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rx, =a, +at +at?
rx =b, +bit +bt? (1)
X, =Cq +Ct +Ct°.
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DEVELOPMENT OF KNEE JOINT EXOPROSTHESIS BASED ON
MAGNETORHEOLOGICAL D AMPER
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Dmytro Kostiuk, PhD,
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Igor Sikorsky Kyiv Polytechnic Institu(gyiv, Ukraing

Abstracti The aim ofvork is devoted to the determination of the geometric
dimensions of a magnetorheological dampereixoprosthesisf the human knee
joint. The peculiarity of the work lies in the fact that it is necessary to realize the
possibility of sufficient depth aggtment of the characteristics of the damper in
the highly limited dimensions of the damper device. The given work can be applied
in the future for the modernization of damping devices, which should provide
great effort of resistance force in small dimemns

Keywordsi magnetorheologicafluid, magnetorheologicalamper(MR
damper) operatingconditions loads

Formulation of the problem. In order to reproduce the realistic movement
of a person, it is necessary for the design of the knee joint prasthgsiovide
the exact dimensions of the spatial frame and damping device. Damper takes the
most loads and "softens" the prosthesis in the process of movemediy, dnd
the accuracy of its design and execution should be very high. The principle of its
work is to dissipate the energy of motion by viscous friction of the fluid in the
throttle. Thiscausdo increase the temperature of the working fluid, which affects
the rheological characteristics of the fluid and reduces the characteristic of the
damper.lt is necessary to provide the possibility of autonomous control of the
characteristic of the damper, depending on the type of the human movement and
the temperature conditions of operation, foroglucethe movement's realism due
to the design of the psthesis and damper.

Analysis of recent researchlt is known that the characteristic of the
magnetorheological damper is described by the dependence of the tension of
fluidity of the magnetorheological fluid on the applied magnetic field [4]. Based
on prevous studies [5], in which the dimensions of the regulated concentric
throttle were determined, further development of the MR damper is possible. The
feature of the proposed magnetorheological damper is the ability to provide a
rapid change in its charadigics in dozens of times.

Formulation of aims. To develop a structural scheme of a damping device
based on the use of a magnetorheological fluid fkemesejoint, which provides
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variable operating modes, depending on the temperature conditions of@perati
and the type of human movement.
Setting objectives

1. To propose a constructive schemadR damper

2.Based on the previous studies of the magnetorheological effect, calculate
the optimal dimensions of the damper based on the operating conditions

Main part. The knee jointexoprosthesishould be convenient for the

patient. That should in extent necessary reproduce the realism of the movement.
To reproduce the movement, it is necessary to provide a comfortable design by
maximally rational placement of kematic pairs and development of a module
that will allow to reproducing motion as smoothly as possible. This module is a
magnetorheological damper, to which a number of criteria are put forward:

1) Create resistance forces up to 750 N

2) Operating stroke in 26hm (61 mmlengthened, 81 mralongated);

3) Ability to automate control of the characsdits of the damper, depending
on the nature of the movement

Gt .
F i g Kifhematicschemendthe prototypeof exoprosthesi&neejoint
(10 MR damper20 bodyfor fastening to the thigh

Forthekinematicschemeof theexoprosthesisve give thefollowing data
constant linear dimensions AB=117,5mm; AC=27mm; CD=96,3mm
DB=35mm; BE=19,4mm; BF=36mm; EG=30mm; AM=15mm:; variable linear
dimensionsCF=81mmwith elongated damper (61mm when retragtedriable
angular dimension§ MAB=114,8," CAM=166," ACD=103;" DCF=23,4;

" CAB=80"

For a prototype of knee joirxoprosthsis a kinematic scheme is drawn
(Fig. 1), based on which we can recreate the human motion and write the equation
of motion for certain bodies. The figure shows that each body is connected to
other bodies by joints, which provides only one degree of freexfane body
relative to another. The damping device can be considered as three kinematic pairs
of the fifth class (hinge connection of a rod and a cylinder witexaiprosthesis
body and a translational motion of the piston in the cavity of the cylindar).
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important feature is the absolute rigidity of the body, which includes the points F,
B, D, G, E, and the hinged connection at point E acts as a stress concentrator and
increases the stability of the structure.

The next step is the output of the eqoiatf motion of this mechanism. To
do this, we determine the equation of the moments of forces relative to the origin
of the coordinates (Fig. 2). This equation should be written as a function of the
angle of the foot lift. Consider the case of a load witbertain force that acts
equally on each of the links of the mechanism. To do this, we apply this force in
parallel to axis Z, defined &, =M(gN\g). Next step is taleterminghe mass M
and the position of the centres of the masses of each of thesbofiithe
mechanism and determine their dimensions. The angle of the lift of the foot is
denoted by , [rad]. It is the rotation around the Y axis.

«Ql
e

Aaom

{

7

Fig.21 Calculation scheme of knee joint
( @ main scheme & scheme of knemint exoprosthesjs

In the cakulationschemg(Fig. 2): [ 8 masse®f individual bodies I'd
linear sizesof bodies I'°d distances, which determine the position of the center
of the masses of a certain body along the Z &%& distances, which determine
the position of the centerf the masses of a certain body along Xkaxis a, b,
LP8 distance to the centers of mass along a specific axis for some bodies. Point
P is anmstantcentreof rotation(ICR) of a damper. Now we can write the equation
by which the torque is determined:(1
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Substitute the following values in the equat{tix
M1=2 4 kg M9%0,287 kg 1> 8175 mm h%6=3,1 mm
M?=1,1kg ['=100 mm |4 820 mm h'3=27,39 mm
M3=1,64kg 1°’=130 mm |4 71 mm h'4=20 mm
M4=0,62kg [3>=350 mm Im26,18 mm h'®=1,94 mm
M>=0,139 kg [4=65 mm |9 ©&$58,27 mm | a=58,37 mm
M®=0,098 kg 1°=265 mm h'*=19,43mm b=49,5 mm
MP=0,15 kg It 820 mm h'%4 mm LP=22,25 mm
M?=0,15 kg 12 850 mm h=27,56 mm

As a result, we show the dependence otadngueT on the angle of lifting
the leg (fig.3):

Now consider the case whe
simultaneously with the lifting
of the leg the knee joint move:
In this case, for various types (
human movement, the kne
prosthesis can work in differer
regimes. It means that
movements in the knee nc 0 04 08 12 16 2 2,4
dependent on the angle ¢ Lifting angle 6, rad
lifting the leg.

=
w

[y
=

T=>f(cos0)+{{sinb)

Torque T,H-m
MR W o! N WD

Fig.30 Depending of the torquEon

The effort of the lifting angle, .

resistance of the damper primarily appears due to the load taken by the MR
damper, as well as the torque acting directly on the damping device [5]. So we

‘ 7 can wrte that B
O ww"Y
"O S | (2)
o where Dpd the distance between thentreof mass
0 of the magnetorheological damper and its instantaneous

velocity centreat the point P

From the system of equation®)(it is seen that the
resistance effors greatest when the distarigeis as small
as possibleTherefore, using the kinematic scheme of the
knee joint exoprosthesis, we construct a flat curve that
characterizeshe movement of the ICR (Fig. 4ndfind
the minimal value oDp, which is in the position of the
ICR movement Knee exoprosthesis equal3@®. Also, in the schemg(Fig.
4), other basic points correspondingo 30" and 60% on
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which it is possible to determine, how rapidly ICR changes its position depending
on thechangeof angle . According to measuremeni® =19,4mm.We insert
this in (2) andwrite that

0 —— X THO 3)

Since the feature i MR damper is the ability to quickly and efficiently
adjust the value of the hydraulic resistance. It is possible to control the differential
pressure in theigton and ring parts of theamperand change the effort that
creates the damper. Therefore, founded in (3) the value of the resistance force is
the maximum necessary resistance force. Then calculate the diameter of the piston
d and cylindeD:

Q ¢ CYYms “p fpa d (4)

A
@

——02 — "5 9p

pp T —" e ()

where W,=3,3 W 1 controlled power, fi) c@stantfor that MR damper
aPn/ aeP100(aP,=2880 PPa a,<=80kPg; Q=1,18m¥ fyelo¢ityequako0,1 mé)
i flow rate & = 3 &ontrol factor ,=15kPai tensiorof fluidity; d=0, 25 Pa.
Conclusions The basic kinematic characteristics and dependences on the
basis of known geometric parameters of the knee joimprasthesis are
calculated. The dependence of the torGuen the angle of lifting and the
scheme of the movement of the IGRshown in that thesis. The maximum
resistance of the damper and the geometric characteristics of the concentric
channel are faod.

O Q ¢
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