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Dynamics Analysis and Simulation of Human Knee Joint
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Abstract

The knee joint is the largest and most complex joint in
the human body. Every year, Thailand must import a large
number of artificial knee joints. The import values of these
medical parts are very high costs. The main aim of our research
team is to design own artificial knee joint. The dynamics
analyses of knee joint are needed for the design. Thus, this
paper is to study motion and force acting on the human knee
joint and its components (such as ligament, patella, etc.) from

movement of life activities such as walking, running, sitting etc.

The simulations of motion were developed by using Adams-
LifeMOD program to analyze the dynamics parameters such as
velocity, acceleration and force. These parameters can be used
for design of the artificial knee joint in the future.
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MOTION_DATA

Time(sec.) X(mm.) Y(mm.) Z(mm.)
0.000 -943.54 964.76 77.04
0.017 -932.76 966.51 83.50
0.033 -922.17 968.31 90.15
0.050 -912.18 969.76 95.69
0.067 -901.18 970.88 101.36
0.083 -890.86 971.80 107.01
0.100 -880.13 972.40 112.76
0.117 -869.88 973.21 116.93
0.133 -858.55 972.96 122.34
0.150 -847.22 972.78 127.31
0.167 -837.17 972.80 131.44
0.183 -825.90 972.03 135.56
0.200 -814.79 971.27 140.39
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MUSCLE pCSA. % Force Max. Stress
Gluteus Maximus 1820 100 1.786
Gluteus Medius1 1798 100 1.786
Gluteus Medius2 1398 100 1.786
Adductor Magnus 1415 100 1.786
Semitendinosus 781 100 1.786
Vastus Medialis 3893 100 1.786
Vastus Lateralis 5730 100 1.786
Biceps Femoris1 852 100 1.786
Biceps Femoris2 2399 100 1.786
Rectus Femoris 2796 100 1.786
lliacus 1513 100 1.786
Gastrocnemius1 3479 100 1.786
Gastrocnemius2 1657 100 1.786
Tibialis Anterior 1699 100 1.786
pCSA. = Physiological cross sectional area (mm.z)

Max. Stress = Maximum Stress (N/mmz)
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Angular Velocity Left Knee Joint VS Time
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Angular Acceleration Left knee Joint VS Time
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Force at Knee Joint

10000.0

LA wag Wk andn

800001 1 k-1 Pe--Pet--Pe-pe

6000.0

4000.0

Force (newton)

2000.0

|
7.0 80

0.0*
00 10 20 30 40 50 60

Time (sec)

Eﬂﬁ 9 waasrussnuludaitntsdafisunuia

Tusunsy Adams-LifeMOD

{ = | { 1aaa {
gl 9 wwmeluwlarndauduusa iAo
ﬂizv‘hﬁunszgnﬁmﬂunm@m6] mngﬂwudwmxﬁamnﬁﬂLm
x ; AT s sa . - .
Jwinnfigade 8 Alafhaulutisveimuain uazfioussluzng

o . . ( da X Q -
I 800 fadu FAusuafsNifieluasaananssuda 2.35 Nla

eI
Ligaments Force in Knee Joint VS Time
150.0 : T "

[N wony WO andw  1an
= 1€--------- PL---Pt---PLt-PCt----- »
=]
= 100.07 =
3
£
8
5 500
- is g : N

i | memememme———
0.0 J&ll /\\\: H
00 10 20 30 40 50

Time (sec)

307 10 usslwawduudazdulugaiin

9n3U7 10 wisludmdu PCL uaz MCL luwmenafien
30 FAuLAT 20 A1auaNEIALLEAIINY NN InnsDavad
Vv e { A a & 4 '
whdhauly Welinnsiea13iaussuil ACL uas PCL &% LCL
ﬁwahﬁamﬁmmﬁaﬂﬁqﬂ
f = AV o a a ¢ '
agnslsfianunanldannisiaszdlanidadazla
4 o aod da . as A . a
WlaunuNwIdndunlan1zasllaniuidni snizinaine
UULTU ANBUSTUITI LA ﬁmﬁmm:dmgq EIGIL e N
B . i o A 9
wiamivasudazaui ldiniiounu FInnugndedvananis
a A e o Y P o ' i
Aanzdlawfiadiufidvediuanalndifosnuizniisluiaad
o X o a ' A ° 'Y o
F9TUNUARITI nanfe Bsxnnsnsiaasluiaalilndfseniy
< a \ = o o e o < o &
anuduaiannrilsfadldnasnsfigndasuazdulalaniniu
& o dus ¥ . .
wiu lasdayafildanunanaiiaanni Wl glumsiawms
aanwuutainfonluaninald lagluauiaaaziunisdiaasns
wRaunnaInnladanionnaanuuudn W lulueaudlsenuuy
a I3 < X% ' a A a e
wazdtaziannIzng ladanfsuna v saidsusuuliinaln
A A o A AV v o
nisedawlnitudannuniiedenluivesluiaanlarinnise

a ¢ A o a o A al a o o o o
JanzvindalnmasanunadenlniUndlufaiasdszsiule

5. q71l
a a eda X do o o

nnmaaenzh lawndedfiifetuidadegdldimels
FUNTRTIBIATIEAUATI 188 9N1T
o @ A a s { {
9% 90BN BIFINITILATIERTIIVBINITLARAUN AANNLTT
o A fa X . . .
Fagw anusadagauazussiifiodunmoludad o nadsgle
wazlddayandulamfiaguasdauinlumeifiniasdszdiug

a i a ~ ° A qzd‘VL v o o o
aziBuaatiaufisana aansniwafldillfidudayadnin
L3 v a v

myeanuuutanisylddaluluemaa
AaAnssndsznid

cﬁﬁTwamaummnamu%’%mﬁmnauinw ﬁlW’]E‘NﬂiﬂI

QU q
o A

URIIAINLNAY waﬁfum&uﬁu%’ ylunisoaldsunsy Adams-LifeMOD
nolunuisoi

| MENETT 20" [ wiin#l 89 | Ammo20 |

School of Mechanical Engineering , Suranaree University of Technology



The 20" Conference of Mechanical Engineering Network of Thailand

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

AMMO020

LlaN&1791989

[1] Diego Crovato, Biomechanics Research Group, Inc., “Gait
Analysis,” July, 2006, http://www.lifemodeler.com.

[2] U.S. Department of Health and Human Services, “Joint
Replacement : An Inside Look,” April,2004, http://www.fda.gov/
fdac/features/2004/204_joints.html

[3] Vicon, Life Science, “Gait Analysis & Rehabilitation,” July 12,
2006, http://www.vicon.com/applications/gait_analysis.htm

[4] W. Norman Scott, “The Knee,” Mosby Year Book, Inc.,1994.
[5] National Institute of Arthritis and Musculoskeletal and Skin
Disease, “Questions and Answers About Knee Problems,” May,

2006, http://www.niams.nih.gov.

| MENETT 20" [ wiin#l 90 | AmmoO20 |

School of Mechanical Engineering , Suranaree University of Technology



	AMM020-1.pdf
	AMM020-2.pdf
	AMM020-3.pdf
	AMM020-4.pdf
	AMM020-5.pdf
	AMM020-6.pdf

