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Abstract

An impingement heat transfer analysis is presented for hot gas torch heating in a tow-placement process of thermoplastic matrix
composites. It is shown that experimentally available convective heat transfer correlations for normal and oblique impingement can
be adapted to the geometry specific to the process by following first principles. Parametric studies are conducted using a coupled
heat transfer and crystallization kinetics model for fabrication of a fiber-reinforced poly-ether—ether—ketone composite. Effects of
processing parameters, in terms of torch incidence angle, 6, torch exit diameter, D, torch distance to target, L, hot gas temperature,
Thoz» gas velocity, Uyoy, line speed, ¥, and number of layers in tow substrate, Mayer, on the crystallinity development in product are
elucidated. Based on an optimal level of crystallinity, a processing window is identified by determining minimum and sonic gas

velocities at various gas temperatures and line speeds.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Tow placement is an automated process for fabrica-
tion of fiber reinforced thermoplastic-matrix compos-
ites. It is based on continuously laying down prepreg
tows onto a substrate to a desired shape and thickness.
Localized heat and pressure, applied in situ to the con-
tact region between each new layer and the substrate,
help to form a monolithic composite part. The sub-
sequent cooling stage causes the development of crys-
tallinity, which is one of the parameters governing the
mechanical properties in the final product.

The process is governed by multiple physical phe-
nomena. Pitchumani et al. [1,2] presented a compre-
hensive analysis of the heat transfer, polymer flow,
autohesion (polymer healing), and degradation during
the process. By studying the effects of different pro-
cessing conditions and placement head configurations,
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processing windows were reported based on simulta-
neous consideration of interlaminar bonding, void
content, and polymer degradation. Sonmez and Hahn
[3] coupled a heat transfer analysis with crystallization
kinetics to obtain the development and final distribution
of crystallinity in the product. The processing conditions
that are likely to produce optimum crystallinity level
were reported in terms of line speed and heat input.
Other studies on modeling the process and the phe-
nomena involved are also reported in the literature [4,5—
9]. A detailed review of the literature pertaining to the
process is presented in [10], and is not repeated here.
While considerable advances have been made in re-
gard to understanding the various phenomena, de-
scription of the heating environment, such as hot gas
torch heating commonly used in the process, has re-
ceived insufficient treatment. Previous heat transfer
analyses either resort to experimentally measured tem-
perature data at the substrate boundaries for specific
placement head configurations [1,2], or use a nominal
value of heat input throughout a region whose length
can only be specified as a modeling parameter [3]. It is of
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