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Model-Based Analysis of Safety Critical
Validation Algorithm

Kushal K S, John Paul J °, Dr. Manju Nanda ® & J Jayanthi ©

Abstract- Safe operation of a critical embedded system
requires reliable information about the state of the system and
signal condition of the system. Validity of sensors which
measure the process variables are of great importance. Signal
validation comprises of detection, isolation  and
characterization of faulty signals. Signals that are validated are
critical for their increased availability in the system. Model-
Based Engineering (MBE) approach provides means of
modeling, analyzing, and validating the signals for critical
embedded system design, and development. The abstract
nature of the models provides mechanisms to analyze verify
and validate the system functionality, at a much early stage in
their development process.

In this paper we present MBE approach to analyze
the input signal processing algorithm with the case study
of analog signal for Stall Warning System (SWS) of an aircraft
using NI LabVIEW. The approach helps in analysing the
functionality and completeness of the  algorithm,
mathematically and by simulation. The validation of analog
signals with different frequencies and amplitude establishes
data prudency and maintains the integrity of avionics systems.
The result of this approach highlights the advantage of using
MBE which enables in analysing the data algorithm for its
correctness and guarantees the properties of the model early
in the development life-cycle. MBE approach also helps in re-
assuring the integrity of the system, before it is developed.
This also terminates the contiguous data set and annunciates
the sensor fault conditions.
Keywords: analog input processing, stall warning system
(SWS), model-based engineering (MBE), safety- critical
system, NI LABVIEW.

[. [INTRODUCTION

alidity of the data input-output of Safety-Ciritical
Systems such as avionics systems, medical

instruments, and nuclear systems is critical and
needs to be analyzed for its functionality, performance,
and safety. Complex avionics systems encompassing
multiple critical sensor data associated with the plurality
of sensors that needs to be validated for the correct
data and also detect fault condition of the sensor.
Productivity challenges are on the rise with the increase
in the complexity of the software involved in Safety-
Critical Systems. Such systems are considered to be
least intolerant with safety of the overall functionality of
the system, as well as dependency and reliability of the

Author o o p CJ: Aerospace Electronics & Systems Division, CSIR
National Aerospace Laboratories Bangalore, India.

e-mails: ksk261188@gmail.com, johnatlan@gmail.com,
manjun@nal.res.in, jayanthi@nal.res.in

system. Model-Based Engineering (MBE) approaches
provide the means of creating and analyzing the models
of the Safety-Critical System. These approaches
accomplish the task of providing prediction and
analyses capabilities of various operational qualitative
attributes like performance, productivity, reliability and
security. In the development life-cycle, with the
application of Model-Based Engineering (MBE)
approaches, the system-level problems, are detected at
an early stage during their development process which
are usually discovered during the system integration and
acceptance test, using the conventional approaches.
This avoids in rework during the later stages of their
development and also minimizes the maintenance cost.
The paradigm of developing the application software for
Safety-Critical Systems are shifting with the introduction
of Model-Based Engineering approaches. The graphical
representation of the Safety-Critical System control
algorithm application software, using MBE, serves the
primary purpose of representation of the application
software as a re-usable executable model. This can be
re-used at any stage during their development process
in the entire life-cycle. This executable model analyzes
the predicted system properties and validates them
against the system implementation, considering the
evaluation of various quality assurances attributes in the
course of analyses.

Models representing a Safety-Critical System
integument of data-flow, topology and the behavioral
aspects of the application software, are created using a
suitable modeling language. This modeling language is
regarded as formal representation of the application
software being developed with precise perception of the
actual implementation of the control logic. This
ultimately forms the basis for conformance testing
against the system requirements.

Modeling language used in creating the models
serves as a multi-purpose graphical representation
encompassing all the aspects of the Safety-Critical
System application software as an abstract. Laboratory
Virtual Instrument Engineering Workbench (LabVIEW), a
system design and development environment from
National Instruments, in conjunction with the Visual
Programming Language (VPL) [1] provides the means
of creating the Safety-Critical System models. LabVIEW
basically makes use of VPL, wherein the application
software is created by manipulating the software
components graphically as symbols along with the

© 2017 Global Journals Inc. (US)
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textual notations. LabVIEW makes use of “G” language
— a graphical language used for systems design and
simulation.

Using LabVIEW the Safety-Critical System
application software model is created precisely in
coherence with the system requirements, describing all
the aspects of the system. This MBE approach with
LabVIEW renders the model to define the domain
oriented abstractions that define the system
components, states, transitions between the states. The
validation of such clutter less models to cover different
levels of formalities like model checking [3], prototyping
and simulation [2]. By combining the effectiveness of
the domain specific abstract models and its
implementations with prototyping and simulation the
application software model is validated for its
functionality.

The paper is organized as follows: section I,
provides an insight into the related works carried out
with  MBE. With section lll, we introduce to the
characteristic features of analog input signal data in Stall
Warning System (SWS) and the need for validation.
Afterwards, section |V focuses on the analog input
processing algorithm and the implementation of the
algorithm for different analog signals of SWS, using
LabVIEW. Section V sketch the results and summarize
the overall validation process. Section VI concludes the
work discussed in the context and comment on future
work to be done with this reference.

[ LITERATURE SURVEY

The need to validate the health of the input data
signals which are interfaced with certain critical decision
making systems is very much essential, in aerospace
applications and avionics systems. This helps in the
differentiation of the signals as faulty and healthy. The
process of differentiating the signals as two different
categories, are handled by efficient algorithms
developed and implemented. Manju Nanda et al. [4]
had proposed a contemporary validation algorithm in
validating the signals and thus helping the underlying
systems in making appropriate critical decisions. Also
the need to verify the correctness of the abstracts of the
models of a system under test, corresponding to Model-
Checking and Model-Based Testing was proposed by
Stefan Gulan et.al.[7]. The early introduction of these
approaches for safety mechanisms relevant to the safety
of the software was evaluated with an industrial case
study sufficiently to address the relevant failures in the
systems and its software components.

The exponential growth in the discovery of the
system-level faults at the development stage in SDLC
process has adverse turn-around effects, such as
increase in the cost of development and the rigorous
changes that may be subjected to the system and its
underlying software components. This can be overcome

© 2017 Global Journals Inc. (US)

with the use of Model-Based Analysis and Validation
approaches as suggested by Peter H Feiler [8]. With
MBE a single source approach is provided to the
developer to analyze the system for its operational
attributes as well as the system qualitative attributes.
This is more reliable through model annotations. Also
Bringmann et.al. [9] has proposed with the help of an
industrial case study that the quality assurance with the
model-based developments with the introduction of
graphically testable models representing the software
components of the system under test enables the user
to understand the architecture of the algorithm of the
software. It was also suggested that it helps in
expressing complex, fully automated closed-loop test
scenarios in real-time. Using MBE approaches for
modeling the software component of a system, it is like
performing the actual implementation of the algorithm or
the software component and defining their relationship
between each other. This was proposed by Andree Blotz
et.al [10]. The models are created using different
languages and are regarded as the formal
representation of their functionalities. With all these
findings the complex processing algorithm of SWS/AIC
i.e. the Analog Input Processing algorithm is modeled
using NI LabVIEW. Its operations, capabilities in
validating the input data from various aircraft interfaced
sensors are discussed in this paper.

[1I. ANALOG INPUT SIGNAL DATA OF SWS

The digital computer based Stall Warning
System (SWS)/ Aircraft Interface Computer (AIC) [5], a
state-of-art designed around a customized APM2000
module by SAGEM. The module consists of two
processing units Motorola MC68060 along with the co-
processor units MC68360, designed as per DO-178B
standards [6]. The system consists of input interfaces to
different signals of types ARINC429, Discrete and
Analogous and processes them accordingly. The SWS
systems also provide a stall warning by activating the
shaker actuator of the aircraft and indicating them
suitably through LED, on the Caution Warning Panel
(CWP).

The analog signals read by APM2000 kernel
when invoked by the application software and the inputs
that are acquired are converted into digital signals for
processing by the processor units using a 12-bit
Analog-Digital Converter (ADC). The acquired values are
made available to the Analog Input Processing
algorithm application software in a specified memory
location for further processing by the kernel. Any fault or
error during the acquisition is examined and returned
after the validation by the Analog Input Processing
algorithm application software.

a) Angle of Attack (AOA) Sensors Interface
The Angle-Of-Attack (AOA) is the physical angle
measured between the chord of the aircraft wing and



the relative wind direction. There are basically two AOA
vane sensors that act as potentiometers. Both the left
and right potentiometer sensors are excited by 11.3V
DC power supply. As an analog input for the system, the
physical range is from -10° to +40°. The DC analog
signal ranges from 0OV corresponding to -10° while
11.3V corresponds to +40°. The value of the sensor
reading is stored in the memory and used to estimate
the AOA value during validation.

b) Fuel Remianing Input Interface

The SWS/AIC have the interface to the fuel
system to get the fuel remaining in the fuel tank of the
aircraft. This input from the interface is obtained as an
analog input from the fuel tank capacitor probes
provided for both the left and right channels in the
aircraft. The physical analog range of the fuel remaining
varies from 0V DC corresponding to Okg, to 5V DC
corresponding to 1000kg. But there is a constraint of
minimum fuel remaining to be 12.5kg. The fuel value
corresponding to the amount of fuel present during the
take-off is stored in the memory location. This value is
used for the weight estimation during the validation.

c) Torque Pressure Transducer Sensor Input Interface

The torque pressure transmitter is connected
to the torque meter in the cockpit. The SWS/AIC system
shall have an interface with the torque pressure
transducer and reads the engine torque as an analog
input. The transducers are present on both left and right
channels of the aircraft. The engine torque input ranges
from 0 to 5V DC, corresponding to 0 to 44.34psig equal
to 3.684V. Here the torque value being greater than or
equal to 16.85psig (38% or 1.3999V) indicates that the
aircraft is ready for take-off.

For the landing condition the torque value shall
be less than or equal to 20% (8.868psig or 0.736V) on
both the left and right engines. Even if there happens to
be a value of 50% torque on one engine (22.17psig or
1.824V) if the other engine is in-operative with a torque
value less than 10% (4.434psig or 0.368V).

d) Pitch Trim Position Sensor Input Interface

The SWS/AIC have the interface with the pitch
trim potentiometer to get the position of the pitch trim
tab as an analog signal from the potentiometer. The
pitch trim position sensors are physically combined as a
single channel from both the right and left channels. The
pitch trim sensor is excited with a voltage value of 11.3V.
The analog input signal acquired from the pitch trim
position sensor varies from -150 to +8o. This input is
used to limit the electrical travel of the actuator. An input
voltage value of 11.08V is read when the excitation
voltage of 11.3V is provided across the potentiometer
with a bias of 5.54V. The error tolerance is defined to be
+/- 0.065V.

e) Hydraulic Pressure Sensor Input Interface

The SWS AIC have been interfaced with the
hydraulic pressure sensors to get the value of the
hydraulic pressure as analog input. The input range
varies from 0-4000psi, corresponding to 0.25V to 5.25V
DC.

[V. [MPLEMENTATION OF ANALOG INPUT
PROCESSING ALGORITHM

The continuously time varying signals from a
plurality of aircraft interfaces like AOA sensors, Fuel
Tank sensors, Pitch Trim sensors, Hydraulic Pressure
sensors are obtained and are independent of each
other. These signals obtained from various sensors,
which are either simplex (from a single source) or duplex
(from dual sources) needs to be validated and
compared to measure the quality of the signal/data
received and indicate it via a validity flag.

The rate of change of the signal from the
physical system is matched to a sampling rate of
25millisecond. This is the same time duration for which
the algorithm is designed to read the signal/data
recorded by the sensor. During the continuous
acquisition of signal/data from the sensor, for a
persistence time of 250millisecond, implying that 3
samples are considered in an averaging window, the
rate at which the acquired signal/data changes is
constantly monitored. This rate of change is compared
with a pre-defined threshold value. The recently
acquired signals are compared with the previous
samples of signal/data and monitored for their values,
which may be well within the specified tolerance value.
Based on the comparator output the signal/data is
termed as healthy or unhealthy, by monitoring it over the
period of persistence time. The process of analyzing the
analog input signals is as shown below in Figure 1. The
basis for this algorithm is that, any signal acquired from
any of the aircraft sensors is to be declared as valid or
invalid, based on the fixed sample approach. The
acquired signal is declared valid or invalid, over a
persistence time of 250ms, based on the comparison
with their difference between the current valued
signal/data that has been acquired with the previously
acquired signal (if nothing then to be considered as
zero), termed as Difference |B| and the difference
between the last previous valued signal/data to that of
the previously acquired signal/data as Difference |A].
The magnitudes of both the differences are then
compared with the priori specified tolerance band
(default +/- 2% of the nominal value — full range value).
This range check is carried out for all the acquired input
signals/data and the engineering value conversion is
done for the analog inputs.

© 2017 Global Journals Inc. (US)
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Figure 1: Control Flow of the Analog Input Processing Algorithm

In case the acquired analog input signal is out
of bounds of the specified tolerance band, then the
output value is clamped to the minimum value if the
acquired signal value is less than the minimum value. It
is clamped to maximum, if the acquired signal value is
more than maximum range specified. This is done along
with the storage of the association of the suitable flag
status, set either as Valid or Invalid. The purpose of the
acquired signal is only for the validity or the invalidity
check. For all the analog inputs that are acquired from
the sensors, if the signal/data is invalid then the invalid
flag is set to TRUE and the output data is latched to a
particular valid data that was acquired currently,
previously or past the previous acquisition. In case of
valid signal/data, the valid flag is set TRUE and the
average value of the current, previous and the value
past the previously acquired signal/data is latched as
the output data. This analog input processing algorithm
was developed using Model-Based Engineering (MBE)
approach, using LabVIEW from National Instruments.
This approach helps in defining the processing control
algorithm software components as models that can be
re-used and provides more efficiency and robustness as
compared with other conventional approaches.

© 2017 Global Journals Inc. (US)

A.  Translation of the Analog Input Processing Algorithm

to Model!

1) Functional Translation

The LabVIEW tool suite is used in modeling the

analog input processing algorithm application software.
The models that are designed in the LabVIEW
development environment will be termed as Virtual
Instruments (VI), as the models virtual represents the
physical implementations of the system being designed
and developed. This tool suite provides the option of
categorically and hierarchically modeling features, with
the option of defining the subsystem
modules/components as Subsystem Virtual Instruments
(Sub VI) and can be re-used as library components. This
feature is used in the implementation of the Analog
Validation Loop and the Data Sorting Loop. The
hierarchical categorization of the loops in the model
block diagram shown in Figure 2 is as follows;

i. Data Sorting Loop — This loop sorts the acquired
analog signal/data in the form of an array and the
array is sorted into three different categories as
Current Valued, Previous Valued and Last Previous
Valued Array. The initial element values in the
Previous and the Last Previous Valued Arrays will be
considered as zero and later is shifted with the
acquisition of the new signal/data values from the
aircraft interface sensors.



i. Analog Validation Loop — This loop categorizes the
analog signal/data value as a valid or an invalid
signal/data by taking the difference of their
magnitudes and comparing it with the priori specified
tolerance value. If invalidity persists, the Invalidity
Counter is incremented till the persistence time (i.e.
for 250ms) as 10 counts, with each sampled
signal/data value for 25ms. Upon reaching the
counter value of 10 with invalidity, the Invalid flag is
set TRUE and the output value is latched to the valid

data value among Current Valued, Previous Valued
and Last Previous Valued Array.

ii. Validity/Invalidity Declaration Loop - This loop
monitors the validity/invalidity based on their
magnitude differences between the Current Valued,
Previous Valued and Last Previous Valued Array and
comparing the difference value with the tolerance
value for the full scale range. The valid/invalid flag is
set TRUE conditionally based on the compared
output value.

Figure 2: Analog Input Processing and Data Sorting Model (Block Diagram)

The Current Valued, Previous Valued and Last
Previous Valued Array are displayed on the Front Panel
in LabVIEW, as shown in Figure 3. The LabVIEW tool
suite has an inherent feature of providing two sets of
windows for the VI. The Front Panel layout representing
the Ul or the outer layer of the system that is visible with
suitable controls and indicators, while the Block

Diagram layout which represents the actual layout
wherein the system implementation is designed and
developed using various available library components
as Sub VI. Each Sub VI being categorized based on
their applications, functionality and characteristics
(Hardware or a Software component), stored as library
components that can be re-used.

CV array

Assignment of CV.PV and LPV VAlues

. T 5
3.0 0 90
7 90. :

PV Values LPV Values

0 g0 Ho

0 9}0' 0

Figure 3. Acquired Analog Data Sorting as Current Valued Array, Previous Valued Array & Last Previous Valued Array
(Front Panel)
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2) Performance Translation

a) Hydraulic Pressure Sensor Input Interface

The actual system implementation for Hydraulic
Pressure Sensor Input Interface is designed as shown in
Figure 4. In case of the Hydraulic Pressure Sensor input
being invalid the output data is computed based on the
lower and upper limits as explained in Ill.E, and latched
to the previous/current/last previous valid data. The valid

100

Hydraulic Pressure [Psi)

e

flag is set to FALSE and there is no computation
warning being generated for the Hydraulic Pressure by
the SWS/AIC. The block diagram implemented is as per
the specifications for its analog input signal/data scaled
to its equivalent digital voltage valued array. The range
is also validated for Hydraulic Pressure Sensor Input as
shown in Figure 4.

Hydraulic_Pressure (Sub_VI}

W

Hydraulic Pressure in Voltage

In Range?

TE

Figure 4. Hydraulic Pressure Sensor Input Interface Block Diagram as Sub VI (Virtual Instrument)

The array is fed as input into the error injection
loop, as shown in Figure 5. This loop is present in all the
analog input interface modules. This loop allows the
user to define the error value i.e. the user has the liberty
to set any error value. The tolerance is to be adjusted to
the full scale range of the analog input interface and the
array is resized to the actual input array size in this loop.
Here in this loop, the privilege of inserting the error value
into a particular index of the array is also provided. The
error injection is controlled using the LabVIEW control

switch termed as Error ON/OFF. This helps in inserting
the error value in the index of the array during the
simulation, dynamically. This is simulated and as well
being considered for computation of the warning
suitably from the index/time of its insertion into the array.
An error valued data is inserted for a time factor of
25ms, every time in the array. This array of input with or
without the error is fed into the Analog Validation and
Data Sorting loop for the data to be sorted and validated
as per the specified limits.

E-IH fnoz] > fi»

Figure 5: Hydraulic Pressure Sensor Input Interface Error Injection Block Diagram

b) Fuel Remaining Input Interface

The Fuel Remaining Input Interface system
implementation is done as shown in Figure 6. There are
two fuel tanks present in an aircraft. One in the right
wing, which corresponds to the right channel while the
other in the left wing corresponding to the left channel.
During the Analog Validation, in case the right fuel tank

© 2017 Global Journals Inc. (US)

input on the right channel is invalid then the output data
is computed and latched to the previous/current/last
previous valid data. This means that the Analog Input
Processing algorithm shall use the average value of the
last correct/valid weight estimate and the aircraft with no
fuel remaining.



The same case applies with the left fuel tank
input on the left channel being invalid, the output data is
computed and latched to the previous/current/last
previous valid data. And the SWS/AIC Analog Input
Processing algorithm uses the average value of the last
correct/valid weight estimate and the aircraft with no fuel
remaining from the left channel. In both these cases, the
valid flag is set to FALSE. If the data from either or both
the channels are valid then the average value of all the

three data sets, i.e. previous valued, current valued and
the last previous valued data from the array is computed
and the output data is set to the average value. The
valid flag is set to TRUE. The process of error injection is
repeated for this Sub VI also and the array data
corresponding to Fuel Remaining is also sorted and
validated using the Analog Input Processing and Data
Sorting Sub VI loop, as shown in Figure 5.

100

Fuel_Remaining (Sub_Vv1)

Fuel Remaining (Kg)

iz
he=u TR

D.T_Dszs'_ @% B

Numeric

1 [123]

D__E.®.

Array
FEE]
'

T

In Range?

v

-~

Figure 6: Fuel Remaining Input Interface Block Diagram as Sub VI

c) Angle-Of-Attack Sensors Interface

The model implementation with the given
specifications in LA, for Angle-Of-Attack Sensor
Interface is as shown below in Figure 7. There are two
channels, (Left & Right Wings) with AOA sensors. The
range of the value sensed by the AOA sensor is being
validated and the array of inputs is built. The input array
is fed into the Analog Input Processing and Data Sorting
algorithm Sub VI loop for validation and data sorting,
respectively.

In case, the left AOA sensor sensed data is
invalid then the AOA value shall be computed for the
output data and latched to the previous/current/last
previous valid data. Similarly in case of the right AOA
sensor sensing an invalid data set, then the AOA value

0] |§

shall be computed for the output data and latched to the
previous/current/last previous valid data. In both the
cases the valid flag is set to FALSE. For the AOA
sensors, as is special case, the mounting error for the
left channel AOA with respect to the right channel AOA
sensor with a zero bias value of 2.3634V is used in the
application software, shown in Figure 7, during the data
set being valid. Also the dead band of 0.724V and
0.364V shall be used for left AOA and right AOA
engineering value conversions. Different fixed error value
considerations are being made to distinguish and
compute left channel AOA with the right channel AOA,
as 1.3890 and 0o respectively. A suitable method such
as Ratiometric method is used to compute the AOA
values for better accuracy.

100 ADA Sub_wI
N AOA in Voltage

]

W[True =}

Angle of Attack Ao
S ek |>

i
z3f 4.476 I> 2.3634/ I> B

Array

D@D

In Range?

..

Figure 7. Angle-Of-Attack Sensors Input Interface Block Diagram as Sub VI

d) Pitch Trim Position Sensor Input Interface

The implementation of the Pitch Trim Position
Sensor Input Interface model with reference to the given
specifications in ll.D, is as shown in Figure 8. The range

of the value sensed by the Pitch Trim Position sensor is
being validated and the array of inputs is built. Both the
left and the right channel sensors are combined as an
individual channel component for computation of analog

© 2017 Global Journals Inc. (US)
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data, fed to the Analog Input Processing and Data
Sorting Sub VI loop.

In case the pitch trim position input is invalid
then the data set is computed for the output data and
latched to the previous/current/last previous valid data.
The valid flag is set to FALSE and a suitable warning
shall be generated for the same. In this case of pitch

trim sensor invalid data, the pilot switched over to the
manual mode from the automated mode. In case if the
data is valid, then the valid flag is set to TRUE and the
output data is computed based on the average of
current, previous and last previous valued data from the
array, and latched to it.

100 Pitch_Trim Sub_VI
N Pitch Trim in Voltage

Pitch_Trim_Position I}J
B o

o [F]

s ol b = i
no B3 Dhon o D wnd 82
1

In Range?

“
e

Figure 8: Pitch Trim Position Sensor Input Interface Block Diagram as Sub VI

e) Torque Pressure Transducer Sensor Input Interface
The implementation of the Torque Pressure
Transducer Sensor Input Interface model with reference
to the given specifications in lll.D, is as shown in Figure
9. The range of the value sensed by the Torque
Pressure Transducer sensor is being validated and the
array of inputs is built. Both the left and the right channel
sensors are combined as an individual channel
component for computation of analog data, fed to the
Analog Input Processing and Data Sorting Sub VI loop.
In case of left engine torque as sensed by the
Torque Pressure Transducer sensor, is invalid, and then
the output data is computed by the Analog Input

Processing algorithm and is latched to the
previous/current/last previous valid data. Similarly, in
case of right engine torque sensed by the right channel
as invalid, the output data is computed and is latched to
the previous/current/last previous valid data. In both the
cases the valid flag is set to FALSE, and the right/left
engine torque is not considered for the takeoff warning
computations by SWS/AIC. In case if the data is valid,
then the valid flag is set to TRUE and the output data is
computed based on the average of current, previous
and last previous valued data from the array, and
latched to it.

100[—N

an\anorque Psi)

2ol 2> P

[3.604] : E::I%

Engine Torgue in Voltage

Array

In Range?

[~

Figure 9: Torque Pressure Transducer Sensor Input Interface Block Diagram as Sub VI

V.  SIMULATION AND ANALYTICAL RESULTS

The actual implementation of the Analog Input
Processing application software is modeled using NI
LabVIEW. The input data, is as per the values as given
below in Table 1. The static Hardware-Software
Integration (HSI) segregated test data is fed into the

© 2017 Global Journals Inc. (US)

models respectively and is being kept in loop to create a
semi dynamic nature of inputs to the system.



Table 1: Analog Inputs Data/ Test Conditions

S Signal Name Physical Scale Factor Bias Accuracy | Resolution Refresh Rate
No Range
1. RawAOALA -10 to +40° [4.8216 deg/V | 2.074V [ £0.0152 V | 0.0224 deg | once/ 25 ms cycle
k
». | RawAOALB 10t0+40 | 4.8216deg/V | 2.074V |+0.0152 V | 0.0224 deg | once/ 25 ms cycle
3. | RawAOARA _10to +40 4.8721 deg/V | 2.0525V|£0.0152 V | 0.0224 deg | once/ 25 ms cycle
4. | RawAOA RB* -10 to +40 4.8721 deg/V | 2.0525V|£0.0152 V | 0.0224 deg | once/ 25 ms cycle
Fuel Remaining 1.016 kg
- - +
5. left (LftFuel Tank) 0-1000 kg for 200kg/V +0.0152 V once/ 25 ms cycle
Fuel Remaining 1.016 kg
- - +
6. right(RgtFuelTank) 0-1000 kg for 200kg/V +0.0152 V once / 25 ms cycle
Left Engine Torque . . 0.061 psig
- - +
7. (EngTorquel) 0—44.34psig | 12.035 psig/V +0.0152 V once / 25ms cycle
Right Engine .
8. Torque 0 —44.34psig | 12.035 psig/V - +0.0152 V 0.061 psig once / 25 ms cycle
(EngTorqueR)
Pitch trim position | -15 to +8 deg.
9. (PtchTrimPos) 5.30977 v 5.54V  |20.0152V [ 0.0269 deg |once /25 ms cycle
0, | Hydraulic pressure| 4000 psr | 800 PSI/V | 025V |+0.0152V | 4.05psi  |once /25 ms cycle
(HydPress)

The inputs are being input to the Analog Input
Processing application software algorithm with the help
of their respective sensor interface Sub Vis. The input
data is up to a maximum of 100 index values and the
constant valid data is being fed into the sub-systems. A
suitable error vale (in terms of %), computed on the full
scale input range is inserted at suitable index in the
input array. Their equivalent DC voltage values are
recorded as array values/elements and this is done
dynamically, i.e. during the simulation. The system is

being simulated for a particular Hydraulic Pressure value
as shown in Figure 10 or Fuel Remaining as shown in
Figure 11or AOA as shown in Figure 12 or Pitch Trim
position as shown in Figure 13 or Engine Torque as
shown in Figure 14. The Error On/Off control, regulates
the control of insertion of error value to the specified
hydraulic pressure/pitch trim position/fuel
remaining/AOA/engine torque pressure value.
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Figure 10: Hydraulic Pressure Sensor Input Interface Analysis with +/-2% tolerance band

Here in order to justify the analog input
processing algorithm functionality for hydraulic pressure
sensor inputs, the hydraulic pressure of 3500psi is
considered (within the specified range as given in Table
1). An error value of +/-2% of 3500psi (~= 4.625V DC)
is considered, at suitable time intervals (as shown in the

simulation window of Input(HP)). An input array values
with 100 elements is recorded as the input array, which
is fed into the Analog Input Processing application
software algorithm and Data Sorting algorithm loops to
validate the data and sort the data as Current Valued,
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Previous Valued and Last Previous Valued array, as
shown in Figure 10.
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Figure 117: Fuel Remaining Input Interface Analysis with +/-2% tolerance band

The Analog Input Processing application
software algorithm validates al the 100 elements in the
input array and sorts them accordingly as Current
Valued, Previous Valued and Last Previous Valued array.
The magnitude of the differences, |Diff A| and |Diff B
are computed and the invalidity counter counts the
number of invalid samples in the array correlating the
magnitude of their differences correspondingly. This in-
turn sets the AnalogValidFlaglist to either TRUE or
FALSE. Here the RawAnalogValidList data corresponds
to the engineering converted value. The valid flag is set

to FALSE as there is invalidity in the sensed data set
with the Invalid Sample Window count set to 1.

Similarly for Fuel Remaining the data input of
60kg of fuel is considered. An error value of +/-2% of 60
kg (—= 0.3V DC) is inserted suitably in the input array of
100 elements at certain time intervals, for 25ms as each
sample. The process is repeated as specified in the
above section for Hydraulic Pressure Sensor Input
Interface. Here it can be observed that the
AnalogValidFlaglList is set to TRUE as there is a valid
data and the Invalid Sample Window count is 0.
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Figure 12: Angle-Of-Attack Sensors Interface Analysis with +/-2% tolerance band

For Angle-Of-Attack, the input value considered
is -bdeg, which is within the specified limits for the AOA
analog input data. An error value of +/-2% of -5deg
(1.24633V DC) is inserted into the input array for Analog
Input Processing and Data Sorting VI to validate and
sort the data. Here the AnalogValidFlagList is set TRUE,
as there exists a magnitude of difference values that is
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well within the specified tolerance bands. The Invalid

Sample Window count is 0.
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Figure 13: Pitch Trim Position Sensor Input Interface Analysis with +/-2% tolerance band

A maximum input value of 8deg is considered
as input for the Pitch Trim Position sensor input
interface. An error value of +/-2% of the maximum full
range scale (~= 8.00002V DC) is considered and
inserted into the array of 100 input elements, for further
processing and sorting. During the simulation, as can
be seen in Figure 13, at the index value of 40, there
exists an invalidity of the samples. This is being
analyzed and the AnalogValidFlagList is set to FALSE.
The Invalid Sample Window count is set to 1, as there

exists an invalidity, which can be inferred from the
magnitude of the difference values (i.e. 0.320002) in this
case at that time period is way above the priori specified
tolerance value. The RawAnalogValidList corresponding
to the output data is set to 0 and will be replaced with
the valid Current/Previous./Last Previous value from the
sorted input array upon the completion of the validation
process by the Analog Input Processing application
software algorithm
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Figure 14: Torque Pressure Transducer Sensor Input Interface Analysis with +/-2% tolerance band

Similarly for the Torque Pressure Transducer
Sensor input interface, an input value corresponding to
35.5psig of engine torque is considered. An error value
of +/-2% of 35.5psig (—~=2.94948V DC) is inserted at
suitable time intervals into the input array computation.
At the end of the computation by the processing
algorithm for the application software, it can be seen
that the valid data corresponds to as value of 2.94948V
DC with the RawAnalogValidList (output data) to
35.5psig. The AnalogValidFlagList is set to TRUE as
there is no invalidity processed by the processing
algorithm. Also the Invalid Sample Windows count is 0.

VI. CONCLUSION & FUTURE SCOPE

This algorithm considers the stabilization factor
for the analog signals and provides suitable warnings in
case of invalidity. The ambiguous nature of the analog
signals with their characteristic features like amplitude,
frequency, and phase may lead to uncertainty over the
data being valid or invalid. This may lead to the
generation of spurious and unwanted warnings during
flight or on-ground testing. With MBE the signals and
their validation algorithm such as Analog Input
Processing application software algorithm is modeled
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mathematically that proves the correctness and
effectiveness of the algorithm and the need for such an
approach. The objective of achieving a high reliable
processing algorithm, with  more complexity was
successfully met.

In this paper we have proposed and
implemented a novel MBE approach with the help of NI
LabVIEW tool suite, with the Analog Input Processing
software algorithm as a case study. The results obtained
from the analyses of these models were reliable,
versatile and also suitably substantiated in the removal
of vexation. Validation of the implementation against the
system specified requirements and the analysis of the
output data against the test cases obtained during the
conventional test approaches were compared and no
deviations were observed. This also helped in
addressing the unrealistic and unreliable situations early
during the development phase, thereby reducing the
overall work around cost in fixing the bug/error.
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Absiract- The paper deals with the study of aerodynamics of
small Unmanned Aerial Vehicle for the purpose of
reconnaissance which usually carries payloads like Camera.
The two wing setup is termed as Tandem Aircraft. Researchers
authenticated that tandem wing setup provides better
aerodynamic efficiencies at low Reynolds Number compared
to conventional. The airfoil used in experimental study is NACA
65,-212. The scaled model was tested in the wind tunnel to
study the flight behavior and the results have been compared
with the value obtained from the computational analysis using
Ansys fluent. The prototype interior structure was fabricated
with light weight and higher strength glass fiber and multigrain
wood. The skin was made of polyester fabric. Field test with
various conditions were done. The results were efficient
enough that the study further investigated to use of light
energy as a power source of the aircraft, which in turn can
provide increased mission hours.

Keywords. reynolds number, solar power, glass fiber,
wind tunnel test, computational analysis.

[. INTRODUCTION

l |nmanned Aerial Vehicle has become an active
research area due to the vehicles drastically
making a difference in versatile field, such as

remote sensing, reconnaissance, surveillance, disaster

relief, mineral exploration, military forces, search and
rescue. The advent of small UAVs (MAV) has made the
task much simpler than large UAVs. Moreover the small

UAVs are portable in a bag pack i.e., they follow the

break apart system which is useful in the time of

emergency situations. The early biplane configuration is
well known, which has a pair of wings one over the other
making low aspect ratio high agility aircrafts possible but
had a drawback of interference effect, to be specific. By
replenishing and modifying this order version for better
aerodynamic performance, a tandem wing arrangement
is adopted in which the wings are placed one behind the
other. This arrangement is chosen because of its
increased number of lifting surfaces.

Along with the developments of smaller UAVs,
termed mini UAVs, has come issues involving
the endurance of the aircraft. Endurance in mini UAVs is
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problematic because of the limited size of the fuel
systems that can be incorporated into the aircraft.
Energy harvesting is an attractive technology for mini
UAVs because it offers the potential to increase their
endurance without adding significant mass or the need
to increase the size of the fuel system. This paper will
focus on the aerodynamic analysis and construction of
sUAV using ambient sunlight. The concept of analyzing
two wing configurations termed as Tandem Aircraft will
provide better aerodynamic characteristics at low
Reynolds Number than conventional aircraft. The merits
of such arrangements are payload can be increased
because of two low aspect ratio wings, lift produced is
more than the conventional aircraft, and cruising velocity
is high. The maximum flight duration of unmanned aerial
vehicles varies widely. “In 2007, Scientists André Noth,
Roland Siegwart, and Walter Engel” [1] proposed from
their research that solar electric UAVs hold the potential
for unlimited flight. Further, they expiated on how these
Solar Powered Micro Vehicle uses the energy obtained
from the sun through the solar cells installed on the
surface areas of the aircraft model that is going to be
designed. Solar Powered MAV is an emerging field of
flight research aimed towards attaining limitless
endurance to explore vast areas in a single flight
whereas solar powered flights will develop from MAV's
into huge stable flights travelling in the future and helps
make flight travelling eco-friendly and economical which
is an innovative initiative said by “C.K.Patel, H.Arya and
K.Sudhakar” [2] on the International Seminar and
Annual General Meeting of the Aeronautical Society of
India presentation where they presented their work on
design, build and fly a Solar Powered Aircraft held at

2002.
An airplane in motion through the atmosphere is

responding to the "four forces of flight" -- lift, drag, thrust
and weight. Just how it responds to these four forces,
determines how fast it flies, how high it can go, how far it
can fly, and so forth. These are some of the elements of
the study of airplane performance by [3] “John
Anderson” on his 7" Edition of Introduction to flight
book. He further said that, an aircraft should be stable in
order to come back to its equilibrium position after when
it is deviated from its flight path. Highly stable aircraft
requires powerful control to take the aircraft from one
equilibrium to other. This paper will focus on quantifying
the energy available from ambient sunlight and the
UAVs performance and stability study. On considering
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the above said merits, the project takes the path
towards the design and analysis of tandem wing
configuration sUAV.

1. PRELIMINARY DESIGN

From the Literature survey, it is identified that
the small unmanned aerial vehicle used for the purpose
of surveillance is mostly reliable and simple. Initially, the
dimensions and parameters of sSUAV were identified for
the design. The wing span is around 2m which is the
special feature of sUAV for the tandem wing
arrangement and moreover the length of the sUAV is
about 1.8 m. The tandem wings are also suggested to
be placed at a distance where the interaction is to be
low. Therefore different horizontal arm distances are
considered viz., 3 times the chord (3c), 5 times the
chord (5c). Similarly the width of the fuselage is
calculated to be around 0.15m, based on
accommodating the components like electric motor,
GPS, etc. By taking this into account, the vertical arm
distances are categorized into Oc, 0.5c, 1c. Among
these distances, one of the combinations is chosen
using analysis. The wing loading for this tandem
arrangement is calculated by doing simple weight
estimation and the resultant value comes out to be
4.55kg/m?. The aspect ratio is considered to be in the
range of 4 to 6 for a small aerial vehicle and hence AR is
assumed to be 4. From the AR, the chord of the airfoil is
determined to be 250 mm. Now the dimensions are
found accordingly and the 2D design is triggered with
brief estimation from [4] “Daniel P. Raymer” book on
Aircraft Design: A Conceptual Approach shown in Fig1.

= St

Fig. 1: Tandem Wing sUAV Design

a) Wing Planform Analysis

The aerofoil selected for the wing is the low
drag laminar series NACA 65,212 with reference from
the NASA Contractor Report 165803 by [5] “Carmichael,
B. H” on Low Reynolds number airfoil survey on
November 1981. This series is chosen due to the
following reasons:
1. High maximum lift coefficient
2. Very low drag over a range of operating conditions
3. Increased laminar zone for the flight Reynolds

number.

© 2017 Global Journals Inc. (US)

The significance of having two main wings is to
be deeply studied for its aerodynamic efficiency
because of its difference from the pure aerodynamic
design. To start with, the airfoil sketch is made for the
analysis work exclusively designed at the aerodynamic
efficiency results. Several combinations are chosen for
the design such as 3c-Oc, 3c-0.5¢, 3c-1¢, 5¢-0c, 5c-
0.5¢, 5¢c-1c, where c¢ represents the chord of the airfolil
as mentioned in Fig2. From the analytical results, the
tandem wings are decided to be located at 5¢-0c & 0.5¢
distance.

e 1
f —— L —
Front view
Scale: 1:4
 S—
gLi 510 _]
—

Front view
Scale: 1:4

Front view
Seale: 1:4

Fig. 2: (i) 3c-0c (i) 3c-0.5¢ (iii) 3c-1c

This project deals with the tandem configuration
of a fixed wing aircraft where there are two wings. One is
placed at lower, front side and the other is placed at
higher, rear side. The Wing structure consists of front
and rear spars of dimension 10 x 8 mm and 11 ribs
which are placed at equal spacing between each other.
The front spar is placed at 15% of the chord distance
and the rear spar is placed at 65% of the chord
distance. The spars and ribs are then covered with a
fabric cloth which then doped with nitro cellulose
solution to increase the stiffness of the screen as
indicated in Fig3.

Fig. 3: Wing Design

b) Fuselage Analysis

The fuselage design is initially considered to
have different shapes but the finalized design is one
having a simple shape with low drag making it easy for
fabrication for further wind tunnel testing. Therefore the
fuselage design starts with a simple square shape with
a nose ensuring the streamlined flow over the entire
body. This can even be suitable for the motor fixation.
The dimensions of the fuselage are set according to the



maximum vertical distance between the wings (0.5c).
The total length of the aircraft is found out based on the
distance between the wings and the accommodation of
the components inside the fuselage. The fuselage also
serves to position control and stabilization surfaces in
specific relationships to lifting surfaces, required for
aircraft stability and maneuverability. One of the famous
Semi-Monocoque ~ fuselage  constructions ~ was
considered and designed for this aircraft as shown in
Fig 4.

Fig. 4: Semi-Monocoque Fuselage Design

c) Wing-Fuselage Attachment Design

The major challenge is to attach the wing model
to the above mentioned fuselage design. The
attachment should be made such that wing and
fuselage should hold together firmly and should not
vibrate or deviate from its position while acting upon the
loads and stresses. Hence while designing the wing,
about 5 cm clearance has been given to both the front
and rear spars which will be used as a portion to attach
the entire wing into the fuselage. The spar box designed
where wing's spars will be directly inserted into the hole
and then joined with special adhesives such that spar
box and spar should not rotate or move independently.
The integrating part of the wing and fuselage was shown

Fig. 5: Integrating fuselage with the wing

d) Weight Estimation

A sUAV can be sized using some existing
motor, battery and solar panel and other electronics.
The existing motor, battery and solar panel are fixed in
size and thrust. They can be scaled to any thrust so the
thrust-to-weight ratio can be held to some desired value
even as the SUAV weight is varied. This approach allows
the designer to size the SUAV to meet both performance

and range goals, by solving for takeoff gross weight
while holding the thrust-to-weight ratio required meeting
the performance objectives. In the weight estimation, the
different components like solar panel, avionics,
batteries, servos are considered in terms of surface area
of the wing after performing comprehensive studies and
estimations from 85" volume of [6] “SHAMPO: Solar
HALE Aircraft for Multi Payload Operation” presented by
G.Romeo, G.Frulla, E.Cestino and F. Borello to the
Aerotecnica Missili & Spazio (Journal of the Italian
Association for the Aeronautics and Astronautics) on
Sep 2005. Simultaneously, motor and structural weights
are considered in terms of percentage of total weight of
the SUAV.

WO = Wsolar panel + Wstructural + Wavionics + Wservo + Wbattery +
Wmotor + Wpropeller

The total weight of the aircraft is found to be
4.55 kg including the structural and solar panel weight of
2.55 kg. While calculating, the wing loading is assumed
to be 4.55kg/m?, since it ranges from 4 to 6 kg/m? for
slow fliers. From the known values, the wing area, wing
span and aircraft length are estimated as 1m?, 2m and
1.8m. Choosing the thrust to weight ratio as 0.3 and
considering the cruising altitude as 1.3km which is
limited with the avionics, the required thrust is calculated
to be 1.365 kg and the cruising thrust to be 1.1675 kg.
The thrust required is estimated using the propulsion
thrust bed test. The thrust bed is designed in order to
have an experimental study over the thrust produced,
using plywood board and rail movement mechanism as
indicated in Fig6.

e) Airfield Requirements

If the required runway length is too short, the
aircraft cannot take-off with full fuel or full payload and
the aircraft economics are compromised. The landing
velocity depends upon the deceleration and landing
distance. Landing distance has been estimated as per
CAR regulations and chosen as 360 meter runway. The
deceleration is usually taken as 0.18g and 0.2g if
reverse thrust is applied. Then, the landing velocity and
the stall velocity are estimated as 37.5851m/s and
32.6827m/s respectively.

) Aircraft Performance

Aircraft performance includes many aspects of
the airplane operation. Here we deal with a few of the
most important performance measures including airfield
performance, climb and cruise.

The ability of the aircraft to fly up and over
obstacles depends critically on its climbing
characteristics are compared and plotted various
altitude as shown in Fig7.

Time required reaching the cruising altitude by
the airplane is determined by using the 1/(R/C)y . VS
Altitude plot. The Area under this plot gives the time to
climb to cruising altitude as mentioned in Fig8. These
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characteristics were carefully extracted from [7]
“Preliminary reliability design of a solar powered high-
altitude very long endurance unmanned air vehicle by
Frulla”. From Graph, Time to climb the cruising Altitude
of 1.3 Kmis 7.84min.

Fig. 7: Rate of Climb at various altitudes

Fig. 8: Max Rate of Climb at various Altitude

g) Endurance

Endurance (E) is the time duration for which the
Airplane can fly with maximum fuel and with maximum
payload. Range (R) is the maximum Horizontal Distance
Covered by an Airplane. Once endurance is known,
Range (R) can be estimated by multiplying it with
cruising velocity. Without the solar panel, the endurance
is estimated to be 17 min. From the above values it's
evident that the obtained value is higher than the
assumed value. In order to increase the endurance, the
solar panel is mounted on the surface of the wing with
the reference to the [8] “Solar powered High Efficient
Dual Buck Converter for Battery Charging” journal by
EstherGlory.S, Dhivya.P.S, Sivaprakasam.T.

[1I.

The aerodynamic and performance
characteristics of sUAV had done by two analyses: CFD
analysis and Wind Tunnel analysis with scaled model.

a) CFD Analysis
Computational fluid dynamics (CFD) is a tool
that uses numerical methods and algorithms to solve

DiscussiON OF TEST RESULTS

© 2017 Global Journals Inc. (US)

and analyze problems that involve fluid flows. The
geometry of the airfoil is initially sketched in CATIA
V5R20 by importing the NACA 65,212 airfoil coordinates
and suitable size of rectangular domain is drawn. The
domain with the airfoil is then meshed with a fine
dimensional grid. The meshed airfoil is read in ANSYS
FLUENT and the grids were checked. The main scope
of the analysis is to find the airfoil combination having:

1. Greater Aerodynamic efficiency
2. Less interaction
3. Acceptable aerodynamic center shift

Using Ansys Fluent, the above different
combinations are analyzed for aerodynamically
efficiency combinations. The algorithm and theoretical
study for the research were carefully studied from
research journal named [9] “An introduction to
theoretical and computational aerodynamics” by Moran
Jack and Dover. P. The domain is drawn accordingly by
giving opening boundary condition. The velocity is
calculated to be 12m/s. For different angles of attack the
domain is kept constant and the direction of the flow is
changed with respect to the chord line. From the
analyses, the forces and moments over each airfoil are
calculated. The contours and the flow patterns across
each airfoil are depicted below for all the combinations.
Initially the 6 combinations of airfoil locations are
considered and the analysis is made determining the
total lift and drag. From this substantial analysis, the
combination was confined which is having good
aerodynamic efficiency, smaller shifts in aerodynamic
center and further taken to the design for 3D layout as
shown in Fig9.

Dt 07 204,
APSEYE FLUENT 14,8 (20, pbn. 8-A1

Fig. 9: Contours of pressure coefficient and Velocity
magnitude

b) Aerodynamic Efficiency

The lift and drag values across the front airfoil
(A1) and the aft airfoil (A2) are tabulated along with the
total lift and drag using wind tunnel balance. For
different angles of attack the forces are resolved to get



the corresponding lift and drag which were measured
with the help of Wind Tunnel. The results are tabulated
for the chosen combinations respectively for those of
velocity 12m/s and area 1m?. The tabulated forces and
the determined dimensionless coefficients are now
plotted against the angle of attack to determine the
combination having appropriate C_ (Fig10) and Cg
(Fig11). With reference to the book, [10] “Fundamentals
of Aerodynamics” by Anderson J.D. The plots are drawn
between C, and Cp which results in aerodynamic
efficiency of the airfoils, which is primarily the lift-to-drag
ratio as compared and mentioned in Fig12. From these
plots, it can be observed that the stalling angle of attack
is beyond 15 degrees and the 5c¢c-0.5¢ combination
having efficient lift with acceptable drag are chosen.
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Fig. 12: G, vs Cp for 3c and 5¢c combinations

c) Shift in Aerodynamic Centre

The determination of aerodynamic centre plays
a key factor in the stability of the aircraft. Thus before
taking the maximum C_ and minimum C, values into
account for design from the previous analysis, it is
important to carry out the analysis for minimum shift in
aerodynamic centre. By choosing the configuration with
minimum shift in aerodynamic centre, CG is fixed and
the design process is then carried out. The mesh files
used for analysis of different wing arrangements is again
used for the determination of aerodynamic centre. The
graphs are plotted between the pitching moment
coefficients and the distance at which they are
calculated from the leading edge as shown in Fig13.

© 2017 Global Journals Inc. (US)

From the graphs, the shift in aerodynamic centre is
calculated from which the one with least is chosen.
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Fig. 13: Gy vs X distance for 5¢ combination

The shift in moment is less for the 3c
combination but comparing this with the interaction
analysis using the velocity and streamline patterns, 3c
combination has more interactions while comparing with
5c. Therefore, the 5c-0.5c combination is selected
because of its acceptable shift in ac and less
interactions depicted by the following contours at
different angles of attack as shown in Fig14.

Valoc Ry Veclor Colnrad fy Veincity Magnituss (mis)

AMTVE FLUBNT 140 34 &

Fig. 14: Velocity Contours for 5¢-0.5¢

d) Structural Stability Analysis of the Wing Members

The structural stability analysis of the wing have
been tested with computerized software such as Static
structural analysis on ANSYS , Harmonic analysis on Nx
- Nastran and also experimental load test on the wing
structure. The wing analysis was carried out with the
study of T.HG Megson[11] work on the book
“Introduction to Aircraft structural analysis”.
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Fig. 15: Structural analysis of wing

The comparison between the spars have been
made based on many factors such as cost
effectiveness, market availability and required deflection
and concluded that spar with dimension 10 x 8 x 1000
mm have been finalized.

e) Wind Tunnel Testing

The lift and drag values have been obtained
using 5¢-0.5¢ scaled model which is fabricated in the
material of wood. This model was tested by using the
balance setup with the help of wind tunnel, the values
were obtained by the software termed as SCAD 508 and
the device named as PYRODYNAMICS where the values
displayed in the monitor connected to the device as
shown in Fig15.

Fig. 16: Wind Tunnel Balance and Scaled Model

The angle of attack of the model was changed
by using pitch-yaw controller setup which is available in
our laboratory. The values taken for the following angle
of attack: 0%, 5% 10° and 15°. The values were tabulated
and the graphs were plotted and compared with 2D
analysis results as mentioned in Fig16.
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Fig. 17: Plot between C,, Cpand a

) Models Testing

After the scrupulous testing and estimations
with reference to [12] “Estimating R/C Model
Aerodynamics and Performance” by Nicolai, Leland M,
A remote controlled hobbyist aircraft was chosen as the
test bed for this study because the aircraft is
inexpensive and easy to assemble, spare parts are
readily available, and the aircraft is on the same length
and weight scale as some existing military UAVs. The
test bed has been divided into two categories. First the
test fly was made possible using the chloroplast sheet
of 5mm thickness. The aircraft is constructed with an
electric propulsion system composed of an electric
motor and an 11.1 V, 2100 mAh Lithium Polymer battery.
It has a wing span of 1m, a length of 0.94m, area of
0.125m?, chord of 0.125m, aspect ratio of 8, thrust of
2kg and a flying weight of 1390g constituting the weight
of fuselage, motor, front wing, rear wing, battery, ESC
and other avionics as shown in Fig17.-

Fig. 18: Model made of Chloroplast

Tandem aircraft was tried to fly on 10" August,
2014 in the open ground at early morning 7am in
Chennai. This flight was flown over 60sec in the air and
unfortunately crashed. With regard to the aircraft journal,
[13] "Micro-air-vehicles: Can they be controlled better”
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|

[ssue

XVII

(D) Volume

ol ring
1neer lnb

&S

S
5
=
w2
5]
<
©]
—
<
[}
w2
(]
(a4
°
=
<
—
j=]
S
—_
i
e}
2
@)




Global Journal of Researches in Engineering (D) Volume XVII Issue I Version I E Year 2017

REAL TIME CHARACTERISTICS OF TANDEM WING UAV

by Gad-el-Hak, M., the second test flight was made by
constructing the aircraft using plywood and it was
carried out for test fly on 7" march, 2015 in the open
ground in Vellore and it also fails due to overweight of
the aircraft. It has insufficient runway and thrust for lifting
the aircraft as shown in Fig18.

Fig. 20: Flight test of Tandem wing aircraft

Finally, the prototype was made using glass
fiber for wings and plywood for fuselage. Several
modifications were performed on the original aircraft in
order to include the photovoltaic energy device for
generating alternative energy source as shown in Fig19.

-

Fig. 21: Prototype made of Composite material and
multigrain

IV. CONCLUSION

An experimental study has been carried out to
analysis the aerodynamic and  performance
characteristics of small unmanned aerial vehicle. The
thrust required and available are determined by
analyzing the characteristics of the given motor and also
the power required has been determined for the
unmanned aerial vehicle. The endurance of the aircraft
is determined and increased by placing alternative solar
energy power source. The structure of the aircraft was
designed and analyzed through the software and
compared with the results obtained from the wind
tunnel. Based on the flight tests that have been
performed, it can be concluded that the sSUAV is
effective in aerodynamic design and the solar energy
device has the capability of charging energy storage
devices with high endurance meticulously studied from,

© 2017 Global Journals Inc. (US)

[14] “Solar-Powered Unmanned aerial vehicles” journal
published on 31% International Energy Conversion
Engineering Conference by K.C. Reinhardt. Thus the
endurance and range of the unmanned aerial vehicle
has been increased due to tandem wing configuration.
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APPENDIX

= Aspect Ratio of the wing

a,AOA = Angle of Attack

b, c
Ca
Co
CL
Cw
Ce
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Re
P

Y

0

V

©

= Span and Chord length of the wing
= Local axial coefficient

= Total drag coefficient

= Total lift coefficient

= Total moment coefficient

= Coefficient of pressure

= Oswald efficiency factor

= Reynolds Number

= Pressure

= Free stream density (1.19kg//m?)

= Free stream velocity of air

C = Line of control
sruotran = Structural weight of an aircraft

o

L
W
Waionics = Weight of the avionics used
W

= Total weight of an aircraft

T/W = Thrust to Weight ratio

Li-Po = Lithium Polymer

ESC = Electronic Speed Controller
M = Mach number

R/C = Rate of Climb

n = Load factor

C;, Cg = Tip Chord, Root Chord
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A Study of Possible Explosion Effects in the New
1-WTC Tower

G. Szuladzinski

Absiracl- In the past analyses of aircraft impact against
buildings the kinetic energy of fuel of the impacting aircraft
was accounted for, but the chemical energy content was not.
This paper addresses the explosion problem by means of
analysis as well as well as Finite Element simulation. The effect
of fuel detonation is evaluated with less than 1% of the aircraft
fuel content acting in this manner. The fuel-air mix in the model
was placed at one level, between the floor and ceiling of the
worst affected impact area. The damage resulting from this is
developed and presented herein. A comparison of resilience
of the old WTC towers versus the new 1-WTC is made.
Keywords: fuel detonation effects, nonlinear dynamics,
large distortions, fragmentation.

L. [NTRODUCTION

historic example, which was a motivation for this
work, was the collapse of the World Trade

Center, which took place on the 11th of
September 2000. Each of the two main towers was
struck by an aircraft flying at large speed with the
purpose of inflicting maximum damage.

Plenty of engineering work was done to explain
the mechanism of WTC collapse,. The best known and
the most extensive engineering investigation is
presented in NIST reports, of which [1] could be the
most relevant example. According to the reports, the
reason for the collapses of the structures weakened by
the aircraft impacts was the thermal effect caused by
prolonged fires. Unfortunately, the simulations did not
clearly demonstrate the mechanism of failure. In this
sense, the effort was a failure of engineering science.
More details can be found in Szuladzinski [2].

Although those simulations took into account
the impact of the fuel mass, they ignored the explosions
of fuel, which were clearly visible and audible in the wide
media coverage of the event. This problem was
addressed by Szuladzinski [2], who demonstrated how
significant the damage can be even if only a fraction of
available fuel detonates.

While the investigation of past collapses is
valuable, sensitivity of new structures is of interest too.
The "replacement" building for WTC towers is 1-WTC, a
new tower somewhat resembling a tapered and twisted
pyramid. This article is devoted to estimating an effect
the fuel explosion might have on a possible collapse of
1-WTC building.

Author: Analytical Service Pty Ltd. e-mail: ggg@bigpond.net.au

A fairly extensive description of building
geometry is provided by Szuladzinski [3]. It is sufficient,
for our purpose, to use only the top one-third height of
the building proper, while retaining the spire. The
mentioned segment is treated as built-in at the base.
This is justified because the effect of a blast has a
somewhat localized response. Besides, it is vertical
effects are of main interest which makes a limited
distance from the new base quite acceptable.

The explosive properties of the air-fuel mix and
some of its effects in this type of event were presented
in detail by Szuladzinski [2]. To have a good picture of
the structural effects some basic design features and
static relationships must be considered first.

I1. FLOOR PLATE DESIGN LOADS

This follows the values used in the design of the
old WTC towers. The mass per unit surface m is the total
of the dead load (DL) and the design live load (LL)
expressed in mass units. For a typical floor, one can
expect DL = 300 kg/m? (61.44 psf) and LL = 205 kg/m?
(42 psf) with a total of m = 505 kg/m? or the equivalent
surface pressure of p, = 4,954 N/m?. (The most likely LL
for the building was used in place of the design load for
a single floor, the latter being LL = 244 kg/m?)

[1I.  MATERIAL PROPERTIES

a) Steel

The peripheral column material is A514 steel.
This is a quenched and tempered alloy steel,
designated by its maker, Arcelor Mittal as T-1. lts
nominal (minimum guaranteed) properties are
F, = 690 MPa = 100 ksi (yield)
F, = 759 MPa =110 ksi (ultimate)
g, = 0.081 (ultimate strain)

The above values hold for a thickness below
63.5 mm. The strength is somewhat smaller for thicker
material.

The above data is used for design. When
estimating the effect of accidental events, which are
usually of dynamic nature, we are entitled to use two
factors, which enhance strength. The first allows us to
take advantage of the difference between the nominal
and the expected average properties. [4] The second is
the dynamic enhancement of strength, which can be
calculated in several ways. We have multiplied the
quoted values only by 1.1 to account for the two factors.

© 2017 Global Journals Inc. (US)
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(Dynamic strengthening is usually small for strong steel.)
The same multiplier was used for the second steel
involved, A588, employed for beams, which had the
following nominal properties.

F, = 529 MPa = 100 ksi (yield)
F, = 634 MPa =110 ksi (ultimate)
g, = 0.103 (ultimate strain)

Finally, the reinforcing steel of the wall was
characterized by
F, = 451 MPa (yield)
F, = 580 MPa (ultimate)
g, = 0.14 (ultimate strain)

b) Floor concrete slab

The slab is built using light-weight concrete
poured over corrugated, galvanized steel sheet with a
conventional reinforcement. This is in turn supported by
metal beams, perpendicular to the corrugations. The
directions of both change, as we go around the
circumference of the building.

The lightweight (1602 kg/m?) concrete has F, =
20.7 MPa and f; = 2.7 MPa (tensile strength in flexure).
The modulus is E, = 12,500 MPa.

Supporting beams spacing imposed the
strength requirement. For the 6m span of the beams,
treating the slab as one-way type and assuming an
intermediate condition at the supports the maximum
bending moment induced by p, becomes 17,836 N-
m/m. This, along with the factor of safety of 1.8 dictates
the strength of the equivalent slab material. No dynamic
enhancement of strength was used.

c) Reinforced concrete wall
The wall is cast with F, = MPa concrete, whose
estimated tensile strength is

F,= 0.6 VF.= 4.45MPa
and the Young's modulus, according to [4] is

E.=3320VF, +6900 = 31,522 MPa

The main design load for the core walls of the
building is compression caused by gravity. Under a
strong lateral pressure pulse, however, bending
predominates. A simplified computational method will
be employed, which states that a wall element fails if the
net tension exceeds F, calculated using the limit
bending capacity M,:

F =% (n
BH

The coefficient of 5 is mid-way between an

elastic case of 6 and a perfectly plastic one of 4. We
assume that the wall is reinforced with a square pattern
of rebars giving an effective 1% of steel section in both
horizontal and vertical directions. For a H = 160 mm
thick wall, which is postulated here and a unit width B =
1 mm, a commonly used bending strength formula
gives the yield moment as 56,015 N*mm/mm. When this

© 2017 Global Journals Inc. (US)

is inserted into Eq. (1), the apparent strength on the
tensile side becomes F/' = 10.94 MPa. (This is a
conservative approach, as it does not allow for a
compressive failure and therefore it makes the wall
appear stronger in the simulation to follow.)

IV. ESTIMATE OF SLAB DAMAGE CAUSED BY
ExPLOSION

We assume the detonating charge to have
200kg of aviation fuel mixed equally (by volume) with air.
This gives a volume of 0.5m® and is equal to mass
density of about of 400 kg/m?® This corresponds to a
cube with the side length of 794 mm. The fuel is treated
as energetically equivalent to TNT (per unit of mass) in
accordance with [2].

A simplified section of the space between floors
is shown in Fig.1. The fuel-air mix, depicted as a
centrally placed block is allowed to detonate. The
approximate assessment will be coarse, just to find the
extent of the threat. The first action is to replace the
block of fuel by a concentrated mass at its geometrical
center. This allows the use of such a popular code as
CONWEP (a computerized version of [5]) to estimate
the peak pressure and impulse reaching the floor slabs.
The load imposed on the slab is found in a simplified
way, as a pressure history based on the nominal
distance of 2.21m. According to CONWEP, the charge
of 200 kg placed at that distance should yield the
following pressure p, and specific impulse i (reflected)
values:

p', = 54.58 Mpa and i = 12.91 MPa-ms.

The fuel-air mix is likely to have the same or
even larger impulse as the energetically equivalent solid
explosive. However, pressure is significantly reduced in
magnitude while lasting much longer [6]. Except for the
immediate vicinity, impulse is the real measure of a
structural damage to follow. For this reason, the
Conwep value of the impulse is retained, while the
pressure applied is samaller than mentioned above.



g
‘ l
i
v

1.0m

2.21m

—1.97m—>

~4/

e

1.97m

Section through a typical office floor, between two slabs and internal wall, with a block representing the fuel-air
mix. The nominal distance from the center of the block to each of three surfaces is taken as 2.21m.

A beam with rigid supports subjected to a short impulse of pressure of magnitude p,. (Szuladzinski [7], Case
10.21)

A unit-width beam, acted upon by an impulse
applied by distributed load p, is depicted in Fig.2. (The
actual pressure distribution will not be uniform, but it is
expected the nominal value used will provide the result
with a minor error only. Also, if the beam is of width b,
then p, in Fig.2 and the equation below must be
replaced by w, = bp,) Angular springs at ends and at
the center have a rigid-plastic characteristic and their
capacity is equal to that of the slab Mo. When the initial
kinetic energy is equated to the energy absorption by
the plastic springs, the maximum angle of permanent
rotation is found as 6,

2
. :3_L(p0t0) (2)
16 mM,

where L is the half-span, p.t, is an impulse of
pressure p, applied over short time to, (poto stands for
the impulse magnitude regardless of its shape. If the
beam is b wide and not of unit width, then p, should be
replaced by w,, where w, = bp,) Finally, m is the mass
per unit length of the beam. (One should remember that
this is a small-deflection formula.) We have, for a beam
1 mm wide and 250 mm deep (A = 250 mm?2):
L = 6000/2 = 3000 mm
Poto = 12.91 MPa-ms.
Density p = 2020 kg/m® = 0.00202 g/mm? (incl. steel)
m = pA = 0.00202 x 250 = 0.505 g/mm
Mo = 17,836 N-mm/mm
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Substitution into (2) gives 6, = 10.41 rad =
596°. This is an absurdly large response and the figure
is merely due to the small-deflection limitation of (2).
Indirectly, it tells us that the impulse will easily break the
slab. Using the same procedure it is easy to check that
the wall slab will also fail under dynamic loads Apart
from the above there is a major threat in the
pulverization mode caused by excessive pressure
(spall). Even if we take pressure to be 4x smaller than
calculated before (on account of the nature of our
exploding material), which gives p,/4 = 13.6 MPa,
which is more than the tensile strength of concrete, F, =
4.45 MPa. (This is applicable to the wall. The situation is
not any better for the floor, but somewhat different
because of steel lining of the bottom.)

VI, SIMULATED IMPACT ZONE DAMAGE

The transient dynamic problem of the explosion
effect was solved using LS-Dyna code [8]. The solid
elements (concrete) were modeled with Type 2, fully

integrated elements. Metal plates are represented by
Type 2, Belytschko - Tsay shells. The slab reinforcement
and truss diagonals are modeled using Type 1 beam,
Hughes-Liu with section integration.

Figure 3 shows one-half of the building model. It
is zoomed on the blast-affected zone, which is modeled
in a greater detail than the rest of the structure. The long
reinforcing beams run radially as well as along floor
edges. Magnitude and duration of the pressure pulse
was applied as described before. No secondary
enhancements such as reflections were included.

As Fig.4 shows, soon after the explosion parts
of the floor, ceiling and the wall are blown away. The
ceiling falls on the floor in the impact zone, which helps
the periphery columns to lose their stability. As a result
the floor above loses its support and begins to descend.
So do all floors above in a pattern known as 'progressive
collapse'. This leads to a collapse of the entire structure,
as shown in Figs. 5,6 and 7.

Fig. 3: Fragment of the tower showing the impact zone, where the floor and ceiling are modeled in detail. The view is
from below, from the plane of symmetry

© 2017 Global Journals Inc. (US)



Fig.4: The status shortly after explosion. Both floor and ceiling are blown off the wall. Also, a part of the wall is
separated from the rest.

Fig. 5: The ceiling detaches and falls on the floor of the impact zone
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Fig.6: Both floor and ceiling impact the slab below.

© 2017 Global Journals Inc

Fig. 7: The damage is deepening as the falling slabs pull down the floors above them.
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1-WTC UPPER PART WITH SPIRE, LOCALLY DAMAGED
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Fig. 8 As a result of wall damage the upper part of the building tilts and begins to fall. This motion can't be stopped

VIL SUMMARY AND CONCLUSIONS

After estimating the energy content of the 200
kg portion of fuel assumed to be detonating the
pressure impulse created by said detonation was
evaluated. A conventional check on flexural failure of the
concrete wall demonstrated that this mode of failure is
easily attainable. It is obvious, however, that in addition
to general collapse the slabs not far from explosion
sources will be subject to spalling.

The explosion at the critical floor level caused
the wall, a part of the floor area as well as the ceiling to
be blown off. This was the source of collapse, first taking
place locally and then spreading throughout the entire
structure. This lead to the whole building collapse, of
which only the initial moments are simulated. (One
should note that the overall speed of the downward
movement was increasing.)

In the event mentioned before, the old WTC
collapse, the amount of fuel carried by the aircraft was
close to 30,000 kg. This means that in a similar event we
are assuming less than 1% of the fuel content to be
detonating. The amount is not inconsistent with the
explosion seen after the attack on the old WTC.

Why is 1-WTC not as tolerant to such an attack
than its predecessor? (a) Larger floor area in the latter
(compared with the floor area at the impact level here)
which imposes more damage on the moving craft. (b)
More distributed manner of supporting the weight, with
center columns placed rather far apart and not by a
monolithic wall. (c) Only a minor fraction of the perimeter

columns in the old WTC were destroyed in the attack. In
our structure there are much fewer such columns so the
influence of their demise has a lager over-all effect.

Many thanks are owed to Mr M. Soll for his
careful study of this text, which made it a more
comprehensive document.

The reader can watch the animations of this
work on: http://www.youtube.com/user/gs98765432
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AUXILIARY MEMBERSHIPS

Institutional Fellow of Open Association of Research Society (USA)-OARS (USA)

Global Journals Incorporation (USA) is accredited by Open Association of Research
Society, U.S.A (OARS) and in turn, affiliates research institutions as “Institutional
Fellow of Open Association of Research Society” (IFOARS).

The “FARSC” is a dignified title which is accorded to a person’s name viz. Dr. John E.
Hall, Ph.D., FARSC or William Walldroff, M.S., FARSC.

The IFOARS institution is entitled to form a Board comprised of one Chairperson and three to five
board members preferably from different streams. The Board will be recognized as “Institutional
Board of Open Association of Research Society”-(IBOARS).

The Institute will be entitled to following benefits:

The IBOARS can initially review research papers of their institute and recommend
them to publish with respective journal of Global Journals. It can also review the
papers of other institutions after obtaining our consent. The second review will be
done by peer reviewer of Global Journals Incorporation  (USA)
The Board is at liberty to appoint a peer reviewer with the approval of chairperson
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The author fees of such paper may be waived off up to 40%.
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The IBOARS can organize symposium/seminar/conference in their country on behalf of
Global Journals Incorporation (USA)-OARS (USA). The terms and conditions can be
discussed separately.

The Board can also play vital role by exploring and giving valuable suggestions
regarding the Standards of “Open Association of Research Society, U.S.A (OARS)” so
that proper amendment can take place for the benefit of entire research community.
We shall provide details of particular standard only on receipt of request from the
Board.

The board members can also join us as Individual Fellow with 40% discount on total
fees applicable to Individual Fellow. They will be entitled to avail all the benefits as
declared. Please visit Individual Fellow-sub menu of Globallournals.org to have more
relevant details.
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We shall provide you intimation regarding launching of e-version of journal of your stream time to
time. This may be utilized in your library for the enrichment of knowledge of your students as well as it
can also be helpful for the concerned faculty members.

After nomination of your institution as “Institutional Fellow” and constantly
functioning successfully for one year, we can consider giving recognition to your
institute to function as Regional/Zonal office on our behalf.

The board can also take up the additional allied activities for betterment after our
consultation.

The following entitlements are applicable to individual Fellows:
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Other:
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Society (US) credentials signify guarantees following achievements:
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honor, regular flow of income, secured bright future, social status etc.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

The Fellow can organize symposium/seminar/conference on behalf of Global Journals
Incorporation (USA) and he/she can also attend the same organized by other institutes on
behalf of Global Journals.

The Fellow can become member of Editorial Board Member after completing 3yrs.

The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.

Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and
can also get an opportunity to join as member of the Editorial Board of Global Journals
Incorporation (USA)
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PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
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The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose
®  Fundamental goal
®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
® Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
e  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study

e  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
®  Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e If use of a definite type of tools.

®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e If well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
® leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

®  Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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