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Detection of normal and epileptic EEG signals using by lifting
based HAAR wavelet transform and artificial neural network
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Abstract Electroencephalograms (EEGs), having a sub-

stantial potential to diagnose and cure mental and brain

diseases and abnormalities, are becoming vital assessment

of brain activity. The unit may contain indicators of

existing disease or warnings about upcoming disturbances.

EEG data can be used to improve the understanding of the

mechanics behind epileptic convulsions. This study aims at

the analysis of EEG signals and the detection of epilepsy

levels. The algorithms for the lifting haar and the neural

network are used. Lifting algorithms for non-stationary

data such as EEG are useful. The EEG signals are divided

into the subbands using LBHWT. Since LBHWT mini-

mizes the cost of processing, the haar wavelet transform is

faster than traditional. The coefficients of the wavelet are

included in the classifier to find out if there is a seizer or

not. The following steps are proposed: 1.Collection of data

2.Functional extraction, 3.Classification. This research is

designed to provide an automated diagnostic tool to sup-

port a doctor.

Keywords EEG � Feature extraction � Lifting based haar

wavelet transformation � Epilepsy � Epilepsy seizures �
Neural network

1 Indroduction

Epilepsy is a progressive nervous brain condition affecting

persons of all ages. The second most common brain disease

is epilepsy. The sign of epilepsy is frequent convulsions.

Epileptic seizures occur when a huge number of neurons

begin to fire in a highly co-ordinated rhythmical way in the

brain’s cortex. Epilepsy affects 70 million people world-

wide (about 1 percent of the population).

In general, electrodes into the scalp are used to record

electrical activity to measure the voltage variations of the

brain. Electrical impulses cause brief changes in motion,

actions, feeling or perception of the brain’s electrical sys-

tem. Neurological condition that cannot be controlled by

multiple medical treatments. The origin of the majority of

unexplained cases. Only trained physicians can manually

diagnose EEG signal epilepsy seizers.

The EEG provides a lot of interesting details about the

different physiological stages of the brain and is also a very

effective method for studying brain disorders, such as

epilepsy. Normally, the EEG signal is used to record the

neural activity of a brain wave that normally happens in the

human brain.EEG is also used for diagnosis of sleep dis-

orders, and estimation of anesthesia or coma depth. The
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Abstract 

The wireless sensor network is well suited for smart building monitoring system as it is cost effective compared with wired 
network. A hybrid protocol that uses concept of LEACH to increase the life time of sensor network and HRP protocol for 
effective communication to base station is use in building monitoring system. The sensors such as humidity sensor, strain 
sensor, temperature sensor, and electrical current monitoring sensor are deployed in huge amount around the building 
infrastructure and these sensor are organized as different clusters. At initial stage cluster head sensor activates few member 
sensors for gathering information and rest of sensors are inactive state. This increases the life time of sensor network. If 
anything happens abnormal then few more sensors are activated to gather more information by cluster head. A neural network 
is implemented to isolate information from the cluster member nodes and communicate effectively to sink node. In order to 
reduce the work load of cluster head node, Information Collection Node (ICN) and Energy Monitoring Node (EMN) are added in 
each cluster to isolate information and monitor energy level of cluster member nodes. Thus hybrid protocol for structural 
building monitoring system is implemented that increases life time and effectively convey sensory information to sink node in 
wireless sensor network. 

Keywords: - Structural building monitoring system, Hierarchical clustering, LEACH, HRP. 

1. Introduction  

Now a day’s wireless sensor networks play a major role in collecting information from sensors 
and sending to the sink node. Sensor networks are deployed in various areas such as healthcare 
monitoring, civil building application, and military defenses. Wireless sensor networks can sense 
information humidity, pressure, temperature etc .These sensors collects information about the 
surroundings then process the information and send to base station (BS) [1]. 

Internet of Things (IoT) is the emerging technology that are used in various application such as 
health care smart cites, vehicular networks, machine to machine communication and other areas . In IOT 
uses RFID to uniquely identify things and controlling them with various mechanisms. IOT is used in 
pervasive computing i.e. present everywhere that gather information for all IOT device component and 
processes these information. Networking Scientists, Research & Development industries, and many 
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Abstract. The studies carried out on accelerated curing of Quaternary Blended Cement (QBC) 
Concrete with and without recycled aggregate are presented and the test results are encouraging by 
which 90% design strength can be achieved at 100°C for a period of 3 hours for both methods of 
curing. In this experimental investigation cement is replaced by fly ash, micro silica and Nano silica 
partially to produce QBC Concrete. The variables include the grade of concrete, powder content and 
recycled aggregate percentage. The natural aggregates were replaced by recycled aggregate at three 
levels of 0%, 50% and 75%. Nano silica is varied at 2 and 3% by weight of cement while 
maintaining fixed percentages of fly ash and micro silica in cement. Two methods of curing were 
employed; boiling water method and hot air curing and two grades of concrete M-40 and M-60 
were used in this investigation.  

Introduction  
Traditionally, the quality of concrete is expressed in terms of its compressive strength after curing 
for 28 days before testing. The time specification is too long, for construction control and also for 
applying corrective measures. If the strength of concrete can be predicted within a short duration of 
time, the quality can be improved. Accelerated curing is one method by which high early-age 
strength is achieved in concrete and also can be used for the prediction of strength in the mix 
design. This technique is used for achieving the high early-age strength for the removal of 
formwork in the prefabrication industry, to reduce the cycle time, thereby resulting in cost-saving. 
The need of the hour is for evaluating concrete in the field using a consistent and speedy method in 
which accelerated curing technique can be used [1].  

An appropriate rapid curing methodology is needed for making good concrete since this method 
is detrimental to the long term performance of concrete. The surface permeability test was used to 
quantify the influence of curing conditions and heat damage effect of steam curing. The surface 
permeability and the long term strength of concrete were observed to be affected with increased 
porosity, however, the quantity of Portlandite was decreased with a subsequent water curing [2]. In 
the production of High-Performance Concrete (HPC), a binary blend of FA and three types of RCA 
at 100% was used and the development of strength was studied by using initial steam curing and 
standard curing method. The use of high-quality RCA from HSC had produced a similar NA 
concrete, however,  the steam cured RCA concrete had lesser mechanical properties but with 
porosity [3]. The high early strength cement always gives a higher strength compared to OPC at all 
ages of curing, and in steam curing, though it had a detrimental effect on the strength gain, with a 
proper mix design the concrete can be utilized for pavement structures, flooring and slabs [4]. The 
utilization of micro silica (SF) in ternary blends has helped to improve the chloride penetration 
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Shear failure in a reinforced concrete beam is a sudden failure which is associated with crushing of concrete and is a 
brittle failure. A structural designer should be aware of various components of shear resisting mechanisms particularly 
the shear resistance of concrete. In this regard, an experimental investigation was carried out on forty simply supported 
reinforced concrete beams, to examine their shear performance of with and without shear reinforcement. This paper 
reports the results of a laboratory based experimental study aimed at studying shear performance of blended concrete 
beams with fly ash and recycled aggregates. Blended concrete beams of M35 and M45 grades were produced by partially 
replacing the cement by 25 percent fly ash and the Natural Coarse Aggregates (NCA) were replaced by Recycled 
Coarse Aggregates (RCA) in different fractions of 0,25,50,75 and 100 percentages. The experimental shear strength of 
blended concrete beams was then compared with predicted shear strength evaluated from various international codes 
and some existing empirical models in order to adjudicate the relevance of the experimental shear strength with the 
predicted shear strengths for beams without shear reinforcement.

Mechanical properties of blended concretes give us 
general idea of its suitability for nonstructural and 
structural applications. But its real performance is 
assessed when used in structural members and tested 
under simulated loading which is similar to real time 
loading condition. The induced stresses primarily 
include flexural, shear and tensile stress. This real 
time simulated load tests help us to categorize the 
performance criteria for blended concrete. Han et al.1 
and Maruyama et al.2 reported that, structural members 
made from Recycled Coarse Aggregates (RCA) sustain 
large deflections and relatively lower shear strength and 
flexural strength when compared to similar structural 
members made from natural aggregate. Therefore, the 
applicability of RCA for structural applications has 
been a matter of concern for many researchers. 

Many researchers studied shear behavior of recycled 
aggregate concrete beams at different replacement 

levels of RCA. Sogo et al.3 and Sato et al.4 investigated 
the shear behavior of Recycled Aggregate Concrete 
(RAC) beams without shear reinforcement and at 
different percentages of tension reinforcement. They 
observed that the failure modes and crack patterns 
of RAC beams were very similar to the conventional 
beams. González and Martínez5 reported the results 
of shear performance of reinforced RAC beams with 
50% RCA and a tension reinforcement of 2.98%. 
The ultimate load and deflection of RAC beams 
exhibited no significant difference as compared to the 
Natural Aggregate Concrete (NAC) beams. They also 
concluded that, the existing shear design provisions for 
reinforced concrete beams can readily be used for RAC 
beams without any modification. Etxeberria et al.6,7 
carried out experiments on RC beams containing 25%, 
50% and 100% of RCA reveals that, the reduction in 
cracking load is unavoidable with the incorporation 
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Abstract

In general, pedestrians want to cross a road at a mid-block section 
instead of intersections because it is the shortest route. According 
to an Indian scenario, most of the crosswalks in urban areas are 
not signalised and controlled. In this study, the crossing behaviour 
of pedestrians in terms of speed at a midblock section was studied 
by considering several parameters. Statistical tests such as ANOVA 
and Pearson correlation tests were performed in order to know the 
e(ect of parameters on the crossing speed of a pedestrian. The 
pedestrian’s age and gender, crossing type, pattern, time, number 
of stops, number of two wheelers, three wheelers, light and heavy 
commercial vehicles, and groups signi'cantly a(ect their cross-
ing speed. A multiple linear regression model was developed by 
considering the most signi'cant parameters. The mean absolute 
percentage error, root mean square error, and R2 values were cal-
culated to validate the models.

Key words

 ●  Age; 
 ● Gender; 
 ● Group; Luggage; Speed, ANOVA. 

1 INTRODUCTION 

Pedestrian�safety�must�be�the�¿rst�priority�in�a�transportation�
planning� group.� In� developing� countries,� pedestrian� safety� is� a�
major�problem�in�urban�areas�due�to�speedy�urbanization�and�in-
creases�in�the�vehicular�population.�A�lot�of�factors�inÀuence�pe-
destrians�while�they�are�crossing�a�road.�A�pedestrian�crossing�a�
road�makes�decisions�as�to�whether�to�accept�certain�gaps�between�
the�Àow�of�approaching�vehicles.�Pedestrian�actions�continuous-
ly�change�with�respect�to�environmental�characteristics,�and�their�
vulnerability�is�enhanced�with�increases�in�motorized�tra൶c.�The�
jaywalking�behavior�of�a�pedestrian�is�greater�when�crossing�at�a�
mid-block� section�compared� to�walking�on� sidewalks.�A�higher�
number�of�conÀicts�occur�at�mid-block�locations�due�to�jaywalk-
ing,�which�leads�to�more�pedestrian�fatalities.�In�developing�coun-
tries�such�as�India,�pedestrians�need�to�cross�median�openings�due�
to�the�absence�of�footbridges�and�subways.�Generally,�pedestrians�
judge�safe�gaps�in�a�tra൶c�stream�when�crossing�a�road�at�mid-
block�sections.�The�pedestrian�crossing�process�at�an�uncontrolled�

intersection�involves�two�aspects:�¿rst�the�pedestrian�approaches�
the�crossing�facility,�and�second,�performs�the�crossing�maneuver.�
The�crossing�maneuver�process�involves�the�pedestrian�departing�
from�one�curb�to�another�curb�across�the�roadway.�Generally,�pe-
destrians�wait�at�curbs�before�starting�to�cross�the�road�to�view�the�
available�gaps.�Then�pedestrians�will�decide�whether�to�accept�or�
reject�any�gaps�for�crossing�safely�based�on�previous�experience.�

In�general,�a�pedestrian’s�speed�is�1.2�m/s�without�any�restric-
tions. According� to� the� Tra൶c� Engineering� Handbook� (Dewar�
1992),�a�speed�of�0.91–0:98�m/s�is�recommended�for�the�design�
of� pedestrian� facilities.� The� Institute� of� Transportation� Engi-
neers�(ITE�Committee�4A-6�1983)�suggests�a�speed�of�0.75�m/s�
when�there�is�a�greater�number�of�older�pedestrians�at�a�location.�
The�Highway�Capacity�Manual�[Transportation�Research�Board�
(TRB)� 2000]� suggests� 1.2� m/s� if� the� older� pedestrian� popula-
tion�is�less�than�20%;�otherwise,�1.0�m/s�is�advisable.�The�Manu-
al�of�Uniform�Tra൶c�Control�Devices�for�Streets�and�Highways�
(MUTCD)�[Federal�Highway�Administration�(FHWA)�2003]�sug-
gests�1.21�m/s�from�the�curb�to�the�other�side�of�a�roadway.�The�
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_____________________________________________________________________________________________________ 
 
Abstract: Because of its ability to reduce the costs associated with the installation and maintenance of SHM systems, 
structural health monitoring using wireless sensor networks has piqued researchers' interest. These systems are used to monitor 
critical infrastructure like high-rise buildings, bridges, and stadiums, and they have the potential to extend the life of structures 
and improve public safety. WSNs for SHMs face unique network design challenges due to their high data collection rate. This 
paper provides a comprehensive overview of SHM using WSNs, including a description of the algorithms used in physical 
harm detection and localization, network design issues, and future systematic investigation directions. Time synchronization, 
sensor placement, data processing, and quantifiability are all discussed and compared as network design issues. For improving 
the lifespan of a wireless sensor network, the proposed framework includes four stages: node investigation and deployment, 
clustering nodes, shortest path construction, and data transmission. This paper proposes a novel framework that consists of four 
stages: optimal node deployment, clustering of nodes, shortest route construction, and data transmission. It's built into the NS2 
software, and the results are double-checked. Finally, the proposed framework's performance is assessed by comparing its 
results to those of other approaches and demonstrating its efficiency. 
Keywords: Structural health monitoring, sensor types, network data flow methods, network scalability, and energy harvesting 
are some of the key words  
___________________________________________________________________________ 

1. Introduction  

Wireless sensor networks have emerged as a powerful and cost-effective platform for connecting large 
networks of sensors in the last decade. Sensors distributed throughout a structure are used to analyse the health of 
the structure in these networks, which have many applications in the health, military, business, and industrial 
fields. [1] to [2]. Traditionally, SHM systems have been built with wired sensor networks, but the lower 
installation and maintenance costs, as well as the high reliability of WSNs, have made them a compelling 
alternative platform. [4]-[7]. Significant reductions in the cost of exploitation WSNs for SHM would change their 
effective use in critical public and private infrastructure and expand applications such as short-term health 
monitoring. Sensors for SHM are deployed at multiple locations in WSNs via a structure. At 100 hertz sampling 
frequencies, these sensors collect data on acceleration, surrounding vibration, load, and stress. As a result, the 
sensing and sampling rates, as well as the quantity of data collected, are higher in WSNs than in other 
applications, and as a result, WSNs for New challenges are introduced by SHM. Designing a network presents a 
number of challenges. Sensing element nodes send detected data to the sink either directly or by forwarding each 
other's packet information collectively. This process is critical for the detection and localization of structural 
damage and can occur in a variety of places, including nodes, cluster heads, and central servers, depending on the 
situation. Structure’s topology Damage detection usually necessitates a comparison of the structure's current 
modal options with those associated with the structure's undamaged state. The mode shapes and natural vibration 
pattern for a given structure are the primary representations of a structure's modal options. 

SHM has been used in vital structures such as aircraft, ships, high-rise buildings, dams, and bridges. 
Essentially, these installations are weird, but they have a growing range of WSNs. A research team from the 
University of California, Berkeley, placed one of the first SHM on the Sound Bridge in 2007. 

 Research Article  
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Abstract. Self-compacting concrete (SCC) is an extraordinary type of concrete that is 
extremely flowable and spreads into the formwork without the need of external vibration. In 
order to attain self-compatibility SCC obliges extensively surplus quantity of fine particles as 
compared to conventional concrete. Recycled Coarse Aggregate (RCA) obtained by crushing 
of old concrete is used in the investigational analysis. Nan-Su method is used to design the 
SCC mixes A and B (M35 and M45). The current experimental study aims to evaluate the 
impact energy of Recycled Coarse Aggregate (RCA) based self- compacting concrete by 
replacing with Natural Coarse Aggregate (NCA) (25%, 50%, 75%, and 100%) in unprocessed 
and processed states for various number of revolutions (500R, 1000R, 1500R, 2000R). Tests 
were carried out with a constant mass of hammer (16.38 kg). The impact energy determined for 
the Mixes A and B is compared with respect to replacement level and processing of RCA. The 
impact energy calculated is maximum for mix-A (1500 and 2000 revolutions) and mix-B (2000 
revolutions) at 75% and 100% replacement of RCA respectively. From the experimental results 
of obtained Coefficient of Variation (CoV) with respect to processing of aggregate, in both the 
mixes it is observed that RCA in unprocessed state and processed state (1500R) has good 
Coefficient of Variation.  Comparing the results of Coefficient of Variation with respect to 
replacement level of aggregate it has a very good CoV at 25% replacement level of RCA for 
both the mixes.  

Keywords: Self-Compacting Concrete, Natural Coarse Aggregate, Processed recycled coarse 
aggregate, unprocessed recycled coarse aggregate, Impact resistance. 

1. Introduction 
One of the current trending challenge for a Civil engineer is to plan, design and built the 

construction projects with the minimal use of natural resources and also to make use of alternate 
construction materials to maintain ecological balance. [1] Enormous amount of demolition 
waste generated is creating a huge pressure on the environment thereby increasing land 
pollution. [2] To minimize the impact of demolition waste it can be recycled and used in 
construction projects. [3] There is an urgent need for improving the standards of using alternate 
construction materials to make a sustainable development.  

A virtuous volume of research has been carried out on the static behaviour of concretes 
but there is a lag in the behaviour of impact resistance of special concretes using recycled 
materials. [4] RCC structures are subjected to dynamic loads for a very short duration. [5] The 
various dynamic loads coming on the structures are like machine vibration, seismic forces, wind 
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Abstract

Fiber reinforced composite is a composite material consisting of a matrix reinforced by a fabric. Shear strength can be defined as the
maximum shear stress that a material is capable of sustaining. Shear strength is calculated from the shear fracture load and the shear
loaded area. Interlaminar shear stress (ILSS) is the shear stress observed between the laminae of a laminate. The objective of the
present work is to perform finite element analysis on neat and CNT reinforced S glass epoxy composite (CRSE) using ANSYS
software to estimate the instantaneous shear modulus (ISM) and observe the effect of notch separation on the measured ILSS. In S
glass epoxy composite (SGEC), least and peak values of ILSS and ISM are 14.79 MPa, 35.35 MPa and 15.19 MPa, 33.12 MPa
respectively when the notch separation is 5 mm and 1 mm.
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Abstract

Axial flow fan blades made of glass fibre reinforced plastics have a detrimental impact on the environment after their service life due
to their non-biodegradability. To reduce the impact of blade materials on the environment and to improve biodegradability, it is
necessary to reinforce the material with natural fibres without effecting the mechanical properties. This paper investigates the
tension–tension fatigue life of three different hybrid composites. They are an 18-ft axial flow fan blade material (GFRP), the 8th layer
of GFRP replaced with woven jute (G8J), and the 12th layer of GFRP replaced with woven jute (G12J). The number of cycles to failure
was found at a stress ratio of 0.1, a test frequency of 10.5 Hz and at normalized peak stress ratios of 0.85, 0.7, 0.55, and 0.4 by using
constant amplitude loading. As S-N curves were fitted into the experimental data, power function formulas were developed to
estimate fatigue life at specified normalised peak stress ratios. It was interesting to note that all the three materials had reached their
endurance limit (10⁶ cycles) at a normalized peak stress ratio of 0.4 and the fatigue life of woven jute reinforced composites is about
78% of GFRP. Thus, it was proposed that partial reinforcement of woven jute in fan blades is recommended at low normalised peak
stresses when biodegradability after service life is the major concern. The manufacturing cost of the woven jute reinforced blade is
also less than the conventional blade. The two-parameter Weibull distribution function was used to correlate the scattered fatigue
life data at various normalized peak stress ratios. These curves have a lot of design value in real composite material applications
because they anticipate the sample response at the time of service based on the degree of reliability.
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Abstract: Power quality plays an important role in the transmission and distribution of electrical power. 

Power quality is highly interrupted due to the increase in power demand and its consumption. Therefore to 
address this problem of power quality, popular device- Multilevel Inverters have come in to existence and are 
much used for medium and high power applications. The three main multilevel inverter topologies are 
Neutral Point Clamped, Flying Capacitor and Cascaded H Bridge.  The aim of this paper is to develop a 
Multi carrier In phase Disposition Pulse Width Modulation technique (IPD-PWM) for Three Phase Diode 
Clamped and Cascaded H-Bridge Multilevel Inverters using MATLAB Simulink. In this paper, Total 
Harmonic Distortion (THD) is performed for 3 level Neutral Point Diode Clamped and 5 level Cascaded H- 
Bridge Inverters using MATLAB Simulink. THD calculations are done using Multi carrier IPD-PWM as they 
possess less switching losses compared to other control schemes. The THD calculations carried out in this 
paper shows how the reduction of THD increases the efficiency of inverter as the level of inverter increases. 
FFT analysis is presented to calculate THD for the Inverters of concern. 

Keywords: Neutral Point Clamped Inverter, Cascaded H-bridge Inverter, level shift modulation, IPD-
PWM, THD 

1. INTRODUCTION:  

The carrier-based modulation schemes that are used for multilevel inverters are phase-
shifted and level-shifted modulations [1]. The level-shifted multicarrier modulation scheme 
requires (k  1) triangular carrier signals having the same frequency and amplitude for a k-
level inverter [2-3]. Different PWM techniques, such as In Phase Disposition (IPD), Phase 
Opposition Disposition (POD), and Alternate Phase Opposition Disposition (APOD), are 
used to evaluate the inverter's performance (APOD). This control methods or carrier 
signals are used for a comparative investigation of pulse width modulation approaches for 
various multilevel inverters in order to improve performance and reduce harmonic content 
[4-9]. 

These carrier signals are vertically disposed so that they occupy continuous bands. The 
frequency modulation index and the amplitude modulation index is given as  

 

  For 0     

Where  

Vm = maximum amplitude of modulating wave  
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Comparison of Analytical and Software Based 
Design of Energy Efficient Induction Motor
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Abstract:  Energy Efficient Induction motor is playing a vital role in current scenario. Due to rising electrical energy demand, 
increased awareness of global warming, and rising fossil fuel prices, energy efficiency has become increasingly important. Apart 
from adding capacity, the only practical approach to deal with this situation is to make optimal use of the available energy, 
which may be done by using energy efficient Motors. The main objective of this paper is to calculate and Compare the Analytical 
and Electromagnetic Software based design for a 5HP Energy Efficient Motor. 
Keywords: Energy Efficient Motors, Analytical Method, Design, Induction Motor

I. INTRODUCTION
The most common motors found in industry are three-phase induction motors. They have been widely employed in industry in 
almost all applications because to their simple, durable, and easy to maintain structure. These engines are known as the industry's 
workhorses. Induction motors are frequently employed in industrial and domestic appliances [1]. In recent decades, both producers 
and end-users have become increasingly concerned about the energy efficiency of electric motors. New approaches to improve the 
efficiency of three-phase induction motors have been developed, and other technological solutions are emerging that could lead to 
even higher efficiency levels. Even though energy saving has been the most important factor in the design of general-purpose 
industrial motors, this was not done at the price of durability or overall motor performance. Some people believe that the drive for 
more efficiency would reduce motor life, and that the higher flux densities may cause application issues with the starting current [2]. 
The ever-increasing interest in high-efficiency motors can be attributed to two key factors nowadays. Electric motors are a large 
consumer of electricity. The first is the necessity of addressing ever-increasing energy demand by significantly reducing energy use 
in order to reduce Carbon dioxide emissions. The second benefit is the cost savings that come with using high-efficiency motors [3].
Over the life of the motor, a small increase in efficiency can save a lot of energy and money. Because Energy Efficient Motors have 
been demonstrated to be a durable and reliable technology [4].

II. BACKGROUND
There is a clear link between motor life and the challenges that it faces. The desired motor performance and lifespan will usually be 
attained as long as these stresses are suitably accommodated and controlled within stated design and operation limits [5]. The first 
significant lines of energy efficient motors were produced in the mid-1970s for the designated product range, with projected 
penetration of less than 20% of the entire population purchased during this period prior to the Energy Act of 1992.

Fig. 1.Cross-sectional view of Electric Energy Efficient Motor : 1-Stator laminated steel; 2-stator windings; 3-rotor; 4-rotor fan 
blades; 5-shaft; 6-bearings; 7-frame; 8-brackets; 9- external fan; 10-fan cover. (Source: Reliance Electric Company.)
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