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Abstract

We researched the influence of the mass, diameter and the structure of the mechanics on the moment of inertia, the mechanical time
constant and the coefficient of efficiency for a class of the mechanisms. We offer a specific solutions to optimize the mechanical units
and increase the efficiency of the medical centrifuge, intended for astronauts. Studies have been conducted for a wide range of

changing mechanical time constant.
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1. INTRODUCTION

The subject of the research in this work are the
nodes that make the mechanical-electrical part of
the rotating chair for studies of the vestibular sys-
tem [1], [2]. Typical of it is that you have to provide
a trapezoidal speed chart sinusoidal oscillation -
pendulous effect and stop impetus.

The chair is designed for responsible research in
the selection of pilots and astronauts the electro-
mechanical part (Figure 1) has a changing radius of
rotation, which in turn in medical aspect ensures
angular accelerations up to 12g. This is are limit in
tests for astronauts.
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Fig. 1. Electromechanical part of medical centrifuge. Electro-
mechanical part consists of:
1 — chair, 2 — electric motor, 3 — reducer, 4 — housing,
5 - shoulder with changing diameter, 6 - belt drive;

For the sake of high efficiency we offer the following
structural changes: elimination of the belt drive and

it's replace with perifleks coupler (the coupler is
shown in FIG. 2 along with the mechanical proper-
ties in Table 1), replacing the coupler with the pro-
filed specifically for the relevant medical centrifuge.
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Fig. 2. Perifleks coupler.[3]

Determination of torque M,

Where:
Py — is nominal propulsion power.
— is the nominal rotational speed.
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parameters selected perifleks coupler for accelera-
tion up to 12 g. Because of these structural chang-
es the kinematic chain acquires the type shown in

FIG. 3.
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Fig. 3. Electromechanical part with optimized units.

Electromechanical part consists of: 1 - chair; 2 -
electric motor; 3 - reducer; 4 - housing; 5 — shoulder
with changing diameter;
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Where:

M,; —Moment developed by the motor,

M. — Moment brought to the shaft of the motor,
M, — Dynamic moment,

J — Brought inertial moment to the motor shaft,
Z—‘: — Angular acceleration,

a — Angle of rotation,

GD?

J=2 ©
Where:
G - Weight,

D — Diameter under which the electromechanical
part rotates (D=2R)

Typical of the tests in the electromechanical system
is that the parameter G changes from 392 N to
1373 N, and the parameter D - from 0 to 0,6 m,
respectively the moment of inertia changes and the
mechanical time constant T by orders of the same
magnitude. This makes difficult the optimal adjust-
ment of the electric drive in cases where it is con-
structed by the system with dependent adjustment
also makes difficult the design of adaptive control
system under these conditions [4].

Mechanical part incorporates all interconnected mo-
ving masses: engine, gearbox and the actuating
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device of the machine are shown on fig. 4. This
movement is realized by a motor [, reducer KPIT,
perifleks coupler CM1 and rod b propelling the
chair. The working mechanism, on the schematic
diagram are armchair with mass m1 and patient
with mass m2. Actuating device transfers the cargo
m1 + m2, loaded with a mass My, moving with
speed V;,,, rotating with angular velocity w and

subjected to a force F.[9]

Fig. 4. Schematic diagram of the mechanical part a) and
defined kinematic chain b) of medical centrifuge.

On the diagram in Fig. 4 with arrows are shown the
applied to the individual mases in the system, ad-
duced moments of the active in the system external
forces My, ; and My, ;. To the rotor of the engine
J1 is applied the electromagnetic moment of the
engine M and the moment of the mechanical
es AM, to properly calculate we assumed to be
positive sign the direction of the angular velocityw;, .
In simplifying of the scheme it is necessary to calcu-
late all externally applied forces on the masses
which are connected by means of solid bodies. The
study of the dynamics of the electric drive shows
that the direct calculation of mechanical scheme in
most cases gives the same output as the detailed
calculation of the individual forming mechanism.
Therefore we identify the main masses and stiff-
ness and bring it down to a two mass system
shown on fig. 5, where the system is broth down to
the unit with the lowest stiffness and result inertial
momentum.[5]

Pr2

r

w, 3 Ci2 —p (1)

M e I
M., €

Fig. 5. Summarized two - mass scheme for medical centrifuge
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Parameters of two — mass flexible mechanical sys-
tem (fig. 5), are reduced to the total moment of
inertia moments J; and J,, directed to the mechan-
ical connection between them. We accept the mo-
ment of elasticity which is brought to the stiffness of
a mechanical link J; and J, — C;,. The first mass
represents the rotor of the engine himself and the
mechanical components which have direct contact
with him. To this we add the applied electromagnet-
ic moment of the engine M and the moment of static
load M. To the intermediate masses in the mech-
anism J, is applied the resistance moment M... [6]

In calculating the above-quoted static moment M,
when all active forces and momentums in the
mechanism are defined. In most cases, losses from
friction in the mechanism are unknown and are
calculated with the use of the efficiency coefficient
of the mechanism.

Nuex = N1N2M3 '[7]

Where 14,7,,m3 — are efficiency coefficients of
the units in the kinematic chain.

Comparison of mechanisms based
on efficiency:

Medical centrifuge before optimization of mechani-
cal units:

Numex—np = T]CH-T]P-T]PEM-T];SIAF = 0,64 (4)
Where:
ncy — Is efficiency of the coupling.
np — Is efficiency of the gearbox.
Npeem — IS efficiency of the belt drive.
n5ar — s efficiency of the bearings.

Medical centrifuge after optimization of mechanical
units:

Muex—cn = Nctz-Np-Nar = 0,72 ()
Where:
Ncu1 — is efficiency of the perifleks coupler.
np — is efficiency of the gearbox.
n3ar — is efficiency of the bearings.

If the moment My;gx of the load in the mechanism
is positive, the moment of the static load is detri-
ment from the equations. [6],[9]

MCwl = Mmexwmex/nMeX + AMwl (6)
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Therefore

MC = MMex/ionMex + AM' (7)

Where AM — is the moment of mechanical losses
in the engine.

ig = —2 = i;iyiz..— overal gear ratio from
WMEX

the motor to the actuating device.

The equation of the power capacity can be written
in the following way, thanks to the efficiency - in the
system.
MC(‘)I = Mmex(‘)Mexnmex - AM(‘)l (8)
In this case:
Mc = (Myex/i0)Nwex — AM. (9)

The moment caused by mechanical losses in the
engine isn't bigger then 1-5 % of the rated torque of
the engine. In this case we assume AM=0, and
M,,ex becomes:

MC = MMeX/iOTIMeX; (10)
For motor rotating in the opposite direction:
MC = (MMex/iO)T’Mex (1 1)

When AM = 0, the equation can be written:

Mcw; = FuexVyex/Muex (12)
From where:
Mc = (Fuex/Muex)P (13)
So for motor rotating in the opposite direction:
Mc = FiexPluex (14)

From the kinematic chain in fig. 4 we can write the
current example the three most - significant masses
are given the rotor, the engine with inertia moment
/e @nd load /...

1/Coey = 1/C, +1/Cy + 1/C5 +... (15)[8]

The behavior of the system depends on the variable
parameter T, to get the required quality of the tran-
sition process. [1]

The algorithm taking into account the variable me-
chanical time constant. Is calculated and explained
in [1].

Electromechanical time constant is:
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_ IxTe. _ _ My,
Ty =55 = c® = 7 (16)
Js. = Jaw + Jo +Jom + -5 (17)

GD?
]C = E;]P = 0’2]/ILB; ]Z. = 1’2]LLB +]CM1 +
2
@b’ . G = G, + Gy; (18)

49Mwmex Ip

Where:

Jxs — motor inertial moment,

Jema — inertial moment, perifleks coupler.

Jp — inertial moment of the profiled designed gear,
J — inertial moment of the load,

i, — ratio of the gearbox,

nuex — efficiency,

From the made calculations it is seen that with the
change of the Ty, disturbing the optimal setting of
the internal and external contour. Fig. 5 and Fig. 6

shows the dependencies between dynamic moment
and the parameters G and R.
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Fig. 6. M, = f(R), when & = 0,6

The dependence of the dynamic moment and of the
two parameters (G and R) is given in Fig. 7.
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Fig. 7. Dependence of the dynamic moment and of the two
parameters (G and R)

2. CONCLUSION

With the applied optimization, the system reliability
is increased, noise levels fall due to the applications
of perifleks coupler and repair suitability significantly
increased due to the lack of belt drive. Because of
the absence of belt drive the period for external
intervention significantly increases, the system can
operate a long time, as independent. From the eco-
nomical point of view, the price dropped because it
is not necessary to purchase a belt drive and repair
costs are also drastically reduced. The overall fric-
tion in the system is also decreased.
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