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ABSTRACT

In an increasingly competitve market place, accurate and economical
condition assessment of engineering structures and components is
imperative. The safe and economic operation of energy producing and
process plants equipments is becoming major issue as these equipments age
up to and beyond their planned or designed life. The traditional fossil and
nuclear fueled electric power, thermal power plants, and the petrochemical
plants are examples where the reliability of aging equipment is of much
concern. Determination of accurate mechanical properties of operating
components is a key element for the enhancement of component reliability,
optimization of operating procedures and inspection intervals, and for the
definition of a guide to maintenance and repair strategies for extending
component life. In most cases, component integrity is hardly evaluated with
traditional and well-standardized mechanical test techniques because there is
not enough amounts of materials sampled non-invasively from components to
allow for the determination of mechanical properties. Small punch specimen
test technique provides a way of obtaining mechanical properties of
components or structures while consuming an amount of material that is very

small relative to that required for full-size conventional specimens.

In the present study, a simple versatile small punch test experimental set up
for testing miniature specimen is designed and tested. The detail of such a
setup/fixtures for the determination of mechanical behavior of materials is
investigated. It incorporates several new features, not génerally found in

previous designs. Miniature sample holders (i.e. dies) are designed in order to
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accommodate different shapes of miniature specimens. Special type of fixture
is designed to test miniature sample conveniently in the axial direction. Four
different indenters (three hemispherical headed and one cylindrical tip head
with line contact) are designed and developed. The displacement under the
punch load is measured by various techniques as described. This setup is
very versatile for testing either unclamped or completely clamped (rigidly
fixed) miniature samples on any modern universal testing machine such as

MTS machine, INSTRON machine and Hounsefield Tensometer etc.

An exeerimental study of small puneh test on circuiar shaped miniature
speeimens is carried out, using the-experimentai setup described above.
Study contains the desc;'iption of ther selection of (i) different materials (ii)
specimen holders (jii) punch geometry (iv) testing machine and (v) procedure
~ for carrying out experiments using small punch test setup. The small punch
test experiments are conducted on circular disk (10mm diameter and 0.5mm
- thick) miniature samples of different materials in phased manner according to
hemispherical headed indenters. The quasi-static loading is applied on circular
shaped miniature samples by three diffe'rerit diameters of rigid indenters. The
small punch specimen experiments ere conducted on MTS testing machine in
air at room temperature. Experimental results of small punch specimen, in the
form of load vs.rdisplacement curve are presented and discussed. The
influence of tip diameter of rigid hemispherical headed punches on the
deformation of circular shaped miniature sample is investigated. A new
empirical correlation for the estimation of yield strengtﬁ is proposed for circular
shape miniature specimen. Exberjmental determination of material properties

as well as fracture toughness parameters based on standard conventional



specimen tests are also reported. These conventional standard tests are used

as a “bench mark” or a “Reference test’.

An experimental study is also carried out on the non-circular (square and
rectangular) shape of miniature specimen. The square (10mm x 10mm x
0.5mm) and rectangular (10mm x 2.5mm x 0.5mm) shape miniature samples
are prepared from four different materials and small punch test have been
conducted using specially designed die. Hemispherical headed punches of
three different tip diameters are used for the quasi-static loading on square
shaped miniature specimen. The small punch test for both non-circular
specimen is carried out on INSTRON testing machine at room temperature,
with cross head sbeed of 0.2mm/min. The load vs. displacement curves are
obtained and reclorded. The deformation behavior of these diminutive samples
during quasi-static loading under the tip of rigid penetrator is closely
monitored. The influence of tip diameter of (rigid hemispherical headed)
punches on square shaped miniature sample is investigated. A new empirical
correlation for the estimation of yield strength for square shape miniature
sample is established. The last experimental portion is devoted to the study of
small punch test technique on rectangular (fixed beam) shape miniature
specimen. The quasi-static load is applied along the width at the center of
rectangular specimen using specially designed cylindrical headed punch. An
empirical correlation for the prediction of yield strength for rectangular shape
miniature samples is also proposed. The estimated values of yield strength
using proposed correlation is compared with the values obtained from existing

(in literature) relations and as well as from standard tensile test.
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The simulation of small punch test for three different shape miniature
specimens using finite element method, for obtaining the mechanical behavior
is studied. The circular and non-circular miniature samples with different
punch geometries are simulated using finite element method. Direct finite
element analysis on different shape (circular, square and rectangular)
miniature specimens of different materials is carried out using FE ABAQUS
code. For the circular disk and non-circular (square and rectangular) shape
miniature Specimens, three dimensional finite element models comprising
different number of elements are developed, and validated through
comparisons with small punch experiments on four different type of steels.
The four different types of rigid punches (three hemispherical headed and one
cylindrical headed tip spécially for recténgular specimen) have been simulated
for quasi-static loading. The solid iso-parametric elements of 20 noded brick
(hexahedral) are used in the présent study. Simulation of the small punch test
for different shape miniature samples follows the experimental (physical)
procedure as closely as possible uéing the same prescribed boundary :
conditions. For the modeling of the cirbular, square and rectangu_lar shape
miniature speciméns, the dimensions considered are l(imm diameter, 4mm Xx
4mm x Q.Smm and 4mm x 2.5mm x 0.5mm respectively. A special contact -
algorithm represented the contact between the tip of hemispherical headed .'
punch and the miniature sample is defined through ABAQUS code. The load '.
vs. displacement curves are compared with small punch test experimental
curves and wide spectrum of informafion is collected. This includes the -
deformation behavior of miniature specimens, load vs. displacement curves,

von-Mises stress, equivalent plastic strain, logarithmic strain components and
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contact pressure etc. for different types of punches, miniature shapes and

materials.

A computational study of miniature specimens through inverse finite element
procedure using the results of small punch experiments has been conducted.
An inverse finite element procedure for the determination of constitutive
behavior of any unknown materials is developed. The initial slope of the small
punch load vs. displacement curve is used to predict the actual value of elastic
modulus of materials in conjunction with the inverse finite element method.
The inverse FE analysis provides the small punch test based prediction of true
stress-strain behavior and this is compared against the conventionally
measured (standard tensile test) behavior for three different steels. This
technique is based upon optimal matching of the experimental and simulated
SP load vs. displacement curves for miniature specimens. This inverse FEM
technique is tested and validated on three different miniature shapes (circle,
square and rectangular) for four different materials. The empirical power
correlations for the prediction of fracture strain and fracture toughness for
different shape miniature specimens are established. The fracture strain and
fracture toughness determined by proposed empirical correlations and existing
empirical relations are compared. The computed SPSTT based fracture
toughness values are also compared with the values obtained from standard
three-point bend specimen test for four different materials and results are

quite encouraging.
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