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Abstract--The general solution for stresses around holes in
laminates using Stroh formalism is presented in this paper.
This is a one-stop solution for all cases of in-plane loading on
infinite plates. The results of solutions by different
formulations in the literature are reproduced exactly by the
present solution. This is achieved by using Savin’s mapping
function in a generalized form and also introducing the
arbitrary biaxial loading condition into the basic equations of
Stroh formalism. This solution is highly useful for parametric
study of the effect of shape of hole, material, fiber orientation,
stacking sequence and type of loading on stress distribution
around the cutout. Results are presented for new cases such as,
cross-ply, angle-ply laminates and different laminas of
Graphite/epoxy, Boron/epoxy and glass/epoxy with circular,
elliptical, triangular and rectangular holes under uni-axial,
biaxial and shear loading. The material identities are handled
elegantly by MATLAB.

Keywords--Stroh formalism; anisotropic plates; cutouts in
laminates; in-plane loading.

1. INTRODUCTION

Composite panels are widely used in aircraft wings,
transportation equipment and construction applications. Cutouts
are made in laminates for practical purposes, such as access to
system equipment, maintenance of hydraulic piping, electrical
wiring etc. Holes in aircraft wings, ship decks and other
transportation equipment result in degradation of the strength of
the laminate. In order to predict the structural behavior the
laminates with certain degree of accuracy, it is necessary to study
the effect of anisotropy, laminate geometry, fiber orientation,
shape of hole, type of loading on the stress distribution around the
cutouts.

Many analytical solutions are available in the literature with
varying degree of complexity. Most of the researchers have
considered only specific shapes of holes in the laminate under
certain case of in-plane loading. Earliest solution by Lekhnitskii
[1] for stresses around holes in anisotropic plates has used an
expression for the shape of hole that gives only an approximate
polygonal hole as a degeneration of the circular hole. The shapes
have curved edges and rounded corners. The stress functions are
taken in series requiring lengthy mathematical procedure. The
unknown constants are determined by applying the boundary
conditions. The first solution on multi-layered plates is given for
unidirectional and bidirectional laminates of Graphite/epoxy,

Boron/epoxy and glass/epoxy with circular hole under uni-axial
and biaxial loading conditions given Gao[2]. The influence of
bluntness curvature and material properties on the state of stress
around triangular hole in uni-directional layers of different
materials under tensile loading was studied in another solution of
Daoust and Hoa [3]. In this solution, the triangular hole is taken
based on an expression that gives a degenerated circular hole.
Another solution by Hwu [4,5] was given for stresses around holes
in anisotropic plates under arbitrary uni-directional loading at
infinity. The expression used in this solution could produce several
shapes of holes whose shapes were only approximate. To
investigate the effect of the shape of cutout on the maximum stress
and its location in a flat plate under uni-axial tension was given for
triangular, square and hexagonal cutouts in composite plates
Rezaeepazhand and Jafari [6,7,8] was given in the similar lines of
the earliest solution [8]. The solution given by Ukadgaonker and
Rao [9], Nageswara Rao et al.[10] is based on Savin’s formulation
Savin[11] using the stress functions. The hole shape is given by an
expression with number of terms. Results in all the solutions
indicated that the maximum stress was dependent on the material
as well on the shape of the cutout.

The present general solution is derived by incorporating a
generalized form of mapping function and an arbitrary biaxial
loading condition into the basic equations of Stroh formalism. The
generalized mapping function for polygonal holes is obtained from
the Schwarz-Christoffel formula Savin[11]. This solution gives the
stresses around holes with given constants of the mapping
function, constants for type of loading, type of material, fiber
orientation and stacking sequence. The solution by Stroh
formalism is very elegant as it converts the complex eigenvalues
and eigenvectors into real form in a simple manner making it
applicable for both anisotropic and isotropic plates.

I. STROH FORMALISM

The basic equations of two-dimensional anisotropic elasticity are:
1

£ :E(ui'j +Mj’,') (D
o = Cnen @)
Oiij = 0 ,where, i, j, k,1 =123 ...(3)

Considering the classical laminate theory, the mid-plane
displacements of the laminate are represented by u,(i=1,2,3) along
the three axes. For the assumption of positive energy, the elastic
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constants Cjy, are fully symmetric with respect to interchange of
indices as given in (4).

Czjkl = Cjikl = Cijlk = Cklzjj where, i, j,k,1 =1,2,3 ...(4)

The equations (1) and (2) are taken in terms of displacements
and are introduced into (3). Then the equilibrium equations (3)
become

Cijkluk,lj =0 ...(5)

The solution for the set of partial differential equations (5) is
obtained by considering a general form of displacement u as a
lincar combination of x; and x.. The general form of
displacements and stress function vector satisfying the basic
equations (1)-(3) are

u=2Re[Af@)] ¢ = 2Re[Bt@)] ..(6)

where, f(z)=[fi(z1) f5(22) fs(z3)]" is function vector composed of
three holomorphic functions with complex variables, z=x,+ux,,
j=1,2,3. The complex eigenvector matrices are given by

A=[a1 ap a3:|,B=|:b1 by b3] ...(7)

The Stroh formalism is more attractive than the conventional

series solution of stress functions of Lekhnitskii[1]. It is because

of the eigen relation that relates the eigen modes of stress functions

and displacements in terms of material properties. The general

form of eigen relation in a rotated co-ordinate system as given by
Ting [12] is

N(O)E = 1(6)& ..(8)

Ni(6) N,(6)
N(©) = ,
N3 () Ny (0)

where,

-1 T -1
N (0)=-T (OR (0), Ny(@) =T (0)=Ny(0);

-1 T T
N3 (@) =R@OT (OR (8)-Q(0) =N3 (&) (9

where, Q(8), R(0) and T(0) are transformed 3x3 material real
matrices (10)
given in terms of Q, R and T.

Q) = Qcos2 9+(R+RT)sin t9<:0519+Tsin2 o
R(O) = Rcos2 0+ (T-Q)sin HCOSH—RT sin2 0

T(O) = Tcos2 - (R+ RT)sin ¢9cost9+Qsin2 6 ...(10)
The Q, R and T matrices in (10) are given by
1 Ge Cis
Q=16 %6 Cs6
Cis Cse Css |
Ce6 C26 Cas
T=|Ch Cpy Ciy .(11)
| Ca6 €24 Caa |
The elastic stiffness constants C;; (ij=1,2,6) in (11) for
unidirectional laminas different materials are obtained using (Al).
The material properties for some unidirectional laminas are given

Ce Cr2 Cua
R=1Ces Cr6 Cyp
Cs6 Cps Cys

in Table 1. The elastic constants for laminas with different fiber
orientations are calculated using (A2)-(A3) in Appendix-A.

The values of y; are obtained from the standard eigen relation (8)
by taking @ =0. These values depend on the type of elastic
anisotropy and elastic constants. For positive strain energy, the
roots of the eigenrelation (8) shall have three pairs of complex
conjugates. The column eigenvectors ay, a,, a3 and by, by, by in (7)
are obtained by using

RHEHR

where, I is the identity matrix of size 3x3 represented in terms of
material property matrices R and T by

-1
I o 0 T R I
[ ] e

The transformed eigenvalues p,(6) for various 6 positions around
the hole boundary are given by

—sin9+,uj cos @
pi(0) = —— .(14)
cos9+,uj sin

Imyj(H) >0, ﬂj+3(9)=ﬂj(9),

b b ...(15)

a;,3=3; 3T
For distinct eigen values u;(0), the corresponding column
eigenvectors a;, b; are independent of each other. By post-
multiplying (8) by [A™ B™'] on both sides, we get the following
identities (16).

2A </1j (9)> A = I:NI(Q)ST + Nz(e)sTHA] +iNy ()

Hj (9)> [NZ (0) - Ny (e)sflj - iN1(9)L71

[Nl 0) - N3(9)SL :I 1N3(0)L

2
28 (u;0)B
{

2B ,uj(¢9> [N3(¢9)+N1(9)S H ] N @m L (16)

The identities in (16) are expressed in terms of real matrices Ny,
N,and N3, S, H and L. The derivatives of stress function vectors
w.r.t n and s are expressed in terms of these identities. Real form
stress values are obtained directly as these identities in the
equations are replaced by the expression with real matrices.

II. GENERALIZED MAPPING FUNCTION

In the theory of complex variables, the conformal mapping
facilitates representing the area external to the given hole in z-
plane by the area outside the unit circle in ¢ -plane using a
transformation function called the mapping function. To consider
any shape of hole, a generalized form of Savin’s mapping function
(17) is introduced into the Stroh formalism. For isotropic materials
such a mapping function is given by

N my
z=w()=R| {+ Z 3 ..(17)
e

where, my, are the constants of the mapping function as given in
Table 2. R is a constant for the size of the hole which is taken
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equal to unity since the stress concentration in the present analysis
depends on the shape of the hole rather than on its size. By taking
¢ =péY, where p, v are the coordinates in ¢ -plane and p= 1
on unit circle, we have, {= (cosy + isiny ). The mapping
function (17) is written as

N N
z=w(l) = R|:(cos v+ kz my cos kl//) +i (sinw - kzl my sin kl//):|
-1 -
..(18)
For anisotropic materials, the deformation undergoes affine
transformation. Hence, the complex parameters of anisotropy 4 ;

are introduced into (17) as in z =x; 4 u ;x, where x,, x, are the real
and imaginary parts of (18) respectively, thereby resulting in (18).

R 1 N X N my
zj:a)j(é’):; a; E+kélmk4’ +bj 4’+kél—k
...(19)
whereaj=(1+iyj), bj=(1—i,uj) ...(20)

III. ARBITRARY BIAXIAL LOADING CONDITION

In order to consider several cases of in-plane loading in this
solution, the boundary conditions are derived by introducing the
arbitrary biaxial loading condition Gao[2] into the boundary
conditions. By means of this condition, the results for biaxial
tension or shear stress at infinity can be obtained without the need
for superposition of the solutions of uni-axial loading.

The remotely applied loading is considered about arbitrary
coordinate axes x;'0x," rotated by an angle S from the principal
body directions x;0x, as shown in Fig. 1(a) and A is the biaxial
loading factor. The boundary conditions are:

0 o0 0

oy =40, Ogy =05 0 gy =0 at |Z| — o ...(21D)
where, Gy11» Oy ATE the stresses applied about x;', x," axes at
infinity. The stresses along x;, x, co-ordinates are obtained by

transforming the corresponding loading along x{ , x’, co-ordinates

0 e8] o0 o0
O'lv It +O'2!2! = 011 +O'22

alylyoo + 0_2'2’00 + 21'0'1,2' *_ (o 100 + 62200 + 2io-1200)621ﬁ
...(22)
The boundary conditions along x;, x, axes are given by
©w O
o = [+ D+ -Deos2p];
2
0 (o
03" =—[(A+ D -2 -Dcos28];
2
(o3
o = — [ -Dsin24] .(23)
2

The stresses at infinity in (23) are expressed in terms of stress
vectors, t,”, t,” where,

t100:[‘711 o1 O]T"zoo:[alz 92 O]T (24

The stress vectors (24) are useful to determine the stress functions
for plate without hole. To consider required case of in-plane
loading, appropriate values of A and £ are taken into (23).

tension along x;-axis: A=0, p=xnl2
tension along x, -axis: A=0, f=0
inclined uni-axial loading: A =0, S0
biaxial loading-arbitrary: A =1, S#0
equi-biaxial loading: A=1, p=0

shear loading:

A=—1, B=n/4, or 3r/4

IV. PROBLEM DEFINITION AND METHOD OF SOLUTION

A centrally placed cutout of arbitrary shape is considered in
an infinite symmetric laminate. The boundary of the cut-out is free
from loading and the laminate is subjected to arbitrary uniaxial,
biaxial, and shear loading. It is required to determine the stress
around the cutout and identify the factors influencing the
maximum stress and its location.

Circular, elliptical, triangular, square hole in normal and
rotated positions and a rectangular holes are considered in infinite
Graphite/epoxy Boron/epoxy and Glass/epoxy, cross-ply and
angle-ply laminates under uniaxial tension in x-, y- directions,
equi-biaxial tension and shear stress at infinity.

The method of solution for the problem is illustrated in Fig.1.
The laminate with hole under remotely applied loading is shown in
Fig 1(a). The solution of the problem is obtained by superposition
the stress functions from the first and second stages.

A. First Stage Solution

In the first stage of the solution, the laminate without hole
under remotely applied stress about arbitrary coordinate axes is
considered as shown in Fig. 1(b). This produces a uniform state of
stress throughout the plate. The stresses around the fictitious hole
due to uniform stress state are given by

1
0 = (xztloo - xltzoo) ...(25)

(b) ()

Figure 1. Scheme of solution (a) plate with hole, loading at infinity (b)
uniform plate with loading at infinity (c) plate with no external loading and
with negative loading on the edge of the hole

B. Second Stage Solution

In the second stage, a negative loading opposite to that of (25)
is considered on the hole boundary as shown in Fig. 1(c). The
boundary conditions for the plate with traction free hole and
loading at infinity are
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0 - (poo at infinity; t, = ps=0 along the hole boundary ...(26)

To satisfy the boundary conditions (26) at infinity, the
function, f{¢{') is considered as a polynomial with negative powers.
The negative powers of ¢ makes the stress function ¢ equal to
zero at infinity since ¢ —oo , when z—o. The stress functions
satisfying this boundary condition are given by

¢” = —|:2Re|:B <f(zj)>c]+2k%/1Re[B <f(zj)>ckﬂ --(27)

C. Final Solution

The stress function for the given plate with a traction free
hole and loading at infinity is obtained by superposing (25) and
27).

I 11
o=@ +¢ ...(28)

Then, the stress function given by (28) is further simplified as

N
. ((xztl‘” ~xjty” ) - 2ReB| (f(z)))er X <f(zj)>ckD .(29)

k=1

-1 o oo
. . RB  (t, —it] )
The constants ¢, ¢ in (29) are given by: ¢ = ———~——— |
2
-1 oo | ©

Ry Bty +ity)

¢ = ...(30)

2

Now the complex function f{z) in (29) is transformed to f{{') using
(19) and it is determined by using the Schwarz formula.

d
e d .31

t—¢ t
The following results are used while evaluating the integrals in

31).

1 (t+d \dt Arxi k| t+¢ )at

[ — ===, It —=0
77[r—¢jr &y (r—gjr

V. STRESSES AROUND THE HOLE BOUNDARY

£©) = IRe[ £ (0]
V4

...(32)

The stress around the hole in anisotropic plates is given by
evaluating the derivative of stress function ¢ with respect to

normal and tangential directions respectively. The tangential stress
around the hole is given by
Oy =S 0, ...(33)
where, s and »n denote the unit tangent and normal to the hole
boundary respectively as shown in Fig.2. They are given by
nT = [—sin9 cos 6 O] , sT = [cosé’ sin @ O] ...(34)

where, angle @ is directed counter clockwise from the positive x;-
axis to the direction of s is as shown in Fig.2.

Considering an element of the hole contour AB, measuring
ds subtending an elemental angle dy at the hole centre and w is
the angle measured in counter clockwise direction from the x; -axis

for different points on the hole boundary, while moving from A to
B in Fig.2 we have,

—dxl sind —dx2

ds ds

where, ds = pdy is the arc length of the hole boundary. By
designating the real and imaginary parts of (18) as x; and x;
respectively and taking the derivatives of x; and x, w.r.t. ¥, we
have,

(33)

cos 0 =

d N

@ —R(sinl//+ > kmy sinkl,z/j;

dy k=1

...(36)

N
L) = R(cost// - X kmy Cosk(//j
k=1

By introducing (35) into (36), we obtain the relation between angle
6 and contour parameter ¥

N
pcos@ = R(siny + kzl kmy, sin ky);

N .37

psind = —R(cosy — kzl kmy,_ cos ky)

where,

N 2 N 2
p= (cosw—kzlkmk cos ky) +(siny/+kzlkmk sinky)” ...(38)

Figure 2. Directions of unit normal and tangent to the hole boundary
after taking R=1 for the size of the hole as explained in section 3.

The derivative of stress function (29) with respect to normal
direction n is obtained in the following.

dx dx
2 ® 1. o
Pn =

dn dn ...(39)
’ N
_2ReB[<f(§)’n>C+k§1<f(§),n>ckJ
The chain rule is applied to evaluate the derivative in (39)
o) of(g) od o 0z Ox 07 Ox
1O _ g x| Ea maml
on 05 Oy 0Oz | Oxy Oon  Oxy On

By introducing the result from (40) into (39) and also taking (41)

Ox
f(&)=¢7" where k=1, N and a—l =—siné,
n
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ox 15) 19)
chosg,iﬂ’izﬂj
on 8x1 6x2
8zj
— = p(cosf + u :sinf) ...(41)
oy J
N
we obtain, =—i ,u].(t9) ...(42)
on P '

After introducing the constants ¢, ¢, in (30) and (42) into (39), the
derivative of the stress function with respect to normal direction n,
is given by

© | © 1 1 1
Pn ="t smﬁftl cosf —— 2 Re B<,uj(0)>B c—
’ P ¢

1 N 1 1
——2Re X [(B <,uj(0)>B )ck kj|
p k=l ¢
To convert the complex form of (43) into real form, the third of
identities (16) is introduced in (43). The constants ¢, ¢; from (30)
are introduced into (43).

...(43)

B(u (0))B™' = G1(0) + iG3(6)
T -1
Gy(0) = (N1 (6) - N3 (0)SL ) :

-1
G3(0) =N3(O)L

S = i(2ABT -I),H= 2iAAT ,L = BT ...(44)
where, G(0) and G3(0) are two real matrices defined by
generalized fundamental matrices N;j(0) and Barnett-Lothe[13]
tensors S, H and L. The derivative of the stress function with
respect to normal direction n is given by

b1

P

LR {G 0) +iG 9} + %]kk
1 t t
(63O +iG Oty +ity ) 2 k=

...(45)

By using (33), (34) and (45), the normal stress or the hoop
stresses, O, and shear stresses, O, on the hole boundary are

given by
...(406)

T
O =—S @, c =n¢@ =o

Steps of the solution

a. Calculation of elastic constants C;; (ij=1,2,6) using
equations (A1)-(A4) in Appendix-A.

b. Calculation of material eigenvector matrices A, B using
™).

c. Calculation of eigen values and eigenvectors using (8),
listed in Table 3.

d. Obtain matrices Ny(0), N»(0) and N3(6) using (9).

0 0 1 . o o 1
0, =ty sind—t; cost + —Re| {G3(0) + Gy (@)} (1,7 ~ity”)—
¢

e. Calculation of Q(0), R(6), T(0) matrices using (10) and
material properties in Table 1.

f.  Calculation of stress vectors t;” and t,” using (24) and

Aand g from Section 4.

Evaluation of matrices S, H and L using (44).

Calculation of stresses around the hole using (46) and

mapping function constants from Table 2.

S

VI. RESULTS AND DISCUSSION

The solution is proved by reproducing the results of various
solutions in the literature [3,14,15]. New results are obtained for
stresses around circular, elliptical, triangular and rectangular holes
in laminates and laminas of Graphite/epoxy, Boron/epoxy,
CF/T300, glass/epoxy, plywood and also isotropic material under
uni-axial, biaxial and shear loading. The engineering constants for
the materials chosen are given in Table 1 [16]. Mapping constants
for different shapes opf holes are given in Table 2. The material
eigen values for different fiber orientations and stacking sequence
are given in Table 3.

TABLE 1. ENGINEERING CONSTANTS FOR DIFFERENT COMPOSITE
MATERIALS
Material E1 E2 G12 Vi2 Va1
(GPa) (GPa) | (GPa)
Graphite/
epoxy 181.00 10.30 | 7.77 0.28 0.02
Boron/ 282.77 23.79 10.35 0.27 0.023
epoxy
CF/T300 63.80 63.80 3.20 0.036 0.036
Plywood 11.29 5.89 0.69 0.07 0.134
Glass/ 47.40 16.20 7.00 0.26 0.089
epoxy

TABLE 2. MAPPING FUNCTION CONSTANTS

Shape of hole Mapping function constants

circle All constants are zero

ellipse m;-(a-b)/(a+b), a, b are major, minor axes
triangle my=1/3, ms=1/45, mg=1/162, m;;=7/2673,
my=1/729, m;,=91/111537

m;=0.643, m3=-0.098, ms = -0.038,
m;=-0.011, mg = 0.00056, m;;=0.004

rectangle (side
ratio:5)

A. Effect of Material

The stress distribution around triangular hole in Boron/epoxy,
Graphite/epoxy, glass/epoxy, plywood unidirectional laminas and
isotropic materials under x-axis loading is studied and the effect of
material on maximum o,,/o is considered. The variation of normal
stress around the triangular hole for different materials is shown in
Fig. 3. The highest and almost equal values of o,/c are obtained
for Boron/epoxy and Graphite/epoxy which are equal to 21.66 and
21.48 respectively.  For ply-wood, it is equal to 16.55 and for
glass/epoxy it is equal to 12.12. For isotropic material, the
maximum oy/o is equal to 8.17. In all the cases, the maximum
value occurred at the corners only.

B. Effect of Fiber Orientation

The stress distribution around triangular hole in
Graphite/epoxy laminas with different fiber orientations such as 0°,
30°, 45°, 60° and 90° under x-axis loading is studied and the results
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are shown in Fig. 4. The maximum value of o,/cis equal to 73.12
for 30°orientation and it is 0.63 for 0° orientation.

TABLE 3. MATERIAL EIGENVALUES FOR DIFFERENT
ORIENTATION OF FIBER/STACKING SEQUENCE

Fiber Graphite/epoxy Boron/epoxy
orientation
o0 o 4.89321 5.1325i
4 0.85661 0.6717i
15 22612+ 1.92871 | -2.3486+ 1.9026i
o 0.0677+ 0.8722i 0.1425+ 0.6973i
30° s -1.4750+ 0.72631 | -1.4959+ 0.6997i
o 0.1235+ 091771 0.2755+ 0.77851
450 s 0.1536+0.9814i | 0.3782+0.9257i
4 -0.9198+ 0.3923i | -0.9269+0.3754i
60° o 0.1440+ 1.07031 | 0.4039+1.1416i
wy: -0.5456+ 0.2687i | -0.5485+0.2565i
750 o 0.0886+ 1.1397i | 0.2812 -1.3766i
wz:-0.2560+ 0.2184i | -0.2571+0.2083i
90° up 1.16741 1.4888i
uy: 0.20431 0.1948i
U 3.64041 4.1266i
[0/90] uy: 027471 0.2423i
[45/-45] | w;:-0.8597+0.51091 | -0.8891+0.4578i
42 0.8597+0.5109i | 0.8891+0.4578i

B arcen'sponry

Figure 3.Effect of material on stress distribution around triangular hole in

20 140 180 1BD 200

degrees (l//)

Graphite/epoxy plates

C. Effect of Type of Loading

Graphite/epoxy lamina with triangular hole is subjected to uni-
axial loading in x- and y-directions, equi-biaxial and shear loading.
The maximum values of o,/c for triangular hole in single layered
for uni-axial, equi-biaxial and shear loading are 11.62, 16.51,
28.17 and 37.27 respectively are shown in Fig.5. Maximum value
of o,/0 has occurred for shear loading and equi-biaxial loading
also has the next given higher value.

D. Effect of Laminate Geometry

The variation of normalized tangential stress around triangular
hole in [0/90], and [45/-45], laminates of Graphite/epoxy laminates
for x-axis loading are shown in Fig.6. Highest value of 30.39 is

obtained for the [-45/45]; laminate and the [0/90]; laminate has the
maximum value equal to 16.16. The combination of shape of hole
and the fiber orientation has influenced the maximum value of oy
/o significantly.

D. Effect of Shape of Hole

Triangular hole

The stress distribution around the triangular hole in [0/90]
laminates of Graphite/epoxy and Boron/epoxy under x-axis loading
is shown in Fig.7 and 8 respectively. For graphite/epoxy, the
maximum value of o /oc at 120° is equal to 16.16 for
Graphite/epoxy and for Boron/epoxy it is equal to 15.54.

80

20 4

L] 0 40 0 80 00 120 140 160 18D 200

degrees (l//)
Figure 4. Effect of fiber orientation on stress distribution around
triangular hole in Graphite/epoxy plates
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Figure 5. Effect of loading on stress distribution around
triangular hole in Graphite/epoxy plates
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Figure 6. Effect of laminate on stress distribution around
triangular hole in Graphite/epoxy plates
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[0/80]; Graphie/spony [0/%0]; Beron zpoxy

(&, /) may - 1616

(&, 6imax - 5.5

atw -30% 1507 2107 3307

at v = 1209 2407

i
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-
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Figure 10. Stress distribution around rectangular hole in [0/90];
Boron/epoxy laminate

Figure 7. Stress distribution around triangular hole in [0/90];
Graphite/epoxy laminate Elliptical hole
i ) The value o;/c around the elliptical hole in [0/90], in laminates
-—] = [0/ 90), Boron'apory . . . . .
— T = B - of Graphite/epoxy and Boron/epoxy under uni-axial tension is
— AEF:)-‘_:__ (o olmay 1554 presented in Fig.11 and Fig.12 respectively. The maximum value
— - at w =120°,240° has occurred at 90° which is equal to 3.05 for Boron/epoxy and

2.96 for Graphite/epoxy. Lower value of o, /o has occurred
because of the lesser radius of curvature of the hole at 90° position.

=

[0/50]; Graphita'spoxy

(ow! &) may 1 2.06

oy
"

atw -20% 2707

ittt
S

Figure 8. Stress distribution around triangular hole in [0/90];
Boron/epoxy laminate

Rectangular hole

I
Figure 11. Stress distribution around elliptical hole in [0/90]

Graphite/epoxy laminate

The stress distribution around rectangular hole under x-axis
loading on [0/90], laminates of Graphite/epoxy and Boron/epoxy is
presented in Figs. 9 and 10 respectively. cross-ply laminates
behavior around the hole is almost same for both cases. The
maximum value of o,/o for boron/epoxy is 5.51 and for
graphite/epoxy, it is equal to 5.37. In both the cases, the maximum
value is nearly uniform and occurred at 30°.

e

ittt
HIHH

[0/50]; Graphite'spony

(o Timay 5372t

w = 30% 150% 2109 330°
1 &

st -00° 270°

[0/ 2], Boron'spoxy

i
W

)y =305

z

Figure 12. Stress distribution around elliptical hole in [0/90]; Boron/epoxy
laminate

Figure 9. Stress distribution around rectangular hole in [0/90]
Graphite/epoxy laminate
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Circular hole

The stress distribution around circular hole in [0/90]
laminates of Graphite/epoxy and Boron/epoxy under uni-axial
tension is presented in Fig. 13 and 14 respectively. The behavior
of stress is more or less same for both cases. The maximum value
of o, /o for Boron/epoxy is 5.1. It is equal to 4.9 for
Graphite/epoxy and is very much close that of Boron/epoxy. The
maximum value has occurred at 90°.

The influence of variation of material on maximum o,/o
around the hole is significant for different class of materials. For
materials of the same kind, for example, Boron/epoxy and
Graphite/epoxy they have nearly the same values for a particular
shape of hole. However, o,/c is very much influenced by the
shape of hole. The highest o,/c is obtained for the triangular hole
and the value is reduced gradually from that of rectangular hole to
circular hole and it is much less for the elliptical hole.

ittt
T

[0/ 0D]; Graphitaspoxy
[a o }-121: 42
atw = 907,270

]
1]

Figure 13. Stress distribution around circular hole in [0/90],
Graphite/epoxy laminate

it
HHHH

[0/90]; Boron's

(T, /ey 1 5.1 L __L_ _

atw -00" 270" :

Figure 14. Stress distribution around circular hole
in [0/90]; Boron/epoxy laminate

VII. CONCLUSION

The present general solution is unique and the enhanced
capabilities of the solution have been proved by reproducing the
results of several solutions in the literature. Results are obtained
for several new cases, such as circular, elliptical, triangular and
rectangular holes in cross-ply and angle-ply laminates and laminas
of Graphite/epoxy and boron/epoxy laminates under uni-axial

loading in x-, y- directions, biaxial and shear loading. The results
indicate that the maximum stress around the cutout depends on
factors such as, shape of hole, loading, material and laminate
geometry. These results are useful to calculate the residual
strength of the laminate with cutout using various failure criteria.

APPENDIX —A CALCULATION OF STIFFNESS COEFFICIENTS

A. Stiffness coefficients for single layered plates, C;

For in-plane problems, the equations for calculating the elastic
stiffness constants for single and multilayer anisotropic plates are
given in the following. E; E, G, Vv, are the elastic engineering
constants in principal material directions. Initially the elastic
stiffness coefficients for lamina along the principal material axes
are determined by following relations.

E £y
=", Cpn="""—,
I=vipvog I=vipvog
va1E) V2B
Cec =Giy, Cip = -
o0 T2y T2 I-vipvar  1=vpovog

Cly =Cj5 =Cpy = Cp5 = Cyq =Cy5 = G4 = C55 = C56 =0 (A-1)

The transformed stiffness coefficients for unidirectional layers
with oriented fibers are given by the following equations

|G G2 Ge
Cij=|Ca1 Cop Cp6 -(A2)
Co1 C62 Cob

The transformed stiffness coefficients él»j for laminas with

required fiber orientation are obtained using the following
equations.

611 = C11n14 + C22n4 + 2C12n12n2 + 4C66m2n2
622 = C] 1}14 + C22m4 + 2C12m2n2 + 4C66m2n2

612 = 1m2n2 + C22m2n2 +Clp (m4 + n4 ) - 4C66m2"2

_ 2
C66 = Cl 1m2n2 + C22m2n2 - 2C12m2n2 + C66 (m2 —I’l2>

3

616 = 1m3n - C22mn3 +2C1o (mn3 -m n) +2Cee |mn™ —m™n

626 =C11mn3 —C22m3n+2C12 (m3n—mn )+2C6 ( n— mn3)

626 =(; lmn3 - C22m3n +2C1p (m3n —mn )+ 2Cg6 (m
..(A-3)

B. Stiffness constants for multilayered anisotropic plates, él-j
The stiffness constants for multilayered anisotropic plates are
determined by introducing the reduced stiffness constants (A-3)
into following equation.
k

_ 1 n

0, = ;kél(c,-j) 0 (A4
where, C,; i
oriented fibers, total thickness of n layers and thickness of k™ layer
respectively.

h and 1, are stiffness constant for individual layers with
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Abstract—Most of the studies available in the literature on kenaf
fibre (KF) composites pertain to composites with short fibres. A
comprehensive testing is carried out on woven KF composites
and the results of various studies, viz., flexural, tensile, impact,
hardness, thermal resistance and water absorption properties of
treated and untreated composites are presented in this paper.
The effect of alkali treatment on various properties is brought
out very clearly. The glass transition temperature, 7, is obtained
through DSC and thermal degradation of the composite is
analyzed through TGA. Fracture behavior of the composites is
studied through SEM. Results reveal that the untreated kenaf
fiber composite has superior flexural modulus, high tensile
strength, tensile modulus, high impact strength as well as high
barcol hardness. Treated fiber composite has high flexural
strength, low water absorption capacity and high thermal
stability. SEM study reveals a brittle fracture for treated fiber
composite while significant fiber pull out is observed for the
untreated fiber composite.

Keywords—kenaf fiber composites; natural fiber composites;
mechanical properties; moisture absorption properties; differential
scanning calorimetry; thermogravimetric analysis; scanning
electron microscopy.

I.  INTRODUCTION

Kenaf, Hibiscus cannabinus, L. belongs to the Malvaceae
family, which is largely grown in Asia and Central America.
Kenaf has been a potential fibre for various domestic
applications, such as coarse canvas, sacks and gunny bags,
floor matting, rug and chair backing, etc. It is suitable for
manufacture of paper pulp. The cuttings are employed in
paper manufacture. In the context of developing biodegradable
materials from renewable sources, kenaf fiber has been used
extensively. Various components can be molded using
thermosetting or biodegradable polymers with woven kenaf
fiber mats as reinforcement. These laminates can be used as
casings for different equipment and machinery and also for
sports and domestic products. Present work involves
extraction and treatment of kenaf fibers and preparation of
laminates using kenaf fiber mats as reinforcement. Such
laminates are tested for various mechanical, thermal and
moisture absorption properties. Results are compared for
treated (k-f) and untreated (k-ur) kenaf fiber composites.

II. LITERATURE REVIEW

10

Initial focus during 2000s was on comparative study of
the properties of natural and glass fibre composites. Due to
increased attention on sustainability of the environment, the
bio-composites have subsequently emerged as a new class of
materials. Ford Motors [1] have started using natural fibre
composites for their interiors since 1930s. However,
contemporary research on composites is progressing towards
green and nano composites. Green composites are produced
using natural fibers and thermoplastic/thermosetting resins [2-
4]. Hybrid composites [5-9] have been made out of
combination of fibers such as, natural fibre/fabric and glass
fibre/fabric, banana/kenaf, jute/cotton, woven betel palm and
kenaf fibre with polyester matrix. These composites are found
to have superior strength, thermal stability and dielectric
properties than the individual composites. Surface treatments
[10-16] like, alkalization, benzoylation, etc., on natural fibres
have significantly improved the strength properties, glass
transition temperature, storage modulus, loss modulus and
damping factor. These treatments have decreased the water
absorption capacity of the composite. Treatment of sisal fibres
with poly methyl methacrylate and admicellar polymerization
[17-19] has enhanced the tensile, flexural and impact
strengths, dynamic mechanical behaviour, electrostatic charge,
thermal stability, dielectric constant and ac conductivity.
Storage modulus, activation energy, etc., are found to be
higher for the cured polyester resin (neat resin). Maya and
Anandjiwala [20], have done extensive studies on surface
modification of natural fibres and bio-composites. Studies on
banana, doum palm and piassava fibre composites [21-26]
have revealed very good mechanical and thermal properties.
Doum palm and piassava fibres are very strong and they are
subjected to a combination of treatments like, alkali/enzymatic
and mercerization/ acetylation treatments to improve softness
and adhesion. Silk fabric reinforced epoxy phenol cashew nut
shell liquid toughened composites [27] have enhanced the
properties compared to those of pure epoxy/silk composites.
Hemp and agave fibre composites are found to have superior
mechanical, thermal and water absorption properties [28, 29].
Chemically treated okra fibre composites [30, 31] have
increased the tensile strength, tensile modulus and thermal
stability. Most recently, Januar,et.al. [32], have published the
results of DSC and TGA analysis on pineapple leaf fiber
(PALF) reinforced high impact poly styrene (HIPS)
composites. Due to superior physical characteristics of length,
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texture and ease of extraction, the kenaf fibre (KF) has been
identified as having great potential for making bio-degradable
composites. Treatment of kenaf fibres with silane coupling
agent has improved the dynamic mechanical properties [33].
Flexural and tensile strengths and water absorption properties
[34, 35] are found to have increased with increase in fibre
content and mould pressure.

In the present paper, treated (kfc-t) and untreated
(kfc-ut) woven kenaf fiber polyester composites are
investigated for flexural, tensile and impact strengths, barcol
hardness, thermal resistance and water absorption properties.
Glass transition temperature, 7T, is obtained through DSC and
thermal degradation of the composite is analysed through
TGA. SEM studies are carried out to observe the fracture
behavior of the composite.

III. EXPERIMENTAL WORK

A. Materials for Composite

Kenaf fibers (KF) are produced from the fibrous outer
layer of the plant. Soft and useful fibers are obtained by
retting process. The fiber strands are 2-3m long. Uni-
directional mats are prepared on an indigenous weaving set up
using untreated and treated fibers. General purpose isopthalic
polyester resin is procured from M/s Sakthi Fiber Glass,
Chennai, India. 2% Methyl Ethyl Ketone Peroxide (MEKP)
and 2% cobalt napthalate are used as additives. Wax polish
and poly vinyl alcohol (PVA) are used as releasing agents.

B. Fiber modifications

For chemical treatment, the dried fibers are soaked in 2%
NaOH solution for 24 hrs at room temperature. This treatment
helps in dissolving lignin and hemicelluloses and exposes
more of the fiber OH groups. The fibers are washed
thoroughly with double distilled water to remove NaOH.
These treated fibers are dried at room temperature for 24
hours.

C. Composites

KF composites are fabricated with 15% volume fraction
(by weight of fibers) in an open mold process between two
thick glass plates. To create a releasing surface between the
composite and the glass plate, a thin coat of PVA is applied on
the contacting surfaces of plate. The fiber mat is rolled by
hand roller for proper wetting of the mat with the resin and to
release the entrapped air. After keeping the mold under
pressure for 24 hours, the laminates are post cured at room
temperature for another 24 hours. Two types of composites,
one with treated fiber and the other with untreated fiber are
made and they are referred in the text and figures as: KF
composite-treated (kfc-t) and KF composite-untreated (kfc-ut).
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D. Flexural Test

Flexural properties are evaluated as per ASTM D-790
through three-point bend test on compression testing machine
at a cross head speed of 1.25 mm/minute, supplied by
Hydraulic and Engineering Instruments, New Delhi.

E. Flexural Strength

Flexural strength is the maximum stress in the outer
specimen at the moment of break. When the homogeneous
elastic material is tested with three-point system, the
maximum stress occurs at the midpoint. This stress is
evaluated for any point on the load deflection curve using (1).

3PL 0
Or=—>x
! 2I9d2

where O; = stress in the outer specimen at midpoint, MPa

P =load at a given point on the load deflection curve,

N

L = support span, mm

b = width of beam tested, mm

d = depth of beam tested, mm
F.  Flexural Modulus
Flexural modulus or Modulus of elasticity is a measure of
the stiffness during the initial part of the bending process.
Flexural modulus is the ratio of stress to corresponding strain
within the elastic limit. A tangent line is drawn to the steepest
initial straight line portion of the load deflection curve and the
flexural modulus is calculated using (2).

L3 m

e

where E, =modulus of elasticity in bending, MPa

L = support span, mm

m = slope of the tangent to the initial straight line
portion of the load-deflection curve,
N/mm of deflection

b = width of specimen, mm

d = depth of specimen, mm

G. Tensile Test, Tensile Strength and Tensile Modulus

Tensile test is conducted on Zwick /Roell Z010-10KN-
UTM at a cross head speed of 3mm/min. Standard Type IV
dumb bell shaped specimens as per ASTM D-638 are used.
The values of tensile strength and tensile modulus are obtained
by the maximum load resisted up to the point of fracture and
the associated strain.

H. Impact strength

Notched impact performance of the composite is
evaluated as per ASTM D-256 using Izod impact supplied by
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PSI Sales Pvt. Ltd., New Delhi. This method elaborates the
determination of the resistance to breakage by flexural shock.

1. Barcol hardness

Standard test method ASTM D-2583 is used to find
indentation hardness of the composite through barcol
impresser model no. 934-1. This test employs a hardened
steel truncated cone indenter having an angle of 20° with a flat
tip at 0.157mm diameter.

J. Morphology

Morphology of the fractured surfaces and fiber pull out
are observed by Scanning Electron Microscopy (SEM) using
EVOMAI1S5 Smart SEM.

K. Water absorption

Water absorption tests are conducted as per ASTM D-
570 on rectangular specimens of 25.4x76.2 mm’ size.
Samples are conditioned by heating in an oven at 50°C for 24
hours and then cooling. The weights of the samples are taken
by Shimadzu Electronic Balance with readability of 0.001g.
All the samples are immersed in double distilled water for 24
hrs at room temperature. Reconditioning is done by keeping
them once again in the oven for 24 hrs at 50°C. Percentage
increase in weight of the specimens during immersion is
obtained by the ratio of increase in average weight of the
conditioned specimen after immersion in water for 24 hrs and
the average weight of reconditioned specimen calculated
nearest to 0.01%. The amount of soluble matter lost is given
by the decrease in weight of the specimen after reconditioning.

L. Differential Scanning Calorimetry (DSC)

DSC is performed with the help of Mettler using Star SW
8.1 analyzer to measure glass transition temperature (7). The
temperature is programmed in the range of 25°- 300°C, under
nitrogen atmosphere.

M. Thermogravimetric Analysis (TGA)

Thermal decomposition is observed in terms of loss of
global mass by using a TA Instrument TGAQ50 V20.10 Build
36 thermogravimetric analyzer. The temperature change is
controlled from room temperature to 800 °C at a heating rate
of 20° C/min. A high purity nitrogen stream was continuously
passed into the furnace at a flow rate of 60 ml/min at room
temperature and atmospheric pressure. Before starting each
run, nitrogen is used to purge the furnace for 30 min to
establish an inert environment to prevent any unwanted
oxidative decomposition.

IV. RESULTS AND DISCUSSION

A. Flexural Strength

12

Load-deflection diagram for flexural strength test on KF
composites is shown in Fig. 1. The values of flexural strength
and flexural modulus for treated and untreated KF composites
are given in Table 1. For treated fiber composite, the flexural
strength is equal to 95 MPa and for untreated fiber composite,
it is equal to 87 MPa. For neat resin, it is equal to 136 MPa.
The flexural strength of the composite is determined based on
maximum bending load at failure using (1). Due to increased
adhesion between the matrix and the fibres, the treated fibre
composite has higher flexural strength. The composite has
failed at a lower bending load in case of untreated fibre
composite.  Contrastingly, for the same untreated KF
composite, the flexural modulus is higher equal to 35037 MPa
which is 4.87 times that of neat resin. For the treated fiber
composite, it is equal to 16754 MPa. The treated fibre
composite was very thin due to alkali treatment of the fibre
and the slope in the initial part of the load deflection curve has
been very low. It can be inferred that prolonged exposure of
fibre during treatment has weakened the fibre surfaces and
reduced the property. This supports the statement by Reid, et.
al., [36] that increased concentrations will damage the fibre
surface and reduce the mechanical properties. The modulus of
elasticity for bending is calculated using (2) as per ASTM D-
790. For untreated fibre composite, the fibres are inherently
coarse and the composite was thick. It exhibited higher
rigidity, resulting in higher flexural modulus.  Specific
flexural strength and specific flexural modulus of the
composite and the neat resin are obtained by taking into
account of the weight density of the specimens and the values
are shown in Figs. 2 and 3.
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resin

Deflection {rm)

Fig.1. Load-deflection diagram
of KF composites.

Fig 2. Specific flexural strength
for flexural test on KF composites.
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Fig.3. Specific flexural modulus
for of KF composites.

B. Tensile Strength

Fig. 4. Load-deflection diagram
tensile test on KF composites.

The load-deflection diagram is shown in Fig. 4. The
ultimate tensile strength of treated fiber composite is equal to
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97 MPa and for untreated fiber composite, it is equal to 99
MPa. For the neat resin, it is equal to 39 MPa. These values
are given in Table 1. The untreated KF composite has the
highest tensile modulus equal to 1340 MPa which is 3.36
times that of neat resin and 1.22 times that of treated fiber
composite. Specific tensile strength and specific tensile
moduli for different composites are shown in Figs. 5 and 6

respectively.
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Fig.6.Specific tensile modulus
of KF composites.
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Fig.5. Specific tensile strength
of KF composites.

TABLE1. MECHANICAL PROPERTIES OF KF COMPOSITES.

Property kfc-t kfc-ut neat resin
Flexure 95 87 136
strength(MPa)

Flexure 16754 35037 7191
modulus(MPa)

Ultimate tensile 97 99 39
strength (MPa)

Tensile 1097 1340 399
modulus(MPa)

Impact strength 25.6 14.8 1.9
(kJ/m?)

Barcol Hardness 58 59 56
Density (g/cm’) 1.30 1.27 1.27

C. Morphology

The SEM micrographs of the fractured surfaces of treated
and untreated KF composites are shown in Figs. 7 and 8
respectively. In Fig. 7, a sharp, brittle fracture is observed for
the treated fiber composite while traces of fiber pull out are
observed in Fig. 8 for the untreated fiber composite indicating
a weak interface bonding. Alkali treatment has dissolved the
fibres and resulted in straight microscopic pits. This surface
modification has increased the interaction between fibres and
resin. Improved fibre-matrix adhesion has resulted in brittle
fracture of the composite.
¥ e e

ol
._‘

Fig.7. SEM image of fractured
treated KF composite.

Fig.8. SEM image of fractured
untreated KF composite

D. Impact Strength

For treated fiber composite, the impact strength is equal
to14.8 kJ/m* while the untreated KF composite has the highest

0.
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value of 25.6kJ/m’. Treated fiber composites showed lower
impact strength as a consequence of higher interface adhesion
resulting in lack of energy absorption mechanism in the
impact test. The impact strength of neat resin is 1.9 kJ/m?.
The values of impact for different composites are shown in
Table 1.

E. Barcol Hardness

Barcol hardness for treated KF composite, it is equal to 58
and for untreated fibre composite, it is 59 as given in Table 1.

N. DSC Analysis

DSC analysis is done in nitrogen atmosphere of 30 ml/min
with a heating rate of 10°C between 25°C-150°C. Results of
the analysis for composites and neat resin are given in Table
2. For amorphous solid like the fiber composite, a state of
transition occurs due to change in heat capacity from hard
brittle state to soft rubbery state. For composite with treated
fibers, the glass transition temperature, 7, is 71.69°C with a
heat flow of -0.956 mw/min and at a heat capacity of -0.0956
mw/°C. Similarly, for composite with untreated fibers, the T,
is 72.76°C with a heat flow of -0.479 mw/min and at a heat
capacity of -0.0479 mw/°C. For neat resin, 7T, is observed at
73.4°C with a heat flow of -0.625 mw/min and at a heat
capacity of -0.0625 mw/°C.

TABLE 2. THERMAL PROPERTIES OF COMPOSITES AND NEAT RESIN BY DSC

Weight of the . Heat
Type of fiber sample Glass transition capacity mJ
yp P temperature °C pacity
mg
kfc-ut 10.199 72.76 -7.98(ex0)
kfc-t 10.199 71.69 12.96(ex0)

Thermogravimetric Analysis

Thermogravimetric analysis (TGA) curves are used to
determine the thermal degradation and thermal stability of the
polymeric material. Thermal decomposition of each sample
took place in a programmed temperature range of 25°-800°C.
The neat resin showed only one stage of weight loss process.
This has a transition temperature from 340°C to 417°C, and it
is clear that the peak transition temperature has occurred at
401°C. The weight loss and residual weight of neat resin for
the TG analysis are found to be 91% and 3%, respectively.
TG curves show that the thermal stability of the composites is
found to be higher than that of the neat resin. Beginning of
decomposition took place at 260°C for both treated and
untreated composites and for neat resin, it is at 340°C.
However, the decomposition has ended at 475°C for treated
fibre composite while it is at 463°C and 417°C for untreated
fibre composite and for neat resin respectively, as shown in
Table 3. Therefore, the thermal stability of the treated fiber
composite is higher compared to that of untreated fiber
composite. Lower percentage losses are obtained for the
treated fibre composite. Higher thermal stability of treated
composites is due to improved fiber/matrix interactions that
produced additional intermolecular bonding between fiber and
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matrix. This is also evident from the lower weight loss at
different temperatures.

Table 3. Thermogravimetric analysis of KF composites

Transition temperature (°C) % Residual
Beginning Max. End of weight weight
of decompo | decompos | loss at (%) at
decompositi sition ition transit 460°C
on ion
Temp.
kfc-t 260 390 475 21 3
kfc-ut 260 380 463 22 3
neat 340 401 417 60 3
resin

P. Water absorption

Treated fiber composite has absorbed less water
compared to that of untreated fibre composite. Treatment of
kenaf fibers with NaOH for 24 hrs has made the fibers less
hydrophilic and decreased the water absorption capacity by
61%. The moisture absorption behavior of various composites
is shown in Fig. 11. As the fibers are hydrophilic in nature,
they absorbed water during immersion and loss of matter has
been observed upon reconditioning. The percentage loss of
soluble matter during immersion after reconditioning the
specimens is shown in Fig.12. The fiber surface treatment has
decreased the loss of soluble matter by 91%. Absorption of
water by ligno-cellulose material has rendered the formation
of hydrogen bonds between water and hydroxyl groups of
cellulose, hemi-cellulose and lignin in the cell wall [20] and
caused the swelling of the composite. This has resulted in
increase in width and reduction in length of the composite.
Less water absorption by treated composite is due to
replacement of hydrophilic OH groups of fiber by more
hydrophobic ester groups or otherwise due to formation of a
protective layer on the interfacial zone that prevented water
molecules from penetrating into the cell wall. The moisture
absorption behavior for long-time immersion up to 1200 hours
is shown in Fig. 13. It can be noted that there is a gradual
increase in water absorption and the state of saturation has
occurred at around 600 hours. At saturation, the maximum
moisture absorption for treated and untreated fiber composites
is 12%, 8% respectively. For the treated fibre composite,
there is an increase in thickness by 16% and width by 4%.
During this period, the thickness and width of untreated fibre
composite has increased by 16%and 6% respectively while the
length is slightly decreased by 0.2%. The thickness, width and
length of neat resin are slightly increased due to long time
immersion as shown in Figs. 11-14.
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Fig.9 Moisture absorption Fig.10.Soluble matter lost for KF
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behavior of composites. KF composites.

Moisture Absorption (%)

am 800
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Fig.11.Moisture absorption behavior Fig.12.Change in thickness of KF
of KF composites for long-time composites for long-time immersion
immersion.

ChangeinLength{%

Time of mmersion (Heurs)
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Fig.13.Change in width of KF
composites for long-time immersion

Fig.14. Change in length of KF
composites for long-time immersion

V. CONCLUSION

Flexural, tensile and impact strengths, SEM, barcol
hardness, DSC, TGA and water absorption studies on KF
treated and untreated composites are presented. To estimate
the influence of reinforcement, a comparison is made with the
corresponding properties of pure resin. The treated fibre
composite has higher flexural, tensile and impact strengths,
high Barcol hardness, higher 7, and decomposition
temperatures and reduced water absorption capacity. In all
the cases, reinforcement with fibres has improved the
properties of the composite compared to those of pure resin
except for the flexural strength. Alkali treatment has removed
the impurities on the surface of the fibres and produced a
rough surface topography and has produced fiber fibrillation.
Although alkali treatment has enhanced the fibre-matrix
adhesion and increased the flexural strength, there is a
decrease in flexural modulus due to decrease in rigidity of the
composite. The decrease in rigidity is due to reduced
thickness of the composite as a result of thinning of fibres.
However, for untreated fibre composite, the flexure strength is
4.87 times and tensile strength is 2.56 times that of neat resin.
SEM studies revealed the traces of fiber pull out for the
untreated kenaf fiber composite while brittle fracture is noted
for the treated fibre composite. Barcol hardness and impact
strengths are higher for untreated fiber composite compared to
that of neat resin. Due to stronger interaction between the
natural fiber and the polyester matrix and formation of
covalent bond at the fibre-matrix interface, there is an increase
in thermal resistance of the composite. TGA gave higher
decomposition temperature and low weight loss. It has also
reduced the moisture absorption capacity due to the formation
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of protective layer in the fiber-matrix interface and also
prevented the loss of soluble matter.
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Dynamic and static coupled field analysis of a
piston In a four-stroke diesel engine using ANSYS

D.K Nageswara Rao, Prasanna Inaganti, AjayR Kodliwad, B. Rajendra Prasad
Department of Mechanical EngineeringMallareddy College of Engineering, Hyderabad-500100

Abstract-
Thecomponentpistoninaninternalcombustionengineplaysanimport
antroleintransformingthethermalenergydevelopedduringthecomb
ustionintomechanicalenergy.Duringthisprocess,thepistonissubject
toheat,andpressuresdevelopedinthecombustionaswellasvariationsi
npressuresduringvariousstrokesoftheengine.Hence,thereisaneedto
studythebehaviorofthepistontotheloadsactingonit.Inthiswork,thed
istributionsofstressandtemperaturesinthepistonarefoundusingfinit
eelementanalysispackage, ANSYSUNDERtwoloadingconditionsi.e.
onlygaspressure,andcombinationofthermalloadandgaspressure.De
signofthepistonhasbeencarriedoutusingstandardproceduresavaila
bleintheliterature.Later,uniaxialtensiontesthasbeenperformedona
nAluminiumspecimenandthevaluesfromthestress-
traindiagramareimportedtoANSY Stodefinethenon-
linearbehaviourofthematerial. CADmodelisgeneratedinthe ANSYS
andstaticcouplefieldanalysis(Non-
linearstructuralandthermal)isperformedbyapplyingvariousloads(t
hermalandcombustionpressure)onthepiston. Thestressandtempera
turedistributionsonthepistonare studiedandthe conclusionsare
drawn.

Keywords-dynamicanalysis,staticanalysis, four-
strokedieselengine,

L INTRODUCTION

Apistonisacomponentofreciprocatingl C-
engines.Itisthemovingcomponentthatiscontainedbyacylinderan
dismadegas-
ightbypistonrings.Inanengine,itspurposeistotransferforcefrome
xpandinggasinthecylindertothecrankshaftviaapiston
rod.Pistonenduresthecyclicgaspressureand
theinertialforcesatwork,and
thisworkingconditionmaycausethefatiguedamageofpiston,such
aspistonsidewear,pistonheadcracksandsoon.Sothereisaneedtoo
ptimizethedesignofpistonbyconsideringvariousparametersinthi
sprojecttheparametersselectedareanalysis
ofpistonbyapplyingpressureforceactingatthetopofthepistonandt
hermalanalysisofpistonatvarioustemperaturesinvariousstroke. T
hisanalysiscouldbeusefulfordesignengineerformodificationofpi
stonatthetimeofdesign.In
thisprojectwedeterminethevariousstresscalculationbyusingpres
sureanalysis,thermalanalysisandthermo-mechanicalanalysis

II.

A.  AboutPiston

Apistonisacomponentusedinaninternalcombustionengi
ne,whichtransformsthethermalenergygeneratedduring the
combustionintomechanicalenergy.
Itisconnectedtothecrankshaftviaconnectingrod. Whenthecombu
stionprocesshappensinsidethecylinder,thegaspressure actingon
the pistoncrowntendsto push it downward

DESIGNOFTHEPISTON
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towardsthecrankcaseanditsreciprocatingmotionisconvertedtorot
arymotionofthecrankshaftwiththehelpofconnectingrod. Dependi
ngonthedimensions,thepistonsareclassifiedas:

Piston head
OF Crown
4 D ’ »
—— /
Topland | 4 } s
b ' L
") 1 e
1 i -
b Ribs T Crrooves lor
-
Ring 1 7 - COMPresson nngs
eCfton -
p = Groove for
I ! ; Piston oil cortrol ning
boss
- |
' Piston barre
N ]
Skn ¢ » Circlip Piston
pr
\J
Y Y Y

Figurel:Generalviewofpiston
The design procedure adopted in this
workispresentedbelowandtheresultsaretabulated:

a)PistonHead. -
Thicknessofpistonheadisdeterminedonbasisofstrengthas

3P

wellasonheatdissipationz,= D |[——

160,

11 2
D

4

PLAN

60

p=P mn=Indicatedmeaneffectivepressure.

Cross-sectional Area, A =

IndicatedPower,].P =

BrakePower,B.P =1.P* Noech
Heatﬂowthroughpistonhead,H =C*H. Cv* mxB.P
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II. RADIALRIBS:-
Radialribsmaybefourinnumberthethicknessoftheribs

: t,
varies from_” tot”_

3 2
II. PISTONRINGS:-

Outoffourringsthreearecompressionringsandoneisoilring
Radialthicknessofthepistonrings,t,

(€)J]

t=D
o,

Distancefromthetopofpistontofirstringgroovei.e.,

Axialthicknessofpistonrings, t,f

Widthofthetopland,b; b,=1.2¢,,
Widthofotherringland,b,

b2_0.75t to t,
2

IV. PISTONBARREL:-

Radialdepthofpistonringgrooves(b)is0.4mmmorethanradial
thicknessofpiston(t;).

b=1+0.4
Maximumthicknessofbarrelts.

t,=0.03D+ b+ 4.5mm

Pistonwallthicknesstowardstheopenendts.

t,=0.25t,tot,

V. PISTONSKIRT:-

Maximumgasload=

max

E D’P
4

LengthofthepistonL.
L=Lengthofskirt+ Lengthofringsection+Top land

L=[+(4t,+3b,)+b,

VI. PISTONPIN:-

Loadonthepinduetobearingpressure.
=Bearingpressure*Bearingratio*Bearingarea

=py*dy*L, (L,=045D)

18

MaximumloadonthepistonduetoGaspressure.

= E * )P D
4
Tablel:CalculatedDesignvalues
S.
No Parameter Value(mm)

1 Thicknessofpistonhead(Zy) 8.82

2 Radialthicknessofpistonrings(Z;) 2.33

3 Axialthicknessofpistonrings(Z5) 1.76

4 Widthoftopland(D ) 8.82

5 Widthofotherland(D5) 1.32

6 Radialdepthofpistongrooves(b) 2.74

Pistonwallthicknesstowardstheop
7 2.57
enend(?y)

8 Lengthof piston(L) 65.68

9 Diameterofpiston(D) 70.56

10 Diameterofpistonpin(cy) 31.75

Y MODELING
InitiallyCADmodel isgeneratedin

theenvironmentofANSY Susingthedimensionsobtainedfromthe
designprocedure, tabulatedinTable3.1.The
obtainedCADmodelisasshowninthe fig4.1

Figure2:CADmodelofPISTONimportedin ANSY'S
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B. ELEMENTTHERMALANALYSISUSEDIN

Theelementtype
usedforthermalanalysisis20node90.Itisahigherorder3-
Dthermalelement. Theelementhas20nodeswithasingledegreeoff
reedom,temperature,ateachnode. Theseelementshavecompatible
temperatureshapesandarewellsuitedtomodelcurvedboundaries.
Ithas4elementshapes,whicharepresentedinfig4.2.

» 10 node tetrahedron withonedegree of
freedomateachnode

» 13nodequadrilateralpyramidwithonedegreeoffreedom
ateachnode

» 15nodetriangularprismwithonedegreeoffreedomateac
hnode

» 20 node quadrilateral prismwithonedegree
offreedomateachnode

Inthiswork, weareusing10-

nodetetrahedronhavingonedegreeoffreedom.

WM EINHK

T {Prigm Option)

quadraticdisplacementbehavior. Theelementisdefined
by20nodeshavingthreedegreeoffreedompernode:translationinth
enodalX,Y,andZ—

directions. TheelementsupportstheplasticityandlItisa3-
delementhaving20nodesandisahigherorderelementhaving3disti
nctelementbehaviors.Ithasthreedegreesoffreedom.Theelementb
ehaviorsare

» 10 nodetetrahedronwith 3degreeoffreedomat
eachnode

» 13 node quadrilateral pyramidwith3 degree
offreedomateachnode

» 15nodetriangularprismwith3degreeoffreedomateachn
ode

» 20 node quadrilateral prismwith3 degreeof
freedomateachnode

Thiselementiscompatibleforstructuralanalysiswhen20node 95is
optedforthermalanalysiswhencoupledfieldanalysisisperformed.
Forboththeelements, 1 Onodetetrahedronshapesisoptedhaving4n
odesat4cornersandénodesatthemidpointsoftheedgesofthetetrah

edron.
L PRI

T E,B
I ELE

O 7R e opin

MNORUITHR

Table3:Materialpropertiesforstructuralanalysis

Table2:Materialsandtheirproperties

C. ELEMENTTYPEFORSTRUCTURALANALYSIS

Theelementtypeusedforstructuralanalysisis20node186.Itisa
higherorder3-D20nodeelementthatexhibits

19

MATERIAL .
S.NO | MATERIAL PROPERTIES AL6061 | Al-SiC S.NO PROPERTIES AL6061 Al-SiC
1 ElasticModulus(GPa) 71 74.50

UltimateTensil

1 ElasticModulus(GPa) 71 74.50 2 Stll'g:lagfh(ﬁ/l[lls;a; 320 354

2 Iéltimatf;;;‘gl‘; 320 354 3 Yieldstrength(MPa) 280 193.38
treng a < .
3 Yieldstrength(MPa) 280 193.38 4 Poisson'sRatio 0.33 0.30
4 Poisson'sRatio 0.33 0.30 5 .. ThermalCond 105 180
uctivity(W/mc)
5 ThermalConductivity(W/mc) 105 180 6 Density (kg /m~3) 2770 2711.4
6 Density(kg/m”3) 2770 27114
D. Meshing

Meshingmeansdividingthephysicalobjectwithinfinitedegree
soffreedomintosmallpartshavingfinitedegreesoffreedom.Eachp
artisknownaselementandeachelementisconnectedinbetween
withendpoints called nodes.In this
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work,thecoarsemeshisgeneratedwiththel0- temperaturefromtopsurfacetotheotherinthebody. Thebelowfigur
node90element. Thegeometryfreeismeshedduetosurfaceirregula eshowsthetemperatureresultofthepistonwhenapplied 150°C.
rity

Numberofnodesgenerated=22165
Numberofelementsgenerated=12316

93.326 Min

.

FigureS:Temperatureobtainedfor Aluminum6061model

HeatTransfercoefficientappliedtothepistonandtheheatf
i . A luxresultsshowsthemaximumheatfluxconcentrationinthebody. T
Figure3:MeshedviewofthePiston3.RESULTSA hebelowfigureshowstheheatfluxresultofthepistonwhenappliedH

NDDISCUSSIONS eat Transfercoefficientof1.45e-4w/mm>°C.

E. 3. ITHERMALANALYSIS

1) 3.1.1 RESULS OF PISTON USING
AL606IMATERIAL
Thermalloadof1 50°Cappliedtothepistoncrown
surfaceandconvectionwith1.45e-
4w/mm?*Cappliedtothepistonsurfaces. Theloads&boundarycon
ditionsappliedisshown below

Figure6:Heatfluxgeneraatedforthe Alumininium6061mod
el

Thermalconductivityappliedandtemperaturetothepisto

z nandtheequivalentstressresultsshowsthemaximumstressconcent

k-—' rationinthebody. Thebelowfigureshowstheequivalentstressresult
*ofthepistonwhenappliedthermalconductivityofl.45e-
4w/mm*Candtemperatureof150°C.

Figure4:Thermalloads&boundaryconditions
Thetemperatureappliedat thetop surfaceofthepiston
andthetemperature resultsshowstheflow of

20



Proc. Intl. Conf. on Future Technologies in Mechanical Engineering, ISBN:979-93-85101-61-8

Figure7:ThermalequivalentstressfortheAL6061piston

Thermalconductivityappliedandtemperaturetothepisto
nandthedeformationshowsbehaviorofthebody. Thebelowfigures
howsthedeformationresultofthepistonwhenappliedthermalcond

uctivityofl.45e-4w/mm>*’Candtemperatureof150°C.

(0361ET
0042126
002608}
0014042
0Min

Figure8:Thermaldeformationfor AL6061piston

3.1.2RESULSOFPISTONUSINGSILICONCARBIDEMA
TERIAL

“Thetemperatureappliedatthetopsurfaceofthepistonandthetemp
eratureresultsshowstheflowoftemperaturefromtopsurfacetotheo
therinthebody. Thebelowfigureshowsthetemperatureresultofthe
pistonwhenapplied150°C.
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Figure9: Temperatureobtainedfor AluminumSilicon
Carbidemodel

Thermalconductivityappliedtothepistonandtheheatflux
resultsshowsthemaximumheatfluxconcentrationin
thebody. Thebelowfigureshowstheheatflux result
ghepistonwhenappliedthermalconductivityofl 45e-4w/mm’
C.

of

Figurel0:Heatfluxgeneratedforthe AluminumSiliconCarbi
demodel

Thermalconductivityappliedandtemperaturetothepisto
nandtheequivalentstressresultsshowsthemaximumstressconcent
rationinthebody. Thebelowfigureshowstheequivalentstressresult
ofthepistonwhenappliedtherma),

0
conductivityofl.45e-4w/mm  Candtemperatureof150C.
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0
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1600
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801
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FigurellThermalequivalentstressfortheAluminum
SiliconCarbidepiston

Thermalconductivityappliedandtemperaturetothepisto
nandthedeformationshowsbehaviorofthebody. Thebelowfigures
howsthedeformationresultofthepistonwhenappliedthermalcond
uctivityofl.45e-4w/mm?*’Candtemperatureof150°C.

Figurel2:Thermaldeformationforthe AluminumSiliconCar
bidepiston

F. 3.2STRUCTURALANALYSIS

1) 3.2.1 RESULS OF PISTON USING
AL6061MATERIAL
Inadditionaltothethermalanalysisstaticstructuralanalys
isalsoperformedonthepistonbyusing AL606 1 materialtoanalyzet
hestructuralbehaviorandstressdevelopedinthebody. Thestaticres
ultsareshowninbelowimages.

22

Figure 13:Staticequivalentstressfor al 6061 model

A

Figure14:STATICDEFORMATIONFORALG6061PIST
ON

Themaximumstaticequivalantvonmisesstressisobserve
dattheconstrainedlocationandcanbeignoredandaveragestressobs
ervedis196MPa.Deformationobtainedis0.10643mmusing AL60
61material

2) 3.2.2 RESULS OF PISTONUSING
ALUMINUMSILICONCARBIDEMATERIAL

Inadditionaltothethermalanalysisstaticstructuralanalys
isalsoperformedonthepistonbyusingAluminumsSiliconCarbide
materialto analyzethe structural
behaviorandstressdevelopedinthebody. Thestaticresultsareshow
ninbelowimages.
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G. RESULTSSUMMARY
Table4:ResultsSummary

AL6061 AL-SIC

HEATFLUX(W/mm*2) 0.2453 0.2453
TEMPERAURE("c) 150 150

THERMALSTRESS(MPa) 338.47 359.32

THERMALDEF

ORMATION(mm) 0.1268 0.1262
STATIC STRESS(MPa) 196 178

STATIC DEFORMATION(mm) 0.10643 0.10671

CONCLUSION

Figurel5:Staticequivalentstressforaluminumsiliconcarb

idemodel Inthecoupledfieldanalysis,combinedgaspressureandth
ermalload(convectioneffectbythehotcombustiongases)isapplied
onthepiston.Ithasbeenobservedthattheeffectofgastemperatureis
significant.Coupledfieldanalysisperformedbyconsideringtwodif
ferentaluminumalloyssuchasAl6061andAl-
SiC.Thestressesproducedinthepistonwith Al-
SiCmaterialarelesswhencomparedtoA1606 1andthestressvaluesa
rewithintheallowablelimit. Al-
SiCmaterialismorerobustwhencomparedtoA16061

References
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Figurel6:StaticDeformationaluminumsiliconcarbidePis
ton

Themaximumstaticequivalentvonmisesstressisobservedattheco
nstrainedlocationandcanbeignoredandaveragestressobservedis
178MPa.Deformationobtainedis
0.10671mmusingaluminumsiliconcarbidematerial
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Design and Comparative Analysis of Different Hydraulic Cylinders by ANSYS

Dr.Sivasankara Gowda, I.Prsasnna, Ajay R. Kodilwad, B. Rajendra Prasad
DepartmentofMechanicalEngineeringMallaReddyCollegeofEngineering,Secunderbad

Abstract—
AHydrauliccylinderisamechanicalactuatorthatisutilizedtogiveaun
idirectionaldrivethroughaunidirectionalstroke. It

hasnumerousapplications,outstandinglyindevelopmentgear,produ
cingapparatusandstructuralbuilding. "Hydraulics"byandlargeallud
estocontroldeliveredbymovingliquids.Modernhydrodynamicsisch
aracterizedastheutilizationofrestrictedfluidtotransmitcontrol,incre
asecompel,orcreatemovement. Awaterdrivencylindercomprisesoft
heseparts-
cylinderbarrel,cylindertop,cylinderhead,cylinder,cylinder
pole,organand seals.
InthepresentworkthegeometricmodelismadeinCATIASoftwar
eandimportedtohyperworkforfocalizedFiniteelementmethod
andexamination.Stretchandrelocationsdistinctivewaterdrivencylin
dersarefiguredbyutilizingAnsysprogramming.
Keywords-Ansys,Hydraulicsystem,Hydrodynamics
,CATIA, Actuator

IINTRODUCTION
1.1. HydraulicCylinder:-Hydraulic
cylinderisamechanical actuator
thatisusedtogiveaunidirectionalforcethroughaunidirecti

onalstroke.

D i
A w— e S A ]

0 Ring Rod Seal ORing  Wear Ring

Gland Barrel Piston Pin Eye

Thepistonpartitionswithinthecylinderintotwochambers,
thebasechamber(topend)andthepistonbarsidechamber(
poleend/headend).Flanges,trunnions,clevises,Lugs are
regularcylindermountingalternatives. Thepistonpolelik
ewisehasmountingconnectionstointerfacethecylinderto
theprotestormachinesegmentthatitispushing/pulling.

Ifweassumethattheoilentersfromcapend,duringextensio
nstroke,andtheoilpressureintherodend/headendisappro
ximatelyzero,theforceFonthe

24

pistonrodequalsthepressurePinthecylindertimesthepist
onarea:
F=P.A

Thehydrauliccylindersaredoubleactingsinglerodpist
oncylinder.Itsfeaturesare
1. simpleinstructure,
2. reliableinoperation,
3. Convenientinassembleanddisassembleeasyinmai
ntenance

Theamazing amount offorceacylinderexerts
isduetothesimplemechanicalprincipleofpressureexerte
donthesurfaceareaofthepiston.Simplyput,thelargerthe
diameterofthecylinder,themoreitwilllift. Theformulafo

rthisisareaxpsi(Poundspersquareinch)=Force.

! I

P A
1 e 1“— —
L= g
 — /—
g._l:'_'._—: '_'E_-;_.Z -‘.H 3 E.{'.ZLT_L}-E_-___‘ “ ‘ .”IL
Figl.HydrulicSystem

Hydraulicdrivenandpneumaticsystemsuppliesarethees
sentialsegmentsofdesigningapplications.Particularlyw
aterdrivenand
pneumaticcylindersareutilizedasapartofnumerousdesi
gningapplicationslike;programmedassemblingandmo
ntagelines,substantialdevelopmentsupplies,controlfra
meworks,delicateestimationandtest

frameworks. Astandoutamongstthemostessentialcomp
onentsconsideringattheoutlineventureofthesetypesofg
earisworkingstatesofcylinder.Cylindershavediversew
orkingfrequenciesasindicatedbytheirutilizationfields.
Whiletheenormous estimated
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cylindersutilizedasapartofframeworksthatrequireshigh
erconstrainandminutesourcesofinfo,worksforthemostp
artinlowerfrequencies,thelittlemeasuredcylindersutiliz
edasapartoftouchyapplicationfieldsliketestand
estimationframeworkscanhavehigherworkingfrequenc
ies.Atthelowerworkingrecurrencecircumstances,weig
htimpactonthecylinderisconsideredasstaticload,andthe
waterdrivenframeworktypesofgearareplannedbymode
1.Otherthanthis,attheplanmethodofcylinderswithhigher
workingfrequencies,thedynamicimpactasforquickchan
geofweightmustbecontemplatedandalsothestaticinvest
igation.

1.1Pumps:-

Mainpumps:2 variabledisplacementaxialpistontype.

Maximumflow: 2x 121L/min(2x26.6UK
GPM).Servopump:Geartype.
Maximumflow: 20L/min(4.4UKGPM).

1.2. Reliefvalve setting:-

ARM(46101bf/sq.in)

Withpower boost 343bar

(49751bf/sq.in)Swing circuit279bar

(40451bf/sq.in) Travelcircuit343bar
(49751bf/sq.in)Pilotcontrol40bar

(5691bf/sq.in)
AseparateCushionControlvalveintheservosystemprovid
escushioningoftheboomanddipperspoolsselectionand

quickwarm-upofthe servosystem.

1.3DimensionsofHydraulicCylinder:-

BOOM
Bore100mm(3.9in)Rod7
Smm(3.0in)Stroke1081
mm(42.5in)

III Designand Analysis:-
3.1 CAD/CAM:-

TheModernworldofdesign,development,manufacturingsoo
n,inwhichwehavesteppedcan’tbeimaginedwithoutinterfere
nceofcomputer. Theusageofcomputerissuchthat,theyhaveb
ecomeanintegralpartofthesefields.Intheworldmarketnowth
ecompetitioninnotonlycostfactorbutalsoquality,consistenc
y,availability,packing,stocking,deliveryetc.Soaretherequir
ements forcing
industriestoadoptmoderntechniqueratherthanlocalforcingt
heindustriestoadaptbettertechniqueslikeCAD/CAM/CAE,

etc.
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Thispenetrationoftechniqueconcernhashelpedthe

manufacturersto

e Increaseproductivity

o Shorteningthelead-time

e  Minimizingtheprototypingexpenses
e ImprovingQuality

e  Designingbetterproducts

3.2 FE Analysis:-

Inthelimitedcomponentstrategy, therealcontinuumofgro
upofmatterlike

strong, fluidorgasisspokentoasacollectionofsubdivision
scalledFinitecomponents. Thesecomponentsarethoughtt
obeentomb associated atindicated focusesknown as
hubsornodalfocuses. Thesehubsasarulelieon
thecomponentlimitswhereaneighboringcomponentistho
ughttobeassociated. Sincethegenuinevarietyofthefieldfa
ctors(likeDisplacement,stretch,temperature,weightands
peed)insidethecontinuumareisnotknow,weexpectthatth
evariety
ofthefieldvariableinsidealimitedcomponentcanbeappro
ximatedbyabasiccapacity. Theseapproximatingcapaciti
es(additionallycalledinsertionmodels)arecharacterizedr
egardingthequalitiesatthehubs. Atthepointwhenthefield
conditions(likebalanceconditions)fortheentirecontinuu
marecomposed,thenewobscurewillbethenodalestimatio
nsofthefieldvariable.Bytacklingthefieldconditions,whic
harebyandlargeasthegridconditions,thenodalestimation
softhefieldfactorswillbeknown.Oncetheseareknown,the
approximatingcapacitycharacterizesthefieldvariableallt
hroughthecollectionofcomponents.
Itisnecessarytoidentifythetediousandtimeconsumingste
psandtrytoautomatethemtoreducetheFEsimulationtime
andtoavoidtheconstantinteractionoftheuserwith
theFEtool.Followingthelistofstepsarepresented.

Basicapproachforanyfiniteelementanalysis(FEA)canbedi

videdintothreeparts

» Pre—processors
> Solver

» Post—Processor

3.3 ANSYS:-

ANSY Sdesignoptimizationenablestheengineerstoredu
cethenumberofcostlyprototypes,tailorrigidityandflexib
ilitytomeetobjectivesandfindtheproperbalancinggeom

etricmodifications.
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Competitivecompanieslook forwaystoproducethehighest
qualityproductatthelowestcost. ANSYS(FEA)canhelpsig
nificantlybyreducingthedesignandmanufacturingcostsan
dbygivingengineers
addedconfidenceintheproductstheydesign. FEAismosteff
ectivewhenusedattheconceptualdesignstage.Itisalsousef
ulwhenusedlaterinmanufacturingprocesstoverifythefinal

designbeforeprototyping.

The ANSY SprogramoperatesonPentiumbasedPCsrunni
ngonWndows95orWindowsNTandworkstationsandsuperc
omputersprimarilyrunningonUNIXoperatingsystem.ANS
Y SInc.continuallyworkswithnewhardwareplatformsandop
eratingsystems.

Analysistypesavailable:

1.  STRUCTURALSTATICANALYSIS.

2.  STRUCTURALDYNAMICANALYSIS.

3. STRUCTURALBUCKLINGANALYSIS.

» LINEARBUCKLING

» NONLINEARBUCKLING
STRUCTURALNONLINEARITIES
STATICANDDYNAMICKINEMATICSANALYSIS.
THERMALANALYSIS.
ELECTROMAGNETICFIELDANALYSIS.

ELECTRICFIELDANALYSIS

L ® =2k

FLUIDFLOWANALYSIS
» COMPUTATIONALFLUIDDYNAMICS
» PIPEFLOW

10. COUPLED-FIELDANALYSIS

11. PIEZOELECTRICANALYSIS

IV Modelling and Meshing:
4.1 CATIAModelling:

\:.h
oo RIOANUNAPE S~ co o

SEES B @ fd BARS MTAGRA BINEE & =48 @ c@eLuds

Fig4.1 Hydraulic Cylinder Model

S BOMASIN Br B e e e e b

-2
£
L
]
g
£
€
£l
]
&
L1
- E

JE RS B0 @ @ BARN RTESAASBOIFE 3 248 S cHLEDRE ‘Z_:...

Fig4.2 Hydraulic Cylinder Isometric view

Fig4.3CATIAModelingOfCylinder UsedInMiningRigs:

IRRIB AR LR £

’

e RSy S P GO Bal mTesAAsAPNER 8 S48 @ c@tuis 2.

Fig4.4MRCCylinderModel
Meshing: -Meshing isgeneratedbyusing

hypermeshsoftware. Meshthegeometrybyusingtetrahedralelement
s.Elementtype is solid45.

EFPi*9miunani,

VStatic Analysis:

5.1BoomCylinderForTrackExcavator:



Proc. Intl. Conf. on Future Technologies in Mechanical Engineering, ISBN:979-93-85101-61-8

LoadsAndBoundaryConditions:Meshmodelofboom
cylinderfortrackexcavatorisconstrained(x,yandz-

translations)atrightside. AppliedInternalpressureis4Obar.

o Plet e MiedPlne Papemeiw e Maovis e

Thefollowingtablerepresentsthestressesoftwohydrauliccylindersindiffere
nt

TableforDifferentPressure loads:

Stress(N/m Boomcylinderfortracv| Cylinderusedinminin(
ator(pressure40ba | pressure80bar)

Stress in x-dire 5 . 8 2 6 . 6

Fig5.1:Loadsandboundary conditionsof Stress i y-dire 7 3 : ST 3 T
boomcylinderfortrackexcavator

Stress in z-direc 3 8 . 8|1 1 7

Shear stress i 4 . 1 5 3 . 6

Shear stress i 1 9 . 515 9 . 5

Shear stress i 3 . 4 8| 2 1 . 5

Vonmises str| 4 0 . 91 1 2 1

VIConclusion

Fig 5.2:Deformed —un deformed ofboomcylinderfortrackexcavator
o S The  diversehydraulic = cylindersat  variousweight

burdensweredissectedbyfiniteelementstrategies. Fromtheab
overesultstheMaximumVonmisespushforblastcylinderfor
trackexcavatorwatchedis40.95N/mm?2
andthecylinderutilizedasapartofminingapparatuseswatched
18121.83N/mm?2.thisesteemisundersafeloadcondition.
TheMaximumDisplacementforblastcylinderfortrackwatch
ed is 0.056mm,and thecylinder utilized
asapartofminingapparatuseswatchedis0.328.
Fig5.3displacementvectorsumofboomcylinderfortrackexcavatoris TheStressLevelsforvariouscylinderswascheckedundermax
0.056mm weightstackconditionandturnedouttobeprotectedplan
andproposedtouseforlifting
ofoverwhelmingburdensandboringapparatusoperations.
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Effect of welding properties on strength of the mild Steel-
an experimental approach

C. LabeshKumar*,Dr.P.KDash**
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Abstract

InthispaperanexperimentalverificationofMIGweldingonmildsteelundervariousweldingconditio
narestudied. Theweldingtimeandweldingenvironmentarechangedovertherangeofspecimens.Itha
sbeenobservedthatthereisasignificantstrengthgaininCOzpresencesweldingincomparetoatmosph
ericweldingalsoweldingspeedsizeablyreducesthespecimenstrengthandcause.Severchangesinthe
failuremicrostructureanddensityvariation.

Keywords:Mildsteel, MIGWelding, CO, UTM, MicroStructure, Density.

1. Introduction

Weldingisafabricationprocessusedtojoinmaterials,usuallymetalsorthermoplastics,together.Duri
ngwelding,thepiecestobejoined(theworkpieces)aremeltedatthejoininginterfaceandusuallyafille
rmaterialisaddedtoformapoolofmoltenmaterial(theweldpool)thatsolidifiestobecomeastrongjoin
t.Incontrast,SolderingandBrazingdonotinvolvemeltingtheworkpiecebutratheralower-melting-
pointmaterialismeltedbetweentheworkpiecestobondthemtogether.

ThecurrentworkiscarriecdonMIGweldingMIG(MetallnertGas)welding,alsoknownasM AG(Meta
lActiveGas)andintheUSAasGMAW(GasMetal ArcWelding),isaweldingprocessthatisnowwidel
yusedforweldingavarietyofmaterials, ferrousandnonferrous.MIGweldingiscarriedouton
DCelectrode(weldingwire)
positivepolarity(DCEP).HoweverDCENisused(forhigherburnoffrate)withcertainself-
shieldingandgasshieldcoredwires. Theoutputofdirectcurrentafterfullwaverectificationfroma3-
phasemachineisverysmooth. Toobtainsmoothoutputafterfullwaverectificationwitha 1-
phasemachine,alargecapacitorbankacrosstheoutputisrequired. Becauseoftheexpenseo fthis,man
ylowcost1-phasemachinesomitthiscomponentandthereforeprovideapoorerweldcharacteristic.

Thecurrentworkiscarriedoutformildsteelplatesofsimilarsizeswithabuttjointisperformedbyusing
MIGweldingunderdifferentweldspeedandenvironmentlaterontestingisperformedontheUTMand
relativeresultsarebeendiscussed.SpecimenisaMildSteelplates withdimensions as
mentionedbelow.Theyhavebeen filled atan
angleof45%nbothspecimens.Suchspecimensaretakenin3pairsforthisexperiment.
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2. Materials

TheMildSteelplates(40x30mmandthickness3.4mm)werejoinedlongthelongersidebytheMIGwel
ding. TheelectrodeusedhereisaCoppercoatedMildSteelwireofdiameter(Q.8mm.

~—40.0—

-30.0—+

3.4

Fig. 1MildSteelplateswithDimensions

Fig.2 MildSteelplatesafterfiled at45°

Tablelmildsteelcomposition

Element Percentage
Carbon 0.16-0.18%
Silicon 0.40%max

Manganese 0.70-0.90%
Sulphur 0.040% Max
Phosphorus 0.040% Max
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3. ExperimentalSetup

ThisprocessincludestwomildsteelwhicharebeenjoinedbytheMIGwelding. Thebasematerialand
filledmaterialareofsameproperties

showninthetableofproperties. Theweightofthespecimenis48gramsanditsdensitybeforeweldoft
wopiecesis7.85gm/cm’

Fig.4AfterWeldMildsteel pieces

Table2MildSteel WeightandDensity

S No specimen Weightofspecimenb Dens.ltyof
eforeweld specimen
1 Mildsteelplates 48.00grms 7.85gm/cm’
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4. Resultsand Discussions

Themildsteelpiecesofspecified dimensionsarebeenweldedwith

thehelpofMIGwelding. Inwhichthesetupcarriedoutinpresenceo fCO2andabsenceo fCO2withdiffe
rentweldspeeds. Thevariationregardingthedensityisshowingmuchappropriateinpresenceo fCO2.

Thefillermaterialisofsamecompositionofthebasematerialinordernottodisturbthecontentaftersoli
dificationofweldpieces. Theweldplatesweretestedbyintermsofdensityandtensileandmicroscopic

study. Thetestspecimenwhichhasbeencutoftisgrindedandpolishedwasstudiedundermicroscopew
hichshowsnodefeatsafterweld.

Fig. 5 Microscopicimage ofslow weld

Fig. 6 Microscopicimage offastweld

Fig.7Microscopicimage of fastweld inpresenceofCO2
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Theweldedzoneundermicroscopeshowsthattheweldedareaisaffectedbyhighheat. Thereisnoeffect
ofthisheatonthestructureofthespecimen.Environmentalconditionsshowvastdifferenceintheweld
edplates. Thevaluesobtainedisbeentabulatedasperweldspeed,densityofspecimenafterweld, Tensi
lestrengthandlastly StandardDeviation.UndertheMicroscopetheweld
hasbeenperformedusingthelowspeed

Table3WeldedSpecimenResults

DensityofSpec Tensile Standard
S.No Specimen WeldSpeed imenafterweld Deviation
Strength o,
1. Weldedin presenceofCO2 2 c/sec 6.97gm/cm’ 3.2 KN 25.581
2. Weldedwithhighspeed 1.6 cmisec | 6.52gm/cm’ 2.5KN 41.86
: 2.7KN
3. Weldedwithlow speed 1.33 cm/sec 7.85gm/cm’ 37.20

5. Conclusion

Onthebasesofexperimentalobservationscarriedoutfordifferentweldingspeedsaswellaschangeine
nvironmentalparameterslikepresenceofCO2ithasbeenfoundthat

1. Thedensityisreducedwithrespecttoweldingspeedandalsoattributedtotheenvironment.

2. Thetensilestrength ~ of  thespecimenishighlydependedonthewelded  speed  rateand
ithasbeenfoundthatthetensilestrengthdecreaseswhenweldspeedincreasesandthestrengthishighly
increasedbychoosingtheenvironmentparameterlike CO2

32



Proc. Intl. Conf. on Future Technologies in Mechanical Engineering, ISBN:979-93-85101-61-8

3. Ithasbeenconcludedasthestandarddeviation observedforhighspeed
withCO2presenceisminimumof25.81andreachestomaximumof41.86
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Static Analysis of milling cutter by Using finite element method
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ABSTRACT:Millingmachineisoneoftheimportantmachiningoper
ations.Inthisoperationtheworkpieceisfedagainstarotatingcylindr
icaltool. Therotatingtoolconsistsofmultiplecuttingedges(multipoi
ntcuttingtool). Normallyaxisofrotationof feedgivento
theworkpiece..

Inthisprojectworkthedesignaspectsofplainmillingcutteris
analysed.Theobjectiveconsideredisthedesignandmeshingofplain
millingcutterandtoanalysevariousstresscomponentsactingonit. T
hemodellingandanalysisiscarriedoutusingsoftware ANSYS.
Keywords: static analysis,millingcutter, FEM

I. INTRODUCTION

Millingisaprocessofproducingflatandcomplexshapeswith
theuseofmulti-
toothcuttingtool,whichiscalledamillingcutterandthecuttinged
gesarecalledteeth. Theaxisofrotationofthecuttingtoolisperpen
diculartothedirectionoffeed,eitherparallelorperpendiculartoth
emachinedsurface. Themachinetoolthattraditionallyperformst
hisoperationisamillingmachine.Millingisaninterruptedcutting
operation:theteethofthemillingcutterenterandexittheworkduri
ngeachrevolution. Thisinterruptedcuttingactionsubjectstheteet
htoacycleofimpactforceandthermalshockoneveryrotation. The
toolmaterialandcuttergeometrymustbedesignedtowithstandth
eseconditions.Cuttingfluidsareessentialformostmillingoperati
ons.Thecutterisliftedtoshowthechips,andthework,transient,an
dmachinedsurfaces. Thecutterdesignbeingpresentedinthispap
erisusefulforsinglepointaswellasformulti-
pointcutterssuchasthoseusedforturningandmilling.Infact,thed
esignprinciplesforbothsingleandmulti-
pointcuttersaresimilar. Thedesignparameterssuchasrakeangle,
clearanceangleoftooth,andheightoftootharecommoninbothsin
glepointandmulti-
pointcutters. Additionally,parameterssuchasspeedofrotation, f
eed,anddepthofcutarealsosimilar. However,parameterssuchas
diameterofthecutter,numberofteethonthecutter,andangularspa
cingofteethareexclusivelyassociatedwithmillingcutters.Inthef
amilyofmillingoperationssuchasplainmilling,slotmilling,side
milling,endmilling,facemilling,andformmilling,designparam
etersdifferonlyintheirnumericalvalues.Ineverycase, theteethof
millingcuttershavecuttingedgesandanglesrelatedtoedges.Ineff
ecteachtoolactslikesinglepointtoolmountedonacylindricalhhu
b.Theteethonthe
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millingcuttersaremostlyevenly spaced. There
aretwobasictypesofmilling,areasfollowsdown(climb)milling:i
tistypeofmillinginwhichthecutterrotationisinthesamedirectio
n as themotionof
theworkpiecebeingfed.Indownmilling,thecuttingforceisdirect
edintotheworktable,whichallowsthinnerworkpartstobemachin
ed.Bettersurfacefinishisobtainedbutthestressloadontheteethis
abrupt,whichmaydamagethecutter.Inconventionalmilling, fric
tionandrubbingoccur
astheinsertentersintothecut,resultinginchipweldingandheatdis
sipationintotheinsertandworkpiece.Resultantforcesinconventi
onalmillingareagainstthedirectionofthefeed. Work-
hardeningisalsolikelytooccur.

II. PROPOSED WORK

Millingoperationisconsideredaninterruptedcuttingoperati
onteethofiillingcutterenterandexittheworkduringeachrevolut
ion.Thisinterruptedcuttingactionsubjectstheteethtoacycleofim
pactforceandthermalshockoneveryrotation. Thetoolmaterialan
dcuttergeometrymustbedesignedtobeartheabovestatedconditi
ons.Inthisprojectworkthedesignaspectsofplainmillingcutteris
analysed.Theobjectiveconsideredisthedesignandmeshingofpl
ainmillingcutterandtoanalysevariousstresscomponentsacting
onit.ThemodellingandanalysisiscarriedoutusingsoftwareANS
YS.

III.  CUTTINGCONDITIONS IN MILLING

Inmilling,eachtoothonatoolremovespartofthestockinthef
ormofachip.Thebasicinterfacebetweentoolandworkparti
spicturedbelow. Thisshowsaonlyafewteethofaperipheral
millingcutter.

teethPlainMillingCutterUsedforPeripheralorSlabMillin
gCuttingvelocity Vistheperipheralspeedofthecutterisdefi
nedby V=ntDNWhereDisthecutterouterdiameterandNist
herotationalspeedofthecutter. Asin thecase
ofturning,cuttingspeed Visfirstcalculatedorselectedfrom
appropriatereferencesourcesandthentherotationalspeedo
fthecutterN,whichisusedtoadjustmillingmachinecontrols
,iscalculated. Cuttingspeedsareusuallyintherangeof0.1~4
m/s,lowerfordifficult-to-
cutmaterialsandforroughcuts,andhigherfornon-
ferrouseasy-to-cutmaterialslikealuminiumand
forfinishingcuts.
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CuttingSpeed
Cuttingspeedofamillingcutterisitsperipherallinearspeedr
esultingfromoperation. Itisexpressedinmetersperminute.
Thecuttingspeedcanbederivedfromtheaboveformula.Spi
ndlespeedofamillingmachineisselectedtogivethedesired
peripheralspeed ofcutter.V= (mdn)/1000Whered =
Diameterofmillingcutterinmm, /=Cuttingspeed(linear)i
nmeterperminute,andn=Cutterspeedinrevolutionpermin
ute.

FeedRate
Itistheratewithwhichtheworkpieceunderprocessadvance
sundertherevolvingmillingcutter.Itisknownthatrevolvin
geutterremainsstationaryandfeed — isgiven to  the
workpiece throughworktable.Generallyfeedis
expressedin threeways

Feed per Tooth
Itisthedistancetravelledbytheworkpiece(itsadvance)bet
weenengagementbythetwosuccessiveteeth. Itis
expressed as mm/tooth(f?).

Feed per Revolution
Travelofworkpieceduringonerevolutionofmillingcutter.I
tisexpressedasmm/rev.anddenotedbyf{rev).

Feed per UnitofTime
Feedcanalsobeexpressedasfeed/minuteorfeed/sec.It
isthedistanceadvancesbytheworkpiecein unittime(fin).

IV.  MATERIALSUSED IN MILLING
CUTTER

Themillingcuttermaybemadeothigh-speedsteel, Superhigh-
speedsteel;Nonferrouscastalloysorcementedcarbidetipped.Th
ehigh-speedsteelcuttersarethe  mostwidelyusedcutters  in
generalworkshop.. Themainmaterialsbeingusedaresummarize
dbelow.

ToolSteel

Itcontainscarboninamountsrangingfrom0.80to1.5%.Disadvan
tagesof
toolsteelsarethattheycomparativelylowheatandwearresistance
.Cuttersmadeoftoolsteelarecomparativel ycheap,easytoforgea
ndsimpletoharden.

AlloySteel

Itisthemostimportantandwidelyusedgroupofcuttingtool
material. Theyare
commonlyknownashighspeedsteelssincetheycanbeoperatedat
highspeedoftwoandhalftimesmorethanthoseusedasacarbonto
olsteelandretaintheirhardnessuptoabout9000C. Thesearethege
neraltypeothighspeedsteels,hightungsten, highmolybdenuma
ndhighcobalt.Thesteelcontaining 18%tungsten4%chromiuma
nd1%vanadiumisconsideredtobeoneofthebest of all-
purposetoolsteel.Insomesteels
ofsimilarcompositionthepercentageofvanadiumisslightlyiner
easedtoobtainbetterresultinheavy-

dutywork. Thissteelcontaining6 % molybdenum 6 % tungsten
4%
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chromiumand2%vanadiumhaveexcellenttoughnessandcuttin
gability.Cobalthigh-

speedsteelcalledsuperhighspeedsteel. Cobaltisaddedfrom2-
15%toincreasehothardnessandwearresistance.Onealloyofthis
steelcontains20%tungsten4%chromium20%vanadiumand 12
%cobalt.

Stellites

Itisthetradenameofnon-ferrouscastalloycomposedof40-
80%cobalt,30-35%chromiumand]2-
19%tungsten.Inadditiontooneormorecarbideforming
elements,
carbonisaddedinamountsofl.8to2.5%stellitespreservehardnes
supto10000Candcanbeoperatedonsteelathighspeedtwotimesh
igherthanforhigh-speedsteel.

CementedCarbides

Thesearecomposedprincipallyofcarbonmixedwithothereleme
nts. Thebasicingredientsofmostcementedcarbidesaretungstenc
arbidewhichisextremelyhard.Carbidetoolsaremadebybrazing
orsilversolderingthe
formedinsertsontheendsofcommercialsteelholders. Themosti
mportantpropertiesofcementedcarbidesaretheirveryhighheata
ndwearresistance.Cementedcarbide
tippedcutterscanmachinemetalevenwhentheircuttingelements
areheatedtoatemperatureof1 0000C. Theycanwithstandcutting
speedformorethansixtimeshigherthantoolsothigh-

speedsteel. Cementedcarbideisthehardestmanufacturedmateri
alandhasaextremelyhighcompressive
strength,howeveritisverybrittle,lowresistancetoshock.

Ceramics

Ceramicsarethelatestdevelopmentinthemetalcuttingtoolsuses

Aluminiumoxide,generallyreferredtoasceramics.Compacting
aluminiumoxidepowerinamouldmakesceramiccutters. Thecer

amiccuttersaremadeintheformoftipsandaretobeclampedonmet
al shanks.
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V. CONCLUSION

Millingoperationisconsideredaninterruptedcuttingoperati
onteethofmillingcutterenterandexittheworkduringeachrevolut
ion.Thisinterruptedcuttingactionsubjectstheteethtoacycleofim
pactforceandthermalshockoneveryrotation.

Dynamicanalysisof millingcutter can
beperformed.
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Abstract--
Todesignandanalyseamodelthatcanutilizethewasteheatenergyfro
mvarioussourceslikeheatenergyobtainedthecarenginesexhaustsyst
emandto
convertobtainedheatenergyintoelectricityformultipurposeuseinau
tomobiles.Manyconsiderationshavebeentakentomakethissystemec
onomical,easyto
implementanddoesnotproduceanyburdenoncarefficiencyorengine
efficiency. Themodelhasbeendevelopedtosimulatecoupledthermala
ndelectricalenergytransferprocessesinathermoelectricgenerator(
TEG)designedforautomotivewasteheatrecoverysystems.Conventi
onalbismuthtellurideisconsideredforthermoelectricmodules(TEM
s)forconversionofwasteheatfromexhaustintousableelectricalpowe
r.Heattransferbetweenthehotexhaustgasandthehotsideofthe TEMs
isenhancedwiththeuseofaplate-
finheatexchangerintegratedwithintheTEGandusingforcedconvent
ionalcoolingonthecoldside. TheTEGisdiscretizedalongtheexhaustfl
owdirectionusingafinite-
volumemethod.Detailedresultsareprovidedforlocalandglobalheatt
ransferandelectricpowergeneration.Duringtheresearch,thermoele
ctricdeviceistestedina varietyofconfigurations
withthegoalofdemonstratingathermoelectric-poweredfan.

Keywords: Thermo-
ElectricModule, Peltier Effect, ExhaustSystem, Bismuth Telluri
de,Plate-FinHeatExchanger, Thermoelectric-Powered Fan

I. INTRODUCTION

Ouraddictiontoelectricityhasgeneratedaconcurrentaddictiontof
ossilfuels.However,thereservesoffossilfuelswill
soonbedepleted,sinceoil
isalimitedresource.Overtheyears,thecostofelectricityhasrisento
unprecedentedlevelsduethelimitedsupply
ofoilandeconomicandpoliticalfactors. Thus,renewableenergyis
amoreattractivealternativetoelectricitygeneration,asitwillalsopr
ovideacleanerenvironmentforfuturegenerations.Intheworldtoda
y,therearemanygreatsolutionstorenewableenergy,butsomeareu
nfeasible.Inthis proposed
project,adevicewillbecreatedtointroduceawayforhumanstocrea
terenewableenergyusingthermoelectricdevices.

Thisprojectaimstoprovideasourceofrenewableenergythatoverc
omesthelimitationsofcurrentmethods. Athermoelectricdeviceco
nvertsthermalenergytoelectricalenergybyusinganarrayoftherm
ocouples. Thisdeviceisareliablesourceof
powerforsatellites,spaceprobes,andevenunmannedfacilities. Sat
ellitesthatflytowardplanetsthatarefarawayfromthesuncannotrel
y

exclusivelyonsolarpanelstogenerateelectricity. Thesesatellitesw
illhavetouseanalternativeenergysource,suchasthermoelectricde
vices,to
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generatetheirpower. Thermoelectricdevicesfordeep-
spacemissionsusearadioactivematerial,likeplutonium,togenerat
eheat,andthermocouplestoconverttheheattoelectricity.Sinceath
ermoelectricdevicehasnomovingparts, it is
reliableandcangenerateelectricity
formanyyears.Studieshavebeendoneonimprovingtheefficiency
ofthermoelectricgeneratorbyincorporatingothertechnologies, li
kenanotechnology.By
achievingabetterefficiency,thermoelectricdevices
wouldneedlessradioactivematerialtoproducethesameamountof
power,makingthepowergenerationsystemlighter.Lessradioacti
vematerialwillalsodecreasethecostofspaceflightlaunches.

II. DESIGNCONSTRAINTS

Essentiallythegoalis
toremovesufficientheatfromthedevicesothatitdoesnotoverheat,
whileretainingthelargesttemperatureatthehotsideoftheTEmodul
etogeneratepower. Therearetwobroadcategoriesintermsofgeom
etricalconfigurations:thethermoelectricmodulecaneitherbether
mallyinseriesorinparallelwiththemainheatsink. Furthermore, flo
weconditionsconsideredforthechosengeometrymustincludeboth
forcedconvectionforthesteadystateandnaturalconvectionforthes
tart-uptransient. Thefollowingconstraintsarerequired:

Constraint]:Maximumjunctiontemperatureof125°C
Constraint2:Createthelargestpossibletemperaturediffe
renceacrossthermoelectricmodulegivenconstraint 1
Constraint3:Thermalcontactcanonlybemadeononesid
eofthedevice(usuallythecaseforpowerdevices)
Aneasywaytocomplywiththeconferencepaperformattingrequire
mentsistousethisdocument asatemplateandsimplytype
yourtextintoit.

III. THERMALCIRCUITANDFEMSIMULATION

Athermallyseriesconfiguration,asshowinfigurel,isnotfeasibles
implybecause, whileitwouldprovidethelargesttemperaturediffer
enceacrossthethermoelectricmodule,thethermalresistanceofthe
TEmoduleissolargethatefficientheatremovalisimpossible,even

withforcedconvection.
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Thedeviceisimmersedinaboxofairinwhichrepresentsopenspace.
Theheatequationissolvedonthesolidandcoupled to the
T incompr;ssiblel\.lav.ier—Stgke§ equations
onthefluiddomainviacontinuityforheatandtheno-
slipconditionforfluidflow. Theno-
slipboundaryconditiononwallsisacommonapproximationmade
incomputationalfluiddynamicsforlowand
intermediatevelocities, and
greatlysimplifiesthecomputationaslongasthensarenotcloseenou
Figurel:ThermallySeriesConfiguration ghtogetherthatboundaryoverlapeffectsoccur.
OQutlet: P =P

Thisleavesaparallelconfigurationastheonlyalternative.Regardle

ssoftheexactgeometry,thegeneralsimplifiedDCthermalcircuitfo Heat Outflow

ranyparallelconfigurationwillhavethesamestructureinsteadysta
te.
InthisDCthermalcircuit, R, thethermoelectricmodule'sthermalr
esistance,canbeassumedtobemuchlargerthanthecombinedtherm c c
alresistanceoftheotherbranch,sothatverylittleheatpassesthrough s Air -
thethermoelectricbranch.Rpsdependsonthegeometryandheatsin -%' = %‘ =
kmaterial,whileRnsirdependsonthesurfaceareaofthefinsandairs o £ o £
peedintheforcedconvectioncase. Wealsoassumethatwehavenoc - T =
ontroloverR.,sincethesurfaceareaavailablefortheTEmodulewil g E z z g g
Inecessarilybeontheorderofthesizeofthedevice. Withtheseassu = 8l Device Geometry B =
mptions,theoriginaldesignconstraintsamounttoamaximizationo = z
fthehighsidetemperatureuptoTjun«byincreasingRpszandRsairrwh Wailfasiip)
ileminimizingtheheatsinkresistancesinthetopbranchsothatasmu 1 4
chofthetemperaturedifferenceaspossibleappearsacrossRe.. Wep Direction of air flow
roposeonepossibleconfiguration,showninfigure2, whichallowsu 1 1
stomodifytheseparameters.

- - Inlet: v = vy,

T=T.me
Figure3:showstheboundaryconditionsforthesteady-
Device stateforcedconvectionsimulations.
Heat Sink Theinletboundaryconditionsareconstanttemperatureandvelocit

yprofileandtheoutletboundaryconditionsareconstantpressurean
dheatoutflow. TheheatoutflowconditioninCOMSOLisidenticalt
othermalinsulationandstatesthattheonlyheattransferisbyconvec

tion. Thesidewallsofthefluiddomainalsohavethethermalinsulati

onconditionandno-

slipwallswhich, foralargeenoughboxapproximatesalargeopendo
main.

Heat Sink

Figure2:ThermallyParallelConfiguration

. . 400
Intheproposedconfiguration,theTEmoduleisplacedatthehottest 300
pointof theheatsink,sothataslong 380
asconstraint lismet,constraint2isalsomet. Rysaixcanbemodifiedby ;;g
changingthenumberoffinsinthemainheatsinkandthethermoelect 350
richeatsink,andRps7andRps2canbechangedbyalteringthedimensi 340
onsofthemainheatsink. etd

. . . . . 320
Inthesimulation,thedeviceisavolumetricheatsourceproducing?2 310

000Wandthethermoelectricmodulehasthesamelengthandwidth
asthedevice, withathicknessof3.4mm(roughly the thicknessof

acommercial
Peltiercooler).Inaccordancewiththeassumptionthatheatcanonly Figure4:SurfaceTemperature,ForcedConvection

beremovedfromonesideofthedevice,thetopsurfacehasathermali
nsulationboundarycondition.
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380

360

340

320

300

Direction of
Air Flow

FigureS:CrossSectional Temperature,ForcedConvection

TherectangularoutlineinfigureSrepresentsthepositionofthedevi
ce,andthepointdenotestheaxisalongwhichfigure6,thetemperatur
eprofile,isplotted. Theorientationoftheinfigure 5 isthesame
asinfigure 5. Infigure 6, the
temperatureprofilegoeslinearlyfromx=0mm,thetopofthel GBT(
Insulatedgatebipolartransistor)tox=16mm,thetipofthethermoel
ectricheatsink'sfins.

Temperature Profile
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Figure6:TemperatureProfile,ForcedConvection
Withaninlet velocityof 2m/s,weseea

dropofapproximately60°Cacrossthethermoelectricmoduleinste
adystate,quitegoodconsideringthehighesttemperatureinthesyst
emisjustunder 125°C. Integratingtheheatfluxintothe TEmodulere
sultsinavalueof250W. Assumingan
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averageefficiencyof4%forthethermoelectricmodule,around10
Wofpowerwillberecovered.

Integratingthepressuredropovertheinletand
multiplyingbytheinletvelocity,wecalculatethefanpowerrequired
tocooltheheatsinktobeabout5SW.Intheorythen,itappearsthatbyus
inganoptimizedgeometryandwithanefficientthermoelectricmat
erial,usingthe recoveredheat
topowerthecoolingfaninclosedloopispossible,atleastinsteadyst
ate.Atradecanbemadebetweenoutputpowerandfanspeed(andhe
nce,devicetemperature)sinceincreasingfanspeedlowerstheaver
agetemperatureofthesystem. Figures7
and8showthetotalheatfluxthroughthethermoelectricmoduleand
temperature,respectively,asfunctionsoffanspeed.

Heat Flux vs. Fan Speed
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Figure8:DeviceTemperaturevs.FanSpeed

Theheatflux-vs.-fanspeed(Figure7)anddevicetemperature-vs.-
fanspeed (Figure 8) areextrapolated
below1m/sbecausetheforcedconvectionmodeldoesnottakeintoa
ccountnaturalconvection. Atlowfanspeeds, thesteady-
statesolutionapproachesasituationwheretemperatureisuniforma
ndnoheatflowsthrougheitherbranch,whichisunrealistic.Ifthefan
power-vs.-
fanspeedcharacteristicisknown,thentheintersectionbetweenthef
anpower-vs.-fanspeedandpowergenerated-vs.-
fanspeedcurvesdenotesthesteadystateoperatingpointof
thesystemwithoutanycontrol,asshowninfigure9.
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Increasing

Heat Flux Fan Power
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Figure9:OperatingPoint
Thelocusesofmaximumthermoelectricpowerrepresentthepeakp
owerpointsasfunctionsofinputheatandfanspeed, withreferenceto
Figure7,sincethepeakpowergeneratedwillbeafixedpercentageof
thetotalheatfluxthroughthethermoelectric
legofthegeometry. Thepoint
showninfigure9istheoperatingpointwiththeleastavailablepower
output.Therefore,anyoperatingpointtotheleftofthesteady-
stateoperatingpoint along thefanpowercurveis possiblewith
theappropriatecontrolsystem,tradingpoweroutputfordevicetem
peraturewhilegeneratingexcesspower.
ThecomponentsofthecontrolsysteminfigurelOare:

Plant: Theplantincludestheheatsinksandthermoelectricmodule,
whichmaybeobtainedusingtheappropriatemodel, forinstancethe
onedevelopedinthispaper.
Maximumpowerpointtracker(MPPT): Acontrollerwhichmeasur
estheinputvoltageandcurrentandaltersthedutycycleofadc/dccon
vertertomaintaintheinstantaneouspowerVlatamaximum.Thisen
suresthatthepowerbeingoutputbythe TEmoduleremainsonthelo
cusofpeakpowerpoints.
VoltageRegulatorandBus:Createsaconstantvoltagebustopowert
hefanandtodistributeexcesspowerifthefanisnottaking100%ofth
epowergenerated.
FanController:Measuresfancurrentandspeedinordertoregulatef
anspeed. Thefanspeedcommandcanbe(1)setbasedonthedifferen
cebetweenthemeasuredthermoelectricpower and a reference
power,(2) setata constantvalue or
(3)beallowedtoreachthesteadystateoperatingpoint. Thefancontr
ollerthensendsthePWMsignalstotheinverterwhichpowersthefan

Fan: Asynchronousmotorwhichcoolsthedeviceandheatsinks.

Voltage
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DC/DC Converter

43 Tracking
Algorithm

M speed
ADC
B controller

Constant
Voltage Bus

L
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Device + 1
Heat Sinks

—
—
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Inverter

Fan Speed Control
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Figure10:ControlSystem
Thefinalthingtoconsideristhestart-
upbehaviourofsuchacoupledsystem.Sincewehavealreadydesig
nedforthesystemto have
themaximumallowedjunctiontemperatureinordertorecoverthela
rgestamountofenergy,havingthesystemstartinnaturalconvectio
nwillshoot Tjunctpast125°C. Assumingthefangetsenoughpowerto
turnonatexactly125°C,itisofinteresttosimulateexactlyhowmuch
higherthetemperaturerisesandforhowlong. Forthispurposewede
signedanothersimulationwithnatural
convectionconditions,ranthatsimulationuntil Tjyncreached 125°
C,andusedthestateatthat
pointastheinitialconditionsforaforcedconvectionsimulation. Th
eresultisshowninfigurell.
Theresultsofthesimulationshowthatforourtestcase,thetemperat
ureovershootisontheorderofafewdegreesoveratimescaleoftens
ofseconds.

Device Temperature Overshoot

Temperature (deg C)

300
Time (s)

100 200 400 500 700

Figurell:TemperatureOvershoot

Thepercentovershootwoulddependonthegeometryoftheheatsin

kand theamountofheatbeinggenerated
bythedevice,buttheseresultsshowanytransienttemperaturerised

uringstart-upislimitedinbothmagnitudeandduration.

IV.CONCLUSION

Thesteadystateandtransientbehaviourofthesampledesignwasin
vestigated,anditwasfoundthatasteadystatesolutionwhereafanwa
sbeingdrivenbypowergeneratedfromwasteheatwastheoretically
possible,andthatthetemperatureovershootassociatedwithstart-
upwasrelativelyminor. Apossiblecontrolstructureforthesystem
wasalsoconsidered.
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ABSTRACT

Inthisstudy,thermalandflowbehaviormodelsforcircularmicrochannelusi
ngwateranditsnanofluidswithaluminaasacoolantfluidinsingle phase
flowhavebeendeveloped. A finitevolume-
basedCFDtechniqueisusedandmodelsaresolvedby
usingFluentSolver. The2Daxissymmetricgeometrywithstructuredmesha
nd100x 18nodesareusedforsinglephaseflowwithAl203nanoparticlesof2
3nmaveragediameter. Viscouslaminarandstandardk-
emodelsareusedtopredictthesteadytemperatureinlaminarandturbulentzo
ne.Theheattransferenhancementupto83%inlaminarandturbulentzonesar
eobtainedwiththeRerangingfrom5tol 1980andparticlevolumeconcentrat
ionfromOto5%.EventhoughthepressuredropincreaseswithincreaseinRe, i
tiscomparativelylesscomparedtothecorrespondingdecreaseintemperatur
e.Theincreasein temperaturedepends onRe
andPe(ThePecletnumberistheproductoftheReynoldsnumberandthePran
dtlnumber);butthetemperaturedistributionisfoundtobeindependentofrad
ialpositionevenforverylowPe.Comparisonwithanalyticalresultsbothinla
minarandturbulentzoneisprovidedtojustifytheassumptionsintroducedint
hemodelsandverycloseagreementisobservedstatistically. Nusseltnumber
canwellpredictthe analytical data

INTRODUCTION

Nanofluidsareengineeredcolloidsmadeupofabasefluidandthenanopartic
les. Theintroductionofnanoparticlesenhancestheheattransferperformanc
eofthebasefluidssignificantly. Thebasefluidsmaybewater,organic

liquids (e.g.,ethylene,tri-ethylene-
glycols,refrigerants,etc.),oilsandlubricants,biofluids,polymericsolution
s,andothercommonliquids. Thenanoparticlematerialsincludechemicallys
tablemetals(e.g.,gold,copper),metaloxides(e.g.,alumina,silica,zirconia,a
ndtitania),oxideceramics(e.g.,A1203,andCuO),metalcarbides(e.g.,SiC),
metalnitrides(e.g., AIN,SiN),carboninvariousforms(e.g.,diamond,graphi
te,carbonnanotubes,andfullerene),andfunctionalized nanoparticles
Thebenefitsofusingnanofluidscomparedtotheconventionalbasefluidsare
asfollows.
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1. Theamountofheattransferincreasesasaresultofincrease
intheheattransfer
surface area betweenthe particlesandfluids.

2. Thepumpingpowerrequiredfortheequivalentheattransfe
r is less thanthatcompared topure liquids.

3. Thepropertieslikethermalconductivity,density,andso
forthmaybevaried byvaryingparticleconcentrations
tosuit different applications

Therearethree approaches to FluidMechanics—

Experimental, Theoretical and Computational.
Experimentalapproach is the

oldestapproach,perhapsalsoemployedbyArchimedeswhenhewas
toinvestigate a fraud.It isa
verypopularapproachwhereyouwillmakemeasurementsusingawindtunn
elorsimilarequipment.But thisis a costly ventureand is
becomingcostlierdayby
day. Thenwehavethetheoreticalapproachwhereweemploythemathematic
alequationsthatgoverntheflowandtrytocapturethefluidbehaviorwithina
closedformsolutioni.e.,formulasthat canbe readilyused. Thisis perhaps
the simplestof
theapproaches,butitsscopeissomewhatlimited. Noteveryfluidflowrender
s itselftosuchan approach. Theresulting
equationsmaybetoocomplicatedto solveeasily. Thencomesthe third
approach-Computational. Herewetryto solvethe
complicatedgoverningequations by computingthem using a
computer. Thishas
theadvantagethatawidevarietyoffluidflowsmaybecomputedandthatthec
ostofcomputingseemstobegoingdowndaybyday. Withtheresulttheemerg
ingdisciplineComputational FluidDynamics, CFD,hasbecomeaverypow
erfulapproachtodayinindustryandresearch.

COMPUTATIONAL FLUID DYNAMICS

Overthepasthalf-
century,wehavewitnessedtheriseinthenewmethodologyforattackingcom
plexprobleminfluidmechanics,heattransferandcombustion.Ithascometo
thestatethatwhereverthereisaflow,computercanhelptounderstandandana
lyzethesame. Thisnewmethodologyofsolvingaflow
problemusingacomputerisgiventhenameCFD.Computational FluidDyn
amicsorCFDistheanalysisofsystemsinvolvingfluidflow, heattransferand
associatedphenomenasuchaschemicalreactionsbymeansofcomputer-
basednumericalapproach,Inthisnumericalapproach,theequations(usuall
yinpartialdifferential form)thatgovernaprocessofinterestaresolvednumer
ically. Thetechniqueisverypowerfulandspansawide range ofindustrial
and non-industrial applicationareas.
Therearethreemethodstoanalyzeafluidflowproblem.
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1. Experimental
2. Theoretical
3. Computational(CFD) MESHEDMODEL

SIMULATIONOFFLUIDFLOW INA CIRCULAR
MICROCHANNEL

It is wellknownthat nanoparticleshaveveryhighthermal
conductivitycomparedtocommonlyusedcoolant. Thus,thethermalconduc
tivityandotherfluidpropertiesarechangedbymixingtheparticleinfluid. Th
echangedpropertiesoftheNanofluidsdeterminetheheattransferperforman
ceofthemicrochannelheatexchangerwithnanofluids. Thispointisillustrate
dinthischapterbydoingthecomputationalfluiddynamics(CFD)analysisof
thehydrodynamicsandthermalbehaviourofthesinglephaseflowthrougha
circularmicrochannel

SPECIFICATIONOFPROBLEM:

Consider a steadystatefluidflowing througha
circularmicrochannelofconstantcrosssectionasshowninFigure.6.1(Leea
ndMudawar,2007). Thediameterandlengthofcircularmicrochannelare0.0
005mand0. I mrespectively. Theinletvelocityisu(m/s),whichisconstantov
ertheinletcross-section. Thefluidexhaustsintotheambientatm2osphere
which isat a pressure oflatm.

Fluidflowthrougha circularmicrochannel ofconstant cross-section

GEOMETRYIN ANSYSWORKBENCH
TheComputationaldomainofcircularmicrochannelisrepresentedintwodi
mensional(2D)formbyarectangleanddisplayedinFigure.

6.2. Thegeometryconsistsofawall,acenterline,andaninletandoutletboun
daries. Theradius,Randthelength, Lofthepipearespecifiedinthe figure

Axis VELOCITYPROFILEATCENTERLINEINTHECIRCULARMICRO
"""""""""""""""""""""""""""""" CHANNEL AT RE =1278 FOR LAMINAR
ol R=0.00025 m Outlet 4
)
B Wall g 3
L=01m §, 2 == Purewater
21 —= Al203-
MATERIAL PROPERTIES . . 80 . . . 3%A1203-
Purewaterisusedasbaseworkingfluidand Alumina(Al2Os)istakenasnano G}
particles. Thedensity,heatcapacityandthermalconductivityofaluminaare = 0 0.05 0.1 0.15
3,600kg/m?,765J/kgKand36 W/mKrespectively. Thepropertiesofnanofl Curvelength
uids(nf)aregiveninTable6.2at30°Ctemperature
and100kPapressure.Table 4.2Waterbasefluidproperties

withdifferentconcentrationofalumina nanoparticles
VELOCITYPROFILEATCENTERLINEINTHECIRCULARMICRO
CHANNEL AT RE =6390 FOR TURBULENT

0% [ 1% 2% 3% 4% 5% 4
k -
(w/mK) 0.603 | 0.62 0.638 | 0.656 | 0.675 | 0.693 23
pkg/m®) | 995.7 | 1021.7 [ 1047.7 | 1073.8 | 1099.8 | 1125.9 Ep
u(kg/ms) 7.97E- | 8.17E- | 8.38E- | 8.57E- | 8.78E- | 8.97E- s 2 Purewater
04 04 04 04 04 04 Z 1 == A|203-
Cp(kl/kg 8t
K) 4183 | 4.149 | 4.115 | 4.081 | 4.046 | 4.012 o B 3971203
BOUNDRYCONDITIONS 0 l
Anoslipboundaryconditionwasassignedforthenonporouswallsurfaces,w 0.05 0,1 0.15
herebothvelocitycomponentsweresettozeroatthatboundary
i.e.0x=0=0.Aconstantheatflux(100W/m?)isappliedonthechannelwall. A Curvelength
xissymmetrywasassignedatcenterline. Auniformmassflowinletandacons
tantinlettemperaturewereassignedat the channelinlet. Atthe

exit,pressure wasspecified
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10. Das,S.K.,Putra,N.,Roetzel, W.,2003a.Poolboilingcharacterist

icsofnano-
CONCLUSIONS fluids.InternationalJournalofHeatandMassTransfer 46,851—
862.
Inthisstudy,thethermalandflowbehaviourmodellingofcircularmicrochan 11. .ANSYSFluent12.0TheoryGuide, April,(2009).

nelhasbeenperformed. Velocity,temperatureandheattransfercoefticienth
avebeenformulated. Theheattransferduringlaminarandturbulentregimeh
asbeensolvedusingtheviscouslaminar andstandardk-emethods.The
results showthat:

Thermallydevelopingconditionsforaparticularreandnanofluidconcen
trationwithhigherheattransfercoefficientmostlyinentrancesregionofmicr
ochannels. Astheconcentrationofnanoparticleincreases,heattransfercoeff
icientalsoincreases. Withincrease
inre,heattransfercoefficientalsoincreases.

Theenhancementotheattransferinturbulentnanofluidflowisgreaterasc
omparedtolaminarnanofluidflowwithrespecttoitsbasefluid. Velocityandt
emperaturecontoursrepresentsuccessfullythehydrodynamic andthermal
behaviourofthe microchannelsystem.

Eventhoughaxialvelocitydecreasewithincreaseinnanofluidconcentrat
ionforlaminarandturbulentzones,novariationisfoundataparticularconcen
trationexceptfortheentrancelength. Velocityprofileisflatatverylowreand
parabolicathigherre. Walltemperatureatanaxialpositiondecreasewithresp
ecttoincreaseinnanofluidconcentration. Butthereisnonanofluidtemperatu
revariationwithradialposition

FUTURESCOPE

Here,CFDanalysisisdonethenanofluid A1203indifferentpercentage
usedinmicrochannel.

Thestudycanbeextendedforwardbyconductinganalysisondifferentav
ailablenanofluidscan be usedforextendedstudy.
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Analysis of bevel gears using FEA
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Department of Mechanical Engineering Mallareddy college of Engineering

Abstract—
Gearsareanintegralandnecessarycomponentinourdaytodaylives. T
heyarepresentinthesatelliteswecommunicatewith,automobilesandb
icycleswetravelwith.Gearshavebeenaroundforhundredsofyearsan
dtheirshapes,sizes,andusesarelimitless.Forthevastmajorityofourhis
torygearshavebeenunderstoodonlyfunctionally. Thatistosay,thewa
ytheytransmitpowerandthesizetheyneedtobetotransmitthatpower
havebeenwell knownformanyyears.It was
notuntilrecentlythathumansbegantousemathematicsandengineerin
gtomoreaccuratelyandsafelydesignthesegears.Bevelgearsarewidely
usedbecauseoftheirsuitabilitytowardstransferringpowerbetweenno
nparallelshaftsatalmostanyangleorspeed. TheAmericanGearManu
facturingAssociation(AGMA )hasdevelopedstandardsforthedesign,
analysis,andmanufactureofbevelgears. Thebendingstressequationf
orbevelgearteethisobtainedfromtheLewisbendingstressequationfo
rabeamandbendingstress valuederive
forthespiralbevelgear,straightteethbevelgearandzerolbevelgear.Fo
rabovementionedgearcomparisonbetweenanalyticalvalue
andvalueobtainbytheANSYSWorkbench15.0.

Keywords: CATIA,ANYSYS,BevelGear,GearNomenclature,defor
mation,von missesstressetc..

IINTRODUCTION

Powertransmissionisthemovementofenergyfromitspla
ceofgenerationtoalocationwhereitisappliedtoperforminguseful
work.Powertransmissionisnormallyaccomplishedbybelts,ropes,
chains,gears,couplingsandfrictionclutches.

1.1 GEAR
Atoothedwheelthatengagesanothertoothedmechanismi
nordertochangethespeedordirectionoftransmittedmotion.

v “lj

Figl.1:Gear
Agearisacomponentwithinatransmissiondevicethattransmitsrot
ationalforcetoanothergearordevice. Agearisdifferentfromapulle
yinthatagearisaroundwheelwhichhaslinkages("teeth"or"cogs" )t
hatmeshwithothergearteeth,allowingforcetobefullytransferredw
ithoutslippage.Depending on their construction
andarrangement, geared
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devices cantransmitforces atdifferentspeeds,torques,or
inadifferentdirection, fromthepowersource. Themostcommonsit
uationisforageartomeshwithanothergearGear’smostimportant
feature
isthatgearsofunequalsizes(diameters)canbecombinedtoproduce
amechanicaladvantage,sothattherotationalspeedandtorqueofthes
econdgeararedifferentfromthatofthefirst. Toovercometheproble
mofslippageasinbeltdrives,gearsareusedwhichproducepositived
rivewithuniformangularvelocity.

1.2 GEARCLASSIFICATION
Gearsortoothedwheelsmaybeclassifiedasfollows:

1. Accordingtothepositionof axesoftheshafts.
Theaxesofthetwoshaftsbetweenwhichthemotionistobetransmitt
ed,maybe

a. Parallel

b. Intersecting

c. Non-intersectingandNon-parallel

1.3 Generalnomenclature

A a = Addandum
o b - Dedendum

Figl.2:GearNomenclatureRotationalf

requency,n
Measuredinrotationovertime,suchasRPM.
Angularfrequency,®

Measuredinradianspersecond
ARPM = 7 /30,4/second

Numberofteeth,N
Howmanyteethagearhas,aninteger.Inthecaseofworms,itisthe
numberofthreadstartsthatthe wormhas.

Gear,wheel

Thelargeroftwointeractinggearsoragearonitsown.

Pinion

Thesmalleroftwointeractinggears.

Pathofcontact
Pathfollowedbythepointofcontactbetweentwomeshinggearteeth
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Lineofaction,pressureline
Linealongwhichtheforcebetweentwomeshinggearteeth
isdirected.Ithasthesamedirectionastheforcevector.Ingeneral, thel
ineofactionchangesfrommomenttomomentduringtheperiodofen
gagementofapairofteeth. Forinvolutegears,however, the tooth-
to-tooth forceisalwaysdirectedalongthesameline—
thatis,thelineofactionisconstant. Thisimpliesthatforinvolutegear
sthepathofcontactisalsoastraightline,coincidentwiththelineofact
ion—asisindeedthecase.
Axis
Axisofrevolutionofthegear;centerlineoftheshaft.
Pitchpoint,p
Pointwherethelineofactioncrossesalinejoiningthetwogearaxes.
Pitchcircle,pitchline
Circlecenteredonandperpendiculartotheaxis,andpassingthrough
thepitchpoint. Apredefined
diametricpositiononthegearwherethecirculartooththickness,pres
sureangleandhelixanglesaredefined.
Pitchdiameter,d
A
predefineddiametralpositiononthegearwherethecirculartooththi
ckness,pressureangleandhelixanglesaredefined. Thestandardpit
chdiameterisabasicdimensionandcannotbemeasured,butisalocat
ionwhereothermeasurementsaremade.Itsvalueisbasedonthenum
berofteeth,thenormalmodule(ornormaldiametralpitch),andthehe
lixangle.Itiscalculatedas:

Nm,,

Iy . S
COS T inmetricunitsor

g N
P, d COS tn"-r"inimperialunits.

Module,m
Ascalingfactorusedinmetricgearswithunitsinmillimeterswhosee
ffectistoenlargethegeartoothsizeasthemoduleincreases and
reducethesizeasthe
moduledecreases.Modulecanbedefinedinthenormal(m,),thetran
sverse(m;),ortheaxialplanes(m,)dependingonthedesignapproach
employedandthetypeofgearbeingdesigned.Moduleistypicallyan
inputvalueintothegeardesignandisseldomcalculated.
Operatingpitchdiameters

Diametersdeterminedfromthe numberofteethandthe
centerdistanceatwhichgearsoperate. Exampleforpinion:

2a a
d,_u+1_ 241

d =

Pitchsurface
Incylindricalgears,cylinderformedbyprojectingapitchcircleinth
eaxialdirection.Moregenerally,thesurfaceformedbythesumofall
thepitchcirclesasonemovesalongtheaxis.Forbevelgears
itisacone.

Angleofaction
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Anglewithvertexatthegearcenter,onelegonthepointwheremating
teethfirstmakecontact,theotherlegonthepointwheretheydisengag
e.

Arcofaction
Segmentofapitchcirclesubtendedbytheangleofaction.
Pressureangle, v
Thecomplementoftheanglebetweenthedirectionthattheteeth
exertforceon each other,andthelinejoining
thecentersofthetwogears.Forinvolutegears,theteethalwaysexertf
orcealongthelineofaction,which,forinvolutegears,isastraightline
;and thus, for involute gears, the pressureangleisconstant.

Outsidediameter, /o

Diameterofthegear, measuredfromthetopsoftheteeth.
Rootdiameter

Diameterofthegear, measuredatthebaseofthetooth.
Addendum,a
Radialdistancefromthepitchsurfacetotheoutermostpointoftheto

on@ = (Dy — D)/2
Dedendum,b
Radialdistancefromthedepthofthetoothtroughtothepitchsurface.

b = (D — root diameter)/2

Wholedepth, h'E

The distancefromthe top of the tooth to the
root;itisequaltoaddendumplusdedendumortoworkingdepthplus
clearance.

Clearance
Distancebetweentherootcircleofagearandtheaddendumcircleofi
tsmate.

Workingdepth
Depthofengagementofiwogears,thatis,thesumoftheiroperatinga
ddendums.

Circularpitch,p

Distancefrom
onefaceofatoothtothecorrespondingfaceofanadjacenttoothonthe
samegear,measuredalongthepitchcircle.

Diametralpitch, Fd
Ratioofthenumberofteethtothepitchdiameter.Couldbemeasuredi
nteethperinchorteethpercentimeter.

Basecircle
Ininvolutegears,wherethetoothprofileistheinvoluteofthebasecir
cle. Theradiusofthebasecircleissomewhatsmallerthanthatofthepi
tcheircle.

Basepitch,normalpitch, b
Ininvolutegears,distancefromonefaceofatoothtothecorrespondi
ngfaceofanadjacenttoothonthesamegear,measuredalongthebase
circle.

Interference
Contactbetweenteethotherthanattheintendedpartsoftheirsurface
.

Interchangeableset
Asetofgears,anyofwhichwillmateproperlywithanyother.


http://en.wikipedia.org/wiki/Involute_gear
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HelicalgearnomenclatureHelix

!
angle, L
Anglebetweenatangenttothehelixandthegearaxis.Itiszerointhe
limitingcase ofaspur gear,
albeititcanconsideredasthehypotenuseangleaswell.
Normalcircularpitch, Pn
Circularpitchintheplane normaltotheteeth.
Transversecircularpitch,p
Circularpitchintheplaneofrotationofthegear. Sometimesjustcalle
d"circularpitch”

Pn = pcos(1))
Severalotherhelixparameterscanbeviewedeitherinthenormalortr
ansverseplanes. Thesubscriptnusuallyindicatesthenormal.

1.4 Typesofgears

SpurGear

HelicalGear
HerringboneGear
BevelGear

WormGear
RackandPinion
InternalandExternal Gear
FaceGear

Sprockets

O XA B WD =

IIBEVELGEAR

Bevelgearsare
gearswheretheaxesofthetwoshaftsintersectandthetooth-
bearingfacesofthegearsthemselvesareconicallyshaped.Bevelge
arsaremostoftenmountedonshaftsthatare90degreesapart,butcan
bedesignedtoworkatotheranglesaswell.!' 'Thepitchsurfaceofbev
elgearsisacone. Twoimportantconceptsingearingarepitchsurface
andpitchangle. Thepitchsurface
ofagearistheimaginarytoothlesssurfacethatyouwouldhavebyave
ragingoutthepeaksandvalleysoftheindividualteeth. Thepitchsurf
aceofanordinarygearistheshapeofacylinder. Thepitchangleofage
aristheanglebetweenthefaceofthepitchsurfaceandtheaxis.

Themostfamiliarkindsofbevelgearshavepitchanglesoflessthan9
Odegreesandthereforearecone-

shaped. Thistypeofbevelgeariscalledexternalbecausethegearteet
hpointoutward. Thepitchsurfacesofmeshedexternalbevelgearsar
ecoaxialwiththegearshafts;theapexes of
thetwosurfacesareatthepointofintersectionoftheshaftaxes.Bevel
gearsthathavepitchanglesofgreaterthanninetydegreeshaveteetht
hatpointinwardandarecalledinternal
bevelgears.Bevelgearsthathavepitchanglesofexactly90degreesh
aveteeththatpointoutwardparallelwiththeaxisandresemblethepoi
ntsonacrown. That'swhythistypeofbevelgeariscalledacrown
gear.Mitergearsarematingbevelgearswithequalnumbersofteetha
nd withaxesatrightangles.

Skewbevelgearsare thoseforwhichthe
correspondingcrowngearhasteeththatarestraightand oblique.
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2.1 TypesofBevelgears
Bevel gearsare classified indifferent types according
togeometry:

e  Straightbevelgearshaveconicalpitchsurfaceandteethar
estraightandtaperingtowardsapex.
Spiral bevel gears havecurved teeth at
anangleallowingtoothcontacttobegradualandsmooth.
Zerolbevelgears
areverysimilartoabevelgearonlyexceptionistheteethare
curved:theendsofeachtootharecoplanarwiththeaxis,but
themiddleofeachtoothissweptcircumferentiallyaroundt
hegear.Zerolbevelgearscanbethoughtofasspiralbevelg
ears,whichalsohavecurvedteeth,butwithaspiralangleof
zero,sotheendsoftheteethalignwiththeaxis.
Hypoidbevelgearsaresimilartospiralbevelbutthepitchs
urfacesarehyperbolicandnotconical. Pinioncanbeoffset
above,orbelow,thegearcentre,thusallowinglargerpinio
ndiameter,andlongerlifeandsmoothermesh, withadditio
nalratiose.g.,6:1,8:1,10:1.Inalimiting  caseofmaking
the"bevel"surfaceparallelwiththeaxisofrotation,thisco
nfigurationresemblesawormdrive. Hypoidgearswerewi
delyusedinautomobilerearaxles.

2.2 GeometryofaBevelGear

Thecylindricalgeartoothprofilecorrespondstoaninvolut
e,whereasthebevelgeartoothprofileisanoctoid. Alltraditionalbev
elgeargenerators(suchasGleason,Klingelnberg,Heidenreich&H
arbeck, WMWModul)manufacturebevelgearswithanoctoidaltoo
thprofile. IMPORTANT:For5-
axismilledbevelgearsetsitisimportanttochoosethesamecalculati
on/layoutliketheconventionalmanufacturingmethod.Simplifiedc
alculatedbevelgearsonthebasisofanequivalentcylindricalgearin
normalsectionwithaninvolutetoothformshowadevianttoothform
withreducedtoothstrengthby10-
28%withoutoffsetand45%withoffset[ Diss.Hiinecke,
TUDresden].Furthermorethose"involutebevelgearsets"causesm
orenoise.

ListofDrawingSymbols

e  Np-Numberofteethonpinion
Ng-Numberofteethongivengear
Dg-Pitchdiameterofgivengear
Dp-Pitchdiameterofgivenpinion
F-Face width(lengthofsingletooth)
v-Pinionpitchangle(radians)
I'-Gearpitchangle(radians)
Ao- Conedistance (distance from pitch circle
tointersectionofshaftaxes)
rb-Back-coneradius
P-Diametricalpitch(teethper
inchofpitchdiameter(N/D))
p-Circularpitch(inchesofcircumferencepertooth
dI1/P))
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Thetoothshapeforbevelgearsisdeterminedbyscalingspurgea
rtoothshapesalongthefacewidth. Thefurtherfromtheintersectiono
fthegearandpinionaxes,thebiggerthetoothcross sections
are.Ifthetoothfacewere to extend
allthewaytotheaxesintersection,theteethwouldapproachinfinites
imalsizethere. Thetoothcross-
sectionatthelargestpartofthetoothisidenticaltothetoothcross-
sectionofatoothfromaspurgearwithPitchDiameterof2*rb,ortwic
etheBack-ConeRadius,andwithanimaginarynumber
ofteeth(N’)equalt02 Trtimesthe Back-Cone Radius(rb)
dividedbytheCircularPitchofthebevelgear(p). Thismethodofobta
iningthedimensions andshape ofthe largest
toothprofileisknownasthe“Tredgold’tooth-
shapeapproximation.RefertotheprofilesshownneartheBack-
coneradiusdimensioninthedrawingabove
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Toothshapeforbevelgearsisdeterminedbyscalingspurg
eartoothshapesalongthefacewidth. Thefurtherfromtheintersectio
nofthegearandpinionaxes,thebiggerthetoothcross sections
are.Ifthetoothfacewere to extend
allthewaytotheaxesintersection,theteethwouldapproachinfinites
imalsizethere. Thetoothcross-
sectionatthelargestpartofthetoothisidenticaltothetoothcross-
sectionofatoothfromaspurgearwithPitchDiameterof2 *rb,ortwic
etheBack-ConeRadius,andwithanimaginarynumber ofteeth(N”)
equalto2*ITtimestheBack-ConeRadius(rb) divided
bytheCircularPitchofthebevelgear(p). Thismethodofobtainingth
edimensions andshape ofthe largest
toothprofileisknownatthe“Tredgold”tooth-
shapeapproximation.RefertotheprofilesshownneartheBack-
coneradiusdimensioninthedrawingabove.
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2.3 ManufacturingBevelGear
Materialsusedingearmanufacturingprocess
Thevariousmaterialsusedforgearsincludeawidevarietyofcastiron
s,nonferrousmaterialandnon—
metallicmaterials. Theselectionofthegearmaterialdependsupon:
e Typeofservice
Peripheralspeed
Degreeofaccuracyrequired
Methodofmanufacture
Requireddimensionsandweightofthedrive
Allowablestress
Shockresistance
e  Wearresistance.Some
materialschoseninclude:

e  Castiron,whichispopularduetoitsgoodwearingproperti
es,excellentmachinabilityandeaseofproducingcomplic
atedshapesbythecasting
method.Itissuitablewherelargegearsofcomplicatedsha
pesarenceded.

¢ Steel,whichissufficientlystrong&highlyresistanttowea
rbyabrasion.

e  Caststeel,whichisusedwherestressonthegearishighandi
tisdifficulttofabricatethegears.

¢ Plaincarbonsteels,whichfindapplication
forindustrialgearswherehightoughnesscombinedwithhi
ghstrength.

e  Alloysteels,whichareusedwherehightoothstrengthandl
owtoothweararerequired.

e  Aluminum,whichisusedwherelowinertiaofrotatingmas
sisdesired.

e  Gearsmadeofnon—
metallicmaterialsgivenoiselessoperationathighperiphe
ralspeeds.

2.4 Applications

The  bevelgearhasmany  diverseapplicationssuch
aslocomotives,marineapplications,automobiles,printingpresses,
coolingtowers,powerplants,steelplants,railwaytrackinspection
machines,etc.
Forexamples,seethefollowingarticleson:

e Bevelgearsareusedindifferentialdrives,whichcantrans
mitpowertotwoaxlesspinningatdifferentspeeds,suchast
hoseonacorneringautomobile.

e Bevel gearsare
usedasthemainmechanismforahanddrill. Asthehandleof
thedrillisturnedinaverticaldirection,thebevelgearschan
getherotationofthechucktoahorizontalrotation. Thebev
elgearsina handdrillhave
theaddedadvantageofincreasingthespeedofrotationofth
echuckandthismakesitpossibletodrillarangeofmaterial
.

e  Thegearsinabevelgearplanerpermitminoradjustmentdu
ringassemblyandallowforsomedisplacementduetodefl
ectionunderoperatingloadswithoutconcentratingtheloa
dontheendofthetooth.

e Spiral bevel gearsare
componentsonrotorcraftdrivesystems. These
components are

important
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required  tooperateathighspeeds, highloads,and
foralargenumberofloadcycles.Inthisapplication,spiralb
evelgearsareusedtoredirecttheshaftfromthehorizontalg
asturbineenginetotheverticalrotor.

2.5 Advantages

o  Thisgearmakesitpossibletochangetheoperatingangle.
Differingofthenumberofteeth(effectivelydiameter)one
ach
wheelallowsmechanicaladvantagetobechanged.Byincr
easingordecreasingthe  ratioofteethbetweenthedrive
and driven
wheelsonemaychangetheratioofrotationsbetweenthetw
o,meaningthattherotationaldriveandtorqueofthesecond
wheelcanbechangedinrelationtothefirst,withspeedincr
easingandtorquedecreasing,orspeeddecreasingandtorq
ueincreasing.

2.6 Disadvantages

e  Onewheelofsuchgearisdesignedtoworkwithitsco
mplementarywheelandnoother.
Mustbepreciselymounted.
The shafts'bearingsmust be capable
ofsupportingsignificantforces.

IIIMETHODS
3.1 CAD/CAM/CAE

TheModernworldofdesign,development,manufacturin
gsoon,inwhichwehavesteppedcan’tbeimaginedwithoutinterfere
nceofcomputer. Theusageofcomputerissuchthat,theyhavebecom
eanintegralpartofthesefields.Intheworldmarketnowthecompetiti
oninnotonlycostfactorbutalsoquality,consistency,availability,p
acking,stocking,deliveryetc.Soaretherequirementsforcingindus
triestoadoptmoderntechniqueratherthanlocalforcingtheindustrie
stoadaptbettertechniqueslikeCAD/CAM/CAE etc.

ThePossiblebasicwaytoindustriesistohavehighqualityproductsat
lowcostsisbyusingthecomputer AidedEngineering(CAE),Comp
uter AidedDesign(CAD)AndComputer AidedManufacturing(C
AM)setup.Furthermanytoolsisbeenintroducedtosimplify&serve
therequirementCATIA,PRO-E,UGaresomeamongmany.

This penetration of technique concernhas
helpedthemanufacturerstolncreaseproductivityShorteningthele
ad-
timeMinimizingtheprototypingexpensesImprovingQualityDesi
gning better products andComputerAided
Designing(Technology to create, Modify,Analyzeor Optimize
thedesignusingcomputer.
CAE:ComputerAidedEngineering(Technologytoanalyze,Simu
lateorStudybehaviorofthecadmodelgeneratedusingcomputer.
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CAM:Computer AidedManufacturing(TechnologytoPlan,mana
georcontroltheoperationinmanufacturingusingcomputer.

3.1.1 NeedforCAD,CAE& CAM

Theusageof CADCAE&CAMhavechangedtheoverlookoftheind
ustriesanddevelopedhealthy&standardcompetition,ascouldachi
evetargetinleantimeandultimatelytheproductreachesmarketinest
imatedtimewithbetterqualityandconsistency.Ingeneralview,itha
sleadtofastapproachandcreativethinking.

3.2 CATIA

CATIAisarobustapplicationthatenablesyoutocreateric
handcomplexdesigns.ThegoalsoftheCATIAcoursearetoteachyo
uhowtobuildpartsandassembliesinCATIA,andhow-
tomakesimpledrawingsof
thosepartsandassemblies. Thiscoursefocusesonthefundamentals
killsandconceptsthatenableyoutocreateasolidfoundationforyour
designs.

WhatisCATIA

CATIAismechanicaldesignsoftware.It is afeature-
based,parametricsolidmodelingdesigntoolthattakesadvantageof
theeasy-to-
learnWindowsgraphicaluserinterface.Y oucancreatefullyassocia
tive3-
Dsolidmodelswithorwithoutconstraintswhileutilizingautomatic
oruser-
definedrelationstocapturedesignintent. Tofurtherclarifythisdefin
ition,theitalictermsabove willbefurtherdefined.

Feature-based
Likeanassemblyismadeupofanumberofindividualparts,
aCATIAdocumentismadeupofindividualelements. Theseelemen
tsarecalledfeatures. Whencreatingadocument,youcanaddfeature
ssuchaspads,pockets,holes,ribs, fillets,chamfers,anddrafts. Asthe
featuresarecreated,theyareapplieddirectlytotheworkpiece.Featu
rescanbeclassifiedassketched-basedordress-up:Sketched-
basedfeaturesarebasedona2Dsketch.Generally,thesketchistransf
ormedintoa3 Dsolidbyextruding,rotating,sweeping,orlofting. Dr
ess-
upfeaturesarefeaturesthatarecreateddirectlyonthesolidmodel.Fil
letsandchamfersareexamplesofthistypeoffeature.

FigureNo.3.1Parametric
The dimensions andrelationsusedtocreatea
featurearestoredinthemodel. Thisenablesyoutocapturedesigninte
nt,
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andtoeasilymakechangestothemodelthroughtheseparameters.

* Drivingdimensionsare
thedimensionsusedwhencreatingafeature. Theyincludethedimen
sionsassociatedwiththesketchgeometry,aswellasthoseassociate
dwiththefeatureitself. Consider, forexample,acylindricalpad.The
diameterofthepadiscontrolledbythediameterofthesketchedcircle
,andtheheightofthepadiscontrolledbythedepthtowhichthecirclei
sextruded.
Thistypeofinformationistypicallycommunicatedondrawingsusi
ngfeaturecontrolsymbols.Bycapturing thisinformationinthe

sketch, CATIAenablesyouto fully
captureyourdesignintentupfront.
SolidModeling

Asolidmodelis  themost  complete  type  of

geometricmodelusedinCADsystems. Itcontainsallthewireframea
ndsurfacegeometrynecessarytofullydescribetheedgesandfaceso
fthemodel.Inadditiontogeometricinformation,solidmodelsalsoc

onveytheir—topologyl,whichrelatesthegeometrytogether.Forex
ample,topologymightincludeidentifyingwhichfaces(surfaces)m
eetatwhichedges(curves). Thisintelligencemakesaddingfeatures

easier.Forexample, ifamodelrequires
afillet,yousimplyselectanedgeandspecifyaradiustocreateit.

FullyAssociative
ACATIAmodelisfullyassociativewiththedrawingsandpartsoras
sembliesthatreferenceit. Changestothemodelareautomaticallyref
lectedintheassociateddrawings,parts,and/orassemblies. Likewis
e,changesinthecontextofthedrawingorassemblyarereflectedbac
kinthemodel.

Constraints
Geometricconstraints(suchasparallel,perpendicular,horizontal,
vertical,concentric,andcoincident)establishrelationshipsbetwee
nfeaturesinyourmodelbyfixingtheirpositionswithrespecttoonea
nother.Inaddition,equationscanbeusedtoestablishmathematicalr
elationshipsbetweenparameters. Byusingconstraintsandequatio
ns,youcanguaranteethatdesignconceptssuchasthroughholesande
qualradiiarecapturedandmaintained.

3.3 COMPLETEDESIGNOFABEVELGEAR

I
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3.4 DESIGNMODELER
3.4.1 AnsysDesignmodelerGUINavigation
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17. Solve the model:

a. Select “Solve” from the Wizard.
b. Follow the callout box and click on “Solve”,

Required Steps

(hik each bask beko Foe irfcemten.
b verify Material

# Consider Multistep Analyss
2 nsest Structural Loads

2 nsert Supports

Results
7 View Report
Optional Tasks. »
Parameter Tasks »
General Tasks »
Links v
Note how clicking on “Solve” in the Wizard does not automatically start solving
the medel but instead, points out the “Solve” icon to the user. Alternatively, you
could right click on any branch in the “outline” and choose “Solve”
Fig3.2AnsysMechanical-Solution
18. View the results:
a. Click “View Results” from the Wizard
riochian o ascacaton ikt R
b. Follow the callout box to where the results are
available under the “Solution” branch Determine safety factors, stresses s
deformation For a body or assemtly
under struct losdng.

s Workshap 2-1
Total Deformation
Type: Total Deformation
Unk: mem

Tine: 1
2(10/2009 11:18

Fig3.3AnsysMechanical-Results

3.5 Objectiveofthepresentwork
Theobjectivesoftheprojectareasfollows
» Todevelopstructuralmodelingofbevel gear
rodusingCATIA.
» ToperformfiniteelementanalysisofbevelgearbyusingA
nsys15forstructuralsteelmaterial
» InvestigatethemaximumstressofbevelgearusingANSY
»

S15software

Resultsdescription interms of factorof

safety,stiffens,deformationandstress.

VRESULTS

5.1ANALYSIS&RESULTSOFTHEBEVELGEAR

Fig5.1MeshingofBevelgearinTetrahedral
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10Quote: "TheMechanismisthoughttodatefrombetweenl50
andl100BC"

5. NPUYUNSI/AGMAL012-
G035, "GearNomenclature, DefinitionofTermswithSymbols"

6.  Khurmi,R.S, TheoryofMachines,S.CHAND

7. Schunck, Richard, "Minimizinggearboxnoiseinsideandoutsi
dethebox.",MotionSystemDesign.

8. DoughtieandVallancegivethefollowinginformationonhelic
algearspeeds: "Pitch-
linespeedsof4,000to 7,000fpm[20to3 6m/s] arecommonwith
automobileandturbinegears,andspeedsof12,000fpm[61m/s
Jhavebeensuccessfullyused."—p.281.

Fig5.3EquivalentStress

VICONCLUSION&SCOPEOFPROJECT

ThecompletedesignofabevelgearinCATIAV Susingfeaturesofth
esoftwareandanalysedongearssuchasstaticstructural
analysisorworkedin Ansys15.0andcompleteanalysisresultsareob
tainedsuchasvonmisesstress, Totaldeformationareobtained.Thes
tressresultsareobservedarewithintheallowablelimitofmaterialyie
ldstrengthsothedesignisinsafecondition. Beforeperformingtheto
pologyoptimization,thestructuralmodelingofthebevelgearneeds
tobedevelopedbyusingCATIAsoftware. Thestructuralmodelingt
henimportedintothecomputer-
aidedengineering(CAE)andbeganthemeshingonthebevelgear. T
hefiniteelementmodeling(FEM)processeswereperformedbyusin
gAnsys14.5.Theboundarycondition(BC)andloadingselectedand
placeatthebevelgear. Thefiniteelementanalysis(FEA )thencarried
outatthebevelgear. TheAnsys15usedtosolvetheanalysisequationt
hus,producingtheresultofstress, strainanddisplacementwhereitw
illbeusedtoanalyzethecriticalareaofthebevelgear.FinallyResults
descriptionintermsoffactorofsafety,stiffens,deformationandstre
ss

REFERENCES

Howstuffworks"TransmissionBasics"2

. Norton2004,p.462

3. Lewis, M.J.T.(1993)."GearingintheAncientWorld".Endeav
ourl7(3):110-1110].doi:10.1016/0160-9327(93)90099-
0.

4. 0

54


http://auto.howstuffworks.com/cvt1.htm
http://en.wikipedia.org/wiki/Gear#CITEREFNorton2004
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1016%2F0160-9327%2893%2990099-O
http://dx.doi.org/10.1016%2F0160-9327%2893%2990099-O
http://dx.doi.org/10.1016%2F0160-9327%2893%2990099-O
http://en.wikipedia.org/wiki/Gear#cite_ref-4
http://en.wikipedia.org/wiki/Gear#cite_ref-4
http://www.antikythera-mechanism.gr/faq/general-questions/why-is-it-so-important
http://www.antikythera-mechanism.gr/faq/general-questions/why-is-it-so-important
http://www.antikythera-mechanism.gr/faq/general-questions/why-is-it-so-important
http://en.wikipedia.org/wiki/Gear#cite_ref-ansiagma_5-0
http://en.wikipedia.org/wiki/Gear#cite_ref-ansiagma_5-0
http://en.wikipedia.org/wiki/Gear#cite_ref-ansiagma_5-2
http://en.wikipedia.org/wiki/Gear#cite_ref-ansiagma_5-2
http://motionsystemdesign.com/mechanical-pt/gear-drives-loud-0800/index.html
http://motionsystemdesign.com/mechanical-pt/gear-drives-loud-0800/index.html
http://motionsystemdesign.com/mechanical-pt/gear-drives-loud-0800/index.html

Proc. Intl. Conf. on Future Technologies in Mechanical Engineering, ISBN:979-93-85101-61-8

Static analysis of airfoil

C. Shashikanth, Dr.Sivasankara Gowda, A. Lakshmi Jyothi, Dr.V.V.Prathibha Bharathi
Department ofMechanicalEngineering MallareddycollegeofEngineeringSecunderbad

Abstract—Inthisproject, theAirfoil
isconsideredandFiniteElementAnalysis(FEM)isdonetoanalyse
itsperformanceandbasedonit, willbetrytoincreasetheefficiency.
TheFEMprincipleswhicharemadeuseinthisprojectareeffectivea
ndappropriatemethodsthat
usingfiniteelementmethodstosolvetheprocessesthatconsistoftra
nsportphenomena. The AirfoilmodeledandmeshedinANSY S.In
ordertoavoidthedatalossthenecessarynumericalcomputationsar
eaccomplishedbyANSY S(theelementsolverprogram)andtheres

ultsaregivenintabularrepresentation. Thisanalysis is done

foranexistingAIRFOILwiththespecifiedconditionsandfinallyth

edeformations,stressesvonmisesstreses and the

respectivedeformations

,stressesovertheAirfoilisplottedandconclusionarepresented.

Keywords—Fem,Vonmisesstreses, Airfoil

I INTRODUCTION

In theearliestdays, whenmanwasyetlivingin
thelapofnature,theonlymeansoflocomotionwashislegs.G
radually,wehave achievedfasterandmore
luxuriouswaysoftravelling,latestbeingtheairtransport.Si
nce,itsinventionaeroplaneshavebeengettingmoreandmor
epopularityasitisthefastestmodeoftransportationavailabl
e.Ithasalsogainedpopularityasawarmachine
sinceworldwar 1L
Thispopularityofairtransporthasledtomanynewinvention
sandresearchtodevelop fasterandmoreeconomical
planes.Thisprojectissuchanattempttodeterminehowweca

nderivemaximumperformanceoutof an airfoilsection.

Anairfoilisacross-
sectionofwingoftheplane.It’smainjobistoprovidelifttoan
aeroplaneduringtakeoffandwhileinflight. But,ithasalsoas
ideeffectcalledDragwhichopposesthemotionoftheaeropl
ane.Theamountoflift
neededbyaplanedependsonthepurposefor

whichitistobeused. Heavierplanes
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requiremoreliftwhilelighterplanesrequirelessliftthan the
heavier ones.Thus,depending
upontheuseofaeroplane,airfoilsectionisdetermined. Liftf
orcealsodeterminestheverticalaccelerationoftheplane,
whichinturnsdependsonthehorizontalvelocityoftheplane
.Thus,determiningthecoefficientofliftonecancalculateth
eliftforceandknowingtheliftforceandrequiredverticalacc
elerationonecandeterminetherequiredhorizontalvelocity.
Anairfoil(inAmericanEnglish)oraerofoil (inBritish
English)isthestateofawingoredgeorcruiseasseenincross-
area.Anairfoil-
formedbodytraveledthroughafluidhandlesanaerodynami
cenergy. Thesegmentofthispowerperpendiculartothecour
seofmovementiscalledlift. Thesegmentparalleltothebeari
ngofmovementiscalleddrag. Subsonicflightairfoilshaveat
rademarkshapewithanadjustedheadingedge,emulatedby
asharptrailingedge,regularlywithunevencamber.Foilsofc
omparativecapacitycomposedwithwaterastheworkingflu
idarecalledhydrofoils. Theliftonanairfoilisfundamentally
theconsequenceofitsapproachand shape. At
thepointwhenarrangedatasuitableedge,theairfoildivertst

heapproachingair, bringingaboutan

energyonthe

airfoilintheheadinginversetothediversion.
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SometermsrelatedtoAirfoilare:Leadingedge -
Itistheedgeoftheairfoilfacingthedirectionofmotionof
plane.Itisgenerallyroundishinshapeanddeflectstheai

rinsucha waythathe velocity

II Historyof AirfoilDevelopment

Theearliestseriousworkonthedevelopmentofairfoil
sectionsbeganinthelate1800's. Althoughitwasknow
nthatflatplateswouldproduceliftwhen setatan angle
ofincidence,somesuspectedthatshapeswithcurvatur
e,thatmorecloselyresembledbirdwingswouldprodu
cemoreliftordosomoreefficiently.H.F.Phillipspaten
tedaseriesofairfoilshapesin1884aftertestingthemin
oneoftheearliestwindtunnelsinwhich"artificialcurr
entsofair(were)producedfrominductionbyasteamje
tinawoodentrunkorconduit."OctaveChanutewrites
in 1893,
"...itseemsverydesirablethatfurtherscientificexperi
mentsbebemadeonconcavo-
convexsurfacesofvaryingshapes,foritisnotimpossi
blethatthedifferencebetweensuccessandfailureofap
roposedflyingmachinewilldependuponthesustainin
geffectbetweenaplanesurfaceandoneproperlycurve
dtogetamaximumof'lift'." AtnearlythesametimeOtt
oUpperSurface:

Theuppersurfacepressureis lower
(plottedhigheronthe usualscale)
thanthelowersurface

Cpinthiscase.Butitdoesn'thave to be.

LowerSurface :

10 -+

Lilienthalhadsimilarideas. Aftercarefullymeasuring
theshapesofbirdwings,hetestedtheairfoilsbelow(re
producedfromhis1894book,"BirdFlightastheBasis
ofAviation")ona7mdiameter"whirlingmachine".Li
lienthalbelievedthatthekeyto
successfulflightwaswingcurvatureorcamber.Heals
oexperimentedwithdifferent
noseradiiandthicknessdistributions.
Airfoilsusedby
theWrightBrotherscloselyresembledLilienthal'ssectio
ns:thinandhighlycambered. Thiswasquitepossiblybec
auseearlytestsofairfoilsectionsweredoneatextremelyl
owReynoldsnumber,wheresuchsectionsbehavemuch
betterthanthickerones. Theerroneousbeliefthatefficien
tairfoilshadtobethinandhighlycamberedwasonereaso
nthatsomeofthefirstairplaneswerebiplanes. Theuseof
suchsectionsgraduallydiminishedoverthenextdeca
de.
Awiderangeofairfoilsweredeveloped,basedpri
marilyontrialanderror.Someo fthemoresuccess
fulsectionssuchastheClarkY andGottingen398
wereusedasthebasisforafamilyofsectionstested
bytheNACA in the early1920's.
AirfoilPressureDistributions

Cp

“20 T Lpper Surface

/ Lower Surface

Pressure Recovery

xfc

CLandCp 4
Trailing Edge Pressure

_F-— Stagnation Point

The lowersurfacesometimescarriesapositive

pressure, but at many design
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conditionsis actuallypullingthe

wingdownward. In  this case,

suctionl[TAIRFOILDESIGN
METHODS

some

Theprocessofairfoildesignproceedsfromaknowledgeo
ftheboundarylayerpropertiesandtherelationbetweenge
ometryandpressuredistribution. Thegoalofanairfoildes
ignvaries.Someairfoilsaredesignedtoproducelowdrag(
andmaynotberequiredtogenerateliftatall.)Somesectio
nsmayneedtoproducelowdragwhileproducingagivena
mountoflift.Insomecases,thedragdoesn'treallymatter-
itismaximumliftthatisimportant. Thesectionmaybereq
uiredtoachievethisperformancewithaconstraintonthic
kness,orpitchingmoment,oroff-
designperformance,orotherunusualconstraints.Someo
fthesearediscussedfurtherinthesectiononprevioussecti
onofhistoricalexamples. = One  approachtoairfoil
designisto
useanairfoilthatwasalreadydesignedbysomeonewhok
newwhatheorshewasdoing. This"designbyauthority"w
orkswellwhenthegoalsofaparticulardesignproblemha
ppentocoincidewiththegoalsoftheoriginalairfoildesign

.Thisisrarelythecase,althoughsometimesexistingairfoi

Isaregoodenough.

Thedesignofanairfoilusuallystartswiththedefinitionoft
hedesiredorrequiredcharacteristics. Thesecanbeacertai
nrangeofliftcoefficients,Reynolds-
orMachnumbers,wheretheairfoilshouldperformbest,st
allcharacteristics,momentcoefficient,thickness,lowdr
ag,highlift,cavitation(forhydrofoils),insensitivitywithr
egardtodustanddirt,easytobuild(flatbottom)oranycom
binationof

suchrequirements. Whentheserequirementshavebeen
writtendown, thenextstepwouldbetolookaround,what's

available.Ifthereisan airfoil
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(negativeCp-
>downwardforceonlowersurface)ispresentnea

rthemid-chord.

available,whichperfectlyfitsthedesiredconditions,why
createanewone?Oftenthereisnoexistingairfoil,whichfu
lfillsallrequirements,orthedesignerbelieves,thathecan
designsomethingnewwithimprovedperformance. Start
ingfromthispoint,eachdesignerhashisownwayandhisp
referredtoolstoproceed.Someliketouseaninversedesig
ncode(liketheEpplercode)toprescribeflowparameters
andgettheresultinggeometry(airfoil) fromthe code.
Othersliketo
useastartingairfoilanduseanalysiscodes(orawindtunne
Dtocontinueinatrialanderrorstyle(albeitwithalotofexp
erience)tofindabetterairfoilshape. Thissecondmethodi
softenusedincombinationwithanumericaloptimization
code:acomputertrieshundredsoreventhousandsofdiffe
rentairfoilshapemodificationsuntilitcannotfindfurther
improvements.Adrawbackofthenumericaltrialanderro
roptimizationprocessisthatitcantakealongtime,andthat
theoptimizationprogramstendtomoveintoacornerofthe
requirements:theresultingairfoilmightindeedhavealo
wdragandhighlift,butmaybeonlyinaverysmalloperatin
grangeanditmayhavecatastrophicstall

characteristics.It
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isverydifficult totell
acomputer,whatthedesiredstallcharacteristicssho
uldlooklike,orwhatyouexpect
fromdifferentflapsettings.Currentlyagooddesign
erisstillnecessarytogetgoodresults,buthecanuseth
ecomputerandnumericaloptimizationasatooltope
rformtimeconsumingpolishingworkortogethintso
npossibleimprovements. Theselectionofanairfoil f
oramodelaircraftdependsmainlyontheliftanddrag
characteristicsoftheairfoil. Ifnoexperimentaldataa
reavailable,theoreticalmethodscanbeusedtogetan
approximationofthesedata. Whereastheliftcanbec
alculatedreasonablewellfromthefrictionlesspress
ure-
respectivelyvelocitydistributionontheairfoilsurfa
ce,thefrictiondragcanbedeterminedbyananalysis

oftheboundarylayerwithalesserdegree

ofaccuracy.

Epplerdevelopedaveryfastandelegantdesignmethod,b
asedonconformalmapping,whichistheheartofhiscomp
utercode.Becauseanairfoilalsohastooperateoutsideofit
sdesignpoint(s),afastintegralboundarylayermethodan
d(fortheanalysisofgivenairfoils)anaccuratethirdorderp
anelmethod(parabolicvelocityvariation)wasadded. Fur
thermorethecodeofferspossibilitiestomodifythegeome
try,tocalculatedragpolars,andvariousplottingoptions.
Duetoitsearlyroots,thecomputercodehasbeendevelope
dasabatchcode. Textualandgraphicaloutputisdirectedt
ofiles,whichmakesthe FORTRAN7 7codeeasilyportabl
eandsystemindependent.Ontheotherhand, theinputfile
sarequitecrypticandhardtohandleforbeginners. Theela

boratedescriptionoftheoryand

IV RESULTS

codeevencontainsan(nowoutdated)versionoftheFOR

TRAN-IVprogram.

Thestrengthofthecodeisthedesignpartandthefastanalys
ispart,whichmakesitverywellsuitedforthedesigntask. T
heresultsoftheintegralboundarylayermethodagreeasto

nishinglywellwithexperiments,iftheReynoldsnumbers
areabove500'000. Thedesignmodulecanbeusedtodesig
nverysmoothairfoilsshapes,includingtheleadingedger

egion,whichisoftendifficultwithothercodes.Ontheothe
difficult

rhand,thedesignmethodisquiteabstractand

tohandlefor beginners.

Theboundarylayeranalysisisperformedusingth
ecalculated,inviscid(withoutfriction)velocitydi
stributionsasinput;thereisnodirectcouplingbet

weenboundarylayerflowandtheexternalflowfie
ld. Transitionpredictionisperformedbytestingth
eboundarylayerparametersagainstasetofempiri
callyderivedtransitionrelations,whichworkquit
ewellforattachedflowinawide

rangc
ofReynoldsnumbers.

InthelowR eynoldsnumberregimetheresultsareusually
notveryaccurateifalaminarseparationbubbleorlargerse
paratedflowregionsoccur. Thisisaresultoftheintegralb
oundarylayermethod,whichsimplycannotmodelsepar
ation(thiswouldrequiresomesortofcouplingbetweenb
oundarylayeranalysisand thecalculation
oftheexternalflow). Thecodehasaoptiontoperformadis

placementiterationinordertotakethedisplacementeffec

tsoftheboundarylayerintoaccount,

DEFORMEDSHAPE
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Finite Element Analysis of Aircraft Wing for Strength

Enhancement

D. K. Nageswara Rao, I.Prasanna, g.Ramesh, Sivasankara Gowda
DepartmentofMechanicalEngineering, MRCE,JNTU Hyderabad.

ABSTRACT
Awingisatypeoffinwithasurfacethatproducesaerodynamic
forceforflightorpropulsionthroughtheatmosphere,orthroug
hanothergaseousorliquidfluid. Assuch,wingshaveanairfoil
shape,astreamlinedcross-

sectionalshapeproducinglift. Awing'saerodynamicqualityi
sexpressedasitslift-to-
dragratio.Theliftawinggeneratesatagivenspeedandangleof
attackcanbeonetotwoordersofmagnitudegreaterthanthetot
aldragonthewing. Ahighlift-to-
dragratiorequiresasignificantlysmaller
topropelthewingsthroughtheairatsufficientlift.

thrust

LINTRODUCTION
In
the1960s,everlargeraircraftweredevelopedtocarrypasseng
ers.Asenginetechnologyimproved,thejumbojetwasengine
eredandbuilt. Stillprimarilyaluminumwithasemimonocoqu
efuselage,thesheersizeoftheairliners
ofthedayinitiatedasearchforlighterandstrongermaterialsfro
mwhichtobuildthem.Theuseothoneycombconstructedpan
elsinBoeing’sairlineseriessavedweightwhilenotcompromi
singstrength.Initially,aluminumcorewithaluminumorfiber
glassskinsandwichpanels were used on
wingpanels, flightcontrolsurfaces,cabinfloorboards,andoth
erapplications. Asteadyincreaseintheuseofhoneycombandf
oamcoresandwichcomponentsandawidevarietyofcomposi
tematerialscharacterizesthestateofaviationstructuresfromt
he1970stothepresent. Advancedtechniquesandmaterialco
mbinationshaveresultedinagradualshiftfromaluminumtoc
arbonfiberandotherstrong,lightweightmaterials. Withsome
airframesapproaching 100percent. Theterm “verylight
jet”’(VLI)has
cometodescribeanewgenerationofjetaircraftmadealmoste
ntirelyofadvancedcompositematerials

2.AIRFOILS

60

Anairfoilsshapeisdefinedbyseveralparameters,whichares
howninthefigurebelow.

Max thickness

Max cambei o Mean camber line

Leading edge P —
~al A e —— 24‘:‘_?\_"“‘=~

— —

rateliny

| Chord line
|

{t—————— Chord
!
v=0 =

Leading edye Trailing edge

Fig2.1Airfoilshapeparameters

AirfoilDefinitions:
ChordLine:Straightlinedrawnfromtheleadingedgetothetr
ailingedge

ChordLength(c):Lengthofthechordline
MeanCamberLine:Curvedlinefromtheleadingedgetothet
railingedge, whichisequidistantbetweentheupperandlower
surfacesoftheairfoil
Maximum(orJust)Camber:Maximumdistancebetweent
hechordlineandthemeancamberline.
MaximumThickness:Maximumdistancebetweentheuppe
randlowersurfacesoftheairfoilnormaltothechordline.
Span:Widthoftheairfoil.

AngleofAttack: Anglebetweenthechordlineandthestream
wiseflowdirection.

ZeroLiftAngleofAttack: AngleofAttackthatwillproducen
olift. Foroursymmetricwedgethiswouldbeanangleofattack
ofzero.

StallAngleofAttack: Angleofattackatwhichthereismaxim
umlift(orliftcoefficient)




Fig2.2SeaiAnigktoQtécbn Future Technologie

SymmetricorUncamberedAirfoil:Upperandlowersurfac
es aremirrorimages,whichleads
tothemeancamberlinetobecoincidentwiththechordline. Asy
mmetricairfoilwillalsohaveajustcamberofzero.
CamberedAirfoil: Anasymmetricairfoilforwhichthemean
camberline willbeabovethechordline.

/—//\/
I—_\—/
— e

-
e
= Cambered A-

=
irfoil

S

e e T e |

Fig2.3SymmetricorUncamberedAirfoilandCam
beredAirfoil
PitchingMoment: Torqueormomentcreatedonthewingdu
etonetliftanddragforces. Tendstorotatetheleadingedgeeithe
rupordown.
PitchingMomentCoefficient:
1T

Corn — 1

— pV-Sc

2

where
m:pitching moment(willdepend on
themomentreferencecenter)
c:chordlength
Center ofPressure:
Themomentreferencecenterforwhichthemomentis
zero.Dependsontheangleofattack.
AerodynamicCenter:Themomentreferencecenterforwhich
the momentdoesnotvarywithangleofattack.
3.DESIGN&ANALYSISOFAIRCRAFTWING
3.1 NACA63-209series

X1. Y0.0
00000 0000

0.95009 0.00512
0.90019 0.01067
0.85027 0.01663
0.80032 0.02267
0.75034 0.02861
0.70033 0.03430
0.65029 0.03958
0.60022 0.04429
0.55012 0.04834
0.50000 0.05159
0.44986 0.05391
0.39971 0.05518
0.34956 0.05530
0.29940 0.05414
0.24925 0.05169
0.19912 0.04792
0.14901 0.04263
0.09894 0.03539
0.07394 0.03077
0.04897 0.02510

O O O O OO OO OO0 O O OO0 OO OoOOoOD oo OoN

61

5 (ndYeehaniea Higgineering, ISBN:§79-93-85101-61-8
0.01170 0.01255 0
0.00680 0.00973 0
0.00436 0.00796 0
0.00000 0.00000 0
0.00563 -0.00696 0
0.00820 -0.00833 0
0.01330 -0.01041 0
0.02592 -0.01393 0
0.05103 -0.01878 0
0.07606 -0.02229 0
0.10106 -0.02505 0
0.15099 -0.02917 0
0.20088 -0.03200 0
0.25075 -0.03379 0
0.30060 -0.03470 0
0.35044 -0.03470 0
0.40029 -0.03376 0
0.45014 -0.03201 0
0.50000 -0.02953 0
0.54988 -0.02644 0
0.59978 -0.02287 0
0.64971 -0.01898 0
0.69967 -0.01486 0
0.74966 -0.01071 0
0.79968 -0.00675 0
0.84973 -0.00317 0
0.89981 -0.00033 0
0.94991 0.00120 0
1.00000 0.00000 0

Lengthofthe

wingis=5733.84mmThicknessofthe
wing=7mmWidthofthesmallend=802
28mmWidthofthebigend=1264.84m

m

3.2 MODELING
3.2.13DMODELSINPRO/ENGINEERO

RIGINALMODEL:

=0

*

x e ~Nws 00,
2

Fig3.1:OriginalmodelsketchORIGINAL

MODAL (WITHOUT RIBS ANDSPARS)



: o s

£

Fig3.2:0riginalmodeIMODIFID
MODEL(WITHRIBSANDSPARS)MATERIAL

PROPERTIES
S— Aluminu Graphite/Epox
GLAS m7075- ycompositeMa
S T651 terial
DENSITY
(Kg/m’) 2490 1440 1820
YOUNG’S
MODULUS | 89000 179000 241000
(MPa)
POISSON’S
RATIO 0.19 0.36 0.3
STRENGT
H(MPa) 4750 2733 3600

Tablel:Materialproperties

3.3 ANALYSISOFAIRCRAFTWING
3.3.1 STATICANALYSISOFORIGINALMODEL

1000.00 (mm) z ‘i.
b

Fig3.3:Meshedmodel
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¥

a Tu+3 (mimj A
)

4

Te=003
Fig3.4:Displacement
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Fig3.5:PressureS
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Fig3.6Deformation
From fig3.11whentheloadsappliedonwing ofS-
glassmaterial,themaximumdeformationvalueis4.2471mm

STRESS:
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Fig3.7Stress
From fig3.12whentheloadsappliedonwing ofS-
glassmaterial,themaximumstressvalueis42.939Mpa
ALUMINUM?7075-
T651DEFORMATION:

X

[ile1] DD [rm)
[ ]
Bol ’

Fig3.8Deformation
Fromfig3.13whentheloadsappliedonwingofAluminum70
75-
T651®49material,themaximumdeformationvalueis1.942
3mm
STRESS:
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Fig3.9Stress
Fromfig3.14whentheloadsappliedonwingofAluminum70
75-T651®49
material,themaximumstressvalueis40.147Mpa

GRAPHITE/EPOXYCOMPOSITEMATERIAL
DEFORMATION:

B

000 100000 () ﬁ
S00.00

Fig3.10Deformation
Fromfig3.15whentheloadsappliedonwingofGraphite/Epo
xycompositeMaterialmaterial themaximumdeformationv
alueis1.4972mm
STRESS:

®

a0 1000 00 ()
—
50000 )

Fig3.11Stress



Fromfig3.16whenthelomtsapphed @onfigofiGFapbrte Feohnologies

xycompositeMaterialmaterial themaximumstressvalueis4
0.978Mpa

3.3.2 STATICANALYSISOFMODIFIEDMODELS
avePro-EModelas.igesformat

] 1040.00 {
[ — he "%
40800

Fig3.14Deformation
From fig3.19whentheloadsappliedonwing ofS-
glassmaterial,themaximumdeformationvalueis0.094067m
m
STRESS:

040 100000
[ m— it ;/L X

Fig3.12Importedmodel
MeshedModel:

]

060 10800100 (]
L
400,60

Fig3.15Stress
Fromfig3.20 whentheloadsappliedonwingofS-
glassmaterial,themaximumstressvalueis3.8448Mpa

y ALUMINUM7075-
,,’k T651DEFORMATION:
®

0m 100000
[ s "
50000

Fig3.13MeshedmodelD
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Fig3.16Deformation Se0.00 ]
Fromfig3.21whentheloadsappliedonwingofAluminum70 Fig3.18Deformation )
75- Fromfig3.23whentheloadsappliedonwingofGraphite/Epo
T65 Imaterial themaximumdeformationvalueis0.043895 xycompositeMaterialmaterial themaximumdeformationv
mm alueis0.033504mm
STRESS: STRESS:

L
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50000 !
A Fig3.19Stress
.00 1000.00 {mim) Fromfig3.24whentheloadsappliedonwingofGraphite/Epo
20000 ] xycompositeMaterialmaterial themaximumstressvalueis3
Fig3.17Stress .8025Mpa
Fromfig3.22whentheloadsappliedonwingofAluminum?70 3.3.3 MODALANALYSISOFORIGINALMODELS-
75-T651material themaximumstressvalueis3.8703Mpa GLASS
GRAPHITE/EPOXYCOMPOSITEMATERIAL Model:

DEFORMATION:

Te=03

65



Fip3@fINhilaTbnf. on Future Technologies
From fig3.25whentheloadsappliedonwing ofS-
glassmaterial,themaximumdeformationvalueforfirstmodei
s4.8385mmandfrequencyis6.313Hz
Mode2:

¥
- 16+003 {reen} u-—{
—
I

19+003

Fig3.23Modal2
Fromfig3.28whentheloadsappliedonwingofAluminum70
; 75-
T651®49material,themaximumdeformationvalueforseco
204003 e

ndmodeis6.4918mmandfrequencyis53.735Hz
GRAPHITE/EPOXYCOMPOSITEMATERIAL
Model:

(CETiE

Fig3.21Modal2
From fig3.26whentheloadsappliedonwing ofS-
glassmaterial,themaximumdeformationvalueforsecondmo
deis4.9366mmandfrequencyis29.81Hz
ALUMINUM?7075-T651
Model:

¥
(] 284003 (e ,,.{
[ —
x

le+003
Fig3.24Modall
X Fromfig3.29whentheloadsappliedonwingofGraphite/Epo
L] 294003 e ,,.L xycompositeMaterialmaterial ,themaximumdeformationv
T X alueforfirstmodeis45.6564mmandfrequencyis12.151Hz
Fig3.22Modall Mode2:
Fromfig3.27whentheloadsappliedonwingofAluminum?70

75-

T65 Imaterial,themaximumdeformationvalueforfirstmode
i86.3617mmandfrequencyis11.777Hz

Mode2:
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Fig3.25Modal2
Fromfig3.30whentheloadsappliedonwingofGraphite/Ep
oxycompositeMaterialmaterial themaximumdeformatio
nvalueforsecondmodeis5.774 lmmandfrequencyis55.45
3Hz

3.3.4 MODALANALYSISOFMODIFIEDMODELS-
GLASS

Model:

Fig3.26Modall
From fig3.3 1whentheloadsappliedonwing ofS-
glassmaterial,themaximumdeformationvalueforfirstmodei
s4.167mmandfrequencyis8.2303Hz
Mode2:

a00 1000 £
— il
50000

Fig3.27Modal2
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glassmaterial,themaximumdeformation
valueforsecondmodeis4.5448mmandfrequencyis32.458H
VA

ALUMINUM7075-T651

Model:

ﬂ-ﬂ-ﬂ_ﬂﬂ il

800 00
Fig3.28Modall

Fromfig3.33whentheloadsappliedonwingofAluminum70
75-

T65 1material,themaximumdeformationvalueforfirstmode
1s5.5007mmandfrequencyis151.164Hz

Mode2:

Fig3.29Modal2
Fromfig3.34whentheloadsappliedonwingofAluminum?70
75-

T65 1material,themaximumdeformationvalueforsecondm
odeis5.9673mmandfrequencyis60.201Hz

GRAPHITE/EPOXYCOMPOSITEMATERIAL
Model:



n.og 1000.00 grmy
[
0000

Fig3.30Modall
Fromfig3.35whentheloadsappliedonwingofGraphite/Epo
xycompositeMaterialmaterial ,themaximumdeformationv
alueforfirstmodeis4.8868mmandfrequencyis15.695Hz
Mode2:

aod 100000 (mm]

Thn N

A x
Fig3.31Modal2

Fromfig3.36whentheloadsappliedonwingofGraphite/Epo
xycompositeMaterialmaterial themaximumdeformationv
alueforsecondmodeis5.3104mmandfrequencyis62.201Hz
3.3.5 BUCKLINGANALYSISOFORIGINAL
MODEL

S-GLASS
DEFORMATONT1:

L] +003 {mmi

Fig3.32Deformation1
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glassmaterial,themaximumdeformationvalueforfirstmodei
s1.0033mmandloadmultiplieris217.38DEFORMATON2

o Je+003 {mm) .
L Se—
1i=003

Fig3.33Deformation2
From fig3.38whentheloadsappliedonwing
glassmaterial ,themaximumdeformation
valueforsecondmodeis1.0067mmandloadmultiplieris239.
41

ofS-

ALUMINUM7075-
T651IDEFORMATONI1:

L] 100060 (mmj) %
£0000
Fig3.34Deformation1
Fromfig3.39whentheloadsappliedonwingofAluminum70
75-
T65 1material,themaximumdeformationvalueforfirstmode
is1.0033mmandloadmultiplieris49.81
DEFORMATON?2:

0 1000 00 {rnim) %
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Fig3.3pBedotmbt@m2f. on Future Technologies i
Fromfig3.40whentheloadsappliedonwingofAluminum?70
75-
T65 1material,themaximumdeformationvalueforsecondm
odeis1.0069mmandloadmultiplieris55.235

GRAPHITE/EPOXYCOMPOSITEMATERIALDE
FORMATONT1:

(1] 1000 00 (mm} +.>
[ —

50000

Fig3.38Deformation1
From fig3.43whentheloadsappliedonwing ofS-

glassmaterial themaximumdeformationvalueforfirstmodei
s1.0006mmandloadmultiplieris1 740.9DEFORMATON2

)

o0 1000000 {wwn "%
[ Se—

Fig3.36Deformation1
Fromfig3.41whentheloadsappliedonwingofGraphite/Epo
xycompositeMaterialmaterial ,themaximumdeformationv
alueforfirstmodeis1.0033mmandload multiplieris63.38
DEFORMATON2:

0o 108000
_— i !'>

E T
Fig3.39Deformation2
From fig3.44whentheloadsappliedonwing ofS-
glassmaterial themaximumdeformation

000 po ey ;.% valueforsecondmodeis1.0024mmandloadmultiplieris1798
0000 ALUMINUM7075-
T651DEFORMATONTI:
Fig3.37Deformation2

Fromfig3.42whentheloadsappliedonwingofGraphite/Epo
xycompositeMaterialmaterial themaximumdeformationv
alueforsecondmodeis1.0068mmandload

multiplieris70.074
3.3.6 BUCKLINGANALYSISOFMODIFIED
MODEL

S-GLASS
DEFORMATONT1:

L

0o 11000 00 {mimj %
—
Fig3.40Defotmation1 '
Fromfig3.45whentheloadsappliedonwingofAluminum70

75-
T65 1material,themaximumdeformationvalueforfirstmode
is1.0006mmandloadmultiplieris374.68
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Fig3.41Deformation2
Fromfig3.46whentheloadsappliedonwingofAluminum70
75-

T65 1material,themaximumdeformationvalueforsecondm

odeis1.0025mmandloadmultiplieris383.33
GRAPHITE/EPOXYCOMPOSITEMATERIAL

DEFORMATONI1:

x

] T+ 003 fmimj _ﬂy}
[ e——

a0l
Fig3.42Deformation1
Fromfig3.47whentheloadsappliedonwingofGraphite/
EpoxycompositeMaterialmaterial,themaximumdefor
mationvalueforfirstmodeis1.0006mmandload
multiplieris471.42
DEFORMATON?2:

¥
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Fig3.43Deformation2
Fromfig3.48whentheloadsappliedonwingofGraphite/Epo
xycompositeMaterialmaterial,themaximumdeformationv
alueforsecondmodeis1.0024mmandload
multiplieris486.88
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VALUESFORORIGINAL&MOD
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4.3 MODALANALYSISTABLE CONCLUSION
ORIGINAL MODIFIED e Inthisthesis,anaircraftwingisdesignedandmodele
MODEL MODEL
S- | Alu | Graph | S- | Alu | Graph din3DmodelingsoftwarePro/Engineer. Thewingis
gl | min | ite/Ep | gl | min | ite/Ep modifiedbyaddingribsandspars. Thematerialsuse
as | um | oxyco | as | um | OXyco
s | 707 | mposit | s | 707 | mposit dforaircraftwingsaremostlymetallicalloys.Inthist
S- | eMate 5- | eMate hesis,thematerialsarereplacedbycompositemateri
T65 rial T65 rial
1 1 alsSGlass,Aluminum7075-
Def | 4. | 6.36 | 5.6594 | 4. | 5.50 | 4.8868 T651andGraphite/EpoxycompositeMaterial. The
M| (m |83 17 16 | 07 ) ) S
Ol m) |85 7 advantageofusingcompositematerialsistheirhighs
D trengthtoweightratio.
E| Fre | 6. | 11.7 | 12.151 | 8. | 15.1 | 15.695
1| q [31] 77 23| 64 e Staticanalysisisdoneonthewingbyapplyingairpre
(I;IZ 3 03 ssureforthreematerials. Byobservingtheanalysisre
M| Def | 4. | 6.49 | 5.7741 | 4. | 5.96 | 5.3104 sults,thedeformationandstressesarelessforwingw
g (“)1 963 18 4513 73 ithribsandsparsthan comparedwith thatoforiginal
m
E| Fre | 28 | 53.7 | 55.453 | 32 | 60.2 | 62.601 wing. Whencomparedtheresultsbetweenmaterials
q 81 35 41 01 ,thestressesarelessforGraphite/Epoxycomposite
2| Hz | 1 56 .
) Material.
Table2:Comparisonbetweenoriginalandmodifiedmo e Modalanalysisisdoneontheaircraftwingtodetermi
delfordifferentmaterialsatdifferentmodes ) .
4.4 BUCKLINGANALYSISTABLE nethefrequencies. Byobservingtheresults,thefreq
ORIGINAL MODIFIED uenciesaremoreformodifiedmodelbutdeformatio
MODEL MODEL o )
S- | Alu | Graphi | S- | Alu | Graphi nsareless.Sothevibrationsaremoreformodifiedmo
gl | min | te/Epo | gl | min | te/Epox del. ThefrequenciesarelessforSGlass.
as | um7 | xycomp | as | um7 | ycompo
s | 075 0s1te.M s 075 s1teMat REFERENCESS
- aterial - erial
Te65 Te5
1 1 1. ThelnternationalJournalofEngineeringAndSci
Def( | 1. | 1.00 | 1.0033 | 1.0 | 1.00 | 1.0006 . . .
M| mm) | 0 33 00 06 ence(1JES)"FiniteElementAnalysisofAircraft
o (3) 6 WingUsingCompositeStructureDr.R.Rajappa
D
E 3 n,V.Pugazhenthi"
Loa | 2 | 498 | 6338 | 17 | 374. | 471.42 2. InternationalJournalofApplicationorInnovatio
1 d 1 1 40. | 68
Mult | 7. 9 ninEngineering&Management(IJAIEM)" Stati
i 3 sticandDynamicAnalysisof T'ypical WingStruc
lier | 8
M I})ef 1 100 | 1.0068 1 1.0 1.00 | 1.00024 tureofAircraftusingNastran.Mr. PritishChitte,
o 0] 69 02 | 25 Mr.P.K.Jadhav,Mr.S.S.Bansode"
D|(mm| 0 4 . . L
E ) 6 3. IOSRJournalofMechanicalandCivilEngineering(
7 IOSR-
2 . . . .
L((l)a g 535 52 70.074 é; 3_,? ;’ 480.88 JMCE)"FiniteElementAnalysisofCarbonFibreR
Mult | 9. einforcedAircraftWingKirankumarReddy,Sunil
i 4
pl;er | Manganshetty"

Table3:Comparisonbetweenoriginalandmodifiedmo
dels
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Design and Analysis of Conveyor Idler Frame

Dr.D K N Rao, Sivasankara Gowda, Dr.VV.Prathibha Bharathi’

1:DepartmentofMechanicalEngineering, MRCE,JINTU Hyderabad.
2 &3:Professor,DepartmentofMechanicalEngineering, MRCE,JNTU Hyderabad

Abstract--
Troughingidlersframesareusedforconveyingbulkmaterial
s,andaredesignedandmanufacturedwithdifferentTroughi
ngangels.Designofidlersandidlersframesaredoneasper CE
MAstandards.Staticanddynamicanalysesarecarriedoutto
evaluatethestructuralstabilityintermsofstrengthandfrequ
ency.Thestressesobtainedfromstaticanalysisarebelowthea
llowablelimitandthefundamentalfrequencyobtainedfrom
thedynamicanalysisissafewhencomparedtooperatingfreq
uencyoftheconveyorbelt.

1.INTRODUCTION

Conveyorsaredurableandreliablecomponentsusedinautomate
ddistributionandwarehousing.Incombinationwithcomputerco
ntrolledpallethandlingequipmentthisallowsformoreefficientr
etail,wholesale,andmanufacturingdistribution.Itisconsidereda
laborsavingsystemthatallowslargevolumestomoverapidlythro
ughaprocess,allowingcompaniestoshiporreceivehighervolum
eswithsmallerstoragespaceandwithlesslaborexpense.

Beltconveyorsarethemostcommonlyusedpoweredconveyorsb
ecausetheyarethemostversatileandtheleastexpensive.Producti
sconveyeddirectlyonthebeltsobothregularandirregularshaped
objects,largeorsmall,lightandheavy,canbetransportedsuccessf
the

ully. Theseconveyorsshoulduseonly highestquality

premium belting
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r "sif;z:‘%if;:% i parieitize Bersily (kghn')
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v | osl [oE [Tper pirtc she 010 | 10| 10| 18] 10| 4] 0] 10
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products,whichreducesbeltstretchandresultsinlessmaintenanc

efortensionadjustments.Beltconveyorscanbeusedtotransportp

roductinastraightlineorthroughchangesinelevationordirection

Incertainapplicationstheycanalsobeused

forstaticaccumulationorcartons.

2.CALCULATIONS

SELECTIONANDLOADRATINGOFTHEIDLERSFORB

ELTCONVEYORS

Selectionofthebulkhandlingidlersisbasedontheidlerload,genera

llyonthecenteridlerofa3-rollset.

Q=conveyorcapacity(t/h)v=

beltspeed(m/s)

G=beltweight(kg/m)

FT=totalloadofoneidlerset(N)FQ=

totalloadofcenteridler(N)B=beltw

idth(mm)

L=lengthofidlershell(mm)D=i

dlerdiameter(mm)

d=shaftdiameter(mm)a

=idler spacing(m)

a=troughingangle

p=rollingangleofthe materialinmotion
e=factorwhichtakesintoaccounttheinfluenceofthetroughingan
gleontheloadofcentreidler(tablel)
c=factor whichtak

into
CATIBIRRARS ) qﬁ@@.&? q%“«.ﬁiaﬂget?eloadofcentrei
Q;dig .'_ — Ry
=221/sG ,
Okg/m = |
B=1400
a=1.2m
i
#=45°(Coal)
Loadforoneidlerset¢
V4
Ll gl QT i
el

L ax

Loadofcenteridler( ¢

23 PN
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e=9.3(Tabled)

U TAXT. x' " TT=T vi @
Geometryofldlerframe
Inthepresentanalysisfourgeometriesareanalysedandresultsarecom
paredtoselectbestoptimizeddesign. Thedifferentgeometriesaresho
wninthebelowfigures.

Geometry2&Baseframedesign

Geometry3&Baseframedesign

Geometryl&Baseframedesign Geometry4&Baseframedesign

Meshing.OneofthemostrelevantstepsintheFiniteElementAnalysis
isthemeshing. Thespeedandtheaccuracyoftheresultshaveadirectco
’ nnectioninhowthispartisdone. Thehigherthenumbersofnodesareth
. .| ehighertheaccuracyoftheresults,howeverthespeedofthesimulation
N ] | - - decreases.Figure5Sshowshowthemeshlooksin ANSY SMechanical.
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Meshofthestructure Boundaryconditiononthestructure

3. RESULTSANDDISCUSSIONS:
Geometryl:Results

TotalDeformation(mm)

Sideidlerloadonthestructure

Centreidlerloadonthestructure

Totaldeformation-Truescale

Centreidlerloadonthestructure

Boundaryconditiononthestructure
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Geometry2:ResultsTota

IDeformation(mm)

Totaldeformation-Deformedscale

vonMisesstress(MPa)

Figure:Totaldeformation-Truescale

vonMisesstressinthestructure

L i
= 006797
0039985

b e Min

 Definition |

souree G:Prjeet dotuments Majar e fram..

e Designblodeler | ¥
|lengthUnit | Meters

| Bement Control  Program Controlled
|Display Siyle  Body Calor |

zimuns |
|Valume 24182006 m”

18.967 kg
ISt Factor Va1, |

| Statisics

Figure:Totaldeformation-Deformedscale

weightoftheGeometryl
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vonMisesstress(MPa)

Figure:Totaldeformation-Truescale
Figure:vonMisesstressinthestructure

Thetotaldeformationobservedinthestructureis0.30mm.Maximum
vonMisesstressobservedinthestructureis72MPa

Details of *Geometry" L]
-/ Definition

Source G:\Project documents\Majordler fram..
Trpe DesignModeler

LengthUnit  Meters

Element Cantral Program Controlled

Display Style  Body Calor

Bounding Box

I+

Volume L7422¢+006 mm*
Mass 21526k

Seale Factor Va., 1.
Statistics

0/ Racir Canmatry Anfinne

Figure:weightoftheGeometry2

Figure:Totaldeformation-Deformedscale

Geometry3:ResultsTotal

Deformation(mm) vonMisesstress(MPa)
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i
11475
77
1.5527e-5 Min

Figure:vonMisesstressinthestructure

Thetotaldeformationobservedinthestructureis68.4mm.Maximum Figure:Totaldeformation-Truescale
vonMisesstressobservedinthestructureis516MPa.

R i
| Definition
Source Gi\Project documents\Majorldler fram..
Type Designiodeler

LengthUnit [ Meters

Element Control Program Controlled
Display Style | Body Calar
Bounding Box
T
Volume 220236+ 006 mm’
Mass 17288 kg

Scale Factor V.. 1.
#) Statistics

+/ Basic Geometry Options

1=+

Figure:weightoftheGeometry3

Geometry4:ResultsTotal

Deformation(mm)

Figure:Totaldeformation-Deformedscale
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D: Copy of Copy of Static Structural
Exquivalent Stress

Type: Equivalent (von-Mises) Stress
Unit; MPa
Tirne: 1

3091 Max
1476

I

607

nm

17738

13.303

6,660

44343
5.263e-5Min

Figure:vonMisesstressinthestructure

Thetotaldeformationobservedinthestructureis0. 1 5Smm.Maximum
vonMisesstressobservedinthestructureis39.9MPa.

Detall of ‘Geometry' b
-/ Definition
Source

Gi\Project documents\Major|dler fram.,
'Type ‘DesigthJde\er

Length Uit Wetes

“Eiement Cﬁntm\ Program Controlled

'Disp\aysty\e ‘Bodyto\or
-tlﬂoundfngﬂox ‘
S
Volume 33017e<008 m’

M Bl

Sca\eFadorVa..“W.
Wi

14!/ Racir anmatry Nitinng

Figure:weightoftheGeometry4Re
sultsSummary

Theanalysisaredoneonthefourdifferentgeometriesbyapplyingidler
forcesonthestructure. Theresultsaresummarizedinthebelowtable.F
romtheresultsitisobservedthatstressesandbehaviour

resultsareasexpectedandbelowthelimits. Thegeometryl Vshapecha
nnelresultsarebetterinweightandstress&deformationresultsascom
parewithothergeometriesofCchannel,Plate& Tubechannelframede

signs.
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ity g}eometry g}eometry Z}eometry
i/Sha . C PlateCh TubeCh
P Channel annel annel
TotalDeform
ation(mm) 0.61 0.305 68.43 0.15
vom— 77.45 72.1 516 39.9
Mises
stress(MPa)
Weight(kg) 18.967 21.526 17.288 25.919
CONCLUSION

stressesandbehaviourresultsareasexpectedandbelowthelimits. T

hegeometryl Vshapechannelresultsarebetterinweightandstress

&deformationresultsascomparewithothergeometriesofCchanne
1,Plate&Tubechannel framedesigns.
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Dynamic Analysis of Spindle in CNC Horizontal Boring Machine

J.Chandrasekhar, B.Rajendra Prasad, B.c.Raghukumar reddy, Dr.D.K. NageswaraRao
DeptofMechanicalEngineeringMallaReddyCollegeofEngg, HYD

Abstract--Thestructureofmachinetoolforms
thevitallinkbetweenthecuttingtoolandtheworkpiece.Th
emachinetoolaccuracymostlydependsuponthestructura
Idesignof the variouscomponentsofthemachinetool.
Tomaintainthe accuracyunder
theinfluenceofcuttingforcesandthemovingweightofmac
hinetoolelements,thestructure,particularlyspindlemust
poseshighdynamicstiffness. Thespindleshouldberigiden
oughtowithstandthevariousforcesactingonit. Therefore,
theextenttowhichthebehaviorofthevariouselementsofa
machinetoolcontributedtoitsoverallperformanceisbyno
means fullyunderstood.

To
sumupmachinetoolmustmeettheeverincreasingdemandofmoderni
ndustryforfasterspeeds, greateraccuracy,smootherfinishandhighpro
ductionrateatminimumcost. Thevariousinfluencingparametersonth
eperformanceofmachinetool spindle(CNC horizontal
Boringmachine) are

Differentspindlespeeds
Typeofworkpiecematerial
Variousdepthofcuts
. Typeof cuttingtoolsusedetc.,
Theobjectiveofthepresentprojectworkistodesignthemachineto
olspindle(CNCHorizontalBoringmachine)fordynamicstiffnessbyc
onsideringtheaboveinfluencingparameters.

Forthis purposeFiniteElementMethodis being
implementedtoanalyzethespindlebehaviorinCNCHorizontalBorin
gmachine.FEM packagelike ANSYS15isused in thisproject.

1. INTRODUCTION

Thestructureofmachinetoolformsthevitallinkbetweenth
ecuttingtoolandtheWorkpiece. Themachinetoolaccuracymostlydep
endsuponthestructuraldesignofvariouscomponentsof themachine
tool. Tomaintaintheaccuracyundertheinfluenceofcuttingforcesandt
hemovingweightofthemachinetoolelements,thestructure,particular
lyspindlemustpossesshighstaticanddynamicstiffness. Forthiscondit
iontheSpindleshouldberigidenoughtowithstandthevariousforcesac
ting onit.Machinetool mustmeettheever increasing demandof
modernindustryfor faster Speeds,greater
accuracy,smootherfinishandproductionrateatminimumcost. Suchc
onsiderationsareinfluencedbymachinetoolsspindleswithitssupport
bearings. TheMachinetoolbuilder,spindlemakerandbearingmanufa
cturerareallofgreatimportanceinachievingthesegoals. Themachinet
oolspindleisexpertlydesignedtomeetaboverequirement.

. Operating speed

. Typeof lubrication

. Estimatingtheworking loads
. Torque

. Spindlematerial.
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1.1 AREVIEWOFEARLIER ANALYSIS ON
SPINDLEExperiment models andanalysis:

Generallythescaledownmodelsofthedesiredspindleswe
rebeingmadeandtestedtoobtainstaticanddynamiccharacteristics. Th
esemodelswerealsosometimesbeingtested under working
conditions.Staticloadsareapplied

atdesiredpointsanddirectionsbydeadweightfortests.For
dynamicanalysisexcitationsareappliedby
usingexciters,suchaselectrodynamicexciter,electromechanicalexci
teretc.thedisplacementpickupandelectronicindicatorswerebeingus
edtomeasurethedisplacementsanddeflectionsrespectively.Forthist
ypeofanalysisateststructureshouldexist,becauseitisan
experimental method.

1.2 SALIENT FEATURESOFCNC
HORIZONTALMACHINGCENTRE

TheMachine usedfor analysisof its spindleis showninfig
anditsdetailsare givenbelow.

MachineSpecification
X-Axisstroke:
1300mmY -Axisstroke:
1000mmZ-Axisstroke:
1000 mm
Pallettablesurface:760X760 MM

Maximumpermissibleloadon table (fixtureandworkpiece):
1800 kg

Number of tools:

40Selection:

Random

Tool identification: Codedtool pocket

Full diameter cutter with adjacentpocketsempty:
160mmMaximumtool weight: 15 kg
Maximumtool length: 400 mm

Total weightof the machine:17000kg

Overall dimensions(lengthXwidthXheight): 4300 X 5910X
4025mm

Spindle:
Spindlebore:1SO45Int.
taper.FrontBearing:
boredia.8 SmmbDrive:

DCElectricmotor



Methodof tool Clampingilﬂlfgi’gty.%ftlﬁ‘@%f‘dﬁg‘? -uture Technolo

fittedonendof tool holder a
Unclamped byhydraulicpiston.

‘awn 1nto spindle bydiscsprings.

Spindlespeed Range: 20-3600 rpmin Imin increment. Tapping
range: 20-1000rpmincrement.
Spindle drive:30HP(22kw),continuousdutyDCelectricmotorwith

ConstantHPof137rpm.

1.3 DESCRIPTION OFMACHINE:

Inthistypeofmachinetoolthespindleholdsthecuttingtool
toperformitsoperations.Thismachinecanperformdrilling,holemilli
ng,reaming,tapping,boringmillingetc.operationsand has4-
differentaxes.

X-axis:[tistheaxisonwhichthefixtureandcomponentsareplaced. Thi
saxisgives thelength of operationson component.

Y-axis:Spindleheadstockisplacedonthecolumnandmovesupanddo
wntogivey-

axismovement. Thisaxisgivestheheightofoperationoncomponent.S
pindleheadmountedontheaxis.

2. LITERATURE SURVEY

2.1SPINDLE:

ThespindleusedforthismachineisshowninFig: Thespindleheadisthe
Y-
axisslidememberofthemachine. ThisonepiececastlronhousingisdrivenbytheY—
axisleadscrewthroughitsrecirculatingBallnut.Itcarriesahorizontalspindlecapa
bleof3580separateprogrammablespeedscoveringarange20to3600rpm. Thestan
dardspeedrangeisvariablefrom20to3600rpminlrpmsteps,3.1 Hpperrpmto187r
pmandwithaconstant20Hpfrom187rpmto3600rpm.Spindlespeedsbelow50rp
marenotrecommendedforheavydutymetalremovalduetoreducedavailableHp. T

heselowerspeedshoweverareusefulfortramming,checkingtool or

spindlerunoutetc.,

Speedrange Spindlespeed/Motorsp Motorspeed/spindlesp
eed eed

Lowrange Z\ZyX Z3/Z6xZ41Z, 10.948
17/43x21/59x37/57
=0.09134

Mediumrange Zi/Zyx Zo/24xZ4/Z7 3.353
17/43x43/37x37/57
=0.29824

Highspeedrange Z\/Zx 1.1774
Zo/Z4xZs/7517/43x43/
37x61/33

Therearethreespindlegearrangeswhichareautomaticallyshiftedbyahydrauliccy
linder.Thecylinderspeedswithineachgearrangeareproducedbyvaryingthespind
lemotorspeedinl rpmincrements. Therangechangegearclusterismovedbyafork

connectedtoathreepositionhydraulicpistonandinterlockedbyproximityswitche
s.Therangechange

Ratiosare:-Rangel—(Low)10.7tol,Range2—(Medium)3.3toland
Range3 -1

2.2 OBSERVATIONSON SPINDLE:

Y WA g A, TSN G78068101.61-8

axismovement.Hereworkandfixtureareloadedontable.Indrillingcol
umnisgivenmotionalongz-axiswhere ~as in  milling  x-
axistoperformoperation.

B-Axis: ArotarytableishousedontheX-

axissaddle. Aprecisionpallettableofworkingsurface760mmsquarec
ornersroundedofto®1000mm. Arotarytablefacilitatesthefullrangeo
fB—axisisprogrammedforfeedratewithinrangeof0
—9.999m/minresultingintablespeedof0—
4rev/minineitherCWorCCWdirectionandpositionedtoresolutionof
0.001degrees.DriveisprovidedbyDCmotorviawormandwormgear
train with ratio of 1:360.

4-AXISOF A CNC

HORIZONTALMACHINING
CENTER
, A A )
Y - Axis 1| B-Axis
1
;| Pallettable
| rotates
Spindle : _
. ' X- Axis
Z- Axis I S
Ll
The inetoolspindleisnormallysubjectedtotwotypespfloadsviz.

Thecuttingforceandforceactingduetoinputtospindle(Gearforce/variationofres
ultingbelttension). Theresultantdeflectionatcuttingpoint isdueto

Deflectionofspindledueto drivingforce.
Reflectedbearingdeflectiondue todriving.
Deflectionof spindledueto cutting force.
Reflectedbearingdeflectiondue tocutting
force.

R =

BEARINGS:

Abearingisamachineelementwhichsupportsanothermovingmachin
eclement(Knownasjournal).Itpermitsarelativemotionbetweenthecontactsurfac
es,acertainamountofpoweriswastedinovercomingfrictionalresistanceandifther
ubbingsurfacesareindirectcontact,therewillberapidwear.Inordertoreducefricti
onalresistance,wearandheatgeneratedalayer oflubricant can beused.

2.3CLASSIFICATION OFBEARINGS:

1. Dependinguponthedirectionofloadstobesupported. Thebearingsun
der thisgroup areclassifiedas:
(a) Radial bearingsand(b)Thrust bearings.

Inradialbearings,theloadactsperpendiculartothedirectionofmotionofthemovin
g element.

Inthrust bearings,theload actsalong theaxisof rotation.

2. Dependinguponthenatureofcontact. Thebearingsunderthisgroupar

eclassified as:

(a)Sliding contact bearings,(b) Rollingcontact bearings
Inslidingcontactbearings,theslidingtakesplacealongthesurfacesofcontactbetw
eenthemovingelementandthefixedelement. Theslidingcontact bearingsarealso
knownas plain bearings.

2.4 TYPESOFBEARINGS:
Radialbearings
1)  Deepgroove ball bearings.
2)  Selfaligning ball bearings.

3)  Angular contact ball bearings.
4)  Needleroller bearing.



Proc. Intl. Conf. on Future Technologies in Mechanical Engineering, ISBN:979-93-85101-61-8

5)  Spherical plain bearing.
6)  Cylindrical roller bearing.
7)  Spherical roller bearings.
8)  Taper roller
bearings.Thrust bearings

1)  Thrust ball bearings.

2)  Cylindrical roller thrust bearings.

3)  Spherical roller thrust bearings.

4)  Needleroller thrust bearings.

5)  Angular contact thrust ball bearings.
2.5 SELECTION OF BEARINGTYPE:

Eachtypeofbearinghascharacteristicpropertieswhichmakeitparticularsuitablef
orcertainapplications.Howeveritisnotpossibletolaydowngenerallyapplicabler
ulesfor theselectionof bearingtypeas several factorsmustbe consideredand
assessedrelativeto each other.

2.6 SELECTION CRITERIA:

1)  Available space.

2)  Loads.
3)  Misalignment.
4)  Speed.

5)  Precision.

6) Silentrunning.

7)  Stiffness.

8)  Axial displacements.

9)  Mountingand dismounting.

Availablespace:-
Deepgrooveballbearingsarenormallyselectedforsmalldiametershafts,wh
ereasdeepgrooveballbearingscylindricalrollerbearingsandsphericalroller
bearingscanbeconsideredfor shaftsof largediameter.

Loads-
Thisisthefactorwhichusuallydeterminesthesizeotfbearingstobeused.Gen
erallyrollerbearingscancarryheavierloadsthanballbearingshavingthesam
eexternaldimensions. Thusballbearingsaremostlyusedto
carrylightandlargediameter shafts,

2.7ANGULAR CONTACT BEARINGS: -

Thesearethemostadaptableandimportantbearingforusein
machinetoolspindles.Theseareparticularlyforaccommodationofbothradialand
axialloads. Angularcontactbearingcantakeaxialloadsinonedirectiononly. There
sultantforceactinginaxialdirectionwhichisproducedinbearingwhenitissubjecte
dtoradialforcemustbebalancedbyacounterforce. Thereforethebearingisadjuste
dagainstsecondbearing. Abacktobackarrangementcombinationoftwoangularc
ontactbearinghavingacommonloadcenterisabletoaccommodateheavyradialan
daxialloadsactinginbothdirections.lowcontactangle.25 ishighcontactangle
usedin angular contactbearings.

2.8PRE LOAD:-

Axial(orradial)deflectionofabearingistheaxial(orradial)displacementof
onering inrelationtoone another

51 deflectionfor abearing withoutpre loadd2
deflection havingan initial preload P.

MODELLINGOFCATALYTIC
CONVERTOR3.IMODELINGSOFTWARE:
CatiaV5R20 isaninteractiveComputer-
AidedDesignandComputerAidedManufacturingsystem. TheC ADfunctionsaut
omatethenormalengineering,designanddraftingcapabilitiesfoundintoday’sma
nufacturingcompanies. TheC AM functionsprovideNCprogrammingformodern

machinetoolsusingtheCatiaV5R20designmodeltodescribethefinishedpart.Cat
iaV5R20functionsaredividedinto“applications”of
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commoncapabilities. Theseapplicationsaresupportedbyaprerequisite
application called“CatiaV5R20Gateway”.

3.1.1BASICPROCEDUREFORCREATINGA3-
DMODELINCATIAVS5R20:

Creationofa3-
DmodelinCatiaV5R20canbeperformedusingthreeworkbenchesi.e.,sketcher,m
odelingandassembly.

Sketcher:

Sketcherisusedtocreatetwo-
dimensionalrepresentationsofprofilesassociatedwithinthepart. Wecancreatear
oughoutlineofcurves,andthenspecifyconditionscalledconstraintstodefinethesh
apesmorepreciselyand captureour designintent.Eachcurveis referredtoas a
sketchobject.

3.2 SKETCHPLANE

Thesketchplaneis theplanethatthesketchis
hasthe following options:

locatedon. Thesketchplanemenu

Face/Plane: Withthisoption,wecanusetheattachmentface/planeicontoselecta

planarfaceorexistingdatumplane.Ifweselectadatump
lane,wecanusethereversedirectionbuttontoreversethedirectionofthenormal to
theplane.

XC-YC,YC-ZC,andZC-
XC:Withtheseoptions,wecancreateasketchononeoftheW CSplanes.Ifweusethism
ethod,adatumplaneandtwodatumaxesarecreatedas below.

I

FEATURE CREATION

3.3 MODELING

“Feature”isanall-
encompassingtermthatreferstoallsolids,bodiesandprimitivesusedinCatiaVSR2
OFormFeaturesareusedtosupplydetailtothemodelintheformofstandardfeaturet
ypes.Theseincludehole,slot,groove,pocket,ribandpad. Wecanalsocreateourow
ncustomfeaturesusing theUserDefinedoption. All of
thesefeaturesareassociative

3.4.CREATION OFSOLIDBODIES

Wecancreatesolidbodiesby sweepingsketchandnon-sketchgeometry
tocreateassociativefeaturesorCreatingprimitivesforthebasicbuildingblocks,th
en adding morespecificfeatures(for example,holes andslots).
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Fig.3.1.Geometricmodelof SpindleinBoringMachine

Fig.3.2. Geometricmodelof Spindlein BoringMachine

Fig.3.1.Geometricmodelwith differentviewsof
SpindleinBoringMachine

FINITE ELEMENT METHODS

Thefiniteelementmethodisnumericalanalysistechniqueforobtainingapprox
imatesolutionstoawidevarietyofengineeringproblems.Becauseofitsdiversitya
ndflexibilityasananalysistool,itisreceivingmuchattentioninengineeringschools
andindustries.Inmoreandmoreengineeringsituationstoday, wefindthatitisneces
sarytoobtainapproximatesolutionstoproblemsrather than exact
closedformsolution.

Itisnotpossibletoobtainanalyticalmathematicalsolutionsformanyengineeri
ngproblems. Ananalyticalsolutionsisamathematicalexpression
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thatgivesthevaluesofthedesiredunknownquantityatanylocationinthebody,ascons
equenceit is validfor infinite number of location in thebody.

MATRIXALGEBRA.
SOLIDMECHANICS.
VARIATIONMETHODS.
COMPUTERSKILLS.

Y V VYV

4.1 TERMSCOMMONLYUSEDINFINITEELEMENTMETHOD:

»  DESCRITIZATION: Theprocessofselectingonlyacertainnumberofdi
scretepointsinthebodycanbetermedasDescritization.

»  CONTINUUM:Thecontinuumisthephysicalbody,structureorsolidbe
ing analyzed.

»  NODE:Thefiniteelements,whichareinterconnectedatjoints,arecalle
dnodesor nodalpoints.

»  ELEMENT:Smallgeometricalregularfiguresarecalledelements.

»  DISPLACEMODELS:Thenodaldisplacements,rotationsandstrainsn
ecessarytospecifycompletelydeformationoffiniteelement.

»>  DEGREEOFFREEDOM:Thenodaldisplacements,rotationsandstrain
snecessarytospecifycompletelydeformationoffiniteelement.

4.2 GENERALDESCRIPTIONOFFEM:

Inthefiniteelementmethod,theactualcontinuumofbodyofmatterlikesolid,liquid
orgasisrepresentedasanassemblageofsubdivisionscalledFiniteelements. These
elementsareconsideredtobeinterconnectedatspecifiedpointsknownasnodesorn
odalpoints.Thesenodesusuallylieontheelementboundarieswhereanadjacentele
mentisconsideredtobeconnected

4.3 ADVANTAGESOFFEM:

TheFEMisbasedontheconceptofdiscretization. Neverthelessaseitheravariati
onalorresidualapproach,thetechniquerecognizesthemultidimensionalcontinuit
yofthebodynotonlydoestheidealizationsportraythebody
ascontinuousbutitalsorequiresnoseparateinterpolationprocesstoextendtheappr
oximatesolutiontoeverypointwithinthecontinuum.Despitethefactthatthesoluti
onisobtainedatafinitenumberofdiscretenodepoints

4.4 LIMITATION:

Onelimitationoffiniteelementmethodisthatafewcomplexphenomenonsarenot
accommodatedadequatelybythemethodasitscurrentstateofdevelopment.Some
examplesofsuchphenomenonformtherealmofsolidmechanicsarecrackingandfr
acturebehavior,contactproblems,bondfailuresofcompositematerials,andnon-
linearmaterialbehavior withworksoftening.

4.5 BASIC APPROACHTO FEA SOFTWARE:

Basicapproachforanyfiniteelementanalysis(FEA)canbedividedinto
threeparts

»  Pre—processors

»  Solver

»  Post—Processor
4.5.1 PRE-PROCESSOR:

Pre—
processormainlycontainsbuildingofmodel,meshing,assigningmaterialproperti
esetc.

4.5.1.1 VILDINGOFMODEL:
Geometryisusuallydifficulttodescribe,asithastobeasclosetoasreal.Sinceith

astotakerealworldloadsandboundaryconditions,itisequal
toprototypesimulated incomputer.
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4.5.1.2 CREATIONOFFINITEELEMENTMODELFORMESHING:

Afterassigningmaterialpropertiesandstructuralpropertiestothemodel,meshingi
sdone.Meshingistheprocessofdividingthemodelintofinitenumber  of  finite
sizedelements.

4.5.2 SOLVER:Solversaregeometrictaskoriented. Thesearedevelopedforspecif
icapplications.Solversaredesignedbasedoncontinuumapproachwhereinconstru
ctionofmass,momentumandenergyequationofstate,thermodynamicequationsa
sandwhenrequiredforeachoftheelementsandthesolutionisobtainedbyinterpreti
ngthesesolutions.Thesolution to theseequationsessentially dependsontwo
methods

1. Implicit
2. Explicit
Choiceof the methodisbased on thenatureof problems.

4.5.3.POST-PROCESSOR:

Heretheresultsoftheanalysisarereadandinterpreted. Theycanbepresentedint
heformofatable,acontourplot,deformedshapeofthecomponenttothemodeshape
sandnaturalfrequenciesiffrequenciesareinvolved.Otherresultsareavailableforfl
uids,thermalandelectricalanalysistypes.

FEASOFTWARE- ANSYS
5.1 INTRODUCTION TOANSYS:
ANSYSStands for AnalysisSystemProduct.

Dr.JohnSwansonfounded ANSYS.Incin1970withavisiontocommercializethec
onceptofcomputersimulatedengineering,establishinghimselfasoneofthepionee
rsofFiniteElementAnalysis(FEA).ANSY Sinc.supportstheongoingdevelopme
ntofinnovativetechnologyanddeliversflexible,enterprisewideengineeringsyste
msthatenablecompaniestosolvethefullrangeofanalysisproblem,maximizingth
eirexistinginvestmentsin softwareandhardware. ANSY SInc.

5.2 EVOLUTION OFANSYS:

ANSYShasevolved
intomultipurposedesignanalysissoftwareprogram,recognizedaroundtheworldf
oritsmanycapabilities.Todaytheprogram is extremelypowerful and easyto
use.

5.3 OVERVIEWOFTHEPROGRAM

TheANSY Sprogramisflexible,robustdesignanalysisandoptimizationpacka
ge.Thesoftwareoperatesonmajorcomputersandoperatingsystems, fromPCstow
orkstationsandtosupercomputers. ANSY Sfeaturesfilecompatibilitythroughout
thefamilyofproductsandacrossallplatforms. ANSY Sdesigndataaccessenablesu
sertoimportcomputeraideddesignmodelsinto ANSY S, eliminatingrepeatedwor
k.Thisensuresenterprisewide, flexibleengineeringsolutionforallANSY Suser.

UserlInterface:

AlthoughtheANSY Sprogramhasextensiveandcomplexcapabilities,itsorga
nizationanduser-friendlygraphicaluserinterfacemakesiteasytolearnand use.

There arefour graphical methodsto instruct the ANSY Sprogram:

1. Menus.

2. Dialog Boxes

3. Tool bar.

4.  Directinputof commands.
Menus:
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Menusaregroupingsofrelatedfunctionsoroperatingtheanalysisprogramlocat
ed in individual windows.Theseinclude:

Dialogboxes:

Windowspresenttheuserswithchoicesforcompletingoperationsorspecifying
settings. Theseboxesprompttheusertoinputdataormakedecisionsfor aparticular
function.

Tool bar:

Thetoolbarrepresentsaveryefficientmeansforexecutingcommandsforthe A
NSY Sprogrambecauseofitswiderangeofconfigurability.Regardlessofhowthey
arespecified,commandsareultimatelyusedtosupplyall thedataand control all
programfunctions.

Output
window:Graphicswindo
w:

Representstheareaforgraphicdisplayssuchasmodelorgraphicallyrepresente
dresultsof ananalysis. Theuser canadjustthesizeof
thegraphicswindow,reducing or enlarging ittofittopersonal preferences.

Input window:

Providesaninputareafortyping ANSY Scommandsanddisplaysprogramprom
ptmessages.

Mainmenu:

Comprisetheprimary ANSY Sfunctions,whichareorganizedinpop-
upsidemenus,basedon theprogression of theprogram.

Utilitymenu:

ItcontainsANSY Sutilityfunctionsthataremappedhereforaccessatanytimed
uringanANSY Ssession. Thesefunctionsareexecutedthroughsmooth,cascading
pulldownmenusthatleaddirectly toanactionordialogbox.

Database:

TheANSY Sprogramusesasingle,centralizeddatabaseforallmodeldataandso
lutionresults.Modeldata(includingsolidmodelandfiniteelementmodel
geometry,materialsetc) arewritten

5.4 REDUCINGTHEDESIGNAND
MANUFACTURINGCOSTSUSINGANSYS(FEA):

TheANSY Sprogramallowsengineerstoconstructcomputermodelsortransfe
rCADmodelsofstructures,products,components,orsystems,applyloadsorother
designperformanceconditionsandstudyphysicalresponsessuchasstresslevels,te
mperaturedistributionortheimpactoflector magneticfields.

Programavailability:

TheANSY SprogramoperatesonPentiumbasedPCsrunningonWndows95or
WindowsNTandworkstationsandsupercomputersprimarilyrunningonUNIXop
eratingsystem.ANSY SInc.continuallyworkswith newhardwareplatformsand
operating systems.

Analysistypesavailable:

1. STRUCTURALSTATICANALYSIS.
2. STRUCTURALDYNAMICANALYSIS.
3.  STRUCTURALBUCKLINGANALYSIS.
»  LINEARBUCKLING
»  NONLINEARBUCKLING
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STRUCTURALNONLINEARITIES
STATICANDDYNAMICKINEMATICSANALYSIS.
THERMALANALYSIS.
ELECTROMAGNETICFIELDANALYSIS.
ELECTRICFIELDANALYSIS
FLUIDFLOWANALYSIS
» COMPUTATIONALFLUIDDYNAMICS
» PIPEFLOW
10. COUPLED-FIELDANALYSIS
11. PIEZOELECTRICANALYSIS.5.5TYP

PR

ESOFSTRUCTURAL ANALYSIS:

Structuralanalysisisthemostcommonapplicationofthefiniteelement
method. Thetermstructural(orstructure)impliescivilengineeringstructuressuch
asbridgesandbuildings,butalsonaval,aeronauticalandmechanical
structuressuchasship

5.5.1STRUCTURALSTATIC ANALYSIS:

Astaticanalysiscalculatestheeffectsofsteadyloadingconditiononastructure,
whileignoringinertiaanddampingeffectssuchasthosecausedbytimevarying
loads. Astaticanalysiscan,however
includesteadyinertialoads(suchasgravityandrotationalvelocity),andtimevaryin
gloadsthatcanbeapproximatedas staticequivalentloads(suchas
thestaticequivalentwindandseismicloadscommonlydefined in
manybuildingcodes.)

5.6 PROCEDURE FOR ANSYSANALYSIS:

Staticanalysisisusedtodeterminethedisplacements,stresses,strainsandforce
sinstructuresorcomponentsduetoloadsthatdonotinducesignificantinertiaandda
mpingeffects.Steadyloadinginresponseconditionsareassumed. Thekinds ~ of
loading
thatcanbeappliedinastaticanalysisincludeexternallyappliedforcesandpressures
,steadystateinertialforcessuchasgravityorrotationalvelocityimposed(non-
zero)displacements,temperatures(for thermal strain).

Theprocedurefor staticanalysisconsistsof thesemainsteps:

1.  Building themodel.
2. Obtainingthesolution.
3. Reviewingtheresults.

5.6.1 BUILDTHEMODEL:

InthisstepwespecifythejobnameandanalysistitleusePREP7todefinetheelem
enttypes,elementrealconstants, materialpropertiesandmodelgeometryelementt
ypesbothlinearandnon-
linearstructuralelementsareallowed. TheAN SY Selementlibrarycontainsover8
Odifferentelementtypes. Auniquenumberandprefixidentifyeachelementtype.

E.g.BEAM94,PLANE71,SOLID96andPIPE16MATERIA
LPROPERTIES:

Y oung’smodulus(EX)mustbedefinedforastaticanalysis.Ifweplantoapplyin
ertialoads(suchasgravity)wedefinemasspropertiessuchasdensity(DENS).Simi
larlyifweplantoapplythermalloads(temperatures)wedefinecoefficient of
thermal expansion(ALPX)

5.6.2 OBTAINTHESOLUTION:

Inthisstepwedefinethe
analysistypeandoptions,applyloadsandinitiatethefiniteelementsolution. This
involvesthreephases:

» Pre— processorphase

» Solutionphase
» Post-processorphase
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THE FOLLOWING TABLE SHOWS THE BRIEF DESCRIPTION OF
STEPSFOLLOWEDINEACHPHASE:

POST-
PREPI?I?fS%SSOR SOLUTIONPHASE | PROCESSOR
PHASE
GEOMETRY ELEMENTMATRIX Z‘?gﬁg&ﬂf
DEFINITIONS FORMULATION e
POSTDATA
MESH OVERALLMATRIXT | PRINTOUTS
GENERATION | RIANGULARIZATION | (FORREPOR
TS)
MATERIAL (WAVEFRONT) POSTDATA
SCANNING
DEFINITIONS POSTDATA
DISPLAY'S
CONSTRAINT DISPLACEMENT.
DEFINITIONS STRESSFTC
LOADDE
N CALCULATION
MODEL
DISPLAY'S
Table5.1

5.6.2.1 PRE -PROCESSOR:

Preprocessorhasbeendevelopedsothatthesameprogramisavailableonmicro,mi
ni,super-miniandmainframecomputersystem. Thisslowseasytransfer of
modelsonesystem to other.

Preprocessorisan
interactivemodelbuildertopreparetheFE(finiteelement)modelandinputdata. Th
esolutionphaseutilizestheinputdatadevelopedbythepreprocessor,andpreparest
hesolutionaccordingtotheproblemdefinition.Itcreatesinputfilestothetemperatu
reetc.,onthescreenin theformof contours.

GEOMETRICALDEFINITIONS:

Therearefourdifferentgeometricentitiesinpreprocessornamelykeypoints,lin
es,areasandvolumes. Theseentitiescanbeusedtoobtainthegeometricrepresentati
onof thestructure. Alltheentitiesareindependentofother and
haveuniqueidentificationlabels.

MODEL GENERATIONS:
Twodifferentmethodsareusedtogeneratea model:

»> Directgeneration.
»> Solidmodeling
Withsolidmodelingwecandescribewecandescribethegeometricboundarieso

fthemodel,establishcontrolsoverthesizeanddesiredshapeoftheelementsandthe
ninstruct ANSY Sprogramtogenerateallthenodesandelementsautomatically.By
contrast,withthedirectgenerationmethod, wedeterminethelocationof
everynodeandsize,shapeand
connectivityofeveryelementpriortodefiningtheseentitiesinthe ANSY Smodel. A
Ithough,someautomaticdatagenerationispossible(byusingcommandssuchas
FILLNGEN,EGEN etc) thedirectgenerationmethodessentiallya
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handsonnumericalmethodthatrequiresustokeeptrackofallthenodenumbers as Employingstateof artimageenhancementtechniques, facilitiesviewing
we of:
developthefiniteelementmesh. Thisdetailedbookkeepingcanbecomedifficultfo
rlargemodels,givingscopeformodelingerrors. Solidmodelingisusuallymorepo » Contoursof stresses,displacements,temperatures,etc.
werfulandversatilethandirectgenerationandis commonlypreferredmethod of » Deformgeometricplots
generatingamodel. » Animated deformedshapes
MESHGENERATION:

Inthefiniteelementanalysisthebasicconceptistoanalyzethestructure, whichis RESULTSAND DISCUSSIONS
anassemblageofdiscretepiecescalledelements,whichareconnected,togetherata
finitenumberofpointscalledNodes.Loadingboundaryconditionsarethen Fig.6.1.Deformationof Spindle in Boring

appliedto theseelementsand nodes.
MachineofHSS AlloyFig.6.2.DeformationofSpindle in Boring Machineof
BOUNDARYCONDITIONSANDLOADING:
carbide Alloy
Aftercompletionofthefiniteelementmodelit has to
constrainandloadhastobe appliedto Ll
themodel. Usercandefineconstraintsandloadsinvariousways.Allconstraintsand 2 wor .
loadsareassignedset1D.Thishelpstheuser to keeptrack of load cases.

MODELDISPLAY:

Duringtheconstructionandverificationstagesofthe
modelitmaybenecessarytoviewitfromdifferentangles.Itis
usefultorotatethemodelwithrespecttotheglobalsystemandviewit
fromdifferentangles.Preprocessoroffersthis capability. By
windowingfeaturepreprocessorallowstheuserto
enlargeaspecificareaofthemodelforclarityanddetails.Preprocessoralsoprovide
sfeatureslikesmoothness,scaling,regions,activeset, Fig.6.3.1*ModeShapeof SpindleinBoringMachineofHSS Alloy
etcforefficientmodelviewingandediting.

AN

MATERIALDEFINITIONS:

Allelementsaredefinedbynodes,whichhaveonlytheirlocationdefined.Inthe
caseofplateandshellelementsthereis
noindicationofthickness. Thisthicknesscanbegivenaselementproperty.Propert
ytablesforaparticularpropertysetl -Dhavetobeinput.Differenttypesof
elementshavedifferentpropertiesfor e.g.

Beams : Crosssectional area,momentof inertiaetc
Shells : Thickness
Fig.6.4.2"ModeShapeof Spindle inBoringMachineofHSS Alloy
Springs : Stiffness
AN
Solids : None
Theuseralsoneedsto

definematerialpropertiesoftheelements.Forlinearstaticanalysis,modulesofelast
icityand
Poisson’srationeedtobeprovided.Forheattransfer,coefficientofthermalexpansi
on,densitiesetcarerequired. Theycan be givento
theelementsbythematerialpropertysettol-D.

5.6.2.2 SOLUTION:

Fig.6.5.3ModeShapeof Spindle

Thesolutionphasedealswiththesolutionoftheproblemaccordingtotheproble inBoringMachineofHSS Alloy
AN

mdefinitions. All the
tediousworkofformulatingandassemblingofmatricesaredonebythecomputeran
dfinallydisplacementsarestressvaluesaregivenasoutput.Someofthecapabilities
ofthe ANSY Sarelinearstaticanalysis,non-
linearstaticanalysis,transientdynamicanalysis,etc.

5.6.2.3  POST-PROCESSOR:

Ttisapowerfuluser-friendlypost-
processingprogramusinginteractivecolourgraphics.Ithasextensiveplottingfeat
uresfordisplayingtheresultsobtainedfromthefiniteelementanalysis.Onepicture
ofthe
analysisresults(i.e.theresultsinavisualform)canoftenrevealinsecondswhatwoul
d
takeanengineerhourtoassesfromanumericaloutput,sayintabularform. Theengin
eermay alsoseetheimportantaspectsof theresultsthat could beeasilymissedin
astack ofnumericaldata.

Fig.6.6.4 ModeShapeof Spindle inBoringMachineof

HSSAlloy
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Fig.6.11.3"ModeShapeof SpindleinBoringMachineof carbide Alloy

Fig.6.7. 5*Mode Shape of
SpindleinBoringMachineofHSSAlloy

Fig.6.12.4"ModeShapeof SpindleinBoring Machineof carbide Alloy

Fig.6.8.6"ModeShapeof SpindleinBoringMachineofHSS Alloy

AN

Fig.6.13.5"ModeShapeof SpindleinBoringMachineof carbide Alloy
Fig.6.9.1"ModeShapeof SpindleinBoringMachineof carbide Alloy

AN

Fig.6.14.6"ModeShapeof SpindleinBoringMachineof carbide Allo
Fig.6.10.2™ModeShapeof SpindleinBoringMachineof carbide Alloy
CONCLUSION

1. Generally,thematerialthatisusedintheconstructionofaSpindleinBoringMac
hineis HSSAlloy.Butnowthebigger
companieshavealreadystartedusingcarbide AlloyfortheirSpindles.Sowetriedto
comparethetwomaterialsi.e. HSS Alloyandcarbide AlloyandthroughANSY Sfo
undouttheresultsthatwhichmaterialcanwithstandtheloadsappliedandhavelessd
eformation.
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2. HSSAlloygetsdeformedeasilywithsomeamountofloadswhereascarbide Allo
ydoesn’tgetdeformedeasilywithlessloads.AthightemperaturesHS SAlloystren

gthdecreasesunlikethat carbideAlloy is
heatresistantandwhenthetemperatureismorethenHSS Alloygetsverymuchaffec
ted.

3. FromStaticAndModalAnalysisofHSS AlloyandcarbideAlloymaterials,Ihav
efoundthatthecarbide AlloymaterialshavelessDeformationandmoreFrequency
values,whencomparetoHSS Alloy.So,Finally,IhaveconcludedThatthecarbide A
lloyisbetterthantheHSS Alloy.
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ABSTRACT-
Inmachinetools,aspindlearearotatingaxisofthemachine,whicho
ftenhasashaftatitsheart. Theshaftitselfiscalledaspindle,butalso,i
nshop-floorpractice,theword often isused
metonicallytorefertotheentirerotaryunitincludingnotonlythesha
Stitself,butitsbearingsandanythingattachedtoit(chuck,etc.).inthis
paperspindlemodeliscrestedbyusing CADsoftwareandmodelanal
ysisiscarriedoutandresultsare enlisted.

Key words- spindlerod,modelanalysis,

L INTRODUCTION

Amachinetoolmayhaveseveralspindles,suchasthehead
stock andtailstock spindles
onabenchlathe. Themainspindleisusuallythebiggestone.
Referencesto"thespindle"withoutfurtherqualificationimply
themainspindle.Somemachinetoolsthatspecializeinhigh-
volumemassproductionhaveagroupof4,6,orevenmoremains
pindles.Thesearecalledmultispindlemachines.Forexample,
gangdrillsandmanyscrewmachinesaremultispindlemachine
s.Althoughabenchlathe hasmorethanonespindle(counting
thetailstock),itisnotcalledamultispindlemachine;ithasonem
ainspindle.

SpindleBearings: Type,Quantity,Mounting,andLubrica
tionMethod

Oneofthemostcriticalcomponentsofanyhighspeedspin
dledesignisthebearingsystem.Ourdesignrequirementsstatet
hatthespindlemustprovidehighrotationalspeed,transfertorq
ueandpowertothecuttingtool,andbecapableofreasonableloa
dingandlife. Thebearingtypeusedmustbeconsistentwiththes
edemands,or
thespindlewillnotperform.Highprecisionbearingsareavaila
bletodayfromavarietyofmanufacturersworldwide. Thetypeo
fbearingsavailableforhighspeedspindlesincludesroller,tape
redrollerandangularcontact ball bearings.
Theselectioncriteriaofwhichtypetousewilldependuponthes
pindlespecifications,aseach willhave animpactor
impactuponthebearingselection,asthefollowingtableexplai
ns.
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Requirement | Best DesignlmpactSm
High Bearing | allShaft,LowPowe
Speed | Type r

HighStiffness | SmallAngularC | Low Speed,
AxialLoading | ontact Large Shaft
RadialLoading | Large  Roller | LowerSpeed
HighAcc High HigherSpeedExpe
uracy Contact | nsive,LowSpeed

Angle

Low

Contact

Asyoucansee,therearemanyfactorsthatdeterminethefinalde
cision.Aspindlethatisdesiredtohavethe
highestspeedwillnothavethemaximumstiffnesspossible,and
,thespindlewiththehigheststiffnesscannotrunathighspeeds
withoutsacrificingbearinglife.So,asdesigners,compromises
mustbemadeinordertoarriveatafinaldesignthatwillofferthec
ompromise.

II. ANALYSIS
PREFERENCES-STRUCTURAL

N Preferences for GUI Filtering =
[KEYW] Preferences for GUI Filtering
Individual discipline(s) to show in the GUI
[ Structural
[~ Thermal
[~ ANSYS Fluid
I~ FLOTRAN CFD
Electromagnetic:

[~ Magnetic-Nodal
[~ Magnetic-Edge
I~ High Frequency
I Electric

Mote: If no individual disciplines are selected they will all show.

Discipline options
@ h-Method

oK Cancel Help



mailto:-sudhapallavi24@gmail.com
https://en.wikipedia.org/wiki/Lathe_(metal)
https://en.wikipedia.org/wiki/Lathe_(metal)
https://en.wikipedia.org/wiki/Screw_machine_(automatic_lathe)
https://en.wikipedia.org/wiki/Screw_machine_(automatic_lathe)

Proc. Intl. Conf. on Future Technologies in Mechanical Engineering, ISBN:979-93-85101-61-8

ELEMENTTYPE-ADD-SOLID187

TYPE NUM

A\ Element Types @

Defined Element Types:

MESHING-VOLUMESFREE

Add... Options... Delete SELECTVOLUMEO
K
Close Help

ELEMENTS

MATERIALPROPERTIES-STRUCTURALLINEAR
ELASTICISOTROPI

C

EX=2E5 PRXYO0.3

I\ Define Material Model Behavior
Material Edit Favorite Help

Material Models Defined Material Models Available
= A\ Linear Isotropic Pmpert‘lesfor Material Number 1 =
Linear Isofropic Material Properties for Material Number 1
™
Temperatures
EX | 2E+005)
PRXY 0.3
LOADS-
- DEFINELOADSAPPLY
Add Temperature | Delete Temperature | M STRUCTURALDISP
m o | owes | e | LACEMENTONARE
ASSELECTTHEARE
MODELING-CREATE-KEYPOINTSLINES AALLDOF
CREATE-
AREASARBITRARY N\ DUST Command
BYLINES =
SELECTALLLINES BTSSR, e e
OPERATEEXTRUD A0, I Bl
EBYAXISOK mb W& >
FORCE-
ONNODESSELECTTHENO
DE
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M\ FLUST Command
File
‘LIST NODAL FORCES FOR SELECTED NODES 1 T0 32948 BY
CURRENTLY SELECTED NODAL LOAD SET= FX FY FE
NODE  LABEL REAL IMAG
3068 FY ~1@08 . B0BBA 8. 0BBADADE
SOLUTION -
SOLVECURRENTLS
OK

I /STATUS Command
File

Nt
prog] [\ Mot =

GLOH \1) Solution s done!

NO PRINTOUT
............ ALL DATA WRITTEN
FOR THE LAST SUBSTEP

1L RESULTS

POSTPROCEDURE-
READRESULTSRESULTSSUMMERY

A DLST Command
File

LIST CONSTRAINIS FOR SELECTED NODES 1T0 32948 BY
CURRENILY SELECTED DOF SEI= UX UY UZ

NODE  LABEL REAL
25162 UR

8.00888000 8. 80000080
25169 LY 0.00088000 8. 80000800
25169 UZ 8.09ARARARA 0. BPAAARER
26979 LR 0.00806000 0. BBR0AERE
26979 LY 0.00088000 8. 800000680
26979 UZ 6.00808000 8. BpAAARED

1
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PLOTRESULTS-
CONTOUREDPLOTDEFORMATION
ATYCOMPONENT

3 .a84z-05 -0€ s %
51008 -.17eE-05 154208 _smee-0s

PLOTRESULTS-
CONTOUREDPLOTVONMISESSTRESS
ATYCOMPONENT

PLOT-NODES
POSTPROCEDURE-
PATHOPERATIONSDEFINEPATH
SELECTNODES—-
OKMAPONTOPATHSELE
CTDOFATY-OK
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PLOTPATHITEMO
NGRAPHSELECTU

PLOT-NODES
POSTPROCEDURE—
PATHOPERATIONSDEFINEPATH
SELECTNODES—
OKMAPONTOPATHSELE
CTDOFATY-

OKPLOTPATHITEM
ONGRAPHSELECTVONMISESSTRESS-
OKPLOTPATHITEM
ONGRAPHSELECT

SEQY

Iv. CONCLUSION

In modernmachine
performanceofamachine
producework-
piecesaccuratelyandefficiently. Thestiffnessofthemachine
toolspindlehasaprofound impact on the
overallmachineperformance. Theworkpresentedhereprovid
es

toolapplicationsthe
toolisjudgedbyitsabilityto
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atoolformachinetoolspindledesignerstodevelopspindlesthat
aresufficientlystifftomeettheirneeds.
Theanalysispresentedhereismodalanalysisofspindlerod. Th
emodalanalysiscalculatesthelateraldeflectionwithfrequenc
yoftimeofthespindle-bearing system.
Theobjectiveofthispresentworkistoestimatethedeflection,st
ressesinducedatfrequenciesandthevonmisesinthemachineto
olspindle. Theemphasisinthisprojectisontheapplicationofco
mputeraidedanalysisusingfiniteelement. Appropriatebound
aryconditionsareapplied,materialpropertiesaregivenandloa
dsareappliedasperitsdesign,theresultantdeformationandstre
ssesandthefrequencyofmodeshapesobtainedarereportedand
discussed.
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NITRO SHOCK ABSORBERS
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Abstract-
Inthepresentscenarioofautomobileindustrymanufacturersaretryingtopr
oducecomfortableandsafevehicleswhichtheconsumersarelookingfor.As
hockabsorberisadampingelementofthevehiclesuspension, anditsperform
ancedirectlyaffectsthecomfortability,dynamicloadofihewheelanddynam
icstrokeofthesuspension. Theconventionaltypeofshockabsorbershasgott
hemaindrawbackthatitcausesfoamingofthefluidathighspeedsofoperatio
n. Thisresultsinadecreaseofthedampingforcesandalossofspringcontrol. T
hegasfilled(nitrogen)shockabsorbersaredesignedtoreducefoamingofthe
oilandprovideasmoothridefora longperiod.
Keywords-nitro,shockabsorbers,suspension,spring, dynamic
load

I INTRODUCTION

Forasmoothandcomfortableridethedisturbingforcesshouldbeelimi
natedorreducedconsiderablybyusingsomedevices.Shockabsorbersaresu
chdeviceswhichisolatethevibrationsbyabsorbingsome
disturbingenergythemselves.Ofthemanytypes
telescopicshocksarewidelyusedwhichhasgotthedrawbackthattheflowof
oilinthecylindercancausefoamofoilandairtoform. Theselimittheoptimum
throughoutoftheflowinthevalves.Gasshocksrepresentanadvanceovertra
ditionalshocks.Nitrogenfilledgasshockabsorbersaretheresultsofyearsofe
xtensiveresearchanddevelopmentwithtopflightshockdesignengineers. T
heyaredesignedforbothloweredandstockvehiclestoprovideshockabsorbe
rsthatwouldoutperformanythingonthemarkettoday.Nitroshockabsorbers
arehighquality,nitrogenfilledshocksdesignedandgaschargedspecifically
foreachvehicleapplication. Theadditionofnitrogenunderpressurelimitsth
efoamingeffectandincreasesefficiency.

A. Need for shockabsorbers:

Springs alone cannot providea satisfactorily smooth
ride. Thereforeanadditionaldevicecalleda“shockabsorber”isusedwitheac
hspring.Considertheactionofacoilspring. Thespringisunderaninitialloadp
rovidedbytheweightofthevehicle. Thisgivesthespringanoriginalamounto
fcompression. Whenthewheelpassesoverabump,thespringbecomesfurth
ercompressedafterthebumpis passedthe springattemptsto
returntoitsoriginalposition. Howeveritoverridesitsoriginalpositionandex
pandstoomuch. Thisbehaviorcausesthevehicleframetobethrownupward.
Havingexpandedtoomuch,thespring attemptstocompress
thatitwillreturn

toitsoriginalposition;but incompressingit againoverrides.In doing

this thewheelmayberaisedclearof the roadandthe
frameconsequentlydrops. Theresultisanoscillatingmotionofthespringthat
causesthewheeltoreboundorbounceupanddownseveraltimes, aftera
bump is
encountered.If,inthemeantime,anotherbumpisencountered,asecondserie
sofreboundingwillbestarted. Onabumpyroad,andparticularlyinrounding
acurve,theoscillationsmightbesoseriousasto causethedriverto
losecontrolofthevehicle.

Ashockabsorberisbasicallyahydraulicdampingmechanismforcontr
olling
springvibrations.Itcontrolsspringmovementsinbothdirections:whenthes
pringiscompressedandwhenitisextended,the amountof
resistanceneededineachdirectionis
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determinedbythetypeofvehicle,thetypeofsuspension,thelocationofthesh
ockabsorberinthesuspensionsystemandthepositioninwhichitismounted.
Shock absorbers
areacriticalproductthatdeterminesanautomobile’scharacternotonlybyim
provingridequalitybutalsobyfunctioningtocontroltheattitudeandstability
ofthe automobilebody.

B. Principleofoperation:

Thedampingmechanismofa shock absorber is
viscousdamping. Viscosityisthepropertyofafluidbyvirtueofwhichitoffersr
esistancetothemotionofonelayerovertheadjacenton. Themaincomponents
ofa viscousdamperarecylinder,
pistonandviscousfluid. Thereisaclearancebetweenthecylinderwallsandthe
piston.Moretheclearancemorewillbethevelocityofthepistonintheviscousf
luidanditwillofferlessvalueofviscousdampingcoefficient. Thebasicsystem
isshownbelow. Thedampingforceisoppositetothedirectionofvelocity.

O TREL i R [, ] :;Zir“_ll

DAy - e
I-CLEARNCE,II-PISTON,III-VISCOUSFLUID

Fig.1.1componentsofviscousdamper

Thedampingresistancedependsonthepressuredifferenceontheboths
idesofthepistonintheviscousmedium. Thefigureshownbelowshowsthe
exampleof freevibrationswithviscousdamping.

) el

L A~

BEemue

Fig.1.2Freevibrationswithviscousdamping

il

Theequationof motionforthesystem canbewrittenasm(dx/dt) +
c(dx/dt)+kx=0

C. Energydissipationinviscousdamping:
Foravibratorybodysomeamountofenergyisdissipatedbecauseof
damping. Thisenergydissipationcanbepercycle.Rateofchangeofwork Wi
scalledenergy.Foraviscouslydampedsystemthe forceFis expressedas
F=cdx/dt,
WorkdoneW=Fx= (cdx/dt)x
Therate ofchangeof workper cycle
i.e.Energydissipated
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2w 2w 211/

AE= 1[(Fx)artz t[c(dx/dt*dx/dt)dt: ‘[c(dx/dt)zdt

Let usassumethe simpleharmonicmotion ofthetypex=Asinot
(dx/dt)*=w?A’cos’wt

Theequationfor

2[T/w

AE= [carAX((1+cos2mt)/2)dt=Tlcwd®
0

Thisshowsthattheenergydissipationpercycleisproportionaltothe
squareofthe amplitudeofmotion.
Thetotalenergyofavibratingsystemcanbeeithermaximumofitspotentialo
r kineticenergy. The maximumkineticenergy
ofthesystemcanbewrittenas

E = (KE)max = 1/2mx*max
=1/2mw*A*

1L SHOCKABSORBERACTION

Shockabsorbersdevelopcontrolorresistancebyforcingfluidthroughr
estrictedpassages. Across-
sectionalviewofatypicalshockabsorberisshownbelow.Itsmaincompone
ntsandworkingisalsogivenbelow.

- Lipper
T iy

et ks

— Timbars et
whianntmer

- Cwlindor
=7 e

Pismtren mmd =
redcunied vl

Coimpramssion — L]
i

Levwre —
mountng

Fig.2.1Theinsidepartsof ashockabsorber

Theuppermounting
isattachedtoapistonrod. Thepistonrodisattachedtoapistonandreboundval
veassembly. Areboundchamberislocatedabovethepistonandacompressio
nchamberbelowthepiston. Thesechambersarefullothydraulicfluid. Acom
pressionintakevalveispositionedinthebottom
ofthecylinderandconnectedhydraulicallytoareservechamberalsofulloth
ydraulicfluid. Thelowermountingisattachedtothecylindertubeinwhichthe
pistonoperates.

During compression,the movementof the shock
absorbercausesthepistontomovedownwardwithrespecttothecylindertub
e transferringfluidfromthecompressionchambertothereboundchamber.
Thisisaccomplishedbyfluidmovingthroughtheouterpiston
holeandunseatingthepistonintakevalve.

Duringrebound,thepressureinthecompressionchamberfallsbelow
thatofthereservechamber. Asaresult,thecompressionvalvewillunseatand
allowfluidtoflowfrom
thereservechamberintothecompressionchamber. Atthe sametime, fluidin
thereboundchamberwillbetransferredintothecompressionchamberthrou
ghthe innerpistonholesandthe reboundvalve.

A.Whygasfilledshockabsorbers?
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Therapidmovementofthefluidbetweenthechambersduringtherebou
ndandcompressionstrokescancausefoamingofthefluid. Foamingisthemi
xingoffreeairandtheshockfluid. Whenfoamingoccurs,theshockdevelops
alagbecausethepistonismovingthroughanairpocketthatoffersupresistanc
e.Thefoamingresultsina decreaseofthe dampingforcesanda
lossofspringcontrol.

During themovementof the piston rod,the
fluididforcedthroughthevaluingofthepiston. Whenthepistonrodismovingq
uickly,theshockabsorbersoilcannotgetthroughthevaluingfastenough,whi
chcausespressureincreasesinfrontofthepistonandpressuredecreasesbehin
dthepiston. Theresultisfoamingandalossofshockabsorbercontrol. Theneed
foragasfilledshockabsorberariseshere.

11 GASFILLEDSHOCKABSORBERS

Thegasfiledshockabsorbersisdesignedtoreducethefoamingoftheoil.
Itusesapistonandoilchambersimilartoothershockabsorbers. Thedifferenc
eisthatinsteadofadouble
tubewithareservechamber,adividingpistonseparatestheoilchamberfromt
hegaschamber.Theoilchambercontainsspecialhydraulicoilandthegascha
mbercontainsnitrogenat2Stimesatmosphericpressure. Theschematicdiag
ramshowingthe insidepartsofagasfilled shockabsorberis shown below.

Upper rmcunl

Hydraulic Hoid -

Diivieling piston -

Giavz clwimber

Levwear rracsunils.

(>

Fig.3.1Theinsidepartsof agas-filledshockabsorber.

Whenthepistonrodismovedintotheshockabsorber,oilisdisplacedasin
doubletubeprinciple. Thisoildisplacementcausesthedividingpistontopress
inthegaschamber, thusreducingitinsize. Withthereturnofthepistonrodtheg
aspressurereturnsthedividingpiston toitsstartingposition.

Wheneverthe oil columnis held ata
staticpressureofapproximately?2 Stimesatmosphericpressure, thepressured
ecreasesbehind,theworkingpistoncannotbehighenoughforthegastoexitfro
mthe oil column.Consequently,the
gasfilledshockabsorberoperateswithout foaming.

1V TYPESOFGASFILLEDSHOCKABSORBERS

Twin-tubewithlowpressuregas.
Single-tubewithhigh pressuregas.

DN —

A. Lowpressuretwin-tubeshocks:
Twin-tubegastechnologydesignretainstheclassicaltwin-
tubewhileaddingatthetopofthereserve tubenitrogenunderrelatively
lowpressure2.5-5barsinsteadof25-
30barsusedinhighpressureshockabsorbers. Thispressureissufficienttorad
icallyimprovethe efficiencyofthe shockabsorbers.

B. High pressuresingle-tubeshocks:
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Gasshockabsorbersoperateinthesameprincipleofimovementof
thepistoninanoilfilledtubebuttheycontainatoneendasmallquantityofnitr
ogenunderhighpressure(25bars). Thegasispreventedfrommixingwiththe
oilbyafloatingpiston. Whenthepistonrodpassesintothebodyanddisplaces
oil,theoilcompressesthenitrogenevenfurther. Thevolumeofgaschangespl
aying
theroleasanequalizationtube. Thepermanentpressureexertedontheoilbyt
hegasguaranteesaninstantaneousresponseandthequieterpistonvalveoper
ation. Atthesametimethisconstantpressureeliminatescavitationsandfoam
ingwhichcouldmomentarilydegradethe
effectivenessoftheshockabsorber.

a) TWIN- TUBESHOCK
ABSORBERS:Themaincomponentsare:
e  Outertube,alsocalledreservoirtube

e Innertube, alsocalledcylinder
e  Piston connected toa pistonrod
e  Bottomvalve,alsocalledfootvalve
e  Upperandlower attachment
Howdoesitwork?B
ump Stroke:

Whenthepistonrodispushedinoilflowswithoutresistancefrombelow
thepistonthroughtheorificesandthenon-
returnvalvetotheenlargedvolumeabovethepiston.Simultaneously,aquant
ityofoilisdisplacedbythevolumeoftherodenteringthecylinder. Thisvolum
eofoilisforcedtoflowthroughthebottomvalveintothereservoirtube(filled
withair(1bar)ornitrogengas(4-
8bar)).Theresistance,encounteredbytheoil
passingthroughthefootvalve,generatesthe bump damping.

Fig.4.1bumpstrokeoftwintubeshockabsorber

ReboundStroke:

Whenthepistonrodispulledout, theoilabovethepistonispressuri
zedandforcedtoflowthroughthepiston. Theresistance,encounteredbytheo
ilonpassingthroughthepiston,generatestherebound
damping.Simultaneously,some oil
flowsback,withoutresistance, fromthereservoirtubethroughthefootvalvet
othelowerpartofthecylindertocompensateforthevolumeofthepistonrode
merging fromthe cylinder.
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Fig.4.2reboundstrokeoftwintubeshockabsorber

b) MONO-
TUBESHOCKABSORBERS:Themaincompo
nentsare:
Pressurecylinder,also called housing
Piston rodconnected toapistonrod
Floatingpiston, also calledseparatingpiston
Piston rodguide
e  UpperandlowerattachmentH
owdoesitwork?
Bump Stroke:
Unlikethebi-tubedamper,themono-
tubehasnoreservoirtube. Still,apossibilityisneededtostoretheoilthatisdispl
acedbytherodwhenenteringthecylinder. Thisisachievedbymakingtheoilca
pacityofthecylinderadaptable. Thereforethecylinderisnotcompletelyfilled
withoil; the lowerpart contains (nitrogen)gasunder20-
30bar.Gasandoilareseparatedbythefloatingpiston. Whenthepistonrodispu
shedin,thefloatingpistonisalsoforceddownthe displacement ofthe
pistonrod,thusslightlyincreasingpressureinbothgasandoilsection. Also,the
oilbelowthepistonisforcedtoflowthroughthepiston. Theresistanceencount
eredinthismannergeneratesthe bump damping.

Fig.4.3bumpstrokeofmonotubeshockabsorberReboundSt
roke:

Whenthepistonrodispulledout, theoilbetweenpistonandguidei
sforcedtoflowthroughthepiston. Theresistanceencounteredinthismanner
generatestherebounddamping. Atthesametime, partofthepistonrodwille
mergefromthecylinderandthefree(floating)pistonwillmoveupwards.

V. ADVANTAGESOFNITROSHOCKS

Instantaneousresponse:
e  Becausethehighpressureeliminatesaeration(foaming),action
is alwaysis immediate.
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e  Thelowmassofgasandthesingletubefurtherimprovesresponset
ime.

Better fade resistance:
e  Sincethereisnooutertube,coolingismuchbetterwhichgivesadra
sticreductioninfade. Thusmoreconsistenthandlingand control.

Betterdurability:

e  Single-tubeconstructionalsoallowsfora
largerinternalworkingarea,reducing stressand
fatigueforbetterdurability.

e DeCarbon’smonodiesvaluingsystemfeaturesa
singlemovingpartthatdrasticallyreducesinertiaandfriction,toi
mprovedurabilityandperformance.

e  Bettercoolingofthemonotubedesignresultsin
loweroperatingtemperaturesand thuslonger life.

Noneed for re-adjustment:

e  Theviscosity
ofhydraulicfluidchangesastemperaturechanges. Thismaybeca
useofclimate,season(summer/winter)orheavyduty(motorway
cruising). Thehighpressuregascompensatesimmediatelyandau
tomaticallyforchangesinviscosity.

TIPSBEFOREMOUNTING:

Astiffsuspensiondoes
notnecessarilymeangoodhandling.Oftenthecontrary.Ifstillastiffsuspensi
onisneededitshouldcomefromthesprings. Thefunctionoftheshockabsorb
eristodampenoscillationsofthespringbyconvertingenergytoheat. Donotu
seshockabsorberstoobtainastiffsuspension.Shockabsorbersandspringse
achhavetheir ownfunction.Respectthosefunctions.

Donotusenewshockstocompensateforoldandtiredsprings. Theshoc
kswillsoonfailwhenthespringsarebad. Wornshocksdonotonlyreducesafe
tyandhandling,theyalsoincreasetheriskofhavinga broken springas
thespringis allowedto oscillate.

When tobuyshocks?

Shock absorberslasta long time,but they tend to
degradeslowlythroughouttheir life.So when is it timetoreplacethem?

Insomecases,asealwillrupture. Ashockcoveredinoilisagoodindicati
onthatithasfailed. Theage-
oldtestofbouncingonafenderisreallyonlyaroughguideastowhethertheve
hicleneedsnew shocks.Usually the slow degradationin shock
absorbersperformancewon'tbe noticed until it affectshandling
fairlydramatically. Dependingonhow
roughtheroadsare,modernshockscanlast80-
100,000miles,butrememberthatashockwith60,000milesonitwon't
performaswellas anewone.

Which onesareright?

Choosingwhichshockstobuylargelydependsuponwhatkindofvehicl
eandthekindofdriving. Aswithmostautomotivecomponents,itisimportant
thespecificvehicle,sincemismatchedshockscandrasticallyaffecthandling
andcouldevenbedangerous. Thebestadvicewillprobablycomefromamech
anicwhoisfamiliarwiththe vehicle.

VL CONCLUSION

Inthecurrentscenarioofautomobileindustrytheneedforvehicleswhic
hprovidessmoothandcomfortrideisgrowing. Nitroshock absorbers
aredesignedtobe ultimatein performanceand

95

comfort.Ina countrylikeours whoseroadsarenotup to
worldstandardstheneedforautomotivecomponentslikenitroshocksarene
cessary. Itgoeswithoutsayingthatiftherightchoiceismadetheimprovemen
tsinvehiclesrideandhandlingcanbeshocking.
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