EREMIE £39% F6H 2024F12R

Journal of Medical Biomechanics, Vol.39 No. 6, Dec. 2024 1079

XEHS:1004-7220(2024) 06-1079-07

ETHNAZEMENAIRXTRIESKREREIR

hEF, AKE, BLF, % A, #S%
(BRI DL S TRA R T AR i f SR BeHLas A S8 % , [ R Bl 518060)

WE: B8 BIAN TR B R e il 3284k SR IR (B MR R B T 5 | & iR Sh B HE 5 R E RS,
NNTIERATEBURSTEL MR BT H AR T-BL, Bk WARCREIRNE 5, lad 7 b g e k1 iz ghid
R P A Bl 27 A A 30 Pl e R o 7 g 3203 DX, I s A i A e 2 0 1 S AR B H O AR
SRR IR S L A ) B0 3 AR RIS B s AR 14 3 R A2 1 b 2 S0 UEAT BROC 2 A7 ) A 8 e B 45 i
AN ) 22 5 (o AR S A S R R A 5 5 RS ] DX TR SR T X L, B0 UE R S R GEBEHH AT FROT M BT 45 R A A
Mk, ER ET A0 E BB i N ANE TS LES A LR LR 4 A i EE R R B e R B Ak o g 4R
D, et S ) r R P e 4 v I, IR 0 A JER R 2 T P e i i, SRR B 7 5 AT TR
(6, AR TR BAIRS 5 RHEAR I, iR SR T3 A5 B BT IR S 5 5 R RGREBA HOR 2
N TR R b ™ A ARSI 5 5 . WFFESS RN R SRS N T Y B A AL | S S04 A i e IR 25

W R L E R
K. NTHEET; g, RBR, shiagi &, JRahlim
FE 43S R 318.01 XEkFRER . A

DOI: 10. 16156/j. 1004-7220. 2024. 06. 010

Design of Vibration Signal Acquisition System for Artificial Knee
Joint Based on Dynamic Simulation
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Abstract; Objective The stress variations during the wear process of an artificial knee joint were studied. Then,
a signal acquisition system was designed to capture the vibration signals induced by the wear of knee joint
prosthesis. The aim was to provide new technical means for online wear monitoring of the artificial knee joint.
Methods To effectively collect vibration signals, the optimal installation position of the vibration sensors was
determined by analyzing the dynamic model of the knee joint prosthesis during motion and identifying the main
distribution areas of the tibial insert contact stress. The dynamic model of the femoral prosthesis was solved using
Lagrangian equations. The torque variation curve of the femoral prosthesis was obtained to validate the
effectiveness of finite element analysis. The signals collected by the vibration sensors installed at different
positions in the friction wear experiments and the surface morphology in different areas were compared to verify
the effectiveness of the acquisition system design and finite element analysis results. Results The stress
concentration regions of the tibial pad under four degrees of freedom (flexion, internal and external rotation,
anterior-posterior displacement, and up-and-down displacement) were obtained based on a dynamic simulation.
A stress concentration was evident in the middle and posterior regions of the tibial pad. A vibration signal with a
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higher amplitude was collected when the vibration sensor was installed at the rear end of the tibial pad. This aided

the vibration feature extraction of the knee joint prosthesis. Conclusions The vibration signal acquisition system

designed based on the dynamic simulation analysis effectively collected the vibration signals generated by the

artificial knee joint during the wear process. This study provides an important means for evaluating the wear

mechanisms of artificial knee joints and monitoring their full-life health status.

Key words: artificial knee joint; femur; tibial pad; dynamic simulation; vibration monitoring
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Fig.2 Schematic diagram of motion and input data for four
degrees of freedom (a) Flexion and extension, (b) In-
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placement, (d) Vertical load
2 ETHEBBAARNRXTIAESN

IR 4 A A T B TR A RA LA
[l R A i oz sl TR AR 2 o 2
A%, WEBGEZNE LR O 2 2 1 iz s kAT 3 12
It A SCHRRBERE AT, E R A B H T RESR
e B A i i ) H R -5 BROT M B 0 R SRt
FIRT G SR AT Ay FL SR A A8

FHSGHR DH 28055 BB BUA Y I iz
g FE b B R AR AR AL, B AL bR AR A
FEAR R A I BB M o A e AR S I

cos(q,) —sin(q,) 0 566.198

0 0 1 58.838 ()
-sin(q,) =—cos(q,) O 0

0 0 0 1

P eq, A B A BB R &R B
B — 5 P AAER AT LIRIR
or = Tr (2)

e S P RS TR AR AR R Y 1] 5 AR B s g P
FAEBCE AR PR R AR AR XFEC(2) SRt AR pR gk
AR IRISR T, A5 BB A A B — A T 2
AR FR 10

. d(°r) d(Tr) dT dT

= (dt) - <dt : =Er= (dql%)r (3)
AP o WFIEL g, o g, X e B9—BrS . IR Y
VLRV,

(v)? = tr((j;:q,) r(r)"‘(iiql) T) =

oT , . oT"
ul5 e (4)
I HL, BB A 5 s B sh RE Tt ek =20k
dV=%(°v)2dm (5)
FIF(5) B B BRI B RE AT LR R
1 (oT , . oT" ~
V:de:fztr(%r(r) aq]ql )dm_
1 (0T v, T L\
2tr(aqur(r) dm aqlq1 )—
1 (0T oT" ,
2"1(8(]11 qu‘h ) (6)

2 T R IR (EAA (%) 2 Sl B e I
JBCEBRAAR BT i BB OT RIB A h
dP =- g"Trdm (7)
K g WESpor ik, W AT A5 2 AN B B4 1Y 3
HE>

P=[dP == &'Tr[dm == ¢'Trm  (8)

A (6) M (8) M FiAs 1] H PR %L

1 (oT  oT"
PR Lyt

+gTTrm (9)
2 \dq, dq, )



EREMNE $£39% Fo6H 204F128
1082 Journal of Medical Biomechanics, Vol.39 No. 6, Dec. 2024

FEhoks 91 H R ECARLAS B H 5 72 SRS IR
AT iz gl i R b ) T R
d(JL oL
T= dt(aql) - GTL (10)
e WU iz 3l , AR BE AR T il B f R AR
e, TR B B TE T iz s A b i ) AR AT
O, A A H AR B R E

3 ETAERTHENBREEHBRZ NS

AR SCH RN [A] R BE T I B ) B 4 fi
WS, SR SCHER [ 10-15 ] HF A AT BR T 05 A0
J7ik AR ABAQUS HE4UL, 1 B B A A4 =2 ] Ay JEE
PE % 0.05 1 BEIEHz fl, B fr ML A 5= %
YY/T 1462. 3—2017/1S0 14243-3 : 2014 FEZFrifk,
Jet i3z 3 ik B (B AR e B 225 AN N, 2k e
G 508 F1 N M e 5 it I AE SR 5 ef 8 2 % i, J8
X eE AR L A AR A B R AR R
FRERE 9 fh BE ], DA SE AN [A] ) F R A 2k,
WA 5305 T B A SR T R T 1 mm (A% %5 3
HABFRRH 10 mm WA 25 B, DR & THRR0R,
50 7R 10 mm A% T30 il N g oA ARSI 1
0. 1.1 mm PIMSEERICI B2 W RS
Lo WO AL A BT his gl

ASCR I, Bl A i A BN WG K, 1R B e B
B 3B fi 1 T DX R i e e S 1) T O ok
P Y i AR 3008, [RIE H Tl B ek B R
RO, I B 1A 55 18 1 o S48 T i 2 M 38 ¥ . 5
2 ik DX 3l P G 2 I B R B 5 R e B i
B il DR IR B e RS2 B0 R i 1 g Y
DX 3l DI 15 Aok 2 i e ok U B S v, BB R I
AT AR O TR AR 5 118 B e i 1 42 fle DX DA
TR A [ UL 3 (a) 1, BRE R SNIEZE
Bl W B B B A A 55 8B e A 2 2 fl DX
TE B AV R B 3 W00 A 4 i 7 7 A 7 X A DX I
A s Bl YA E AR BE B S K, 25 IR B A 3 v 5
JRE B B2 b R, A O e e 2 i o 5 0 L A
FEA AR WSO R A 07 g A o O 30 R e
M TG SR M A ZEwr [ WE 3(b) 1. B8
BT E AL RSB S, W16 B B s sk 5 1%
Ao A% T2 A i DX Sl A AT A BRI SR A fh 1z g
L AE XA DI Az 5 Bl A R B e BT S A AR 1Y) 3

R B AR B B 5 T B e 8 8 435 ik ey e e

b 1] J s P, AR T R AR R fd 7 g X

S by i i o P B AR AT R R ILIE 3 () o R

HHRE MR sh e s sl A e

AR A i 77 X SR A e v S [ LIRS 3(d) ]
GIED i JE i

(d) ETFHa#®

(b) WAMIE
B3 AEBEHERSFREMEHSH
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kinematics analysis and finite element analysis
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Fig.5 Monitoring system sensors and installation

(a) PCB diagram of monitoring system sensor,

(b) Sensor installation design
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Fig. 6 Monitoring system collects signals

(a) Time domain diagram of the acquired vibration signal,

(b) Frequency domain diagram of the acquired vibration signal
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