2002091

Curve Fitting for
Shot Peening Data Analysis

by David Kirk, Coventry University, UK

Introduction

Data abounds in shot peening. We have Almen arc heights,
peening times, sieve analyses, shot weightings, image analysis values,
air pressure variations, shot flow rates, residual stress data, etc.
Most of this data is valuable — it cost time and money to produce —
and it can all be stored in a readily-accessible format. Data that
simply appears during a controlled process — such as MagnaValve
readings during peening — would not normally need to be stored for
subsequent analysis. Almen arc heights, on the other hand, should
be stored together with associated variables such as peening time,
shot size, shot type, air pressure, stand-off distance, feed rate, etc.
Commercial spreadsheets (such as Microsoft’s Excel) are useful for
limited data storage but a proper database programme (such as
Microsoft’s Access) is needed for large data storage procedures.
Most data analysis programs can input data straight from either a
spreadsheet or a database.

Vast amounts of data can therefore be accumulated and stored,
but it is all useless uniess it can be analysed. This analysis must have
specific objectives. These objectives may include:

» Presenting data in a palatable format,

e Determining required parameters — such as time to achieve a
specified Amen arc height,

o Investigating unknown relationships between parameters and
impressing customers!

Data is often presented in tabular form. Tabulation has specific
advantages, the chief of which is that actual values are made available.
On the other hand it is often difficult with tabulated data to visualise
trends and deviations from those trends. Graphical representation is
the main alternative to tabulation. Several formats are used including
histograms, pie charts and X-Y plots. This paper will concentrate on
the two-dimensional X-Y plotting of data and the consequent analysis
of the data trends.

X-Y Plotting

We have two axes — “X”" (abscissa), and “Y” (ordinate). The
“X" values are generally referred to as the “independent variables”
whereas the “Y” values are the measured “dependent variables.”
For example, we can have a set of X values that represent specified
peening times together with Y values that are Almen arc heights
measured for each peening time, The magnitude of each Y value
must depend in some way on the corresponding X value, hence the
use of the term ‘dependent variable’. In most situations the indepen-
dent variable is the one that we exercise control over and the depen-
dent variable is the one that we subsequently measure. For example
we may vary the shot flow rate by pre-determined amounts and mea-
sure the effect that has on Almen arc height (keeping all other para-
meters constant). Each point has an X and a Y value — its “coordi-
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nates” - that specify where it will appear on a graph. If we plot a set
of data points on a graph, we usually add some form of ‘data analy-
sis’, This normally takes the form of curve fitting. We can employ

either interpolation or regression curve fitting techniques.

Interpolation involves fitting a curve that must pass through

every point. Regression uses some form of ‘model equation’

and attempts to minimise the differences between data points
and the model equation.

Regression techniques are relatively intellectually demanding
because the model chosen has to be justified. Whatever the objective
is for curve fitting we should try to understand the mathematical
basis of the particular data analysis procedure that is being used.

Consider the ‘fictitious’ data that has been presented in Fig.1.
The data from a point whose coordinates are 0,0 and has a maxi-
mum at about 9,18 (the first value in each coordinate pair repre-
senting the X value and the second representing the Y value). The
human brain is a very powerful computer. It will normally seize
upon 4 “model” that represents the ‘behaviour’ of the data. In this
case, most people would say that there appears to be a straight-line
relationship between the X and the Y values. The general equation
for a straight line is given by:

y=4a+mx (M
where a is the value of y when x=0 and m is the slope of the straight
line.
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FPig.1. X-Y data plot with “least-squares” linear fit.

One method of ‘analysing’ the data in Fig.1 would be to draw a
line using a pen and ruler. The brain would then employ a natural
‘minimal error’ technique so that the straight line would be placed
such that the data points were at some perceived minimum distance
from the straight line. That technique has the disadvantage that it is
‘subjective’ - each person will draw a slightly different line. Long
before the universal employment of computerised curve-fitting tech-
niques, it was possible to remove this subjective element by employ-
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