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Abstract: This paper describes a dynamometer developetbrque. On the other hand, they can provide tokgees of

for the measurement of torque of micromotors asnatfon
of the rotational speed. The operating principléhef device
is based on that of a typical viscometer. The sbéfthe
micromotor to be tested is coupled to a small cigdim
which is placed concentrically into a larger cykndThe
motor torque is transmitted from the inner cylinderthe
outer one by means of a well-known viscosity flui.
pneumatic cylinder supports the outer cylinderttsat the
test is performed under free-friction conditionsdathe
torque is determined by a lever arm in contact witload
cell.
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1. INTRODUCTION

Nowadays, many areas of industry have stron
tendencies towards miniaturization of products twehe
significant safe of energy, increased efficiencypd ahe
reduction of working spaces and the materials taat be
produced. One of the main limitations for miniatation of
mechanic and electromechanic systems is the manugac
of actuators, because these must provide an eroepti
power-dimensions ratio. Micromachines tools arengas
of the use of microactuators such as micromotohsctware
usually built in sizes of about 5 mm. A precise inoet for
measuring torque of micromotors is an essentiaéctsfor
characterizing these micromachines.

Both, step and continuous motors,
characterized in terms of the holding torque byngsi
different methods available for such purposes. dmes
applications the use of ammeters and voltmeters a
accepted, but this methods do not allow to makieegtdand
accurate measurement of mechanical power. Othdacatev
are torsion dynamometers fitted to the shaft, wipobvide
useful information of the torque as a function diet
rotational speed. In other application, such asorigeters
and rheometers, strain gages are usually instaieda
torsional bar, which is supported by a pneumatiarrjal
bearing. Such systems are capable of measuringeoog
the order of pulNh. However, they are designed for this
specific application.

The main drawback of the commercial systems is that

they are usually employed for determining the huaidi

are usually

the order of mMi, which is out of the specifications of
micromotors.

In view of the importance of measuring the poweraof
micromotor, this works deals with the developmemd #éhe
first results of an equipment for the accurate measent of
torque as function of the rotational speed (power)order
to make it very stable, trouble free, of easy atignt and
without oscillations, a conical pneumatic bearingasw
designed.

2. METHODS

A way of characterizing micromotors and conventlona
motors in general, is by means of a variable load o
restriction torque and then measuring its magnitai the

tational speed. There are some devices for cteiziag

0
S’lﬁ]igh power motors, that employ dry friction betwe2n

surfaces in order to generate the restriction trgut, in
this case we need a more stable and precise mdirodo
the relative low torque generated by the microm@idm).
That is the reason why we decide to use calibratitsof
well-known viscosity for applying loads, which alle the
motor to operate under variable load levels, dejmgndn
the fluid viscosity. In that way, we can adjust tiest oil
viscosity depending on the micromotor power.

The method consists of immersing a low inertiarxyéir
into the fluid. This cylinder is attached to thecroimotor
haft by means of a rigid coupling, so that whee th
micromotor is operating, it exerts a restrictiomqtee. The
latter depends on the rotational speed, the flisdosity and
geometrical parameters.
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Fig. 1. Frontal view of concentric cylinder array.



This cylinder is placed concentrically into a large considerations mentioned above, t&omponent of the
cylindrical cup containing the fluid, which leavas annular equations of motion in cylindrical coordinates i@ only
region between both of them. This arrangement, shiw  one we need for this analysis) simplifies to:
figure 2, is similar to that of coaxial cylinderseometers.

In those instruments, when the outer cylinder estatith a 0 :i }g(rv ) o)

constant angular velocity, the torque is transmiittey drirdr" ?

momentum transfer to a fixed inner cylinder. Theqte - _
could be determined by measuring the deflectioa shaft For the boundary conditions of (4), we assume asfipn
coupled to the inner cylinder and thus, fluid visitpcan be  condition at the two cylindrical surfaces, and effelving it,
calculated. we get the velocity distribution in terms 6f andR andk as
shown:
well-known R
viscosity fluid R2
T ®
v, =Q;k
1 k
outer cylinder (E j
(cup) . L
The general form of Newton’s law of viscosity is:

inner ” lr = ,u(Dv +(0v) )+ (% U K)(D @)5] (4)

cylinder
_ _ _ We just need the component of the viscous stresoie
Fig. 2. Upper view of the cylinders arrangement that comes out from (4) that gives us informatidoout

. . . torque acting over the cylindrical surfaces:
In our case, this method allows testing the micrimmo

by increasing or decreasing the load by meansvafiation d (v 19v
of viscosity (or by changing cylinder dimensiorallpwing T,o=—HMT (gj +-—r (5)
at the same time to operate the micromotor in a&wiahge or\r r 06

of angular speed and not only at blocked rotor. )
The torque is the product of the moment flux, theace

Once the micromotor is operating, the power ingut iof the cylinder and the lever arm. To calculate tiwejue

mass and momentum conservation laws, we can esiablifg|lows:

the momentum and mass balance equations in thd flui

between the cylinders, and thus, the torque of itimer Toner = _Tre‘ R [27kRL, (kR (6)

cylinder (the same as the micromotor) as a functibthe =

torque measured in the outer cylinder can be catied! Toser = T,g‘r:R 2/RL [R (7)
For the momentum transport analysis we should densi As we mentioned, we must determine the torque ef th

that measurements will take place once the fludireached micromotor in terms of the measured torque of théeo
a steady state. We can also assume that flow ailere  cylinder. That is:
laminar regime because neither rotational speed nor

viscosity will make the system reach a critical Ralgs L

number. On the other hand, the sort of oil emplogieds T =17 (8)
.. . A . . inner outer

not have a relevant variation of neither its dgnsior its L,

viscosity influenced by the pressure, temperatumre o

humidity changes, so we may consider them as cansta AS the torque measurement of the outer cylindert ineis
parameters. done under free-friction conditions for an accurate

) . . measurement, this cylindrical cup is placed over a
As the analysis shown in [1] for a Couette visc@net pneymatic bearing that considerably reduces theidhi
the following vectorial expression that represeBations  |yses that could be involved. Such a pneumatic ibgar

of motion, derives from a momentum balance ovéoa.f consists of two elements: one static and the dibating.
The static element is a hollow structure with a icah

9 pv=—[D W] + pg (1) cavity, whose function is to provide an axial aratlial

ot thrust components to the journal bearing. On the afkthe

static element there is a cylindrical cavity whiptovides a
where p represents density; is a velocity vector,og the  radial thrust as well and guarantees a steady tperaf the
effect of external forces angis the combined momentum- Pearing.
flux tensor (the sum of convective, viscous and euolar The floating element has a conical surface andnéraie
momentum). shaft that complements the static element. Thisudya part

Applying equation (1) to the tangential flow in the fits the static component like a journal bearingeTstatic
annular region between the cylinders and with the&lement of the pneumatic bearing consists of taregdor



supplying pressurized air, generating a layer thebid The angular speed limit at which the dynamomegar c
contact with the other component, even allowindjghstilt ~ operate is determined by the fluid viscosity. Wiiis limit
of the floating element. is exceed, centrifugal forces cause a displaceroérhe
fluid below the inner cylinder and contact areanssn the
@50 mm cylinders and the fluid can not easily be determhing/e
air thrust : have tested micromotors at a maximum rotationabaisi
i of 3.6 x 16 rad/s, and this effect is far from happening.
BAIE As the actual micromotor coupling to the cylindesmo
exceptional vibration absorption qualities, slighitromotor
vibrations are transmitted to the fluid and to bearing as
well. Thus, instrument’s resolution varies depegdion
vibrational characteristics of micromotors, whiclroduces
oscillations in the load cell, affecting the instrent’s
precision. The actual precision goes from 2 X NI to
50x10° Niih, but as far as these vibrations could be isolated
precision would improve its stability.

air supphy

Fig. 3. Pneumatic bearing base.

To accomplish the torque measurement of the outer
cylinder, which is transmitted to the floating pat the 4. CONCLUSION

bearing, the latter is connected to a lever arroutin its A dynamometer for measuring the torque of
axial shaft. Such arm turns as the floating pattes and  micromotors up to 2 x TONI with a resolution of 2 x 10

pushes against a load cell tip transducer of a cemwial N has been described. The operating principle oh su
balance (OHAUS, model SP 202) having a weight rangfeyice is based on the use of two concentric cglisd

from O to 200 g with accuracy of 0.01 g. separated by a fluid of well-known viscosity. Besatthe

With the force measurement provided by the load cePuter cylinder is supported on a pneumatic beaffingtjon
and the lever arm length, we can easily calcula¢eduter loses are considerably reduced. The torque ismeted by

Cy"nder torque, and thus the micromotor torque_ measuring the force applled to a load cell tlmﬁldmgth of
a lever arm.
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It was found that for a free rotation of the dynarpart

of the bearing, a pressure of42.5 X Ba is required, what REFERENCES

generates a clearance of 7 X" between both elements.

For supporting the load generated by the cup aadluid it  [1] R.B. Bird, W. Stewart, E.N. Lightfoot, “Transgo
contains (around 45 @), it is necessary to increheeair Phenomena’J Wiley & Sons, pp 89-91. New York
pressure up to 3 x 1@Pa. The lever arm attached to the =~ 2002.

dynamic element’s shaft generates a moment wietdo [2] R. Rezendiz, A. Martinez, A., G. Ascanio, Eali@do

the bearing axis of maximum 2 x 10, which generates “A New Pneumatic Bearing Dynamometer for Power
a slight tilt of the floating element, but it doest produce Input Measurement” Chem. Eng. Technol. 14 (1991)
contact with the static element. pp 105 -108.

The limitations of the equipment’s measuring range
not mainly determined by the transducer employead]
cell), whose specifications may allow a range frbm10°
N[ to 15 Nih and provide resolution of 1x fNI. The
minimum torque measured with this dynamomeier
2x10°% NI, and it is limited by friction loses caused by 2
ball bearings that give to the inner cylinder axiat radial
support. Loses caused by the static friction ofgheumatic
bearing are neglected. A better measurement rangiivbe
achieved as the shaft of the inner cylinder is cedu

The maximum torque that has been measured with the
instrument is 8 x 18 N, and no adverse effects were
observed. However, higher torques are out of thpqae of
this work.



