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Abstract: A light-weight and wide-bandwidth vibration exciter operating in dynamic overload environ-
ments was developed to conduct combined simulations of dynamic overload and time-varying vibration. A
piezoelectric-hydraulic series hybrid vibration excitation method and corresponding configuration are pro-
posed to solve the problem of narrow bandwidth with light weight or heavy weight with wide bandwidth.
A six-element piezoelectric parallel excitation module was designed and the corresponding precise assem -
bly technology was built, achieving a parallel excitation efficiency of 74.2%. A hydraulic embedded cen-

tering method is also proposed for the hydraulic actuator to operate in dynamic overload environments. In
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addition, a hydraulic excitation module with a novel cylinder-in-cylinder configuration was developed. The
frequency-division control method for series hybrid excitation systems was designed based on a frequency
divider, with the hydraulic and piezoelectric vibration excitation modules working coordinately and loading
with equilibrium. Combining force balance control with zero-displacement feedback compensation, a cen-
tering control method was designed for the hydraulic excitation module. Thus, precise centering in dynam-
ic overloads was accomplished. Two time-varying vibration control methods, namely variable gain and
long-duration waveform replication methods, are proposed, and the integrative control system was devel-
oped as well. Performance tests show that the developed hydraulic-piezoelectric series hybrid vibration ex-
citer features excitation abilities of acceleration over 6 g, and frequency band covering 10-2 000 Hz for a
payload over 50 kg in centrifugal overload exceeding 60 g and overload rate exceeding 15 g/s, respective-
ly. The exciter was installed on a dynamic centrifuge and applied in a number of tests for inertial sensors,
assemblies, and systems with good load control effects. In comparison to real flight tests, the dynamic
overload-vibration simulation technique presented in this paper provides a more efficient and more economi-
cal laboratory approach for testing functional properties of guidance and control systems of aircrafts and
spacecrafts, especially for large sample test data accumulation.

Key words: hydraulic excitation; piezoelectric excitation; compliant mechanism; micro-displacement am-

plification; centrifuge

FEY BEATIE Be SR TARRBE ST G4, S B TR S
T T o L AR W T R A A

1 3 7

TE L2 AT R 40U, <3l 75 e %) Jon e B R iR
SR EEXT AT A 10 45 4 F ) R AR T RE X R )
O A WF T2 B, 0 8B R S PR B 0 kAT g B A
BEMHAERT . BRI BE AR R s
A RE AR A PR A5 DA 2R 68, DRI B RE -4 3
ZE A R B B AR B 2 AL Rz
W BRI A% G A 0 1R PR B 25 A R DU R
(G ) g 5P R BENLR Zh 255 o0 £ L
K] R ol A 85 ) I AR AR R AT AL (R S
B SR AR R G DI RE AR L RS
H 28 [y ) P 55 I R A O, AN ASO% i e R B iR
B AR ) o s %ok R A8 Ak ol AR L AR Ak 8 Rk
1B i R 4 RN R e Y T RE P g A AT g
PR, 5 22 55 LS i 0 AT Bl A RR P
FE - Bh 25 5 I8 R A BOR 550 3 A B 4
TR

2 [ Sandia [ 5 52 40 2 5L R Yl =X
P, LI T RSN R PR B R A PR AR AL H 1
WAL 2. 25 kg RSN JE 3 g7 3 AR KSR R
R v S T 3k 22, 5 kg IR BN BE 15
G (RS T B -9IR 30 25 5 IR B AL, I e &
PR BN, V6 %38l R 5 T

OHL BB EIRE &, EH T 1 kg R MRS
T R R B kAT R R AR AL 2R gh ) 2
FERL, S BT B 4R Bh 45 G FR BE A I8 A
P Hp [ TR ) AT 5 B R TR B 5 T 5 L
R B PR BT B AT T A AR W R A 3k 20~50
kN (19 82 25 0 o B - B 4R 2 45 B A B I R
G Ak B R AR AR AR BN R 1 H 2 R
B, B 2ok 2 Hb i T A TR0 AL AR
WP

[l JA5E o 328 3 -4 3h 25 A IR R 00 B R 1 &
I3 N HEAS AR DGR L (1) i3 T A B
-k sh & A LB, B oL & B RS,
R ELAT Bl A I R A5 (2) 7 3 SR E A i
P (— &K 10~2 000 Hz) i3 B b, 2% 0 T/
MR sh & (0 i T A kTR e 2 P 5 SR
VR G 5 N 2 B R R (3) e
PO R 236 B A R Rl Rk A N E L RE
S PR e AR L 7E 100~300 Hz LR A8 /),
JC T RS A5 (4) R iR B A7 B i ife
1R R A A FRE 92 B P I SR R A
R — B TE 200 Hz &2 477" i e ml WL, JLAI % 52
R i RN B AR S AN R i R AN



3320 e KEE TR

31 %

W B TR

T S BN 2SN S 4R B £ A IR BT AL
it FL AT DRI Dok 3 A B A B A B LA D s A T
HEMEAF G shAE YL R BPLII AR S5 5R
JEE A LB AR OCH AR i G v T R S A R AR AR
B, IF B S0 430 A 0 TR T, 0 IR R
0 F B HLA AR 2T PRI BT g R AN
B BREAHR TS, WO ER R P 5
L 20 285 0 B2 3 AN SR ) R R o S B B
A IE P 4R Bl £ A PR SRR AL B S B BT A

TELETT SR A SCEE 5 TR A SR 1 fE
s PR TSI T R R - E R E A
VIR T 3%, T A S O B0 2 ek R 3 Y P
WOIR A B, S BT gl A5k B AN AR AR B (R A
B AR GE TR R B AR AR BE ALK 3l B 255 ) 2 35
SR, O TRAT AR AR AR AR R SR ) g
PERE MO AT EEPE B R I T R R Tr Sl &
FB.

2 ZHHMAEAR

e WL -9 s R BB O 45 R B A 2 AR AL
B OC ZR LR 1, R A A i ] 2

Instrument capsule

Cables & oil pipelines

f Torque motor
i}l Piezoelectric-hydraulic 1
S series hybrid vibration
=2 exciter
I @

Rotatable capsule
Base support

Main motor

B 2 -k S B R 5t

Fig.1 Dynamic overload-vibration simulation system
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their typical output vibration loads
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Tab. 1 Results measured in piezoelectric excitations of single element and 6-element parallel module

Parameter

Single element 6-element parallel module

Payload weight/kg
Vibration acceleration/g,,.
Driving voltage/ V.,
Specific excitation force/ (kgeg,,. Vo )

Parallel excitation efficiency

10.0 50.0
6.166 9 7.044 6
249.11 319.51
0.247 6 0.1837

/ 74.2%
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Fig. 5 Structural sketch of hydraulic excitation module
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Tab.2 Performance test results of the exciter

Performance index Objective Test 1 (Under high overload) Test 2 (Under high overload rate)
Payload weight/kg =50 50.6 50.6
Overload/g =60 60.0 —

Overload rate/(ge*s™") =15 — 16.6

RMS acceleration/g,,. =6 6.03 6.05
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Fig. 12 Test conditions and control results in the applica-

tion case
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