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ABSTRACT

In this current work, Purpose; to clearly the fundamental idea for constructing a design and
investigation of spur gear made of composite material its comes from the combination of (high
speeds, low noise, oil-les running, light weight, high strength, and more load capability)
encountered in modern engineering applications of the gear drives, when the usual metallic gear
cannot too overwhelming these combinations.

An analyzing of stresses and deformation under static and dynamic loading for spur gear tooth
by finite element method with isoparametric eight-nodded in total of 200 brick element with 340
nods in three degree of freedom per node was selected for this analysis. This is responsible for the
catastropic failure studying of spur gear made of composite material. Also obtain the natural
frequencies and the mode shape of the composite tooth under (concentrated and or moving on
surface profile) load of one half sinusoidal type impulse for two types of composite materials
(Glasses/Epoxy & Graphite/Epoxy) and they are compared with the mild steel gear values.

The appearances that improve the successfully of composite gear in the weight, stiftness, load
capability, and dynamic behavior respect to the mild steel, which is found that composite materials
may also be thought of as a material for power transmission gearing, from a stress point of view.
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INTRODUCTION

In the past century, there have been major
developments in the technology of power
transmission by gears. One particular field of
research which plays a key role by assessment
of mesh stiffness of orthotropic material gear
because of, it can be rebuilt the
macrostructures of materials to create new
mechanical properties of combination of (low
noise, oil-les running, light weight, and high
strength) using for power transmission.

So the metallic gear is; heavy but
difficult to use oil-less condition. Also the
plastic gear; less in weight but low loading
capability, and weaker impact loading, Thus
composite gear are attention (to meet market
requirement)[ Toshiki H. 2006 ], Which is a
part of orthotropic material and achieved their
entire gear problem because it lighter
materials are desired or required without
sacrificing strength. They have even become
essential for many gear applications.

In a general sense, the word composite
means constituted of two or more different
parts in practice, the term of composite is
used in a more restrictive sense, as a material
constituted by the assemblage of two or more
materials of  different natures  with
complementary properties leading to a
material which have better properties than the
properties of the composite components
considered separately [Jean-Marie Berthelot
2003]. So composite preferred in places
because of:-

1) Two or more materials combined on a
macroscopic scale to form a useful material.

2) Ideal for structural applications “high
strength-to-weight and stiffness-to-weight
ratio”.

3) Conventional composites limited to
in-plane distributed loads.

4) The properties of composite materials
are result from:
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a -The properties of constituent
materials,

b-
distribution,

c- Their interaction.

Their geometrical

Some transmission gears make use of
composite materials in many different places
such as watches, instruments, washing
machine, gear pumps, etc. It has been
reported [Vijayarangan and N. Ganesan
1992] that the life of stainless-steel gear pump
was prolonged when the gear made from
glass-fiber reinforced epoxy was exchanged
and when an injection moulding compound,
reinforced with 30% by weight carbon fibers,
was used for the gears. This pump recorded
1000 hours of extra life. Because of the
overwhelming advantages of composite
materials and its existing use for high power
or kinematic applications, that lead to be
interested to know the feasibility of usage of
composite materials for power transmission
gearing. The literatures available on metallic
(isotropic) gears both on experimental and on
theoretical studies is enormous. However, the
authors could trace very little literature about
composite gears.

But here will be investigate a practical
model of composite material and studying its
behavior comprehensively, {numerically by
FEM, when an attempt has been made to
study the variation of tensile and
compressive stresses, on the load and
unloaded sides of tooth surface, which are
responsible for the catastropic failure of gear
tooth made of composite material}, and then
made a comparison between the composite
spur gear with isotropic one.

The finite element method [FEM] is a
numerical technique in which  governing
equations are represented in matrix form and
as such are well suited to solution by advance
mathematical programming using [maple
calculator package Ver. (11)].

From the results obtained by analyzing a
spur gear made of orthotropic material, which
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is found that these composite materials may
also be thought of as a material for power
transmission gearing, from a stress point of
view.

FINITE ELEMENT MODELING OF
COMPOSITE GEAR TOOTH SECTOR

Since the three dimensions, namely the
tooth height, tooth thickness and tooth face
width, of a gear tooth in three mutually
perpendicular directions are comparable with
each other it is more appropriate to use 3D
modeling. Table 1 show the standard
parameters used in this work. The gear tooth
sector developed in 3D figure was
extrapolated in the perpendicular (Z-axis)
direction as it is only a spur gear, the same
configuration as in the front exists all through
the Z-axis. A fine mesh closer to the root
section was chosen to get better results of
root stresses in total of 200 elements with
340 nodes were used for the analysis Fig.1.
Each gear tooth sector subtends to an angle of
360°/z, where z is the number of teeth in the
gear. This is chosen for cyclic symmetry is
applied [S. Mohamed Nabi & N. Ganesan,
1993] later on.

An external normal force (F) of
amplitude (245.25 N) is applied at a single
point in the tip of the tooth (concentrated
loads) this uniformly distributed load was
lumped at the nodes. The value of the applied

Ny = %‘-.l =1 =-n(1-1)
N, = é'-.l —-{J1+n(1-1)
F 1 'y W %
Ne=Z(1=Q)(1—m)(1-17)
A PR , .
.-"n.__ = :I__l +=¢ )1+ ]I':__||:._'|_ -71)
1 .
N:==(1-¢)1-m)(1+T1)
1 .
-1"'I:', ==(1-¢)1+m(1l+71)
. 1, . i .
N- ==1=c¢)1=nlll4+T1)
; '§ Y
Ng==(1+{)1+n){1+1)

2)

Displacement and Force Fields
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force is selected such that the expected
maximum stress is less than the yield strength
of the composite materials and mild steel
(Hereafter called as GI/Ep, Gr/Ep and Ms,
respectively) present in the Table 2.
FORMULATION OF
CHARACTERISTICS MATRICES AND
VECTORS

Consider three coordinates x, y and z to
be associated with element in Cartesian plane
as shown in Fig. 1. It is useful to employ a
local system which is simple, unique and
independent of the global system, such a
system is known as an intrinsic system and its
coordinates are the intrinsic coordinate’s , n
and t.
The problem now reduces to one of obtaining
the equation of the transformation from the
Cartesian plane. It can be assumed that x, y
and z is field functions defined as follows:

Xt = XEFxN ((n1)
v(Eng = ZEFyN ({01
2::” 'I:I = E:S :,'" I."~ n rl (1)
In which x;, y; and z  are nodal

coordinates and N;( , n, T )are functions of {
,n and t called shape function .For any point
in the intrinsic plane with known values of
,n and 1 the Cartesian x ,y and z coordinates
can be found once the functions Ni({ , n , 1)
are known.

The nodal displacement vector {6} and
the force vector {F} can be defined as
follows:-

{6} z{lﬂ VWl VoM

{Fi= Uz fagfy, “:--- ------J'-"-;F."J’r:;}l (3)

The displacements components at any

point can be expressed in terms of
displacements and shape function:-
= intl= L
. )= I5w, (G
4

Where, u(x,y,z) ,v(X,y,z,) ,W(X,y,z) represents
the displacement components at any point
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(x,y,z) inside the element, Nj(x,y,z) represents
the shape function at node, i and n represents
the number of element nodes. Finally, the
displacement vector {q} at any point (x, y and
z) inside the element can be defined as
follows:-

NNO O KO 0 .NO O
W=lo & 0 0 N0 .0 X 0@
00 NO O N .0 0 X

Hence {q} =[N] {5}

)

Strain Field

From the strain-displacement relations it
is very useful to form the shape functions
expressed in terms of intrinsic coordinates (C,
n and 1) for initial calculation.

cu du
w | 2 &
- &y n
E_._. E_\. Awr
s_ - -
:"_. = Bu . fv = U] du : e s
) oy ax i aw
du | Aw fu Aw
3z ox Pz ' Bx
ar | dw de | dw
EERET iz ar

(6)

Here [J] is the Jacobean matrix.
Since that the nodal displacement vector
in terms of intrinsic co-ordinates is;

Au an. ax, .
2= [Z 00 %0 o0... o0 o] {6
& ax AN, ANy o
Z=fo 32 00 % 0.... 0 2 0]
Bw ax, aN. ax, =
Z=lo 0o 0 0 L. 0 0 L@
And
du  av _ [2N, AN, AN, 8N BNy BN -
a7 [e»' 2 2 m x %t T m O] {0}
Bu | dw _ [8N, &N, &N an aXy EIo
o [ w 2 % & 9 o © ?] {6}
gu | dw LA 2N, 8N AN, %],
T [O o m 0 e e 9 av]{“}
Hence, it can be deduced that;
{e} = [B] {6}, Where {=} is a strain vector,
Ex1  6x24 24 x1

{6} is the nodal displacement vector and [B]
is the strain displacement matrix all of them
in terms of intrinsic co-ordinates.
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i X i 2
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Uy
'\'g
@ b é o : (7)
That led to differentiation the shape
function with respect to intrinsic coordinate as

follow;

T=-i0-na-9
T=-ia+nQa-9
E=r(1-ma-9
=i+ ma-1)
Z=-la-w@a+9
Z=-la+m@a+0
Z=ia-m+1)
=1+ +1)
%= _§{1 -(-1)
Z=i1-00-9
- -10-00-9
f% =21+ -7)
%= _§;1 -0+7)
- ta-0u 0
e%= —%il +(1+1)
% 114+ 0)(1+9)
f;- _ —%Ll =-{)1=n)
i

=-2(1-(1+n)

2 =-1(1+00-n)

== —l(1+0(1+n)

1

e _:[:I_EJ(]-_'.‘_}
H=l-0a+)
& 1

s(1+D0-m

=11+ =n

®)
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The Stress-Strain Matrix

To determine the elasticity or (stress-
strain) matrix from the normal stresses and
the shear stresses relationships where E;, E,,
E; are the elastic modules, Gi,, Gos, Gz, are
shear modules and vy, v 23, v 3 are Poisson's
ratio in the L, T, Z directions of the fiber and
LT, TZ and ZL planes. “Assuming that the
reinforcing fibers in an element are all in a
radial direction”:-

g, =X -y —uy = Tyw = ¥or G

g Vagn o ©)

Hence{z} = [S]{z}, where{s} is strain
vector, {c}is stresses vector, and [S]is the

compliance matrix. But the compliance

matrix it is the inverse of the elasticity matrix,

so [S]'=[D]. Or;
® 12

G, €yq € Ci3 @ ] a “x
= €i7 Cazx €2z © e o Ey
JO=z | _ 613 €3 €3 ¢ o o |]*=1
Co o o o €y © o} Lo
T o o o o Czz © Y
Ty= o o o o o Cegd \Vyz (1 0)

Where [D] is the elasticity or (stress-
strain) matrix for an orthotropic material.

Where Cj; is the elasticity constant
explaining by the relation down as follows ;

oy
H

|
bry
iy

bry Pry oy bey by |

(11)
properties achieved by simple tensile test
the entire elasticity constant in terms of
mechanical Stress Field

Referring to the Eq. (10) it can be
deduced that:-

{o} =[D] {e}

Where {c} is the stress vector,

From Eq. (7) and Eq. (10) it can be found
that:-
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{o} =[D] [B] {&} (12)

Formulation of the Transformation Matrix
The fiber orientation angle(er) measured

from the vertical direction (X -axis) is given
as o¢ =tan ' (XX / YY)where XX and YY
are the X and Y co-ordinates of the geometric
centre of any element under consideration.
The transformation of elastic properties Ep,
Er, Ez, Gi1, GL7, G717, ULT, VIZ, V17 With

respect to local x, y, z co-ordinates were
performed using an appropriate
transformation matrix. The transformation
matrix used in this case is:-

e
§T €2 g =205 0 0
c* 5% 0 2CS 0 0
0 0 1 0 0 0
s €5 0 si_¢? g o |
0 0 0 0 s =
0 0 0 0 5

Where S=sina and € = cosa. (13)
Formulation of Element Stiffness Matrix

Three degrees of freedom per node,
namely displacements u, v, w in the X, Y, and
Z co-ordinates were assumed. The Cartesian
co-ordinates x, y and z describing the
elemental continuum, the intrinsic co-
ordinates {, n and T ranging from —1 to +1

on element boundaries and the intrinsic node
numbering are all shown in Fig. 1.

The element stiffness matrix is found
from the total potential energy of the element
P. This energy can be expressed as follows:-

P=U-WwW
Where U is the strain energy can be
shown as: -

- ‘F"J:F;.i“‘.f"".r{a}: {‘:} dx dydz

L.

1

Work done by the external force is:-
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W = {0 (F)
From eq. (12), it is clear that:-
{o}* = 8Y[BT°[DI

Thus the composite material stiffness matrix

[D*] was obtained as:-
[D*]=[T] [D][T]"
Hence,

U= %'J:[refer".f'::{d}r [B

(14)
IF[D"1[Bl{6}dx dv dz
Then
P =10¥ [/IL.......

Apply the minimum total potential energy

theorem:- ;— =0

[I t
<eglement

But; - [K] {J]= {f}, then finally the element
stiffness matrix is:-

F[D°1[B] dx dy a’..]{u} = {F)

(&1 = I,

glement

[B]F[D°][B] dx dy d=z

By converting the Cartesian coordinate
to intrinsic coordinate, the eq. become:-

&)= I Le]lz]lg Jnacane

alament (15)

The integration in Eq. (15) is evaluated
numerically using the modified Gauss-
quadratic. where [J] is the Jacobean
matrix
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du
ax
Bu é v &z o o Bu
ar a; & ay
3% a8y &z a
8w — — — - = == Su
an om0 ax sy az| |27
dw - - - - - - ar ar 2z1 | =
EE EF: =
&t =[x v az ax v 8z _ _ _||a.
- B - — — — — — — v
A_‘ ""_. T g an a¢ a a7 . - . ;
n &¢ ax ar az o 37 37 a7 .
E e e - % & & =
AL R ar &r ér L, .. . S 2z
PR ax ar az ax avr ar||éz
o . B = = = B 3 3 oq a &l
= acobean 6 X 9 ax
e &n J e
ay
S

=

LBYD)Bldxdydz |} - () (F)

Finally every term in Jacobean matrix
can expression as a shape function from Eq.

(D.

Le. (x = Nyxy + Naxy + Nyxgoo oo Ngxg),

Qo 3¥ = % ax o aN, aNg _

ST T Ty Ty e
And by use the shape function

derivatives Eq. (8) will be find all the
independent.

Formulation of Mass Matrix

For anybody of infinitesimal mass dm and
velocity vector {q}, the kinetic energy [K, E]

can be defined as:

KE=-[{¢}{q)am
But dm = pdvol = pdxdvdz Referring to
Eq. (5) and relation {g} = ["-.]{"} =

"LIf pINY [N]dxdydz]{5}
Then the element mass matrix can be
written as:-
M= [[f p[N)* [N)dxdydz
Using the intrinsic coordinates the eq.
can be written as:-

(Ml =p I ] f- [NIF[N] I/l dSdndr

Smy Sy Smy

(16)

In which, g is the mass density
Determination of Damping Matrix
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In general, the damping matrix may be of
the form [N. Ganesan and T. C. Ramesh,
1992];

(17

Where m is the number of degrees of
freedom.

{a} = 2[Q]7*{{] (18)
[
'
{ﬂ} = - B
lﬂ_,,._
( *5_11
((1=1° &
<)
€y 4.-_-; €y \'.-.11: m=i
[Q- — | b 3 e 5 -:.-..1_;“-_'1
G, L-_a“:'; C-‘J:,,f L-'_,l:.,“ -1

Where ®;, ®, ...0, are the natural
frequencies of the system and (;, { ...(n are
the damping ratios, by considering that the
damping ratio is taken as (0.07) [H. Vinayak,
R. Singh, 1995]. Finally the damping matrix
[C] is obtained by substituting Eq. (18) into
Eq. (17).

SOLUTION OF FINITE ELEMENT
EQUILIBRIUM EQUATION |[Time History
Analysis]

The general equation of motion can be
written as [Singireu S. Rao, 1967]:-

MU ACT{U} = [KI{U} =R} (19

Where [M], [C] and [K] are mass,
damping and stiffness matrices respectively,
{R} is the external load vector; {U}, {U} and
{U} are the displacement, velocity and
acceleration vectors respectively. All of them
are being time—dependent. Therefore in
dynamic analysis, in principles, static
equilibrium at time (t), which includes the
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effect of acceleration dependent inertia forces
and velocity-dependent damping forces, is
considered. Time history analysis; is a
technique used to determine the dynamic
response of a structure under the action of any
general time dependent loads. This analysis
can be used to determine the time-varying
displacement, strain, stresses and force in a
structure as it responds to any type time
dependent loads. So can be considering the
Houbolt method is reference to a multi degree
of freedom system [Singireu S. Rao, 1967],
the following finite difference expansions are
employed;
. 1

=—(11x,.y — 18x, +9x,_y — 2x,_,)

BAz

(20)
L= (21)

To drive Eq. (20) & (21), consider the
function (x). Let the values of x at the equally
spaced grid points ti,=ti».At, ti.;=ti- At, t; and
ti 1=t +At be given by Xi2, Xil, X; and Xjq
respectively, The Taylor's series expansion,
with backward step gives the following;

With step size=At;

. 1 /.37 1, .43
Kieag) — At gy + 7 (80 gay) — (407 Fy

Tie

1

¥y = (2% — 5x, +4x,_, —x,_5)

-}n'.': =

(22)
With step size=2At;
X(iog) = Xoq) — 288 Xy + 2(A8) Ry — :f['ﬂt)g ¥y,
(23)
With step size=3At;
X(ig) = Xgaq) — 30t Kpaq +2 (A8 Fray — 2 (A1) &,
(24)

By considering terms up to (At) > only,
Eq. (22) to (24) can be solved to
expressi;, _y, ¥;,.y; and ¥, _,in terms

Of.'t'..;_: ’ .‘-'.‘::_1_ 5 .".'.'.:. and X 217
This gives . _,, and %, _, as the Eq. of

motion;

[M] & +[C] % + [K] x=F.
And to find the solution at step i+1 (x(,.4,),

we consider Eq. of motion at #;1,, so that;
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M] &,y +H[C] %y + [K] %0y, = Fruqy =F this uniformly distributed load was lumped at
(t= ti1) (25) the nodes. - .
By substituting Eq. (20) & (21) into Eq. Strat(.agy for Determining the Stiffness
(25) we obtain; Matrix . .
'_[“]‘—[Cl [H]I wo=F, *ﬂ—[ )+ —[C h -I—['*I _ A. Compute the nodal coordinate in the real

element in meters {in this work we have just
(68) nod in x-y plane and (340) nod for holly

_ () l;[-‘f]*;[f.l-t-;-' tooth body}
(26) B. Form strain displacement matrix [B], by

A. Determine x.; using Eq. (22). apply the master element coordinate ({,n,t) of
B. Find x; and x, using the central the gauss point use Eq. (8) to find the
difference relationship; independent of Eq. (7).

1 R J . Differentiation of Eq. (1) with respect to (, 1,
Viep) = j[-’*"]'g[fl X [r =\ [K] '.__'71-”]}-"-.-' 4—[“] and t) and put the shape function derivatives
L) ] formula Eq. (8), to create the Jacobean
A Y

matrix. Integrate the stiffness formula Eq.
(15) by gauss four point to form matrix of
D. Compute X1, starting with i=2 and size 24x24.

using Eq. (26).

o = (M0 20 1K) xR +

M)+ [, }‘ Strategy for Determining the Inertia &

. . 1'--*': . Damping Matrix

M+ S l)xen + (M £ [C)xy A. Integrate by gauss quadratic formula Eq. (16)

) ' but the value of mass to be in term of density
depending on the type of the orthotropic
material that use.

B. Apply the natural frequencies, the mass
matrix, and damping ratio in Eq. (17), to
determine the damping matrix for each
material that considered in the current work.

The step-by-step procedure to be used in the
Houbolt method is giving below;

Form the known initial conditions at t=0
Xo and o to find ¥, by using Eq. of motion;

9= [M] ™ (fo-[C] o - [K] Xo).

C Select a suitable time of step At. DISCUSSION

FORMULATION OF GLOBAL Static Analysis

MATRICES & IT'S EVALUATION It was observed that the variations of
The individual element stiffness’s were displacements U, V, W, the normal stresses in
assembled in the usual way. The global L, T, Z directions, and the shear stresses in
stiffness matrix was of size 24x24. The half the LT, TZ, ZL planes both along the involute
band width was obtained. profile on the load surface and across the root

A uniform load of 24525 N/mm was
assumed to act at the tip as shown in Fig. 1

those of mild steel gear. The trend of these Gl/Ep and Gr1/Ep than the Ms Gear, Fig. 5-a.
variations indicates that orthotropic material Whereas, the maximum stresses, in the other
gears also behave similarly to isotropic two directions, are very much lower. In the T
material gears. direction it is 56% and 70% less Fig. 5-b. And

The maximum stress near the root in the Z -direction 74% and 87% less for

along the fiber is 10% and 21.5% more for
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Gl/Ep and Gr/Ep gears respectively than Ms
gear Fig. 5-c.

Similarly the shear stresses near the root
in the LT plane, for orthotropic material gears
is much less than that of isotropic gear, even
though at the tip they are 24.5% and 43%
more for G/Ep and Gr/Ep than Ms gear Fig.
6-a. The shear stress, in the other two planes
TZ and ZL, even though the graph indicates
some amount of dispersion, magnitude wise
they are negligibly small Fig. 6-b and Fig. 6-
c. All the figure shown the variations of
stresses along the gear tooth profile on the
load surface

It is reported by many investigators
that the stresses on the compression side of
the gear tooth are slightly more than those
on the tension side [Lewis, W., 1892]. In
this investigation also, along the fiber
orientation direction, for Ms-Gear the
maximum compressive stress is 11.75% more
than the maximum tensile stress, whereas the
maximum compressive stress is only 7% and
0.3% for GUVEp and Gr/Ep gears. These
variations are shown in Fig. 7-a, Fig. 7-b, Fig.
7-c, Fig. 7-d, Fig. 7-e, Fig. 7-f.

Although the stresses are in a favorable
direction, the displacements are relatively
large for orthotropic materials. At the critical
section, displacement U in the radial (L)
direction is 7.5 times larger and 2.16 times
larger Fig. 8-a. And displacement V in the
tangential (T) direction is 11.6 times and 5.3
times larger Fig. 8-b. For the GI/Ep and Gr/Ep
gears than their corresponding values for the
Ms gear.

The displacements W in (Z) direction
along the face width of the gear are negligibly
small in all the three cases as they are of the
order of 10 Fig. 8-c.

In a similar way the displacements
across the root thickness are also more for
Gl/Ep and Gr/Ep gears. This is shown on Fig.
9-a, Fig. 9-b, and Fig. 9-c.

From Fig. 5 to Fig. 9 it may be observed
that the performance of Gr/Ep gear is very
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much closer to Ms-Gear than GI/Ep gear.
Hence it may be concluded that Gr/Ep is a
better material compared to GI/Ep as an
alternate for Ms for power transmission gears.

Dynamic {Time History} Analysis

The evaluation of dynamic stresses
present by using maple calculator to solve the
finite element equation motion for transient
dynamic analysis and their procedures of the
eigenvalues and eigenvectors for various
modes wear obtained. These eigenvalues and
eigenvector were then wused in anther
calculation {Houbolt method} in which the
mode superposition technique was used to
evaluate the dynamic stresses. The dynamic
loads that act on the gear tooth sector can be
considered as one half of a sinusoidal type
impulse load Fig. 2 which represented by

[Kazunor, 1974];- F, = Fsin (=)

A- Time History Analysis of Concentrated
Load on the Tip of the Gear Tooth

One half of a sinusoidal type impulse
load will be concentrated in the tip of the gear
tooth as shown in Fig.3 to studies the decay of
vibration of the gear tooth, from calculate the
displacement and stresses were carried out for
(90-micro-sec) with (1.8- micro-sec) time
step.

B- Time History Analysis of Moving Line
Load on Gear Tooth Profile

The maximum normal load F, acting on
the gear tooth sector was assumed to be
245.25 N per mm length of face width. The
load distribution on the tooth profile, when
the load moved from the tip to the bottom,
was assumed to be of the form shown in Fig.
4 in accordance with the theory of gearing
[Ramamurti, V., and Ananda, M.,
1988].this normal load was considered in
terms of its components in the radial and
tangential direction with account taken of the
pressure angle at any point under
consideration; that is, the tangential load is
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F=F, cos a; And the radial load is F,=F, cos
ai, where a; is the pressure angle at the point
under consideration.
Discussion of Time History Analysis for
Concentrated Load Response

The time history of tooth tip
displacement for two types of spur gears
made of composite material (GI/Ep and
Gr/Ep), represent low dynamic response in
there modes shape with respect to mild steel
gear, where the maximum deflection in the tip
is (33%) and (16.6%) less for GI/Ep and
Gr/Ep than the Ms Gear Fig. 10-a, whereas,
the maximum deflection in the other two

directions, are very much lower Fig. 10-b, and
Fig. 10-c.

The maximum fillet stress along the
fiber direction (or) is (38%) and (41.5%)
more for GI/Ep and Gr/Ep than the Ms Gear,
whereas, the maximum stresses, in the other
two directions, are slightly more. In the (or)
direction it is (21%) and (28%) more .And in
the (o) direction (11%) and (16%) more for
Gl/Ep and Gr/Ep gears respectively than Ms
gear Fig. 11.

Similarly the shear fillet stresses in the
(t1z) plane, they are (35%) and (20%) more
for GI/Ep and Gr/Ep than Ms gear. The shear
stress, in the other two planes (t r)and (tz),
even though the graph indicates some amount
of deference’s between the orthotropic gears
and isotropic one in the magnitude these
shear stresses wise they are negligibly small
Fig. 12.

Recorded that the amplitude of dynamic
displacement exceeds the static displacement
by (48%), (60%) for GI/Ep and Gr/Ep
respectively for application of sinusoidal
concentrated load. In a similar way the
dynamic stresses exceeds the static stresses by
(20%), (35%) for GIEp and Gr/Ep
respectively for the same application of load.
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Discussion of Time History Analysis for
Moving Line Load Response

The total time taken for the load to
move from top to bottom was obtained as
(6.25x107) Sec. [K. J. Huang, and T. S.
LIU, 2000]. This time was divided into 1000
intervals, each of (6.25) us, the proportionate
number of intervals during which the load
moves form one node to the other was
calculated. The load was moved down the
profile at each interval of (6.25) us and the
corresponding loads shared by the adjacent
nodes were calculated. Thus the new load
vector for each interval was calculated and
fed into the dynamic calculation by use of
Houbolt method, and the corresponding
respectively, but for the isotropic material Ms
is 84.372Mpa Fig. 13, but the root stresses
under static load condition for the same cases
is 122.72Mpa, 101.36Mpa, 87.52Mpa for Ms,
Gr/Ep, and GI/Ep respectively, which is more
than the dynamic load condition. The reason
is that in the static analysis case the full load
was assumed to act at the tip, whereas in the
case of dynamic analysis only half of the load
acts at the tip.

When the full load at the tip is
considered as a moving load then the
corresponding maximum dynamic root
stresses obtained was 194.95Mpa,
183.72Mpa, and 164.19Mpa for Ms, Gr/Ep,
and GI/Ep respectively [by put the equivalent
load in the tip of the tooth profile].

Also the mode shape of the point on the
tip will be calculated for Ms, Gr/Ep, and
Gl/Ep in Fig. 14-a, Fig. 14-b, and Fig. 14-c,
which represent the deformation of the tooth
tip under the moving line of load. thickness
for the two orthotropic material gears were
very similar to
displacements
obtained.

It is reported by many investigators that
the variation of dynamic root stresses with
time to that the dynamic stresses at the root

and stresses were thus
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when the load is at the tip is less, and greater
when the load is at the mid-height. This is
obvious since the dynamic stresses is greater
when the full load is impressed on only one
tooth, even though the bending moment arm
is slightly less.

In this work will be found that the peak
stresses for two orthotropic materials GI/Ep
and Gr/Ep is 98.468Mpa and 75.719Mpa

CONCLUSION

. The behavior of orthotropic material gears
and mild steel gears (i.e. the variations of
stresses and displacements both along tooth
profile and across the tooth thickness) are
very similar.

. The maximum normal stress in the fibre (L)

direction in orthotropic material gears is little
more than the maximum stress in mild steel
gear.

. The maximum normal stresses in the other

two perpendicular (T and Z) directions for
orthotropic material gears are much smaller
than that of mild steel gear.

. The shear stress in the LT plane alone for
orthotropic material gears is slightly more
than that for mild steel gear, whereas the
other two perpendicular (TZ and ZL) planes
are negligibly less.

. The displacements in the radial and tangential
directions of orthotropic material gears are
considerably more than that of mild steel
gear, even along the face width it is almost
Zero.

. For orthotropic material gears the maximum
stress decreases with decreasing rim
thickness, in the range of analysis made.

. The Ms gear represent more response respect
to the concentrated dynamic load then the
Gl/Ep and Gr/Ep gears where it gives a little
mode shapes and natural frequencies values
for same load

Analysis of Spur Gear Teeth), Indian Institute
of Technology, India, Journal of Computers
and Structures, Vol.29, No.5, PP.831-843,
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The amplitude of dynamic stresses exceeds
the static stresses for sinusoidal concentrated
load.

The peak root stresses inhibit in the gear tooth
that made of composite material respect to the
dynamic moving load on the surface profile is
slightly less than the concentrated load on tip.
Also that is found the spur gear that made
from composite (graphite/epoxy) also comes
very much closer to mild steel gear behavior,
may definitely be thought of for power
transmission.
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Table 1 gear tooth parameter.

1 Pressure angle 20°

2. Module , mm 10

3. Addendum Im

4, Dedendum 1.25m,

5. Root fillet radius 0.3m,

6. Rim thickness 1.25m,

7. Number of teeth 20

8. Face width 11im,

S Loading Condition p=31.1654" Fig. 1 gear meshing and tooth sector.

Table 2 mechanical properties for studying case.

1. E1,N/mm? 20.60100 37.86660 180.99450
2. E2,N/mm? 20.60100 8.11290 10.70270
3. Ez,N/mm? 20.60100 8.09990 10.51276
4, Gyo,N/mm? 79.2354 4.06130 7171.10
5. Gys,N/mm? 79.2354 1.07711 0.90724
6. Gas,N/mm? 79.2354 1.12361 0.91132
7. Vi 0.3 0.26 0.28
0. Vi 0.3 0.0363 0.105
10.  Density,Kg/mm? 781E-10 1.81E-10 1.46E-10
11, Xy,N/mm? 353.2 981.00 1079.10
12 Y7,N/mm? 3532 34.40 34.40
13.  Zy,N/mm? 353.2 40.87 42.54
14.  S,N/mm?’ 176.6 88.30 88.30
15, vy o 0.065 0.0167
6.  vis g 0.009 0.0063
)
17. vy 2 0.036 0.103
18.The weight of model 9.413547 3.7674 2.2135
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Fig. 2 The time historv of one half of
sinusoidal tvpe impulseloads.

F=Amplitude of the applied load

F=(245 25 N)per (mm} of tooth face width.
tf =Total duration of theload, which is taken
as (30 microsecond.

e e — o T—
tf

é‘l‘]
1
[
.
th
[
th
Py

Fig. 3 one half sinusoidal tyvpe
impulse concentrated load.

o
1
[
i
rh
[
2]

i
\

Fig. 4 the moving line load
on tooth profile.
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Fig. 13 fillet stresses due to the moving line load.
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