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Vibration Damping Performance and Robustness of PTRMD in

Multi-degree Freedom Structure
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(School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, Hubei, China)

Abstract: A new pounding tuned rotary mass damper (PTRMD) was introduced for vibration
control of multiple-degree freedom structure. The damping performance of PTRMD in multi-
degree freedom structure system and the robustness of the damper in frequency detuning were
studied. The piecewise motion equation was derived from the lLagrange equation, and then
extended to the multi-degree freedom structure. The motion equations for the multi-degree
freedom system controlled with PTRMD were established, and solved by numerical method. The
control performances of an actual 6-story structure with PTRMD and tuned rotary mass damper
(TRMD) were compared both in free vibration and forced vibration. At the same time, the
robustness of damper when the frequency of damper deviates from the optimal frequency was
analyzed. The results show that the PTRMD can effectively reduce the structural displacement
response and get satisfactory vibration control performance. Compared with TRMD, PTRMD has
many advantages, such as good damping performance, wide control bandwidth, strong
applicability, little influence of damper frequency variation, and has a wider application prospect.
Key words: vibration control; pounding tuned rotary mass damper; vibration damping perform-
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Fig. 1 Schematic Diagram of PTRMD

P73 1 AR A AT RS B N R 5%
1.2 E#HAE
.21 fawEashie

%A PTRMD 52 45 25 ¥y 31 530 fig 6 el 2
/NS Ho MoK Co a3l D FE 45 R 00 5 W EE A RE
JEF N3z 50 77 s rom 53 51 0 [ Bk (AR ) 24 428 R
. ROPIUE PR 2 AT SCARBR 23 531 S 4544 0K
SO 1 LB g R ER AR X T 9I0E B O 8998 3
0. BUE/NBRIR B A g /N R T RLAR T H 5 A
TR RNIBA TR 2N 2 DHE.

K,
A R/ |8
\ |,
C, A F
_I'_

2 %% PTRMD Ry &t H & E
Fig.2 Calculation Diagram of Structure with PTRMD
BrBe 1 /NER A RSB BL. 24 AMMURAS L/
BRIE BN 0 /DT /NERS G vhb Rk -4 figh Fik Xof 17 1 £
J¥ 0., CRIEA £ IF . /NERFE B [ i R 3, PTRMD
) A1 1 5 9 3l B 30 348 J5 ik BHLJE 5 CTRMD) A [a] , 3
iz 3 7 R LA (D PR AN HE S o B W STk 2 ],

M,+m mp c o
5 Y(z)+[ }Y(t)Jr
— 0 0
To
[K‘ 0 }Y() { Y / } (D
) t)— g fR 0
2 _oU8 J
0w 707 10

ALy = [ng W) s % TRMD #5i

= 57—i,{Rﬁiﬁiﬂﬂéﬁé%H/J\I$¥1é2§ﬁjé;
p=R—r;p HIRBNEEE KA ;¢ Ry Ifa]



% 14

ZFHt, 5 . PTRMD £ % A b E %4 F 69 m3k i B &k 43

BB 2. /NER 5 R Ja RE Gl 5 B Be o 24 A1 I 1Y
I ANERIR SR 0 K L 3K B Rl AR 0, BN ER S
M A A il 43 L A LTS & AR A D I RGeS S
B B [7) 5 3 BE U B 52 92 45 A L1 34 L /N BR A
)RR A 8 A0 35 /)N K 5 4 ol T R 4 0 55 R
AE o 28 IBC/IN R DO S i 3] il 42 1 I 220 ) R 285 D B e i
S ATl AR B B YRR 48 0 L /N BRAE N G2 i bR R
Al=pAN0=p(0—0,) « AT TTEE . B RE W 48 AR Sy
A P 0 S0 R L R T = AL+ el B b B LE
2% pPORE R0 Bl 4R N BE L c R RERE R . K S AR AL
BB H T R R AT B T P Be iz sh Oy AR AR
M, +m mp C. 0
5 Y+ 0 5S¢
Tp Tm

K, 0 F)
{O E@}/(Z): {Eﬁ@nl (2)
Tm Tm

TR () H L E A PTRMD 152 5 4544
BT,
1.2.2 zix&MA s abEEshs e

TEZ PSS 2 A W LR, v il 5 [l B AR &R
I3 7 e B 0 A BRSSO B
Ho B PTRMD B I 508 B fif A it 35 i e /) Bk
H#IEZ [\ 584000 . KD MO PIABr By
TG IHET B A HRERSh .2 AW
TR 2L IZ S TR

Mx () +Cx(t) +Kx () =F, . (0)+Hf (1) (3)

M. +TI'T"m I'mp Cc 0
9C:[ }a
0 0

K. O
KZ[ J 1)
0 0

101 <0.,

Y+

r’— 1

— 228 (g—9,) v

Tm  Tm "

A x (0 x (6) e () 43 1) Ay 205 469 1 sk i) L 5k
JEm A m R, 2 H BT A RS T
SER n S [l BE A PTRMD thNek i %5 f8 A

101 >0,

R GE R £ 2L s ML CLK 43 3R (n 1) X (n+1)
(1%) &35 49 I 8 A I L BELJE 6 I 0 I B2 6 B 5 Frowa (0
(n+1) X1 /40380 1) 55 f (o) Ry /NERVR 2 B8 Al 43
B 4 £ 25 M AEM J15 H= (0,0, ++,0,1)";
M, ,C. . K, 5350k 45 ¥4 1) i 0 46 [ | BELJE 46 5 1 2
FEBE Y920 n WY R T Ol BELJE #8069 00 8 i, 2 BE
Je B2 FLEM TR Z BT I'=(0,0,+++,0,1D",

2 BHlaH

2.1 HEESH

TECHE 6 E AR S BTN B 15 )2 B i
g M) - 40 16. 315 . )2 18] K2 K JZ2 8] BHL e A R
LR ERW . 582 E A R — DL 1 B4R
il e SO T 1 IV VA A DIV iy N s L
PTRMD & F 24589 () 5 0 . BHJE #5 /N ER BT 1 B
1 B R A 0. 5% . B 395. 3 kg, B4 5 8944 L /)N
B 0,23 m, /ANER 5 TZ G54 /) BT & b A =
0.024 2, fEVFAIJE I . S48 TMD —#, Rl
PTRMD (45 il 30 18 B d5e AF  v] elc AR B3 il 8 8
ANERR S R E 2 R A5 1 AR BRI SR AR A
WA HNERERZ 2 p=0.177 5 m, B SH4
1w,

St Oy A JF AR B AT I T BOKE B  PTRMD
At 2 5 S M 0 o A A R AR SOk 12 ]
4l 45 Sk 24 B R B R A B R L & I E R A 5
mr

= —In(e) 6)
Vi F1n?(e)
e il 18 R 2 F B 5 0k O B R O, AT
SURRW el FE N

Z: 2% CERL I3 I bhE s e 1 6=0. 1. 2
2 (6) S HE AT A5 Al 43 (PR B2 R B e=0. 73, KPER
SO Al JRE ) 45 X RN L JE 5 /N BR B L U A L LK
GO &S NGRS R/ (Il N

. m y , __ 2mln(e)
F=arprs Tl =aeny @
Ao T Ayl 8 A A 22 il e () 38 e S 0 s 2 A5 4L
AR AT 3,

BE O BT x() = (21 s 20 s say s O sy sy s ooy 2, 4 A ) 2 fuh 15F () K 2924 0.3 54 BRI A 3]/ sk
Fx1 ERSH
Tab.1 Model Parameters
454 1 By i L5401 By R ) ) "
B 1 B v/ Hz INER L m/ kg JE i B A INERAR r/m B A2 R/m
M, /10" kg K /(10 kN e m— 1)
7.9 3.12 1 395.3 0.024 2 0.23 0. 407




44 EHRHAFE TRFR

2019 5

ill 42 B 1) M B R BELJE 43 0 Ol 42,7 kKN mo ', 808
Nesem ', HENRIMEM -0, 5FENL. PLE
H/NEREAR 22 MR B 2 SO B A G, T TR
161) r kg Xk LI AT AR VT

2.2 PTRMD @M RE o #7

2.2.1 BWwKkHD

B2 H MRS TRE DRGSR
W AR A RS N PTRMD (9% 9 48 205 . 5] i,
AT JGRESE A TRMD IR 1% 00 LAt He . Air
TRMD [H Je #§ Bk JC fif 8 Pia s o S 50 5
PTRMD #f Rl . A SCHE e 4R 0 A [ il 18 /0., 15 3
IO URAIR AR B S )

&l 3 S 15 )2 400 4 A6 #% [ 22 (0. 015 m), H g 48
B3 A O B 11550 BT 45 T00J2 A5 8 i 07 35 5 AR i il i
ARt g, i & 3 AT LLE Y Al 1 AR 0 BOE
PTRMD 9 I Hi 5505 52 W B2 K. lf 48 £ i /N A
SR/INER 5 F2 45 04 Al 8 IR £ L 8 22 800 Al T g
FEANEB IS A R (I 548 5 /N BR Y T80 % 1 Al 4 A
— N BRI L AH I AT AR 22 il 4 23 in K FE 45 Y
5 B8 W 17 5 Al 45 £ 3 K (0, ==0. 66 rad) B}, EL5 5
ANER R A il 4 L BHLJE #% 98 4248 S TRMD, ¢ & 48
MK, HIK 3 AT LIEH .Y 6,<0. 66 rad A,
F RO 1 4 5 AR A BE A R AE K T U7 3R
B PTRMD A48 J2 70 filf 43 £ it /)N i lf 48 Y 8t 22
I 2 A A A R B A AR 2D LR G 4 G 9 R 8 R
tt TRMD 247, e L ) lf 48 /i 78 0. 10 rad £ 47 .
FRIB B 7 R e R o B N BR TR B R R B R CE .
AR SO R T ABAE A A ER iR 20 53 49 1) il 48 A

b
=]
]

b
W

>
=)
T

»
=)
T

A Wi B35 75 #R/107° m

g
n

0.0 02 03 04 05 06 07
b 4% #i/rad
B3 MEABWEHAFREMERAXER
Fig. 3 Relationship Between Root Mean Square of

<

Top Displacement Response and Impact Angle

B 4.5 7350 i P AR S 25 A e A AR SR
AN O AR P T2 5782 5 i B i iz . el
4,5 AT LAFE th, PTRMD X 45 #4) 14 i 4 28R JE 5 1
LT TRMD FHJE &% . Xt T TRMD, B /N Bk
Fi1 AL A% 3 72 TR AN TR DA T2 8 A T AT RE i 32 45 A4
IS T f /NS TR o T A SE 4O Bk

0.0151,
0.010
0.005

—0.005p||1

EEHTHEMLB/Mm
f==1

—o.0104(|'

—0.015 10 20 30 40 50 60
t/s
B4 BHREFDITEEMTRECE NN
Fig. 4 Top Displacement Response of Main Structure

Under Free Vibration

T2 N3 B/ (m » s7°)

) 10 20 30 40 50 60
t/s
B 5 BHRTELEETREMEE kAL

Fig.5 Top Acceleration Response of Main Structure

Under Free Vibration

ANHREAEHRE & . fE I (8 A% 1] = 4544, ik R A W 0
W 5 i E AR 12 M2 AR R B A5 S
ANER I AN WA AL 33 B 52 . PTRMD 9 /NERFE
e Ao A 5 B8 PR B 55 0 A6 % bk R R A i L
T Rl AR R T2 A5 T R B AR . B L URORE 4 AT BB T AR
— A gt o DRI AT LA R8s 35 5 R Y e
2.2.2 &Ik

WA F=2 000sin(w, ) (w, K A VEH
T L5 I 02 SR 1T iR 3 4R 2 T PTRMD 9 6k 41
ROR . S BMESHWE RS A o IR 30 A
[ O RS 2. 2. 1 745 J7 ik A5 29% 7 18 SRl T 1 e
Rl 8 1 40, 21 rad, THE BT A5 32 45 04 T02 (9 A 78 A
TCHENL R 55 0 B e o an 18l 6,7 R, B 6,7 Af
PLA . TRMD Fit PTRMD ¥ 58 6% 45 24 K I 32 4514
PR3 N, A it TRMD AH b PTRMD #4984 2%
R2EMZ ., PTRMD R84 2 B AIK 3 45 ¥4 $= 3h g 1z
3/4 A4, 1 TRMD 41 H g 1/4, M8 T
£ TRMD Hfin Al & i) fe 35

5 0 B0 AT VR U R A, AT LA B 45 4 4 i)
7£ PTRMD A1 TRMD 5§l & B9 052 % i 17 5 {8 B 3%
AR G Atk e 8 fron. M 8 A LLE
TRMD F1 PTRMD #8434 3= 25 ¥4 1) £ 8 16 {8 (F g
D 43 i B — I A — 2 A 0 R A 1Y o B I



A1 F i, % . PTRMD £ % & o 25 4 b o B3R A A G 40k 45
o.10r  EfE a2 22 TR AE 23 2 3 PTRMD |y 188 4 % 5

£ 0.06f — PTRMD,.,q 2 45 0 (0 B ARAF 76 M 25 . 5F PTRMD 78 451 % 2% i

E oul FF i 45 S0 A7 BF S BEAR AT A B0 L B4 B Rt
%—o.oz- PTRMD 7£ [ B #I 3l Al 38 % 20 e 10 6 10 17 4
.06 T Sk Ak BHJE 25 40 R 5 B AR R 22 ()Y i 22 7

: JE R LR g oh
—0.10 20 40 60 80

t/s

B6 3RBIR3TELEMTRE AR IMM

Fig. 6 Top Displacement Response of Main

Structure Under Forced Vibration

TRE &/ (m s

0 2I0 4IO 6|0 - 8I0
t/s

B 7 EERI T E TR N E 0

Fig.7 Top Acceleration Response of Main

Structure Under Forced Vibration

0.6 0.3 1.0 1.2 14
S ¥4 b 4 % /Hz

B8 frFImikhk
Fig. 8 Displacement Spectrum Curves

TRMD FESh S3 455 0. 98 Hz i A 0ol I 25 2R # 4 »
AR i s B 22, W TRMD (% TAEHLEL2E LT
TMD. PTRMD B % A %5 A% 3= 45 # 7 It
P 74 57 A% Wi 187 5 A2 SR T3 4R 0. 98 ~1. 03 Hz 5 [l fif
WA R B IRACR o Ak . TRMD ) £ i) 45 5 45
B — TEMRR IR 2 00 25 A7 I SOCR AN L BEAR
PTRMD (9 45133 i £ 2 A% #8540 7 G 45 45 449 114 33035
i 2k P4 38 5 2 W1 D09 A1 041 3 A o] 22 4k, PTRMD
iy 2% 0 i Rt S A 30 I = 8 A o 7 4 o AR R
FEL A 7 K o P A B G

3 MERXIENAEHEMEST

HT T 552 PR A5 R B 030 R TG TR RS i 0 5 18 ]
DIRE AL s S AL 0 BN R A L B B e

: (8
fopl

s famper A PTRMD B¢ TRMD ) 52 BR 535 5 £,
h BELJE 4% B9 B AR
BAE A R R, A AR BhI f, = 0. 98

Ho 5 TMD BLUEBIROLIE 0= B0

SRR BN o =1 Hz, 5858 A JRURA [T,
JE PR TE T A R 2 Al 4 80 PTRMD B £ 3R 81
i TMD [l P HIL 1 58 18 4 2h il 18 i) 21, PTRMD
W Z 5 plf 1 BH S 2% 00 8C4R AL AH R .
3.1 BHEIRITERSW

R R R 15 % F,0. 83 Hz Ml 1. 13 Hz i
f) PTRMD {i; # i i X be UL & 9. 5 8 4 A %
(0. 98 Hz) Wiy PTRMD #H 1t .0. 83 Hz ) PTRMD
AR 82,1, 13 Hz i PTRMD 76 0~10 s 4
(18457 8 T I U /N 12 LR 25 A8 2 8 I AT /NG
PRSI . A T AT 10 s /NER B 5 BR {7 B %
Bl 45, e PR A3 PTRMD B 5 PR b /)N 3 25 44 119
MR . 10 s J5 F2 2546 (1 PR B3 55, /N ER FE AR AN
S MR REAE  BRAx RE i 32 B /N ER RN 2 5 M SRR A4
12 18 38 2o 32 45 A4 1 BELJE 6 1 AR KR Bl AR
AN AR RS INER I BE 22 TR I 8 5 4 14 432 A% 1 0 gk
SAHXT RN, X & B, R H PTRMD B 3 85 44 76
0.83,0.98,1. 13 Hz T M7 £ Wi i 3 5 AR (E ek /)N %
SRR 9. 3%, 44, 2%, 41, 9%, T AH W = B F
TRMD /N4 5 R 2. 89%,3.17%.,1.45%,
WA B, PTRMD (3l R ZCR A% TRMD 247
TRZ B 2R3 5k — 15 %6 I I 418 25 SR AN K FRAR

10 4 H i $E31 F PTRMD #il TRMD i %
IR B R — 20 Y0~ 20 V0 B A9 45 A4 457 8% W) 107 D 41 2R X
Fo. & 10 AT LA ) PTRMD M85 5% /N F f A 4
R Yol R AR 32 BHLJE 25 95 65 e 58K 0 8 R 1 R
R —10 Y6 i B IR PR AR 5 R s R A 25 30 %6 L 1
MR T Fe AR Yol R 5 R 32 AR B M AR /)N L B
SR 20 00 R ACR th R/ 300424,
SR A B, PTRMD (%) 3038 2 42 B2 /N R J K.
TRMD Hy F A B P41 550 55 55« A 6T ok 16 471 6 2 1



46 EHRHAFE TRFR

2019 5

------ S ZE 40.83 Hz
— $FE K0.98 Hz
- BENLI3Hz

0 2I0 4IO 6|0 8IO
t/s
B9 HBHaRIT PIRMD 7R &5 2 B i 4L % i 5z 31 Bk
Fig. 9 Comparison of Displacement Responses of

PTRMD at Different Frequencies Under

Free Vibration

=20 —15 —10 =5 0 5 10 15 20
RIEE/%

10 B ##R3E1T TRMD 5 PTRMD $5i & % i% B &
BRI L
Fig. 10 Comparison of Vibration Damping Effects of
TRMD and PTRMD with Frequency Detuning
Under Free Vibration
XA R A K
3.2 BRI TERSH
K11 58 4k 2 T PTRMD B R 3 R Oy
— 152~ 1500 h i iz B i Jif L 8¢, 78 PTRMD i
RAIEHN — 150,02 1 15 6 i, A5 5 A i 7 ok
INFEAY IR 57,506, 71, 3% F 67 104, el iR AR
A PR B AR KR . MRS &0 TRMD I
PR 4y M Ry 12, 5%, 28. 3% A1 17. 1%, 5 Wi 1
PTRMD k,PTRMD Ay& #1458 F TRMD,

005 HZ H0.85 Hz
’ — HIFE N1.00Hz
0.03F "
& 001F
B
& —0.01+
—0.03
—0.05 20 40 60 80

B 11 352iB#R31IT PTRMD 7[5 87 22 B i 40 78 M Bz 3 L
Fig. 11
PTRMD at Different Frequencies Under

Comparison of Displacement Responses of

Forced Vibration

& 12 PTRMD 5 TRMD 4t i 3%k — 20 %) ~
20 YO B 1) 25 ¥ 060 B% W Bk R A Ak, &L 12 W) A,
PTRMD % R 75 —15% ~15 % LA Bisf Sef 0ok 4% 20 SR
BB /N o At 30— 25 /N (<l — 15 20 Bt %o D 4% 5
SR W K T > 15 % B T R e AR XA
PTRMD Ry % 5 2% 38 32 19 3¢ & i Ze 3 TRMD
V-5 L — U T PTRMD A% TRMD (1) &
Bebkom ., PP A Z IR M R & PTRMD J& TRMD
550l i BELJE 2% 10 25 s LA 2 FPdl R AL, — i
BT LAFE S TRMD W 3= 25 ¥4 1) fig B 55— 1 X
AT DI 4 dlf 4 B JE #% 2517 #EfE . 24 PTRMD 4ii %
I F S e AR bt IO B 2 4248 K /N ERTR sh A TR
il 45 A1 BT 932 Bl B G KL 5 B AT BE R A G AR 1 AR
JEARK BRI A Z M R B TRMD, B & A filf
J8E Tl T /0N BR 10 R A AR /N il R RE LAY RE R
ZIN R IR IR A5 R A IR U /N o 2 0T 3 e R A
B IO 00 2 42 A /)N, AH [R) il 46 A 19 32 2l B S AR
S, BB — 5 T /N ER 1 EE ) SRR AR A B I AE A R
Z, 5145 nem g, 5 — /R e S R
A TR AU B0 RE S OICRE ) SO AP R
AEECRE J7 . UL A T AR R AR N R A L

=20 —I15 —I10 —IS (I) g 1|0 1|5 2IO
RIEE%
12 3EiB#REI T TRMD 5 PTRMD 37 % 5% i & &k
BRI

Fig. 12 Comparison of Vibration Damping Effects of
TRMD and PTRMD with Frequency Detuning
Under Forced Vibration

4 & iF

(DTCI S H PR shif J& 58 38 P 8 , PTRMD #§
REA S b I/ 22 H H B 25 0 10 4 s 3, BLAE F
i i) TRMD,

()M % T TRMD, PTRMD {14 5 il 45 % 75 [l
B K 3 P R

(3)PTRMD ALl #= % K Lt TRMD 4, [7] s
S,

(O PTRMD fg 45 28 /N Fe M 401 238 B 9 1 300 2R
2 BHLJE i 051 258 5 W 35, AH 22 R F S A A b el



17 ZFHt, 5 . PTRMD £ % A b E %4 F 69 m3k i B &k 47

RORZ AW 2L /)N 3 52 prAdt AT iF PTRMD # #8118
FRE/DAEK.

S % Lk

References:

(1]

[2]

[3]

[4]

[6]

YAO ] T. Concept of Structural Control[ J]. Journal
of the Structural Division,1972,98(7) :1567-1574.
LIS J,FU L M,KONG F. Seismic Response Reduc-
tion of Structures Equipped with a Voided Biaxial
Slab-based Tuned Rolling Mass Damper [ ] ]. Shock
and Vibration,2015(7) :760394.

R, EWH LN FLF TSRS
REUREE B SRR [T]. 2R 5 TR% R,
2017,34(2):10-17.

LI Shu-jin, WANG Jian-xiang, SUN Lei, et al. Param-
eter Optimization of New Energy Dissipation Device
Based on Hollow Floor Slab[J]. Journal of Architec-
ture and Civil Engineering,2017,34(2) :10-17.
2t A e AL RN L 5L VR Sl il 4 =X ) B BE
Je s B Houg e v e w5 [, R 8h TR %4 . 2018, 31
(5):845-853.

LI Shu-jin, YANG Wei-ting, DU Zheng-kang, et al.
Study on a Pounding Tuned Rotary Mass Damper and
Its Vibration Reduction Performance[ J]. Journal of
Vibration Engineering,2018,31(5) :845-853.
PIRNER M. Actual Behaviour of a Ball Vibration Ab-
sorber[ ] |. Journal of Wind Engineering and Industrial
Aerodynamics,2002,90(8) :987-1005.

CHEN J, GEORGAKIS C T. Tuned Rolling-ball
Dampers for Vibration Control in Wind Turbines[ ] ].
Journal of Sound and Vibration,2013,332(21) :5271-
5282.

ZHANG P,SONG G, LI H N,et al. Seismic Control
of Power Transmission Tower Using Pounding TMD
[J]. Journal of Engineering Mechanics, 2013, 139
(10) :1395-1406.

ZHANG Z L.,CHEN ] B, LI J. Theoretical Study and
Experimental Verification of Vibration Control of

Offshore Wind Turbines by a Ball Vibration Absorber

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[J]. Structure and Infrastructure Engineering, 2014,
10(8):1087-1100.

LI H.ZHANG P, SONG G, et al. Robustness Study
of the Pounding Tuned Mass Damper for Vibration
Control of Subsea Jumpers[]]. Smart Materials and
Structures,2015,24(9) :095001.

XUE Q,ZHANG J, HE J,et al. Control Performance
and Robustness of Pounding Tuned Mass Damper for
Vibration Reduction in SDOF Structure [ J ]. Shock
and Vibration,2016(2) :1-15.

RANA R.SOONG T T. Parametric Study and Sim-
plified Design of Tuned Mass Dampers[ ] ]. Engineer-
ing Structures,1998,20(3) :193-204.
ANAGNOSTOPOULOS S A. Pounding of Buildings
in Series During Earthquakes[]]. Earthquake Engi-
neering & Structural Dynamics, 1988, 16 (3): 443-
456.

NAKAMURA Y, WATANABE K. Effects of Bal-
anced Impact Damper in Structures Subjected to
Walking and Vertical Seismic Excitations[ ] ]. Earth-
quake Engineering &. Structural Dynamics, 2016,
45(1):113-128.

LI K, DARBY A P. Modelling a Buffered Impact
Damper System Using a Spring-damper Model of Im-
pact[ J]. Structural Control & Health Monitoring,
2009,16(3) :287-302.

OBATA M., SHIMAZAKI Y. Optimum Parametric
Studies on Tuned Rotary-mass Damper[ ] ]. Journal of
Vibration and Control.2008,14(6) :867-884.
CHENG C C,WANG ] Y. Free Vibration Analysis of
a Resilient Impact Damper[ ] ]. International Journal
of Mechanical Sciences,2003.,45(4):589-604.
BAPAT C N,SANKAR S. Single Unit Impact Damp-
er in Free and Forced Vibration[ ] ]. Journal of Sound
and Vibration,1985,99(1) :85-94.

ZHONG W X, WILLIAMS F W. A Precise Time Step
Integration Method[]J]. Proceedings of the Institution
of Mechanical Engineers,Part C: Journal of Mechani-

cal Engineering Science,1994,208(6) :427-430.



