Sheffield
Hallam
University

S S SUHE(#

) X+ $

I + $

+ 3 $

, Y% § o+ $ 3 + o
$ $ 0+

S S SUHE(# S S $%#
$ $ " $ "



http://shura.shu.ac.uk/information.html




! n # n !$ n # !#ll ! n $ll#
! ! $" # 1'$ #
# ( ) % n & ll( " %
11} ) $ 11} &
Ry ,-./01,2
*104 % x4 345-,06& 3"# " 7 %
&
) # $ Lo 8  S$"# ! ,0(
$ n n n 9 * Il+! 3&
RrY 3&
02/ )y )
*& & " <1,
%" ( 12,-.= ,<1.

1%



%

% $

&

$ 1
(
%
#
Ton * (
% & #
# (
o+
/[-0,/1.2

3,04 0 1 52

IIO’

% 1

-1 2
4 6,074 5

810 1 9



PREFACE

The work represented in this thesis was carried out in the Department of Metals
and Materials Engineering at Sheffield Hallam University.

The candidate was registered with the Council for National Academics Awards
for a higher degree, in which she has not been registered for any other CNAA
award or University degree.

The research here is, as far as can be ascertained, original except where due
reference has been made to previous work.

In accordance with the requirements of the work, training course on finite

element analysis was taken.
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3.0 EXPERIMENTAL PROCEDURES
3.1 Experimental measurements of surface heat
transfer coefficient
3.2 Photographic examination of the plate surface
during quenching
3.3 Calculation of the surface heat transfer coefficient
and the prediction of the generation of the
thermal stress and strain of a stainless steel plate
during quenching
3.4 Calculations of the surface heat transfer coefficient
from relationships between temperature and time
3.5 Finite element method
3.5.1 Theory of finite element technique
3.5.2 Finite element techniques
3.5.3 PAFEC finite element package
35.4 Development of finite element model
3.6 Experimental determination of residual stress and
strain in quenched plates
3.6.1 Quenching the plate
3.6.2 Measurements of residual strain

3.6.3 Residual stress measurements
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4.0 RESULTS
4.1 Cooling curves and surface heat transfer
coefficients
4.1.1 Observation of cooling curves in plates held
vertically during quenching
4.1.2 The relationship between time and temperature
in plates quenched in a horizontal position
4.1.3 Surface heat transfer coefficients and
temperature distributions produced during
quenching with the plate held in various
positions in the bath
4.1.4 Vertical plate
4.1.5 Horizontal plate
4.2 Calculation of temperature distributions in the
plates during quenching
4.3 Photographic observations of the cooling of the
plate in a water quench
4.4 Generation of stress and strain during quenching
by using constant and variable surface heat
transfer coefficients
4.4.1 Using constant surface heat transfer coefficient
around the surface of the plate
4.4.2 Using variable surface heat transfer coefficient

around the periphery of the plate
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4.5 The calculated and experimental residual strains
in plates held in vertical and horizontal positions
during quenching

4.6 Experimental measurements of residual stress in
horizontal plate

4.7 Calculated stresses in plates held horizontally
during quenching

4.7.1 Using constant surface heat transfer coefficient

around the periphery of the plate
4.7.2 Using variable surface heat transfer coefficient

around the periphery of the'plate

5.0 DISCUSSION

5.1 Photographic observations of the plate in a water
quench and the mechanism of cooling around the
periphery of the plate

5.1.1 Introduction

5.1.2 Photographic observations - Vertical Plate

5.1.3 Photographic observations - Horizontal Plate

5.1.4 Relationships between photographic data and

the cooling curves during quenching

5.2 Comparison of constant 'h' and variable 'h' during

quenching

5.2.1 Vertical plate
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5.2.2 Horizontal plate
5.2.3 Comparison of cooling rates ’m the vertical and
horizontal positions
5.3 Thermal stress and strain generation during
quenching
5.3.1 Horizontal plate

6.0 CONCLUSIONS AND RECOMMENDATIONS
FOR FURTHER WORK

7.0 REFERENCES
TABLES
FIGURES

APPENDIX A
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As far as the work on the horizontal plate is concerned the surface heat transfer
coefficients have been determined on the upper and lower faces.

When this data was obtained the finite element calculations were carried out for
the complete plate section.

The results of the finite element strain calculation have been compared with
measurements of residual strain made on quenched vertical and horizontal

plates.
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