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Abstract

This study investigates the effect of thermal residual stress analysis on tetrahedral
elements surface structure using finite element technique. An understanding of the effects
related to the thermal residual stress is necessary to improve the ability of designers to
precisely predict the catastrophic behavior of the apparatuses during overhaul. Tetrahedral
elements surface structure production component subjected to applied loads needs to optimize
this component that is critical to the tetrahedral elements surface structure efficiency. The
applied loads and resulting residual stresses under service conditions is demanded. The finite
element modeling was performed. In addition, the fracture life prediction was carried out
using finite element based on fatigue analysis. It was observed that the fracture was
significantly influenced due to the residual stresses. The obtained result indicates that the
existence residual stresses produce the shortest fatigue life for applied loads conditions. The
process is one of the promising surface treatments to increase the fracture life for tetrahedral

elements surface structure.

Keywords: Tetrahedral elements surface; residual Stresses; fatigue, finite element method,
optimization design.

Cohall Sl JS o &) all Adial) cilalga) Julad il
ol
i) Ayl a5l el el JS e A al) diid) clsleal) L5 Gy I Al sl Ciags
Cpannaall 338 Gpeail dial) GlalgaVlh Adle L Al &y )l jall &l 36 A8 jaa (9 pall (e () Sua B20al
3 4de ddabie 4y )l ja Juaal I Gl 7 shandl el dSaedl O
A3 ) i) sl iy o8 Auisiall lalgayl 5 Alabusall JeaY) ki Gy JSsgll 568 530y 31 Jie) apana I
S il e 5w 5ol _posbinl B pa35ls ol e Ll nl ) 35 ol 3

62



Thi_Qar University Journal for Engineering Sciences, Vol. 3, No. 2 2012
O e 1 pise il il Gy A slea YU 8 58 8y poar Sl oSl ae () (e Bt yualiall iy ke
JISH yand sl (e 335 o Fuleadl o3 5 ard) s 51 paand JSsell ol e ) (5355 Al ilslgay!

Z ghassl) = Jea cdla gl
LJiaY) hm..aﬂ\ 3aanall paliall :ts:‘)k ¢ IO edasiall calalgayle C}Lu.d\ GGLJJBMJA Glals

1. Introduction

The use of linear tetrahedral elements facilitates the exact analytical integration of the
finite element arrays, and therefore the exact evaluation of the discrete balance equation.
Further, the discontinuous integration procedure let us evaluate correctly the discontinuous
nature of phase-change phenomena.

The highly non-linear equation governing the problem is solved using the Newton-
Raphson method, with an exact, analytically computed tangent matrix. Such an iterative
method provides probably the fastest way to solve this equation. Convergence starting from
initial solutions lyingout of the “attraction” zone was enforced using a line-search procedure.
Therefore, it yields an improvement of the robustness of Newton-Raphson method.

Thermal results were correctly validated against an analytical solution for a non-is other
malphase change problem [1].

The interaction between electricity and elasticity were analyzed using tetrahedral
elements. However, these elements were too thick for thin shell or plate applications. To
overcome this drawback, Tzou and Tseng (1990) proposed a ‘‘thin” piezoelectric solid
element by adding three internal degrees of freedom for the vibration control of structures
with piezoelectric materials. Hwang et al. (1993)employed classical laminated plate theory
(CLPT) to analyze the vibration control of a laminated plate with piezoelectric sensors and
actuators. Their study explored the optimal design of the piezoelectric sensors and actuators.
Based on the ®rst-order shear deformation theory, Chandrashekhare and Tenneti (1995)
developed a finite element model for the vibration control of laminated plates with
piezoelectric sensors and actuators and analyzed the thermally induced vibration suppression
of laminated plates. Robbins and Reddy (1991) presented the finite element model of a
piezoelectrically actuated beam by using four deferent displacement-based one-dimensional
beam theories all of which can be reduced from the generalized laminated plate theory of
Reddy (1987) [2].

Previous tetrahedral schemes based on generalizations of box splines have encoded
arbitrary directional preferences in their associated subdivision rules that were not reflected in
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tetrahedral base mesh. Our method avoids this choice of preferred directions resulting a
scheme that is simple to implement via repeated smoothing. In an extended appendix, we
analyze this tetrahedral scheme and prove that the scheme generates C2 deformations
everywhere except along edges of the tetrahedral base mesh. Along edges shared by four or
more tetrahedra in the base mesh, we present strong evidence that the scheme generates C1
deformations [3].

The high residual compressive stress of tetrahedral amorphous carbon film deposited by
the filtered vacuum arc process causes instability of the coating and substantially limits its
applications. The high residual stress is a matter of particular concern for its application to
micro electromechanical systems MEMSbecause the MEMS structure can be severely
deformed even when very thin ta-C film is deposited. Systematic control of the residual stress
has thus been one of the most important issues in ta-C coating technology. However, a
decrease in the residual compressive stress is usually accompanied by the deterioration of the
advantageous properties such as high hardness, optical transparency, or surface smoothness
[4].

Residual stresses are known to influence a material’s mechanical properties such as
creep or fatigue life. Sometimes, the effect on properties is beneficial; other times, the effect
is very deleterious. Therefore, it is important to be able to monitor and control the residual
stresses.

Residual stresses are stresses that remain after the original cause of the stresses (external
forces, heat gradient) has been removed. They remain along a cross section of the component,
even without the external cause. Residual stresses occur for a variety of reasons, including
inelastic deformations and heat treatment. Heat from welding may cause localized expansion,
which is taken up during welding by either the molten metal or the placement of parts being
welded. When the finished weldment cools, some areas cool and contract more than others,
leaving residual stresses. Another example occurs during semiconductor fabrication and
micro system fabrication when thin film materials with different thermal and crystalline
properties are deposited sequentially under different process conditions. The stress variation
through a stack of thin film materials can be very complex and can vary between compressive
and tensile stresses from layer to layer.

Induction surface hardening creates a very desirable thermal residual stress state at the
surface and thermal residual stress distribution below the surface. Residual stresses are always
of a compressive nature and are usually present to the depth of the induction surface hardened

layer. Amajordifficulty in induction surface hardening is, however, to ensure a very slight
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variation in hardness and the existence of compressive residual stresses in transition areas to
the hardness of the base material. By gently varying the hardness and through compressive
residual stresses in the transition area, it is possible to diminish the notch effect induced by
stress concentration in parts loaded by cyclic tensile stresses. Additional grinding of the
induction surface hardened surface has an adverse effect on the stress state in the surface
layer, since grinding always induces tensile residual stresses. By correct selection of the
machining conditions and the grinding wheel, taking into account its properties, the engineer
will contribute to lessening the relative grinding tensile thermal residual stress distributions
which will help keep the favourablethermal residual stress state after induction surface
hardening [2].

The residual stresses near the weld root and the weld toe for multi-pass welded tube-to-
plates. Two different tubular joint configurations were studied; a three-pass single-U weld
groove for maximum weld penetration and a two-pass fillet (no groove) welded tube-to-plates
for minimum weld penetration. A 2D axi-symmetric finite element model was developed to
calculate the distribution, HAZ, penetration depth and the thermal residual stress distribution
for the sequentially coupled thermo-mechanical analysis. The calculated residual stresses was
compared with experimental results and showed qualitatively good agreement. Torsion
fatigue tests were performed in order to study crack propagation from the weld root, lower
and upper weld toe in mode I11. Some of the tube structures were loaded with a static internal
pressure in order to separate the root crack and initiate the crack growth in mode I11. Another
batch was PWHT and fatigue tested, in order to study the influence of residual stresses [3].

Established methods for calculating residual stresses from the strains measured when
using the slitting method give results for the stresses that exist within the depth range of the
slit. Practical considerations typically limit this range to about 90-95% of the specimen
thickness. Force and moment equilibrium can provide additional information that may be
used to estimate the residual stresses in the “no-data” region within the remaining ligament
beyond the maximum slit depth. Three different numerical methods to calculate the thermal
residual stress profile over the entire specimen thickness are investigated. They are: truncated
Legendre series, regularized Legendre series, and regularized unit pulses. In tests with
simulated strain data and with strain data measured on a cold compressed 7050-T7452
Aluminum hand forging, the three methods gave generally similar stress results in the central
region of the specimen. At small depths, where the strain sensitivity to the residual stresses is

low, the two regularized calculation methods tended to give more stable results. In the area of

65



Thi_Qar University Journal for Engineering Sciences, Vol. 3, No. 2 2012

very large depth beyond the maximum depth of the slit, the regularized Legendre series
solution generally gave the most realistic stress results [4].

Finite Element Analysis (FEA) has been carried out on a single pass butt welding model
to illustrate the distortion and thermal residual stress field developed in the weldment.
Thermo-elastic-plastic analysis has been used to find the residual stresses and distortion. It
was found that the residual stresses and distortion values increase with of laser beam power.
On the other hand, the distortion and residual stresses decrease as the speed increases. There
is a reduction of thermal residual stress and distortion values as the spot diameter increases
[5].

This study presents a direct analysis ,discrete and composite modeling of tetrahedral
elements surface structure in three dimension detail interaction of the long-term behavior
differential settlement estimation. The crack initiation and propagation result in tetrahedral
elements surface structure and life-cycle prediction High-end detail analysis (crash, fatigue,

fracture mechanism) caused by shear in wall.

2. Types of loads

Loads cause stresses, deformations, and displacements in structures. Assessment of their
effects is carried out by the methods of structural analysis. Excess load or overloading may
cause structural, and hence such possibility should be either considered in the design or

strictly controlled.

Mechanical structures, such as aerospace vehicles (e.g. aircraft, satellites, rockets, space
stations, etc...), marine craft (e.g. boats, submarines, etc.), and material handling machinery

have their own particular structural loads and actions.

Loads can be classified as dead loads, live loads ,environmental loads, and other
loads .The dead loads are static forces that are relatively constant for an extended time. They
can be in tension or compression. The term can refer to a laboratory test method or to the

normal usage of a material or structure.

Live loads are usually unstable or moving loads. These dynamic loads may involve
considerations such as impact, momentum, vibration, slosh dynamics of fluids, etc. An impact
load is one whose time of application on a material is less than one-third of the natural

frequency of vibration of that material.
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Cyclic loads on a structure can lead to fatigue damage, cumulative damage, or failure.
These loads can be repeated loadings on a structure or can be due to vibration. The

Environmental loads are act as a result of weather, topography and other natural phenomena
[6].

Equation of equilibrium is given by:

Ao + F = 0

where, Ag is the stress variation and F is the body force. Residual stresses are calculated by
using the principle of virtual work. In this method, one considers infinitesimal nodes
displacements {d} imposed onto the body. This causes external total virtual work (equal to the

total internal virtual work which is defined by stresses {0} and strains {€}). By using FEM
(finite element model), strain—displacement can be expressed briefly as follows:

{e} = [Bl{d }e

where, {€} is the strain vector, [B] is the strain—displacement interpolation matrix and {0}e is

the displacement vector for an element. The nodal displacement is obtained from
{S}KT " ({R}r{R}p)

where, [K] is the conductivity matrix,{ R }7,{R }pis the resultant nodal displacements vector

with respect to nodal temperature and laser beam power.

The stress-strain relationship is defined as follows:

{o} = [DI{eD)

where, [D] is the Stiffness matrix and {ce} is the elastic strain vector. For the deformation of

metals, the Von Mises yield criterion is employed and the elastic strain is given by

€e =& — &y —&tp

where, & is the elastic strain, € is the total strain,ep;is plastic strain andeg,is the thermal

strain.
3. Parameters effect on the values of the residual stresses

Influence of some parameters on the residual stresses from quenching concentrates some
important effects on the development of residual stresses from quenching: the influence of the

martensitic temperature interval and the influence of the shift of the martensite start
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temperature caused by thermal stresses. The influence of the location of the maximum
guenching rate on the thermal residual stress pattern is also discussed.

A numerical model of the coupled elasto-plastic problem has been developed, which
incorporates the influence of the thermal stresses on the martensite start temperature. It is
demonstrated that the length of the martensitic temperature interval may have a significant
effect on the thermal residual stress pattern. While large martensitic intervals promote
compressive residual stresses at the surface, small martensitic intervals give rise to tensile

residual stresses even for small thermal gradients at martensitic temperatures.

The shift of the martensite start temperature due to thermal stresses should always be
incorporated in calculations because of significant effects on the thermal residual stress
pattern. It is also established that during quenching, the thermal stresses always raise the
martensite start temperature at the specimen surface, thus promoting non-uniform phase

transformation over the cross section of the specimens

Due to the non-uniform temperature distribution during the thermal cycle, incompatible
strains lead to thermal stresses. These incompatible strains due to dimensional changes
associated with solidification of the weld metal, metallurgical transformations and plastic

deformation, are the main sources of residual stresses and distortion [7].

4. Controlled residual stress

Avoid unknown or random thermal residual stress by forbidding quenching of low
ductility, light alloy castings into water following high temperature solution treatment.
Boiling water is also not permitted since it represents a negligible improvement over cold
water. However, polymer quenchant or forced air-quench may be acceptable if casting stress
is shown to be negligible. Planned thermal residual stress may be beneficial if designed
correctly into the quenching process.

Uncontrolled residual stresses are undesirable, some designs rely on them. For example,
toughened glass and pre-stressed concrete depend on thermal residual stress to prevent brittle
failure. A demonstration of the effect is shown by Prince Rupert's Drop, where a molten glass

globule is quenched to produce a toughened outer layer [8].

68



Thi_Qar University Journal for Engineering Sciences, Vol. 3, No. 2 2012

Allthermo-mechanical manufacturing processes—such as forging, extrusion, casting,
heat treatment, welding, coating, and machining—create residual stresses in industrial
products. There are situations when such stresses can be beneficial and are intentionally
created, for example, compressive stresses on the outer surface of a component subjected to
fatigue loads, autofrettage in gun barrels, and prestressed pressure vessels; even bolted
connections and prestressed concrete can be included in this category. In many other
situations, however, the presence ofthermal residual stress is detrimental to the integrity of the
product under service conditions. Examples in this category include: tensile stresses on the
outer surface of a component subjected to fatigue loads, tensile stresses on the inner surface of
an austenitic stainless steel pipe caused by welding leading to intergranular stress-corrosion
cracking in boiling water reactors, interlaminar stresses in coatings leading to their spallation,
premature yielding or fracture (especially in brittle materials), and part distortion or
dimensional instability. The presence of residual stresses in a part is also known to affect its
machinability. For these reasons, mechanical and manufacturing engineers have long been
interested in understanding the source of such stresses, their control, and relief .In the case of
metallic products, the selection of material is generally dictated by functional requirements
such as the ability of the product to withstand service loads, resistance to wear or corrosion,
and so forth. It is rare that the magnitude and distribution of residual stresses is a matter of
primary consideration while selecting the material to manufacture a metallic part. The issue
facing the manufacturing engineer is to control the residual stresses in the product once the
material (and often the manufacturing process) has already been selected. In the case of a
composite or coated product, however, minimization of residual stresses is a prime
consideration while selecting the constituent materials. This article primarily deals with
metallic products. A logical way to control residual stresses in a product should consist of the
following steps: Understanding the fundamental sources of stress generation ldentifying the
parameters that can cause residual stresses in a particular manufacturing process
Understanding the relative significance of each one of these parameters Experimenting with
the most significant process parameters until a suitable combination is obtained that results in
the desired magnitude and distribution of residual stresses If the residual stresses in the
product are still higher than acceptable, the only recourse left is the use of one of the various
techniques of stress relief or the inducement of a stress pattern more favorable than the
original [9].

There are several techniques that are used to measure the residual stress. They can be

classified as destructive and non-destructive methods. Mechanical methods or dissection uses
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the release of stress and its associated strain after doing a cut, hole or crack. Nonlinear elastic
methods as ultrasonic or magnetic techniques require a reference sample. X-ray diffraction is
a non-destructive method which allows the measurement of thermal residual stress in isolated
spots spaced distances as small as 100 micrometers Residual stresses can be sufficient to
cause a metal part to suddenly split into two or more pieces after it has been resting on a table
or floor without external load being applied. While this is not a common occurrence,
experienced people in the metal working industry have witnessed this phenomenon. While
there may be additional factors causing this to occur residual stresses explain these

occurrences[10].

5. Residual stresses measurement methods

The stress is an extrinsic property, which cannot be directly measured. All the methods
adopted to measure the residual stresses need the measurement of some intrinsic property,
such as the strain, the load and area, and after the stress can be calculated.

Possible methods of calculation
e Mechanical methods (controlled hole drilling)
¢ nonlinear methods (ultrasonic and magnetic techniques)

e (diffract to metric methods

Thermal residual stresses are primarily due to differential expansion when a metal is heated or
cooled. The two factors that control this are thermal treatment (heating or cooling) and
restraint. Both the thermal treatment and restraint of the component must be present to
generate residual stresses [11].

6. Analysis of residual stresses

Residual stresses are known to influence materials mechanical properties such as creep
or fatigue life. Sometimes, the effect on properties is beneficial; other times, the effect is very

deleterious. Therefore, it is important to be able to monitor and control the residual stresses.

Two different techniques are commonly used for measuring the residual stresses. The most
popular technique is a special type of X-ray diffraction (known as the sinymethod), which is

used to measure the stresses in fine grained crystalline materials. An alternate method, the
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hole drilling method, is most often used when the X-ray technique is not appropriate. Each

method, along with its advantages and disadvantages, is described in this note.

7. The X-ray diffraction method

The sin“gmethod is a sensitive and accurate technique to measure residual stresses in a fine
grained, polycrystalline material. As shown in Figure(1), the position of a diffraction peak
will shift as the sample is rotated by an angle .

=
A~
o
o

o
T

Figure (1). Shift of diffraction peak with change in Q value. Note that as Q increases in
b) and c) above, the position of the diffraction peak shifts further and further away from

its usual position in a).

The magnitude of the shift will be related to the magnitude of the residual stress. Thus, if

there is no residual stress, the shift will be zero. The relationship between the peak shift and

the residual stress o is given by
E d,—d,

7= (L+vysin*y  d, (13)

where E is Young.s modulus, vis poison’s ratio, is the tilt angle, and di are the “d” spacings
measured at each tilt angle. If there are no shear strains present in the sample, the “d” spacings
would change linearly with sin®y and a least squares fit to the curve (for multiple values of )

would give 0. However, if shear strains are present, a splitting of the plot will occur and the
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analysis is more complicated. Finally, if the sample is rotated in-plane, it is possible to
determine the principal stresses and their directions.

8. The hole drilling method

There are many situations where X-ray diffraction is not useful for measuring residual
stresses. These include non-crystalline materials, large grained materials, nanomaterials,
textured, or heavily deformed metals. In these cases, other mechanical methods such as the
hole-drilling method are used. The hole-drilling method (ASTM Standard E837) relies on
stress relaxation when a hole is drilled into the center of a rosette strain gage such as that
shown below. When the material is removed by drilling, the extent of the strain relief is
monitored by the gages and the direction and magnitude of the principal stresses can be

calculated.

Figure(2). Rosette gage (Magnification: 4x)

A special high speed air turbine drill (shown above) is used to first locate the drill to within
0.001. of the rosette center and then to remove material to a controlled depth. At each depth
increment, the strain relief on each of the gages is measured and converted into stress. As
subsequent material removals occur, the stress distribution as a function of depth can be
estimated. The hole drilling method is used in those situations where the residual stress is
relatively uniform over the drilling depth. Thus, it is not intended for situations where
the residual stress is superficial.

The accuracy of the hole drilling method is directly related to the ability of locating the
hole accurately in the center of the rosette. As an example, if the hole is no more than 0.001.
off center, the residual strain error is less than 3%. In practice, the location accuracy is better
than this, so the overall accuracy in residual stress measurements is quite good. Another

important consideration in this method is the ability to drill the relief hole so as not to
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introduce new stresses. This is best achieved in hard materials by use of a high-speed turbine
drill which avoids excessive rubbing of the cutting surface against the hole wall. As a result of
careful design of the tool, the holes have f lat bottoms and straight walls as required by ASTM
E837. The hole drilling method has many advantages, but it also has many disadvantages. Of
particular concern is that the method is valid only up to about 50% of the yield strength of the
test material. Thus, great care has to be exercised when selecting testing methods [12].

The aim of the present study is therefore to propose a further development to facilitate and
accelerate geometry acquisition modification during the fabrication of FE models of

restorations.

9. Finite element method analysis

Finite element method analysis is a simulation technique which evaluates the behavior
of components, equipment and structures for various loading conditions including applied
forces, pressures and temperatures. Thus, a complex engineering problem with non-standard
shape and geometry can be solved using finite element analysis where a closed form solution
is not available. The finite element analysis methods result in the stress distribution,
displacements and reaction loads at supports etc. for the model. Finite element analysis
techniques can be used for a number of scenarios e.g. Design optimization, material weight

minimization, shape optimization, code compliance etc

Most engineering materials have linear stress-strain relationships [12]. These

relationships can be expressed for of homogenous material as

o = Ey ¢y

T = Gy 2)
These relationships are known as Hooke s Law, , where E is the modulus of elasticity, the
¢ are the normal strains, the o are the normal stresses, G is the modulus of rigidity, the aij
are the shearing stresses, and the y are the shearing strains. In order to express the strain
components y in terms of the stress components, we use the principle of superposition,
which states that the effect of a given combined loading on a structure can be obtained by

determining separately.
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For general complex isotropic tetrahedral elements surface structure with mass matrix [mj],
stiffness matrix [k;], damping matrix [ci], and column matrix of external forces [pj]

Displacement function

Ujj (%) = €iPij (%) (3)
auij (X)
€= SR (4)
The residual stresses;
Ki; ,
1= A—]y + 88 (5)

1]
The Generalized stiffness coefficient is
1
kij = | E qu)'i’jzdx‘l' ki (6)
0
The proportional generalized damping coefficients, damping ratios, damped natural
frequencies and damped period the in the ith mode can be obtained from the relation:
1
Ci = | G ¢fdx (7
0
G = 2¢m;jw;
Ce,, = 2m;;w;

Wyi = ‘Jl - C;_z (8)
27
Ty =—
¢ Wy

where Aj; = cross-sectional area of tetrahedral elements surface structure
Ajj = by t;

bj; = Width of tetrahedral structure elements

t; = Thickness of tetrahedral structure elements

To find the tetrahedral elements stiffness matricesk;;
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K] =

[kin —Kja ki iy 1
[ [
Ikél K}, kga Kj4 I
I k3 | ki Kiztki;, ki, +ki; ‘Tfs ki, I
I ki ki, kistk3, ki +k3, 23 k3, I
I kE, k3, Kizprki  Kitki, k5 ki, I
| f
| ks ki kistrki,  kistk3, ke k34 |
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[ [
I K k3, Kis+K3 kis+k3, K3, k§4l
I kg; kgz kis k§4l
l L4 K4 Kk k:'l-‘}

. (12)

10.Operating conditions

The model of surface structure used in the study is shown Figure(3)

Figure(3) Model of surface structure used in the study.
The thermal residual stress in the machined layer under the assumption of homogenous

material, the heat conduction equation of two dimensional field is given as [13]:
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A PLUN IR L B (13)
gt dx' ox' ody' dy

where C, is the specific heat of the work, t the element thickness, A the heat conductivity, the

temperature T and Q the generated heat. It is assumed as well that the heat comes only from

the boundary and that no heat source exists inside the material.

11.Modeling of problem

The shape function for tetrahedral elements surface structure is assumed to be linear in the
finite element in the following form:

® =y + X + c3x% + cux3 (14)
as for the tetrahedral element taken in continuum as shown in Fig. (3), C1,C,,Csand C,4 are
determined by substitutingx;, x2, x3, x4 v1, v2, v3, and y4

Equation (14) can be written as

1 | _ _
= oo {(Ya3(X —X3) ~ Xa3(¥ ~ YW1 + (Va2 (X — Xa) — Xa2 (¥ — Ya))T2

+ <y31(x —X3)— x:31(3’ —¥s))Ts

+ <y21(x — X))~ x21(}’_ y12))Ta} (15)
where T;, T, T;and T,are the temperature at the nodes and Sis the boundary surface of the
tetrahedral structure
Xijj=%x;—x; and y;=Y;— Y
The tetrahedral structure surface region is divided into finite number of element rectangular in
shape as shown in Figure(4)connected at their four nodes for plane stress and along inters
elements boundaries, equilibrium and compatibility must be satisfied at each node and along
the boundaries between the elements.

The general form for the thermal residual stress [14]
E o< AT

(I-v

JU =

(16)
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},‘

(xy)
3

(xy)

(x.y)
1

(xy)

X
Figure (4).A plane stress of tetrahedral structure surface region divided into finite
elements.
Therefore the division of a three-dimensional region into tetrahedral elements of the

continuous structure can be shown in Figure(5)

1 ANSYS

Figure(5). Division of a three-dimensional region into tetrahedral elements .

Fracture life prediction can be obtained from the previous equations as follows:

n n

Ny =c/udy;D ) ) kiF; ¢ (15)

i=1 j=1

78



Thi_Qar University Journal for Engineering Sciences, Vol. 3, No. 2 2012

12.Results and discussion

For various loading conditions investigated, the thermal residual stress analysis results for the
tetrahedral elements surface structure were checked against the allowable stresses. The stress

and displacement results were found to be suitable per structural engineering practices.

Thermal residual stress can be determined from the tetrahedral geometry of the structure and
the distribution of strains and stresses combination set up during the operating conditions. For
temperature changes leading to thermal expansion cause thermal loads then residual stresses
are caused by the thermal loading that occurs when hot tetrahedral elements surface structure
metal is cooled metal. Successive cooling causes thermal, plastic, and transformation of

stresses strains to format the material, and these strains give rise to residual stress.

By using the Ansys program to study the output graphs for present work as follows:
Figure(6) and (7) show the application of equation (16) which explain the relationship
between the residual stresses after temperature change where the residual stresses of the

heated element is higher than the lower one.

gt 4§

Residual stresses, kg/mm
o
-

i ! L B B B 2 3 3 i ] P £ B B §

Temperature change, C°

Figure (6). Residual stresses of the tetrahedral structure.

79



Thi_Qar University Journal for Engineering Sciences, Vol. 3, No. 2 _

2

Residual stresses, kg/mm

Temperature change, C°
Figure(7). Residual stresses for one element.
Figure (8) show the Variation of Residual stresses of the tetrahedral structure with thickness
,The strengths of the truss prevent the residual stresses to penetrable into the truss grains,

and decelerates away from the boundary.
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Figure(7). Variation of Residual stresses of the tetrahedral structure with thickness.
Figure(9) shows the stress distribution along the tetrahedral elements surface with mode

shape, it can be seen that the higher modes show the largest stressed of the surface,
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Figure(9). Stress distribution for different mode shapes.
The weakness of the truss allows the residual stresses to into the truss grains, but accelerates
the residual stresses away from the boundary. Figure(10) indicate that the longer fracture life

is in the higher stiffness grain boundaries , lighter damping.
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Figure (10). Thermal fracture life.
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13.Conclusions

The investigation of tetrahedral elements surface structure change and the residual stress with

respect to thermal deformation are studied which can be summarized as follow:

1. The thermal residual stress in the tetrahedral elements surface structure is investigated
using finite element method

2. Residual stress distribution shows that tetrahedral elements surface structure is tension
outward the surface and in compression inward

3. The thermal residual stress inversely increased from the elastic to plastic transition
element

4. Cracks is most effective in the plastic deformation were the stress concentration is higher

5. The longer fracture life is in the higher stiffness grain boundaries, lighter damping.

6. The strengths of the truss prevent the residual stresses to penetrable into the truss grains,
and decelerate away from the boundary.

7. The residual stress of the heated element is higher than the lower one.
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15. Notations
List of Symbols

A cross-sectional area (mm?)
c crack size (um)

D grain diameter (mm)
E Modulus of elasticity (N/m?)
G Modulus of rigidity (N/m?)
N Fracture life (mml/cycle)

o Normal stresses (N/m?)

T Shearing stresses (N/m?)

€ Normal strains  (dimensionless)

yShearing strains (dimensionless)

uCoefficient of friction (dimensionless)
d;;Kroneker delta (dimensionless)
C, Specific heat of the work (cal/g.C°%

t Element thickness (mm)

A Heat conductivity (cal/cm.sec.C°)

T Temperature  (C°)

Q Generated heat.(C°)
a Thermal expansion coefficient  (1/C°)

v Poison’s ratio (dimensionless)
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