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Abstract

Uncontrolled urban development can cause urban areas to be warmer than the surrounding rural

areas, known as the Urban Heat Island. This study aims to determine the microclimate conditions

formed in residential areas that have water bodies and to determine the function of these water bodies

as an effort to reduce the temperature of the area. A detailed discussion of temperature, humidity and

wind speed shows evidence of an increasing trend in temperature in the area (UHI phenomenon) and

shows that temperatures in areas far from the sea and close to rivers are lower than the surrounding

areas. © 2022 Novel Carbon Resource Sciences. All rights reserved.
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Performance Characteristics of a Deformed 120-Degree 

Partial Bearing with Couple Stress Lubrication 
 

Sanjeev Kumar Lambha*, Vinod Kumar, Rajiv Verma 
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Kurukshetra, Haryana, India 
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(Received February 8, 2022; Revised May 18, 2022; accepted June 4, 2022). 

 
Abstract: The influence of using a fluid with couple stresses as lubricant on the performance of 

120° partial bearing is studied here. The effect of variation in liner deformation is also considered. 
Modified Reynold’s equation along with the elasticity equation is solved by using an FEM approach 
to predict the properties in static and dynamic form. The properties studied are peak pressure, 
carrying capacity of load, stiffness characteristic, damping characteristics. Based on the results it is 
concluded that for a deformed bearing liner dynamic performance of 120° partial bearing are 
enhanced by using the fluid with couple stresses.  

 
Keywords: Couple stress fluid, liner deformation, partial arc bearing, elastohydrodynamic 

lubrication, static characteristics, dynamic characteristics. 
 

1.  Introduction 
The classically used lubrication phenomenon is 

hydrodynamic which plays a major role in the operation 
of rotating machines. For smooth functioning of 
interrelated parts of any machine, the journal bearing is a 
key element used from past decades for transmission of 
power and to withstand loads between mating parts. The 
properties of Newtonian lubricant, used classically can be 
improved by adding some chemical compounds 
(additives) in the base fluid. The addition of these long 
chain polymer additives into the Newtonian fluids makes 
them to be non-Newtonian. One such kind of non-
Newtonian lubricant is a fluid with couple stresses 
popularly known as couple stress fluid. The rheological 
behaviour in fluid with couple stresses is based on the 
theory of micro continuum1) The effect of fluid with 
couple stresses was studied by many researchers to predict 
its effects on the performance of journal bearings. The 
load capacity was improvised, and friction coefficient 
reduced on addition of polymer particles to lubricants2-3). 
An action of squeezing in bearing with partial arc4) was 
presented by authors for fluid with couple stresses. The 
load capacity of cylindrical bearing operating with liner 
deformation and couple stresses were enhanced5). The key 
factors: bearing geometric features, factor of couple stress 
and magnetic based parameters governs the load capacity 
and film thickness6). The wear and friction near edges 
decreased by using couple stresses in finite line contacts7). 

A 3-D elasticity model was used for couple stresses and 
elasticity parameter to evaluate the static, dynamic and 
stability characteristics of cylindrical bearing8). The 
rheological effects of a fluid with couple stresses 
improved the dynamic performance9) of hydrodynamic 
bearings. The influence of textured surfaces observed to 
be more significant compared to non-textured surfaces for 
a fluid with couple stresses10). The load carrying capacity, 
attitude angle, friction coefficient, side leakage of journal 
bearing was improved for a combined effect of the 
turbulence and elasticity of bearing liner11). The new 
material constant ƞ is completely responsible for the 
couple stress property of fluid. The effect of variation in 
viscosity of fluid on bearing performance was studied by 
many researchers from a long decade. A combined 
influence12) of viscosity variation, velocity slip and couple 
stresses studied for pressure and the load capacity. A 
review study of micropolar fluids, power-law fluids and 
couple stress lubricants resulted that the non-Newtonian 
lubricants gives better results compared to Newtonian13). 
The selection of right lubricant with appropriate couple 
stress properties resulted an enhancement in the stability 
range and damping abilities14) for two lobe non-circular 
journal bearings. A lubrication model considering the 
effect of misalignment, couple stress and shear thinning 
impacts the sensitivity of fluid lubrication in proportion to 
couple stress parameter, such that for an area of minimum 
film thickness, the sensitivity is maximum15). 
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(Received February 22, 2021; Revised March 30, 2022; accepted May 9, 2022). 

 
Abstract: With the rapid prosperity of the global economy and industry, as the energy demand, 

many factors influence power-producing sectors, including government incentives, customer 
demand, production cost, eco-friendly, and investors investment. To analyze the cost-benefit-subsidy 
in power generator system under the evolutionary game setting, we considered two asymmetric game 
structures by coupling the photovoltaic (PV) power system and coal-fired (CF) power system. To 
model the asymmetric games for PV and CF, Game-1 considers respective cost and benefit, whereas, 
Game-2 deliberates cost, benefit, and government subsidy. We present both analytical and numerical 
approaches within this framework. 

 
Keywords: Evolutionary game theory; power generator system; Government subsidy.  

 

1.  Introduction  
The Photovoltaic (PV) power system, one of the 

essential energy systems, implies that this power system 
can mitigate the power demand. The PV system using the 
solar potential to power generation provides benefits such 
as low maintenance, minimum environmental effect, and 
moderate power generation costs 1-9). Besides this, the PV 
system needs high investment for the installation of the 
PV panel. Another resource is the coal-fired (CF) power 
system that meets our demand for energy through power 
generation 10). For example, coming to the real-world 
scenario, the power production structure in china, more 
than 70% of the coal power system 11).  However, the CF 
system inevitably releases SO2, dust, CO, etc. As a result, 
ozone layer destruction, climate warming, acid rain, air 
pollution, water pollution, and health risks increase day by 
day. Also, the government plays another vital role in 
power generation. The government provides subsidies for 
the PV power system and the CF power system to protect 
the environment. With the growing fierce global market 
competition 12), PV and CF have supported the market 
environment and meet consumer needs in their interest. As 
a result, the coexistence of PV and CF turns into a 
sustainable advantage in the market environment and 
social life 13).  

The evolutionary game theory (EGT) 14) has drawn 
more attention and has achieved significant development 
in the past decade. Further, the idea and its application of 
EGT have been developed rapidly.  The more focus of 
the evolutionary game theory was on the dynamics of 
strategy (Cooperation or Defection) change as influenced 
by the various competing systems' in different situations 
of dilemma game 15-21). The essence of the dilemma game 
precisely describes by Tanimoto and Sagara 22) in which 
they investigated and revealed the idea of GID (gamble-
intending dilemma) and RAD (risk-aversion dilemma) to 
express the social dilemma game 23-29). Nowadays, 
evolutionary game theory was widely applied to analyze 
various gaming behaviors such as firm and industry 
behaviors, broader biological and dynamical systems, 
economic growth theory, etc., 30-32) through symmetric and 
asymmetric games. 

In EGT, the symmetric game is a branch of the game in 
which all the players have the same action, and symmetric 
payoffs provide in each activity. In contrast, asymmetric 
games are such types of games in which players do not 
share their gains equally. Here, different options contract 
to each player. So, it can be said that the asymmetry games 
are aroused from the individual differences, phenotype 
variations such as size, speed, strength, wealth, and 
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Abstract: To make morphological matrix based conceptual design more efficient, a systematic 
procedure which enables complete extraction of the feasible solution variants (concepts) is developed. 
The approach entails: functional decomposition, generation of alternative solution principles for each 
subfunction, formation of combinatorial solution variants chains, and 3D space matrix and multi-
objective concept optimisation-based concept screening. The approach was tested using the 
conceptual design of river cleaning machine. 625 theoretical concepts are obtained from the 
morphological matrix. The concepts are screened to 114 feasible concepts and optimised to obtain a 
preliminary design concept. Consequently, the concept selected for the river cleaning machine is 
outstanding based on efficiency, manufacturability, repairability and cost. 

 
Keywords: Feasible concept, solution principle, solution variant, physical parameter, river 

cleaning machine 
 

1.  Introduction 
Conceptual design has been accorded the most 

significant stage in the design process 1). In fact, 70% of 
the life cycle cost of products, is influenced by the 
conceptual design stage 2). For these reasons, sixty to 
seventy percent of the design cost, is often expended at the 
conceptual design stage 3). Conceptual design process, can 
be considered as the transformation of design 
specification 4) -which is given as requirements list- 5) into 
one or more concepts, that can satisfy these requirements  
for further development 6). During the conceptual design 
phase, design problems are formulated 7), possible 
solutions to the problems are generated 8), then the 
seemingly best solution is selected after evaluating the 
various solutions variants (SVs) 9).  

Conceptual design entails three basic tasks. The tasks 
are concept generation, concept evaluation and concept 
selection 5). Of the many methods of concept generation, 
morphological matrix approach has proved to be 
outstanding especially when quantity, variety and novelty 
10) are of concern 11) . In a morphological matrix, the design 
problem is systematically defined in terms of functions 
and subfunctions which the artefact to be produced is 
expected to fulfil 11). Then solution principles (SPs) which 
could be in terms of structures or physical effects, that can 
perform each subfunction, are proposed for each 
subfunction 5), as shown in Fig. 4. The solution variants 
(SVs) which are the combinatorial chains of SPs across 
different rows of the matrix, are the concepts that can 

perform the overall function 5).  
In any morphological matrix with m1, m2, m3, ---- mx 

SPs in rows 1, 2, 3, ------- x respectively, the total number 
of theoretical SVs that could be generated is 𝑚𝑚1 ×  𝑚𝑚2 ×
 𝑚𝑚3 ×  − − − −  𝑚𝑚𝑥𝑥 12). However, not all such SVs are 
feasible concepts. This is because some of the SPs in the 
SV chains are not compatible. Pahl et al., 12) asserted that 
the morphological approach enables large expansion of 
the design space. Nonetheless, no logical relation has been 
developed in the literature, to enable complete exploration 
of its design space. As such many of the designers that 
apply the morphological matrix methods employ random 
sampling of the SVs in concept generation 13).  

Nevertheless, several attempts were made to develop 
computer-based SVs exploration for conceptual design 11) 
14) 15). Still, most of them entail manual screening of the 
SPs either before 11) or during 15) the SV chain formation. 
In a study, Arnold, Stone, and McAdams 14) developed an 
automatic catalogue-based SPs generation method. They 
developed a system that compare functions and elicit 
components from the catalogue that matches each 
subfunction to develop the morphological matrix. 
However, identifying the SVs that contains incompatible 
SPs was manually done by designers by screening each of 
the SVs. Similar to this, are the works of Ölvander, 
Lundén, and Gavel 11) and Kang and Tang 15) While the 
former considered selective assertion of SPs into the 
morphological matrix, SVs with incompatible adjacent 
SPs, are manually screened by designers in the later.  
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Abstract: This paper presents a compact method to predict the amplitude displacement and 
evaluate the influence of flexure structure on the vibration-assisted micro-milling device.The voltage 
load and flexure dimension variation are applied to the Finite Element model to obtain the predicted 
amplitude displacement. The simulation results show that amplitude displacement increases linearly 
along with the voltage load, but the influence of flexure thickness shows a varying trend on the 
amplitude displacement. The method can predict the device's amplitude displacement and movement 
pattern and is suitable for determining the optimum design for the vibration-assisted micro-milling 
device.               

 
Keywords: amplitude displacement; Finite Element; flexure; piezoelectric actuator; vibration-

assisted micro-milling 
 

1.  Introduction  
The micro-milling process development leads to 

vibration-assisted micro-milling. The vibration-assisted 
micro-milling has been proven through simulation and 
experiment studies in the past decade that it improved the 
machined surface quality on a wide range of material 
properties 1–6). The tool path trajectory is the primary 
performance of vibration-assisted micro-milling. During 
its application, the tool path, which is a linear path, 
becomes zig-zag or elliptical during the machining 
process.7–9). It will cause interrupting cutting that ignites 
an additional cooling period. The piezoelectric actuator is 
the main component of the device, which is operated by 
setting up the amplitude displacement and frequency10–13). 
Flexure or beam structure works with the actuator to 
achieve the designated displacement 14–23).   

During machining, the amplitude displacement output 
from the piezoelectric actuator ranges between 0-10 
micrometres and works based on the actuator material 
properties24,25). Several studies show amplitude 
displacement can be measured using displacement 
sensor26,27) or predicted using Finite Element Analysis 
(FEA)28–31). The measurement method is more accurate 
than the prediction ones, but this method requires high 
investment in the micro displacement sensor and the 
ultrasonic-assisted micro-milling device prototype. The 
FEA method can predict the character and behaviour of 
the vibration-assisted micro-milling device at the early 
stage of design procedures. However, the FEA method, 

which considers the electromechanical constitutive model 
for the piezoelectric actuator material and the flexure 
characteristic, is limited to only a specific actuator.    

The technology development for the micro-milling 
process and the actuator requires a compact method to 
achieve an optimum design of vibration-assisted micro-
milling. Linear dynamic simulation is a solution to form a 
method because the amplitude displacement from the 
actuator is transmitted to flexure in the induction force32). 
Therefore, the amplitude displacement can be predicted 
with a compact method to achieve optimum design and 
suppress the experimental cost. Also, at the same time, the 
method can investigate the influence of the energy source 
to trigger the piezoelectric actuator and its component.                     

 
2.  Methodology 

Force calculation and linear dynamic simulation are the 
applied methodology for this study. The force calculation 
uses an analytical study by converting the voltage load 
from a single piezoelectric actuator into the induction 
forces32). The natural frequency of the piezoelectric 
actuator is simulated with modal analysis, as shown in 
Fig.1, based on its material properties, PZT4. The linear 
dynamic simulation uses the force calculation result as a 
part of the sinusoidal load function with the input 
parameter, as stated in Table 1. The induction force is 
applied in two directions to the head block components: 
on the feed and perpendicular to the feed direction.  
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