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STRESS ANALYSIS OF GLASS FIBRE REINFORCED COMPOSITES USED IN
WIND TURBINES

Kalyana Chakravarthy P!,Dr. Raghunandana.K?
!Assistant Professor Sr. Scale Dept. of Mechatronics, Manipal Institute of Technology,

Manipal,

Abstract—Wind turbines transform kinetic
energy in the wind into electrical energy. Glass
fiber Reinforced Polymer Composite (GFRP)
have seen to be the best option for the wind
turbines blades due to their high impact
strength, light weight and high strength to
weight ratio, etc. The objective of this of this
paper is to study and analyze the mechanical
behavior of GFRP composite specimen
subjected to three point flexural loading
conditions. GFRP was modeled in ANSYS using
SHELL 9lelement. Loading conditions were
simulated and results were recorded. GFRP
specimens were fabricated as per ASTM D790
dimensions using hand lay-up process and
subjected to three point loading conditions in
Instron material testing machine and results
were recorded. Simulation results were
validated with the experimental results. Study
confirms that defining matrix and fiber bonding
properties in SHELL 91 element may lead to
good agreement between the simulation and
experimental results.

Index Terms—Ansys, composite, glass-fiber,
hand lay-up, Instron, material testing, matrix.

2Professor Dept. of Mechatronics, Manipal Institute of Technology, Manipal,

I. INTRODUCTION

Composites are materials consisting of two or
more chemically distinct constituents on a
macro-scale, having a distinct interface
separating them and with properties which
cannot be obtained by any constituent working
individually. Composite contains matrix and
reinforcement materials. The reinforcing fibre
provides strength and stiffness to the
composite, whereas the matrix gives rigidity
and environmental resistance. Typically,
composite material is formed by reinforcing
fibres in a matrix / resin. The reinforcements
can be fibers, particulates, and the matrix
materials can be metals, plastics, or ceramics.

Polymer composites use thermoset or
thermoplastic resins. In case of GFRP
composites, glass fibres are reinforced in the
polyester resin the reinforcing fibres constitute
the backbone of the material and they
determine its strength and stiffness in the
direction of fibres. The main advantage that
enables the widespread use of glass fibres in
composites are its competitive  price,
availability, good usability, ease of processing,
high strength and other convenient properties
[1]. The most common glass fibres are made of
E-glass and S-glass. E-glass is the least
expensive of all glass types and it has a wide
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application in fibre reinforced plastic industry.
S-glass has higher tensile strength and higher
modulus than E-glass. However, the higher cost
of S-glass-fibres makes them less popular than
E-glass. The E-glass fibre is a kind of glass fibre
with low alkali, excellent strength, stiffness,
ductility, insulation, heat resistance and
moisture resistance. E glass is the primary
reinforced material of wind turbine blades,
having low cost and good applicability. It is a
better match with many resins, and the
molding process. However, as the density of
the E-type fiber is large, it is generally used in
smaller blades about 22 meters [2].

Table 1.1 shows the mechanical properties of
different glass fibres.

Tensile Tensile
Type strength | modulus m::;l:'\\ Elonf:llon
/GPa iGPa_| ®

popegles | 5 74 254 2
Sopeshs | 4 90 25 40

e
Carbon fiber 5.5 294 1.76 1.9
Aramud fiber 28 124 1.44 28
:_’l;“le}l'.erll)'leue 30 173 097 27

i et
Basalt fiber | 3.0—~4.8 7o 2.80 3.1
93.1

Table 1.1 Mechanical properties of different
glass fibres.

Wind turbine blades are subjected to external
loading which includes flap-wise and edge-wise
bending loads, gravitational loads, inertia loads
due to pitch and acceleration, as well as
torsional loading. The flap-wise loads are
caused mainly by wind pressure, while
edge-wise load is caused by gravitational force
and torque load.

The flap-wise and edge-wise bending loads
cause high longitudinal tensile and compressive
stress in the blade material. The up-wind side is
subjected to tensile stresses, while down-wind
side is subjected to compressive stresses [3].
Also environmental conditions such as
moisture, icing, heat, rain, chemical corrosions
etc. have considerable effect on the life of wind
turbine materials.

Because of the above prevalent different types
of loads acting on wind turbine blades

advanced composites like GFRP are commonly
used in blade construction. Traditional E-glass
fiber (70-75% by weight) bonded with epoxy or
unsaturated polyester resin is the most
common resin because it is easier to process,
needs no post-curing and is less expensive,
Carbon fibre bonded with polyester provides
high stiffness and less weight but mainly used
for longer turbine blades. Epoxy resin is
preferred to polyester for fabricating longer
blades for its better tensile and flexural
strength. Polyester is easier to process, needs
no post-curing and is less expensive.
Polypropylene is a new emerging trend in
thermoplastic wind turbine blades as it is
having an advantage of recyclability [1].

Il. FINTE ELEMENT ANALYSIS

Finite element analysis is used to study the
behavior of an actual GFRP composite material.
Element, SHELL 91 of ANSYS has the following
features

e 8-Node Element.

* Non-Linear Structured Shell.

e Layers Permitted-100(Max.)

e Large Strain Capabilities.

e Suitable for laminates and sandwich

structures

To ensure that the model created is an
accurate mathematical model of a physical
prototype, Glass fiber is laid up in a
uni-directional manner in the matrix. CADEC
Matlab based software is used to calculate
mechanical properties like Young's Modulus,
shear modulus, and poisson’s ratio. Rules of
mixtures are applied to calculate the effective
mechanical properties. Graph 2.1 shows the
young’s  modulus for  Polyester-E-Glass
composite for various fibre volume fractions.
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Table 2.1: Polyester-E Glass Young’s Modulus
for different volume fractions

Polyester-E-Glass composite was modeled in
accordance with the Instron Machine setup
used for Flexural Analysis. Therefore a 3-point
Bending test setup was applied in ANSYS. The
load applied was 364.92 N at the middle nodes
while at the supporting nodes all DOF are
constrained. The composites were modeled
using volume fractions of 0.16 and 0.30. Figure
2.2 and 2.3 shows the stress analysis of 0.16
and 0.3 volume fraction Polyester-E-Glass
composite performed in ANSYS. The ANSYS
model and fabricated specimen have same
dimensions, number of layers, fiber
orientation, volume fraction and thickness.
Subsequently the models were subjected to
loads and the nodal solution such as Von Mises
Stress was obtained. Figures 2.2 and 2.3 show
that the colour pattern observed is in
alignment to the stress intensity at that
particular region. Ex: Red indicates a highly
stressed region whereas the dark blue
represents a low intensity region.

Figure 2.2: Finite element analysis of 0.16
volume fraction Polyester-E-Glass composite

Figure 2.3: Finite

volume fraction Polyester-E-Glass composite

The Polyester-E  Glass specimens were
prepared by hand layup process which is
low-cost and the most common processes
employed for manufacturing wind turbine
blades using fiberglass composites. A release
agent, usually in either wax or liquid form, is
applied to the chosen mold. This will allow the
finished product to be removed cleanly from
the mold. Resin — typically a 2-part polyester or
epoxy is mixed with its hardener and applied to
the surface. Sheets of glass-fibre matting are
laid onto the mold, then more resin mixture is
added using a brush or roller. The material
must conform to the mold, and air must not be
trapped between the fibre- glass and the mold.

Specimen Preparation and Testing
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Additional resin is applied and possibly
additional sheets of fibre-glass. Hand pressure,
vacuum or rollers are used to make sure the
resin saturates and fully wets all layers, and any
air pockets are removed before the resin starts
to cure. Figure 3.2 shows the hand layup
process.

Dry reinforcement

Geal coat

Figure 3.2: Schematic of hand layup process
Figure 3.3 shows the photograph of
Polyester-E-Glass composite specimen having
0.16 and 0.3 volume fraction of fibres oriented
along the length of the specimen. As per ASTM
D790 specimens of dimensions 127x17.5x3.9
mm were prepared by hand lay-up process as
discussed above.

Figure 3.3: Photograph of Polyester-E-Glass
composite specimen
Instron Universal Testing Machine (UTM) was
used for experimental stress analysis of the
Polyester-E-Glass composite samples prepared
by hand lay-up process. This testing machine
meets the testing standards according to ASTM
D790. The machine is also used for testing
various types of polymer matrix composite

specimens according to the necessary type of
loading requirement. Various jigs are provided
for suitable mounting arrangements of the
different specimens like tensile, shear, bending,
short beam etc. Figure 3.4 shows the
photograph of UTM. The machine consists of a
cross head jaw which is fixed between two
railings. The cross head is used for applying
weight on the specimen when subjected to a
particular loading. This crosshead weight
applied on the specimen is controlled by a
parameter called cross head speed or jaw
speed. The crosshead is pneumatically
controlled.

— Crosshead

Impact Roller

'

Support Rollers

Figure 3.4 Photograph of Instron UTM

The machine is integrated with a computer and
software called “Instron Suite”. This is used to
run the test machine by using input parameters
of the sample test specimen such as span
length, width, thickness and cross head speed
(Z). The cross head speed, when set, will start
the cross head to impinge downwards onto the
surface of the specimen and the moment it
makes contact with the surface, the software
will display real time bending strength variation
up to the point of fracture. The variation can be
observed clearly by looking onto the computer
screen where the material deformation is
monitored at each instant of time period. For
this study, the jig of standard three point
flexural test was selected; the specimen is
placed on the two supports at a particular span
length as shown in figure 3.4. The span length
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of 64 mm was used for the experimentation.
Once the specimen is placed, the cross head
jaw is brought in contact with the surface and
the jaw speed is set into motion at a particular
feed rate (mm/min). Here for the
experimentation, feed rate was set at 1.8
mm/min. Experimental values of flexural
strength, flexural modulus, graph of flexural
stress vs flexural strain, maximum load up to
the point of fracture were recorded.

Three Polyester-E-Glass composite samples
with fibre volume fraction of 0.16 were named
as specimen A, B and C and were subjected to a
3 point Flexural/Bending Test in the Instron
machine. The load was applied up to the point
of fracture and the parameters such as flexural
strength, flexural modulus, and maximum load
at the point of fracture for each specimen was
obtained from the machine were recorded. The
specimen D without fiber reinforcement was
also prepared and subjected to testing to
confirm the influence of the fibre in increasing
the strength of the composite. All the data
obtained  during  experimentation  and
simulation are recorded and tabulated in
section IV.

IV. Results

The simulation results and experimental results
obtained for 0.16 fibre volume fraction were
recorded. Figure 4.1,4.2 ,4.3 and 4.4 shows the
Instron UTM plot of flexure stress vs flexure
strain for sample A, sample B, sample C and
sample D respectively. Table 4.1, 4.2, 4.3 and
4.4 shows the Instron UTM stress analysis data
of sample A, sample B, sample C and sample D
respectively. Table 4.5 shows the CADEC
software results which were used for ANSYS
analysis. Table 4.6 shows the stress analysis
results of ANSYS simulation and table 4.7
shows the summary of stress analysis results
obtained by Instron UTM machine.

Flex Test

60

Flexure stress (MPa)

0 1 2 3 4 5 6 7
Flexure strain (%)

Figure 4.1: Instron UTM plot of flexure stress vs
flexure strain for sample A

Maximum Load  Flex Modulus Hm’eégfjfealto::lmum Thickness Width
) (1pa) (1pe) () (mm)
I 1B 390000 1750000
W 75 390000 1750000
Hean WIS 801t 3.90000 17,5000
Sl | osss 42006 6334109 000000 000000
Devigtion i i S i !
Mnimum | 1280 20108 U3 390000 17,5000
Maimm | MBS 1By 330000 17,5000

Table 4.1: Instron UTM stress analysis data of
sample A

Flex Test

Flexure stress (MPa)
M A o ®m O N B
o 5 53 8 & 8 8 &

)
S

0 1 2 3 4 5 6 7
Flexure strain (%)

Figure 4.2: Instron UTM plot of flexure stress vs
flexure strain for sample B.
avimum Load | Fex Modulus Flexum;geusrs@alggl!aximum Thickness Width
() (1pa) i) (mm) (mm)
I#9 [ 96 1Lt 39000 {7.50000
Hean WA | 60 Bt 390000 1750000
Standard
Deviation
Minimum 3040 5065.00 131
Maximm 36492 306500 B3

) 390000 17,5000
1 390000 17,5000

XTable 4.2: Instron UTM stress analysis data of
sample B
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Flex Test

=
Z

=3
=3

Flexure stress (MPa)

Figure 4.3: Instron UTM plot of flexure stress vs
flexure strain for sample C

lea
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e
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W o
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Table 4.3: Instron UTM stress analysis data of

8

sample C
Flex Test
60
~ 50
&
z 4
8 %
5
9 a0
<
2 10
]
Lo
410 - : " "
0 1 2 3 4 5 7 8

Figure 4.4: Instron UTM plot of flexure stress vs

Flexure strain (%)

flexure strain for sample D

e

Sandad
Devigton
Hiimum
Haimum

!

HaximumLoad * FlexModus
N (1Pa)

D 1340
10 1340

Feyuresres a Masimum
Flvure ad
(I3
%73
%7

—
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itess

Table 4.4: Instron UTM stress analysis data of
sample D

Composite | E1 E2=E3 | G12-G13 | G23 | NU12=NU13 | NU23

Polyester- | 14.024 | 4.508 2.050 1931 0.245 0.165
E-Glass

Table 4.5: Mechanical Properties Obtained
fromCADEC

E1=Young’s Modulus in X-direction (GPa)
E2=Young’s Modulus in Y-direction (GPa)
E3=Young’s Modulus in Z-direction (GPa)
G12=Shear Modulus in XY plane (GPa)
G23=Shear Modulus in YZ plane (GPa)
G13=Shear Modulus in XZ plane (GPa)
NU12=Poisson’s Ratio in XY plane
NU23=Poisson’s Ratio in YZ plane
NU13=Poisson’s Ratio in XZ plane

Composite Von Mises XV Shear Stress | YZ ShearStress | XZ Shear Stress
Stress(MPa) | (MPa) (MPa) (MPa)
PolyesterE-Glass | 110.21 62.881 B4 6,348

Table 4.6:Stress analysis results of ANSYS.

Specimen Flexural Flexural Maximum Load, N

Strength(MPa) | Modulus(MPa) | (at point of fracture)

(at max. load) (at max. load)
SpecimenA 133.90 9173.57 3727
SpecimenB 131,61 5065.00 364.92
SpecimenC 160.52 6770.63 445.08

Table 4.7: Summary of Stress analysis results
obtained by Instron UTM machine

V. CONCLUSION

Test specimens were subjected to standard
flexural 3 point bending load using instron
testing machine. Loading is of vertical type, in
between the span length. The average flexural
strength of all three readings of each specimen is
considered in order to obtain the most correct
value of the flexural strength. The flexural
strength of E-glass-fibre reinforced Polyester
matrix composite was observed to be around
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~143 MPa. The values obtained for the flexural
stress obtained from testing the specimen in
machine and ANSYS differs by 10-12 MPa due
to following shortcomings. In fabrication of
specimen by hand layup method, it s
impossible to remove voids and cracks inside
specimen. Raw materials obtained were not of
standard quality. Shortcoming in ANSYS model
may be because of no provision for feeding
matrix-Fiber bonding for the considered SHELL
91 element. Exact environment setup is not
possible to simulate in ANSYS.
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OPTIMIZATION OF PROCESS PARAMETERS IN SINGLE POINT
INCREMENTAL FORMING OF AA 6063-0O ALLOY

G. Vigneshwaran?, V.S. Senthil Kumar?, S.P. Shanmuganatan?
PG student, 2Associate professor, College of engineering, Guindy, Anna University,
3Associate professor, S.A.Engineering College

Abstract— Incremental forming is a special
technique that offers flexibility and
cost-effectiveness in the metal forming
process, requiring no high capacity presses or
set of dies, thus meeting the ever increasing
demand for low volume production and rapid
prototyping. In this paper, the effect of process
parameters such as feed rate, spindle speed,
step size and tool diameter on wall angle was
investigated. Aluminum sheet of grade Al 6063-
O with 1 mm thickness is used as a work piece.
Here an L9 (34) orthogonal array is used to plan
the experiments and analyze the results.
Experimental results were tested by analysis of
variance (ANOVA) technique. The results
indicated that a maximum wall angle of 55° can
be achieved through the incremental forming.
The forming limit diagram is also drawn for
incremental forming.

Index Terms—Incremental forming, Design
of experiment, Optimization, AA 6063.

I. INTRODUCTION

Traditionally a sheet-metal component is
manufactured by using dies and punches.
Because of the high cost of dies and punches,

the traditional manufacturing method is
adequate only for mass production. The
production of customized products, the
increasing demand of process flexibility and the
necessity to reduce the time to market the
products are probably the most significant
requirements nowadays. For these reasons, the
industrial applications have to be economically
justified with a large volume production.
Further, stamping cannot fully satisfy the
demand of flexibility. These considerations
clearly show that the current metal stamping
processes may maintain a relevant role in the
modern production routings only if cheaper
and more flexible technologies are developed.
Hence, in the last few years, incremental
forming has been introduced as an alternative
to the money consuming stamping technology.
Here, the final component shape is achieved by
the relative movement of a rotational
hemispherical tool which follows computer
generated tool paths with respect to the blank,
without using any dedicated dies to achieve the
shape. Its flexibility and low-cost tooling render
SPIF more economical than spinning, which
was considered as an economical process to
produce axisymmetric components in small
batches.

Several studies have been carried out on the
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formability in Single Point Incremental Forming
(SPIF). Leszak patented a process of
incrementally deforming a sheet [1]. Kim and
Park investigated the effect of some process
parameters on the formability of an aluminum
sheet [2]. Shanmuganatan et al. performed
finite element and experimental analyses on
profile forming of conical component and
found the thinning variation of the component
[3]-[4]. Ham and Jeswiet showed the
methodology for developing Forming Limit
Diagram for SPIF [5]-[6]. Hussain et al.
suggested a novel method to test the thinning
limits of sheet metals in negative incremental
forming. He also studied the effect of the
curvature of a part’s generatrix on the
formability of an aluminum sheet [7]-[8] Strano
et al. also describe the effect on formability of
various process parameters [9]. Ambrogio et al.
proposed an integrated
numerical/experimental procedure in order to
limit the shape defects between the obtained
geometry and the desired one. He also
investigated the influence of the process
parameters on accuracy through a reliable
statistical analysis [10]-[11]. Myoung- Sup Shim
et al. studied the formability of aluminum
sheet by imposing different tool paths and
found the forming limit curve [12]. Durante et
al. evaluated the influence of tool rotation,
both in terms of speed and direction of
rotation [13].

The movement of the SPIF tool over the surface
of the sheet causes a highly localized
deformation. SPIF results in higher metal
formability, when compared to conventional
forming process. The following basic
assumptions have been made during the
modeling of the SPIF process:

a. The material is isotropic and elastic strains
are neglected.

b. The periphery of the sheet is rigidly clamped.
C. Homogeneous deformation exists
throughout the process.

Il. EXPERIMENTAL DETAILS

The basic concept of the single point
incremental forming process is to obtain the
desired shape of the product of the relative
movement of a simple hemispherical tool in
relation to the sheet blank, without the use of
dies.

Table 1. Chemical composition of AA6063 (in
weight %)

Si | 0.483 | Mn | 0.063
Pb | 0.017 | Zn | 0.114
Fe | 0.353 | Mg | 0.690
Cu | 0.075 | Cr | 0.012
Ni | 0.072 | Al Bal

Fig. 1.a Truncated cone to be formed

25 mm

> 4 /’/

Fig. 1.b Dimensions of the truncated cone
Table 2. Process parameters and their levels

Process
Factor paramete Unit Levels
r
1 2 3
. 100 150 200
A Feed rate mm/min 0 0 0
B Spindle rpm 200 350 500
speed 0 0 0
C Step size mm 0.2 0.5 0.8
Tool mm 5 10 15
diameter

In this process, a layer of constant depth in
axial direction is formed by an in-plane
movement of the tool. On completion of each
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layer, the tool moves down with a small
increment along the axis, to process the
subsequent layers till the completion of the
process.

The single point incremental forming is
carried out on a three axes CNC vertical milling
machine. The material used in this study was
an Aluminium alloy, AA 6063- O sheet 200 mm
in length, 200 mm in width and 1 mm in
thickness. The chemical compositions are listed
in Table 1.

Hemispherical head tools of three sizes were
used: 5, 10 and 15 mm in diameter were made
of H13 tool steel and were hardened up to 60
HRC. The truncated cone, which is taken as a
model for study as shown in Fig. 1.a and 1.b is
thus, generated using this process. It has been
stated that the tool diameter, spindle speed,
feed rate step size, forming angle, sheet
thickness and shape of the component are the
main factors that affect the wall angle of SPIF.
In this present work, the tool diameter, spindle
speed, feed rate and step size were considered
to be variables in the optimization of SPIF
process.

Trial experiments were performed to identify
the working range of the selected parameters.
The feasible limits of these parameters are
determined on the basis that no defects are
formed in the components during SPIF. The
parameters and its levels are shown in table 2.

A coordinate measuring machine is used to
measure the wall angle at 22 mm depth of the
profile from the clamping section.

[ll. RESULTS AND DISCUSSIONS

3.1. Signal to noise(S/N) ratio

Taguchi’s method uses the Signal to Noise
(S/N) ratio in place of the mean value to
convert the experimental results in a value for
the evaluation characteristic in the optimum
setting analysis. Some measurable responses to
the analysis output during the operation of any
engineering system or process are called
performance characteristics [14]. The quality of

the formed cones is investigated by considering
the wall angle as the main characteristic
feature considered in this investigation
describing the quality of the welded joints. In
order to find the influence of process
parameters on the response, the Signal to
Noise ratio and means for each process
parameter were calculated. In this current
work, the S/N ratio was chosen according to
the principle of ‘the larger-the better’
characteristics, which is shown in equation (1).

(S/N)us = -10log1o (iz?;lffl?)
(1)

Where n is the number of the repetitions and
Hi is the value of the wall angle of the test on
that trail. The  process parameters,
experimental wall angle and signal-to-noise
(S/N) ratio are given in Table 3.

Table 3. L9 orthogonal array with response

Ex Input Parameters wall
N angle S/N
po A B C D (Respons ratio
e)
mm/m rp m m Degrees
. Db
in m m m (0)

200 O. 34.80

1 1000 0 ) 5 55 73
350 O. 34.32

2 1000 0 5 10 52 01
500 O. 33.25

3 1000 0 3 15 46 52
200 O. 32.66

4 1500 0 5 15 43 94
350 O. 33.25

5 1500 0 3 5 46 52
500 O. 34.32

6 1500 0 ) 10 52 01
200 O. 32.66

7 2000 0 3 10 43 94
350 O. 34.15

8 2000 0 ) 15 51 14
500 O. 32.25

9 2000 0 5 5 41 57

Table 4. Mean response table for S/N ratio

Tool
diamete

Spindle
speed

Step

Feed rate X
size

Levels
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OPTIMIZATION OF PROCESS PARAMETERS IN

SINGLE POINT INCREMENTAL FORMING OF AA

6063-O ALLOY

Since Fo.0s,2,8 =4. 46, factors A and C are only
significant at the 5 % level of significance from

(mm/min)  (rpm) (mm) (mm) table 7 and table 9.
1 34.13 33.38 34.4 33.44 Table 6. ANOVA (initial) of S/N ratio of wall angle
3 Process Sum of Degrees Mean
5 33.41 33.91 33.0 33.77 Factor Parameter squares of sum of F-test
8 s freedom squares
3 33.03 33.28 33:3'0 33.36 A Feed rate 1'88738 2 0'9569 -
. Spindle 0.6879 ) 0.3439 i
min-max 1.10 0.63 1.37 0.41 speed 4 7
.6751 1.837
rank 2 3 1 4 C Step size 3 665 2 883 > -
Tool 0.2848 0.1424
Table 5. Mean response table for experimental data diameter 1 2 0
i E
Levels Feed rate Spindle Sfep .TOOI rror - - -
speed size  diameter (pure)
(mm/min)  (rpm) (mm) (mm)  Total 6'59217 8
1 51.00 47.00  52.67 47.33 Table 7. ANOVA (final) of S/N ratio of wall angle
2 47.00 49.67 45.33 49.00 Mean
Sum Degre
3 45.00 4633 4500  46.67 Process of  esof MM Eies
Factor Paramete of
squar freedo t
min-max  6.00 333 767 233 rs es m  squar
es
rank 2 3 1 4 1.873 0.936
A Feed rate 38 2 94 6.57
. Spindle 0.687 0.343
The mean response of S/N ratio and speed 94 2 97 2.41
experimental data for each level of the process ] 3.675 1.837 12.9
. . C Step size 2
parameter are given in table 4 and table 5. 16 58 0
3.2. Analysis Of Variance (f):;’l; 0.284 5 0.142
Analysis of variance (ANOVA) test was d) 81 40
performed to identify the statistically Total 6.521 g
. ope . ota
significant process parameters [15]. This 79
analysis was carried out for a level of Table 8. ANOVA (initial) of means for wall angle
. . . Mean
significance of 5 %, i.e. for 95% confidence Process Sum of Degrees sum of
level. The ANOVA results of S/N ratio and the Factor Para':eter squares fre:;om square | test
means (both initial and final) for wall angle are s
given in Table 6, Table 7, Table 8 and Table 9 A Fseef'j ;Tte 56.000 2 28.000 -
respectively. The frequency test (F-test) is SF;zede 18.667 2 9.333 -
utilized in statistics to analyze the significant c S 112.66 5 6333
. t i 56. -
effects of the parameters, which form the epsize 7
quality characteristics. D di;rzzlter 8.667 2 4.333
Since the error is zero in table 6 and table 8, Error
the significant factors cannot be found out. (pyre) . - -
Hence, the minimum contributed factor’s sum 196.00
Total 0 8

of squares can be pooled into error term i.e.
sum of squares of tool diameter is pooled into
error term in table 7 and table 9, and F-test is
conducted.

Table 9. ANOVA (final) of means for wall angle
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Mean
Process Degrees
Factor Parameter Sum of of sum of F-test
S squares freedom Squsare FORMING LIMIT
A Feedrate  56.000 2 28.000 6.46 DIAGRAM
Spindle 4 667 2 9333 215 45
speed
. 40
C Step size 112.66 2 56.333 13.00
7
35
Error 8.667 2 4.333 30
(pooled) _
R 25
196.00 =
Total 8 ®
o 0 € 20
w
Table 10. Percentage Contribution of Process Parameters 15
Process Feed Spindle  Step Tool 10
Parameters rate speed size  diameter s
mm/min rpm mm mm
% 29 10 57 4 0
Contribution 0 10 20 30 40
€ min (%)

Main Effects Plot for SN ratios
Data Means

Feed rate (mm/min) | Spindle speed (rpm) Step size (mm) Tool diameter (mm)

1000 1500 2000 2000 3500 5000 02 05 08 5 10 15

Signal-to-noise: Larger is better

Fig.2.a Main effects plot for S/N ratio

Main Effects Plot for Means
Data Means

Feed rate (mm/min) | _Spindle speed (rpm)

.
52 \

\

A\ \\

\ \

\ \

8 \ \\
47 \
\ |

45

Step size (mm) Tool diameter (mm)

Mean of Means
s
&

1000 1500 2000 2000 3500 5000 0.2 05 08 5 10 15

Fig.2.b Main effects plot for wall angle

Fig. 3 Forming limit diagram

The portion of the total variation observed in
an experiment attributed to each significant
factor and/or interaction is reflected in the
percentage of contribution. The percentage of
contribution is a function of the sum of squares
for each significant item. It indicates the
relative power of a factor and/or interaction to
reduce the variation. If the factor and/or
interaction levels are controlled precisely, then
the total variation could be reduced by the
amount of the percentage of contribution. The
percentage of the contribution of the tool pin
profile, transverse speed and welding speed is
shown in table 10.

3.3. Determination of optimum factor level
combination

Fig 2. Shows four graphs, each of which
represent the mean response and the mean
S/N ratio for the feed rate, spindle speed, step
size and tool diameter. The values of the
graphs have been tabulated in Table 4 and
Table 5. Based on the highest values of the S/N
ratio and mean values (Fig 2.a and 2.b), the
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overall optimum process parameters for wall
angle are A1, B2, C1 and D2.

After the optimum level has been selected,
one could predict the optimum wall angle using
the following equation [16] which is shown in
equation (2).

Wpredicted = Wm"’EIFL—:l t:wtf - wm}

Whn is the mean response or the mean S/N
ratio, WO is the mean response or mean S/N
ratio at optimal levels and n is the number of
main design parameters that affect the quality
characteristics. Substituting the values in
Equation 2, the predicted wall angle value is
56°. The highest wall angle achieved was 55°
which was within the confidence limit.

The forming limit diagram is drawn for
incremental forming of AA 6063-0 alloy which
is shown in Fig. 3. Here the graph is plotted
with minor strain percentage (¢ min (%)) as
x-axis and major strain percentage (€ maj (%)) as
y-axis. The graph obtained here is a straight
line which is different from conventional
forming processes. The region below the
straight line is safe region and the region above
it is unsafe region.

IVV. CONCLUSION

In this investigation, AA 6063-0 alloys were
successfully formed incrementally. The results
can be summarized as follows:

e The L9 Taguchi orthogonal designed
experiments of SPIF of AA6063-O were
successfully conducted.

e The percentage of contribution of SPIF
process parameters was evaluated. It is found
that the feed rate, spindle speed, step size and
tool diameter contributes 29%, 10%, 57% and
4% respectively

¢ Feed rate of 1000 mm/min, spindle speed
of 3500 rpm, Step size of 0.2 mm and tool
diameter 10 mm provides higher wall angle.

e It was observed that the experimental
results were close to the predicted values and

they are falling within the confidence limits.

¢ The forming limit curve in SPIF is different
from that in other conventional forming
processes. It appears to be a straight line with a
negative slope in the positive region of the
minor strain in the forming limit diagram.
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DESIGN AND FABRICATION OF MULTI PURPOSE AGRICULTURAL

EQUIPMENT

IR Jaffar Sadiq, ?Dr.S.G.Gopala krishna, 3Dr.N.G.S.Udupa
123 NCET.Banglore

Abstract— A Study has been carried out to
develop multi purpose agricultural equipment,
for performing major agricultural operations
like goods carrying, pesticide spraying,
laddering, inter-cultivating and  digging
operations of sandy loam deep soils, to
increase the efficiency and reduce the
production and handling cost. Modifications
were carried out, and the modification includes
fabricating a vehicle which is small, compact in
size which can move easily across the fields.
This vehicle was named as NCET kissan all in
one .which consists of various agricultural
implements like inter-cultivator, ladder,
pesticides sprayer, goods carrying container,
plough, which can be easily assembled and Dis
—assembled by a single person, the cost of
equipment is less by 83% compared to a
tractor. And 40% compared to a tiller (price in
India).

NCET kissan all in one-agricultural equipment
name

I. INTRODUCTION

Metal fabrication is the building of metal
structures by cutting, bending, and assembling
processes

Cutting is done by sawing, shearing, or
chiseling (all with manual and powered

variants); torching with hand-held
torches (such as oxy-fuel torches or

plasma torches); and via numerical control
(CNC) cutters (using a laser, mill bits, torch, or
water jet).

e Bending is done by hammering (manual
or powered) or via press brakes and
similar tools. Modern metal fabricators
utilize press brakes to either coin or
air-bend metal sheet into form.
CNC-controlled back gauges utilize hard
stops to position cut parts in order to
place bend lines in the correct position.
Off-line programming software now
makes programming the CNC-controlled
press brakes seamless and very
efficient.

Assembling (joining of the pieces) is
done by welding, binding with
adhesives, riveting, threaded fasteners,
or even yet more bending in the form of
a crimped seam. Structural steel and
sheet metal are the usual starting
materials for fabrication, along with the
welding wire, flux, and fasteners that
will join the cut pieces. As with other
manufacturing processes, both human
labor and automation are commonly
used. The product resulting from
fabrication may be called a fabrication.
Shops that specialize in this type of
metal work are called fab shops. The
end products of other common types of
metalworking, such as machining, metal
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stamping, forging, and casting, may be
similar in shape and function, but those
processes are not classified as
fabrication.

Blacksmithing has always involved
fabrication, although it was not always
called by that name.

The products produced by welders,
which are often referred to as
weldments, are an example of
fabrication.

Similarly, millwrights originally
specialized in setting up grain mills and
saw mills, but today they may be called
upon for a broad range of fabrication
work.

Ironworkers, also known as steel
erectors, also engage in fabrication.
Often the fabrications for structural
work begin as prefabricated segments
in a fab shop, then are moved to the
site by truck, rail, or barge, and finally
are installed by erectors.

Il.Technical Specification of NCET kissan all
in one

TECHNICAL SPECIFICATION

ENGINE

TYPE 4 STROKES 150cc
WATER-COOLED

DISPLACEMENT | 149cc
RATIO

COMPRESSION 11:01
RaTIO

MaXx. POWER 8.5KW / 8000R / MIN

Max. TORQUE | 10N.m / 7500R / MIN

CLUTCH

TyPE MuLTI-PLATE WET TYPE

LUBRICATION
METHOD

PRESSURE
SPLASH

TRANSMISSION

TyPE CONSTANT MESH TYPE

NoO. OF GEARS 5 FORWARD + 1 REVERSE

Table 1 back engine used in NCET kissan all in
one

Table 1 shows the details of rear engine used
in NECT  kissan all in one and multi-purpose
agricultural equipment, the engine used was
built by Bajaj Company and model was given by
auto rickshaw re
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lll.Table 2 technical specification of NCET
kissan all in one

ENGINE

TyPE 2 STROKE

COOLING TYPE | FORCED AIR COOLED

DisPLACEMEN | 145.45 cc

T

MaAX POWER 7 BHP( 5.15 KW) 5000 RPM
MaX TORQUE 12.1 Nm @ 3500 rRPM
IGnITION TYPE | CDI

TRANSMISSION | 4 FORWARD AND ONE REVERSE

TYPE

CLUTCH TYPE WET MULTIDISC TYPE

ELECTRICAL SYSTEM

SYSTEM 12V AC+DC

HEAD LIGHT 35/35W

HORN 12V AC

SUSPENSION

FRONT HELICAL SPRING AND HYDRAULIC SHOCK
SUSPENSION ABSORBER WITH ANTIDIVE LINK

REAR INDEPENDENT SUSPENSION WITH SPRING
SUSPENSION AND HYDRAULIC SHOCK ABSORBER
TYRES

FRONT TYRE | 4.00-8,4PR

Size

REAR TYRE | 4.00-8, 4PR 2 Nos.

Size

FRONT BRAKES | DRUM HYDRAULIC

REAR BRAKES DRUM HYDRAULIC

Table 2 technical specification of NCET kissan
all in one

300
260
3
o] H ki
F
¥
zsreay {" A -
= = I i ]
J L
Llaw| B
L350 )
DETAIL A
SCALE ] :5

= = — ]

Table 2 shows the details of front engine used
in NECT kiss an all in one a multi-purpose
agricultural equipment, the engine used was
built by Bajaj auto rickshaw Re Company and
model was given by electronic start. It also
gives a detailed description of over all length,
type of electrical system used, type of
transmission system used etc; the resemblance
of NCET kissan all in one is all most similar to
the Bajaj two stroke front engine auto
rickshaws.

Iv.Ladder

Fig 1 first part of ladder

The ladder has been divided in to three parts,
and hence named as 1,2,3 parts where in which
the first part is been fixed to vehicle chassis
with the help of 14 mm bolts and nuts the one
end of the ladder is been welded by the help
bush so that the it can be easily tilted from 90°
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to 180°the dimensions has been shown in the part of ladder is attached to the second part of

figure 5.5 . ladder by means of Lowry inches so that it can
be tilted easily and proper clamping
260 mechanism is also been used to lock it when it
| is placed one on the other the required
s dimensions is shown in the figure 3

V.Ploughing assembly.

1249
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Fig 2 second part of ladder

The second part of the ladder rests
on the main frame of good carrying
container this part of ladder is attached to

— T
Nl
P s

Z30

1142
sS4z
1202

_[T=o
‘.

the first part of ladder by means of Lowry @

inches so that it can be tilted easily and

proper clamping mechanism is also been Fig 4 main frame of ploughing assembly
used to lock it when it is placed one on the Fig shows the main frame of
other the required dimensions is shown in ploughing assembly where the blades can
the figure 2 be accommodated, the total numbers of

blades that can accommodate are 5 blades

which are in zigzag form, and it is placed so

i g that when they perform their job they dig

A the soil in straight line format. It is also

been attached by to plates consisting of

holes so that they can be easily attached to

- the vehicle by means of shaft and lock them
by using clipping mechanism.

1038
988

71:
J
wWEU
\4
Fig 3 third part of ladder Fig 5 blades used in ploughing assembly

The third part of the ladder is free to rests on
the main frame of good carrying container this

2nd International Conference on Recent Devlopement In Mechanical,Production ,Industrial And Automobile
Engineering(ICMPIAE 2015), ISBN: 978-93-85225-00-0,25™ January, 2015, Bangalore
18



DESIGN AND FABRICATION OF MULTI PURPOSE AGRICULTURAL EQUIPMENT

Figure shows the blades which are used in
ploughing assembly these are manufactured by
using cast iron and process of manufacturing is
by forging. for analysis purpose the load
coming on to the plates is difficult to assume it
is totally dependent on type of soil, hence the
soil changes from one part of land over the
other part hence it is assumed and 90 kg’s of
load was putted on each blades and it is proved
to safe when tested in fem analysis.
VI. Engine mounting

1065

455

40

1170

&10

— ) “FEARENGINE )[OL.\'I'L\'GFM&
Fig 6 rear engine mounting frame
Figure shows the rear engine
mounting frame which has welded at the
rear part NCET kissan all in one agricultural
equipment the fuel tank and exhaust
manifolds are also been placed at
appropriate positions.

VIIl. Extended chassis

1080

.

0
1076

130

M
Al

0!
Fig 7 extension chassis frame

The above figure shows the
extension part of the chassis which is drawn
from main part of the chassis this is
provided to mount the goods carrying
container ,pesticides spraying pump, ladder
and rear engine

VII. Goods carrying container

950 1230

1285

880 30 560

&20

1230

200

“CONTANFR FRAVE
Fig 8 goods carrying container frame

The goods carrying container is attached to the
rear part of the NCET kissan all in one the it
consists of two doors on its front part, the
entire container can be tilted and rotated from
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900 to 1800 .and there is a provision of remove Fig 10 Cabin frame
entire assembly by means of bolts and nuts. This is used to safe
guard the driver it is made up of mild
IX. Goods carrying container mounting steel sheet and it is the place where are
I 2 | controls of vehicle which guide the
= L L gj stability of vehicle is placed.
_ il Xl. Inter cultivator blades
i
39
o &
™ ¢
2 o
o M~
500 2 ki
: ol

wwwww

* CHASSEES |*

Fig 9, goods carrying container mounting 1
frame
The goods carrying container is attached to
chassis by means of mounting frame, this
frame also covers the front engine and this is
responsible for connecting and takes the loads
from shock absorber.

Fig 11 Inter cultivator blades
These blades are also
called as tins, the total number of blades
used are in two ways 16 blades and 8
blades depending on the type of soils the
user can select among these two any one
T .the drive to this blades are given by an rear
\ ' engine which can be controlled from driver
cabin it self, 4 gears are provided to vary
the speed and load carrying capacity.
Xll.Pesticide spraying pump

X. Cabin

1500

1000

O e

-----

CABN |
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Fig 11 pesticides spraying pump used in NCET
kissan all in one.
Specifications

PLUNGER 2 PLUNGERS*®30MM*20
NO.*DIA*STROKE
PRESSURE 21-45kG/cm?
OuTPUT 35-45L/MIN
XIV.Conclusion
SPEED 800-1200 R.P.M NCET kissan all in one, multipurpose
agricultural equipment, can be successfully
DIMENSION 420MMx320MMx340MM used for farming due to following reasons
1. Faster operations
POWER 5-6.5 PS 2.low cost of operations and low
Table 3 shows the technical specification of .|nves.tment's .
3. Light in weight, low cost durable with

pesticides spraying pump NCET kissan all in
one
Xlll.Photos

minimum repairs which saves time
during operations

4. All cultural operations (inter-cultivating,
ploughing, laddering goods carrying
etc)for year round cultivation done with
the help of NCET kissan all in one

. Slipping of tires was very common
problem when moisture content was
more, Hence farming is recommended
to be done in 10-15 percent moisture
content lands.

6. Ladder can be tilted from 90° to 200° ,but
best load withstanding range was
noticed at 120°.position of ladder

. Ploughing was difficult to be done in
newly cultivating farms. But it s
recommended to wuse once after
cultivating it from the tractor.

8. Maximum of 800 kg’s load can be pulled,
but it is recommended for carrying 500
kg’s of load for better life span of
engine

9. From the survey , farmers told that they
use tractor minimum of 4 times and
maximum of 7 times for one crop
rotations, for which they were paying
700rs  /hector (for one time)
hence if farmer goes for one time with
tractor is sufficient, else all other work
he can do from NCET kissan all in one.

[$,]

~
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10. The cost of equipment was
120000,which can be still reduced when
produced in mass production

11. The maximum speed ranges 40 km/hrs,
this is build to take more load rather
than speed hence it is adequate to run
the vehicle at 25 km/hr to commutate
both time and durability.
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MECHANICAL BEHAVIOUR OF GROUNDNUT SHELL POWDER/
CALCIUM CARBONATE /VINYL ESTER COMPOSITE
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Abstract— In recent years, natural fiber along
with mineral fillers is used to fabricate hybrid
composite which shows improved mechanical
properties. In this study the effect of calcium
carbonate on the mechanical properties of
groundnut shell powder based composite was
investigated. To meet this objective, groundnut
shell powder(GNP) and calcium carbonate(CC)
reinforced vinyl ester(VE) were prepared by hand
lay-up process. The effects of calcium carbonate
on tensile and flexural properties of the
composites were investigated. The test result
shows that increase in calcium carbonate
increases the tensile and flexural properties of
composites.

Index Terms— Groundnut shell powder, Calcium
Carbonate, Vinyl ester, Natural Fiber Composite

[.INTRODUCTION

fibers have become alternative
reinforcement for synthetic fibers in polymer
composites, due to their advantages like low
density, less tool wear during processing, low
cost, non-toxic, easy to process, environmental
friendly, and biodegradability[1,8].

The natural fiber-containing composites are
more environmentally friendly, and are used in
various applications like automobiles, aerospace,
railway coaches, military applications, building

Natural

and construction industries and ceiling paneling,
partition boards, packaging, consumer products,

etc [2].
Several studies have been carried out on the
composites made of groundnut, calcium

carbonate and vinyl ester

G.C. Onuegbu et al(2013) [3] investigated the
mechanical properties of  polypropylene
composites with ground nut husk powder at
different particle sizes and found that the
presence of ground nut husk improved the tensile
strength, modulus, flexural strength and impact
strength of the composites.

Behzad Kord (2011) [4] studied the effect of
calcium carbonate as mineral filler on the
physical and mechanical properties of wood
based composites and found that the mineral
filler loading had significant effects on the
mechanical properties of wood based composites
Vasanta V Cholachagudda et al (2013) [5] found
that coir fiber as the major reinforcement and
rice husk as an additional fiber improves the
mechanical property of polymer composites were
prepared by hand lay-up process according to
ASTM standards, he also found that there is an
increase in tensile and flexural.

II. MATERIALS AND PROCESSING
Lignin binds individual fiber cells together, the
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lignin content of groundnut shell fiber is much
greater than that of banana, baggase, rice husk,
jute, hemp, kenaf and sisal fibers and the
hemicellulose influence moisture absorption of
composites, the hemicellulose content of
groundnut shell is less than rice husk, banana,
wood, baggase and kenaf fibers[6]. Groundnut
shell treated properly to remove impurities and it
crushed to powder. Groundnut shell powder and
calcium carbonate are mixed in different
composition.

Table.1. shows the Chemical composition of various
natural resources [6]

Hemi I
Species CeIIuLose cellulose ngrlm
(wt%) (Wt%) (wt%)
Pine (softwood) | 40-45 25-30 26-34
Maple 45-50 22-30 22-30
(hardwood)
Banana 63-64 19 5
Coir 32-43 0.15-0.25 40-45
Sisal 63-64 12 10-14
Jute 61-71.5 12-20.4 11.8-13
Kenaf 31-39 21.5 15-19
Hemp 70.2-74.4 17.9-22.4 3.7-5.7
Bagasse 40-46 24.5-29 12.5-20
Groundnut shell | 35.7 18.7 30.2
Rice husk 313 24.3 14.3
Pineapple 81 - 12.7
Table.2. shows the volume and mass fraction of
reinforcement and polymer used in the work.
% of volume %mass Volume
fraction (gram) (ml)
S.N
GNP CC | VE GNP CcC VE
1 35 0 65 21.546 0 175.5
2 30 65 18.468 36.585 175.5
3 25 10 | 65 15.39 73.17 175.5
109.75
4 20 15165 12.312 5 175.5

| Sl

14

Figure.1. Shows the hand lay-up technique

(1) Placing the bottom mould plate with silicon
rubber

(2) Adding catalyst, accelerator, promoter to
resin

(3) Mixing resin to the fiber

(4) Closing with the top mould plate

The composite fibre is prepared by hand lay-up
technique. A mould with the dimension of 300
mm x 300mm x 3mm was used to prepare the
composite specimen[7]. Measured quantities of
groundnut shell powder, calcium carbonate and
vinyl ester resin were taken in a glass beaker and
stirred thoroughly to get homogeneous mixture.
Methyl Ethyl Ketone Peroxide is used as a catalyst
to support the moulding process. Cobalt
Naphthenate is used as an accelerator to speed
up the reaction[9]. Dimethyl Acetamide is used as
promoter to increase adhesion between a
polymer and reinforcement. After adding the
suitable quantity of resin, catalyst, accelerator
and promoter, the mixture was again stirred for
10 minutes and thoroughly mixed mixture was
placed in the mould and compressed uniformly.
This set up allowed for curing and then the
composite specimen was taken out from the
mould.

I1l. CUTTING OF LAMINATES INTO SAMPLES OF DESIRED
DIMENSIONS

A Wire Hacksaw blade was used to cut each
laminate into smaller pieces, in accordance with
ASTM standard.

The tensile test was generally performed on flat
composite sample. The length of the test
specimen was as per ASTM D638. The dimension
of the specimen is 250 mm x 25 mm x 3 mm.

Flexural test is a 3-point bend test, which
generally promotes failure by inter-laminar shear.
This test is conducted as per ASTM standard D790
using Universal Testing Machine. The dimension
of the specimen is 20mm x 150mm x 5mm.

IV. EXPERIMENTAL RESULTS

A. Tensile Test
The tensile strength of a material is the
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maximum amount of tensile stress that it can

take before failure. The commonly used

specimen for tensile test is the flat type. During FLEXURAL LOAD(N)
the test a uniaxial load is applied through both 60 1

the ends of the specimen. The results are 50 1

tabulated in the table.3.

B. Flexural Test

Flexural strength is defined as a material’s
ability to resist deformation under load. It is a
3-point bend test, which generally promotes
failure by inter-laminar shear. The results are
tabulated in the table.4.

40 -

30 -

20

- N

0 - T T T

35GNP/0CC 30GNP/5CC 25GNP/10CC20GNP/15CC

Figure.3.shows graph of flexural load of
specimens
Table.3. shows tensile load of specimen

Percentage of volume fraction V. CONCLUSION
i?ple Sl:?und Calcium Vinyl :\;I:;d(r?\;;m A new class of natural fiber based polymer
powder carbonate | ester composites groundnut shell powder and calcium
1 35 0 65 443 carbonate reinforcement in the vinyl ester
2 30 5 65 535 polymer is developed.
3 25 10 65 580 The experimental investigation on mechanical
4 20 15 65 650 properties ie Tensile strength and flexural
strength, groundnut shell powder/ calcium
TENSILE LOAD (N) carbonate /vinyl ester composite ,material is
400 greatly influenced by the groundnut shell

600
400
200

powder/ calcium carbonate composition.
The maximum tensile load is obtained for the
composite prepared With 20%GNP/15%CC. The

0 tensile load graph (See Figure.2) shows an
< () . . .
Q\é' Q\<§J \@0 \@9 increase of calcium carbonate volume, increases
& & & & the tensile load.
> ” 4 AP

Figure.2. shows graph of tensile load of
specimens
Table.4.shows flexural load of specimen

The maximum flexural load is obtained for the
composite prepared with 20%GNP/15%CC. The
flexural load graph (See Figure.3) shows an
increase of calcium carbonate volume, increases
the flexural load.

Percentage of volume fraction
Sample | Ground Calcium Vinyl Maximum REFERENCES
no. nut load (N)
carbonate | ester
powder
1 35 0 65 20 [1] S.V.Joshia, L.T. Drzal, A.K.Mohanty, S.Arorac
2 30 5 65 40 "Are natural fiber composites
3 25 10 65 42 environmentally superior to glass fiber
4 20 15 65 48 reinforced composites?", Composites Part A:

Applied  Science and
Vol.35(3), pp371-376, 2004
[2] D. Chandramohan,K.Marimuthu "A review on
natural fibers", International Journal of

Manufacturing,
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SIMULATION OF AIR-STEAM GASIFICATION
OF RICE HUSK USING ASPEN PLUS

'Arun K. Mohandas, Rupesh S, 3C. Muraleedharan, *P. Arun
L234Department of Mechanical Engineering, National Institute of Technology Calicut

Abstract—A  thermodynamic equilibrium
model for air-steam gasification of rice husk is
developed using Aspen Plus (Advanced System
for Process Engineering Plus) process simulator.
The model is based on Gibbs free energy
minimisation and tar formation is incorporated
using FORTRAN subroutine.
The prediction accuracy of the developed
model is determined by comparing the model
predicted syngas composition with
experimental results and found to be in fair
agreement. Effect of key operating parameters
on syngas composition, gas yield and first law
efficiency is analysed using the developed
model .For an equivalence ratio of 0.25, steam
to biomass ratio of 1 and temperature of 1000
K, hydrogen mole fraction, first law efficiency
and heating value of syngas are found to be
23.78 %, 76.14 % and 5.038 MIJ/Nm3,
respectively.

Index Terms—Gasification,
model, Aspen Plus, syngas.

equilibrium

I. INTRODUCTION

Biomass is one among the most promising
renewable energy resources and its utilisation
through gasification is in line with the
requirements of sustainable development.
Biomass gasification is a complex process
consisting of different steps, namely drying,

pyrolysis, combustion and gasification of
pyrolysis products.

Mathematical models have been used
extensively to investigate biomass gasification
due to high costs and difficulties associated with
experimentation.

Among the methods available for modelling
gasification, thermodynamic equilibrium model
(TEM) is one of the simpler approaches and can
be used as a preliminary tool to analyse the
effect of feedstock and process parameters on
gasification process. Thermodynamic
equilibrium modelling can be achieved through
two approaches namely, stoichiometric and
non-stoichiometric [1]. Non-stoichiometric
equilibrium  modelling is useful when
temperature and pressure are known and
reaction stoichiometry is unknown. However
non-stoichiometric  equilibrium  modelling
employing Gibbs free energy minimisation is
relatively complex. Aspen Plus process
simulator [2] provides an easier alternative for
simulating non-stoichiometric models.

The Aspen Plus process simulator has been
used extensively to simulate several complex
processes such as coal conversion and
petroleum refining using well written flexible
Fortran subroutines [3]. Doherty et al. [4]
simulated a circulating fluidised bed gasifier
using Aspen  Plus and studied the effect of
preheating of air on gasifier performance and
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composition of syngas. Air gasification of olive
kernel in a pilot scale bubbling fluidised bed
gasifier was simulated by Michailos and
Zabaniotou [5] in Aspen Plus by using a
combination of two approaches-Gibbs free
energy minimisation and reaction kinetics.
Mathieu and Dubuisson [6] simulated wood
gasification and concluded that air preheating
has no significant impact on efficiency beyond a
certain critical air temperature. Mansaray et al.
[7] developed two models to simulate the
performance of a dual-distributor-type fluidised
bed gasifier where the first model used an
overall equilibrium approach, and the
hydrodynamic complexities of the reactor were
incorporated in the second one. Nikooet al. [8]
modelled the reactions taking place in the bed
and freeboard of a fluidised bed reactor
separately by adopting governing hydrodynamic
equations for a bubbling bed and kinetic
expressions for the char combustion.
Gasification of wood in a downdraft gasifier was
simulated by Pavietet al. [9] to predict the
composition of flaming pyrolysis gas and
producer gas. Kumar et al. [10] simulated corn
stover and distiller grains gasification using
Aspen Plus and predicted the flow rate and
composition of product gas.

The present work deals with the simulation of
air-steam gasification of rice husk in a fluidised
bed gasifier using Aspen Plus software, based on
Gibbs free energy minimisation.

II. MODELLING APPROACH

A. Assumptions

The following assumptions are made for
developing the model:

(i) Gasifier is a steady state system with
uniform temperature and pressure throughout.

(i) The residence time of the gases in the
gasifier is high enough to establish
thermodynamic and chemical equilibria.

(iii) All the gases behave ideally.
(iv) Gases except H;, CO, CO,, CHs, and N3 are
considered asdilute.
(v) Nz is inert in the entire process.

(vi) Biomass is made up of Carbon, Hydrogen
and Oxygen.

(vii) Steam is supplied under superheated
condition of 1 bar and 300 °C.

(viii) All elements in biomass except Sulphur
take part in the chemical reactions.

(ix) Tar is modelled as benzene.

B. Aspen Plus Model

The different stages considered in Aspen Plus
simulation are decomposition of the feed,
gasification reactions and gas solid separation.

The Aspen Plus vyield reactor (RYield) is
normally used when reaction stoichiometry is
unknown but vyield distribution is known.
Biomass is given as an input material stream to
the RYield reactor which decomposes it into
components including Hydrogen, Oxygen,
Sulphur, Nitrogen and ash based on the ultimate
analysis.

The Gibbs reactor (RGibbs) is used when
reaction stoichiometry is unknown, but the
reactor temperature and pressure are known. It
can model single phase chemical equilibrium or
simultaneous phase and chemical equilibria.
The components of biomass are fed into the
RGibbs along with the gasifying agents, air and
steam. The Gibbs reactor predicts the
constituents of syngas through Gibbs free
energy minimisation.

The Gibbs reactor is followed by a separation
column to separate gases and solids.

All the components are integrated to model
the gasification process and the process flow
sheet is shown in Fig. 1.

Rice husk, the feed stock used is defined as a
nonconventional solid and is specified by its
proximate and ultimate analyses. The stream
class used for modelling is MCINCPSD as it
includes the substreams mixed, conventional
solids and nonconventional solids. All the gases
are taken as mixed substreams, char as
conventional solid substream, biomass and ash
as nonconventional solid substreams.
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Fig. 1 Process Flowsheet

C. Model Validation

The accuracy of the model is checked by
comparing the gas composition predicted by the
model with the experimental results of Campoy
et al. [11]. The comparison is shown in Fig. 2.

D. Model Application

The developed model is used to analyse the
effect of temperature, steam to biomass ratio
(SBR) and equivalence ratio (ER) on syngas
composition, gas yield and first law efficiency.
Lower heating value of the dry product gas is
estimated from the gas composition and is
expressed in volume basis as [12],

LHV = 10.79 Yy, + 12.26Y¢o + 35.81Ycy,

(1)
The flow rate of dry synthesis gas was
calculated using the relation [12],
Vinx (M +mu,)
Vdg = YNMN b (2)
Gasification efficiency of the process is given by

Ngas =
Energy content in the product gas

Energy content in biomass+Energy content in steam

(3)

Table. 1 Proximate and ultimate analyses of rice
husk [13]

Proximate analysis | Ultimate analysis
(wt. %) (wt. %)
Moisture 12 C 34.35
Volatile Matter | 58 H 5.22
Ash 18 0 57.66
Fixed Carbon 12 N 2.43
S 0.31

IIl. RESULTS AND DISCUSSION

A. Effect of ER, SBR and Temperature on gas
composition

The effects of equivalence ratio, steam to
biomass ratio and temperature on product gas
composition are shown in the Figs. 3-5. It is seen
that the volume fraction of carbon dioxide
increases while that of all other gaseous species
decreases with increase in ER. The shifting of the
process towards combustion with increase in air
flow rate is the reason for this. Similar variations
were reported by Puig-Arnavat et al. [14] and
Rupesh et al. [15].

- M) . H(E O2(M) WCOZ(E) = CO(M E) mCHA(M) BCHAE)

[

e
ML o i,

Fig. 2 Comparison between experimental and
model results. E: Experimental result; M: model
results.

Fig. 4 depicts the variation in product gas
composition with steam to biomass ratio. The
hydrogen concentration increases with SBR but
the rate of increase declines gradually.
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Fig. 3 Variation of syngas composition with
temperature
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Fig. 4 Variation of syngas composition with SBR
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Fig. 5 Variation of product gas composition
with ER
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The combined effect of water gas, steam
methane reforming and water gas shift
reactions is responsible for this increase. It can
also be noted that with steam addition the mole
fraction of carbon dioxide increases while that
of carbon monoxide decreases. The exothermic
nature of water gas shift reaction is responsible
for the rapid increase in CO, at lower
temperatures.

It is also found that hydrogen concentration
initially increases with reactor temperature up
to a maximum value and then shows a gradual
decrease similar to the variation reported by Lv
et al. [16]. This is due to the exothermic nature
of the water gas shift reaction.

At higher temperatures the reaction proceeds
in the reverse direction as per Le-Chatelier’s
principle which results in a decrease in
Hydrogen concentration. The endothermic char
gasification reaction, water gas reaction,
methane reformation and the reversal of water
gas shift reaction contribute to the increase in
carbon monoxide concentration with
temperature. The yield of carbon dioxide and
methane are found to decrease with
temperature. Methane concentration
decreases as the endothermic steam methane
reforming proceeds in the forward direction and
the exothermic methanation reaction proceeds
in the reverse direction.

B. Effect of ER, SBR, and Temperature on
Efficiency

The variation of efficiency with process
parameters is shown in Figs. 6-8. It is observed
that the efficiency initially increases as steam is
supplied and then decreases with increase in
steam to biomass ratio. This decrease in
efficiency is due to the increased energy input in
the form of steam. As the equivalence ratio
increases the LHV of the product gas decreases,
which again results in a decrease in efficiency.
For a steam to biomass ratio of 1 and
equivalence ratio 0.25 the maximum efficiency
of 77.83% is achieved at 1500 K.
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Fig. 6 Variation of first law efficiency with
temperature
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Fig. 7 Variation of first law efficiency with SBR
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Fig. 8 Variation of first law efficiency with ER

[V. CONCLUSION

A one compartment Aspen Plus model was
developed to simulate air-steam gasification of
rice-husk in a fluidised bed gasifier and the
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effect of process parameters on gasifier yield
and efficiency was investigated. For an SBR of
unity and ER of 0.25, the maximum hydrogen
yield was found to be 37.05 % at 1000 K. A two
compartment model incorporating reaction
kinetics may give better results.
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Abstract— The gas turbine engine
manufacturers are looking for the efficient
engines which can produce higher thrust, and
having higher thrust to weight ratio. To achieve
these goals, improvement in compressor blade
design is essential. Therefore, the goal of the
blade design is to achieve the desired flow
turning with minimum losses, within the
constraint of the blade rows. The new airfoil
design include various parameterization,
meshing, solving N-S computation and
optimization techniques. A CDA airfoil section
has been used as base airfoil and then
parameterized by Bezier Parsec
parameterization method. The optimization of
parametric CDA cascade model is carried out by
Genetic  algorithm  coupled with  CFD.
Parameterization and generation of new airfoil
coordinates are made using the programme
code prepared in Matlab. Numerical simulation
have been carried out by CFD software GAMBIT
and FLUENT. Matlab evaluates the airfoil and
optimizes the airfoil using Genetic algorithms
and checks the objective function in each
iteration. The main objective is to get lower
value of total pressure loss coefficient at higher
pressure ratio without any flow separation.

This would indicates that the airfoil section is
capable of producing that pressure ratio
without flow separation. This process is
repeated till an optimum solution reached. The
maximum pressure ratio attained by base airfoil
was found out to be 1.4. The process was carried
out for finding solutions for higher pressure
ratios. The optimal solutions are obtained for
higher pressure ratios up to 3.0.

Index Terms— Numerical Simulation, High
Pressure Ratio Airfoils.
NOMENCLATURES

b Bezier Parameter

c Chord

y Camber/Thickness

k Curvature

p Static Pressure

T Static Temperature

Po Stagnation Pressure

To Stagnation Temperature

Vv Velocity

U Peripheral Velocity

Co Coefficient of Drag

APo Total Pressure Loss

r Radius
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B Blade angle
0 Camber angle
w Total Pressure Loss Coefficient
Xcg 'ch Center of Gravity of airfoil
Cp Coefficient of Pressure
Stagger angle
Y
I. INTRODUCTION

The study of turbomachinery has gone through
several historical stages from the 1940s till now.
The study in this period has moved from one-
dimensional to two-dimensional and three-
dimensional flows, from inviscid to viscous
flows, and from steady to unsteady flows [1].
The principal type of compressor being used
nowadays, in majority of the gas turbine and
power plants and especially in aircraft
applications, is the axial flow compressor. This
dominance is mainly due to the ability of the
axial flow compressor to satisfy the basic
requirements of the aircraft gas turbine.
Transonic axial flow compressors are today
widely used in aircraft engines to obtain
maximum pressure ratios per single stage. High
stage pressure ratios are important because
they make it possible to reduce the engine
weight and size and, therefore investment and
operational costs. Performance of transonic
compressors has today reached a high level but
engine manufacturers are oriented towards
increasing it further [2]. A small increment in
efficiency, for instance, can result in huge
savings in fuel costs. The increase in gas turbine
efficiency mainly dependent on Increase in
Pressure Ratio. So in the present work CDA
airfoil is parameterized and optimized for higher
pressure ratios up to 3.0 with reduction of
overall total pressure loss.

Il. LITERATURE REVIEW

One of the challenging topics in optimization is
the selection of  the mathematical
representation of airfoil design variables that
provides a wide variety of possible airfoil
shapes. A new method for airfoil shape
parameterization is presented which takes into
consideration the characteristics of viscous

transonic flow particularly around the trailing
edge. Typical practice is to resort to using a
series of curves, such as polynomials and Bezier
curves, to describe the profile. This typically
reduces the number of degrees of freedom to a
much smaller, manageable number. The
method is then applied to airfoil shape
optimization at high Reynolds number turbulent
flow conditions using a Genetic Algorithm [3].
The influence of the selection of the
parameterization on the optimization has
received relatively little consideration to date. A
new airfoil parameterization, Bezier-PARSEC,
that was developed to extend and improve the
typical Bezier parameterization found in use.
This parameterization was found to fit the
known shape of a wide range of existing airfoil
profiles as well as resulting in accelerated
convergence. [4], [5]. Another innovative
method for airfoil geometry optimization is
based on the coupling of a PARSEC
parameterization for airfoil shape and a genetic
algorithms (GA) optimization method to find
Nash equilibria (NE). While the PARSEC airfoil
parameterization method has the capability to
faithfully describe an airfoil geometry using
typical engineering parameters, on the other
hand the Nash game theoretical approach
allows each player to decide, with a more
physical correspondence between geometric
parameters and objective function, in which
direction the airfoil shape should be
modified[6]. Lars Sommer [7] introduces a new
curvature based design parameterization of
two-dimensional high pressure compressor
blade sections to be used in a multi-criteria
aerodynamic design optimization process. The
suction side of the airfoil section is represented
by its curvature distribution which is described
by a B-spline curve. The coordinates are then
derived by numerical integration. The camber
line as well as pressure side are obtained by
adding a thickness distribution perpendicularly
to the camber line. Yongsheng Lian [8] reviewed
the recent progress in design optimization using
evolutionary algorithms to solve real-world
aerodynamic problems. Evolutionary algorithms
(EAs) are useful tools in design optimization.
Due to their simplicity, ease of use, and
suitability for multi-objective design
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optimization problems, EAs have been applied
to design optimization problems from various
areas. Sergey Peigin [9] suggested a new
approach to the constrained design of
aerodynamic shapes. The approach employs
Genetic Algorithms (GAs) as an optimization
tool in combination with a Reduced-Order
Models (ROM) method based on linked local
data bases obtained by full Navier—Stokes
computations. Naixing Chen [10] describes an
optimization methodology for aerodynamic
design of turbomachinery combined with a
rapid 3D blade and grid generator
(RAPID3DGRID), a N.S. solver, a blade
parameterization method (BPM), a gradient-
based parameterization-analyzing method
(GPAM), a response surface method (RSM) with
zooming algorithm and a simple gradient
method. Syam [11] suggested the Bezier-
PARSEC method for camber and thickness
distribution of CDA airfoil and Genetic Algorithm
for optimization. T Sonoda [12] introduced two
different numerical optimization methods; the
evolution strategy (ES) and the multi-objective
genetic algorithm (MOGA), which were adopted
for the design process to minimize the total
pressure loss and the deviation angle at the
design point at low Reynolds number condition.
Akira Oyama [13] developed a reliable and
efficient aerodynamic design optimization tool
using evolutionary algorithm for transonic
compressor blades.

Ill. PARAMETERIZATION AND OPTIMIZATION

Here we are introducing the method used for
the parameterization of CD Airfoil and the
MATLAB Genetic Algorithm (GA) toolbox used
for  Optimization. The mainly used
parameterization methods are briefly presented
herein.

A. Bezier Curves [3]

One of the most popular methods for airfoil
shape representation is the Bezier curve
method that introduces control points around
the geometry. These points are then used to
define the airfoil shape. A Bezier curve of degree
n is uniquely defined by n +1 vertex points of a
polygon. These vertices are called the control
points of the nth order Bezier curve. The general

expression for an nth order Bezier curve is given
below:

P(u) =
Sio P (o) W (1)

i!(n—1)! (1)
Where Pi = " control point. The parameter u
goes from 0 to 1; with O at the zeroth control
point and unity at the nth control point. The
Bezier parameterization is determined by its
control points which are physical points in the
plane. However the other control points need
not be on the curve even though they determine
the shape of the curve. The number of design
variables is often so high that the computational
time of the whole process becomes
unaffordable. Fainekos and Giannakoglou [14]
used the Bezier curve to define the airfoil shape
in inverse design of turbomachinery blade
airfoils. In their research, Fainekos and
Giannakoglou [14] fixed the leading edge and
trailing edge control points and also abscissas of
the rest of the control points. Song and Keane
[15] compared the Bezier curve method with
original basis functions in generating airfoils and
concluded that the Bezier curve produces better
shapes in terms of accuracy but at a higher
computational time. In addition, special
curvature distributions that are required to
achieve a desirable pressure distribution are not
evident in this method.

B. PARSEC method [3]

Another common method for airfoil shape
parameterization is PARSEC which has been
successfully applied to many airfoil design
problems. This technique has been developed
to control important aerodynamic features by
using the finite number of design parameters. In
this method there are basic eleven parameters
that are used in PARSEC method including

leading edge radius ( [ g ), upper and lower

crest locations ( Xy, Zyp , X0, Z,o ) and
( ZxxUP ZxxLO )'

coordinate( Zz ) and direction( Q¢ ), trailing

curvatures trailing edge

edge wedge angle( f;¢ ) and thickness(AZ¢ ). A

linear combination of shape functions is used to
present the airfoil shape in this method.
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Ix =
Y91 anXy 2 )

The coefficients a,are determined from defined
geometric parameters. The airfoil is divided into
upper and lower surfaces and the coefficients
ayare determined using the information of the
points in each section. The subscript k changes
from 1to 2 in order to consider the length of the
upper and lower surfaces, respectively.

C. Bezier PARSEC Parameterization [4]

Derksen and Rogalsky [4] have introduced the
Bezier—PARSEC parameterization. This approach
will use the advantages of both the Bezier and
PARSEC parameterization and avoid the
disadvantages of both to represent the airfoil
and provide enough flexibility over geometrical
and aerodynamic parameters. Their approach is
further subdivided into two parameterization
methods viz. BP3333 and BP3434. In both the
methods, Bezier control points are determined
in terms of the PARSEC parameters of an airfoil.
The camber-thickness formulation of the Bezier
curves is more directly related to the flow than
is the upper curve-lower curve formulation for
PARSEC, while the PARSEC parameters are more
aerodynamically oriented than the Bezier
parameters. The BP parameterization uses the
PARSEC variables as parameters, which in turn
define four separate Bezier curves. These curves
describe the leading and trailing portions of the
camber line, and the leading and trailing portion
of the thickness distributions. While the Bezier
parameterization joins the leading and trailing
curves with first-order continuity.

The BP parameterization uses second-order
continuity. The parameters are:

Leading edge radius —rle,

Trailing camber line angle — ate,

Trailing wedge angle — bte,

Trailing edge vertical displacement — zte,
Leading edge direction -gle,

Location of the camber crest —xc, yc,

Curvature of the camber crest — kc,

Position of the thickness crest — xt, yt,
Curvature of the thickness crest —kt,

the half thickness of the trailing edge —dzte, and
several Bezier variables, b0, b2,b8, b15 and b17.

This type of parameterization improves the
robustness and convergence speed for
aerodynamic optimization, which makes it more
suitable for optimization using Genetic
algorithms.

D. Optimization of Base CDA using GA [11]

Total pressure loss as objective function for
optimization since it is more significant in the
compressor blade efficiency. And the
optimization is carried out for compressor
cascade at high subsonic velocities. The
optimization is meant for finding a profile
section with minimal loss for the compressor
blade. In this investigation we selected a CDA
cascade, third stage of a compressor for the
optimization. Before starting the optimization
process we used to analyze the base cascade to
predict the performance. The analysis is carried
out numerically in CFD softwares, Gambit for
modeling and meshing and Fluent for analysis.
The optimization of cascade has mainly five
steps as shown on the optimization flow chart.
All the process is carried out using Matlab code.
The design parameters are selected from the
parameters obtained from the BP334. This new
parameters are generated at each iteration by
the GA based on the constraints and the
objective function. We selected 15 parameters
of BP3434 for optimizing the cascade. The first
step is terminated with the generation of the
new parameters by GA. The next step is to
generate the airfoil section from these
parameters. In the third step CFD software
Gambit is called in Matlab in batch mode for the
cascade modeling and meshing using reading
the Gambit journal file in Matlab. After the
completion and generation of the mesh file as a
fourth step Fluent is called in Matlab using the
system command and reads the Fluent journal
file, which includes all the commands for the
analysis. By the execution of the Fluent we will
get all the inlet and outlet parameters such as
total pressures, total temperatures, static
pressures, Mach numbers, etc. Also we will get
the flow parameters over the cascade i.e. Mach
number, static pressure, etc. The objective
function is selected as total pressure loss
coefficient for this optimization which
calculated from the results of Fluent analysis. At
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each iteration GA checks the value of the loss
coefficient for the next generation of next
population of parameters. The process ends
when the loss coefficient is minimized. Genetic
Algorithm (GA) is used as an optimization
algorithm because of its global optimization
nature and speed of convergence. The objective
function used for GA is total pressure loss
coefficient. We selected the constraint as Chord
length of the Cascade and is fixed as 46.46 mm
and set the number of generation as 100 with a
crossover fraction of 0.8. After calculating and
checking the value of loss coefficient GA
generates the new population based on the
crossover, selection and mutation with a
constraint fixed chord length.

After the convergence of the optimization
algorithm for a generation of 100 we obtained
the airfoil section which has minimized the
objective function. The table 1 shows the newly
generated profile has optimal total pressure

loss coefficient compared to the base profile.
Table 1: Comparison of Base and Optimized
Airfoil [11]

Airfoil Total Pressure
Sections pressure loss

Inlet | Outle | coefficient

t

Base Airfoil 3380 | 3351 | 0.0427

0 50
Optimized 3380 | 3353 | 0.0394
Airfoil 0 70

This process was repeated for various pressure
ratios ranging from 1.1 to higher pressure ratios
and it was found that there was a drag reversal
after a pressure ratio of 1.4. The negative drag
indicates the reversal of flow hence we derived
a conclusion that a pressure ratio greater than
1.4 cannot be achieved from the above airfoil
for the given set of conditions and there is a
need to optimize the airfoil further to gain
higher pressure ratios.

E. Optimization of CDA for Higher Pressure
Ratios up to 2.4 [16] [17]

The following boundary
applied:

conditions were

Solver: Green Gauss node based, 2d, steady,
implicit, density based

Model: Spalart-Allmarus

Convergence Criteria: 0.001

Fluid: Air with ideal gas density and Sutherland

viscosity
Discretization: Flow: Second order
upwind
Modified turbulent viscosity: Second order
upwind

Inlet Total Pressure Po1 = 338000 Pa
Inlet Total Temperature To1 = 426K

Boundary conditions:

Table 2: Boundary Conditions for Higher PR

[16] [17]
Pre Inlet
ssu | Mach
re No P1 To2 P2
Rat (Pa) (K) (Pa)
io
1.5 0.75 232737.6 | 478.3231 349106.5
1.6 0.75 232737.6 | 487.225 372380.2
1.7 0.75 232737.6 | 495.7379 395654
1.8 0.75 232737.6 | 503.9003 | 418927.8
1.9 0.75 232737.6 | 511.7449 | 442201.5
2.0 0.75 232737.6 | 519.2998 465475.3
2.2 1.2 139383.4 | 533.6354 | 306643.62
2.4 1.4 106213.4 | 547.0681 | 254912.62

The table 3 shows the total pressure loss
coefficient obtained up to 2.4 pressure ratios

Table 3: Pressure loss coefficient comparison
up to 2.4 PR [17]

Pressure | CDA Base Airfoil | Optimized Airfoils
Ratio Pressure Loss Pressure Loss

Coefficient Coefficient
1.5 - 0.007903
1.6 - 0.006527
1.7 -—-- 0.009531
1.8 - 0.005681
1.9 -—-- 0.004332
2.0 - 0.017324
2.2 - 0.008038
2.4 - 0.015610

IV. SIMULATION RESULTS OF HIGHER
PRESSURE RATIOS MORE THAN 2.4

Further optimization of the airfoil and up to how
much pressure ratio will be possible is found out
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in this work. We obtained a pressure ratio of 3.0
without any flow separation for a Mach number
of 1.4. Beyond that further optimization is not
possible with this method.

Table 4: Boundary conditions for Higher PR up

to3.1
Pressur I,\r/]llae;[ P1 To2 P2
Rati P K P
eRatio | "\ - (Pa) (K) (Pa)
26 1.4 106213 | 559.72 | 276154
) 4 33 9
)3 1.4 106213 | 571.70 | 297397
) 4 11 .6
30 1.4 106213 | 583.08 | 318640
’ 4 24 .2

The boundary conditions for pressure ratios up
to 3.0 is as shown in table 4.

Distribution of Mach number of Optimized
airfoils are given below.

. as

.
-
[
.
.
.

Position (m)

Figure 2: Mach number plot for optimized 2.8 PR airfoil

.
.

e spe o

Figure 3: Mach number pot for optimized 3.0 PR airfoil

The newly optimized airfoils can perform better
at higher pressure ratios up to 3.0. The
optimized blades have shown perfect velocity
and pressure distribution as of CDA. In the
above plots we can see the exit Mach number is
reducing as the pressure ratio increases.

Table 5: Pressure Loss Coefficient Comparison

for PRup to 3.0
Pressure CDA Base Optimized
Ratio Airfoil Airfoils
Pressure Loss Pressure Loss

Coefficient Coefficient

2.6 0.006009
2.8 0.001717
3.0 0.007102

V. VALIDATION OF SIMULATION RESULTS

The optimized airfoil showed close CDA
characteristics which confirm its good behaviour
at higher pressure ratios. The suction peak is low
at higher pressure ratios as expected and
uniform diffusion is there till the trailing edge.
The pressure on the lower surface increases
uniformly till trailing edge. It is also observed
that as the pressure ratio increases the peak
Mach number decreases. For given pressure
ratios, on upper surface, the Mach number first
increases to a value of peak Mach number and
thereafter it reduces continuously. On lower
surface, Mach number first reduces and then

increases gradually. It signifies that over upper
surface, fluid is accelerated first and then it
decelerates constantly to match the flow
conditions at the trailing edge. These all are the
typical characteristics of a controlled diffusion
airfoil. Hence our optimized airfoils exhibit the
characteristics of a CDA airfoil.
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VI. CONCLUSION

The parameterization and GA
optimization method is capable of
finding efficient and optimum airfoils in
fewer number of generations.

The development of a combined Bezier-
PARSEC (BP) parameterization utilize the
advantages of both the Bezier and
PARSEC parameterizations.

Coupling of Bezier-PARSEC
parameterization with GA and CFD
together, offers an optimal cascade
profile with a reasonable total pressure
loss co efficient reduction with efficient
flow pattern over the cascade.

The base CDA airfoil can offer maximum
pressure ratio of 1.4, beyond which a
converged solution is not obtained
indicating that it cannot gain pressure
ratios higher than 1.4.

The blade optimization with Bezier
PARSEC Parameterization has offered
most optimized results. The newly
optimized blades can perform better at
higher pressure ratios up to 3.0. The
optimized blades have shown perfect
velocity and pressure distribution as of
CDA. Up to 3.0 PR and Mach 1.4 we can
use these optimized airfoils without any
flow separation.
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DIGITAL SIMULATION OF PRODUCER GAS FIRED SI ENGINE

Rahul P. Nagpure?, Parth D. Shah?, Salim A. Channiwala3
1.2:35ardar Vallabhbhai National Institute of Technology

Abstract—Engine emissions becoming
stringent, gaseous fuels are gaining prominence
as cleaner fuels like LPG and CNG both for
stationary and automotive applications. But
scarcity of those fuels arises big question for
future. Producer gas obtained from biomass
gasification can be good alternative for non-
renewable fuels especially in developing
country like India, where biomass is available in
huge quantity. In the present study simulation
based on actual thermodynamic cycle analysis is
performed to assess the performance of 118 cc
S.I. engine. All the four basic processes taking
place in an S.I. engine are analyzed and the
values of pressure and temperature at every 2°
of crank rotation are found out with the aid of
certain assumptions. The model involves good
deal of calculations and iterations and hence, it
is coded in ‘c’. The simulation result is validated
with the technical specifications provided in the
technical manual of the engine. Digital
simulation shows with producer gas as a fuel
power and thermal efficiency relatively de-rated
by 11.54 % and 5.72 % respectively, compared
to gasoline.

Index Terms— Digital Simulation, Producer Gas
Fuel.

NOMENCLATURES
ATDC After Top Dead Centre

BTDC Before Top Dead Centre

BMt  Billion Metric tones

CA Crank Angle

cc Cubic Centimeters

Cn Convection Heat-Transfer

Ch Convective Heat-Transfer Co-Efficient

Ck Thermal Conductivity

Cm  Mean Piston Velocity

CNG  Compressed Natural Gas
CPG Compressed Producer Gas
CR  Compression Ratio

D Cylinder Bore

GHG  Greenhouse Gases

h Steady Turbulent Heat-Transfer
HC  Hydro-Carbons

IA Ignition Advance

L Cylinder Stroke Length

LNG Liquefied Natural Gas
Mtoe Million Tons of Qil Equivalent
NOx Nitruc Oxides

Nu  Nusselt Number

Re  Reynolds Number

S.I.  Spark Ignition

Vs Displacement/Swept Volume
Wmy  Mean Gas Velocity

Hey  Viscosity of Cylinder Gas

I. INTRODUCTION

In the year 2013, India's net imports are nearly
144.3 million tons of crude oil, 16 Mtoe of LNG
and 95 Mtoe coal totaling to 255.3 Mtoe of
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primary energy which is equal to 42.9% of total
primary energy consumption [1]. India imports
nearly 75% of its 4.3 million barrels per day
crude oil needs but exports nearly 1.25 million
barrels per day of refined petroleum products
which is nearly 30% of its total production of
refined products [2]. The growth of electricity
generation in India has been hindered by
domestic coal shortages and as a consequence,
India's coal imports for electricity generation
increased by 18 % in 2010. The electricity sector
in India had an installed capacity of 249.488 GW
as of end June 2014 [3]. World CO, (GHG)
emission will grow from 31 BMt in 2010 to 45
BMt in 2040, which is mainly responsible for
global warming. This data shows there is
desperate need of new renewable energy
resource. India has biomass capacity of 66000
MW [2] in form of resources such as rice husk,
crop stalks, small wood chips, and other agro-
residues. Biomass can be gasified in gasifiers
and used as alternative fuel for current
depleting fuels.

II. LITERATURE REVIEW

Gasoline has the fastest flame propagation
development followed by LPG and CNG, CPG.
CPG burns with blue flame compared to violent
combustion of gasoline. Presence of H; causes
fast burning rates initially, which slows down
due to low burning speed of CO after H; has
burnt [4]. CNG having higher efficiency and
lower CO, CO;, HC emission compared to
gasoline and LPG but produces more NOx
emission [5], [6]. But these fuels are on the
verge of depletion. Shashikantha [7] reported
that Producer gas with low energy density
(5 MJ/kg) but reasonably high mixture energy
density  (2.12 MJ/kg) can replace these gases
with almost same thermal efficiency of 28—-32 %.
but power derating of up to 30 %. Presence of
Hydrogen does not give any pre-ignition
problem due to gas being dilute. Producer Gas
efficiency increases with increase in CR 30.7 %
at CR of 17 and reduces to 27.4 % at CR of 10 [8].
Ignition advance should be retarded for increase
in CR. Producer gas can be used up to CR of 17
without formation of knock [8], [9]. It reduces

CO emissions considerably but NOx and CO; will
be increased. Hydrogen content in gas increases
thermal efficiency but it is limited by process of
gasification.

Dual-fuel mode operation requires less
modifications giving good performance with
diesel as pilot fuel used to generate spark.
Supercharging in dual fuel mode improves
performance of engine. Brake Thermal
efficiency with supercharged producer gas-
diesel is 15 % more than premixed producer gas-
diesel engine [10]. Diesel can be replaced by
biofuels like Honge-Oil making the fuel
complete renewable. This dual fuel mode
operation in Cl engine shows maximum
efficiency 20 % with reduction in all emissions.
Tri-generation can be best option to utilize
maximum part of biomass energy in higher
generation systems [11].

lll. SIMULATION OF ACTUAL CYCLE

The various models and equations used in
simulation are briefly presented herein.

A. Model for Heat Transfer
Woschni’s equation was used which is based

on the similarity law of steady turbulent heat
transfer [13], [14].

h=0.820 *D-O.Z*p0.8*Wva.8*T-O.S3 (kw/mZK)
(1)

The reference velocity Wny in the above
formula represent the mean gas velocity
affecting heat transfer and is given for each
process. D is the cylinder bore taken as the
characteristic length,

Wy = [Cl *Cp + C, (w) *(p— po)]

p*vy
(2)

For the gas exchange processes, C1=6.18 & C;
=0,

For the compression processes, C1 =2.28 & C;
=0,

For the combustion & expansion processes,

C1=2.28 & C; =3.24*10-3

2nd International Conference on Recent Devlopement In Mechanical,Production ,Industrial And Automobile
Engineering(ICMPIAE 2015), ISBN: 978-93-85225-00-0,25™ January, 2015, Bangalore

41



DIGITAL SIMULATION OF PRODUCER GAS FIRED SI ENGINE

Here po is the pressure in the MPa obtained for
motoring and Vs is the displacement volume in
m3 and the coefficient Cn, is the mean piston
speed. The subscript 1 denotes a specified time
when the pressure and the temperature are
known.

In the Suction and Exhaust process Woschni’s
heat-transfer model was used during the
simulation.

Anand [15], separates out the convection and
radiations terms. Typical approach to the heat
transfer theory proposed by Anand is his
expression for the Nusselt number ‘Nu’ leading
to a conventional derivation of the convection
heat transfer coefficient Ch.

Anand recommends the following expression
to connect the Reynolds and Nusselt number:

Nu = b*Re%’

(3)

Where, b = 0.26, for the two stroke engines
and

b = 0.49, for the four stroke engines.

The Reynolds number is calculated as,

_ Pcylinder*Cm*D

Re
(4)

Hcylinder

The viscosity should be that of the cylinder
gas,

Uey = 7.457*10° + 4.1547*10°8 *T - 7.4793*10"
12*T2 (5)

The mean piston velocity Cm is found from the
dimensions of the cylinder stroke, L and the
engine speed, N in rev/min.

_ 2+xLxN
™7 60

(6)

The convectional heat transfer coefficient can
be extracted from the Nusselt number, as

Ck*Nu
Ch:k—
D

(7)

The parameter Cy is the thermal conductivity of
the cylinder gas and can be assumed to be
identical with that of air at the instantaneous
cylinder temperature.

Ck=6.1944*103 + 7.3814*10°*T - 1.2491*10°
8%T2 (8)

In the compression and expansion process
this heat-transfer model is adopted.

B. Model for Combustion [13]

Wiebe function was used to find out the mass
fraction burnt during the combustion process.

Xo = 1 — exp [—a . (6—95)m+1]

46,
(9)

Where, X, is the mass fraction burned, “a” is
an efficiency parameter and “m” is a slope
parameter.

C. Input Data [16]

For the simulation purpose Honda GX-120
engine had been selected. Its specifications are
as follows:

Engine Type : Air Cooled 4-s petrol engine

Bore * Stroke  :60 * 42 mm
Swept Volume :118cc
Comp. Ratio :8.5:1

Max. Net Torque: 7.3 Nm@2500 rpm

Net Power :2.6 kW@3600 rpm

No. of Cylinders : 1

Producer gas composition on volume basis:
C0=24.6 %, H=21.9 %, CO,=8.17 %, H,08=7.75
%, N2=37.53 %.

IV. SIMULATION RESULTS

1. Suction Stroke:

Fig. 1 shows during suction stroke pressure
falls rapidly (from initial 0.93 bar ) after start
of piston downward acceleration up to 50°
CA, because of low valve lift and lower
curtain area allowing less air-fuel mixture
coming in cylinder. The cylinder pressure
falls to 0.58 bar at 50° CA. However,
thereafter a gradual pressure building is
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observed due to increased availability of
mass flow with higher range due to valve lift
and curtain area is sufficiently high to allow
gases to pass inside and increase the inner
pressure. Peak mass inflow found at 90° CA.
Suction happens till final pressure reaches
atmospheric pressure (1.013 bar). As shown
in fig 2 temperature obviously will reduce
with increased availability of mass flow with
increasing crank angle. The mass-0 curve in
fig. 3 clearly shows gradual rise in mass flow
during initial valve lift and thereby explain
the trend of P-8 curve too. Thus, the basic
results of suction process are as per logical
trend observed in actual I.C. engines and this
validates the model used in present case.
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2. Compression stroke:

After suction charge is sealed and compressed
with gradual rise of pressure up to 290° CA and
stiff rise in pressure after 290° CA till the final
pressure of 14.7 bar as shown in fig.4 and
temperature 657 K as shown in fig. 5 at 336°
CA. Specific heats found to be increasing and
compression index gamma reducing at higher
temperature. More heat loss occurs as inside
temperature increases.
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Fig.4 P-0 Curve for Compression Stroke
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Crank Angle, 6°
Fig.5 T-0 Curve for Compression Stroke

330

3. Combustion Process:

Ignition occurs after end of compression 16°
BTDC causing release of heat from combustion
of charge produces peak pressure 38 bar at 372°
CA as shown in fig.6. The rate of heat addition
under these circumstances is more than the
heat losses. As a result the temperature
continues to rise and reaches to its peak value
1809 K at 379° CA as shown in fig.7. Mass
burning curve in fig.8 shows higher mass
burning rate found during high pressure and
temperature formation. At 370°CA, 75% of mass
has been burnt releasing huge amount of heat
to produce peak pressure and temperature.
Heat losses found more in this process.
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4. Expansion Stroke:

Combustion  products with very high
temperature get expanded due to increase in
cylinder volume, which in turn reduce the
pressure inside the cylinder drastically. At the
end of combustion process the pressure inside
the cylinder is 25.42 bar as shown in fig.9. This
gives higher energy extraction. At the end of
expansion process, pressure reduces to 3.5 bar
at 510° CA, whereas temperature reaches to
990 K as shown in fig.10. P-8 Curve for
expansion stroke shows initial stiff curve of
pressure reduction up to 440° CA and then
gradual expansion i.e. most of power will be
transmitted before 440° CA.
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Fig.10 T-0 Curve for Expansion Stroke

5. Exhaust Stroke:

During exhaust stroke, pressure falls to 1.02 bar
at 610° CA and then rises up to 1.8 bar at the end
of exhaust process shown in fig. 11. After 640°
CA slow pressure building inside the cylinder is
observed due to throttling effect.
temperature obviously will reduce with high
temperature burnt mass leaving to the
atmosphere with increasing crank angle as
shown in fig. 12. It is observed from the T-6
curve that, like pressure, there is not any rise of

temperature during the later stage of exhaust
process.
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Fig.11 P-0 Curve for Exhaust Stroke
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6. Full Cycle

Fig. 13 shows the variation of pressure with
volume for the full cycle. Area under the curve
gives the work done and thereby power output
of engine. The indicated power calculated by
data obtained from the simulation is 2.3 kW
@3600 rpm for the Producer gas as a fuel.
Thermal efficiency found to be 28.19 % with
Specific fuel consumption 2.62 kg/kWh
and mean effective pressure found to be 6.7
bar. Fig. 14 T-8in fig. 14 shows high temperature
region where heat loss from cylinder will be
more.
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V. VALIDATION OF SIMULATION RESULTS

As per the specifications given in the manual of
Honda GX-120 engine the net power is 2.6
kW @3600 rpm for the gasoline. The indicated
power calculated by data obtained from the
simulation is 2.3 kW @3600 rpm with thermal
efficiency 28.19 % for the Producer gas as a fuel,
which shows the relatively reduction in power
and thermal efficiency 11.538 % and 5.71 %
respectively as compared to gasoline. The
literature clearly indicates that the engine offers
15-30 % power de-rating and 3-10 % reduction
in thermal efficiency as that of gasoline [7], [9]
and thus looking to this fact present simulation
may be treated as adequately validated.

VI. CONCLUSION

e Peak pressure and temperature produced in
combustion is 38 bar and 1809 K.

e The indicated power calculated by data
obtained from the simulation is 2.3 kW @
3600 rpm. These simulation results are quite
in tune with Honda GX-120 engine power
output considering the fact that there exist
the relative de-rating of engine by 15-30 %
with Producer gas as a fuel.

e Thermal efficiency found to be 28.19 %
which is relatively de-rated by 5.7 %
compared to gasoline as fuel.
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MATHEMATICAL MODELING ON DROPWISE
CONDENSATION

IMr.Shivaji S.Parihar, ?Prof. Prashnat T.Borlepwar
2Mechanical Department,Maharashtra Institute Of Technology,Aurangabad, M.S. India

Abstract:-The phenomenon of dropwise
condensation, in which the condensate forms
into drops rather than covering the entire cooling
surface with a continuous film.Dropwise
condensation produces heat transfer coefficients
as much as 2 to 10 times greater than those
produced by film wise condensation. Hence
dropwise condensation is always desirable as it
is more effective method of heat transfer than
filmwise condensation.Dropwise condensation
can be promoted by applying (i) Suitable organic
promoter (ii) Thin layer of special metal (iii)
Coating with polymer film on condenser surface.
Due to successful application of dropwise
condensation in small scale industry compound
metal films are considerable.Special treatment
like chrome plating on condenser surface is
required for dropwise condensation.Higly
polished surfaces also practice dropwise
condensation.A overall heat transfer coefficient
model is to be developed for dropwise

condensation based on following two
parameters.
(1) Plating thickness of
condenser surface
(i1) Surface finishing of plated

material.
Correlations for variation of the overall heat
transfer coefficient with above two parameters
are to be calculated by keeping one as constant
and other as a variable. Under Dropwise
condensation laboratory conditions, some
permanent-type coatings, e.g.,gold, silver,teflon
have been found to be effective dropwise
condensation promoters. However, the effective
lives of some of these promoters have been short,
possibly due to surface removal of the coating
in service. Furthermore, the effectiveness of
permanent type promoters in maintaining
dropwise condensation is limited by their low

thermal  conductivity and the coating
thickness.In effect of Condenser Surface with
morer polish increased life of brass surface
promoted as much as upto 4 times for finishes
with numbers 3-0000 grades of emery paper.In
experiments it is also noted that very clean and
smooth surface actually caused filmwise
condensation at first which later changes to
dropwise condensation.

Keywords: Overall heat transfer coefficient,
Plating Thickness, Surface finish.

[. INTRODUCTION

Whenever a saturated vapour comes in contact
with lower temperature surface condensation
occurs.There are mainly two mode of
condensation processes known as film wise
condensation and dropwise condensation. If
condensate tends to wet the surface and there by
forms a liquid film, then processes of
condensation is known as film wise condensation
& on the other hand if condensate does not tends
to wet the surface, the condensate forms the
droplets on the surface and every time fresh
surface is exposed to the vapour. By specially
treating the condensing surface the contact angle
can be changed & the surface become ‘non —
wettable’.Very high heat transfer rate are
reported in dropwise processes due to the good
contact between the vapour and surface.[1]
Condensation is the change of phase from the
vapour state to the liquid or solid
state.Condensation plays a major role in the heat
rejection parts which generally involve pure
substances. The random nucleation, growth and
departure of droplets results in a certain size
distribution of droplets on the condenser
surface.[2] The drop size distribution and the
heat transfer through the individual droplets must
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be known in order to calculate the heat flux with
dropwise condensation. Dropwise condensation
has been obtained on these types of surface by
one of three methods i) Coating the surface with
certain chemical substances called promoters ii)
Coating the surface with a solid hydrophobic
non-metallic material iii) Coating the surface
with a noble metal. The thickness of the promoter
layer on the condensation surface also affects the
type of condensation, if the layer is too thin
filmwise condensation occurs whereas excessive
amounts of promoter increases the wettability of
the surface.[3]

I DROPWISE CONDENSATION

Fig.1 Dropwise Condensation

Dropwise condensation occur when saturated
pure vapour comes in contact with the cold
surface such has copper tube. When considering
surface is contaminated with substance which
prevents condensate from the wetting surface
,the vapour will condense in drops instead of a
continuous film.Though dropwise condensation
would be preferred to filmwise condensation yet
it is extremely difficult to achieve or maintain it
for long time because most surfaces becomes
wetted after being exposed to condensing vapour
over a period of time .Dropwise condensation
can be obtained under control conditions with the
help of certain additives to the condensate and
various surfaces coatings but it is commercial
viability has not yet been approved for this
reason the condensing equipment in use is
designed on the basis of filmwise &dropwise
condensation.[4]The vapour starts condensing
on a surface when the vapour saturation
temperature is more than the surface
temperature,.the temperature of the condensate
formed on the surface is less than its saturation
temperature and it becomes sub-cooled, more
vapour will condensate on the exposed surface or
on the previously formed condensate as the

temperature of the previous condensate is less
than the saturation temperature of vapour.[6]

A) Effect of plating thickness :-
Experimentation to study the behavior of a
0.00025-inch thick film of teflon to promotion of
dropwise condensation on a 112- inch 0.D.
Aluminium tube. The tube was mounted
horizontally and both the dropwise and filmwise
condensations were studied. It is found that
curves of heat transfer coefficients versus vapor
to surface temperature drop in dropwise and
filmwise condensation lowered as the
temperature drop become large. This was caused
by the rapid formation of drops which rend to
blanket the condenser surface with liquid at high
heat fluxes. It is also found that highest heat
transfer coefficients were obtained with thinnest
teflon film because of the high thermal resistance
of teflon. A teflon film thickness of 0.00025-inch
provided 12.5 times as thermal resistance as the
0.02-inch thick aluninun wall of the condenser
tube and about 3 times more than the condensIng
film itself. This shows thar the thickness of the
reflon film is an i:nportant parameter and it
should be kept at a minimum to imorove the
overall perforrance of the tef lon coated
condenser tubes. [7]

B) Effect of Surface Roughness :-
Experimentation on dropwise condensation
shows that highly polished surfaces produces
dropwise condensation in absence of oil or fatty
acids. On the other hand filmwise condensation
can occur on very rough or very foul
surfaces.Polish surface also affect the life of a
brass surface.The basic mechanism of
maintenance of dropwise condensation in the
fact that the condenser surface should be
nonwettable to the condensing vapor. All surface
treatment, including application
of dropwise preorders, which will cause the
surface to become non wettable will be effective
in promoting dropwise condensation. Therefore
it becomes apparent that the nature of the metal
surface and material determines to some extent if
a given promoter will be successful in promotion
of dropwise condensation The use of different
promorers on the same metal surface caused
dropwise condensation fordifferent durations in
time.It is noted that using- a mixture of oleic acid
and light lubricating oil of a promoter on the
surfaces of mirror smooth chrome-plated copper
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and No 6J emery paper treated stainless steel, the
useful promoter life for chrome-plated copper
was twice as long as for stainless steel. It is also
found that a promoter of some sort was necessary
for dropwise condensation that highly polished
surface alone will not cause dropwise
condensation.[7]

11 MATHEMATICAL ANALYSIS

A) Effect of Plating Thickness
In dropwise condensation is modeled including
the effect of substrate material. Differentials
equations are obtained for temperature
distribution in the substrate and the droplet.
Since analytical solution of the differential
equation system is quite complicated by the
known methods, no attempt is made to solve
these equations analytically. Instead of solving
the differential equations of the drop and the
substrate simultaneously, the diffusion equation
of the droplet is replaced by the equivalent
thermal resistances and these resistances are used
as boundary condition for the diffusion equation
for the substrate material. Temperature
distribution in the substrate material is obtained
with finite difference method and the
calculations are performed for different substrate
materials and for various drop radii. Heat transfer
and heat flux are calculated through a single
droplet with the use of temperature distribution,
then total heat transfer and flux is obtained by
integrating the heat transfer through a single drop
for the entire drop population. Finally heat
transfer coefficient for dropwise condensation is
determined by using the total heat flux and
average surface temperature of the drop to
substrate interface. Previous analytical and
theoretical models of dropwise condensation
used expressions for the heat transfer through
single droplets of specific sizes and then the total
heat transfer is determined by integrating over
the distribution of sizes. Such an analysis will
also be followed here. [6] Following
assumptions are made in the analysis of this
study :
e The vapor is at uniform temperature.
e Heat transfer from vapor to substrate is carried
out only by
condensation.
e Substrate material, although it has a finite
thickness in typical applications,

will be assumed to be a semi-infinite body since
its thickness is considerably
large for the majority of the droplets on the
surface of condensation.
e The area between the droplets can be
considered as thermally insulated.
We will first find the heat transfer coefficient
inside the condenser under test.for this properties
of water are taken at the bulk mean temperature
of water e.g. (Twi + Two)/2 where Twi and Two
are water inlet & outlet temperature. Following
properties are required:
where g = acceleration due to gravity =9.8
m/sec2 =1.27 x 108 m/hr2
L = Length of condenser =160 mm
Overall heat transfer coefficient (U) can be
calculated as
1/U=] 1/hi +Di/Do x 1/ho ] x 4.1868/3600
KW/ m?K - (1)
Where hi = Inside heat transfer coefficient.
ho = Outside heat transfer coefficient.
Di = Inside diam. Of wall.
Do= Outside diam. of wall.
In order to increase U, ho should be increased
ho=0943[ Axxgxk’/ (Ts—-Tw)uxL
170.25
Where A = Heat of evaporation at B.M.T.( Bulk
Mean Temp)
€ = Density of water at B.M.T.
u = Dynamic viscosity at B.M.T.

Consider a vertical plate of height L and
width b maintained at a constant temperature Ts
that is exposed to vapor at the saturation
temperature Tsat. The downward direction is
taken as the positive x-direction with the origin
placed at the top of the plate where condensation
initiates, as shown in Figure 2. The surface
temperature is below the saturation temperature
(Ts<Tsat) and thus the vapor condenses on the
surface. The liquid film flows downward under

the influence of gravity. The plating thickness 0
and thus the mass flow rate of the condensate
increases with x as a result of continued
condensation on the existing film. Then heat
transfer from the vapor to the plate must occur
through the film, which offers resistance to heat
transfer. Obviously the thicker the plating, the
larger its thermal resistance and thus the lower
the rate of heat transfer.The analytical relation
for the heat transfer coefficient in film
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condensation on a vertical plate described above
was first developed by Nusselt in 1916. [8]

Then Newton’s second law of motion for the
volume element shown in Figure 2 in the vertical
written as

x-direction can be

d—v

\ 1

dx

Shear force
du g o T
Hy o (Pax) Buoyancy force
i D 2(6 — v) (bdx)
weighn ] |55 RN

P8(8 — ¥) (bdx)

0 Y

N

y Idealized

- \'L‘lucil'\-'
profile

" No vapor drag

Idealized
temperature
profile

sat

Liquid, /

— Linecar

Fig.2 Condensate on vertical plate
Fig.2 The volume element of condensate on a
vertical plate considered
In Nusselt’s analysis.

Y Fx =max=0
Since the acceleration of the fluid is zero. Noting
that the only force acting
downward is the weight of the liquid element,
and the forces acting upward are the viscous
shear (or fluid friction) force at the left and the
buoyancy
force, the force balance on the volume element

becomes
F downward | = F upward?f

Weight= viscous shear force + Buoyancy force

p1g(8 - y) (bdx)= u du/dy (bdx)+ pvg(8 - y)(bdx)

Canceling the plate width b and solving for du/dy
gives

du

o glpl —pv)g(6 —y)/nl

Integrating from y=0 where u=0 (because of the

no-slip boundary condition)
To y =y where u=u(y) gives

_ g(pl-pv)g
u(y) = £

u(y) =

g(pl-pv)g (
ul

ys-2) 2

2

The mass flow rate of the condensate at a
location x, where the boundary layer thickness is

0 ,1s determined from

M(x) =[, plu()dA = [} plu(y)bdy
(3)

Substituting the u(y) relation from Equation 1

m(x)= gbpl(pl -pv)s3
™ 4)

into Eq. 2 gives

Whose derivative with respect to x is

dam _ gbpl(pl -pv)8* d§

== )

dx ul dx

which represents the rate of condensation
of vapor over a vertical distance dx. The rate of
heat transfer from the vapor to the plate through
the liquid film is simply equal to the heat
released as the vapor is condensed and is
expressed as

dQ = hfgdm = k; (bdx)

dm _ kib Tsat—Ts (6)
dx  hpg 8

Tsat—Ts
8

Equating Eqgs. 4 and 5 for dm- /dx to each other
and separating the variables give
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1 K1 (Tsat—Ts)

83ds =
gp1(p1-pv) heg

dx

(7

Integrating from x=0 where 0 =0 (the top of the
plate) to x=x where

8 =8(x)
the liquid film thickness at any location x is
determined to be

4 pl Kkl (Tsat-Ts) x 1\

gP1(p1-pv) hrg

50 =|
(8)

The heat transfer rate from the vapor to the plate
at a location x can be

expressed as

K
T

gx = hx( Tsat - Ts)=ki Tsat—Ts

)

—>hx

Substituting the d(x)expression from Eq. 7, the
local heat transfer coefficient hxis determined to
be

1/U=[1/hi + Di/Do x 1/ho + 6/K] x 4.1868/3600
KW/ m?-K (10)

B) Effect of Surface Roughness :-
In conclusion, we have shown that for relatively
low humidity capillary forces are present in the
case of smooth surfaces, and surpasses in
magnitude any dispersion and electrostatic
forces. In addition, an enormous decrease in the
capillary force was observed by increasing the
roughness amplitude a few nanometers in the
range ~1-10 nm. Considering the rapid fall offin
the capillary force and the two limits (a smooth
limit where the whole surface contribute to the
capillary force, and a rough limit where only a
single or a few asperities contribute), the
crossover regime might in turn depend on the
contact angle and any lateral roughness features.
Both could be an intersecting direction for
further study of this phenomenon in the design
MEMS (micro electromechanical systems) if
stiction poses a problem. The total adhesion
force can be divided into a capillary force and an
interfacial tension force due to surface tension
acting tangentially to the interface along the

contact line with the solid body.The Laplace
pressure, while ignoring contributions from
surface tension.

Fup=4n v Rh CosO. (11)

Where v = Liquid vapour pressure,

Rs = Surface roughness,

© = contact angle of vapour with condenser
surface.

For the contact angle of water onto Au surfaces
we obtain for © =70° Rs=50um, Fup=1.5X10*
nN It appears that the smooth limit is reached for
the Au/mica film. For the roughest films the
values found are up to ten times higher than that
of a single asperity, indicating a capillary
interaction of a multitude of asperities
For a increase in 100% roughness, capillary force
reduces up to 1/10 times applicable only after
60% rise in roughness. [5]This will effect
condensation in the same manner. From this
result alongwith equation (1) and (11) we can
write as
1/U=Rm/10[1/hi + Di/Do x 1/ho] x 4.1868/3600
KW/ m?*K - )
Where Rm= Number of times of original
roughness value.

IV. CONCLUSION

In this paper through mathematical mode finally
observed that the heat transfer coefficient (h
W/m2K) associated with dropwise condensation
is decreases with increase in plating thickness of
coatings. It can be calculated depending on the
formula with respect to plating thickness. The
drop wise condensation is also affected by
roughness of coated surface. In mathematical
mode finally it is observed that the heat transfer
coefficient (h W/m2K) associated with dropwise
condensation is decreases with increase in
roughness of coated plate. Plating thickness of
coatings. It can be calculated depending on the
formula with respect to plating thickness.

And also this paper suggest that
whenever the requirement of condensation is
more ,the surface should be with minimum
plating thickness and with minimum value of
surface roughness.
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Abstract- Particulate reinforced aluminium
matrix composites (AMCs) are attractive metal
matrix composite (MMC) materials due to their
strength, ductility and toughness as well as their
ability to be processed by conventional
methods. There are many techniques used to
manufacture metal matrix composites, but
casting and powder metallurgy are extensively
used to manufacture the composites. The
powder metallurgy technique is more cost
effective than the casting methods, but it
cannot be used for the production of complex
shapes. Compared with powder metallurgy,
casting which involves the stirring of the
particles into melt has some advantages: better
matrix—particle bonding, easier control of
matrix structure, low cost, simplicity, a nearer
net shape can be produced and there is a wide
selection of materials that can be used in this
method. Recently it is shown that aluminium
metal matrix composites have superior wear
resistance and mechanical properties. This
review paper is aimed to summarize tribological
and mechanical properties of aluminium alloy
matrix composite fabricated by different casting
techniques.

Keywords: Aluminium Alloys Matrix, Fabrication
techniques, tribological and mechanical
properties

[. INTRODUCTION

Aluminum alloys reinforced with particles
reiforcement are being extensively used in
various field of life, especially in aerospace and
automobile industries, because of good thermal
stability and excellent specific strength [1,2].
Low weight aluminum alloys lead to reduction
of weight resulting in considerable economic
advantages [3-6]. Wear behavior of particulate
aluminum matrix composites has been
extensively studied due to their high secondary
workability and superior wear resistance
compared to unreinforced metal alloys [7,8].
Aluminium matrix materials can be reinforced
with various oxides, carbides, nitrides and
borides. SiC and Al,03; are the most common
reinforcing material in AMC’s limited research
has been conducted on B4C reinforced AMC due
to the higher cost of B4C [11-17]. The ceramic
particulate reinforced composites exhibit
improved abrasion resistance [18]. They find
applications as cylinder blocks, pistons, piston
insert rings, brake disks and calipers [19]. The
strength of these composites is proportional to
the percentage volume and fineness of the
reinforced particles [20]. These ceramic
particulate reinforced Al-alloy composites led to
a new generation tailorable engineering
materials with improved specific properties
[21]. The structure and the properties of these
composites are controlled by the type and size
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of the reinforcement and also the nature of
bonding [22-24].

Il.  Manufacturing Techniques

Metal matrix composites are manufactured
using different techniques. These techniques
can be classified into liquid phase processes
(casting), liquid—solid processes (semi-solid
forming) and solid-state processes or powder
metallurgy [25, 26]. The powder metallurgy
technique is widely used in the manufacture of
particle MMCs and it is more cost effective than
the casting methods. Compared with powder
metallurgy, liquid processing which involves the
stirring of the particles into melt has some
advantages: better matrix—particle bonding,
easier control of matrix structure, low cost,
simplicity, a nearer net shape can be produced
and there is a wide selection of materials that
can be used in this method. However, the
casting process has two main problems: first,
the reinforcement particles are generally not
wetted by the liquid metal matrix, and second,
the particles tend to sink or float according to
their density relative to the matrix liquid.
[27,28].

Semisolid forming has many advantages, such as
complex shapes can be formed with some
reduction in forming steps and with near net
shaping capabilities, less energy consumption,
less solidification shrinkage, prolonged die life,
good filling of the die and improved mechanical
properties [30,31]. The production of raw
material for semisolid processing requires
specialized techniques such as mechanical
stirring, inductive electromagnetic stirring and
the cooling slope method. Of all the techniques
employed to produce thixotropic
microstructure feedstock, the cooling slope
casting method is particularly attractive because
it is simple, requires a very low amount of
equipment and is therefore cost effective [29-
31].

Baradeswaran & A. Elaya Peruma [2014]
investigated the influence of graphite on the
wear behavior of Al 7075/ Al,03/5 wt.% graphite
hybrid composite. The composites were

fabricated using liquid metallurgy route.
Ceramic particles along with solid lubricating
materials were incorporated into aluminium
alloy matrix to accomplish reduction in both
wear resistance and coefficient of friction. The
mechanical and tribological properties of the Al
7075—-Al,0s—graphite hybrid composites were
found to be increased by increased weight
percentage of ceramic phase as shown in fig(1).
The wear properties of the hybrid composites
containing graphite exhibited the superior
wear-resistance properties [32]. Rao R. N. et al
[2013] studied dry sliding wear maps for
aluminium matrix composite fabricated by stir
casting technique and examined under specific
applied load and sliding speed [33]. Taufik R. S.
and Sulaiman S. [2013] presented the
development of thermal expansion model for
casted aluminium silicon carbide [34]. F. Toptan
et al. [2013] investigated corrosion behavior of
Al-Si-Cu alloy matrix composites reinforced with
B4C particulates [35].

M.B. Karamis et al. [2012] Studied a number of
metal matrix composites were manufactured to
determine their tribological properties. AA2124
matrix material, reinforced by SiC, B4C or Al,O3
(of different particle sizes), was used for
manufacturing by powder metallurgy. The
specifics wear rates of the composite reinforced
with 10% volume fraction of B4C or SiC were
each lower than that of the GGG40 cam
material. While the composites having 30%
volume fraction of 20 mm SiC gave the best
wear performance, the sample with B4C showed
the best performance at 10% volume fraction as
shown in fig. 2, [36]. D. Cree & M.pugh [2011]
investigated dry sliding wear and friction
behaviors of A356 aluminum alloy and a hybrid
composite of A356 aluminum alloy and silicon
carbide foam in the form of an interpenetrating
phase composite were evaluated using a ball-
on-disk apparatus at ambient conditions[37].
Yusuf Shahin [2010] investigated behaviour
aluminium alloy matrix reinforced with 15 wt%
SiC particles were prepared by powder
metallurgy (PM) method. Table 1 summarizes
the investigation done by various research
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groups to study effect of different parameters as

per fabrication techniques on tribological and

mechanical properties for Aluminium alloys

composite [38].

Rockwell Hardness (HRB)

Tablel: Review of Aluminium alloys matrix
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Fig(1): (a). Hardness with varying graphite
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l1l. Conclusion

There are exciting opportunities for producing
exceptionally strong, light weight, wear
resistant aluminium matrix composites with
acceptable ductility by different fabrication
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route. From the various fabrication process
discussed in this paper, mechanical stirring
method, it is extremely difficult to distribute and
disperse particles uniformly in aluminium metal
alloy due to their large surface and volume ratio
due to and their low wettability. The hardness
and wear resistance of the aluminium allos
matrix composite fabricated by cooling slop
casting were found to be higher than those of
aluminium matrix composite fabricated by using
stirring. Powder metallurgy is the branch with a
remarkable development for the fabrication of
aluminium alloys matrix in recent years due its
ability to give more uniform dispersions. Parts
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produced by this technology require minimal
finishing, and have technical/economic
advantages which made them very attractive. It
is also possible to deposit composite layers by
friction surfacing in aluminium based alloys.
Multi layering enable to tailoring coating
composition in order to achieve pre defined
gradient. The multilayer composite coatings
present a sound bonding to substrate and
between layers with exception of edges.
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SIMULATION OF MRAC BASED SPEED CONTROL OF
BRUSHLESS DC MOTOR WITH LOW-RESOLUTION
HALL-EFFECT SENSORS

!Gundra Sunil, ?B.Rajasekhar
(M.E), Control Systems, ANITS College, M.E , Asst.Professor, ANITS College,

Abstract—A novel speed estimation approach
with control system based on model reference
adaptive control (MRAC) is presented for low
cost brushless dc motor drives with low-
resolution hall sensors. The back EMF is
usually used to estimate speed. But the
estimation result is not accurate enough at low
speeds because of the divided voltage of stator
resistors and too small back EMF. Moreover,
the stator resistor is always varying with the
motor’s temperature. A speed estimation
algorithm based on MRAC was proposed to
correct the speed error estimated by using
back EMF. The proposed algorithm’s most
innovative feature is its adaptability to the
entire speed range including low speeds and
high speeds and temperature and different
motors do not affect the accuracy of the
estimation result. The effectiveness of the
algorithm was verified through simulations
and experiments.

Index Terms—Brushless dc motor, low-
resolution hall sensor, model reference
adaptive control, speed estimation

I. INTRODUCTION

Brushless dc (BLDC) motors are preferred
as small horsepower control motors due to their
high efficiency, silent operation, compact form,
reliability, and low maintenance. However, the
problems are encountered in these motor for
variable speed operation over last decades
continuing technology development in power
semiconductors, microprocessors, adjustable

speed drivers control schemes and permanent-
magnet brushless electric motor production have
been combined to enable reliable, cost-effective
solution for a broad range of adjustable speed
applications.

Due to the nonlinearity of the motor system,
MRAC or model reference adaptive control
which is one of a kind in adaptive control
techniques is implemented. It is regarded as an
adaptive servo system in which the desired
performance is expressed in terms of reference
model, which gives the desired response to a
command signal. The nonlinearity occurs
because the system transfer function varies or
changes with the speed of the motor and the
controller ought to be adaptive and robust for
these changes.

Brushless dc (BLDC) motors usually use
three or more Hall sensors to obtain rotor
position and speed measurement. It would be
necessary to inverse the time difference between
two successive Hall sensor signals to obtain
reliable speed measurement. Notice that there are
only a few sensor signals available to the motor
at low speeds. There may be 12 or 24 sensor
pulses per round which depend on the number of
poles. The sampling time, thus, becomes a
variable according to the motor speed. These
systems have uncertainty in a discrete time
model and have a lot of difficulties to design
speed regulators. Moreover, the sampling time is
too long for speed regulations at low speeds. In
order to make BLDC motors with low-resolution
encoders work at very low speed and reduce the
difficulty of speed regulators’ design, several
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methods have been developed to obtain high
accurate speed measurement. These methods are
commonly addressed as estimation methods.
Instantaneous speed estimation based on a
reduced-order disturbance torque observer
provides the merits of simple structure and easy
implementation [1]. But the high gain problem
occurs in real application for mechanical noise
and oscillation of system. In [2], a reduced-order
extended Luenberger observer was proposed to
reduce the sensitivity to the instantaneous speed
estimation by the variation of the inertia moment.
A computationally intensive Kalman filter is
successfully used in dealing with velocity
transients [3], but it is susceptible to the
mismatch of parameters between the filter’s
model and the motor. In [4], a dual observer was
proposed. The dual observer can estimate the
rotor speed and position without time delay or
bumps. All the observer-based methods share the
feature of providing high accuracy of the speed
estimation  with satisfactory ~ dynamic
performance. But they suffer from the
dependence on system parameters and need
heavy computation [5]. A model free enhanced
differentiator is proposed for improving velocity
estimation at low speed [6], [7]. But the
computation includes the fractional power of
variables. Many other authors have suggested
that accurate speed estimation can be obtained by
using a low-resolution encoder, together with a
position extrapolation algorithm, implemented in
the drive control processor [8]-[12]. However,
the estimation in [12] was dependent on the
accuracy of position sensor and mechanical
parameters. Hardware approaches involving a
phase locked loop [13], [14] are feasible for a
drive running at near-constant velocity, but may
be unable to deal with transient velocity
operation. For BLDC motors, the most popular
speed estimation method may be based on back
EMF. Operation rotor speeds determine the
magnitude of the back EMF. At low speeds, the
back EMF is not large enough to estimate the
speed and position due to inverter and parameter
nonlinearities. This paper presents a MRAC
speed estimation algorithm by using the back
EMF. The proposed algorithm can compensate
the voltage occupied by the stator resistor
adaptively at low speeds and is valid over the

entire speed range. Moreover, the parameters of
the algorithm can be commonly used for
different BLDC motors.

1.  DESCRIPTION
ALGORITHM

OF ESTIMATION

A. Model of BLDC Motors

The equivalent circuit of Y-connection
BLDC motor is shown in Fig. 1 [15].

L e,
Phase a I:IR‘ Y 6 )
+ -
Phaseb 2 by L, s
? se D I:I\ Y Y Y ) E )
1ase o - 'U\-"
i L €.
Phase ¢ I:IR‘ Y Y\ E )
+ -
Fig.1.Equivalent circuit of a star connection
BLDC motor.

A BLDC motor has three stator windings
and permanent magnets on the rotor. Its voltage
equation of three windings with phase variables

IS
Vas] [Rs 0 07[i,
w0 r ool
Ucs 0 0 RS ic
Laa Lab Lac lq €a
%[Lba Lpp  Lpc||ip]+]en| (1)
Lca ch Lcc ic €c

and the electromagnetic torque equation is
Te =(€ala+ epib+ €cic)/ wm (2

Where ua , Up and uc are the terminal phase
voltages with respect to the power ground, Rs is
the stator resistance of phase windings, ia, ib and
ic are phase current, Los = Ls — Lm is the
equivalent inductance of phase windings,Ls and
Lm are self inductance and mutual inductance,
respectively, ea, eb and ec are trapezoidal back
EMFs, Uno is the neutral point to ground
voltage, and wm is the speed of the rotor. As a
BLDC motor, there are only two phases which
have current at the same time. For this analysis,
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the current from phase a to phase b is considered.
There are following equations:

";'n' — _i-l)

i.=0
€a = —Ep (3)
]—( _ 2e,1,

y
i

and the line voltage between phase « and phase
bis

Uab=U -Up =2Rsia +2Las (Z—i:'i'ZEa 4)

Because the rotor of a BLDC motor is permanent
magnet, the back EMFs are proportional to the
electric speed of the rotor

€a=- €b = Kewr (5)

where ke is back EMF coefficient and is a
constant. According to (4) and (5), the speed of
the rotor can be given as

Wm=(Uab-2Rsi-205 %) Ipke  (6)

and w,= pw,,/2, where p is the number of poles
of a motor

PWM &
Commutation —> Inverter
Signals

Line Voltage Voltage
P e Reconstruct il .
. Speed A ;
Estimation ¢
Based On s
| MRAC | |spd_S[™ Speed BLDC
H Calculation | g Motor

Sensors
L

[ Correction

| I

;;’mt oltage Model Spd ‘: o—s| Pl |
Current Spd 5 I

Fig.2. Block diagram of the éystem

In stable condition or when ia is changed very
slowly dia/dt = 0. Then, (6) can be rewritten as

Wm=(Uab-2Rsla) /pke (7)
B. Speed Estimation

The speed of the rotor can be calculated
by voltage and current without Hall sensors with
reference to (7). The line voltage ua can be
estimated by pulse width modulation (PWM)
signals. The phase current ia can be sensed from
hardware. Rs is a parameter of the motor and is
proportional to the temperature. If the change of
Rs is neglected, the estimated speed is very
accurate especially at high speed but when a
motor is working at low speed, the estimated
speed is not accurate enough. It is mainly
because the back EMF is too small comparing
with Rs ia. A small error of ua or Rs ia would
lead to an inaccuracy of the estimated speed. p
and ke in (7) are constant for a known BLDC
motor. But they are changed with different
BLDC motors. Actually, p is usually on the plate
of a motor and can be obtained easily. ke,
however, is seldom on the plate. Thus, there are
two problems with the speed estimation based on
the back EMF of BLDC motors. 1) The accuracy
of the estimated speed is not enough at low speed
and 2) Rs is not constant. It is varying by
temperature. p and ke are variables for different
motors. Therefore, the algorithm based on (7)
cannot be commonly used for different motors or
in different conditions
for the same motor.

C. Basic Idea

Our objective is to solve these two
problems mentioned above, a speed estimation
algorithm based on MRAC was proposed. Fig. 2
shows the block diagram of the speed control
system with the proposed speed estimation
algorithm. It consists of a power circuit and
control circuits which perform following
functions: PWM strategy, current control,
current commutation, speed estimation, and
speed control.

The main blocks of the speed estimation
isa MRAC-based regulator. The speed estimated
by the back EMF and the speed calculated by
Hall sensors are the inputs of the regulator. The
output of the regulator is a correction variable for
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the estimated speed. Spd E is the estimated
speed. Spd S is the calculated speed by Hall
sensors. If Spd E is not equal to Spd S, a
correction is given by the PI regulator and then,
Spd_E is calculated again based on the proposed
model. The reference current iref is changed by
the speed regulator. Through the current

regulator, the output voltage of the inverter is

being tuned and Spd_S is changed. In
Proposed Speed Estimation Algorithm Based on MRAC

i
Fig3. Speed estimation algorithm considering

the voltage compensation of stator resistor.

this way, the PI regulator used in the estimation
Algorithm is always working until Spd_E equals
to Spd_S.

The basic block diagram brushless dc
motor as shown Fig.4.The brush less dc motor
consist of four main parts power converter,
permanent  magnet-synchronous  machine
(PMSM) sensors and control algorithm. The
power converter transforms power from the
source to the PMSM which in turn converts
electrical energy to mechanical energy.

One of the salient features of the brush
less dc motor is the rotor position sensors, based
on the rotor position and command signals which
may be a torque

POWER PMSM |
CONVERTR
-
CONTROL SENSORS
ALGORITHM ¢

Fig.4 Basic Block Diagram of BLDC motor

command, voltage command, speed command
and so on the control algorithms determine the
gate signal to each semiconductor in the power
electronic converter.

The structure of the control algorithms
determines the type of the brush less dc motor of

which there are two main classes voltage source
based drives and current source based drives.
Both voltage source and current source based
drive used with permanent magnet synchronous
machine with either sinusoidal or non-sinusoidal
back emf waveforms .Machine with sinusoidal
back emf may be controlled so as to achieve
nearly constant torque. However, machine with a
non sinusoidal back emf offer reduces inverter
sizes and reduces losses for the same power
level.

The model reference adaptive system
(MRAS) is one of the major approaches for
adaptive control. The model reference adaptive
system (MRAS) is one of many promising
techniques employed in adaptive control.
Among various types of adaptive system
configuration, MRAS is important since it leads
to relatively easy- to-implement systems with
high speed of adaptation for a wide range of
applications.

One of the most noted advantages of this
type of adaptive system is its high speed of
adaptation. This is due to the fact that a
measurement of the difference between the
outputs of the reference model and adjustable
model is obtained directly by the comparison of
the states (or outputs) of the reference model
with those

1 %
Ve, Ve
| Motor
Aeference model | Stator eqns.

|

| Ted] = S d vl - [trs vore® 0 [
IR R |
A I

Adaptive model

0 (R olyS) | i

Rotor egns
1 | fasl L b
T

wy

| (]

s
Wor

A
Estimated
speed

Fig 5 Basic Block Diagram of MRAS speed
estimation

! :
Adaptation algorithm

““reference model’” represents demanded of the
adjustable system. The block dynamics of actual
control loop. The block “‘adjustable model’” has
the same structure as the reference one, but with
adjustable parameters instead of the unknown
ones.
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I11.DESIGN OF ESTIMATION ALGORITHM
BASED ON MRAC

For this analysis, the current from phase a to
phase b is considered.

A. Speed Estimation Algorithm

The inaccuracy of the low speed
estimation is mainly because of the divided
voltage of the stator resistor. So an estimation
algorithm considering the voltage compensation
of the stator resistor is presented firstly. It is
shown in Fig. 3. The estimated speed is
calculated by using (7). In Fig. 3, where Rs is not
accurate or changed with the temperature, Spd _E
will not be equal to Spd_S. Because kc affects
Spd_E and Spd_E is the input of the speed PI
regulator, the speed PI regulator will change the
output voltage to compensate divided voltage of
the stator resistor adaptively. kc is always tuning
until Spd E equals to Spd S. Therefore, the
control system including this proposed speed
estimation algorithm can keep the accuracy of
the estimated speed at very low speed. The 2kcRs
ia not only needs the value of Rs but also needs
the value of current. Actually the output of the PI
regulator proposed in Fig. 3 can completely
compensate the divided voltage of the stator
resistor. Therefore, a simple algorithm is
proposed in Fig. 6 the vc is the output of the Pl
regulator and 2kcRs ia is replaced by ve .

B. Algorithm Approach Considering Different
Motors

For different motors, the value of p and ke may
be changed. p could be easily obtained from the
plate of a motor. However,. ke is seldom shown
on the plate. Therefore, the initial value of ke
may be inaccuracy.

Proposed Speed Estimation Algorithm Based on MRAC

b vc'

”:b @ = [<

Fig.6. Approach to simplify algorithm.

Proposed Speed Estimation Algorithm Based on MRAC
Considering Different Motors

Fig 7. Estimation algorithm approach
considering motors at high speed.

At high speed, the divided voltage of stator
resistors can be neglected. The voltage on a
motor is almost the back EMF. Then, referring to
(7), an approach of the high speed estimated
algorithm is proposed here.

Wm=Uab / pKe (8)

According to (8), ke produces great
influence on the accuracy of the estimated result
at high speeds. An approach of the high speed
estimated algorithm was proposed based on Fig.
6. The block diagram is shown in Fig. 7. ke0 is
the initial value of ke and ke = keOkC . If keO is
not accurate, the Pl regulator will change the
value of kc until Spd E equals to Spd_S. In this
way, the error of the estimated speed caused by
the inaccuracy of ke is corrected by kc .

C. Speed Estimation Algorithm Considering
Voltage Compensation and Different Motors

At low speed, the primary reason of the
estimated inaccuracy is the effect of divided
voltage on stator resistors. At high speed, the
primary reason is the effect of inaccuracy of ke
according to different motors. Therefore, a speed
threshold is set. If Spd S > Spd T 1, the
estimation algorithm shown in Fig. 7 is used and
ke is the output of the regulator to correct the
estimated speed. If Spd S < Spd T 2, the
estimation algorithm shown in Fig. 6 is used and
ve is the output of the regulator to compensate
divided Voltage on stator resistors. Avoiding
repeatedly jumping, there is a hysteresis value
between Spd T 1and Spd T 2. The selection of
Spd T 1 and Spd T 2 is based on the period of
speed loop, the number of poles of BLDC, and
the number of Hall-effect sensors. Following
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rules can be used: 1) the longer the period of
speed loop, the smaller the value of Spd T 1. 2)
The more the number of the poles of BLDC
motor, the smaller the value of Spd T 1. 3) The
more the number of Hall-effect sensors, the
smaller the value of Spd T 1. 4) The hysteresis
value between Spd T 1 and Spd T 2 can be
selected by experimental results.

The flowchart of estimation algorithm is as
shown below

Set Flag=0

Yes
Algorithm shown
in Fig. 5.

Fig.8.Flow chart of estimation algorithm.

Algorithm shown
in Fig. 4.

IV. SIMULATION RESULTS

Firstly, outputs of BLDC motor i.e.
voltage and current are converted into d-q axis
with respective stator are given to Reference and
Adaptive model of MRAC. Now these outputs
i.e. voltage and current are inputs of MRAC in d-
g axis. Finally the output of MRAC is given to Pl
Controller. By this way BLDC motor speed can
be controlled.

The simulation results of MRAC based
speed control of Brushless DC Motor with low
resolution Hall Effect sensors is as shown below

x-axis-time(l)
y-axis:-Back Emf{Eb)

Fig.9.Back emf’s of BLDC Motor with MRAC

x-axis-time(t)
y-axisi-Speed(n)

Fig.10.Speed Characteristics of BLDC Motor
with MRAC

V.CONCLUSION

In this paper, a novel speed estimation algorithm
based on MRAC is introduced. The proposed
algorithm includes two regulators. One regulator
corrects back EMF coefficient at high speed. The
other regulator compensates the divided voltage
of stator resistors at low speed. In this way, the
estimation algorithm can work validly at both
high speed and very low speed. The drive system
with the proposed algorithm widens the speed
range of BLDC motors. Moreover, it is not
needed to tune parameters according to motors
with different back EMF coefficient when using
the estimation algorithm.

Extensive simulation have been performed
and the results verify that the estimation
algorithm proposed in this paper is effective.
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