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Abstract. MR fluids are widely used in various structurestsas controlled dampers, brakes,
clutches, etc. Application of these fluids can @@energy costs and weight as well as increase
device operational speed and lifetime. In ordeexgploit all the qualities of MRS and ERS
properties it is necessary to occasionally mix fthiels and monitor them. These systems are
still under research and development in laboragovi@ridwide. This article describes the
developed and tested flexible bellow, which canedeine whether the MR fluid is under
influence of sedimentation and whether it can djgecarrectly or it is necessary to perform the
mixing.
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Introduction

This article studied flexible bellows with the magorheological fluid. Bellows is a tube
shaped spring element of the corrugated side ®sfft]. Its special feature is the large
deformations with nearly linear stiffness charastar. When Bellows is well-stocked by the
rheological fluid, we can be observe MR fluid clwesistic and performance when
magnetorheological fluid is left at the rest fom@mohours and at this time sedimentation process
is running. These experiments were carried out bgsuaring of the two MR fluids then they are
exposed to a magnetic field and measuring flexildbow shift dependence from the current
strength of the induction coil.

Flexible bellows

Flexible bellows are used for making linear displaents of force or other factors:
pressure, temperature. Therefore, they are oftetiegpfor the flow measurement and in
control devices for various compensations. Flexibkdlows are used in pneumatic and
hydraulic gears because they generate large pohven subjected to high pressure.

Seamless flexible bellows are made from thin-wapgae, but multi-punched bellows are
welded for ring elements (corrugates).

When making high power and compensating bellow ttoason, we are limited by the
strength of the stock assessment. During metrabgiases, there is a need to calculate bellow
effective area changes in deformation process andetermine process deviations from the
linear loads. It is also necessary to check be#itability zones of high strain, thrilling stability
and durability of loading cycles [1].
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Fig. 1. Geometric parameters of a flexible bellow [1]

Bellow technical parameters

Bellow corrugates can be treated as circular plaa@sl we can express as symphonic
springs stiffness:

3 3
c=EM - (43..48)"EN (1)
2nA IR R°n

Here A, = f(R — corrugates coefficient; R — outside radius (& tlutside corrugates
Ro

wall center line), mm; R, — inside radius (at the inside corrugates walt@eline), mm; h —
wall thickness, mmh, — inside corrugates deviation from the tube oetsidm.
Bellow corrugates stress is calculated as:

ar °F
Ol = p27zrh )

The same can be nomographic calculation of stressemilar ,, and bendingo,,,

ando,,, -

Bellows are from 4.5 mm to 190 mm in diameter aredsaitable for working temperatures
between - 260°C to 550°C. The maximum allowableraiggy environment pressure for
bellows is calculated as follows:

87 Eh3 (3)

Puc = knL(R+R, )

Bellows may function when they are influenced tansverse and torsional loads.
Then corrugates shear stress is calculated asvillo
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Inside Outside
S 4) r = XT (5)
Y 2zhR? 27hR?

Bellows service life depends on load type and beloaterial and is from 8 to 70 thousand
cycles. [1]

Research of flexible magnetorheological bellow

The device under study was assembled after produbia necessary components. Fig. 2
illustrates this device that consists of 7 unitthv@ of them being standard.

Fig. 2. Image of the device produced by using model cangtd with SolidWorks

During assembly of the device from the componegaps have been filled with a thin layer
of sealant. Later, this device was completed with rnagnetorheological fluid and attached to
the stand (Fig. 3). Induction coil size was chosarthe basis of the flexible bellows outside
diameters. Induction coil was made from 0,223 mmewdiameter, coil turns — 900, coll
resistance — 4€, coil inductivity — 23 mH. Permissible permanentrent 0,40 A, short-term
(til 3 seconds) — 1,35 A.

Experimental setup (Fig. 3) consists of:

Power supply;V&A Instrument HY3002-2;

Capacitive gap measurement devig®SA 51D11";

Measurement instrumeritiultimeter,Fluke — 87 IV ,..

In order to accurately measure small displacemertsimulated experimental setup using
SolidWorks software Experimental setup is adjugtaldnd sufficiently rigid so that
measurement accuracy is under insignificant infbeen

The measuring device operating principle is basedhe electromagnetic vibration LCR
circuit operating principle. During these measuretaethe constant are: inductance and
resistance parameters (capacity is variable). Tdmaaty was changed by adjusting air gap
between sensor plate and the measured surface5(Fifhe measured capacity is converted to
voltage signal ant it is about U = = 6V. And becaubis capacity sensor has a mechanical
distance controller, it can be easily calibrated.nBeasuring the voltage dependence on shift we
can easily express MR bellow plate push in micremget
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Fig. 3. Experimental setup: custom-made adjustable starahpcitive gap measurement device, 3.
reactive impedance converter, 5. induction coim@ltimeter, 7. flexible magnetorheological belldv,

oscillator
Voltmeter Converter
Capacitance
sensa ,Disa“
Power supply Induction MR bellow
coil

Fig. 4. Experimental setup block diagram

l |
IJ
] o h = I" - -4

Fig. 5. Air gap between sensor plate and the measureacsuof MR bellow
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For the first study we selected magnetorheologitaid MRF-140CG from the “Lord

Company*“. This fluid has high concentrations ofningarticles, approximately 70%, so when
the fluid is exposed to a magnetic field it canrgyed the viscosity characteristics more than
other MR fluids with lower concentrations of iroarficles. The study was carried in eight days
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by measuring the deformation of bellow, when thiboleis exposed to a magnetic field.

On the first day the magnetorheological flwds well mixed and poured into the bellow
without air. Next, it was fixed to the experimensatup and the capacity sensor was calibrated.

Measured results are provided in Fig. 6.
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Fig. 6. Measured MRF-140CG parameters with bellow when MRl fvas perfectly mixed and
unaffected by the sedimentation

Displacementym

Fig. 7.Measured MRF-140CG parameters with bellow when MR fvas left from 0 to 192 hours (0 — 8

Fig. 7 presents measured characteristics of tHevb&lith MRF-140CG. The characteristics
indicate that in the sedimentation process the mami MR fluid particle settling velocity
develops at the first 48 hours, after that MR flpikticle settling velocity decreased. This is
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because the MR fluid consists of many particledifierent size, some particles are larger and
some are smaller. Larger particles are heaviermaoe exposed to the gravitational field, so
they quickly settle, while smaller particles remauspended

F(l) = Displacement R® = 0,9526
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Fig. 8. Measured MRF-122EG parameters with bellow when MRi fwvas perfectly mixed and
unaffected by the sedimentation

During the next investigation stage the bellow wi@sned and washed, subsequently filling
it with MRF-122EG fluid. On the first day the magosheological fluid was well mixed and
poured into the bellow without air. After that itaw fixed onto the experimental setup.
Measured results are provided in Fig. 8.

After the measurements magnetorheological fluid wéisat rest for 24 and 48 hours. After
the sedimentation process we re-measured belloarmeations. After several days of testing,
we noticed deterioration of MRF-122EG fluid perf@amnee, because, when operating the same
magnetic field for the MR fluid, over time bellovefdrmation decreased and, after 48 hours of
active sedimentation, it essentially stopped. Hsellts are presented in Fig. 9.
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Fig. 9.Measured MRF-122EG parameters with bellows whenfMid was left from 0 to 48 hours (0 — 2
days) for sedimentation
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Fig. 9 indicates measured characteristics of tHwewith MRF-122EG. The measured
characteristics reveal that in the sedimentati@tgss the maximum MR fluid particle settling
velocity develops at the first 48 hours, after thR fluid particle settling velocity reduces and
essentially becomes zero. This is because the Mid 5§ made of lower concentration of
particles and when particles were exposed to grattie sedimentation process proceeds faster
because larger MR fluid consists of oil and solaitigles settling at least with no interaction
with one another, in contrast to higher concerdrstiMR fluids.

After several days of testing with the MRF-140CGQGl amith the MRF-122EG fluids, the
measured characteristics were obtained that aemgivFig. 10.

Fig. 10 provides measured MRF-140CG and MRF-122Earacteristics. These
characteristics demonstrate that at the sedimentatiocess the maximum MR fluid particle
settling velocity develops in the first 48 hourieathat MR fluid and particle settling velocity
is reduced or in some fluids it essentially dropzéro. It was also noticed that after 48 hours,
MRF-122EG fluid was affected by sedimentation pescghe MRF-122EG fluid is with a
lower concentration of particles and at the highegnetic field fluid performance is extremely
poor and is not adequate for operation, theretaseriecessary to mix the MR fluid.
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Fig. 10.Measured MRF-140CG and MRF-122EG parameters witbveevhen MR fluid was left
from 0 to 192 hours (0 — 8 days) for sedimentation

Conclusions

Characteristics of MRF-140CG and MRF-122EG fluidevstudied in laboratory conditions
by means of the bellow. We also measured the oelsliip between the fluid particle
displacements and generated magnetic field inl#aremagnetic coil.

Measurement results demonstrate that for MRF-128#@ the sedimentation of particles
proceeds about 6 times faster than in the cagediRF-140CG fluid.

MRF-140CG fluid particles were made 15 times gnediexible bellow shift at the 1A
current of the magnetic field in comparison to MieF-122EG fluid.

Maximum bellow deformation effect was observed wheijecting MRF-122EG fluid
particles to a 0,8A current of the magnetic field.
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It was determined that magnetorheological flud MRREG after 48 hours of
sedimentation resulted in extremely poor fluid perfance, which is inadequate for operation
purposes, therefore it is necessary to performngixif the MR fluid.
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