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Actual Discharge on Venturimeter — A Literature
Review

Dr. P. Sujatha, K. Lingesh, N. Mukesh Kumar, P. Divya Teja, Shaik Kamal Bee, S. Rakesh,
E. Mohith Sai

Department of Civil Engineering, Government Polytechnic, Rajampeta

Abstract

Venturi meter is a device which is used for measuring the rate of flow of fluid flowing through the
pipes. The applications of these are found in various fields like Water House Department,
Aviation, Automotive, Chemical, Petro-chemical industries, etc. In the automotive industry the
venturimeter is used to measure the fuel and air distribution in the carburetor. Similarly, in the
water houses, the venturimeter device is used to calculate the velocity of flow in the pipelines [1].
In this paper we discuss the working principle and the experimental calculations of the
venturimeter. An attempt is made to study the venturimeter as a computational device that can
be used as an efficient and easy means for predicting the discharge coefficients for the flow lines.

Keywords: Venturi meter; Discharge; Heads; Coefficient of Discharge

Introduction

Venturi meter

A Venturimeter is a device used for measuring the rate of flow of a flowing fluid through a pipe.
The venturimeter has been named after the 18th century Italian Engineer Venturi [2]. The
venturimeter can be classified into three types, as follows:

» Horizontal Venturimeter
» Vertical Venturimeter
* Inclined Venturimeter
The device consists of three sections, namely:

» Short converging section
* Throat
» Long diverging section

Discharge Expression

Consider a schematic diagram of the venturimeter fitted in a horizontal pipe through which a fluid
(say water) is flowing. Assume steady, streamline, laminar, and incompressible flow, so that the
fluid may be treated as inviscid for the purpose of the ideal-flow derivation [3].

Let section (1) be the inlet (convergent) section and section (2) be the throat section, with:

« di, pl, vl al = diameter, pressure, velocity and area at section (1), where al = (pi/4)
dinz
+ d2,p2, v2, a2 = diameter, pressure, velocity and area at section (2), where a2 = (pi/4)
d2n2
» 21, z2 = datum heads at sections (1) and (2)
Applying Bernoulli's theorem between sections (1) and (2):

pl/(rho g) + vin2/2g + z1 = p2/(rho g) + v2"2/2g + 22 ...... 0]

Since the venturimeter is fitted in a horizontal pipe, z1 =22 ...... (i), and equation (i) reduces to:
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pl/(rho g) + v172/2g = p2/(rho g) + v2"2/2g
or, (pl/(rho g) - p2/(rho g)) = (v272 - v1*2)/2g ...... (iii)

The left-hand side, (p1 - p2)/(rho g), is the difference of piezometric pressure heads between
section (1) and section (2), denoted h:

h = (v272 - v1"2)/2g ...... (iv)

Applying the continuity equation at sections (1) and (2):
alvl=a2v2,sovl=(a2/al)v2 ... (v)

Substituting (v) into (iv):

h = (v272/2g) x [1 - (@2/al)"2] = (v2"2/29g) x [(a12 - a2"2)/al1"2]
Solving for v2:

v2 =sqrt(2gh) x al/ sqrt(al”2 - a2"2) ...... (vi)

Theoretical discharge. The theoretical rate of flow at section (2) is:
Qth=a2 v2

Substituting equation (vi):

Qth = (al a2 sqgrt(2gh)) / sqrt(al”2 - a2"2) ...... (vii)

Equation (vii) gives the theoretical discharge through the venturimeter.

Actual discharge and coefficient of discharge. In practice, the actual discharge is always less
than the theoretical discharge because of frictional and viscous losses that the ideal-fluid
derivation above does not account for. The ratio of the actual discharge to the theoretical
discharge is termed the coefficient of discharge, Cd:

Cd = Qact/ Qth
Therefore, the actual discharge through the venturimeter is:
Qact = Cd x (al a2 sqrt(2gh)) / sgrt(al”2 - a2"2) ...... (viii)

Cd is always less than one, reflecting the energy losses due to viscosity that are neglected in the
ideal-fluid (Bernoulli) derivation.

Value of h from the Differential U-tube Manometer

The piezometric head difference, h, used in equations (vii) and (viii), is obtained directly from the
reading of a differential U-tube manometer connected between the two sections. The exact
relationship depends on the manometer fluid and the orientation of the venturimeter:

Case 1 — Horizontal venturimeter, manometer liquid heavier than the
flowing liquid.

Let Sw = specific gravity of the heavier (manometer) liquid, So = specific gravity of the flowing
liquid, and delta-h = difference of the heavier liquid column in the U-tube manometer. Then:

h = delta-h x [ (Sw/So0) - 1]
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Case 2 — Horizontal venturimeter, manometer liquid lighter than the
flowing liquid.

Let Sw = specific gravity of the lighter (manometer) liquid, SL = specific gravity of the flowing
liquid, and delta-h = difference of the liquid column in the U-tube manometer. Then:

h = delta-h x [ 1 - (Sw/SL) ]

Case 3 — Inclined venturimeter, manometer liquid heavier than the flowing
liquid.

With Sw, So and delta-h defined as in Case 1, the same relation holds because the manometer
reading directly registers the piezometric head difference irrespective of pipe inclination:

h = delta-h x [ (SW/S0) - 1]

Case 4 — Inclined venturimeter, manometer liquid lighter than the flowing
liquid.

With Sw, SL and delta-h defined as in Case 2, similarly:

h =delta-h x [ 1 - (Sw/SL) ]

In each case, once h is evaluated from the appropriate manometer relation, it is substituted into
equation (viii) to obtain the actual discharge through the venturimeter.

Conclusion

This paper presents an overview of the working principle of the venturimeter as a discharge-
measuring device. Bernoulli's principle and the continuity equation together govern the analysis
of flow discharge through a venturimeter, and the coefficient of discharge, Cd, links the idealised
theoretical discharge to the actual discharge realised in practice. The device is effectively applied
in the control and measurement of flow along pipelines in oil fields, for irrigation purposes, in the
automotive industry, in wastewater collection systems, and in water houses and treatment plants.
This flow system is also valuable for practical demonstration of fluid measurement and control in
Fluid Mechanics studies in the Mechanical Engineering laboratory [4, 5]. However, the
venturimeter is comparatively more costly than other flow-rate measurement devices such as the
orifice meter and the rotameter.
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Steel Fiber Reinforced Concrete

K. Ganesh, G. Muralidhar Reddy, P. Keerthi, R. Leena
Ill Year DCE & Department of Civil Engineering, Government Polytechnic, Rajampeta
Abstract

This study explains the behaviour of Steel Fibre Reinforced Concrete (SFRC) using simple
concepts. Steel fibres improve strength and reduce cracking. Fly ash is used to make concrete
eco-friendly.

1. Introduction

Concrete is strong in compression but weak in tension. To overcome this weakness, steel fibres
are added. These fibres help in controlling cracks and improving strength.

2. Materials Used

Cement: OPC 53 Grade

Fine Aggregate: River sand

Coarse Aggregate: Crushed stone
Steel Fibres: Hooked-end fibres

Fly Ash: Partial cement replacement

Water: Clean water

3. Working Mechanism

Steel fibres act as crack arresters. When cracks start forming, fibres hold the concrete together.
Fly ash fills small pores and increases density.

4. Mixing Process

Concrete is mixed in stages: dry mixing, addition of water, and proper mixing until uniform
consistency is achieved.

5. Results and Graphs

The following graphs show improvement in compressive strength with fibre addition.

6. Advantages
* High strength

» Crack resistance
* Durable

» Eco-friendly

7. Limitations
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* Reduced workability
* Higher cost

* Difficult mixing

8. Applications
* Roads

* Industrial floors

* Bridges

* Impact-resistant structures

9. Conclusion

SFRC is a modern construction material with improved strength and durability. It is suitable for
heavy load structures.

Government Polytechnic, Rajampeta Page 8



VIINAANA RAJAM Vol. 1, Issue 1 — 2023-24

A Brief Review on Black Spot on Highway — Its
Potential Remedial Measures

Dr. P. Sujatha, K. Sreekanth, M. Haripriya, N. Indrasena, S. Ashok, S. Ayisha, S.
Mahaboobee
Department of Civil Engineering, Government Polytechnic, Rajampeta

Abstract

A literature review is given in this paper of the methods and techniques that are used to analyze
black spots and black zones. Although, no universally accepted definition of a black spot or black
zone is given, these locations will in general be described as high risk accident locations. In this
context, several statistical models are described in literature to model the accident frequency and
accident severity. This study gives an overview of these models. Additionally, several alternative
methods that are used to identify and rank black spots are described. Furthermore, some
techniques that are used to profile these accident locations and the use of before and after studies
to estimate the effect of treatment on these sites are discussed in this paper. Finally, an overview
of the methods and techniques that are used in India, Belgium, Denmark and Australia to analyze
black spots is presented.

KEYWORDS - Black zones, Black spots, Accident frequency, Accident severity
1. INTRODUCTION

The problem of accident is a very acute in highway transportation due to complex flow pattern of
vehicular traffic, presence of mixed traffic along with pedestrians. Traffic accident leads to loss
of life and property. Thus the traffic engineers have to undertake a big responsibility of providing
safe traffic movements to the road users and ensure their safety. Road accidents cannot be
totally prevented but by suitable traffic engineering and management the accident rate can be
reduced to a certain extent. For this reason systematic study of traffic accidents are required to
be carried out. Proper investigation of the cause of accident will help to propose preventive
measures in terms of design and control. According to Ministry of Road Transport & Highways
(MoRTH), Government of India, road accident black spot on National Highways is a road stretch
of about 500m in length in which either 5 road accidents (involving fatalities/grievous injuries) took
place during last three calendar years or 10 fatalities took place during last three calendar years.

Growth in urbanization and in the number of vehicles in many developing countries has led to
increased traffic congestion in urban centers and increase in traffic accidents on road networks,
which were never designed for the volumes and types of traffic, which they are now required to
carry. In addition, unplanned urban growth has led to incompatible land uses, with high levels of
pedestrian-vehicle conflicts. The drift from rural areas to urban centers often results in large
number of new urban residents unused to such high traffic levels. As a result, there has often
been a severe deterioration in driving conditions and a significant increase in the hazards and
competition between different classes of road users.

Many researchers have worked and published their work on Black spot on Highway and remedial
measures. Some important papers relating to this are referred in this work. The methodology,
observations, conclusions and further scope of work of these publications are used to finalize the
objectives of present work. Summary of such reports is presented in further sections. The
available literature of review is classified as follows:
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Apparao G, et al (2013), The Critical Crash Rate Factor Method is an easy-to-use statistical test
method, which is very effective in identifying Accident-prone stretches for Four Lane Highways.
From analysis, it is clear that maximum number of crashes occurs during the weekends; this may
be due to the large number of tourists coming to Haridwar and Rishikesh. From analysis it is
evident that maximum number of crashes occurs in the months of August and December. This
may be due to the onset of rainy season in august and due to the fog in the month of December.
The peak period for Crashes comes out to be between 14.00 — 16.00 hrs. The Crash ratio
developed for the sections can be used for prioritizing Safety Development programs.

Liyamol Isen, et al (2013), The study was an attempt to find out the most vulnerable accident
locations or the black spots in Alappuzha and Ernakulam districts making use of GIS. The WSI
method was used to rank the accident locations, and top ranked siz spots in Alappazha and ten
spots in Ernakulam were selected as per the WSI value fo the data collection and analysis in GIS
platftorm. Based on the analysis, Kalavoor in Alappuzha and two spots Kalamassery and
Mulamthuruthy in Ernakulam were identified as most vulnerable accident locations and suggested
some possible alternative or corrective measures to improve the transportation system in these
locations, from which the decision maker can select suitable measure for the location. The
method is found to be effective in identifying the black spots, provided sufficient secondary data
is available.

Nikhil, T.R., et. Al (2013), It is observed during the study that the Gorgunte Palya nd Jalahalli
Junctions were already declared Black Spot/accident zone. From the accident data we also
observed that the accidents are increasing inadequate sight distance, road condition, poor
visibility at night, drivers negligence etc. It is also observed during study that there is lot of
pedestrian deaths inspite of having Zebra crossing and pedestrian signals mainly due to high
speed of vehicles, so it is suggested to construct speed brake or road humps before pedestrian
signals. During the study in Goguntepalya it is observed that there is poor vision of Piers of metro
and loss of human life and damages to vehicle at night hours. The remedial measures suggested
for improvements of junctions are - Provision of Road humps before the pedestrian signals.
Provision of road humps in the stretches before intersection or junction point. Installation of proper
sign posts aside the roads. Provision of pedestrian underpass/sky walk at certain places where
pedestrian movement is more. Improving the sight distance at the intersection by increasing the
setback distances in the junctions. Increasing the signal timings by twice to avoid the
accumulation of vehicles to reduce the jam lengths. Increasing the signal rest timings by twice to
avoid accidents, increasing the skid resistance of the pavement. Repairs of cracked surface and
filling up of pot holes to reduce the accidents, installation of cat eyes and reflectors in the junctions
and also near the road humps, installation of reflectors to piers of Metro so that the accident
caused due to collision against pier will be avoided.

Huy Huu Nguyen, et al (2015), In order to avoid unexpected shortcomings in the implementation
of the method, it is important to pay special attention to the following two aspects. First, safety
potential to the difference between the actual accident cost and the expected accident cost
conforming to the best practice design standard. The expected accident cost depends on the
basic accident cost rate. In ideal circumstances this expectd accident cost contains no influence
of the infrastructure on the accidents any more but represents the accident cost caused only by
the other two components of the transport system — vehicle and road users. The best way to
estimate the target values would be to calculate the accident cost rate for a sample of spots with
best practice design. Another possibility would be to use a specific percentile of the overall
distribution of the accident cost rates. Second, statistical tests must be done to make sure that
the random variation is not the decisive factor in the process of identifying the high accident
frequency locations. Random variation in accident count at the identified locations can be
estimated by Poisson probability distribution.

Government Polytechnic, Rajampeta Page 10



VIINAANA RAJAM Vol. 1, Issue 1 — 2023-24

Snehal Bobade, et. Al (2016) Readings taken on Pune-Bangalore Hghway from 820km-930km
are analyzed by Ranking Method. In the method of ranking according to importance of parameter
(i.e. parameter which is responsible for occurrence of more number of accidents) the rank and
weightage are given. The percentages after giving rank and weightage are calculated and on the
basis of value of percentage the accidental black spot is identified. By considering all these
parameters by using Ranking Method accidental black spots can be identified. It is clear that
skidding, grievous injuries and over seeding are responsible for occurrence of more number of
accidents.

K.Chandrasekhar Reddy (2017). Ten accident hot spots/accident prone locations were identified.
Vehicles liable for most of the accidents are Trucks/Lorries and followed by Auto Rickshaw and
Car/Jeep/Van. Most of the road accidents occurred during 9-10am and 4-5pm, it may be due to
peak hour traffic. Vehicles approaching intersections are directed to definite paths with
appropriate islands and channels, marking etc. Shoulder width, pavement width, sight distance,
signal and pedestrian crossing facilities ought to be improved.

Maen Ghadi, et al (2017), Based on the results obtained from the case studies and overall
comparison, it can be summarized and concluded that dangerous locations on two types of roads
had been compared to discover the affection of the speed factor on the efficiency of each selected
BS analysis method. Two types of BS identification methods had been selected; the first is the
SPA method which is based on a spatial identification of accidents clustering locations, and the
second is the SLW screening method. IT was noted that in low speed urban road accidents tend
to be more aggregated around real dangerous points or conflict areas like, intersections or
pedestrian crossing locations. These areas can be identified using local and global Maron’s
indexes as in the applied SPA method. In the case of a high speed road types, like a motorway
M3 road example, crashes distribution pattern are seen to be more scattered from the exact
dangerous point which make it difficult for spatial method to identify any real black spot using
clustering technique and allow sectioning SLW method to be able to identify BS more efficiently,
regardless its fixed length, by using a suitable threshold value equal to the average observed
number of accidents for all similar locations.

Athira Moha, et al (2017). The Weighted Severity Index (WSI) method was used to rank the
accident locations. The top five spots were selected as black spots a per the WSI value from the
collected data and suggested some possible alternative measures to improve the transportation
system. The overall methodology was found to be effective for the identification, and treatment
of accident black spots if sufficient data is available. The deficiencies like non-availability of
parking lane, no zebra crossing, ho guard rails and sign boards and also no proper road markings
and unauthorized parking etc. It is also observed that most of the 2-wheelers are not using the
helmets and also over speeding their vehicles. Implementation of the suggested improvements
will help to increase the overall road safety.

Ill. CONCLUSION

From studying of many papers it is found that the accidents are increasing due to inadequate
sight distance, road condition, poor visibility at night, drivers negligence etc. It is also observed
during study that there is lot of pedestrain deaths inspite of having Zebra crossing and pedestrian
signals mainly due to high speed of vehicles, so itis suggested to construct speed brake or road
humps before pedestrian signals. Pedestrain road marking should be provided in the location.
Hazard marker and median marker should be erected on location. Advance Cautionary and
Informatory Sign board should be installed on the locations. Median marker along with the kerb
painting should be provided. Solar blinker should be provided.
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Various Defects in 3D Printing: Causes, Types, and
Remedies

S. Ramanadha Reddy
Department of Mechanical Engineering, Government Polytechnic, Rajampeta
1. Introduction

3D printing, also known as additive manufacturing, has revolutionized modern manufacturing by
enabling the production of complex geometries with minimal material waste. Despite its
advantages, defects in 3D printed parts remain a major challenge affecting quality, performance,
and reliability.

Defects can arise due to improper machine settings, material inconsistencies, environmental
factors, or design limitations. Understanding these defects is essential for improving print quality
and ensuring functional integrity.

2. Types of 3D Printing Defects
2.1 Warping

Description:

Warping occurs when the edges of a printed object lift and detach from the print bed.

Causes:

* Uneven cooling
* Poor bed adhesion
» High temperature differences

Effects:

 Dimensional inaccuracies
e Part deformation

Remedies:

* Use heated bed
* Apply adhesives (glue, tape)
* Maintain stable ambient temperature

2.2 Stringing (Oozing)
7

Description:

Thin filament strands appear between separate parts of a print.

Causes:
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* High nozzle temperature
* Improper retraction settings

Effects:

» Poor surface finish
» Post-processing difficulty

Remedies:

* Adjust retraction speed and distance
* Lower nozzle temperature

2.3 Layer Shifting
9

Description:

Layers are misaligned horizontally, causing a shifted appearance.

Causes:

e Loose belts
» Stepper motor issues
e Obstructions in movement

Effects:

» Distorted geometry
e Structural weakness

Remedies:

* Tighten belts
e Check motor calibration
e Ensure smooth movement

2.4 Under-Extrusion
7

Description:

Insufficient filament is extruded during printing.

Causes:

» Clogged nozzle
* Low temperature
* Incorrect flow rate

Effects:

Government Polytechnic, Rajampeta
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*  Weak parts
* Gapsin layers
Remedies:

* Clean nozzle
* Increase extrusion multiplier
» Check filament quality

2.5 Over-Extrusion
9

Description:

Excess material is deposited, leading to blobs and uneven surfaces.

Causes:

* High flow rate
* Incorrect filament diameter settings

Effects:

* Poor accuracy
* Rough surface finish

Remedies:

* Reduce extrusion multiplier
» Calibrate filament diameter

2.6 Layer Separation (Delamination)
7

Description:

Layers fail to bond properly, resulting in cracks or splits.

Causes:

» Low printing temperature
* Poor layer adhesion

Effects:

* Reduced strength
e Structural failure

Remedies:

* Increase nozzle temperature

Government Polytechnic, Rajampeta
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» Use enclosure for temperature control

2.7 Blobs and Zits
6

Description:

Small bumps appear on the surface of prints.

Causes:

» EXxcess extrusion at layer start/stop
» Poor retraction settings

Effects:

* Poor aesthetics
» Surface roughness

Remedies:

* Optimize retraction
» Adjust print speed

2.8 Elephant Foot
8

Description:

The first layer spreads outward, making the base wider.

Causes:

* High bed temperature
» Excessive first layer compression

Effects:

» Dimensional inaccuracy

Remedies:

* Adjust Z-offset
* Reduce bed temperature

2.9 Ghosting (Ringing)
8

Description:

Ripple patterns appear near sharp edges.

Government Polytechnic, Rajampeta
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Causes:

e Printer vibrations
* High print speed

Effects:

» Surface imperfections

Remedies:

* Reduce speed
» Stabilize printer frame

2.10 Bridging Issues
8

Description:

Sagging occurs when printing across gaps without support.

Causes:

» Poor cooling
» High extrusion temperature

Effects:

» Drooping layers

Remedies:
* Increase cooling fan speed
* Optimize bridging settings
3. Factors Influencing Defects

3.1 Material Properties

» Filament quality (PLA, ABS, PETG)
» Moisture absorption
» Diameter consistency

3.2 Machine Parameters

* Nozzle temperature
* Bed temperature

* Print speed

» Layer height

3.3 Environmental Conditions

Government Polytechnic, Rajampeta
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* Ambient temperature
*  Humidity
» Air drafts

3.4 Design Considerations

» Overhang angles
* Wall thickness
* Support structures

4. Prevention Strategies

* Regular printer calibration

* Use high-quality filament

* Maintain stable printing environment

+ Optimize slicing settings

+ Perform test prints before final production

5. Advanced Defect Detection Techniques

* Machine learning-based monitoring
* Real-time camera inspection

« Thermal imaging analysis

* Acoustic emission monitoring

6. Conclusion

Defects in 3D printing are inevitable but manageable. By understanding their causes and
implementing corrective measures, users can significantly improve print quality and reliability.
Continuous advancements in materials, hardware, and software are further reducing the
occurrence of defects, making 3D printing more efficient and dependable.

7. References
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Elimination of Multiple Diagnostic Error Codes
Through Single Error Deletion

S. Ramanadha Reddy
Department of Mechanical Engineering, Government Polytechnic, Rajampeta

Abstract

In the present, the growing world's environment is degrading very fast due to environmental
pollution. A major reason for this environmental degradation is vehicle pollution caused by
improper maintenance of automobile vehicles. This is partly because of a lack of more efficient
vehicles, better fault diagnosis, and an advanced Driver Information System (DIS), by which
drivers can be made aware of the fuel consumption level under their present driving condition.
However, most motor companies are unwilling to reveal vehicle information. Therefore, easily
obtained diagnostic information can be used to estimate fuel consumption roughly. Road
accidents are also happening due to poor knowledge of vehicle fault diagnosis; casualties are
mainly caused by automobile component malfunctions and human negligence. It is thus important
to ensure the healthy status of each component of the vehicle. However, inspection of an engine's
health status and the corresponding internal combustion processes is usually time-consuming
and expensive, because it requires experienced mechanics and expensive equipment.
Experienced mechanics are available only in cities for scanning and diagnosing errors, so it is
very difficult and quite expensive to take vehicles to cities even for simple errors. In the majority
of cases, even when the parts are repaired, the problem may not be resolved because of poor
understanding of error codes. The mechanics often recommend that automobile owners purchase
and replace components even under unnecessary conditions to resolve errors; consequently,
numerous components are thrown away and wasted. Hence, a low-cost, real-time fault diagnostic
for running automobiles is needed. Our objective is to educate and train village-residing drivers
and owners about scanning and diagnosing vehicles. This paper provides an effective and better
diagnostic approach to detect errors using the OBD-Il (On-Board Diagnosis, 2nd generation)
protocol.

Keywords: OBD-Il, Engine Diagnosis, Scan Tools, DLC connector, Driver Information System,
DIS.

* INTRODUCTION

A new standard introduced in the 1990s, provides almost complete engine control and also
monitors parts of the chassis, body and accessory devices, as well as the diagnostic control
network of the car is called OBD-II. All 1996 and newer model year passenger cars and light
trucks are OBDII-equipped, but the first applications were actually introduced back in ‘94 on a
limited number of vehicle models. What makes OBDII different from all the self-diagnostic systems
that proceeded it is that OBDII is strictly emissions oriented.In other words, it will illuminate the
Malfunction Indicator Lamp (MIL) anytime a vehicle’s emissions exceed 1.5 times the federal test
procedure (FTP) standards for that model year of vehicle. That includes anytime random misfires
causes an overall rise in HC emissions, anytime the operating efficiency of the catalytic converter
drops below a certain threshold, anytime the system detects air leakage in the sealed fuel system,
anytime a fault in the EGR system causes NOX emissions to go up, or anytime a key sensor or
other emission control device fails. In other words, the MIL light may come on even though the
vehicle seems to be running normally and there are no real drivability problems.

 OBD-ll FEATURES
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The main purpose of OBDII is to alert you with MIL, when your vehicle is running with problem
related to any component of the vehicle and polluting so you’ll get their emissions and problems
fixed. But as we all know, it's easy to ignore warning lamps— until steam is belching from under
the hood or the engine is making horrible noises. That’'s why regulators want to incorporate OBDII
into existing and enhanced vehicle emissions inspection programs. If the MIL lamp is found to be
on when a vehicle is tested, it doesn’t pass even fif its tailpipe emissions are within acceptable
limits. In present days Ml Lamp is also called as OBD-Il lamp (On Board Diagnosis Il lamp)

« HISTORY OF OBD
The origins of OBD-I actually raised from 1982 in California, when the California Air Resources
Board (CARB) began developing regulations that would require all vehicles sold in that state
starting in 1988 to have an onboard

Fig.1 OBD-Il DLC Fig.2 Description of Each Pin.

-diagnostic system to detect emission failures. The original onboard diagnostic system (which has
since become known as OBDI) was relatively simple and only monitored the oxygen sensor, EGR
system, fuel delivery system and engine control module. OBD-I was a step in the right direction,
but lacked any requirement for standardization between different makes and models of vehicles.
You still had to have different adapters to work on different vehicles, and some systems could
only be accessed with costly "dealer" scan tools. So when CARB set about to develop standards
for the current OBD system. In this development standardization was a priority and standardized
16-pin data link connector (DLC) with specific pins assigned for specific functions was developed.
The standard OBD-II port is shown and below.

This 16 pin OBD-II port is presented in vehicle, location of this port is changing from one vehicle
to another. By connecting to this OBD-II port, the diagnosis scan tool is communicates with
vehicle’s ECU (Engine Control Unit). After communicating with ECU, it reads the all error codes
in ECU. These error codes are called as DTC (Diagnostic Trouble Code).

Normal Structure of DTC
Fig.3- Structure of DTC

DTC:0OBD-II gives us standardized Diagnostic Trouble Codes (DTC) which are almost similar in
all vehicles from 2010 in India. A DTC is an error code that describes us the full information about
type of faults and location of faults presented in the vehicle. A simple Structure of a DTC is shown
below.Trouble codes are how OBDII identifies and communicates to technicians where and what
on-board problems exist. The first number in the DTC indicates whether the code is an SAE
generic code (applies to all OBDIlI systems) or is specific tothe vehicle manufacturer.The
remaining three numbers provide information regarding the specific vehicle system and circuit.

IV. PROBLEM STATEMENT

In olden days all the vehicles are equipped with a large amount of electrical circuits. If suddenly
the vehicle should be breakdown on the roadside, the driver has to report the closest workshop.
The mechanic facing a problem to identify the fault and also he can take too much time to solving
the fault. It is most difficult and expensive (cost) process.

V. PROBLEM SOLUTION
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Now a day’s all the cars are computerized electronic cars, if any problem occurred in the vehicle.
The electronic components are shown the fault DTC on car dashboard and diagnosis process
also simple with the help of vehicle diagnosis programming scan tools. This OBD-II system can
reduce cost and time of the vehicle faults

VI. TYPES OF ERRORS

« TEMPORARY ERRORS: These errors are often generated and can be simply cleared by
switching off and restart the engine.

 SEMI TEMPORARY: This type of errors can be cleared by removing the battery
connection and connecting after some time.(Minimum of 20 minutes).

« PERMANENTE ERRORS: These errors are only cleared by proper inspection and
diagnosing with efficient scan tool.

VII SCAN TOOLS USED

+ BOSCH KTS 520

+ BOSCHKTS 570

* Scan Master ELM 327
e Mahindra Smart Tester
* Mahindra i-Smart.

BOSCH DIAGNOSIS SCAN TOOL (KTS 520)

KTS scan tools: In Bosch KTS series, several types of scan tools available such as KTS 510,
KTS520, KTS570, and KTS590. Among these variants KTS590 is latest version and it has so
many upgraded features like Immobilizer unlocking, Actuators testing and so on where in previous
versions actuators testing is limited to only some important components and no Immobilizer
deactivator in them. In this study KTS 520 is used to scan and detect errors in vehicles. The clear
procedure of detecting errors with KTS520 is shown below.

KTS520: By clicking the icon ES [tronic] 2.0, 520 is opened and some options are appeared.

Vehicle Identification: First it is required to select the vehicle. The Identification takes in 8 ways
as shown below.

* By Description
* RB key
» Last 30 vehicles
* KBA key{D}
* Type certificate no.{CH}
*  Type mine/cnitno.{F}
* Kentekenplaat(NL)
*  Nummerskylt(S).
Among the above all options, our Indian users mainly use first and third options only.

» By Description: In this vehicle identification type, several information’s are required to
identify the vehicle such as country, manufacturing company, type of fuel, model, variant
and so.

Vehicle Type: In Vehicle type option, selection goes either it is Car or Truck or any other type.

Manufacturer: In this, selection of Manufacturer Company of the vehicle is required.

Model Series: After mfg. company selection, vehicle model selection required.
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Series Type: In selected model, there is a chance to present multiple variants depending on the
year of release.

Engine code: In general, Mfg. companies may change engines from previous year to recent year.
In those situations it is required. By providing all above information, required vehicle can be select.

Last 30 Vehicles: If a previous customer wants to re connect his\her vehicle with in the limited
period, then this identification option is used. In By Description type of identification, by providing
all information software itself finds required vehicle as shown below.

On selecting the searched model, another three main options will be highlight and they are the
main options to get in to the actual diagnosis

Three main options are

* Vehicle Info

+ Diagnosis

+ Equipment.

* Vehicle Info: In vehicle info option, again there are six options. They are

* Vehicle Details

* Equipment System

+ Diagnosis Socket.

* Important

* Important Make Info

* Abbreviations.
Vehicle Details:

In this option, the entire information about the selected vehicle is displayed such as Engine
number, engine description, capacity, cylinders, and engine type and so on as follows.

Vehicles Tested with KTS 520:

* Scorpio(MAHINDRA)

» Safari(TATA)

* Innova(TOYOTA)

* Ertiga(MARUTI SUZUKI)
* Eco Sport(FORD)

* Beat(CHEVROLET)

* Bolero(MAHINDRA)

* Fiesta(FORD)

VIIl. MAIN SENSORS USED IN VEHICLES

* Fuel Temperature Sensor (FTS).

» Rail Pressure sensor (RPS).

* Mass Air flow sensor (MAF).

» Crankshaft Position Sensor (CKP).

» Camshaft Position Sensor (CMP).

» Throttle position sensor (TPS).

* Vehicle Speed Sensor (VSS).

* Engine Coolant Temperature Sensor (ECT).
» Brake Switch Sensor.

» Clutch Pedal Switch Sensor.

* Oxygen Sensor(Lambda Sensor) (in Petrol).
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* Fuel Temperature Sensor:lt is fitted in the return fuel line so as to monitor the fuel
temperature as the viscosity of the fuel is to be maintained for lubricating the high
pressure pump.

* Rail Pressure sensor: It is fitted in the common rail line so as to it regulates the fuel
pressure in the common rail depending up on the pressure required in the injectors.

» Mass Air flow sensor:A hot film air mass meter is selected for this purpose. It is fitted to
the induction manifold so as to understand the incoming air density. It is incorporated with
IAT sensor for measuring the intake temperature as well.

» Crankshaft Position sensor:lt is the most important sensor and is fitted on the crankshaft
either at front or rear. It measures the engine speed and also the TDC position of no.1
and 4 cylinders and sends signals to ECU. Generally this sensor will be of induction type.
If this sensor fails the vehicle will never start.

+ Camshaft Position sensor:This is to indicate the TDC position of all cylinders of an engine
as per firing order. It is generally mounted on the camshaft and triggered by a pin or
unequal slots. Generally Hall Effect sensors used for this purpose. Even this sensor fails
the vehicle will continue to run until switched off.

« Throttle Position Sensor:lt is incorporated with brake switch signal and it controls the
quantity of the fuel supplied to the injectors.

* Vehicle Speed Sensor:This is fitted at the output shaft of the gear box to send the signals
to the ECU about the speed of the vehicle. This is generally of Hall IC type.

* Engine coolant Temperature Sensor:The ECT sensor is a negative temperature
coefficientthermistor which is placed in the water jacket of the engine cylinder head. It is
basically a resistor which changes its value depending up on temperature changes and is
one of the most important inputs to the ECU. In case the ECT sensor fails ECU fixes a
temperature value for calculation of the injection.

» Brake Switch:Brake switch signal is also used to control injection when brake and
accelerator both arepressed simultaneously. When the brake is released TPS signal is
returned and injection operation is normal. This applies only when the vehicle is running.

» Clutch Pedal Switch:This is fitted to prevent the engine RPM from increasing when clutch
pedal is pressed. For changing the gears. The ECM adjust the injector fuel quantity.

» Oxygen sensor (Lamda ‘A’ Sensor):The O2 sensor is used in the petrol vehicles which
measures the amount of oxygen still present in the exhaust gas and transmits this
information to ECU in the form of Voltage. Accordingly the injection quantity will be
corrected by the ECU. It is fitted in the Exhaust pipe system.

IX. FREQUENT ERROR CODES OCCURRED IN SCORPIO
Main DTC’s and frequently getting DTC’s in Scorpio Standards.

+ P1832-AuthenticationFailed\Immobilized condition

« P183F- EMS in locked state.

» P0405 - EGR valve short circuit to ground.

» P172A-- Clutch 10% signal Error.

» P2138 - Plausibility Error b\w APP1 and APP2.

+ P1605 - Volatile Memory Error.

+ P1833 - Signature mismatch.

» P0204 - 4th injector open load Error.

+ P8044-Signal from EMS ECU is not received by ICU.
» P8048- Signal from EMS ECU is not received by ICU.
» PO0501 -- Vehicle Speed Sensor Error.

» U1417 - Invalid format for Immobilizer key Message.
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e U1105 - No CAN communication b/w EMS ECU and ICU.
e U1005 -- Partial Communication b/w EMS ECU and ICU.

X. IDENTIFY SINGLE ERROR TO DELETE GROUP OF DTC CODES

When we connect OBD-Tool to the vehicle it may get so many number of errors for single problem
so by identifying the problem in the system we can erase multiple number of Error codes. The

DTC’s analysis list is given below

Errors recognized by OBD scanning tool

P0122 throttle valve/pedal position sensor A Signal too
small P0222 throttle valve/pedal position sensor B
Signal too small P0113 IAT Sensor signal too large
P0102 mass or volume air flow circuit signal too Small
P0562 system power supply PO685 Main relay
open/short or plus or earth  short POAQ9 injector
output stage voltage too low Po504 brake pedal signal
information not plausible PO625 generator open /short
cicuit in power supply P0103 mass or volume air flow
circuit signal too high

P0400 Exhaust gas re-circulation Malfunction PO117
coolant temperature sensor Signal too small

P2138 throttle-valve/pedal position sensor D/E.
Tension deviation P2122 throttle-valve/pedal position

sensor D. Signal to small

P0335 crank shaft position sensor No signal
P1193 Rail pressure sensor Signal high
P0115 Coolant temperature sensor Internal

fault P0118 Coolant temperature sensor
Signal too large

P2269 water level high in fuel tank P0656 Fuel level
output circuit malfunction

P1254 pressure control valve Pressure far too
high P0234 Engine over boost condition

P1505-Idle speed control actuator Circuit-1 low. P1507-
Idle speed control actuator Circuit-2 low.

P0001 Fuel Volume Regulator Control Circuit / Open
P0002 Fuel Volume Regulator Control Circuit
Range/Performance P0O003 Fuel Volume Regulator
Control Circuit Low

P0013 Exhaust Camshaft Position Actuator Circuit /
Open (Bank 2) P0014 Exhaust Camshaft Position
Timing - Over-Advanced (Bank 2) PO015 Exhaust
Camshaft Position Timing - Over-Retarded (Bank 2)

P0046 Turbo/Super Charger Boost Control Solenoid
Circuit / Open P0046 Turbo/Super Charger Boost
Control Solenoid Circuit Range/Performance P0047
Turbo/Super Charger Boost Control Solenoid Circuit
Low P0048 Turbo/Super Charger Boost Control
Solenoid Circuit High P0049 Turbo/Super Charger
Turbine Overspeed
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Errors to be Deleted analysis

earth short

P0685 Main relay open/short or plus or

P0117 coolant temperature sensor
small

Signal too

P2122 throttle-valve/pedal position sensorD. signal to
small

P1193 rail pressure sensor voltage is high

P0118 Coolant temperature sensor Signal too
large

P2269 water level high in fuel tank

P0234 Engine over boost condition

P1505 — Idle speed control actuator Circuit

low range.

P0001 Fuel Volume Regulator Control Circuit / Open

P0013 Exhaust Camshaft Position Actuator Circuit /
Open (Bank 2)

P0046 Turbo/Super Charger Boost Control Solenoid
Circuit Range/Performance
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Errors recognized by OBD scanning tool Errors to be Deleted analysis

C1207-WSS rear LH range or Performance or

intermittent. C1208-WSS rear LH invalid/no signal. LU eciGheedisensoupSa Il

C1111-Main torque sensor defect. C1113-Main torque

. . C1111 — Main torque sensor Malfunction.
sensor signal not Identical.
U0151-Lost communication with inflatable
restraint sensing and Diagnostic module. U 0155 — missing communication with Instrument
U0155-Missing communication with cluster.
Instrument cluster.
C1141-Monitoring voltage system Malfunction. _ - .
C1142-Monitoring current system Malfunction. C1142 — Monitoring current system Malfunction.

U0151-Lost communication with inflatable restraint
sensing and diagnostic module. U0155-Missing
communication with instrument cluster.

U 0155 — missing communication with instrument
cluster.

C0376 - Front/Rear Shaft Speed Mismatch C0379 -
Front Axle System C0367 - Front Axle Control Circuit C0376 - Front/Rear Shaft Speed Mismatch
High

P1505-Idle speed control actuator circuit-1 low. P1507-

Idle speed control actuator circuit-2 low. P1505 — Idle speed control actuator circuit low range.

P1478 Cooling Fan Driver Fault P1483 Power

To Fan Circuit Overcurrent P1483 Power To Fan Circuit Overcurrent

P1139 Water In Fuel Indicator Circuit Malfunction

P1140 Water In Fuel Condition P Water In Fuel Condition

Xl. CONCLUSION

This Engine Diagnosis for Detecting Errors project provides effective knowledge about the
scanning and diagnosing the vehicles with simple scan tools like Scan Master ELM 327, Bosch
KTS-520, and KTS-570. By this project even village drivers and owners also easily scan and
diagnosis their vehicles without taking their vehicles to cities and experienced mechanics. By
better health monitoring of vehicles, unnecessary replace of spare components is eliminated.
Good Health monitoring system results in decrease in emissions and fuel consumption. It also
eliminates to carry out different types of OBD cables (Data Link Connectors) by standardization
of OBD-II protocol with universal Diagnostic Trouble Codes (DTC). Awareness about low cost
diagnosing process and economical scan tools can be achieved.
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Applications & Scope of DSSC — A Review

Department Contribution
Department of Electrical & Electronics Engineering, Government Polytechnic, Rajampeta

Dye-sensitized solar cells (DSSCs), also known as Gréatzel cells, are a type of thin-film solar cell
that converts sunlight into electricity using a mechanism inspired by photosynthesis in plants.
These cells are characterized by their unique design and use of organic dyes to capture light
energy.

Here are some key features and components of dye-sensitized solar cells:

Working Principle: DSSCs work based on the principle of photovoltaics. When sunlight strikes
the DSSC, it excites electrons in the organic dye, creating electron-hole pairs.

Components:

Photo anode: This is a semiconductor material coated with a layer of the organic dye. The dye
absorbs photons from sunlight and releases electrons.

Electrolyte: An electrolyte solution is used to transport the electrons from the photoanode to the
counter electrode.

Counter Electrode: This electrode collects the electrons from the electrolyte and completes the
circuit.

Organic Dyes: The organic dyes used in DSSCs are crucial. They absorb a wide range of light
wavelengths and can be tailored for specific absorption spectra. Common dyes include ruthenium
complexes and organic molecules like porphyrins.

2
Organic dyes used in DSSC:

Dye-sensitized solar cells (DSSCs) have used a variety of organic dyes over the years, with the
choice of dye playing a crucial role in the efficiency and performance of the cell. Here are some
of the dyes that have been commonly used in DSSCs:

1. Ruthenium Complexes: Ruthenium-based dyes, such as Ru(dcbpy)2(NCS)2 (N3 dye) and
Ru(ll)-bipyridyl complexes, were among the first dyes used in DSSCs. These dyes are known for
their excellent light-absorbing properties and have demonstrated high conversion efficiencies.

2. Porphyrin Dyes: Porphyrin-based dyes, including natural pigments like chlorophyll and
synthetic derivatives, have been employed in DSSCs. They mimic the light-absorbing properties
of natural photosynthetic pigments and are environmentally friendly.

3. Metal-Free Organic Dyes: Researchers have also explored metal-free organic dyes, which
are cost-effective and offer the advantage of avoiding rare and expensive metals like ruthenium.
Examples include squaraines, triphenylamine dyes, and indoline dyes.

4. Copper-Based Dyes: Copper complexes, such as CuSCN and Cul, have been used as
sensitizers in DSSCs. Copper-based dyes are an attractive alternative to ruthenium-based dyes
due to the abundance and lower cost of copper.
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5. Natural Dyes: Natural dyes extracted from plants, fruits, and other biological sources have
been investigated for DSSCs. Examples include anthocyanins from berries, chlorophyll from
spinach, and betalains from beets. Natural dyes are sustainable and biodegradable but often have
lower efficiency compared to synthetic dyes.

6. Carbon-Based Dyes: Carbon-based dyes, including carbon nanotubes and graphene, have
been explored as sensitizers in DSSCs. These materials have unique electronic properties that
can enhance the performance of DSSCs.

7. Perovskite Sensitizers: Perovskite-based materials have gained attention in recent years for
their high efficiency in solar cells, including DSSCs. These materials have demonstrated the
potential to replace traditional organic dyes in DSSC technology.

8. Quantum Dots: Quantum dots, semiconductor nanopatrticles, have been used as sensitizers
in DSSCs. They offer tunable band gaps, which can be adjusted to match the solar spectrum.

The choice of dye depends on various factors, including the desired absorption spectrum, cost,
environmental considerations, and overall cell performance. Researchers continue to explore new
dye molecules and materials to improve the efficiency and stability of DSSCs, as well as to reduce
their environmental impact.

Advantages:

DSSCs are relatively simple and cost-effective to manufacture.

They can operate efficiently in low-light conditions or indirect sunlight.

The technology is lightweight and flexible, making it suitable for various applications.
Challenges:

DSSCs typically have lower efficiency compared to traditional silicon solar cells.

The organic dyes may degrade over time, affecting the cell's longevity.

Sealing and encapsulation are essential to protect DSSCs from moisture and environmental
factors.

Applications:

Dye-sensitized solar cells (DSSCs) have several applications due to their unique characteristics
and advantages, despite their relatively lower efficiency compared to traditional silicon solar cells.
Some of the key applications of DSSCs include:

1. Portable Electronics: DSSCs are often used to power small electronic devices such as
calculators, watches, and smart phones. Their lightweight and flexible nature make them suitable
for integrating into the design of these devices, providing a convenient source of renewable
energy.

2. Outdoor and Remote Charging: DSSCs are valuable for off-grid or remote charging
applications. They can be used to charge batteries or power outdoor equipment like weather
stations, GPS devices, and outdoor lighting in locations where access to the grid is limited or
unavailable.

3. Building-Integrated Photovoltaics (BIPV): DSSCs can be incorporated into building materials,
such as windows or facades, to generate electricity while maintaining transparency. This allows
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buildings to harness solar energy without the need for traditional, bulky solar panels, making them
aesthetically appealing for architectural integration.

4. Textile and Wearable Technology: Researchers are exploring the integration of DSSCs into
fabrics and clothing, creating "solar textiles" or "smart clothing" that can generate power to charge
small devices or power embedded sensors and electronics.

5. Military and Defense: DSSCs have been used in military applications for powering portable
communication devices and equipment in remote locations where conventional power sources
are not readily available.

6. Emergency and Disaster Relief: DSSCs can provide a reliable source of power during
emergencies or disaster relief efforts, such as charging communication devices or providing
lighting in disaster-stricken areas.

7. Solar-Powered Water Purification: DSSCs can be used to power water purification systems,
particularly in remote or off-grid locations, ensuring access to clean drinking water.

8. Educational Tools: DSSCs are used in educational settings to teach students about solar
energy and renewable technologies due to their simplicity and visual appeal.

9. Art Installations: Artists often use DSSCs in creative installations and artworks, combining the
functionality of energy generation with aesthetic appeal.

Research and Development: DSSCs serve as a valuable tool in research laboratories for studying
various aspects of solar cell technology, including materials development, efficiency
improvements, and new applications.

While DSSCs may not be as efficient as some other solar cell technologies, their versatility, cost-
effectiveness, and adaptability to various applications make them a viable choice in specific
situations where efficiency is not the primary concern, and other factors such as design, weight,
and flexibility play a crucial role. Ongoing research aims to improve the efficiency and expand the
range of applications for DSSCs.

Efficiency comparison:

Dye-sensitized solar cells (DSSCs) have several advantages, such as cost-effectiveness and
flexibility, but their efficiency is typically lower when compared to other types of solar devices,
particularly traditional silicon-based photovoltaic cells and more advanced technologies like
perovskite solar cells.

Here's a rough comparison of the efficiency of DSSCs with other solar devices:

Silicon-Based Photovoltaic Cells: Silicon solar cells are the most widely used and established
technology for solar power generation. They have typical efficiencies ranging from 15% to 22%
for commercial panels, with some advanced designs reaching over 25%. This is significantly
higher than DSSCs.

Thin-Film Solar Cells (CIGS and CdTe): Thin-film solar cells, such as Copper Indium Gallium
Selenide (CIGS) and Cadmium Telluride (CdTe) solar cells, have efficiencies ranging from 10%
to 22%, depending on the specific material and manufacturing process. These efficiencies are
still higher than DSSCs.

Perovskite Solar Cells: Perovskite solar cells have gained significant attention due to their rapid
efficiency improvements. While research is ongoing, perovskite solar cells have achieved
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efficiencies above 25%, and some laboratory prototypes have exceeded 28%. Perovskite solar
cells are currently one of the most promising emerging technologies in the solar industry.

Multifunction Solar Cells: Multifunction solar cells, often used in concentrated photovoltaic
systems, can achieve extremely high efficiencies exceeding 40%. These cells are primarily used
in specialized applications like space satellites.

Dye-Sensitized Solar Cells (DSSCs): DSSCs typically have lower efficiencies compared to the
solar cell types mentioned above. While there have been research advances, commercial DSSCs
often have efficiencies in the range of 5% to 10%, with some specialized designs achieving slightly
higher values.

In summary, DSSCs have lower efficiency compared to many other solar cell technologies,
particularly silicon-based and perovskite solar cells. However, their unique characteristics and
lower cost may make them suitable for specific applications where efficiency is not the primary
concern, such as portable electronics and building-integrated photovoltaics.

Scope of present review:(3)

The various findings from this review paper have been listed down below according to the
improvements brought about in each part of the DSSC

* Improvements in photo anode: it was observed that while experimenting with the nano
structures of the photo anode, the best efficiency of 5.09—6.62% was obtained by
incorporating graphene sheets of various sizes. Increasing the thickness of the graphene
sheet from 184 nm to 1.2 mm decreases the efficiency and hence shows that the
nanostructure of a lesser thickness layer should be preferred. Experiments with the seed
layer of the photo anode showed that the fabrication of the DSSC with the graphene—
titania film gave a considerable efficiency in the range of 3—5% with a Fill factor of around
0.6.

B. Improvements in sensitizers: With reference to the various novel dyes considered for the
development of the DSSC cell, it has been concluded that a remarkably high efficiency of 5.87%
and 6.90% has been achieved using D-A-pi-A indoline dyes. This type of dye, type XS45 and
XS46 also gave Fill factor value very close to 0.7.

C. Improvements in electrolyte: From the research papers reviewed for the improvements in
electrolyte of the DSSC, it was observed that using different solution concentration of copper
iodide ions gave an efficiency varying from 4.1-5.1%.

D. Improvements in counter electrode: Incorporation of Pt in counter electrodes and 3D —CE
also showed notably good efficiency in DSSC. Counter electrode fabricated using different
nanostructure approach has been able to attain efficiency as high as 7.96%. Variations in the
nanostructure of the counter electrode could be brought about to bring about a leap in the
efficiency of the cells.

Conclusion:

This review summarizes all attempts and work done to improve the performance of the DSSC
recently. The paper can help researchers to compile and apply a few of the discussed works,
together to obtain a better efficient product. The review suggested that if proper consideration is
given to each of the four components of the DSSC by using highly efficient materials and
techniques for the development, a highly efficient cell can be fabricated which could be of high
value on a commercial scale. The recent developments put together can help to enhance the
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overall power conversion efficiency of the DSSC. In the current scenario DSSC is in the
developmental phase, where a good amount of work would be required to obtain a better
efficiency. The maximum electrical conversion efficiency of DSSCs attained is 13%, which is still
low in comparison to the conventional silicon based solar cells. Also the life of the DSSC is a
factor which holds back its development and so serious research work would be required in terms
of enhancing the efficiency as well as the life of the DSSC.
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Introduction

Failure is often seen as something negative, embarrassing, or disappointing. In a world that
celebrates success, people tend to fear mistakes and setbacks. However, failure is one of the
greatest teachers in life. Every successful person has experienced failure at some point, but what
makes them different is their ability to learn from it and move forward. Failure does not mean the
end of the journey; instead, it is an opportunity to grow, improve, and become stronger.

Life is full of challenges, and not every effort leads to immediate success. Whether in academics,
careers, relationships, or personal goals, failures are unavoidable. Instead of losing confidence,
individuals should view failure as a stepping stone toward success. The lessons learned from
failure often shape character, build resilience, and develop wisdom that success alone cannot
teach.

Failure Teaches the Value of Hard Work

One of the most important lessons failure teaches is the importance of hard work and preparation.
Many people fail because they underestimate the effort required to achieve their goals. Failure
makes individuals realize their weaknesses and encourages them to work harder.

For example, a student who performs poorly in an examination may understand the need for
better time management, concentration, and discipline. This realization motivates improvement
and often leads to greater success in the future.

Failure Builds Strength and Resilience

Failure develops emotional strength and resilience. Life does not always go according to plan,
and setbacks can be painful. However, overcoming difficult situations helps individuals become
mentally stronger and more confident.

People who never face failure may struggle to handle challenges later in life. On the other hand,
those who experience setbacks learn how to adapt, recover, and continue moving forward despite
obstacles. Resilience is one of the most valuable qualities for achieving long-term success.

Failure Encourages Self-Reflection

When people fail, they naturally begin to reflect on their actions and decisions. This self-analysis
helps them identify mistakes and discover areas for improvement. Failure encourages honesty
with oneself and promotes personal growth.

Self-reflection can lead to better decision-making, improved behavior, and clearer goals. It
teaches individuals to recognize their strengths and weaknesses, allowing them to develop a
better understanding of themselves.

Failure Inspires Creativity and Innovation

Many great inventions and discoveries were born from repeated failures. Failure forces people to
think differently, experiment with new ideas, and find alternative solutions.
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For instance, Thomas Edison faced thousands of unsuccessful attempts before inventing the
electric light bulb. Instead of giving up, he treated each failure as a lesson. His determination
changed the world and inspired millions.

Similarly, entrepreneurs, scientists, athletes, and artists often achieve greatness only after
learning from numerous setbacks.

Failure Teaches Humility

Success can sometimes make people overconfident, while failure reminds them to stay humble.
It helps individuals understand that no one is perfect and that mistakes are part of human life.

Humility allows people to accept criticism, seek guidance, and continue learning. It also increases
empathy toward others who may be struggling with difficulties.

Failure Helps People Appreciate Success

Without failure, success would lose much of its meaning. People value achievements more when
they have experienced struggle and disappointment. Failure makes success feel rewarding
because it reflects perseverance and determination.

The journey through hardship often teaches patience and gratitude. Individuals who overcome
failure usually become more appreciative of their accomplishments and more motivated to
continue growing.

Famous Personalities Who Learned from Failure
Many successful individuals experienced major failures before achieving greatness:

» Abraham Lincoln lost several elections before becoming president.
» J. K. Rowling faced rejection from multiple publishers before publishing the Harry Potter
and the Philosopher's Stone series.
» Michael Jordan was once rejected from his school basketball team but later became one
of the greatest athletes in history.
These examples show that failure is not permanent. Determination, learning, and persistence can
transform setbacks into achievements.

Conclusion

Failure is not a sign of weakness or defeat; it is an essential part of personal growth and success.
It teaches valuable lessons about hard work, resilience, humility, creativity, and perseverance.
Instead of fearing failure, people should embrace it as an opportunity to learn and improve.

Every failure carries a lesson that helps individuals become wiser and stronger. Success is rarely
achieved without obstacles, and the courage to continue after failure is what truly defines a
person. In the end, failure is not the opposite of success—it is a part of the journey toward it.
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