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Design and study on dynamic vibration absorber of fluid—conveying pipes
based on the receptance method

Zhang Lin', Li Huafeng’, Chen Yong®, Zhang Tao™', Ding Yangjian'
1 School of Naval Architecture and Ocean Engineering, Huazhong University of Science and Technology,
Wuhan 430074, China
2 Wuhan Second Ship Design and Research Institute, Wuhan 430205, China

Abstract: [ Objectives | The fluid—conveying pipes may vibrate under external excitation. In order to
reduce the vibration of the fluid—conveying pipes and study the vibration—reduction characteristics of the
Dynamic Vibration Absorber(DVA), [Methods] the receptance matrix of the multi-degree—of—freedom
(DOF) system of the additional spring—mass system was derived based on the passive modification method
in the receptance method, and the zero assignment of the target DOF in the multi-DOF system was
performed to suppress the corresponding vibration under the target DOF. On this basis, a DVA was
designed and applied to the fluid-conveying pipes for experiments to verify its vibration-reduction effect.
[Results] The results show that the designed DVA can well absorb the vibration at the target frequency,
and the vibration reduction is better for a larger tuned mass when the target frequency is the same.
[ Conclusions ] Such DVA is convenient to install and has a wide application range, which can provide a
certain reference for pipe vibration reduction research.

Key words: pipe vibration; fluid—conveying pipes; vibration reduction; Dynamic Vibration Absorber

(DVA); zero assignment; receptance method

YRS EHA: 2018 - 08 - 31 4% B & FHE : 2019-9-30 16:09

E&TH: BREARPFFREATIINE (10702022)

EEBA : KAk, 53,1993 4F4E A, WFSE 5 ] 2R AT S AR . E-mail : zhanglin120121@163.com
KWL 51976 4R A4 I BB . WFSE T IA)  A5 AR B G o E-mail: zhangt7666@hust.edu.cn

“EEEE: ki



55539

SR I A5 < 5 T 50 2R 8 5 R A e sl ) W AR AR B S 139

0 51 =

H BT 3800 8 A Sy ik A ) A
Bz 0 TR AA R S AR O U i 2 A
PR A B A B A AV R 27 AR R 3
RS I b RS AR RS AR XA B2 A
TG L T LA Xk 8 0 A B 1 DB AT BE 5 R T
AR TR EZR

B 22 3 40 B (Receptance matrix) FH T 7~ 45
P BB B EETE S U E TR (932 3
SR/ oz g i A A | R U
8l % & J5 ¥ (Receptance Method ) 42 — F | FH 45 14
) AT 0] 1R ESORT 2R SRR A T ORAIR 3 AT B O s . O R
DL AR G2 4548 1Y) 31 52 B8 I o BE A o sl 8 e
BUH F A S A A Y B | W EE B BE S R
WA A B4R R Zh 09 B 8y . a8 HIZ 7 e, 5 45
o T B, T Al A T A 3T 25 R ) Bl R L A
FI) 2 A6 1 Bl 2 B B 5 7 G5 R O A AN o A U T
3 Ao R ) e DG 3 SR — U AR T A e 3 bRy
B BNZ A B R I, SR IT A
ST KAV a5 kAR st A B it i H]
TR AR M i B vh IO B0 A AR Y A A R AT
i ifh 4 A7 B T AR, A JC 5 43 A 4 o A 20 1 Dl
J5, homT W R SE B TR A R T e PR oK
iz FH 3l 2 BE 5 2 0 4l Al AT 4R sl 4 ) 3 A )
B R FE Sl 2 Fh o7 s, o B Tz 1 02
s Bk

TESE M B S & B 7 T, - 1E 1968 4F , Weissen-
burger > 7£ A58 TAE sk i 78k 1 098 32 i
W R A O R (R RS 2, TG 35 1) [0 A
. Pomazal il Synder K5 SCHk [ 2 1 Fr ik 7 ik 9 &
FNFAEPHJE R G, ITEAS B 7% R G0 [ A R
FAREY . 1972 4F 3 [ 78 B HL B il & iz
BT EIEAT T A5 F AL E . Vincent HF5E
RN, HEA 32 [ 7 A 0 84T RN Y &R e Bk
1B BRI, 28 498 HC At A48 e 1) i 7 K B 3 1 20 S L
W AR AE SR T B R — AR B IR RS
Py BT 1 Y AR [ A A A 1 AR ST (B R
JE S BT AR S B ) B, Berman Fl Nagy ™ 1F
— 5T T Vincent 952 -1 R e, 46 T fy 5
F R G A B IRES o Tehrani %1 Vincent
1Y 52T IR B 3 R 2] 1 % M AL (Y SRR BH JE R 5E
P AN [ A7 B8 R A7 48 W8, DT 38 8104100 ) iy DG 3 40 %%
RPRBN B B, SR I EISAT A — R BBk
RIFE L5 v sh B el s 2 S EUR IR g T R 2 5 1&
VB L A [ A 4 48 e AR AR Ak 3 R ek 2 BT RE - B

HAAL 1 PR 3 A2 RS HfA RS 2R . T,

Belotti 45 " H2 T —FiRRIR Y o7 i 09 R 58, R ]

K FR G0 Al AR B o 1] A AR R AT I B, LR
N5 e 245 ) 1 LA AT %%

Frahm™ 7T 1909 4E32 1 (A1 50 1 ﬂ&iﬂf{%ﬁ(Dynamic
Vibration Absorber, DV A ) j& — it $1 7Y 1) 45 #4) 4 )
B O 2, AT R W 3 2R e AE HE A IR Y
PR RE I, DT 2 45 A I IR 19 H B . 3 1 4R
i BT B SRS RN B JE AR A . MR T B
PRy — 4> B IN7E 75 SR 1) 24548 BB el
RO, 8 ARG 52 BRIk Bl , BRI R
F 3T T I A A5 1) O T R I, A AR A Bl T
FARGE A F it — A~ AR R 0, AR S0 A8 Al
T o MR AR TE TAERAST L b B3 Y BB 1 25 Bk
1% 36 B W AR A b, DA 3RE G 1 2 A 25 A PR IR Bl i
ZEVBEIR o BT XT3 0 W AR 0 DR ROR AT
843 A1 Z2 Fh 38 o £ BHLJe e 19 il 1, 2 IR
ZA RIS AR RCR R, I3 o 1 0 A i
N FH VA S o g B i IR SR AT TSR IE

25 L RTIR 8 )W Ik A% BAT S5 AL ) B 27
i TC T R MR BB A O A, TR A8 U IR AT 5 vh
BARGF RN AT S o BRI, R SOR I T 3h 2 2
2P BB B BOBIAE e S A R S TR R
GixtZ A MRS AT G SR 1B
W, O M) P 38 5 o et R e G IR B fh L X IR A
H1RE R GE 9 B AR A i BE7EAT 2 0 (5 i) iR 1)
BCE L (% A o BT B4R Sh A BUAH R R I . AE
135 i o e U LD VAU R = A T = S o= 0 A L)
P , 300 o a4 20 Tk B A R, B 5T R
RO .

1 SRS SRiE & 5t

FT b SCRT R 2l T W 3k s A JBt S — i i
TE LS5 M LR SR R R G (B A5 N — A
Z HMERG, Bk WINEIZ2 A hE RS
B r B B CR 50 B i LR . B, m,
M A o R e A TR A A R R gl T AR 2R
AR 2 7= R R A A Bl , TSI T RS RS
AR o DRI, o RS A 64 el B2 2R, BRI T 0%

| £ \

k.

m,

Bl R SR e AR S e R A5 5 r A P s A
Fig.1  Schematic diagram of the r=DOF main structure

modification using a spring mass system



140 o E M

M W 5T 143

PRA ST A 0 F B EE A nt 1
S HLS Al 1, Z RN 2 B B E RS
11z 3l oy 7 #E
Mi(t) + Cit) + Kx(t)= f(t) (1)
K. M ARG RAER; C h ARG EHE
Mes K N RGN BERE M x MM s f(0)
it 25 g Bt Bk, hiE sl E] .
XFEC (D) AT R AR, AT 45
SM+sC+K=f(s) (2)
K, f(s) BRGEZ BN SN, I s a5
) A
RGN BE AR Z(s) i S

Z(s)=(s"M+sC+K) (3)
K2 FRH
Z(s)x(s)=f(s) (4)
A, x(s) ARG Z BN G iz s & (LR
BE I ) .
$ () H R N AR IE
Zy Zn o I [, fi
T e
an Zn2 Z.mz X;n fn

Aoz, W A E RS A LR
{315 B0 k58 T AR 59 L IR LN R 5 x,
i T A S £ SN RS | A i
0 0

[R5 F1 ol B Se Y 1 ol BE U7 2
B 55 ¢ 1 L B S R R R LR (5) T
R

Zn Zn Z1, 0 X
Zy Iy Z X
z X, |=

Zl ZnZ z xﬂ

. 0/\dx
0 0 0 0 X, h
0 0 0 : X, f
0 : :
K k x|+,
0 0 0 0 x| |y
0 0 k -0 @'m, —k ) 4y 0

(6)
A S S ZE M 2 il BE 28 0 7 3 i i 3 o i
A G5 sh WA 5 45 [ il B s s A,

FErb 28 GE 1 20 I 5 4 DA D s O R A T
— A7 K= 0 JC R 5 55 A M O 9 i AR GRS
SERBIAE T A1 T 1) 2R d Ry 2R G R o
T R GAES TR T s it e 2
F O BE ARG r A R 00 A 1330
TR MR E R R LS £ A RS
WA A R PG (6) e m — 17

kx, +(w'm,—k,)dx=0 (7)
W] d A 7R Ny
k
dx=(———"——)x, (8)
(—a)zm,,+kr)x'

L, x, WRGAEH r F S O 6
A OIAK(6) M (6) - F A MnT 5 oA

00 0 0
00 0 :
0
—k, k
00 0 0
0 0 k, 0 w'm,—k,
xl
X, Y
: /2
X :
! | (9)
xﬂ E.
k I
5
—a)zmr+kr) ' 0
FE A (9) A AT, A
L S L,
—K X — )X =(——)X .
T —o'm vk, —otm, vk,
(10)

Aot ISR ¢ 1 G 0 0
#3010 FHRAZ(6)  IF I 8 (6) 195 e
1 Bne1 510, 119

2 I Zi | X%
Zy Zpy Zon || *2
z x|
an ZnZ Znn x’l
0 0 0
X
0 0 0 ! A
X f
2 . :
o mk, ] ()
2 : ‘xr -f;
—w'm, +k, .
e '. x f
0 0 0 !

A1) A A 2l W 2 e 5 4 g A6 i 4 3l
JEFE R B AR A 4 2 o X B, 5 (1) A



55539

SR I A5 < 5 T 50 2R 8 5 R A e sl ) W AR AR B S 141

5 1O A0 ) 2 3 JB 2 9 14 5h O L £ 3 Z ()"
NN BEH I H(s) KRR BB ) iz oh i
RN Rk R
H(s)=1/Z(s)=x(s)/f(s) (12)
PR B (L) v 1 255 6 ) 7 6 3 %
W H(s) I-AE 00, [ 15

hll hlZ hln
hz] hzz h2n
h}')"
h] hnZ hnn
0 0 0 X
0 0 0] ™
X,
w’'m,k, .
~w'm, +k x,
x
0 0 0/~ "
X hy, hlz hln f1
X, hy hy, h,, f
-1. . L3
X, : : h, S (13)
x" hnl hnZ hnn f;l
farfb=C(13), ] 1%
h11 h12 hln f1
hZI h22 th fz
h, A
hnl hnZ ' hnn f;l
xl hlr
x2 h2r
. wzmrkr (14)
- ——X
X, h,, —a)zmr—i-kr '
x,) h,
PG (14) 56 r 47, AT AR
A
S h o'mk
: rrw mr r
(B hy oo by o hm)f' =1—m)xr
1
(15)
K15 WA E N
! h.f
L
i=1 hrrw mrkr
—w'm, +k,

A, by, 5 A i I B Rh T  FEE  A

W BEALAS 5y, SRS r A ER B ISR R T
Sr AHEERNAS; £ oNTES r F R BRI ST

= (16) , AN 7 E R A G R %
) sh 22 B, /)

P = zhyi(—wzmy:rkr) (17)
—om +k —w'mkh,

Arbe b, MHHIN T RERERSENZ H b E R
GEAEEE i A bR B AR R S SRS -
H R I

AR FHMSTF h(~o’m, +k) =0, ] iT5
Bl B8 B & GBI — A~ 5, B R SR
AU BRI T S, WA R o, )RR
Ko, = Jkim, .

A1 25 TN A W P 5 T A AE B JE T ¢, T
MPL B, X175

2
A h,(s’m, +sc, +k)

ri

__ : (18)
sm,+sc,+k, —sm(sc,+k)h,

A X)) F M 4>F h,(s°m, +sc, +k,) =0, N
120 (19) AT E 2R G0 A 2% 1o
s'm, +sc, +k =0 (19)
X9 SIHE A b EZRLE R GRS
FAE T FEAR TR, A

_ cr + cr 2 2 (20)

Si2=75, 2_’%) -,
HEBLE HAE XN &= 5 3R (20) S Y
s, ,=—¢w, +iw, (21)

K, wy=0 1-8  HEREWRLEHE . A
TRBHJE W s B i RS, & <20%, oy~ o, -

A R G T L L T B I A
o 5 i Gk AT I B L S AE B B R B
B F AT LR O o A
E B 2 R R AR B AR PR L R
T AR A0 B T B BT A e £ A R
W oo, = [T m, o % AR 58 0 BELIE 5T, U4

K% R, FEA TR 0, =0,1-& .
2 ER IR AR Ui

HRAIE 5 09 453 AR SCBEE T — i T B
BB AR (1 80 T AR B o VR AR A 2 2

R YL AR R KU R — L PAT
W1y b 2 BB B S0 S RE

2.1 Bk 2% — di kR
P T 20 A5 I 1 S5 AT R R A A SO



142 o E M

) 7 W IR A% 10 2 B A5 M BT IR R TR
IR 0 5 T AR GE R AR R A5 A B dn i 2 B
o MM AIR e EL AT 22 e AR 0 05 i Lol TS IR 1Y
R Ao

F B Ly

P2 ) AR e
Fig.2  Model of the dynamic vibration absorber for pipeline

P 2 v ) BRI 22 4 25 0 o0 T AR 4 1Y) 22 2 45 4
IS T B R G0 SRS M . O T R R
S B 2 W A1 BRI 5 S, R 2 4 4 4 SR FH %
/NG SRR T 3 T DT R DU SR R A R 1Y) N
M ARG SCHR 11 AR 4598, i 5 &=
S5 1) 0T L R IR SRR . (HO TR K
WG 1 O A6 s 85 R 1 B, B e Y O 1 Ry
5% VO it 1) S A PN A AL (T A 10 BT A 1 A
BREE, 2 W S) B Y 1/30 ~ 17100 WEAR £ 1
W Pl 4L, JEL i 2R B0 mT AR I A 5 10 H B
2.2 )i dRASnY e

TR Tl G030 5 FH ) 80 52 2% U A L O
3 3 A8 A I IR Bl S R B 5T B0 o W IR 4 LA
BRI R IR SRR S o B A A0 A 1 S
BAL G & 3 s, HAS T B S 4L 1.

ARSCE T R 8l 3 W iR 7 4 e 45 4 SR 3D AT
EPH AR il , W 4 R o AR A B ST B 2
4 B gE R B N AR R 25 mm, JEE R S mm, 1T 8
TR AR 0 T S B o L R RO B A

P 3 ST A L ) S A Y

Fig.3 Experimental model of a typical fluid-conveying pipeline

MW % 414 %
x1 HRERYWESH
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Fig.4 The physical photo of dynamic vibration absorber for
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Fig.7 Receptance at the node r attached the vibration

absorber with two spring mass systems
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Table 2 Vibration absorber at various parameters
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