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Comparison of Nonlinear Dynamic Simulation of Lyapunov
Exponent for a Cam and Different Translated Followers with

Clearance
By Louay S. Yousuf

Abstract- In this paper, a cam with translated flat-faced and roller followers are analyzed. There is
a clearance between the follower and the guide. The dynamic simulation is investigated taking
into account the nonlinear dynamic of Lyapunov exponent parameter. The simulation has been
done by using Solidworks program. The effect of follower guides’ clearances on follower non-
periodicity is considered based on Lyapunov exponent technique. Nonlinear dynamic package is
used to calculate largest Lyapunov exponent for different angular velocities of the cam. The
power spectrum analysis of Fast Fourier Transform and phase plane contour are examined flat-
faced and roller followers non-periodicity. The flat- faced follower with follower guide’s clearance
C=2 mm and cam rotational speed N=1200 rpm has more non-periodic motion than roller
follower. The values of largest Lyapunov exponent for flat-faced follower are bigger than
the values of largest Lyapunov exponent for roller follower at (C = 2 mm and N = 1200 rpm)

Keywords: (Nonlinear Dynamics Comparison, Cam-Follower Mechanism, Lyapunov Exponent,
Dynamics Simulation, Follower Guide’s Clearance).
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Comparison of Nonlinear Dynamic Simulation of
Lyapunov Exponent for A Cam and Different
Translated Followers with Clearance

Louay S. Yousuf

Abstract- In this paper, a cam with translated flat-faced and
roller followers are analyzed. There is a clearance between the
follower and the guide. The dynamic simulation is investigated
taking into account the nonlinear dynamic of Lyapunov
exponent parameter. The simulation has been done by using
Solidworks program. The effect of follower guides’ clearances
on follower non-periodicity is considered based on Lyapunov
exponent technique. Nonlinear dynamic package is used to
calculate largest Lyapunov exponent for different angular
velocities of the cam. The power specirum analysis of Fast
Fourier Transform and phase plane contour are examined for-
faced and roller followers non-periodicity. The flat- faced
follower with follower guide’s clearance C=2 mm and cam
rotational speed N=1200 rpm has more non-periodic motion
than roller follower. The values of largest Lyapunov exponent
for flat-faced follower are bigger than the values of largest
Lyapunov exponent for roller follower at (C = 2 mm and N
= 1200 rpm)

Keywords: (Nonlinear Dynamics Comparison, Cam-
Follower Mechanism, Lyapunov Exponent, Dynamics
Simulation, Follower Guide’s Clearance).

L. [NTRODUCTION

impacting system. The proposed cam can be used

on motor car camshafts to operate the engine
valves. many researches has been done using Fast
Fourier Transform (FFT) of nonlinear dynamic. Bagci
and Kurnool [1] presented a Fourier series Laplace
transform to find the follower response at any time and
at any cycle. They measured the angular speed of the
cam. Also Demeenlenaere and Schutter [2] used a finite
Fourier series to design an inverted cam mechanism by
considering the cam rotational speed. Yousuf etal.
analyzed the dynamic simulation of a polydyne cam with
flat-faced follower. The effect of follower guides’
clearances for different cam rotational speeds
was investigated, [3]. The largest Lyapunov exponents
for the simulation and experimental data were analyzed
and selected over a range of cam rotational speeds, [4].
The power spectrum of Fast Fourier Transform

and phase plane have been examined the follower non-
periodicity during follower motion in  the -

The cam and follower mechanism is a complex

Author: Assistant Professor Department of Mechanical Engineering San
Diego State University 5500 Campanile DriveSan Diego, CA, USA.
e-mail: lalroomi@sdsu.edu

direction. He used Rosenstein program to calculate
largest Lyapunov exponent, [5, 6].

Mahyuddin and Midha used Floquet theory of
phase-plane diagram to determine the periodic
response of cam-follower system as a single-degree-of-
freedom. They presented a linear, second-order,
ordinary differential equation to define the parametric
stability of a cam and the follower, [7, 8]. Zhou et al.
proposed an exhaustive technique to design a
displacement function of a disc cam and roller follower
by using Fourier series method, [9]. In this paper, the
comparison of nonlinear dynamic of Lyapunov exponent
is investigated for a cam with different translated
follower to maintain the contact between cam and
follower. To the best of our knowledge, the comparison
of nonlinear dynamic based on different shapes of
followers with clearance has not been studied yet.

II.  SIMULATION PROCEDURE

The simulation process has been done by using
Solidworks program, [10]. Solidworks program is used
to draw polydyne cam, flat-faced follower, roller follower,
and followers’ guides. The general dimensions of cam-
follower mechanism have been shown in Fig. 1 and
Fig. 2. The dynamic analysis presents follower
displacement driven by a cam rotating at a uniform
angular velocity. There is a clearance between the
follower and the guides. In simulation process, the
follower with three degrees of freedom is considered in
which it has translation in x,y directions and rotation
about z axis. Four different follower guides’ clearances
such as C=05, 1, 1.5, 2 mm have been used to
simulate the non-periodic analysis. The follower non-
periodicity is occurred because of the follower guide’s
clearance and the three degrees of freedom. It can be
compared the follower non-periodicity by using the
conception of largest Lyapunov exponent. The point with
the coordinates (x = 0,y = 140.13 mm, z = 0) has been
selected on the follower to present follower motion.

[11. NONLINEAR DYNAMICS

The nonlinear dynamic tool of computer
algorithm is used to determine the time delay and the
embedding dimension dE. The first minimum of the
Average Mutual Information (AMI) has been chosen to

© 2019 Global Journals
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calculate the time delay. The embedding dimension has

been found from a Global False Nearest
Neighbors (GFNN) analysis, [6, 11]. The global
dimensions has been selected when the

total percentage of neighboring trajectories reaches
zero. Figures (3) and (4) indicate the (AMI) and (GFNN)
algorithms for roller and flat-faced follower

IV. NoN-PErIODICITY OF CAM-FOLLOWER
MECHANISM

The non-periodicity of translated follower stem
has been occurred because of the clearance. The non-
periodicity in this system is increased with the increasing
of follower guide's clearance value from C = 0.5 mm to
2 mm. The non periodicity phenomena follows the
divergence between trajectories during the follower
motion with clearance and different degrees of freedom.
In this paper, the main cause of follower non-periodicity
is the three degrees of freedom.

V.  LYAPUNOV EXPONENT

Lyapunov exponent is a quantity that represents
the amount of separation of neighboring trajectories
in state space domain, [12]. The method of Lyapunov
characteristic exponents serves as a useful tool to
quantify follower nonperiodicity. Specifcally, Lyapunov
exponent measures the rates of convergence or
divergence of near by trajectories, [13]. Positive values of
Lyapunov exponents imply nonperiodicity in follower
system while negative values reflect periodic motion. In
In this paper, the largest lyapunov exponent has been
selected because it determines a notion of predictability
for a dynamical system. The maximum Lyapunov
exponent A can be characterized by using Egn. (1)
below, [11, 14].

d(t) = DeM (1)

The A is estimated from best-fit linear slopes of
average logarithmic divergence over the time between
four and ten strides as indicated in Eqgn. (2), [11, 6, 14]:

() = = (Inld; ) )

Figures (5) shows the average logarithmic
divergence of largest Lyapunov exponent for a
clearance C=1 and 2 mm at cam rotational speed N =
400 rpm.

VI.  FREQUENCY POWER SPECTRUM

The power spectrum describes the distribution
of power into frequency components composing that
signal, [15]. The fast Fourier transform (FFT) tool of
computer algorithm is used to convert the signal from its
original domain to a representation in the frequency
domain and vice verse. The frequency spectrum is

© 2019 Global Journals

examined follower
response.

non-periodicity of the dynamic

VII. RESULTS AND DISCUSSIONS

Figures (6) and (7) show the phase plane
diagram of follower linear displacement and velocity
for translated flat-faced and roller followers. The follower
non-periodicity varies like a spiral. The follower non-
periodicity increase with the increasing of cam rotational
speed and foll ower guide's clearance. The follower
non -periodicity for flat-fored follower is more chaotic
than roller follower for the same cam ratational speed
and follower guide’s clearance.

Figures (8) and (9) show the amplitude
comparison of nonlinear displacement simulation of
Fast Fourier Transform based on power spectrum for
flat-faced and roller  followers. The fundamental
frequency due to the nonlinear dynamic of roller follower
is clear and obvious because of the quasi periodic
motion of the follower. The fundamental frequency of the
flat-faced follower is not clear enough because due to
the increasing in cam rotational speeds the system
completely converted to non-periodic motion of the

follower.
Figures (10) and (11) show the comparison of

largest Lyapunov exponent varying with cam rotational
speeds for flat-faced and roller followers.The
largest Lyapunov exponent is increased with the
increasing of cam rotational speeds and follower guide’s
clearance. The values of largest Lyapunov exponent for
flat- faced follower are bigger than the values of largest
Lyapunov exponent for roller follower due to the
increasing in time delay and embedding dimensions
values.

VIII.  CONCLUSIONS

This study analyzed and discussed the
comparison of largest Lyapunov exponent of cam and
different translated follower mechanism. The simulation
has been done by using Solidworks program. The whole
values of largest Lyapunovexponent are positive
because of the non-periodicity motion of the follower.
The flat-faced follower with follower guide’s clearance C
= 2 mm and cam rotational speed N = 1200 rpm has
more non-periodic motion than roller follower.
The values of largest Lyapunov exponent for flat-faced
follower are bigger than the values of largest Lyapunov
exp())nent for roller follower at (C = 2 mm and N = 1200
rpm).
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Multilayer Electro Magneto Elastic Actuator for
Nanomechanics

Sergey M. Afonin

Abstract- In this paper, we consider the generalized structural
diagram of the muliilayer electro magneto elastic actuator or
the multilayer piezo actuator for the nanomechanics in contrast
to Cady and Mason's electrical equivalent circuits for the
calculation of the piezo transmitter and receiver, the vibration
piezo motor. From the solution of the general equation of the
electro magneto elasticity, the matrix equation for the
equivalent quadripole of the multilayer electro magneto elastic
actuator, and its boundary conditions we receive the
generalized structural-parametric  model, the structural
diagram and matrix transfer function of the multilayer actuator.
Keywords: multilayer electro magneto elastic actuator,
multilayer piezo actuator, equivalent quadripole, structural
diagram, structural-parametric model, matrix transfer function.

l. [NTRODUCTION

t present, we use the multilayer electro magneto
elastic actuator  on the piezoelectric,

piezomagnetic, electrostriction, and
magnetostriction effects for precise alignment in the
range of movement from nanometers to tens of
micrometers  in nanomechanics  systems  for
nanotechnology and adaptive optics. We receive the
parametric  structural schematic diagram of the
multilayer piezo actuator for nanomechanics in contrast
to Cady and Mason'’s electrical equivalent circuits for the
calculation of the piezo transmitter, the piezo receiver,
and the vibration piezo motor [1 — 12]. The parametric
structural schematic diagram of the multilayer electro
magneto elastic actuator is obtained with the
mechanical parameters of displacement and force [14
—20].The piezo actuator use for actuation of
mechanisms, systems, or management based on the
piezo effect, and convert electrical signals into
mechanical movement or force. The investigation of the
static and dynamic characteristics of the multilayer piezo
actuator is necessary for the calculation of
nanomechatronics systems. We apply multilayer piezo
actuator in nanotechnology for scanning tunneling
microscopy and atomic force microscopy [6 — 32].

Author: National Research University of Electronic Technology
(Moscow Institute of Electronic Technology, MIET), Moscow, Russia.
e-mail: learner01@mail.ru

II. PARAMETRIC STRUCTURAL SCHEMATIC
DIAGRAM

In this paper, we have the parametric structural
schematic diagram and the matrix transfer function of
the multilayer electro magneto elastic actuator for the
nanomechanics from its the structural-parametric
model. In general, the equation for the electro magneto
elasticity of the multilayer electro magneto elastic
actuator [12, 14, 16, 31] has the form

S = v ¥n(t)+ /T, (x1) (1)

where S =a&(x,t)/ox is the relative displacement along

axis / of the cross-section of the actuator, therefore, we
obtain ¥ =E,D,H the generalized control parameter in

the form E,, in Figure 1 for the voltage control, D, for
the current control, H,, for the magnetic field strength
control along axis m, T; is the mechanical stress along
axis j, v, Is the coefficient of electro magneto elasticity,
for example, d,; piezo module or magnetostriction

coefficient, s’ is the elastic compliance with ¥ = const,

andtheindexesi=1,2,...,6,j=1,2,...,6,m=1,2,
3, with 1, 2, 3 are perpendicular coordinate axes.

The multilayer piezo actuator on Figure 1
consists from the piezo layers or the piezo plates
connected electrically in parallel and mechanically in
series.
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Figure 1. Multilayer piezo actuator a) for longitudinal
piezo effect b) for transverse piezo effect, c) for shift
piezo effect

For example, we consider the matrix equation
for the Laplace transforms of the forces and the
displacements [16] at the input and output ends of k the
piezo layer of the multilayer piezo actuator from n the
piezo layers. We drew the equivalent T-shaped
quadripole of k the piezo layer in Figure 2.
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Figure 2: Quadripole for k piezo layer

The circuit of the multilayer piezo actuator on
Figure 2 is compiled from the equivalent T-shaped
quadripole for k the piezo layer and the forces
equations, acting on the faces the piezo layer.
Therefore, we have the Laplace transforms of the forces
on the input and output faces of k the piezo layer of the
multilayer piezo actuator in the form of the system of the
equations for the equivalent T-shaped quadripole

Fkinp (p) = _(Zl + ZZ)Ek(p)+ ZZEk+1(p)

@)
= Fiw (p) = _ZZEk(p)+ (Zl + Zz)Ek+1( p)

where Z, = Syrth(ey) , Z, = WS"Y are the resistance
3] S; 5h<8Y)
of the equivalent quadripole of k the piezo layer, & is the

p

thickness on Figure 1 a, y=—+a, o are the
c

coefficient of wave propagation and the coefficient of
attenuation, p is the Laplace operator, c* is the speed
of sound with ¥ =const, F_(p), F,(p) are the

Laplace transform of the forces at the input and output
ends, Z,(p), E...(p) are the Laplace transforms of the

displacements at input and output ends of k the piezo
layer in Figure 2.

Accordingly, we have for Figure 2 the Laplace
transforms the following system of the equations for k
the piezo layer in the form

Z Z
_ qunp(p) = (1+ Z—:JFkout (p)+ 21[2+ Z—l

2

Jﬁm(p)

L . )
Z_leout(p)+(1+Z_

2

Ek(p):

jEm(p)

the matrix equation for k the piezo layer
2k ( p) ‘:‘k+1( p)

and the matrix [M ] in the form



1+£ 21[2+£]
rnl2:| — 22 Zl (5)
M, 1
ZZ ZZ
Zl
Wherem, =m,, = L+ 2t= ch(8y),
2
z 1 _sh(dy) , _Sw
— 7| 245 |2z sh(sy), my, == = SNV 7 _ ¥
m, 1( le 0 ( Y) my Z, Z, 0 §?1
For the multilayer piezo actuator the Laplace
transforms the displacement =, ,(p) and the force
F. (P) acting on the output face of k the piezo layer

correspond the Laplace transforms of displacement and
force acting on the input face of k+1 the piezo layer.
The force on the output face for the k the piezo layer
equal in magnitude and opposite in direction to the
force on the input face for k+1 the piezo layer

Fio (P)=~Ficei (P) (6)
From equation (3) the matrix equation for n the

piezo layers
|:_ E]mp(p):| — [M ]n |:Erbut (p):| (7)
‘:‘1( p) '=‘n+1(p)
with the matrix of the multilayer piezo actuator Figure 1 a

in the form
ch(ndy
[M]" =| sh(ndy

ZoSh(n&/)
ch(ndy)
0

Accordingly, in general, the matrix for the
equivalent quadripole of the multilayer electro magneto
elastic actuator Figure 1 a-c has the following form

! ch?y; Z,sh(ly)
e

Therefore, we have from the equation (7) the
equivalent quadripole of the multilayer piezo actuator on

Oy3,05,05 E.E
Wherevm- =4033,093,05 » \Pm = D31D1 ) S\]{l -
d337d31'd15 H3’Hl

vmi‘l’m(p)—{ !

Figure 1 a-c for the longitudinal piezo effect with length
of the multilayer piezo actuator | = n§, for the transverse
piezo effect with | =nh, for the shift piezo effect with
I =nb, where §,h,bare the thickness, the height, the
width for k the piezo layer.

Equations of the forces acting on the faces of
the multilayer piezo actuator

at x=0, T,(0,p)S, = Fy(p)+ M,p*E,(p)

at x=1I, Tj(I,S)S) :_Fz(p)_szzEz(p)
where T,(0,p), T,(I,p) are the Laplace transforms of

mechanical stresses at the two ends of the multilayer
piezo actuator.

The Laplace transform of the displacement and
the force for the first face of the multilayer piezo actuator

at x=0and Z (p), F(p)

the Laplace transforms of the displacement and the
forces for the second face of the piezo actuator

at x=1 and Ez(p):EM(p), Fz(p): Frbut(p)

Let us construct the structural-parametric model
of the multilayer electro magneto elastic actuator Figure
1 a-c. From equation (1) the Laplace transform of the
caused force, which causes the deformation, has the
following form

F(p)=vuS¥n(p)/s )
% =S /S

Accordingly, we have the equations for the
generalized structural-parametric  model and the
generalized parametric structural schematic diagram of
the multilayer electro magneto elastic actuator on Figure
3. We receive the structural-parametric model in result
analysis of the equation of the caused force and the
system of the equations for the equivalent quadripole of
the multilayer electro magneto elastic actuator, the
forces on its faces in the following form

(10)
}X
p)] |
SEP TR c* § nd
SpSh.Se €' =1c”, y=4y", I=4nh
Sy Si1 +Sis c" H nb
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Figure 3: Generalized structural diagram of multilayer electro magneto elastic actuator

The Laplace transform of the caused force at the longitudinal piezo effect for the multilayer piezo actuator
has the form

F(p):dssSoE's(p)/Ser' (11)
XsEs = S§3/So
The structural-parametric model of the multilayer piezo actuator for the longitudinal piezo effect has the form

o[ o [o s

(12)
i} 1 1 )| diEa(p)- { ! }
2,(p)= s ~-F,(p)+ E sh(ly)
’ # 7 Len(iv)E,(p)-Z:(P)L
For the transverse piezo effect the Laplace transform of the caused force
F(p)z d3lsOE3(p)/SlEl (13)

15 =50/S

The structural-parametric model of the multilayer piezo actuator for the transverse piezo effect has the form

20| i —a@){éj_d“@( o i =)

P 77 eh(v)E,(p)- = (p)]
(14)
Y
Z,(p)= { v 1p2 } -F,(p)+ [XLE dglEs(p)_Lh(lv)} g
i 7 fen(v)E. (p)-E(P)]]
For the shift piezo effect the Laplace transform of the caused force
F(p) =disS, Ei(p)/ssEs (15)

XsEs :SSES/SO

© 2019 Global Journals



The structural-parametric model of the multilayer piezo actuator for the shift piezo effect has the form

4o (p)- [ -
[Ch(“/)ﬂ( )_E

Ez(p):{ 1 dlsEi(p){

M,p

We drew the structural schematic diagram of
the actuator from the generalized structural-parametric
model of the multilayer electro magneto elastic actuator
for the nanomechanics.

[II.  MATRIX TRANSFER FUNCTION

From equation (10) we receive the matrix
transfer function of the multilayer electro magneto elastic
actuator with n the layers in the following form

where [2(p)], W(p)]. [P(p)] are the matrices of the

displacements, the transfer functions and the control
parameters

W(p)=Z,(p) W) = viu Mt} 07+ thlly/2)] /A
1 =S /S

A= MM F (M, + M /e thil)] e +

(M, + M, )ity + 3/ F o7 + 20p/c” + o2

W,,(p)=E,(p)/¥a(p)=v; [M o P2+ yth(ly/z)] /A”_

(p)=

W (p)=Z(p)/Rlp) =2 Mo 07+ 1/th(1y)] /A
(p)=
(

[I]

Wi;(p)=2,(p)/F,(p)=
W, (p)=Z,(p)/Ru(p) = [y /sl A,
(p)/F.(p)- /A

We receive the generalized parametric structural
schematic diagram and the generalized matrix transfer
function from the generalized structural-parametric
model of the multilayer electro magneto elastic actuator
to calculate its static and dynamic characteristics for the
nanomechanics. Let us consider, for example, the
voltage-controlled multilayer piezo actuator for the
longitudinal piezo effect with the inertial load m<<M,,

[I]

W23(p):E2 _le [ le] p +Y/th

2l)

(p)]

Y }
sh(ly)
[eh(v)E, (p)-E,

(16)

(p)L
200 [) vl i =l

WZl(p) sz(p) Wzs(p) :;:((3

Therefore, in general, we have the matrix
transfer function of the multilayer electro magneto
elastic actuator in the form

m<<M, and F(t)=F,(t)=0 and the static

displacements of its faces in the following form

E.;l(w) = !Lrg E.)l(t) = ELT(]) p\Nn( p)(U m/é)/ p

a—0

thus

E)l(oo): dsanm MZ/(Ml + Mz)
and
&, (o0) = limé, (t)=lim pw, (p)(U /8)/ p
a—0
thus
‘iz(oo): dgsnU Ml/(Ml + Mz)
where U, is the amplitude of the voltage, m is the
mass of the multilayer piezo actuator, M,,M, are the
load masses. For the voltage-controlled multilayer piezo
actuator from the piezo ceramics PZT at dy; = 4107
mN, n =8, U =150V, M; = 15kgand M, = 6kg
we obtain the static displacements of the faces of the
multilayer piezoactuator &,(:) = 384 nm, &,() = 96
nm, &,(c0)+&,(e0) = 480 nm.
We derive the transfer function  with
concentrated parameters of the multilayer piezo actuator
for the longitudinal piezo effect with the voltage control

for the elastic-inertial load and one fixed face and its
structural diagram in Figure 4.
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dgn

(19)

T =M, /[c. . CE), gt=a|zc§/[3cE,/M2ice+c§iJ

where U(p) is the Laplace transform the voltage, T,, &,
are the time constant and the damping coefficient,

CE =5,/[s5)) is the rigidity.

U(p) don T 2,(p)
> N TAE > 2 2
1+C, /G5 I7p"+218,p+1

Figure 4: Structural diagram of voltage-controlled
multilayer piezo actuator for longitudinal piezo effect and
elastic-inertial load

Let us construct from (19) the transient
response of the multilayer piezo actuator for the
longitudinal piezo electric effect with the voltage control.
This expression for the transient response of the
voltage-controlled the multilayer piezo actuator for the
longitudinal piezo effect and elastic-inertial load is
determined in the form

&t
e -I—t
E.'(t) =& 1- > ((Dtt + (Pt)
1-¢&
nu,
b= B 0 = I8 /T, g =g {18 [,
1+C /033

where ¢ _ is the steady-state value of displacement and

U, is the amplitude of the voltage. For the voltage-

controlled multilayer piezo actuator with one fixed face
from the piezo ceramics PZT with the longitudinal piezo
effect and elastic-inertial load we obtain at M, — o,

L =60V, dy =410 mN, n =10, M,
= 4kg, Cy = 610" N/m, C, = 0.410" N/m the steady-
state value of the displacement ¢ = 225 nm and the
time constant T, = 0.2510 ® s. The discrepancy

between the experimental data and calculation results is
no more than 5%.

m<<M,, U

IV.  RESULTS AND DISCUSSIONS

We have the equations for the generalized
structural-parametric  model and the generalized
structural diagram of the multilayer electro magneto
elastic actuator. We receive the matrix transfer functions
and the structural diagram of the multilayer electro
magneto elastic actuator from the set of equations
describing the structural parametric model of the
multilayer actuator for the nanomechanics. The solution

© 2019 Global Journals

of the matrix equation for the equivalent quadripole of
the multilayer electro magneto elastic actuator with the
Laplace transform is used for the construction the
structural diagram of the multilayer actuator.

As a result of the joint solution of the general
equation of electro magneto elasticity, the matrix
equation for the equivalent quadripole of the multilayer
electro magneto elastic actuator, and its boundary
conditions we receive the generalized structural-
parametric model and the generalized structural
diagram of the multilayer actuator.

V. CONCLUSION

We consider the generalized structural-
parametric model, the structural diagram and the matrix
transfer function of the multilayer electro magneto elastic
actuator for the nanomechanics. We receive the
structural diagram of the multilayer piezo actuator for the
transverse, longitudinal, and shift piezo effects.

From the general equation of electro magneto
elasticity, the force that causes the deformation, the
system of the equations for the equivalent quadripole of
the multilayer actuator, and the forces on its faces, we
obtain generalized structural-parametric model and
generalized structural diagram of the multilayer electro
magneto elastic actuator for the nanomechanics.
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Development of the Performance
Characteristics of a Vertical Axis Wind Turbine

Adeyanju Anthony A * & Manohar K.° & Poonwassie S.°

Abstract- Performance curves aid in energy assessment and
performance monitoring of wind turbines and can be used as
a guide for turbine applications where a generic comparison
between different types can be made before selection.

This study design, build and carried out a
performance analysis on a lift-type Vertical Axis Wind Turbine
(VAWT). It was discovered that the efficiency of the wind
turbine increased with tip speed ratios. A maximum tip speed
ratio of 1.08 was achieved under limited wind speeds which
meant that the rotational speed of the device was the same as
the wind velocity. This occurred for a rotor solidity of 0.51. This
implied that the wind turbine operated like a drag-type design
since these have tip speed ratios less than or equal to 1.

A maximum efficiency of 24.4% was achieved at this
tip speed ratio. It was also observed that the prototype began
spinning in wind speeds as low as 0.95m/s with no assistance
needed as VAWT are not self-starting and have low starting
torques. There was also an exponential increase in power
output of the wind turbine with increasing wind speeds.
Keywords: efficiency, drag-type, tip speed ratio, solidity.

I. GENERAL BACKGROUND

he performance curve of a wind turbine depicts the
Trelationship between the Efficiency and Tip Speed

Ratio at varying wind speeds and is an important
characteristic of wind turbines. Horizontal Axis Wind
Turbines (HAWT) are the most common types of
turbines presently where they are utilized in irrigation
systems, water pumping and electricity generation.
Despite possessing numerous advantages, Vertical Axis
Wind Turbines (VAWT) are not as common as they have
few drawbacks such as low starting torques required for
operation. Performance curves aid in energy
assessment and performance monitoring of wind
turbines and can be used as a guide for turbine
applications where a generic comparison between
different types can be made before selection. Wind
turbines must operate at their optimum tip-speed ratio to
enhance its efficiency, maximizing the amount of power
extracted from the wind stream. Due to its rarity, a
prototype Vertical Axis Wind Turbine was built and its
performance characteristics are developed and
analyzed upon testing.

II.  VERTICAL AxiS WIND TURBINES

Vertical axis wind turbines incorporate either
straight or curved blades (seen on Darrieus rotors)

Author o o p: Mechanical Engineering Department University of the
West Indies, St Augustine, Trinidad.

e-mail: anthony.adeyanju@sta.uwi.edu,
anthonyademolaadeyanju@yahoo.co.uk

where their axes are spun perpendicular to the wind
stream. Vertical axis wind turbines possess the ability of
capturing wind energy from any direction. Despite this,
vertical axis wind turbines have not benefitted from years
of development that have been undertaken by their
Horizontal axis counterparts (Paraschiviou, 2002). Both
lift-type VAWT and HAWT contain approximately the
same efficiencies however, Horizontal Axis designs are
still commonly used presently. Vertical Axis Wind
Turbines are often classified in accordance to their
aerodynamic and mechanical characteristics, their lifting
surfaces or their movement of the rotor’s blades about a
vertical axis along a path in a horizontal plane. There a
presently four types of vertical axis wind turbines.

i.  Articulating straight-blade Giromill,

i Savonnius Rotor (drag-driven device),

ii.  Variable-geometry Musgrove  which
reefing of the blades and

iv.  The “Jump rope” shaped Darrieus rotor where the
blades are fixed.

The H-Rotor or Giromill as shown in Figure 1 is
a variation of the Darrieus concept and is most
commonly used. It is also a vertical axis type wind
turbine in the shape of an H (Hemami, 2012). The
vertical segments consist of the active blades which are
connected to the output shaft by middle segments
(usually arms). The blades are also constructed with an
airfoil cross-section; hence these types of turbines work
on the principle of lift and have relatively high tip-speed
ratios. These lift forces on the blades create a torque
that enable rotation. When two blades are incorporated
in the design, the H-rotor operation begins to pulsate
since the downward blade moves 180° to 360° wake of
the upwind blade hence capturing less energy than the
other blade. Due to this effect, H-Rotor turbines consist
of three or more blades in the design to allow for
smoother operation.

Vertical Axis Wind Turbines have several
advantages over the Horizontal Axis designs. Some
include:

() Components such as generator or gearbox can be
positioned on the ground or low levels for easy
access and maintenance.

(i) They do not need any yaw mechanism to turn them
in the direction of the wind (Hau, 2006).

(i) Increased safety since components located at low
levels would keep workers away from climbing tall
towers for maintenance and repair purposes.

permits
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Savonius-Rotor

Darrieus-Rotor

H-Rotor

Figure 1: Showing the different configurations of a VAWT

a) Power absorbed in the Wind Streamn

Wind turbines are responsible for the
transformation of kinetic energy available in the wind
stream into mechanical energy. This energy can further
be converted into electrical energy once a generator is
connected to the system (Hansen, 2015). The maximum
available energy, P, once the wind speed attains zero
velocity is theoretically given as follows:

Poo= %prAfo

Where p = density of air in kg/m?,

A = area where wind speed has been reduced,
V7, = velocity of wind in m/s.

This equation is useful as it demonstrates the
increase in power with the cube of the wind as well as
an increase with density and area. However, the velocity
of the wind cannot be reduced to zero hence a power
coefficient, C, is introduced known as the Coefficient of
Performance. This provides the relationship between the
actual power extracted and maximum available power in
the wind. For ideal turbines, a theoretical C, value,

denoted as the Betz' Limit is given as ;—s = 0.593.
Practically, most wind turbines do not operate near this

Lower
prEssure

Wind

limit with modern optimized turbines reaching up to 50%
efficient at most.

b) Wind Turbine Aerodynamics

An object placed in a path of a wind stream
experiences two forces from the wind. These forces are
known as aerodynamic forces and can be broken down
into a lift force and a drag force. Figure 2 demonstrates
a simple rectangular object placed in the path of a wind
travelling. When the wind passes over the plate, the
plate is pushed, and this is due to the force component
that is parallel to the wind direction. However,
depending on the angle of the plate, the incoming wind
causes a pressure difference on both sides. This
pressure difference forces the plate to be pushed
upwards as shown in Figure 2. The component of the
force that is parallel to the wind stream is called the drag
force while the one that is perpendicular is known as the
lift force. One of the main factors that gives rise to this
movement is the angle of attack with respect to the wind
and the object. When the angle of attack is small, the lift
force is greater than the drag force and as the angle of
attack increases, the drag force significantly increases.
Figure 4 shows the lift forces acting on a VAWT in the
wind.

Force marmial to wind direction

Torque

Forze parslizl to wind directon

. %&

pressure

Figure 2: Showing the forces acting on an object submerged in moving air

© 2019 Global Journals



Wind turbines that rely on lift forces to produce
the torque required for rotation incorporates the use of
airfoil blades which are similar in concept to plane wings
as shown in Figure 3. The same concept applies to the
airfoil cross section like that described for the plate
shown in Figure 2. These airfoil blades can provide
larger lift forces that cause a coupling effect, allowing
them to spin quite faster than those that work on the
principle of drag while providing a higher efficiency. The
blades of VAWT can be supported with the horizontal
struts in different orientations. The three main types of
blades support can be categorized as (i) cantilever
support, (i) simple support, and (i) overhang support.
To minimize the parasitic drag, cantilever or one
horizontal supporting strut per blade is preferred
(Ramkissoon, Manohar and Adeyanju 2015). There are a
wide variety of different airfoil cross sections with the
National Advisory Committee for Aeronautics, NACA,
designing many with varying profiles and characteristics.

As shown in Figure 3, the cross section of an airfoil can
be broken down into several parts. These are:

a) Leading Edge — This is the edge where the incoming
air hits the airfoil first.

b) Trailing Edge — This is the edge where the air flowing
over the surface leaves the aerofoil.

c) Cambered Airfoil — Simply known as an asymmetric
type airfoil where the 2 side profiles vary.

d) Chord Line — The line which connects both the
leading and trailing edge.

Wind

Lift force

e) Good airfoils should meet the following
requirements:
- Gradual curves,
- Sharp trailing edge,
- Round leading edge,
- Smooth surfaces,
- High lift to drag ratio.
Thickness envelope
Leading adge
L
'-_._______1!||

Lift force

How the Darrieus
wind turbine works

Resultant airflow (red arrow) forms positive
angle of attack to wing

Py

L2

Airspeed due to rotation

Figure 4: Showing the lift forces acting on a rotating VAWT
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c) Developing the Performance Curves for Wind means of non-dimensional characteristic performance
Turbines curves is most appropriate regardless of its operational
Designing and obtaining the performance conditions. In making assumptions that no deterioration
characteristics of wind turbines are influenced by three  of aerodynamic performance of the rotor blades occurs,
main indicators. These are the variation of power, torque  the non-dimensional aerodynamic performance of the
and thrust with wind speed (Burton, 2001). Power rotor blades will be dependent on the tip speed ratios.
determines the amount of energy captured and The tip speed ratio of a wind turbine is a non-
harmessed by the turbine’s rotor, the developed torque  dimensional factor and is characterized by the
contributes to the sizing of any gearbox required when  relationship between wind speed and rate of rotation of
matching a generator to a turbine’s output while rotor  the rotor. Hence the coefficient of performance, power,
thrust often has significant influence on tower design.  torque and thrust parameters can all be expressed as a
Hence assessing and expressing the performance by  function of tip speed ratios.

The Coefficient of Performance, C, of a wind turbine can be obtained from the equation:

C _ Pour _ Pout
P P. 05xpxAxV3

Where P, is the output mechanical power from the turbine (Watts),
P..is the power input from the wind stream (Watts),
p is the air density at area of operation (kg/m®)
A = rotor area (m?)
V = velocity of the wind (m/s).
The Tip-Speed Ratio can be calculated as follows:

rxw
M=o
where r = radius of rotor (m),
® = rotational speed of turbine (rad/s),
V = velocity of wind (m/s).

The maximum theoretical efficiency of a wind blades of a wind turbine contributes to another non-
turbine is given by the Betz' Limit of approximately 59%  dimensional parameter known as solidity. Solidity is
(Ragheb, 2014). known as the ratio of blade area to the rotor swept area.

However, most wind turbines in practical Horizontal Axis Wind Turbines with a low
operate below this limit and this is shown in Figure 5 number of blades are categorized as low solidity rotors
where the performance curves for various turbines were  which constitutes to a low fraction of the solid area
developed. For 2-bladed turbines, it can be observed swept by the turbine’s rotor. Due to this, the rotor must
that the maximum efficiency achieved is 45% at an  now spin faster to extract maximum power from the wind
operational tip-speed ratio of 0.6 while efficiencies of  since most of the wind passes unperturbed through the
10% and 22% are achieved at its cut-in and cut-out several gaps in the fewer blades present at low speeds.
speeds respectively. Hence this data provides an The faster moving rotor would increase the solid area
indication that the turbine should operate at its optimum  swept by the blades hence allowing the wind turbine to
tip-speed ratio to maximize efficiency. The number of  properly hamess the energy available.
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Figure 5: The Coefficient of Performance and Tip Speed Ratio Curves for Various Configurations of Wind Turbines
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III.  METHODOLOGY

A small model was designed and built for
testing as shown in Figure 6. NACA 0018 cross-section
was chosen to create the airfoil blades due to its thick
cross-section and ease of manufacture. The airfoil

Hub

Retar Arms

coordinates were generated online using NACA's Airfoil
Plotter and the shape of the airfoil was produced with a
chosen design chord length of 0.13m as shown in
Figure 7.

MACA 0018
Arfail Blades

Turkine Shaft

IMaotor Shaft

Used alr
conditioning motar
with inner bearings

Table

Figure 6: Showing a labelled drawing of the Final Design

Cedar wood was used to construct the blades
due to its high strength to weight ratio and its ability to
be easily carved into its required shape. Aluminum was
the chosen material for the shaft, hub and rotor arms
where a hollow 0.038m diameter pipe was used for the
shaft at a design length of 0.66m. The hub was
constructed using a standard 0.10m thick aluminum
sheet with a chosen design diameter of 0.23m. Three
hollow aluminum bars measuring 0.03m x 0.01m were
used for the rotor arms at a length of 0.36m each. Each
blade was mounted onto the arms via two L-shaped
aluminum brackets at their centers. The brackets were
adjusted to ensure that the blades’ chord line was
perpendicular to the rotor arms.
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Airfoil | NACA 0018 v

Coordinates yncn 0018
1.0000 0.00189
0.9500 0.01210
0.9000 0.02172
0.8000 0,03935
0.7000 0.05496

Chord (mm) 130

Radius (mm) D
Thickness (%)
Origin (%)
Reverse D
Invert []
Data box [
X grid (mm)
Voasid et T2 1

Figure 7. NACA 0018 Airfoil Cross-Section and
Coordinates

To allow for rotation, a used air-conditioning
motor was used where the wind turbine’s shaft was fixed
onto the motor’s shaft. The motor’s shaft was mounted
onto the motor bearings found inside. This was selected
due to ease of rotation and lack of friction generated by
the inner bearings. The entire wind turbine was then
bolted onto a wooden table with steel legs of 0.77m tall
which was fixed onto the ground during testing for
increased height and stability. The height of the entire
device including the table measured approximately
1.7m. A Solid Works simulation of the rotor arms is
provided in Figures 8, 9 and 10. Figure 8 shows the
stress analysis of the rotor arm, Figure 9 the factor of
safety while Figure 10 highlighted the displacement plot.



Mod el name: Mew Arm:

Study name: Static 1i-Default]

Piot type: Static nodal stress Stresst
Deformation scale: 518491
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Figure 8: Stress Plot of the rotor arm on SolidWorks Simulation

The Stress Plot of the rotor arm obtained on
Solid Works Simulation highlighted that the maximum
stresses induced in the component due to the weight of
the blades did not exceed the yield strength of the
material used. This showed that the arms did not fail
under the required loading.

From Figure 9, it can be shown that a minimum
factor of safety of 2.3 was achieved from the program. A

Model name: New Arms

Study name: Static 1f-De fault-]

Plot type: Factor of Safety Factor of Safetyd
Criterion : Autem atic

Fator of safety dutdouLion: Min FOS = 2.3

factor of safety of 3 was utiized for the design
calculations with both sets of values being almost
consistent. The maximum deflection of the arm was
found to be 6.945 x 107%°*mm as shown in Figure 10.

When conducting the simulation, a fixed-joint
was used in the program while a static load of 6.11N
was applied to the free end where the blade is to be
positioned.

E. 309+ 002
5. T8Se+ 002
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WM. TITe+ D2
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Figure 9: Factor of Safety Plot on Solid Works Simulation
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Deformation scale: 516491
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Figure 10: Displacement Plot on Solid Works Simulation
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DEVELOPMENT OF THE PERFORMANCE CHARACTERISTICS OF A VERTICAL AXIS WIND TURBINE

a) Experimentation and Data Collection

The wind turbine was tested on a hill top at
Gran Couva, Trinidad so as to achieve a wide range of
wind speeds for data analysis. The hill top was selected
due to the absence of buildings and structures which
contribute to wind shear and turbulence of the wind.
To obtain the power output of the wind turbine at
different wind speeds, a simple dynamometer system
was constructed as shown in Figure 11,

A spring scale was used to measure the force
output as opposed to a self-calibrated spring since the
spring balance had already been calibrated from the

% factory and would produce more accurate results. A
» simple spring was also not utilized because upon
.2 extension, the spring can sag at the center due to its it
horizontal layout, affecting the readings. A small rubber
belt of circular cross-section was chosen. Figure 11: Showing the dynamometer built
. Table 1: Showing the measured values of rotational speed and mass reading at different wind speeds
e}
f Wind Speed (m/s) Revoluho(g; '\pA?r minute  Mass Rgggl;gg(]kog? Spring Force (N)
g 0.95 10.50 0.060 0.59
= 1.12 20.63 0.080 0.78
1.44 25.02 0.12 1.18
1.84 34.38 0.22 2.16
1.93 36.38 0.24 2.35
2.67 55.95 0.42 412
3.14 59.97 0.60 5.89
3.68 83.08 0.72 7.06
415 107.05 0.80 7.85
4.24 119.37 0.80 7.85

A flat-type rubber belt provided too much
friction with the rotating pulley mounted onto the shaft,
creating a “jumping” action during contact. Hence a thin
rubber belt of circular cross section was settled upon
which provided sufficient frictional contact with the
pulley. The spring scale was bolted onto a wooden
block where one end of the belt was attached, and the
other end connected to a hand-adjustable wooden
block. The angle of wrap was varied to ensure sufficient
frictional contact of the belt was made with the pulley
during rotation.

The force exerted by the turbine’s shaft and
rotational speed of the shaft were recorded at different
wind speeds as shown in Table 1.

Since parameters such as wind speed,
rotational speed and force output needed to be
measured simultaneously, three persons were involved
[ inrecording the values. The results obtained were then
utilized in obtaining the Tip Speed Ratios and
Efficiencies of the wind turbine at different wind speeds
as shown in Table 2.

Global Journal of Researches in Engineering (A) Volume XIX

© 2019 Global Journals



Table 2: Showing the calculated values of Tip Speed Ratio and Coefficient of Performance

Tip Speed Ratio (TSR)

Coefficient of Performance (%)

0.44

0.69
0.73
0.75

0.76
0.78

0.84

0.89
1.02
1.04

IV.  RESULTS AND DISCUSSION

Based on the results obtained from Table 2, a
graph of Coefficient of Performance against Tip Speed
Ratio was plotted as shown in Figure 12. This figure
provides information on how the efficiency of the turbine
varies with a non-dimensional parameter known as the
tip speed ratio. Vertical Axis Wind Turbines (VAWT)

30
25
-Bo\c’
=3 2
c =
o
O 3
OE 15
e
0L g9
S @
O
o 5
0

14.80
19.61
22.90
23.60

23.00
24.00

24.08

23.40
23.40
24.40

operating on the concept of lift usually have tip speed
ratios greater than 1 which implies that they are capable
of rotating faster than the wind stream. The graph can
also be used to determine the optimum operating
conditions of the wind turbine. This is where at a certain
value of tip speed ratio, the wind turbine has the highest
efficiency and must be designed to operate in these
conditions.

0.6 0.8 1 1.2

Tip Speed Ratio

Figure 12: Graph Showing the Coefficient of Performance against Tip Speed Ratio

However, the optimum conditions of the
prototype were not obtained due to a limited range of
wind speeds available during testing. As shown in
Figure 12, there is an increase in turbine efficiency with
an increase in tip speed ratio. However, due to practical
conditions the absence of a wide range of wind speeds
limited the results obtained hence a maximum tip speed
ratio of 1.08 was achieved with a coefficient of
performance of 24.4%. This was achieved for a rotor
solidity of 0.51.

At low tip speed ratios, less than 1, it can be
observed from Figure 13 that the wind turbine generally
has low efficiencies. This occurs because the rotor spins
quite slowly, allowing the incoming air to pass through
the gaps in the rotor. Hence, the wind turbine is not able
to maximize the energy from the wind. The efficiency
increases with tip speed ratio until it reaches its
optimum conditions. This is usually represented by a
peak in the curve as shown in Figure 13.
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Figure 13: Showing the plot of Coefficient of Performance against Tip Speed Ratio for a 3-bladed Horizontal Axis
Wind Turbine

After reaching its optimum operating conditions,  could have played a part in limiting the power output
the efficiencies tend to decrease with increasing tip due to slippage between the belt and rotating pulley
speed ratios despite the turbine spinning at high  inducing power losses and affecting the efficiency of the
speeds. This occurs because the rotor rotates very device at varying wind speeds. The presence of the
quickly acting as a solid wall. The incoming wind is now  rotor arms could have also affected the air flow over the
blocked from penetrating the turbine’s rotor and the airfoil, therefore inducing losses and affecting the
turbine is not able to harness enough energy from the  efficiency of the device.
wind.  Theoretically, wind turbines can extract Vertical Axis Wind Turbines are known to have
approximately 59% of the wind energy. low starting torques where some of them make use of a

Based on the results obtained, the maximum  starter motor for rotation to commence. Upon testing the
efficiency of the turbine under limited testing conditions  prototype, it was found that the wind turbine started
was found to be 24.4% with the potential to be more  spinning at a wind speed as low as 0.95m/s. No
efficient at higher wind speeds and tip speed ratios. A assistance was given to the device to start spinning. A
fairly low rotor solidity of 0.51 provides an indicator of  graph of power output against wind speed for the
the potential of the wind turbine to attain higher prototype was plotted as shown in Figure 14.
efficiencies. The use of the handmade dynamometer

»

w

=
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Figure 14: Graph Showing the Power Output against Wind Speed

It can be observed that the wind turbine started For an increase in wind velocity, it can be
producing power at approximately 1.5m/s where there is  observed that there is an increase with the tip speed
an exponential increase of power generated by the ratios as well as shown in Figure 15.
device with increasing wind speeds. The tip speed ratios increase up to

approximately 1.08 at a wind speed of 4.24m/s. This
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means that the wind turbine was spinning about the
same speed of the wind which is not consistent with lift-
type devices. However, at higher wind speeds, there
could have been higher tip speed ratios, greater than 1,
indicating that the turbine is rotating quicker than the
speed of the wind.

At high tip speed ratios, usable power can be
extracted from the turbine for generating electricity.

At high speeds, wind turbines are subjected to
high stresses that can cause the components to fall

1.2
1
0.8

©
>

Tip Speed Ratio

o

apart. Wind turbines are usually designed with stall, a
similar concept experienced by aircrafts. Wind turbines
can either be stall-regulated or pitch-regulated. Pitch-
regulated wind turbines usually consist of an active
control system where the pitch angle is varied. This is
performed by turning the blade about its own axis where
the torque and rotational speed are significantly reduced
at high wind speeds.

2.5 3 3.5 4 4.5

wind Speed (m/s)

Figure 15: Graph Showing Tip Speed Ratio against Wind Speed

The blades pitch, causing turbulence of the
wind flowing over the airfoil surface breaking up the lift
and inducing drag forces. Pitch-regulated wind turbines
experience increasing power up to rated wind speed
after which the power output remains constant. Stall-
regulated wind turbines however, depend on their blade
design to reduce lift forces at high wind speeds,
reducing the power output of the turbine. A stall
mechanism was not incorporated in the prototype and
the rotating turbine was decelerated and stopped by
hand due to the absence of a braking mechanism.

V. CONCLUSION

The main objective of this project was to
design, build and test of a Vertical Axis Wind Turbine
(VAWT). A lift-type device was constructed, and two
days of testing were performed at a hill-top. Upon
testing, the following data was obtained:

The wind turbine began spinning in wind
speeds as low as 0.95m/s.

There was an increase in turbine efficiency with
tip speed ratio which was consistent with existing lift-
type turbines.

Under limited wind speeds, a maximum tip-
speed ratio of 1.08 for a rotor solidity of 0.51 was
achieved which meant that the turbine was spinning just
as quickly as the wind. However, lift-type VAWT usually
have tip speed ratios greater than 1 and this could have
been obtained at higher wind speeds.
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Vacuum Assisted Climbing Device

Shyam Lal Sharma * & Shahzad Ali °

Absiract- Vacuum Assisted Climbing Device is a new way to
climb vertical surfaces like wall, buildings easily and faster
than the conventional methods like ladders and ropes etc.

This device works on the vacuum to climb the vertical
surfaces as its name indicate and this vacuum is utilized by
two suction pads which are available in the hands of the
climber and the suction pads are connected with the suction
motor (vacuum pump) with the hoses.

With the help of vacuum suction pad we can climb
vertical surfaces like wall easily and without causing damage
to the contact surface, their suction force should be designed
by considering both external condition and the loads of
working equipment.

In this project we performed a basic experiment on
the vacuum suction force of suction pads attached to a
vertical wall under various load condition.

This mechanism enables a person to climb up wall
and remain suspended with no handholds.

Keywords:  suction pads, vacuum pressure (suction
force), suction motor (vacuum motor).

. [NTRODUCTION

acuum Assisted Climbing Device is a wall climbing
\/maohine which uses vacuum as a source to climb

the vertical surface through the suction which
utilizes the vacuum, created by the vacuum pump
(suction motor).

This is a wall climbing machine which uses its
vacuum pumps (suction motor) to produce a grip
against the wall surfaces. It can climb up to any height
on any surface including glass, brick or without a rope.
But the most important element was to come up with
technology that can grip to any vertical surface.

So we developed this machine which is made
from two pads and suction motor which are connected
to each other with the hoses for air suction and wire for
the electrical supply. The pads are made up of MDF
(medium density fiber) board and the latex rubber.

The suction pads are designed after the
pressure and force calculation which is done by using
the pressure at the end of the suction line and the area
of the suction pad (inner and outer area of the pads
have to be measured) .

As we know in the many industries suction pads
are used for material handling even in robotics the
suction cups are used to hold the object and provide a
complete grip to the user.

Authora o Assistant Professor Department of Mechanical Engineering
Noida Institute of Engineering and Technology, Greater Noida, UP,
Indiia. e-mail: shyambash2009@yahoo.in

Thus we design the suction pad which are
connected to the suction motor which sucks the air from
the pad’s inner area and create the vacuum which
enable the pad to stick on the wall without damaging it
and provide a proper grip to the user.

The effectiveness of the pads are totally depend
on the vacuum pump and the area of the pad and the
material of the rubber which works as blocking agent or
make the pad leakage free.

The rubber which we use to make the pad is
latex rubber which has good water and temperature
resistant property and is stronger than the natural rubber
which also increases the life and the efficiency of the
pad.

We have tried to make the complete device as
light as it possible which allow the user to make irritation
less effort to climb the vertical surfaces, and we use the
synthetic plastic strips to make the leg linkage which is
used to tow the heavy loads like vehicle and heavy
containers as we need to carry all the load on a single
pad with this linkage on hold position or while stepping
upward.

We can climb the wall by using the ON/OFF
switch which is provided near to the handle of the pad
by active and inactive the pad with this switch along with
the movement of the corresponding leg linkage.

II. METHODOLOGY

After some research, a human climbing
mechanism known as PVAC (Personnel Vacuum
Assisted Climber) engineered by Utah University UG
students was found. As papers about their work were
not available, a from-the-scratch approach was adopted
for designing.

To check the feasibility of the we perform an
experiment with the suction pad which was made up of
plywood and the home vacuum cleaner pump, which
was enable to stick on the wall. The initial prototype
system could bear a load of up to a 100kg, which was
encouraging.

The dimension of the suction pads were
obtained from design analysis and for this reverse
engineering approach was adopted in designing the
equipment.
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Fig. 2.1: Front view of suction pad while looking from face and the rubber used in the suction pad.
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Fig. 2.3: Climbing with the help of VACD
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[1I. COMPONENTS OF VACUUM PSSISTED [t creates the connection between vacuum

CLIMBING DEVICE pump and the suction pad which help and provide a
path to the vacuum pump to suck the air from the pad
a) Vacuum pump (Suction motor) cavity.

It is the heart of the system which runs the
complete system by creating the vacuum in the
suction pad cavity, which allows the pads to stick on the
surface of the wall with the help rubber.

c) Suction pads
Suction pads are the second most important
part of the system by which a climber can climb the wall
and whole weight would be bear by the suction pad at
b) Electric source and wires halt position, thus it must be strong enough to bear a
An A.C power supply has to provide the system  sustainable load of the climber and some objects that
so that vacuum pump (suction motor) can run and  would be carried by the climber.
whole system can start their function.
3. Hose pipelines

supply create

Fig. 3.1: Block diagram of a vacuum assisted climbing device working component

IV. DESIGNING PARAMETERS the motor is measured. A vacuum gauge is used for

. . . finding the pressure at the suction end.
In order to find the maximum normal load acting

on the equipment, the vacuum pressure generated by
Vacuum pressure at the end of the suction line

= 200mmHg (mm of mercury) (note TmmHg= 0.00133bar)
= 200mmHg = 0.26675 bar.

Standard atmospheric pressure (P.atm) = 1.013 bar
Absolute pressure at the end of suction line (Pab)
=(Standard atmospheric pressure)—(vacuum pressure at the end of suction line).

=(1.013 - 0.2667)
= 0.7462 bar.

Area of suction pad
Inside area = 0.2794x0.2286 m2 = 0.0638m2
Outside area = 0.3556 x 0.3048 m2 = 0.108 m2

0.3048 m

A
v

0.0381 m

O O 7

0.3556 11

-

Fig. 4.1: Pads Dimensions Pressure Force

© 2019 Global Journals

(A) Volume XIX Issue II Version I E Year 2019

ol ring
1neer lnb

&S

Global Journal of Researches in En



Global Journal of Researches in Engineering (A) Volume XIX Issue II Version I E Year 2019

Pressure Force

Pressure Force = Pout X A out —Pin X Ain
= (1.013 X 0.108 - 0.7462 x 0.0638)
= (10940.4-4760.76) N
= 6179.64 N~6000 N

Maximum normal load

Maximum normal load (in kg) = 6000/ 9.8
= 612.24 ~600 kg.

There is a safe altitude up to which the
equipment can safely operate. Also it depends upon the
load acting on equipment. Since he machine has an
ultimate normal load capacity of 600 kg, margin of 200
kg is given. SO the ultimate is 400 kg.

Safe load

Assuming factor of safety= 3

Note:-As per standardization we need to take higher
value of the fos for lifting device thus we take it 3.

Safe load = 400/3
=133.33~120 kg
= 120 Kg

V.  FABRICATION
a) The properties of the rubber used for pads

1. Latex rubber is generally made up of around (55 to
65)% water and (30 to 40)% of rubber material.

2. It also contain sugar, resin, protein and ash, it
undergoes exposure to sulfur, carbon black and oil
which make the latex stronger.

3. The most ideal working temperature range is
between -55 degrees Celsius and 82 degree
Celsius.

4. Itis water resistant and stronger than natural rubber.

b) Procedure to make pads and the complete device

e Firstly cut the MDF (Mean Density Fiber) board in
the desired dimensions.

e Then cut the latex rubber in the desired dimensions.

e Then drilled a hole of 0.0508m in the board to fix the
hoses.

e Then remove some material from the MDF board
where the rubber needs to be fixed, with the help of
emery paper.

e Then paste the latex rubber with the help of araldite
and clamp them for overnight and let it dry.

e Once the rubber is pasted on the board then make
the wire and hose connection with the vacuum
motor (suction motor).

e Add an ON/OFF switch on the each pad.

e In this device two vacuum pump and two pads are
used.

© 2019 Global Journals

VI. CONCLUSION

Firsty we have tested the pad with suction
motor having the capacity of 600W but there was some
leakage in the pad thus test was failed then we had
glued the rubber on the plywood pad again to remove
the leakage.

Second time we used the suction motor having
capacity of 1500W and we used MDF (Medium Density
Fiber) board which is light in weight and has good
strength to carry load and design the pads as per the
calculation after the final test we conclude this vacuum
assisted climber is the best option for the wall climbing.
This vacuum assist wall climber gives chance to carry
heavy work to the climb and its bonding would
withstand 100kg load.

We make the entire system with less weighted
and aesthetics and ergonomic consideration this assist
wall climber reduce the human efforts. The equipment
provides high load carrying capacity. The designing and
testing stages were successful and performance of the
equipment was found excellent.

The future scope of the equipment includes
addition of the individual sensors in each suction pad
and addition of the compact batteries.

Each time suction pad and adhere to surface,
the pressure inside the suction pad varies. It is
necessary to ensure that the suction created is sufficient
for holding the weight.

Another scope is addition of compact high
power batteries. This will increase the flexibility of the
operation. Also addition of battery level sensor is a need
to indicate battery level.

In the future the mechanism can be automated
with the help of sensors and the artificial intelligence
which may increase its durability and the life of the
machine.
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2 The IBOARS can organize symposium/seminar/conference in their counuy uii veiian v
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 VA
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
.1, 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
ﬁ. meminstitute to function as Regional/Zonal office on our behalf.
“F®The board can also take up the additional allied activities for betterment after our
consultation.

The following entitlements are applicable to individual Fellows:

Open Association of Research Society, U.S.A (OARS) By-laws states that an individual
Fellow may use the designations as applicable, or the corresponding initials. The
Credentials of individual Fellow and Associate designations signify that the individual
has gained knowledge of the fundamental concepts. One is magnanimous and - .
proficient in an expertise course covering the professional code of conduct, and """'::Jff;f}“
follows recoenized standards of practice.
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o Open Association of Research Society (US)/ Global Journals Incorporation (USA), as
...'( r described in Corporate Statements, are educational, research publishing and
ALt i anni= brofessional membership organizations. Achieving our individual Fellow or Associate
status is based mainly on meeting stated educational research requirements.

Disbursement of 40% Royalty earned through Global Journals : Researcher = 50%, Peer 1

Reviewer = 37.50%, Institution = 12.50% E.g. Out of 40%, the 20% benefit should be

passed on to researcher, 15 % benefit towards remuneration should be given to a |
reviewer and remaining 5% is to be retained by the institution. ﬁ:‘

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our
38 journals worth $ 2376 USD.

Other:

The individual Fellow and Associate designations accredited by Open Association of Research
Society (US) credentials signify guarantees following achievements:

> The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame,
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)

e This individual has learned the basic methods of applying those concepts and techniques to
common challenging situations. This individual has further demonstrated an in—depth
understanding of the application of suitable techniques to a particular area of research
practice.

Note :

”
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In future, if the board feels the necessity to change any board member, the same can be done with
the consent of the chairperson along with anyone board member without our approval.

In case, the chairperson needs to be replaced then consent of 2/3rd board members are required
and they are also required to jointly pass the resolution copy of which should be sent to us. In such
case, it will be compulsory to obtain our approval before replacement.

In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLiCY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e  Writings

e Diagrams

e Graphs

e lllustrations

e Lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of 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.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

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.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative 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) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

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

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning 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 a
research paper?” Then consider synonyms for the important words.

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

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be 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. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). 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.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. 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.

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

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. 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 for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

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

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
qguotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon 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 for 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 of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

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 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 avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

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

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite 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 approaches 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. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a 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 limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity 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.

O O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

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 for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, 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 soundly written procedures segment allows a
capable scientist to replicate 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 to give the least amount of information that would permit
another capable scientist to replicate 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 section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show 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:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

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

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

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

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 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 as 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. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

O Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or

manuscript.
What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do not include raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

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

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an 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 implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully 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 the prospect, and let it drop at that. Make a decision as to whether each premise is supported or 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.

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

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of 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?

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

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.

. © Copyright by Global Journals | Guidelines Handbook

XVIII



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

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

A-B

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
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

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

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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