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Decoupling control of tri-axial standard vibrator based on online iteration
optimization of neural network inverse model

Zhang Xufei, Wu Yifan, Wang Shuo, Wei Xin, Xu Tuo

(College of Mechanical Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: To ensure the calibration accuracy of tri-axial vibration sensors, it is necessary for the tri-axial standard vibrator to output low-
coupling and low-distortion vibration signals. However, due to the complexity and nonlinearity of the tri-axial standard vibrator structure,
the output signals exhibit significant residual coupling and harmonic distortion. To address this issue, this paper proposes a neural
network inverse model online iterative decoupling control method to achieve decoupling between axes and improve the accuracy of the
output signals. Firstly, taking the leaf-spring-type tri-axial standard vibrator as the research object, the decoupling structure and the
coupling characteristics of inter-axis motion were theoretically analyzed, and the orthogonal vibration suppression ratio and harmonic
distortion were quantified. Then, the inverse model of the tri-axial standard vibrator system was constructed using the neural network,
and the original system was controlled by feedforward series method, which initially improved the inter-axis coupling interference and
harmonic distortion. On this basis, to more accurately characterize the dynamic coupling characteristics of the tri-axial standard vibrator,
an online iterative learning mechanism was introduced. By dynamically updating the samples, the inverse model was periodically
iteratively optimized to gradually improve its fitting accuracy, thereby achieving precise control of the inter-axis coupling and harmonic
distortion of the tri-axial standard vibrator. Finally, a vibration acquisition and analysis system was built based on AD7606B, and an
experimental test system for the tri-axial standard vibrator was integrated and constructed. The experimental analysis results show that the

neural network inverse model online iterative decoupling control method can control the orthogonal vibration suppression ratio of the tri-
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axial standard vibrator within 2% and the harmonic distortion within 1% , verifying the effectiveness of the decoupling control method and

providing a technical reference for high-precision decoupling control of multi-axis vibration test system.

Keywords : tri-axial standard vibrator; inter-axis coupling; harmonic distortion; neural network inverse model; inverse model iterative

optimization

0 3l

T

IEAERe WA — PR 2l I 2 75 Tl A= 7 FIRHIF 45 sk
FA Tz R e e AR s 1 = AR B 1 SR 1Y
FEEEBOR B 2574 o BT X8 LI M 7 g o e 250 17 ) =
Pl iddn 8 W R A R xR B 5 5
FOHIATARSHE " T 58 RS & 55 20 25 M R 1) = 491 3
LIRS W 2R FH S i shAS Mk L SR i 7 ik
2 BT B R, AR = A B R R AT E AR
SR ET R E, S0 AZWBEIR 2 H I HER 3k
132 LR BUE S MG S8, IR 2 B 3l 5 R
BERR R, 75 10— R =S sh A e ™ %ok
I =AhAr e IR 30 & S 4t EOE I K HLFE (total harmonic
distortion, THD ) {5 T 2% i =l [F] A4 shigkah ' | b
E =R S % IR 5 b — Bl 2 1% Jak i [ 20 4 9
Jih {55, A B B4 A, BRAS B b 1 IR Y
THERES S, ERE R, = Rhbr IR 3h 5 25 il Al
A B 5 IR E 5 A GRS T R, TRl
R G AR AR SR RIS & (i a Hh ORI (5 5 5 AR UG
By, - HE B AR R B, R R TE = Bbr HER B &
FH AR SN % It s ) 3 i 55 38 A7 R e 4 = i
UG SR e, BT RAT B4R S, b (8] FE 5 %
A5 SR A S R T B, U™ AR R

BEXF =R R 3 5 BBl 8]z Zh#5 5 [)#, Saadatzi
R RS T T Al R AR SR B &L Liu
AU ISR FH s A T dh R S B4 v 9K Bl ) 4533 5 32 B
G155, TR 2 TS SUR A 1 =R sh 2 45 k. SR,
IR T RS SIS R B R T YR O S Ak X R FORG E
BORE P BULAS By 5 HLAE RIME, i, B o
TRMEARRBEE TR T b0 A 45 $Hh T —Fh
BT R U RAS A 0 =Sy Ehn R Sh 5 il PR IE S
AT E N R AR T ARL Sy 1 RS TR S8
BT = miRE G, KB €S BT R S A HE
Frist AR ik — 20X 3 R R A5 M AT T 2 28k
Hao 7 38 35k 725 [ 4544 v 35 b A 8 M S REC i, T LY
FEIB B EE NS T R AR S5 G 32 Sl

FET AR S M DA BT = A br IR 2 15 il 1)
AR CARA NS SR, b T RS 25 A 1Y 5 44
PERAELMERR I SRS SO R BA ok b, B
HiTE N AMIE AT B b T Sl IR 3 i Ik AR L

She %" 1 Guan 45" 43 55 FAOR 422 ] SR s A0 52 3k L
FE RS OL B A 1R S A T IR B A0 P B R A5 4 A R
Gi. Zhang S5 MILEAS R (RS 10 26 1 MR 2K TR
hfET  JFd R s R GA B TR BOE R L S
T, b 38 PR B2 0l 2R GEATS A7 A AN AR A IR 7 458 TR A
I, Qiu A5 R I TR T AR LR M Bh ) AL Y T IR
PAMEETTIE |38 3 TR BV A s L A R 2R
LEFRAE RN L S A3 5 R FDRLF R 1A 2% 2T R
Fodb AR T735 S8 1 S iR 3h & el BOE B9 as A
B IEANE BN, P 5 vk B A s A IR 3
£ ki PR RE , HJC v 52 0T 22 ik 3 15 7l ) 3 25
FRRE A AR R

g LR BT X =l R 30 5 4775 5 AR 5 0 O
R FLIR] R, IRAT S5 AR A 5 R ME LB I BR SR ARl 2 i
gtz il RG22 SRR T B R 2h & A Sl . A i,
AR H e 258 00 2% 0 A5 TR o G kA M R A o
V5 o TITREA T W0 G 0 BARBUAR S A8 5 3l 1 )i
H UM T 2 G i At e SR e o A 2 5 ) i i
IR ACHE T R G AT TN T 0 B A 2R 4 15
B B A R B T A 26 = iR
VRN o O B WM R N % T T A s A S TR
{EL, AR SCRAT 2 N 38 K= iR sl & S 1], R 40
M FCA )32 SR S R, DA T PO A S A S 42 o D7 vk
OPAS -3 S Py g é

1 ERXZHRERSE

AT LI X AR R 3l 5 8 R T X xR
FZS A L Al 532 SRS S e AT B 0T
11 #EHRXMREEN

1 s i R 2 AR 3h & £ 2l = fhiz )
B3 AR R REAIR S ST x Ly 2 Bl A A S A
MAZE R 2 B

S AR AS A AL P2 E A A P AT 3 R SR
HEREA  H S T PR IR A A — PR R B e, i
“HB s G R — AR INRE R AR RS 5
Sty FH b ST PR SR A5 SR 2l 7 A 1 Il A ok 3 R 4
s 2= =Rz s -6, T =R sh & B A s
P, STl A 2 0 R Pl AR S T, DA T
ARSI 2 b T 1 A e e ok 2 D 401, 24« il o
PRSI 5 T 7 2 e A T, T 2



541

FRAETR A 5L TR 28 W0 2 BRI PR SR A AR 19 — B vE IR 3l 65 A 2 ol 215

i A AR

VR R A%

xRS S VR TR A
RS S
VRS A

RN

K1 R = wbsiedRsh &

Fig. 1 Leaf-spring-type tri-axial standard vibrator
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Table 1 Orthogonal vibration suppression ratio (simulation)
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Table 2 Acceleration total harmonic distortion (simulation)
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Fig.3 Neural network inverse model decoupled control system
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Fig.5 Online iterative identification strategy for neural network inverse models
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