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Introduction

Nickel Titanium (N1T1) 1s a Shape
Memory Alloy (SMA) which means
that 1t has the unique property of
Shape Memory; the ability to re-
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Design of Experiments

A 2”! fractional factorial design of experiments (DoE) was used
to minimize the number of runs while maximizing the number of
interactions between all factors. By doing a fractional factorial
DoE, the number of runs required 1s reduced from 32 runs to only

Response Surface Model

The lack of center points 1n the DoE made 1t difficult to fit a re-
sponse surface model to the responses. A fractional factorial de-
sign 1s limited to linear models which makes it difficult to detect
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composition can lead to shifts in the phase transformation temper-
atures which are responsible for the shape memory eftect [5].

The rise of Additive Manufacturing (AM) technologies offers ad-
ditional methods to manufacture NiTi. Selective Laser Melting
(SLM) 1s an AM method that offers the best control of process pa-
rameters [6]. By modelling the phase transformation temperatures
as a function of process parameters, it 1s possible to create a re-
sponse surface model which will provide a reasonable approxima-
tion of the phase transformation temperatures of NiT1.

Table 2.— Fractional Factorial DoE Results

Linear Regression Model

The data was fit into four linear regression models using
MATLAB. Interactions terms were either added or removed de-
pending on the Root Mean Square Error (RMSE), p-value, R,
and adjusted R* values. Below is one of the four results along

values, F-statistic, R, and adjusted R” values of all the phase
transformation temperatures indicate that there 1s a good fit be-
tween the data and the regression models. However, the residuals
plot did not follow a normal distribution for the martensite start
temperature. Therefore, only the austenite start, austenite finish,
and martensite finish temperature models are good fit for the data.
The absence of center points and additional levels 1n the DoE
made fitting a surface response plot to the data unfeasible. A re-
sponse surface model may have been feasible through the use of
multi-level DoEs such as Box Behnken or Central Composite de-

with the residual plots that determine the fitness of the data. signs.

Methods & Materials

A. = 203.34+ 0.35276(v) — 822.91( h) — 8878(t) — 3.3824(v)(h) + 139.83(p)(¢) — 16.562(¥)(¢)
— 1.5479(p)(no. passes) + 374.1(h)(no. passes) + 2031.9(¢t) (no. passes)
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