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Abstract; A top-suspended centrifuge drum was studied with consid-
eration of fluid-structure interaction of the drum and massecuite. The
analytical dynamic model was built by finite element method, and a
triangle plate element was used to build the basket wall. Moreover,
the triangular prism element of six nodes was also utilized to build

the massecuite. Therefore, the natural frequencies with and without
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consideration of fluid-structure interaction and the natural {requencies
were obtained respectively. The results showed that the natural fre-
quencies with consideration of fluid-structure interaction were smaller
than that without this consideration.

Keywords: top-suspended centrifuge; vibration characteristics; {luid-
analytical dynamic model; finite

structure interaction; drum;

element method

b2 2B O LV Ay A A b A0 TR o 2 — 1) T8 0
J3¥e AR AA 53 25 W e S MU & . ZE DS Dol vpr L 2 %2
TIRE K R SR SR Ay 2. O TR AERCR . TR
O 5 T Bl 7 0 R o 50 ML % iR 8 I B 1 ke T
WL SEEH LD WA TR B B O LR 3h ok
MR T 3 B DR DR 1L 45 2 e RGBT T4 B

B, 2 AT L DL g sl Jy 2 kAT T
ZIFEE . BN, ANGHEL C I X% B850 AL 8 64T T 0 7
YN IERISE T 51 By S h i e g R R =R N B
A FRTT AT 1 - SR G B 40 B0 X 4 T i 5 0 ik 25 i B2 AL 19
7 HEAT 43T 5 0 K BE S50 038 F Ansys B0 % & FLES Y
B O LG SEAEAT R 8 43 BT 282 5T R A 002 A R X 5 S5 25 4 O
TR AT AL ZE A 55 2 H] Ansys B00F 3 BB
O WL G AE W Ao 0 HEAT 9 B 43 AT o O X A 55 B JRE SR AT
Pefb s 2230 B A Ansys BOPR F = 4R A BG40 47 I i 4
Gy S50 MO S B0 B it 2 e B R T 1 B W5 Park
SEUTHE ST T KV B B S R AL TS RO IR EL, I AT T
B ML S 2 A 1 R S A Ak B R B S SE T AR L L B



IR RS

2017 %% 1 4

BER BT BB ERER AT 2B h .

FHENZ AR O RS O 2% 25w TIER
BT AR R EZ A S AR (X e ST 2 T
U S HEAT RN 3 M7 X LS e B B0 B 25 1 RE S LA
ZRIINTER R . B A BT T3 R % 18 5% S R E 9 U 15
Ma KA. MRERMS 3 AR ERIT RO RN L TR
01 BIF 0 BT K L Y AL TR 4 B 0 S B R S
PR B T IR 5 IR Bl T R 0 A A A I A [ R 5 3l
FIERF T TR R 2 i g R R A 1
Wi 2R GE R B 35 PR RE L OF IR AR R GERY K 4 AT SRR AT . B
TR TR AE B0 LT BR Y 38 47 1 R b OB RO AR = )
WAFAEMT AR A RS 5 1 . G A B N 25 IR
IR 1 P o b B o0 L B A 3l g

AHFFEAU LA L DAL SO B 52 % 4 W A BRI 12
SESL B WS RGO RS S AT 3 1 2E B IF A% 30
AR T F) 0 A R A P e SR s A S Y R

1 Z g RS &5 1Y 12 X B0 WLES S5 br
8 )RR
1.1 &k

bR 0 WL SR R AR X TR B AR BN TR AT
Hh R s BE L 9 5 L R T = R T AR TR B i BE R
gL, WA 1,

1 Hspot BT W TR ule.y.0) Uy
TrEE LR o Cewyst) S = TR w (s y o) AT 53 3
RN

=

G SN

3

wlx.y) = DI N (xay)u, (1)
i=1
3

v(ayat) = D Ny (x.y)o (1) &0
=1

3
w(@,y.t) = >N (xey)w, (1),
i=1

Hp, Ny o Ny o N HEIGRIREL.

Wy

BITHNEE
HICH SR KR N

1 . 2
T = jjo(l',y)[ut,(f,y,[)] hds +

1 . 2 1 . z
7[{)(1,3})[% (z,y.t)] hd.s‘ﬂL?ﬁo(I,y)[w“ (xsyst)] hds

(2)
K
T— s R onighae.J;
e 10, . SIBINAERRAE 20y oz J T LA m/ s
ol y)— MBHREEE  ke/m’
h——MR5E IR B m,
B X OARAKX D), 2w W Az 3 5 54 52 3 1 48

TR 2l BE R R TE A%

IS
=

7ufmuu s 3
A
u, — FEEHREMR T HE R R H

Uy [ulu 2 Uly s Wig sU2q 9 V24 s W2 sU3a 3 V34 7wdu] H

i R 2T R S L — J.\ph,NTNds ;
Nt Bl B A 07 T B KRR B 1l 58 10 T R L AT 2
Koo . L
N:
N . 0 0 N .. 0 0 N . 0 0
0 N 0 0 N, 0 0 N 5 0
0 0 N 0 0 N 0 0 N s
1.3 BT

FE— B s IS b, 2w T T B R R T R
B —Br SRR LRI A ARG RIS SRR .

du *w 1 Jw ?
€. = — = -+ = &,
dx dx 2 dx
dou *w 1 Jw ?
=22, — ; 4
€, 7y z PN + 7 Jy) 5 (4)
du dvu )’ w Jw Jw
Yoy = - T35 z o
’ dy dx dxdy dx dy

e LOAARLRE — BEAE e R (), B AR AL 5 99 45
fr#% Z 18] 19 5 R 300

1< .,
s:Soqu?ZS,u’a,u, (5)
i=1
s o
AR .
1,2,3 F/RBATTHT LA S wvw 3 MU oy FHIGARRR € B2
Al MEbLALFi S AR R L ST AR LR TR R
Figure 1 Diagram of the plate element He=lecreys70]" s
[ON 9* N IN 9*N . IN 3 "N s |
0 = 2 2 z 2
dx dx dx dx dx dx*
IN 9* N IN ., ?*N» IN 5 9* N s
S, = 0 — oz 5 0 2 > z 9 ;
dy dy dy dy° dy dy*®
IN,  INy, N IN,, IN ?*Nup IN,s INg 9 9* N 4
dy  ax  Tazay oy  ax T azay oy ax T azay |

69



E3EFELH

W YA 45« e T BT A 1 T A o s O LA S AT 3 2 A

Slz[lvovoj’r7522[051’011‘vS3=|:09071]T5
a1 = N{Ni.a, = NI N;.a; = N{N;;

IN 0 IN IN s

N,=[0 0 = 0 o 00 (71]’

N, =[0 o % 0 % 0 %1

H I ) — B AR 56 &R

o = De , (6)
K.

o N T 5

D R R

6 W TNy 5 AR Z A SRR
5 A 0 Y TP A T B8 R MR TR RE L BT Y U RE N

N:%J aedV+Jp(I,y,z,t)uTn\d.\w (7)
v .

Aol

p(aay 2 O— AR A WFE AR R 58 , Pa;

fiBma,u=lu v w]";

n,—— HICF T 9 []

AR R B A % 3 N ABOE IR B RS R AR O L AR
BRI A RN

u

pxayaza) = DN (x.y.2)p, (1) = Nip, » (8
i=1

K

n TR ICT S G

N. AR ITIE BB R
p,— TR ERE
2D FIs &) u] 7%

Jp(x'»y’z,l)uTn\dS =

u’( J N'n N, dS)p, =

MTQPP/IO] B (9)
ENEE

Q= Jp,N"n_‘N,,ds ;

or — WEB AL kg/m’,

M 75 43 TR B, AR Ak — LSRR A e R TP,

— Qi +kp, =0, (10)
K

. INT ON,
T Y =J, INL 9

v dx; dx,
N, TR FITTE B
FIEFIWIEEE ISR RE R L A —EWEE,
N T 5 SRS DU AT R 6 9 R M = e A SR T
R oot LA 2.
T RS AR BT B ek B TE AT TR 7 1
ARAR ¢ TETE B TR =T A AR AR AR L. B

dv ;

[N,;L.<1+§U> G=1.4);
1 .

N,:7142(1+§()) (i =2,5; 1D
1 .

INIZL‘;(I“‘F@()) (i = 3,6),

70

K
Ll st 9L%7ﬁ7§:{§é/ﬁ‘o

¢

B2 BEZHELET
Figure 2 Fillmass three prism unit

F (5 O FORAK T B 2K (10D, FF Z B 55 5%
Bt 18 X LT I 5 ] A5 5 SR SR T A EE S -

N = %urkquuTm'b' s (12

.

k—RBEAR AT W SRR . H k=[S DS, dV;
FERS 1 B BN B A m = Qb QT /o,
1.4 BRiBEZhEsHRE

/
m

N FRLA% B H 52
i(i)*ngﬂ=F+qy (13)
dz Ju Ju
Ju
A

F——AM et 1)) 3y 1) 4k 5
q — TSI 037 B A 5 HAN IR 45 Y B 50 X H 4 T

P B R % LR % O T B0 932 S 7 7R DR

(m~+mHu-+ku=F—+q—mu, , (14)
IEEP:
u, BALTE A NI T s B A B

1.5 BfHRE

BEL B R G TR 17 5500 0 8 AR 43 Ho B AN BE 43 1 A
TR 43 WL E 3, B AN EB 4 e BRE 4 A = A P AR B 0T 4 B (PR
JEH E N 9.10.17.18.25,26), FIEM (PACT AN 1.2.9,
LO) AT P59 AR (A IG5 25,26,33,34) 43 5l B I > = £
TEAR B ICLH B M B 4 A = A 0 A B (B IC T R d
#1,2,9,10,17,18,25,26,33,34,41,42),

W B AR ICRE ST 5 R G g5 1] A AL 5 B R
W R by B8 LT Ak B 5 3 AR Al B 18] 1) 7 0 40 B . SR FH KRG
BELJ@ B0 ok 3 fRUA 11 BELJE B4 52 W) DLBE AR AT 4 5 14 5 B 3R
GoJ A bR )R U WG 50 R GE 38 30 #e -

MU+CU+KU=F M, U, . (15

s

U UL U —— 43 5 Jo o 2 B 0 SCA B 160 Tk ke i o
S U R ) A



IR RS

2017 %% 1 4

A 3

SR AR

Figure 3 The finite element model of the drum
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Table 1 Parameters of the centrifuge
HeiNtE/ WERER/ Wdim/ TARH: 3/ L E-S5FN BB mEE/, RSO RVEEE/
mm mm mm (remin 1) JE B /mm (kg *» m %) (kg *m %)
1 600 18 1097 1 060 230 1 500 7 850
®2 HHRFAWMSMEFHE
Table 2 Natural frequencies of the drum
SR/ 1 2 3 4 5 6 7 8
% 8RR A R 11.69 12.36 26.23 63.82 67.77 98.10 134.18 166.55
AN R R R ) 15.88 17.62 36.20 89.86 101.53 129.09 194.85 219.80
FAEY 7 0.74 0.70 0.72 0.71 0.67 0.76 0.69 0.76
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