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ABSTRACT

The Automated Fiber Placement (AFP) machine layup run time in large scale AFP layup cells consumes approximately
30% of the entire part build time. Consequentially, further reductions to the run time of the AFP machine part programs
result in small improvements to the overall cycle time. This document discusses how Electroimpact's integrated system
and cell design reduces the overall cycle time by reducing the time spent on non-machine processes.
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INTRODUCTION

Many different operations take place over the course of a part
build. In order to increase the cell efficiency, all of these
activities need to be understood. We compiled data from five
recent part builds and analyzed this data to provide an image
of what it takes to make a part. On average, each part is in the
AFP cell for 3-4 days. Figure 1 shows where time is spent in
the AFP cell during the production of the part.

From the data presented in Figure 1, we see that for this part,
the machine only lays up approximately 30% of the time. The
remaining time offers opportunities for improvements that can
drastically increase overall efficiency and cell utilization. The
right side of Figure 1 shows a representative gain from reduced
tow errors and the subsequent improvement in repair time and
inspection time.
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Figure 1. Time distribution During Part Build

Ways to Reduce Part Build Time for Process
Errors

. Use appropriate speed for various ply geometries

. If an AFP head error occurs, do an AFP head swap

. Metric based head management system
317
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Repair Time Reduction
. Less process errors mean less repair time (see above list)
. Show the repair person where the defects are

Inspection Time Reduction

. Less defects to inspect, see above two lists

. Boundary projections more accurate

The following sections describe improvements that were made

for the second AFP cell (see Figure 2) and are in the process
of being established elsewhere.

Figure 2. AFP Cell Utilized in Time Study

Process Error Recovery and Repairs

Process errors are a large contributor to the time in cell. They
are also the most critical to solve because they add time in the
following phases of the build:

«  Process error recovery (unjam heammfﬁ éﬁtg

tow), 9 minutes/instance o #verage
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. Repairs to the layup, approximately 15 min/instance

. Increase in the number of defects to inspect. The
operators will likely always miss some percentage of
the defects in the part. The more total defects, the more
defects will be left when the inspector gets out there to do
his job.

To illustrate the importance of this section, consider what is
known today as a highly reliable AFP machine that regularly
drops less than 60 tows in over 176,539 tow add events
(approximately 1 failure in 3000 individual tow strips). If it takes
on average 9 minutes to clear the AFP head this means that
over 9 hours is dedicated to clearing the head during the part
build. Considering that 9 hours is pretty close to all the work
done by two shifts?, eliminating these missed adds will reduce
the overall floor-to-floor time by nearly two thirds of a day. On a
3 day build this is extremely significant. Remember that we
have not yet accounted for the time required to actually make
repairs to rectify the missed tow on the part. Let's assume that
it takes 15 minutes to effect the repair on a missed or
misplaced tow. For the case where there are 60 tow defects,
that is 15 hours of repair. You can quickly see that it is easy to
account for nearly 30% of the part cycle time simply by
summing the process error recovery time and defect repair
time.

The part builds in this study experience about 1 tow drop every
1.5 hours of part build time or approximately 30 minutes of
machine run time. This is extremely in-frequent in the AFP
world, yet the impact on AFP cell productivity is huge.

REDUCING STOPPED TOW CAUSED

BY MINIMUM-PIECE/MINIMUM-GAP
SITUATIONS GEOMETRY

Although the Electroimpact AFP head system is reliable even
at very high speeds of adding and cutting, we realized from our

study that the process experiences a higher frequency of
stopped tows if we attempt to place tows at very high speeds

during small gap and minimum piece operations (see Figure 3).

In fact, on a recent visit to the customer's facility the operator
told me that our process didn't drop tows in any other locations
(we believe this to be an exaggeration, but the point was
taken). Our improved post-processor features the ability to
automatically examine the part program for minimum pieces
and small gaps. By inserting appropriate feed-rates for these
features, we are able to gain very high reliability on these
difficult placement situations. Efficient use of machine/part
program execution performance requires detailed
understanding of machine performance (acceleration/
deceleration characteristics, interpolation of motors and
discrete outputs, etc) and intimate knowledge of how blocks
are executed on the CNC. Since we write our own CNC
executive, our engineers have the critical knowledge that is
necessary to accomplish this.

1. After accounting for lunch, breaks, shift change, etc. and break in the natural
work flow.
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Figure 3. min gap and min piece in a layup. These occur regularly in 45
degree plys

DECREASING PROGRAM RUN TIME AND
INCREASING RELIABILITY WITH FEED-
RATE TOOL

Additionally, feed-rate affects stopped tow frequency and
end-placement accuracy, as well as the floor-to-floor time. The
two effects are in conflict with each other. The faster the
machine feed-rate, the quicker the program runs. The faster
the machine feed-rate, the more likely a tow placement defect
will occur. Our machines are reliable and Boeing qualified up to
2000"/min for adds and cuts on-the-fly. However, we offer
machines capable of feed-rates in excess of 3500"/min. On
large volume AFP parts, we see no reason to not take
advantage of these very high feed-rates. The feed-rate tool
allows the customer to specify separate add/cut feed-rates and
payout rates, for example, 1500"/min adds and payout rates of
3500"/min. This capability greatly reduces the number of
stopped tows, missed placed tow ends and roller wraps
because there is less transfer of resin to the feed system at
these lower speeds, while decreasing overall program run-time
because of the higher payout feed-rate. So to increase
reliability, the machine uses lower speeds during the feed and
cut event. The other benefit is that the machine is no longer
limited by the add-on-the-fly speed during the entire laydown.
This feature is new and currently being implemented in
production.

OUR CURRENT RECOMMENDED

FEEDS FOR LARGE VOLUME AFP
AEROSTRUCTURES

When considering appropriate feed rates, we need to balance
the impact to part program runtime, process reliability and

machine performance. The values in Table 1 seem to work
well.
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