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Abstract: Electro rheology is the phenomenon in which rheology 

of fluid is modified by application of electric field. Rheology is the 

study of the flow of matter: mainly liquids but also soft solids or a 

solid under conditions in which they flow rather than deform 

elastically and it is the one of the most frequently used techniques 

in order to characterize heterogeneous systems, particularly 

suspensions and emulsions. ER fluids consist of dielectric particle 

(Hydrophilic) dispersed in electrically non conducting liquid. An 

obvious advantage of ER devices is that they can control 

considerably more mechanical power than the electrical power 

used to control the effect, i.e., it can act as a power amplifier. 

Zero-field viscosity of an ER fluid is important because it 

identifies the minimum shear stress necessary to initiate flow. A 

Negative Electrorheological (NER) fluid is a Newtonian fluid that 

presents a viscosity which decreases when an electric field is 

applied, and can restore its property when the field is removed. 
This review paper is divided in the form of sub reviews on the 

basis of synthesis, yield stress, response time, NER fluid (Negative 

Electrorheological fluid) and applications of Electrorheological 

fluid.   

Keywords— Electrorheological fluid, yield stress, response time, 

characterization models and application  

I.  INTRODUCTION  

Nearly after the six decades of discovery made by 
Winslow, ER fluids are attracted as materials of practical 
importance. A lot of research effort has been made by various 
researchers like (Kligensberg et al 1989, Chen et al 1991, Tao 
& Sun 1991, Davis 1992, Halsley 1992, Bullough 1996). 
Researchers such as Gamota and Filisko (1991a, 1991b, 
199Ic), Conrad et al. (1991), Conrad and Sprecher ( 1991), 
Choi et al. (1992) have utilized ER materials prepared in their 
own laboratories. The experiments conducted included 
linear/nonlinear material behavior, temperature dependence, 

mechanical properties, and fluid composition. Various 
research also carried out in basic mechanism of ER Fluid by 
various researchers like (Chen & Conrod 1994, Ma et al 1996, 
Tom et al 1999, Choi et al 2001). Most recent discovery in 
field of ER Fluid is Giant ER Fluid made by contribution of 
various researchers like (Wen et al 2003, Huang et al 2006).A 
lot of effort has been made by many researchers like (Seo et al  
2013, Zhang et al 2014) in developing relation between shear 
strength and electrical field. Worldwide research efforts on ER 
fluid are carried out in last 25 years as shown in figure 
(1).There are lot of publications carried out in various research 
areas as shown in figure (2). 

 

 

 

 

 

 

 

 

 

 

 

Figure1. Worldwide research effort on Electrorheological 
Fluid in last 25 years (a) No. of Publication per year and (b) 
Research method  
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Figure2. Research Area in ER fluid v/s No. of Publication 

  

II. SYNTHESIS  BASED REVIEW 

 

In the Kelly’s review paper the nature of the fluids active in 

this role are presented and the influence of important variables 

such as shear rate, field strength, field frequency, temperature 

and fluid composition are described [1].The hydrodynamic 

interactions and rheology are determined with the Stokesian 

dynamics methodology, while the electrostatic interactions, in 

particular, the conservative electrostatic inter particle forces, 

are determined from the electrostatic energy of the suspension 

[2].Forces of interaction of polarized particles are consist of 

two components: the polarization component originating from 

the polarization of dielectric particles and appearance of 

bound charges, and the absorption component resulting from 

the accumulation of free charges on the surface of particles 

during the passage of leakage current [3]. A small thickness 

increases the possibility of electrical breakdown in the film; 

too large a thickness decreases the ER effect [4]. 

 

The critical frequency is larger for ER suspensions having 

non-ohmic conductivity of the host liquid than with ohmic 

conductivity [5]. Thus, the ER-effect could be greater in an 

AC-field than in a DC-field, and the dependence on field 

frequency is a specific property of the fluid, too [6]. It is 

shown that the load increases nonlinearly with decreasing 

distance of the two electrodes and is a linear function of the 

elastic modulus of dielectric particles. This qualitatively 

explains the rheopectic effect of Electrorheological fluids 

under compressive loading [7]. For a given applied electric 

field, the electrostatic energy can be maximized by field 

distribution and the dielectric constant of the materials [8]. For 

the design of stronger ER fluids, a thin conducting layer may 

be necessary for the fabrication of the disperse phases, which 

is used to increase the density of electrostatic energy [9]. The 

orientation and length of the chains are determined from the 

balance of the electric torque, which acts to align each chain 

with the electric field, and the hydrodynamic torque, which 

tends to rotate each chain in the imposed flow field [10]. 

 

Application of an electric field results in structural transitions 

in the colloidal suspension because the inter particle 

electrostatic interactions due to polarization are stronger than 

Brownian forces [11]. Therefore, ER characteristics can be 

studied by changing dielectric constant and conductivity of 

particle while keeping all other particle properties same [12]. 

Associated effect of polarization strength, polarization rate, 

and dielectric loss on ER performance were studied by means 

of correlation of rheological properties of carbon doped TiO2 

ER fluid with experimental results of flow modified 

permittivity (FMR) [13]. The NaY Zeolite ER fluid undergoes 

an interfacial polarization under a high field. The interfacial 

polarization only is the necessary condition but not the 

sufficient condition for ER activity [14]. 

 

It is possible to modify a material’s dielectric and polarization 

properties by adjusting the synthetic procedure such that an 

ER material having a desired crystal structure, grain size, and 

composition is produced [15]. To achieve ER effects, besides 

improving dielectric properties of ER particles, it is also 

helpful to reduce the surface tension of liquids, which leads to 

higher wettability of suspended particles and thus better zero-

field dispersity of the particles due to lyophilic repulsive 

forces between them [16]. The recently discovered giant 

Electrorheological effect (GER), owing its origin to molecular 

dipoles, is described and contrasted with the conventional ER 

effect that arises from induced polarization effects [17]. 

Moreover, the formation of aligned dipolar filaments is an 

interfacial phenomenon, which directly implies the surface 

area scaling characteristic of the GER mechanism that favors 

nano particle dispersions [18]. Polar groups remained in the 

particles such as alkyl group, hydroxyl group and carbonyl 

group etc., contribute to the ER effect significantly [19] . 

Electric polarization of a collection of atoms/molecules can 

arise in two ways from applied electric field .One is induced 

polarization Process that underlies traditional ER effect .This 

type of effect is known as Dielectric ER effect (DER) [20]. 

Parthasarathy and Klingsberg [21] published an invaluable 

review of ER mechanism and microscopic model in 1990 . 
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III. YIELD STRESS BASED REVIEW 

 

The yield stress is defined as critical stress below which no 

flow can be observed under the condition of experimentation 

and above which the substance is a liquid with a plastic 

viscosity. Stress within zero shear limit is generally considered 

to give the Bingham yield stress of ER fluid [22]. The relative 

response strength characterizing the ER effect increases with 

the field strength and with the volume fraction of silicone oil, 

but decreases with increasing shear rate imposed [23]. Zero-

field viscosity of an ER fluid is important because it identifies 

the rninimum shear stress necessary to initiate flow. The 

temperature dependence of the zero-field viscosity of ER 

fluids is similar to that of pure oils (i.e., it monotonically 

decreases with increasing temperature) [24]. When an electric 

field is applied, the suspension behaves elastically at low 

strains and undergoes plastic deformation at high strain, which 

is characterized by field-dependent yield stress. This ER fluid 

behaves like an elastic Bingham fluid [25].  

 

Yield stress of the PM-ER fluids we newly developed can 

reach hundreds of kPa. The polar molecules in between the 

particles play a crucial role in such PM-ER fluids. When an 

external electric field polarizes the suspended particles, which 

align up to form chains, the local electric field in between the 

particles can be about 3 orders higher than the external field 

[26]. ER fluid shows yield stresses in the order of Couette < 

Poiseuille < squeezing flow. High yield behavior could be 

obtained by applying a squeezing flow on the ER suspension 

composed of silica in silicon oil [27]. A high yield stress is 

required for engineering devices [28]. Tichy has generalized 

the case of lubrication theory with Bingham materials in the 

form of various modified Reynolds equations, depending on 

the core conditions [29]. 

 

The bilinear models which was also called biviscous model is 

often used to study the Electrorheological (ER) smart 

bearings. Finite Element Method (FEM) with mathematical 

programming technique is used to study hydrodynamic 

lubrication of journal bearing lubricated by bilinear 

rheological lubricant and the results are compared with 

Tichy’s work for Bingham rheological model [30]. Bingham 

fluid has been analyzed for ER fluid journal bearing by 

Dimarogonas and Kollias They impose some restrictions on 

solving non-linear Reynolds equation as the velocity profile is 

always positive [31] . Viscosity behavior can be reasonably 

modeled as a power–low fluid. Both the consistency index K 

and the exponent n are influenced by voltage and temperature, 

where K has linear and n has exponential relation with 

temperature [32]. Bingham bioplastic model that can account 

for both shear thinning and shear thickening behaviors. This 

approach assumes a bilinear post yield viscosity, with a 

critical shear rate specifying the region of high shear rate flow 

[33].  

IV. NER FLUID BASED REVIEW 

 

A Negative Electrorheological (NER) fluid is a Newtonian 

fluid that presents a viscosity which decreases when an 

electric field is applied, and can restore its property when the 

field is removed. The electrophoresis process is usually 

deemed to be responsible for the negative ER effect. NER 

fluid can be activated when operating at speeds higher than 

critical speed without increasing rotor vibration [34]. 

Additional to the phase separating mechanism, negative ER 

effects can also be achieved by introducing spontaneous 

electro rotation, or Quincke rotation, to a collection of 

insulating micro-particles suspended within a slightly 

conducting  viscous liquid via the application of a strong DC 

electric field in the direction perpendicular to the macroscopic 

suspension [35,36]. Although the negative ER fluid has an 

advantage of viscosity change that its behavior remains 

Newtonian after the application of the electric field, the slow 

recovery time is critical weakness of the fluid [37, 38]. 

 

V. RESPONSE TIME BASED REVIEW 

 

The response time of an ER device is determined by the 

dynamics of the external electric field induced phase transition 

of the ER fluid. For both dc and ac excitation, the response 

time varies exponentially with the particle density [39]. 

Increasing the dynamic range by increasing the gap size is 

afforded at the expense of the device's response times 

[40].Besides the physical properties of the components of an 

ER fluid, this response time is influenced by the external 

conditions (electric field strength, rate of deformation, etc.). in 

the case of shear flow above a certain shear rate, the 

characteristic time becomes independent of the electric field 

strength indicating that the viscous forces dominate the 

process of determining the microstructure [41]. 

 

The main important difference between the shear and flow 

mode is that the response time has an inverse relationship with 

the volumetric flow rate in flow mode, while in the shear 

mode the response time is proportional to the shear rate [42]. 

There are many methods currently available in the market that 

can be employed to measure ER response time effectively and 

accurately, the DEA method developed by Riga et al. is 

promising in terms of experimental time. A Debye plot of Tan 

Delta, a ratio of dielectric loss divided by the relative 

permittivity, versus frequency can fix the limits of ER active 



                                                                                ELK Asia Pacific Journals – 978-93-85537-06-6 

                                                                                                                                                                                     ARIMPIE -2017 

 

particle polarization or relaxation time [43]. When the 

magnitude of the relaxation time is less than 10-2 s, the break 

shear rate changes little at different relaxation times and the 

structural strength of ERFs is decided by electric and flow 

field. When the magnitude of the relaxation time is larger than 

10-2 s, the break shear rate changes obviously and the 

structural strength is influenced by the relaxation time instead 

of electric field, leading to the decrease in ER effect [44]. In 

case of shear flow above a certain shear rate, the characteristic 

time becomes independent of the electric field strength, 

indicating that the viscous forces dominate the process of 

determining the microstructure [45]. 

 

VI. TRIBOLOGICAL APPLICATIONS BASED REVIEW 

 

Smart Technology is developing an ERF-based Braille display 

tablet for the visually impaired. Current devices on the market 

allow users to either read or write. ERFs mimic the rheology 

of biological tissues, Bar-Cohen also developed a training 

system for surgeons by having them operate on virtual patients 

using smart fluids to simulate the resistance of human flesh 

[46].It is possible to sense the touching force normal to the 

display’s surface by monitoring the change of current passing 

through the ER fluid [47]. Exercising bicycle based on ER 

fluid has many advantages like its resistant torque can be 

adjusted by applied electric field and electric power 

consumption is very low [48].   The smaller influence of 

temperature on brake rheological characteristics is connected 

with better heat transfer by the brake walls [49]. Great interest 

in the ERL problems is shown by the automobile giants, such 

as Chrysler and Japanese Toyota and Bridgestone. They focus 

on applying the Electrorheological technology to designing a 

stepless gearbox, controllable suspension, smooth couplings, 

brakes, and fuel supply systems. Shut-off units (throttles) of 

hydraulic systems, controlled shock absorbers, hydraulic 

pumps, brake pushers, hydraulic vibrators and other new-

generation devices based on them were developed, which 

operated in the "open– closed" mode [50]. 

 

VII. CONCLUSION  

 
A key design consideration is the amount of energy to be 

dissipated in the ER fluid itself. One of the most difficult tasks 
in the synthesis of ER fluids is the creation of fluids with 
properties that are stable over a large temperature range. Thus, 
applications such as clutches, in which a great deal of energy 
must be dissipated in the fluid, are intrinsically more 
challenging [51]. Only easily purchased inorganic Zeolite and 
biomaterials (Starch) are applied frequently in study of ER 
mechanism and models. Therefore, it is important to develop 

synthesis methods with mass production not only for a study 
of their mechanism but also for application research. ER fluids 
generating high yield stress always have other problems, for 
example, serious sedimentation in an inorganic-based ER fluid 
and high zero field viscosity of a GER fluid. 
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