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Abstract. usually, the rheological valves are working as a normally open valve. In this work, a rheological valve design is working
as a normally closed (NC) valve. This feature is provided by the placement of a powerful permanent magnet that provides a magnetic
field that impedes the movement of the smart MR fluids. Finite element modeling of this valve was carried out utilizing FEMM
software, where the density of flux (B) and magnetic force (H) values were obtained stable along the effective gap. This valve
operates at a variable flow rate based on the values of current applied to the coils. Where the relationship of current and flow rate is
a linear relationship with increasing values of current, flow values increase. This design can be considered as an upgraded design
of the rheological flow valves, which is characterized by great savings in wasted energy.

(This paper only has some of the figures in color if you read it on the internet.)
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1. Introduction

Magneto-rheological (MR) fluid is one type of intelligent fluid. It is a mix of iron powder and mild oil. It is the presence of a
magnetic field that causes the fluid to exhibit the Magneto-rheological effect. Particles in the MR fluid form a chine, aligned with
the field's axis. Magnetic-rheological (MR) fluids' yield stress will rise as a result of the iron-particle chains restricting fluid flow.MR
fluids can be used to operate the MR control valve. Moving parts-free flow control valves are what the MR control valves are.

MR valves have been explored by several researchers. Analysis of an aperture with a solid orifice using an annular-circular
flow route MR valve was done by Hu and colleagues in 2017. The design and prototyped through structural design to have an
annular resistance gap, a radial resistance gap, and an orifice resistance gap, The valve's performance was excellent, especially with
a large pressure drop, and it agreed well with the simulation results. The structural design of this valve has substantially increased
its efficiency as a bypass control valve for an MR retarder because of its good pressure regulating capabilities[1]. The throttle-return
valve concept for magnetorheological fluid is presented in this work. Valve design and field estimates were also discussed in this
presentation on magnetorheological fluid[2]. Seid et al. in 2018 the design of a prosthetic knee MR damper valve were shown. The
sewing phase course of conventional level-crushed mobile was primarily taken into account, as here is where the damping effect is
most critical. To get the desired result, the damper's three government control parameters were found and optimized[3]. For tri
magnetorheological (MR) clutches, this paper provides an integrated analytical-field design method. Analytical and finite element
methods are used in the two stages of this procedure, which is constructed of 36 mathematical formulas (FEM). For BO and Tmx,
may achieve an accuracy of 0.2 and 2.6 percent, respectively, by using this approach[4]. The MR control valve, which functions as
a hydraulic directional control valve, has been the subject of other studies. Salloom and Samad created the directional control valve.
They've created a single unit that includes a set of MR valves for control. They demonstrated how the MR control valve works and
how it is constructed[5][6]. Salloom proposed a design for MR the shut-off valve, usually the opposite of the existing valves, and
added this design by adding permanent magnets, When MRvalve is locked for extended ages, the proposed MR valve saves powe[4].
For the time being, the focus of this research is on creating a novel, normally-closed design for an MR control valve that makes use
of a permanent magnet. FEMM (“Finite Element Magnetic Software”) can be used to perform finite element analysis.

2. Building of an NC MR valve with double coil

A normally closed (NC) MR valve was designed to be small and easy to install to save energy and regulate the movement of
the MR fluid.to get the best performance, so that a pressure drop is obtained, the pressure drop will be increased while keeping the
dimensions small. The MR valve has a ring gap with a double external coil. The design consists of a tubular steel casing, a spool-
shaped steel core, a steel ferrule, two discs, a strong heodymium permanent magnet, and a coil wound on a non-magnetic material
as exposed in Figure 1. The design has a gap width g and gap length L. This strategy is suitable to use as a normal close (NC)
controlling of direction MR valve. The NC MR valve length is short (38 mm) and The radius is (22 mm).
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The magnets in the valve body are constructed of neodymium, one of the strongest types of magnets (N35). A low carbon steel
cylinder with a 0.5 mm gap encircles the inside contents. The Teflon insulating material seals both ends of the valve body, allowing
the smart MR fluid to enter and exit. Figure 2 depicts the valve's dimensions in more detail.
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(a) The schematic of double coil NC MR valve with an annular gap.

(b) NC MR Valve (element) building

Figure 1: Assembly of NC MR Valve (element).

For the steel rail, low carbon steel was used because of its low relative permeability (1018).
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Figure 2: The Dimension of the NC MR valve.

3. The precept of work

With a magnetic field generated by permanent magnets embedded in the valve body, MR fluid is held together by chains of
iron particles and prevented from passing through the valve in its normal state without shedding any current.

When a DC electric field is applied to the coils of the valve, an electric field that cancels the magnetic field's influence on the
valve is formed. Allowing fluid to travel through, and the valve to entirely open is what happens when this happens. Adjusting the
flow of fluid through the coils is done by increasing or decreasing the current. To do this, multiple coil connections and electrical
circuits can be used depending on the valve position. To feed the valve's coils with a variable amount of electricity, the circuit has
been designed.
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As a result of the circuit's 12 volt DC input, the output can range from 0 to 2.5 amps. By connecting a rheostat to the valve's
coil in series, and a three-position choose switch to relays, the specified position can be obtained.

4. Modeling

The methodology utilized to evaluate the functionality of the NC MR valve was as follows: In a single MR valve, the pressure
playback mode was used as a recording mode based on rheological stress and magneto-rheological fluid flow, as shown

schematically in figure3.
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Figure 3: This diagram depicted the mode of Pressure of NC MR double coil fluid flaw.

The MR valve with annular ducts can be modeled through Eq.(1), figure 4 displays the flow of MR fluids in the NC MR valve
channel thru the annular flow path [7].
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Figure 4: Modeling of the NC MR valve using annular flow paths plus double coil
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This means that the MR valve's flaw resistance and annular fluid flow resistance multiplied by 8 equals the MR valve's
total flow resistance. After plugging in this equation, we can calculate the pressure drop P that occurs when an MR fluid passes
through the MR valve [5]:

AP = 8AP, Q)
_ GnQLg C‘l.'ng
AP = 8|2y 4 ] ©)

Equation (3)'s viscous component includes the dynamic viscosity 7 (Pa.s), the flow rate Q(m3/s), and the geometric
dimensions Lg, R, and g in ( meters). Based on the magnetic resonance valve's geometry, the pressure drop can be optimized. The
shear stress created as a result of the applied magnetic field is represented by ‘L'y(N/mmz), the equation's other parameter is reliant
on the applied magnetic field. The plastic viscosity is considered to be 0.25 Pa.s. in the simulation [8].

To make a good NC MR valve, the density of flux in the flaid gap should stay the same. In comparison to low-carbon steel,
“the permeability of the MR fluid is a lot less than that of low-carbon steel (such as two cores, bobbin, and flux return)”. In this
study, the distance is cut to 0.5 mm.

5. Analysis

When looking at equation 3, the only thing don't know is yield shear stress (z,). The pressure drop of a single MR valve needs to
be looked into. The density of magnetic flux from the analysis is used to figure out the stress of yield shear (z,) of MR fluid in valve
gaps. Equation 3 can be used to figure out how much pressure drops. In magnetic analysis, the tubular shape of the MR valve has a
lot of different parts. To do a study, only FEMM can be used. It is not enough to look at the MR valve as a 2-D axisymmetric pattern
because of its symmetry, as shown in figure 5. As shown in the diagram, a finite element method was used to model the magnetic
circuit. Figure 6 shows the model that was made with the FEMM software.
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Figure 5:The FEMM dimensions of twin coil NC
MR valve.

Figure 6: The model of twin coil NC MR valve in
FEMM software.

Figure 7 shows the direction of the magnetic field in the double coil NC MR valve. There is a standard called MRF-132DG that
says which MR fluids you can own. There are two points on the density of magnetic flux (B) vs. force of magnetic field (H) (BH)
curve that belong to the MR fluid. These points are data for the FEM analysis of a new nonlinear material called MR fluid. It took
all the magnetic coils to make a total of 200 turns. the coils got an output of 0 to 2.5 A at any given time. To make a model of an
MR valve, MR water was used.[9] have used a multi-limit equation to figure out the shear stress.
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7, (kPa) = 52.962B* + 176.51B3 + 158.79B% + 13.708B + 0.1442 (4) [10]

Calculated by FEMM software, the density of flux in tesla sideways the valve gap is called B.

Figure 7: The double coil NC MR valve magnetic flux direction.

6. Results and discussion

A “finite element FEMM” study of the annular NC MR valve was done with FEMM software. This software was used to look
at the valve. The annular NC MR valve can only do so much because the MR fluid has a limited yield stress. The magnetic strength
of 310-360 kAmp/m is ideal. 47 kPa is the shear stress in the area where the yield is.

Figures 8 and 9 show the density of magnetic (B) and magnetic field (H) results of the MR valve's resolve test with the FEMM
software, which is used to run the test. When No current (I=0A) means that the magnetic strength in the valve's active gap is called
out. The “magnetic strength intensity”’(H) was originate to be 350 kAmp/m based on the design of the annular NC MR valve. The
proposed NC MR valve had the best H value. The _y was calculated by using equation 4 and the B that was found in the FEMM
program. The 7, was 47kpa.

Figure 10 and Table 1 shows how the annular NC MR valves worked when they were simulated. A graph called figure 10
shows magnetic density made by currents in annular NC MR valve coils. When the puncture thickness is 0.5mm, figure 10 shows
the density of flux caused by currents in coils of the NC MR valve. In this case, the flux lines are not in line with the flow of the
MR fluid. At the valve gap distance, the magnetic flux density was almost the same. As the current in the valve coils increased, the
magnetic flux density dropped. The shape of the valves was thought about to make it easier to control the magnetic domain. The
magnetic field's saturation strength did not allow the maximum magnetic domain to go over.

Table 1 shows how the influx in annular NC MR valves changes with changes in current under different pressures. flow rate: As
the current increases, so do MR valve flow rates. This shows that they are mostly affected by magnetization, which is determined
by the coil current. As the current increases, the flow rate does too, until it hits 2.5 A. To figure this out, look at pressure drop charts.
It is clear that when the pressure loss is at 2.5 A, the MR fluid is max flowing at 2.5 A. As a result, because the valve can open at
full power, a 650 kPa operational pressure drop is used (2.5 A). When you change the current value, the rate of flow (Q) in the NC
MR valve can be changed: a great current for a high flow and a low current for less flow. This is shown in figure 10. During the
experiment, learned how a valve works and how the proposed electrical connection could be used to change the flow direction.
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Figure 9: The annular NC MR valve magnetic field strength (H)result.
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Figure 10: The magnetic density (B) along the annular NC MR valve gap.
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Figure 11: Relation between flow rate (Q) and pressure drop for different
currents in annular NC MR valve.

Table 1: An annular NC MR valve has a relationship between the amount of
current and magnetic flux in the fluid, the pressure, and the shear stress.

Current (A) Magnetic Flux Density Shear stress T, Pressure (bar)
(B) (Tesla)

0 0.945 48.1802 77

0.5 0.852 45,1210 72

1 0.673 36.849 58

15 0.443 24.2112 38

2.5 0.0267 0.6201 0.99

This valve has a rate of flow (Q) that can be changed by changing the current value. A high flow rate is caused by more current.
Valve: When there is no current, the magnetic field from the permanent magnet closes it, and its magnetic flux intensity value is at
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its highest point, preventing it from flowing. This is what happens when there is no current; At 2.5 A, the B is 0.0267, which lets
the MR fluid move. They show the magnetic flux values that were taken from the FEMM software in figures 12,13, and 14. They
show that the current and flow rate and pressure drops aren't too far apart.
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Figure 12: The FEMM software of the annular NC MR valve when 1=0A.
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Figure 13: The FEMM software of the annular NC MR valve when 1=2.5A.
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Figure 14:Reasonable relation between current and flow rate and pressure drops.

7. Conclusion

This paper talks about the structure and operating rules of an annular valve that is normally closed and can be moved by the properties
of magnetic fluid. The valve is 38 mm long. each coil has 200 times. It has a powerful Neodymium (Ni) magnet, and it has a 2 mm
effective gap along its length. The magnetic flux density (B) is measured when different values of the current are used. The flow
rate went up with the rise in the value of the current, and the relationship between the current and flow rate was linear. The value of
the pressure dropped with the increase in the current, which meant that the pressure and the current had an inverse relationship. The
valve was very small, and the coil of the valve was outside the area where it worked, so it could be easily replaced if it broke. This
is what happened when FEMM was used to run the simulation. Dissimilar values of the magnetic flux in the gap of two millimeters
were found. At zero current, an ideal magnetic flux density (B) of around 0.9445 Teslas can be achieved when the valve is closed
and the current value is 0. When the current is 2.5 A, the valve is fully open and is letting the most MR fluid through. The magnetic
flux density (B) value is 0.0267 Teslas.

Reference

[1] G. Hu, M. Liao, and W. Li, “Analysis of a compact annular-radial-orifice flow magnetorheological valve and evaluation
of its performance,” J. Intell. Mater. Syst. Struct., vol. 28, no. 10, pp. 1322-1333, 2017, doi: 10.1177/1045389X16672561.

[2] Z. Pilch and J. Domin, “Conception of the throttle-return valve for the magnetorheological fluid,” Arch. Electr. Eng., vol.
67, no. 1, pp. 37-49, 2018, doi: 10.24425/118990.

[3] S. Seid, S. Chandramohan, and S. Sujatha, “Optimal design of an MR damper valve for prosthetic knee application,” J.
Mech. Sci. Technol., vol. 32, no. 6, pp. 2959-2965, 2018, doi: 10.1007/s12206-018-0552-7.

[4] M. Y. Salloom, “FEM analysis and design of permanent magnet disk type magneto-rheological (MR) valve,” AIP Conf.
Proc., vol. 2213, no. March, 2020, doi: 10.1063/5.0000160.

[5] M. Y. Salloom and Z. Samad, “Magneto-rheological directional control valve,” International Journal of Advanced
Manufacturing Technology, vol. 58, no. 1-4. pp. 279-292, 2012, doi: 10.1007/s00170-011-3377-4.

[6] M. Y. Salloom and Z. Samad, “Design and modeling magnetorheological directional control valve,” J. Intell. Mater. Syst.
Struct., vol. 23, no. 2, pp. 155-167, 2012, doi: 10.1177/1045389X11432654.

[7] I. A. Brigadnov and A. Dorfmann, “Mathematical modeling of magnetorheological fluids,” Contin. Mech. Thermodyn.,
vol. 17, no. 1, pp. 29-42, 2005, doi: 10.1007/s00161-004-0185-1.

[8] H. X. Ai, D. H. Wang, and W. H. Liao, “Design and modeling of a magnetorheological valve with both annular and radial
flow paths,” J. Intell. Mater. Syst. Struct., vol. 17, no. 4, pp. 327-334, 2006, doi: 10.1177/1045389X06055283.

[9] Dr. Aarushi Kataria, Dr. Naveen Nandal and Dr. Ritika Malik, Shahnaz Husain -A Successful Indian Woman
Entrepreneur, International Journal of Disaster Recovery and Business ContinuityVol.11, No. 2, (2020), pp. 88-93

[10] Malik, R., Nandal, Naveen and Gupta, Prakhar. (2021), The Impact of online shoppers to price and quality: a survey study
in Delhi-NCR, Efflatounia, 5 (2), pp. 376 — 389.

[11] Q. H. Nguyen, S. B. Choi, Y. S. Lee, and M. S. Han, “An analytical method for optimal design of MR valve structures,”
Smart Mater. Struct., vol. 18, no. 9, 2009, doi: 10.1088/0964-1726/18/9/095032.

[12] V. T.Thieu et al., “Signal Transducer and Activator of Transcription 4 Is Required for the Transcription Factor T-bet to
Promote T Helper 1 Cell-Fate Determination,” Immunity, vol. 29, no. 5. pp. 679-690, 2008, doi:
10.1016/j.immuni.2008.08.017.

Copyrights @Kalahari Journals Vol. 7 No. 1 (January, 2022)
International Journal of Mechanical Engineering
4724



