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Abstract. Spray up fabrication has been used for forming composite structures
since ancient times as it can be performed as long as the mold, skills, and
materials are available. Hence highly specialized control technique and the
tradition of skill are required to ensure the consistent stability of product quality.
In this study, the authors thus conducted a motion analysis experiment using
spray-up fabrication experts as subjects. The experiment, seemingly a new and
only attempt in Japan, quantified techniques that are not visibly apparent and
considered to be tacit knowledge. The dimension stability of samples was
measured, and their relationships with the motions of experts were also evalu-
ated. It was also suggested that highly specialized control techniques, the
appropriate training of non-experts, and technical tradition are possible.

Keywords: Spray up fabrication � Dimension stability � Motion analysis �
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1 Introduction

In Spray up fabrication work, the characteristics of the composite material will be
usually the same regardless of which forming method is used as long as the reinforced
substrate, reinforcement morphology, matrix resin, and volume content of reinforcing
material are the same. Composite materials, particularly fiber reinforced plastics
(FRP) made of fibers and resins, are basically formed by impregnating fibers with resin,
i.e., replacing the air contained in fibers with resin. Consequently, the impregnation
method is expected to contribute to changes in the properties of the interface formed.
To review the effects of different spray up technique on the mechanical properties of the
composite structure, an experiment was conducted to analyze the process of work and
investigate the relationships with mechanical strength and dimension stability of the
structures built in craftsmen (experts and non-experts) specializing in making bathtubs
using the spray up technique, who were asked to create FRP structures.
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2 Methodology

2.1 Subject Persons

In this study, two people were tested: an expert spray up craftsman (male, 42 years old,
19-year work career) and a non-expert (male, 37 years old, 1-year work career). The
biological data of the subjects is shown in Table 1. Both subjects were right handed,
and didn’t have physical handicaps or a disease that restricted their work. The purpose
and method of this study were explained in advance to the subjects. Their consent to
participate was obtained.

2.2 Measurement Techniques

Motion analysis and eyemovementmeasuring were done from start to finish for the entire
work process. The experiment was performed under the same circumstances as their usual
workplace so that the subjects could work as normal. Moreover, instructions—except
restrictions for measurement—were omitted so that the subjects could work at their own
pace. In addition, three-dimensional motion and eye movements were measured
separately.

2.3 Analysis Objective

The object of the analysis was to evaluate the work done for fabricated composites
using the spray up method. The size of the mold was 1820 mm high and 910 mm wide.
A blue rectangle (1250 mm × 800 mm) was drawn on the 1 square meter spray region.
In addition, in this experiment, it was presupposed that the process of degassing
(pressing down with a roller after completely spraying on the resin and the roving)
would not be done. Since the surface smoothness and thickness distribution vary
greatly through control of a roller, in this research only spray up skills were evaluated
(Fig. 1).

2.4 Spray up Method

The spray up machine that was used was made in Japan. The quantities and conditions
of the spray up method were:

Amount of resin sprayed on : 2044 [g/min].
Amount of glass fiber sprayed on : 1080 [g/min].

Table 1. Biological data of subjects

Subject Age Years experience Height (cm) Weight (kg) Dominant- hand

Expert 42 19 162 65 right
Non-expert 37 1 166 70 right
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Spread angle of resin : 200 mm / 500 mm.
Here, the glass fiber was in a continuation filament cut into 4 or 25 mm strands, and

then sprayed on. As a base material, glass roving was used, as well as isophthalic
unsaturated polyester resin.

2.5 Three-Dimensional Motion Measurement

Three-dimensional motion measurement was performed using an optical real-time
motion capturing system, the MAC 3D System (manufactured by Motion Analysis
Corporation). Beforemeasurements were taken, in order to acquire the three-dimensional
coordinates of markers, an L-shaped frame (with infrared markers attached) was shot and
the calibration of the shooting range was performed using a T-shaped wand (with two
infrared markers attached). A total of 19 infrared reflective markers were attached to the
subjects’ bodies. Similarly, three markers were attached to the tool. The position of each
marker was captured with six cameras (manufactured by Motion Analysis Corporation),
and the three-dimensional position data of all the markers was synchronously down-
loaded to a PC (sampling rate: 120 Hz). Moreover, the data from one digital video camera
was also simultaneously synchronized. Here, the x axis was defined as perpendicular to
the spray direction. The y axiswas defined as the spray direction and the z axiswas defined
as the height. For data processing, the coordinate data from the 19 markers attached to
each joint was obtained using EvaRT Ver. 5.0.4 software (manufactured by Motion
Analysis Corporation).

2.6 Eye Movement Measurement

Eye movement measurement was performed using TalkEyeII (manufactured by Takei
Scientific Instruments Co., Ltd.) for analyzing eye movement. A goggle-like apparatus
was worn by the subjects. The subjects’ point of view was captured with the camera
from the center of both eyes, and two cameras detected the point of view. The sampling
rate was 30 Hz. Moreover, a digital video camera was used to record the motion of
objects. Cameras were arranged so that the motion could be captured clearly.

Fig. 1. Mold used in this study (1820 mm high, 910 mm wide)
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2.7 Dimensional Stability

To compare the dimensional stability of the expert and non-expert, the surface
coarseness of the plane of the acquired molded product was measured. A micrometer
was used for measuring thickness. All samples (1250 mm × 800 mm) obtained in the
experiment were cut and divided into 16 sections. Moreover, the thickness of the cross
section of each area was measured every 10 mm. About 1,110 data points were
obtained per subject.

3 Results and Considerations

3.1 Dimensional Stability

The dimensional stability (thickness distribution) of the expert and non-expert are
shown in Fig. 2. The classification by color in the figure is every 1.0 mm.

The expert’s average thickness was 3.52 mm and the coefficient of variation
(CV) value was 11.4 %. On the other hand, the average thickness for the non-expert
was 2.47 mm and the CV value was 16.2 %. As the theoretical thickness of this study
was 3.50 mm, the non-expert’s thickness distribution was thin and the CV value was
also large. The CV value of the horizontal cross-sectional thickness for the non-expert
was especially high. This thickness came from overlapping strokes or an inconsistent
speed. Moreover, the ends of the horizontal sections were extremely thin.

The thickness distribution of the superior extremity and the lower end shows that
the expert had precise thickness control. Therefore, the expert’s loss of spray also
decreased. In addition, to refine the spray up method, there needs to be a consistent
coefficient of variation of less than 10 %. Improving the spray up technology would
substantially contribute to dimensional stability and reduced waste.
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Fig. 2. Comparison of thickness distribution (left: expert, right: non-expert)

Effects of Quantified Instructional Tool 107



3.2 Process Analysis

First, each motion under work was defined, and could be divide into two motions: first
the “stroke” and second the “process.” The “stroke” was defined as the reciprocating
movement of the spray in the height direction of the mold and the “process” was
defined as the movement one way in the horizontal direction of the mold by repetitive
“strokes” (Fig. 3).

Both the expert and non-expert started spraying from the upper left. For both, the
number of times of the “process” was three times.

Process 1: From the left to the right.
Process 2: From the right to the left.
Process 3: From the left to the right.

The number of “strokes” in each process is compared (Table 2).
In process 1 and 2, the expert took seven strokes. On the other hand, the non-expert

took five and six strokes. In process 3, the expert took six strokes, and the non-expert
took nine. The number of strokes made by the non-expert in each process varied
although the number of strokes made by the expert was consistent.

Fig. 3. Definition of “stroke” and “process”

Table 2. The number of strokes

Expert Non-expert

Process 1 7 6
Process 2 7 5
Process 3 6 9
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Next, the mean work time of the stroke in each process was compared (Fig. 4). The
mean work time of the expert and non-expert shortened with the increase in process.
The expert’s mean work time was short by 19.5 %. On the other hand, the non-expert
was short by no less than 31.5 %. That is, the spray per stroke gradually became faster.

3.3 Motion Analysis

The operations at the time of the spraying by the expert and non-expert were compared.
Attention was paid to the motion of the lower half of the body. The difference in
motion was especially noted. Here, the x axis is defined as the direction perpendicular
to the spray. The y axis is defined as the spray direction. And the z axis is defined as the
height direction (Fig. 5).

First, the change in the position of the knees in the y-z coordinates is shown in
Fig. 6.

This figure shows the displacement of the knees from start to finish. The expert was
moving his right knee smoothly. The non-expert showed no such movement during the
spray-up

Next, the angle variations between the knee, greater trochanter and shoulder (right
side) are shown in Fig. 7.

The expert had a wide angle variation (wide arc) and it turns out that this is the
stable angle variation. Moreover, it is clear that the expert is further “crooked” by about
20 degrees, and it turns out that the “crookedness expansion movement” for each stroke
by the expert was performed smoothly. That is, the expert is performing the “crook-
edness expansion movement” efficiently while on tiptoes. An image of an angle var-
iation is shown in Fig. 8.

The difference in the angle variation can be clearly seen from this figure. Moreover,
the motion of the non-expert placed a burden on the body, preventing a smooth motion.

Next, the change in the position in the x-z coordinates for the top of the spray-gun
(Fig. 9).
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Fig. 4. The mean work time per stroke for each process
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Fig. 5. Motion analysis

Fig. 6. Motion analysis (left : Expert, Right :Non-expert)
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Fig. 7. Angle between the knee, greater trochanter and shoulder (right side)
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Here, maintaining constant distance from the mold was thought to be a basic part of
producing FRP with consistent thickness. On the other hand, as a result of motion
analysis, we found that the non-expert followed the basic rules in all processes, while
the expert went against this guideline. The expert visually checked the thickness and
areas of the spray on the mold and adjusted his distance accordingly. A uniform
thickness distribution is only possible by adjusting the distance from the mold in real
time. The non-expert, on the other hand, paid too much attention to keeping his
distance from the mold constant, and missed his mark. The trace and thickness of his
resulting product were not consistent. Also, the amount of discharged resin from
spray-gun varies significantly depending on temperature, humidity and production lot
and so on. The expert was able to adjust to these tiny changes and precisely change his
technique. This is what we consider expert spray-up technique (Fig. 10).

3.4 Eye Movement Analysis

A comparison of the points of view of the expert and non-expert is shown in Fig. 11.
The expert’s point of view was stable and the path of the point of view matches the
path of the stroke. On the other hand, it is clear that the non-expert’s eye movement is
not smooth.

Fig. 8. Image of angle variation

Fig. 9. Trace of spray-gun
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4 Conclusions

Analysis of the spray up method revealed the following:

1. The expert smoothly bent and extended his body with each stroke.
2. The “bend and extend movement” was more efficient because the operator was

standing on his tiptoes, allowing greater reach and flexibility.
3. The expert always observed the thickness of resin on the mold. He produced a

uniform thickness distribution by adjusting the distance between the gun and mold
in real time.

4. The expert’s point of regard was stable, and the path of the point of regard matched
the path of the stroke.

5. Moreover, the expert’s motion data could be fed to a spray up robot, resulting in
minimal errors during fabrication of composite.

Acknowledgements. Special thanks to KIT members.

Fig. 10. Comparison of the change in the position in the y-z coordinates for the top of the
spray-gun (left: expert, right: non-expert).

Fig. 11. Comparison of points of view (left: expert, right: non-expert)
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