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A New Control Technology of Shaking Table Based On the Jerk
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Abstract: Shaking table test is a direct and effective means of seismic response simulation and seismic performance observation of engineering
structures,but because the electro-hydraulic servo shaking table system is complex nonlinear system,the performance of shaking table system is
apparently affected by the servo valve when the 90° phase-shift frequency of the servo valve is near to the oil-column resonance frequency of
shaking table system,so that the effective frequency band of shaking table system is severely affected.The effective frequency band of existing
electro-hydraulic servo shaking table is generally from 0.4 Hz to 50 Hz,which is not enough to satisfy the demand of the seismic test of large re-
duced scale structure.In order to decrease the adverse effect of the servo valve of existing electro-hydraulic servo shaking table system on the sys-
tem performance,and to broaden the effective frequency band of existing shaking table system,a new control algorithm was proposed by introdu-
cing the jerk feedback and jerk feed-forward into the controlling unit on the basis of the three-variable control algorithm.The control effect of the
proposed control algorithm was deduced theoretically and analyzed by the system simulation.It was revealed that the oil-column resonance fre-
quency was reduced by the jerk feedback so that the influence of servo valve characteristics on the system performance was decreased,and the ef-
fective frequency band of shaking table system was widen from 0.35 ~ 54 Hz for the three-variable control algorithm to 0.35 ~ 64 Hz for the jerk
feed-forward control algorithm,and it was proved that the control performance of the shaking table system was obviously improved by the pro-
posed control algorithm.
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Yris HEA:2018 — 03 — 08
EETB:FEZR A RP2EIL LB H (51278013; 51738001)
EE B2/ NEE(1965—), B, UFFE 51 WF5E 7 Il Huse SRR 0 S A6 5 45K 0 5% 529 7347 . E-mail: beerli@vip.sina.com
* JfHBE R A E-mail: fangfangbjut@126.com
P 4% R B iB): 2018 — 05 — 05 17 : 11 : 00 [ 4% B R M4k : http://kns.cnki.net/kems/detail/51.1773.TB.20180505.1711.001.html

http://jsuese.ijournals.cn http://jsuese.scu.edu.cn


http://dx.doi.org/10.15961/j.jsuese.201800370
http://dx.doi.org/10.15961/j.jsuese.201800370
mailto:beerli@vip.sina.com
mailto:fangfangbjut@126.com
http://jsuese.ijournals.cn
http://jsuese.scu.edu.cn

5339

/NG, Al BTN BE B R AR B 15 A R 65

UL 45 3 5 7T LR b 9 0 4 R 0
5 o 4 M A B | A R T
R LA 18004 F S TP L BLBCAE BB 0L
R23h), 2010 604F Rk , 3 FE £ 43 i £ A FF A4

N7 T AR AL 3 45 U0 MG 1 B 2 R T

R AN 2 SR =S N X T B N B 7 S s ]
K, R UAR B 6 SE 0 T MR ) B0 BT
il DA B PIDHA il 1) i 8 J3E S s 4 il i e A, Ho )
LA | BE A = 2 g i i A R B A A
Senfa st R B PIDYE A 34 s B, HA S
B RV A A, (E R T e YR AR A b R AR LR B
BXFEZAERIE RGNS, BRI AR, I
T2 20 e I8 it A 2 U9 7 R 42 ol g L
SR FH S B S A R e B S A5, st T E VR A AR L R
IR 3D & 10 R ek g Al B el 0 oy
T 22 RS MR B 3 B R G TE M AR e Y
SR, 48 22 U T LA R G BHE , R RS
R s P, [ AT LAHA 55 2R 48 9434 . Stehman !
P& —Bhohn R B A ) RO R A i s
A LR U, R 0 R P A i R T AR
AL A9 1) B, SunderE ! 1 Phelan !> IR HI Y
AT OB R (PDF) FH T 2505, i B
% S PR ) Al L RS S O R IR E
#5y (DFRTY ), AmmanagiZEt M4 PDF 42 il B2 T T b
EBIR S & RGP Ak, SR T

#6174 Rkt Dimirovskil'” | Tagawal®”, Xul?' 22

A 124V 4 ]y S 0 = S s R AT T
WRAMGY, I as R0 . o B I i vl LA S0 e &
LA T 5 I B R T DU SIS I & s B L,
FEAIG 28 B0 76 TR PR A0 2 0 B i 1 5 52 % s 0/ 17 R 40
PR B R B 25 5 — S i 5 ] BE 08 1 0l R G A T
16 PR B IR R AT AR S, AT A — BT R R
GEAT G o B B ET A 1k R A K 22 80H 1R IR M R A
PR S & 2 R =S H PO ah, i s iR o
B e mimnEEEG e E K, BENEEE =S
P A R LT T — RN = S R
WY, A48 0 K P06 B TF 2 5t T b A A A4
R Z G, W B IR SR RS BE RS2 e AT T
PSR EL 0T AR TG =2
PR BLml AR T —Fh R T R A =S
PR R EIEREIR T R SR ) LR IIR )N
15 JIR R P S D 5 e BN 2007 = S o g A
T MR =S A, AR =
RS RR 2 8 057 5 A B 1 36 A% 32 pR BB — RS
HEBS 43, W8/ T 3 Rt 2 B0 AE 26 0 1 i 7 L A
H =S a8 il B et 17 = S 468 ol % e, YR 4] R 42 ol

BRI &5 RGN s R T TRIE

SR T H T 25 A B = 50 19 /N LR 3 45 1
T, BT AR K L 4 R B0 R B B[] R
a5, i iR sh & REi e m . B AT K 28 @k
B o INRLIR Bl 5 4501 22 0.4~50 Hz, JCHET K 1
Y NEZ T vk Ty W O R 0 A R | 4 L
T A1) ] IR FRJ QO HH 8 431 6 5 2R S 114 v A L4 A % L
AR I, PR 8h 5 FR GE R 32 Ar) IR I AR B i A K
FRGENTA TG T A R R S R I AT F YR A il
Hh R R 30 5 2 G0 A0 A SR IR A R UM ] AR
SRR X R S & RGEERE I, E— 2 e
FHsh & RGN, ME& 7E =Sl ny 3k
Atk b, R In s B 5 | AR AT, T s— L
Y MR LR o B 2 S Rk, IR
e 5 K 2 Ge A5 B PRI 1k A s SR R
IRsh & RGPERERY R

1 WRENRSE =S ETH

HL Y f R b R AR B 5 R G R R R R
5 IR ARG A RCOR T RERE S R
B, b ] 3R G002 e FLZR A 1 R A DG P R o B
7 HEL VA R b R LR B 15 1 S AR B o O o =5
RS, BE G =S R =S58 s
ZH R He I R B A E R
’E‘

Ay
P[] e I e IR
S D i R v o LT o L e B
Ade'f Aaf
=L .
) ek

E1 thREREURSE =S8R REE
Fig.1 Schematic diagram of three-variable control
L1 =Z2EBRIRES

LS KRS i R S ¥ OIS N

18 BREOT S A E 2B 7
i 1
E q
As q s 2Dys .
4 —+ +1
1y 1y

B2 RGEIEFREERY

Fig.2 System open-loop transfer function

ARG TT L 138 R BN -

X k 1
LA B S (1)
E Ays s 2Dgs

- +1

ng ny



66 TR SHOR

% 50 &

o 4pA?
T mve (2)
2D, M(K.+C.)

o Ag

Krh: TR ZENLAE s BN IR IR F 5 ko Ry i I 7E
T 25 A B OT B It £ 48 5 5 A, 8 FE A ROUR IR
s s AP RSG5 v o TR BT VoA AR
JEARER s B A M AR 5 5 C oA I 22 8K Ko i
TERRASENAE SR B I i R 0 R A o R
AL LR DB HE

=S R S R LR S st | URE R B |
J& Bt [a) I 5 1 U AR] Bl 28 56 1) T 30 4% 32k p& B0
H ARG 28 R 7 SR I3 7R, 7T LU 45
FNEA =S5 R R G AL 5 R B -

\4

3 ZHSERBRHNARGEREREGTRE
Fig. 3 System transfer function block diagram based on

three-variable feedback
X 1 1

o 3
u Kd GCGb ( )
Hrp,
2 2D
GC=S—2+ <41,
e T (4)
Gb:_+1
1y,
n=n’ 1+M
c e ’
D= n, +2D.n,
2n, [1+2D.2 (5)
nc
A, n’n,
Ky=-2-=¢
¢ ky ng

Kb, whIRSNE S 5 KRk B B it 280 KONl
FARREG KA R R nh =S BRI T R
GNE AR, p =S ERIBET REMHEEH;
n H B IR TR 5 ny S — B IR T B A
F DN AT e o =5 8 R R,
JEE R K, BT AR T 2R G0 1 [ 400 %, Jn R R f
K, AT AR REEBHLE Hok il R g mfae .
1.2 =8 ERFIREH

TENL RS 7 6 T o B IR 36 & 1Y &R G AN
JE, RSN AR, RS AT A =S

R o =2 ik R A AR 0 B o A £
IR BT A JGE B A5 5, K15 B A 15 5 AT AR
FBEIAEAR T, WEIART7R o SEBR b X i A
THEAT IR, M =2 R R A R R R AL R
BORHER, GBS G I EE S

»(3)
uu
> “v
U, B o gaind ,| gainB .
" S S ?}
|‘: - Acclnteger | Vellnteger ¢
k,
<L J«
=
kq

B4 =EBREEXE
Fig. 4 Three-variable generator
AT LIASRINEEE H MR RIS Z ISR
U, = kauo - kvuv - kdud’
_ gainA
uy = s Uy, ( 6 )
gainA - gainB
=—1u

Uq a

SZ
A 1, gainA | gainB R L5334 25 5 uo R IR B g A {5
S5 u MR EERE 55 u A EERE S w0
BYE TG 5 k258 K2R 2% TP 04 0 380 B 3 25 5
kihZZm KAESRTNNB R REG LI ESEK
A 5 T R R R B

=2 kA B L AL RS B R 3
{55 A IR E Fu:

U= A, + A, +Aquy (7)

Ao, AN BE A K 45 5 A, R BRE A 2%
Aq AR A £

RGBT

1
u, =k, ] Tt (8)
1 +k, - gainA— +k, - gainA - gainB—
s s
i, pa(7) 133
A, - gainA - gainB
= MGCOGW% (9)
s
Horp,
22D,
Go=— + —22 41,
c0 Neo
2 Ad . . ( )
ng= T gainA - gainB, 10
2DCO v . B
= —gain
neo Adg



%3 AR /NG FETINNE B Y Z AR 3 & il 4R 67
S Hrp,
N + 2Du +1 11 kK
52 S (11) 2ot
n? = ky- gainA - gainB, 2j 0 P (14)
2Dy, = kogainA b _ 2D,
n; ny
=B R R ENA G A =SSR J

B RGN, REAIEERECH
s2 Ay - gainA - gainB GG,
o K, G.G,
IV 1) 2R G AT e R 2 B S s

X
n
T o -

=S EBEFIT RGN

Fig. 5 System amplitude-frequency characteristic based
on three-variable control
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Fig. 6 Transfer function block diagram based on jerk
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Tab.1 Performance parameters of electro-hydraulic
servo shaking table
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