[
I oA 0p,
=0, =0, a¢a -0 , a¢a -0 I
I or r=r, 0z 7=tz 8]" r—r 82 e I
| 54 0 (0<r<k) e e :
I al = . ¢ =0 (1<r<r)
oz |,_, (k<r<l) =Y [
[
T R R T T T R R P R T ) [

The boundary conditions, match conditions on the disk surface and at
the clearance between the disk rim and enclosure:
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(3). Acoustic Control Force Induced By Actuator

0@, (r,0,z=0",1)
ot

q.(r,0,t)=A

Where ¢, is the acoustic velocity potential, and is governed by

[ [
*Ié I VZ¢C — M 2 82¢C I
il a
/|l i W I
| o _, o8 _ o8 _|aOETL ((r.0)es,) |

— ' — Y, 62 i — (rs,0
: 82 z=0 ar r=r =1, \ O ((r’e) E Sa) :
e o o o e e e e e e e e e e e e e o e E= = =

(c) Wang Xingzhe
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Description of loadings of system

q(r,o0,t)
e v N 2N
q,(r.6,t) | + QoY | 4+ | q(réd)
(1) A (2 ? (3)

Aerodynamic force, “damping” and taking into account the air coupling
“lift” , the ratio proportional to Q. and examining the eigenvalues of the
hole disk systems.

Yasuda et al. (JSME Int J. 1992): \k Renshaw et al. (J Sound Vib. 1994)

.

Kim et al. (J Sound Vib. 2000),Hansen et
al.(J Fluids Struct. 2001) in an aeroelastic
model to include a series of parameters
(Sin:Cns Qi) determined for each mode

(m,n) at each rotation speed. Wang X,Huang, X, Acta Mechanica Sinica, 2006
A1) -
(1) e =SB 12T R

(2) B = 153 1 ) S it 2

(c) Wang Xingzhe



DEPARTMENT OF MECHANICS LANZHOU UNIVERSITY

B Solutions — 2T BB R

o Characteristics

Transverse Displacement Cou p | | N g S Disturbed Acoustic Fields

w(r,o,t)

@,(r,0,z,1),4.(r,0,z,t)

Matching conditions of velocities
On the surface of disk: o¢, /0z ~ ow/ ot

and the surfaces of actuators:
0@, /07 ~ aw/at\

(r.65)

— Difficulties arising from couplings

— All equations should be solved synchronously

(c) Wang Xingzhe
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B Solutions — 2T BB R

w(r,0,t) = Zcm R_(r)e'"

0

¢a Zd COShbk(z Z)]Jn(é:kr)ei(nemt)’

k=1

OO

¢c — de COSh(akz)Jn(gk r)ei(neut)
/ k=1 \

. (m,n): Disk vibration mode
m =: Nodal circle number

n =: Nodal diameter number
A =: Eigenvalue

W, d,, 4. satisfy partial boundary
conditions or governing equations

v

Equation of disk vibration

(c) Wang Xingzhe
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[c] -- unknown
coefficient matrix

[B] -- free vibration of

rotating disk

[P'][P*],[P°]
-- aerodynamic, acoustic,
control forces

~ Galerkin’s Method

{[BI+[P 1+[P*1+[P°1}Hc] =[0]

‘ Nontrivial Solution

det{[B]+[P']+[P*]+[P°]}=0

‘Damping’
EV Im(A)
A

Natural Frequency EigenvaluesA | — ; O <\O
Re(2) ? (AFTW, ABTW) Stable Unstable
(Flutter)

4

(c) Wang Xingzhe
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B Simulation results

» Material & geometric properties

Density, p; (Kg/m3) 7.8X103
Outer radius, r, (m) 0.178
Clamping ratio, 0.3
Disk Thickness, h (m) 0.775
Young’s modulus, E (GPa) 200
Possion’s ratio, v 0.3
Entlastce Radius, r./r, 1.2
Height, z/r, 0.5
Airflow Density, p, (Kg/m?3) 1.21
Speed of sound, a (m/s) 340

X The properties of disk same as the ones used in D'Angelo et al’s
experiment.

(c) Wang Xingzhe
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> \erifications & Observations of Disk Flutter (c=0.02; Q/Q=2/3)

400

300}
N
<
B
N
S 200 Ny
% 082
2 sy
100} 0 OFIL g7 o3A° |
<<
RS (0.1)BTW ——
0 st " 0,2)BTW
0 2008™ 4000 6000

Rotation speed (rpm)

Critical speed

8000

Im(.) /2= (Damping)

0.3

0.2}

0.1p

-0.1f

0.2}

Flutter speed

2000

4000 6000 8000 10000 12000

Rotation speed (rpm)

(a) Real part of eigenvalue or mode frequency (b) Imaginary part of eigenvalue or damping

(c) Wang Xingzhe
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03 03 .
Mode (0,4)
02t 02} 1
2 o1 e
4 g
S S
§ 5
g o 2
-0.2
03 . - - . . 03 - . . . .
0 1000 2000 i 3000 4000 5000 6000 ~o 1000 2000 3000 4000 5000 6000
(@) Rotation speed (rpm) L) Rotation speed (rpm)
25
Stable
20 | Im(x)>0 -
Unstable
Im(2)<0
15 + =1
S O
g_ =
g 3
v 10 + 6,000rpm _
g 5,000rpm
§ =k Q = 4, 000rpm 3
o L 1 1 L 1
-180 -120 -60 0 60 120 180

120
Phase shift o (Degrees) 180" ©

Phase shift o (Degrees)

v'The feedback control method proposed can suppress disk flutter effectively
v’ The actuating system has a large operation region and therefore it is robust

Huang,X, Wang X, J. Fluid & Structures, 2004

(c) Wang Xingzhe
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» Control Performance & Optimization

Case (a).One Piezo-patch  Case (b).Two Piezo-patches Case (c).Three Piezo-patches

Schematic diagram of Piezo-patch(es) arrangement on the
upper cover plate surface

(c) Wang Xingzhe
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» Case (a) -- One piezo-patch actuator

Mode (0, 3)
0.1
(b) Stability Map in 6-c plane
2 0.05 30 — .
g' Mode (0, 3)
:.DU, 0 25} Stable
S Im@)>0
J<3
£ -0.05 eyt 1 20t Unstable
: e, | e
"ny_ 0w 00 £ 15}
0.1} co. ©
20.0%,, U]
30. ‘%‘ 12000rpm
L L I I I I - 10 -
0 2000 4000 6000 8000 10000 12000 14000 11000rpm
Rotation Speed (rpm) f
5F ©=10000rpm
(a) Damping vs. Rotation speed
0

-150 -100 -50 0 50 100 150
Phase ¢ (Degree)

Control performance for one actuator with r,=0.7.r,=1.0, and A8=10°

(c) Wang Xingzhe
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Case (a)

Actuator (b) 6, vs. Sector angle A8 (Fixed r;=0.7,r,=1.0)
; 80 v 2 — —r .
! —e— Mode (0,3)
/A8 - X4 —e— Mode (04)
b7 Ve —+— Mode (05)
500 . . 60}
—o— Mode (0,3)
—&— Mode (0,4)
400} —+— Mode (0,5) || B
(_,;E 40
300¢
OE 201 about 40°
200t
D QA o
0 1 1
100} 0 50 100 150 200 250
Annulus sector angle A6 (Degree)
00 0'2 0-4 e 0 +» Disable for control:
" Radial width(t, -, ) ' A6=120° for mode (0,3);
2 . - 2 A6=90°, 180° for mode (0,4);
(O) Gmin vs. Radial width (F|Xed AB=10 ) A9=720, 1440’ 2160 for mode (0’5)

Effect of actuator size on control performance for one actuator

(c) Wang Xingzhe
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» Case (b) -- Two piezo-patches (G,= G,, 6,=0,)

(a) 6,,, vs. Sector angle A0 (Fixed 6=90°)

80

—e— Mode (0,3)
—&— Mode (0,4) 3
—+— Mode (0,9)

Fixed relative
angle € =90°

60}

Upper Cover Plate

About 40°

Change sector angle A9

e . e H

108720, 430+ 1 40, 4805~ 604 70/ 8078790
Sector angle A0 (Degree)

Control performance for two actuators

(c) Wang Xingzhe
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Case (b)
Fixed sector (b) 6,,, vs. Relative angle 6 ( A0=40°/2)
angle A0 80 Rl s XN
Ac 'l —e— Mode (0,3)
o —&— Mode (0,4)
Relative —+— Mode (0,9)
60} -

\Upper Cover Plate/

Change relative angle

alr About 75° l
¢ By dividing one patch into two patches we’ef Glte P O\&M
and arranging with a proper relative 0 : : :
angle, the control gains are smaller. 20 100 150 200

Relative angle o (Degree)

Control performance for two actuators

(c) Wang Xingzhe
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= (Case (c) -- Three piezo-patches (G,=G,=G,)

(a) 6,,, vs. Sector angle A6 (c,=0,=03)
Actuat(;g
4 . .
—e— Mode (0,3)
3 L
Upper Cover Plate
£ o
o 2
Actuator—"""
#3
Change sector angle
1 L
0 ¢ Flutter control for modes (0,4)

0 20 40 60 80 100 120 and (0,5) is disable.
Sector angle A0 (Degree)

Control performance for three actuators

(c) Wang Xingzhe
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Case (c)
(b) 6,,, vs. Relative phase shift o;,; 4 N\
> Fixed locations.
80 N - Iv.l p .0-3 T > Fixed size A0=40°/3.
—o—
—a Mgdz %0:4; > Different phase shift:
—+— Mode (0,5) Gy, 02=01%0123, 03502+Cy3
: | 7 /
:
o 40 -
Abqut - 160° //
20.. .
D
0| v W )
150

-150 -100 -50 0 50 100

Relative phase shiftc (Degree)

123
Control performance for three actuators

‘Wang X, Huang,X, AIAA Journal, 2006 \
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< HEHXBEFENERE

> BEAR: BEEE. RIS EE. HiF. FREREF

> FFRlAY:
v AREE (. BREM)
v FHEEE)E (M. JEZM)
v EhFEFEIE (Willson—0. Newmark75ESF)
v E&MAFIEEE ( Newton %, Newton—Raphsonik.

IR A HIEHEES)

v EREGRLIEF
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X *Eﬁiﬁi-h
> 25 OIS RS KEEHITIERF R, RERAE.
=
> XKAEENEELIE-195EE, EREENWEEGSF
> BRAZS M B MEE S IR
> REMEERIFE (BREGS)

. {

[AR Y] TXN
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Implementation Flowchart

GUI - MATLAB Initializing input data ...

Input and Save Parameters Call BIF...
of Rotating Disk System

Built-In Function - C++
Function of Simulation

Using Galerkin’s Method

GUI - MATLAB i
Outputting Results data ...
Collect and Plot Simulation Return to GUI ...

Results
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Pre-Processing

Pre-
Processing

1

Case 2 Case 3
Vibration With Air-Coupling Feedback Control

Parameter of Parameter of Parameter of
Disk Air-Coupling Feedback
Control

Calculation

Processing

Post-
Processing
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Calculation Processing

Input Parameters
With MATLAB GUI

1

Calculate inner productions and coefficients
for rotating disk, sound field, and so on.
Build the all matrices for system.

Flowchart

Pre-
Processing

Calculation

Processing

Solve characteristic eq. Solve characteristic eq. Solve characteristic eq.
det ([B]) =0 det ([B]+[P"1+[P*])=0 § det([BI+[P']+[P*]+[P°])=0

Post-

o Processing
Obtain eigenvalues of system

Re(A) and Im(A)
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Post-Processing

Collect and Save
simulation results

Flowchart

Pre-
Processing

Choose corresponding GUIs:

Case 1, Case 2, or Case 3.
Calculation

Loading results data Processing

Plot Mode Shapes,
Frequencies, Damping,
Stability Maps

Post-
Processing
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Main User Interactive Menu

<) RotatingDisk¥ibratio)
File - Run - Results - Help

Aeroelastic Vibration and Feedback Control of
Rotating Disk

Nanyang

Parameter of Disk Function Parameter of Air-Coupling
{Only one Chosen)

Outer Radius:[ Input Ro {m) Air-Loading Coefficient:

.01

" ¥ibration Without Air-Coupling g 02

Inner Radius: Input Ri (m 13 atin.
I () ¢ Vibration With Air-Coupling Rotation Ratio: T
0.75 St

jinckne -5 I Inputh (m) " Feedback Control Enclosure iz

Density: | Input (kg/m”3) Radius [11Ro  ~| Height [01Rc ~]

Young's Modulus:l Input E (Pa) Parameter of Feedback Control

Bansion S Rhia ' Input value Location of Sensor:

Rs m Theta [0 Degree) = Actuator Radius: |g_4|q.;. vl

Gain of Controller Phase Shift of Controller (Degree)
From | Initial value T0| Ending value FIOIIII Initial value To | Ending value Froml Initial value To l Ending value

Rotation Speed (Rpm)

Accept Run Reset

(c) Wang Xingzhe
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User Interactive Menu — Result Plot 1

m=0, n=2

= 0,2)
; ’

File Edit Yiew Insert Tools Window Help = | N
Dl AN e '\

3D View

Nodal circle

Vibration Mode: | — LI

Nodal diameter

[ne1 2]

3D View
Operation

Load Data

3D View

2D View

Select a operation for animation:

Animation

|

, ree Yibration - Botation System [or no-rotating disk)
Free Vibration - Fixed System - FT'W

Free Vibration - Fixed System - BT'wW

Free Vibration - Fixed System - FT'W & BT'wW
Unstable Vibration - Rotation System

Unstable Vibration - Fixed System - FT'wW
Unstable Vibration - Fixed System - BTW
Unstable Vibration - Fixed System - FTW & BTW
Controlled Vibration - Rotation System

Controlled Yibration - Fixed System - FT'W
Controlled Vibration - Fixed System - BT'W
Controlled Vibration - Fixed System - FT'wW & BTw

Radial Shape

Clear

Cancel

(C) Wang Xingzhe
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User Interactive Menu — Result Plot 2

<) RESULTS: Natural Frequency

File Edit View Insert Tools Window Help

Natrural Frequency or Damping of Disk

— Vibration without Air-Coupling —

Operation

Choose Modes
Nodal circle + diameter
F'°m|m=0 _'_JF'omln=U L]
To lm=g ZI To |n=4 L'

Load Data

Frequency

1000 2000 3000 4000 5000 6000 +70OOO 8000 9000 10000

Rotation speed (rpm)
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User Interactive Menu — Result Plot 3

<) RESULTS: Feedback Control =

File Edit View Insert Tools Window Help

Natrural Frequency & Damping & Stable Control Map
— Vibration with Feedback Control —

{ ©2=8000rpm )

Phase o (Degree)

Operation

Choose Mode
[(m=0.n=4) ~|

Load Data

Frequency

Damping

Stable Map

Clear

(c) Wang Xingzhe



Observated in Fixed Coordinate System: FTW Observated in Fixed Coordinate System: BTW

Observated in Fixed Coordinate System: FTW & BTW




Thanks /
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