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Systematic design method of passive, active and semi-active devices to satisfy
control specifications without excess or deficiency

HIRAMOTO, Kazuhiko
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In the control system design of motion and vibration of mechanical systenms,
the selection (or introduction) of appropriate passive, active and semi-active control elements
according to the control specifications and optimum design of those elements are studied. The
control design problem which determine the optimal design parameters of an active and semi-active
control elements existing in a single control object is formulated as the active/semi-active hybrid
control problem. A design methods for the hybrid control problem is proposed. The design example
showed that the active/semi-active hybrid control method can achieve high control performance that
can not be realized by the conventional semi-active and/or active control framework.
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Command signal of X, semi-active control
devices /ity =1, ., X (EQ. (25))

Measured
disturbance i Qutput emulation mechanism
(Proposed semi-active control law)

?wu _ |
X 8 : Bl ZHESLE > eIT 7T
« TR O EE. JEHEY 7 T THIEFR O
R ORI s, BT 77 ¢ THIE
ROENDBHERD T L 70D & 9 7anlZEs
7 A—2fE (B PIRBERE) 2V TS A
LZRTET D

[—»| Real semi-active control system

O~ Passive off o Passive on_ v Semi-active (Proposed) —+ Targeted active control
- Semi-active (Clipped optimal) Semi-active (Input emulation)

RMS value (Taft NS)

15

0 0.01 0.02
7. [m]

Peak value (Taft NS)
15

|

i i
0 0.05 0.1 0 5 ) 10
7. [m] a [m/s’]

9: Taft NS % (1952) (2% %
vIal—3 g UFER

(Bpz i AL, 45 faset i o
RMS {35 L OV — 2 f#)

\CHEHEL L= 27 7 7 o« T Z RIS
WEIND =0, BT 7T« 7HIERNE,
IREVNEIEREZ W E LN D, ¥IT7 7T 4
TN K o T OFIEMERE DS FEBL 37U
BarEoXricikEesns.
AWFGETIL, HEUET 7T 4 THIERIL, *
DN — 7 ZOMAELE S 5 EHE - Eo
T A RET DT A—H B ETDH LI
Lo T FRHMICESWTRBELEINS.
REMIE LT, TEI3IBICEIT VT 47
T S 22 RE LTz 16 PEEToMED
WXL, BETAHEIT 7T 4 THIEFEEY
WH L7z, Taft NS (1952) Z#iIFEAMEL & L
XDy I — g UFERAEX 9 ISR

- P o
v Yo
s e
QO Uy "
& o C) [« =
o ] A =
= ] ] Sy
— [] ] =
3 "y, ] C
z S fe G, {e 3
- 1 [] f—
1 ' O
- ! N —
vy ! S
4|" Onc =’J o
ST
“.- Semi-active control law ----------- d
Multiple control laws are
scheduled by the adaptive
scheduling mechanism S
with available signals
in the control system

K10 EHEHIER O A7 a—) v 72k D
YT 7T 4 TIREBHIERO T 0 v 7RI

... Hidden layer unit

T
)

”,--Bx v; ()}

(t

¥ )
> output layer

= Alt)

< Output layer unit S

. e LRI |
P X' !
[, 1 H
fu u—-—(;y-.—-.f |
: {: - ,3.‘”:3
I i

Elhﬁﬁmﬁ%kbfﬂuig%%@m“w=

REFIEThH DR OHIEMERED, Passive
off, on KFDHL LT, WEHRKFIETH D
Clipped optimal control # E[E]V), H>kE
T 77 4 THIBEROMRE kR KD
I o TWD., ZORENS, BETIE
T VT 4 T HIESREREETFED E O IR Eh ]
MEEZ R L TRV, EEFELR L THEH
TeHRER R FETH D T RS

3) ==2—I L%y NT—7 Z WIS
BT A AT a— ) o T I T 0547
WRENHIE s @)

1S 2 O BN ELIC 64 D IR BRI R 3% 5
IZBWT, HEAELORR - B HEEEE T o
PEEIZ K » THIBEIMERE N K& < B b Z L3,
FRCBEI T 77 4 7THIENCBWTEHE TH D
o TTnWa, e ziX, bAME]
Wk U CIERICRIF g2 R >8I 77 7
o ZHIERIDS, Fie B HEAELIC K LTSS
STMERELIVRERWE Y Rz enLiIFLIE
Hons.

AWFFETIE, ZORBEICRLT D720, i
BT ST B HHER] - WA E T o
ME & FF OB OB N ZIk L TR



D)+ Passive off

—sle Semi-active

(Proposed)

= {J - Passive on

—{>— Semi-active

(Clipped optimal)

RMS value
6

Floor

Peak value

w1

Floor

r, [m] ¥ 10° a [\1.1/52]

X 12: Akita NS 3 (1983) 12kt 25 I =L
— g URER (BEEERERIZRNL, 4@ hnd
FED RMS iR L OV — 7 )

WHIEERE R H T 58 X7 7 7« T HIEAIZ
HEL, fEkoRmoERICR LTI, &
BNTWAEEDOEIT 7T 4 THIEZ 27
Va—U T HZ LIk o TRIFRMERE

EHT 5. HERO T 0y 7K EK 10 1257R
J. 22T, SiE, AN TAFRER Gh
IESLET) EE5E2HWT, n @OHER
FNENITKE L TRD B 7= e 22wl R G,
=1, on BHEISBINCA T Y a—U 7T D%
WThsd., 22T, mi/hEOH DR
T I T4 7R ERIRE L, EEOME
FTNENICKH L Tl 22 MR & /R 3 R ET &
T T HE AT X O S L LT,

NEUEFEZ AT E L THIE AT A= Z2H7)
T5E97 AN (K 11) & 2 5. ANN O
IT—Wf 727 4 — R 73U — RO LfE= o
—I N3y NT—T %2E 2, FOEMREL
INA T A%, BIRO nfHOHERE, Fih
DS DOIVELIREIERITAER L, iR S %
HWTHESIC T A A P a— v T 54T
Sl &, B REVMHIMERENEBR I N D

I kT 5.

BRETHFEEZHANT, 3 >ODOHER (B
Centro NS # (1940),Hachinohe NS % (1968),
JMA Kobe NS (1995)) T ZFiiTxt L T
Wik I7 77 4 7HIEA L GA (&
7 AT Y XA) 12k - CHREb S A7 i
et S # VT, & bICHW S TH RN
Akita NS % (1983) #4MELE L7 & = I2HIE
WRAM 12 IR, Zhiv, BRTHEE
HIZA A a—1 o ZHIE GREE ok
BElL, Passive off (F#%) , Passive on (fF
) BRichnz, kAo Clipped optimal
control (%&#3) OMEEE EE->TEY, %
FIEDFE 2 ORFR] - J8 A T OMERE & £F
SOHIEAELIZRTT 2 I T 7T ¢ THIERO
HAFEELTHEHATHAL Z LR ENT-.

4. HRIERE

ARWFFERRE T, K - SR oES) &R
@®ﬂﬁﬁmﬁﬁ%%%ﬁ%f&tﬁﬁkb
TEAME L., ZoREICxL, T XS
AR R R EERE L.

(1) TI7T7 478K, ©IT7 7T 0 TEHBZN
RAE L7HEsgicxt L, 772747 -
YITIT A TINAT Yy FEIEEZ
ERAb L2, AR TV a—1 o THi
L ANN IZ K 2 IR EFIE AR L
7.

(2) BT 7T 4 THIEREEHEIZES VT,
BT 77 0 ZTHIE OB ICEB L
T2e 77T 4 THIEREG TIEERE

L, fERTEE LRI AHEM LT
7T 4 TR OWREEERE L.

(3) AMELOKER « ERBEIROMEEIZ L - T
I T T 4 THIEROMEREN K E B
o CLEIMBEICHL, FFEOE %
Er o MBI o5 L CaW il e 2 A3
ZHAEEOHIERZ ANN |2 X - T
FA A a— T EFREARR
L.

5. FreRFiHLE
(WFgezsE. Wrse
=Y

oy R ONEHERT FE 12

GEEam ) (BE3 1)

@D K. Hiramoto, T. Matsuoka and K.
Sunakoda, Adaptive gain scheduled
semiactive vibration control using a
neural network, Shock and Vibration,
2018, #Einh
DOI: 10.1155/2018/3762784

@ K. and K.M. Grigoriadis,
Active/semi—active hybrid control for
motion and vibration control of
mechanical and structural systems,
Journal of Vibration and Control, Vol.
22, 2016, 2704-2718, A
DOI: 10.1177/107754631455700

Hiramoto



® K. Hiramoto, T. Matsuoka and K.
Sunakoda, Semi—active vibration
control of structural systems based
on a reference active control law:
output emulation approach, Structural
Control and Health Monitoring, Vol.
23, 2016, 423-445, HiiH
DOI: 10.1002/stc. 1770

(%R G )

@ K. Hiramoto, T. Matsuoka and K.
Sunakoda, Design method of semi-
active control minimizing the error
between the controlled signals of the
semi—active and its reference active
control  systems, ASME 2017  PVP
Conference, 2017

@ ek &, For MEZ, ERtHEN T
— S Efnlc=a—Jxy hT— 7
I L DMEWOT 7T 1+ 7 IREHIE,
5 59 [A] 5 BhHIENE SRR 2, 2016

© g B, For RnZ, miRtHESN T
— X & W2 T REIENC L o EY o T
7T 4 TIRENHIE, B AR S B R S
ARG, 2016

@ K. Hiramoto, T. Matsuoka and K.
Sunakoda, Scheduling strategy of
multiple semi—active controllers with
information on the disturbance and the
structural response, ASME 2016 PVP
Conference, 2016

® ) ¥, o REE, EEhar bo—
FICL DB I T I T 4 TIREHE R,
H AB - bPe(E S 55 63 B a
AR, 2016

6. WFIERE

(D) #rgefRaEss

SEot FZE (HIRAMOTO, Kazuhiko)
BB - BARFIFER - %
fFgE8 %5 : 00261652

) 9oy

AR AK— (MATSUOKA, Taichi)
BHIE R « FLT SR - HEHR
W& %5 - 80360189



