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A new method to glue the sole of rubber slippers with complicated

surfaces

Tung Thanh Luu®

ABSTRACT

Nowadays, people often wear shoes or slippers when going outside. Rubber slippers are very pop-
ular in the world, especially in tourist area. Rubber slippers can be easily seen at tropical countries
such as Vietnam. A slipper consists of many layers, and they are glued and then pressed to ensure
them not to be separated during retention period. In the past, the layers of slippers is glued by
rollers because the surfaces of layers are flat and simple. However, the slippers are now improved
and then the surfaces of layers become complicated and difficult to spread the glue. The surface
is produced by curved faces matching with the foot. Therefore, the workers have to use a brush
to spread the glue on the surfaces, especially the line of intersection of surfaces. The rollers are
tried but the result is so bad because the glue cannot reach the intersection of two faces on the
surface of the slipper. The places without the glue will make the slipper become failure after used.
In this paper, although the rollers are also applied, the rotational speed of these rollers are different.
The different speed helps the glue spread to be same as glued by hand. The number of rollers is
determined by experiment. The ratio of rotational speed and the gap between two rollers are also
showed by experiment to obtain a best result of the glue spread. All of the experimental data will
be shown by graphs helping the readers to understand more clearly about the best parameters
for machine operation. Results from this paper are foundation for designing a real gluing machine
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which helps shoe manufacturing industry to develop.
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INTRODUCTION

The rubber slippers are nowadays very popular with
us. They can be seen on the beaches, on the streets
and at home. Many millions of pairs of slippers are
everyday made. Thus, automation is required to ap-
ply for manufacturing rubber slippers. Last time, the
structure of the rubber slippers are simple, they only
consists of rubber layers stuck by glue. The layers are
flat and glue spread is automated by using rollers. The
principle of glue is very simple (Figure 1), there are 2
main rollers, one supplies the glue to the other and the
other spread the glue to the surface of the slipper .
The fashion is one of industrial field changing very
fast. The rubber slipper is not out of this rule. Style
and model change so fast and as a result the surfaces
of layers is not flat and they are designed with curved
surfaces. Thus, the line of intersection of surfaces ap-
pear, that make the glue not be able to reach this line
and therefore, the layers are easy to be peeled. Because
of this, a lots of workers are recruited for glue spread
on the surfaces of layers. To solve this problem, many
patents are recognized.

E. A. Petersen invented a new method to glue papers
discontinuously?. There are some places on the pa-
per needing to be glued, therefore, the roller requires

to spread glue on some areas only. The roller in the
invention can rotate or stop by a mechanical control
system. The good solution is to glue different areas
on the article however the invention can only apply
for the flat area.

E. A. Petersen’ invention is only applied for adhesive
strip perpendicular to movement of paper. In some
case, the strip of glue is required parallel to movement
of article. In this case, C. E Shaefer invented a ma-
chine with roller which includes rings being able ro-
tate independently >. The papers move on the face 10
(Figure 2 ). These rings will move when cams 68 con-
tact electrical buttons. Here, the cam 64 will raise or
lower the glue tank 70 and then the glue spread on the
paper when the glue tank is at the lowest position. The
rule of contact is designed with rule of glue spread on
the article.

When articles have slots or lines of intersection of sur-
faces, the said principle cannot ensure the glue will
spread all surface. Another inventor Julius M. Stein-
berg? invent a new method to spread glue. The glue is
sprayed on the surface by nozzles. The principle of the
new creation is displayed in Figure 3. After the article
is sprayed, the glue is spread on the surface by rollers.
This invention solved the problem of glue spread on
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Figure 1: Principle of glue spread on a flat surface.

Figure 2: Principle of glue spread with parallel strip >
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the surface, however, the slot or small hole have not
been solved yet. The motor 98 is used to control the
valve 88 to adjust the quantity of glue. The parts 103,
104, 102, 108 are linkages to help the motor 98 to ro-
tate the valve 88. The part 76 is plywood. The motor
is used to rotate the shaft 82.

With more complicated surfaces, an inventor, Gio-
vanni Vigand, gave a solution that the glue is pumped
to the surface and two sides then roller is used to
spread the glue on complicated surface®. The inven-
tion can apply for the very complicated surface but the
glue must be used so much and it is not economy as
shown in Figure 4. The part 6 needing spreading the
glue is clamped by 13 and 2. The glue 8 is pumped and
over on the part 6. The part 13 is pulled to remove the
unnecessary glue.

In this paper, the glue spread will be solved on a com-
plicated surface of a slipper. The surface (Figure 5)
consist of faces and lines of intersections of these
faces. Using roller and spray is inefficient because
the glue is difficult to reach the said intersections and
spread all of surfaces. The bad result is displayed in
Figure 5. Thus, a new solution written in this paper
is to use rollers with different rotational speed. The
roller is supplied enough glue and then slip on the sur-
face to rub the glue on the surface. The roller is cov-
ered a kind of material with very low friction.

The next part, principle of the new method of gluing
will be showed and then ratio of speed and the regular
speed are experimented. The conclusion will summa-
rize the application in reality.

THEORY OF GLUE SPREAD

The gluing machine consists of rollers. The rollers ro-
tate with opposite direction to make the slipper moves
and spreads the glue. The problem for the good result
of glue spread is speed of the rollers and the gap be-
tween two rollers. The glue with viscosity i and sur-
face velocity Ul,2 will determine the quality of glue
spread. Viscosity is a term and value used to describe
the internal friction of a fluid. A low viscosity product
is like water to less force to flow than a high viscos-
ity material, like peanut butter. The low viscosity will
make the force required to apply the glue larger. The
glue needs a pressure to press glue on the surface of
slippers. Following®~® the Reynold equation can be
written in (1).

Ui +Us

9 (P Ip\ 9 (pHIp\ __ 9
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Where:

h Glue film thickness.

n Viscosity

Uy, U, Velocities of surface.

p Density of glue

x, y, z Cartesian Coordinate (Figure 6).

p Pressure on the surface.

To ensure the glue to spread on the slippers, the glue
film thickness h must be larger than h.. For circular
cylinders the film thickness can be written approxi-
mately (to a high degree of accuracy for small x/R).

x? x? @)
h=he+—+—
¢+ 2R, + 2R, +vi+wv
where: v is the elastic displacement at point x in the y
direction, and depends upon p. It will be noted that
in the special case of constant viscosity this condition
reduces to dz—é’ = 0. When side leakage is neglected
dx
Reynolds equation for an incompressible fluid reduces

to:
d (hdp dh
— | == ) =-120— 3
dx(n dx) dx ®)
whereU:%

On differentiating and rearranging terms Eq. (3) be-

comes:
R (& Landp\ (o SR dpY
n \dx> 1 dx dx dx n dx)

In general, for films bounded by continuous solids,
two points can be located on the pressure curve where
the following condition is satisfied:

- ————=0 (5)

It will be noted that in the special case of constant vis-
cosity this condition reduces to % = 0. When the
condition represented by Eq. (5) is satisfied, Eq. (4)
reduces to:

dh
— (12U+

2
&dip) -0 (6)
dx n

Solutions to equation (6) are

dh
a0

& v @)
dx K2

od {Alues of h and p, D. Dowson and G. R. Hig-
ginson ® showed that the pressure p must be positive

y;()) solve the Eq. (7), we obtain h and p. To obtain

at certain value h. The optimal p depends on the vis-
cosity of the glue. In®’, The stresses due to a narrow
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Figure 5: The real surface of slipper and result of the glue spread.
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Figure 6: Parameters in the gluing system.

strip of pressure p over a width ds in the x direction
are, therefore,

o oxy
P (2 +y7)?
¢y’
(8
P (x2+y )2 :
o = _ox’
= 2 1y2)2
where ¢ = —2pds/n
With some steps of solving, the Eq. (8) becomes.
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where, p=a+b+cs*,a=03,b=02,c=0.5°.In
the Eq.9, the width of the glue trip is from s; to 5. The
value x is from 0 to the length of the roller. The value
y is the film thickness in Eq. (2). Thus, all of parame-
ters are determined and the value of stress and the gap
are shown in Figure 10, which calculates reasonable
stresses so that glue can spread on the slippers.

EXPERIMENT, DISCUSSION AND
RESULTS

The equation of stress will experiment on a model as
showed in Figure 7.

The model of glue spread consists of 2 rollers rotating
with opposite direction, in figure. One upper roller is
made of rubber having a high friction coefficient. It

will pull and keep the slipper. The other made of steel
is used to spread the glue. To ensure the thickness of
glue on the slipper, a steel roller is beneath used. The
gap between two steel rollers will decide the thickness
of glue to spread. To increase the efficiency of glue
spread, the angle velocity of the rubber roller and the
steel one is different and the velocity is controlled by
an inverter.

To measure the glue spread, the UV light was used.
Where there is glue spread, the glue will reflect the
UV light and it is dark where no glue is applied. To
control the angular velocity of rollers, the frequency
converter is used. The angular velocity of the rollers
will change easily and exactly by rotating a knob. The
model is designed screws to adjust the stress on the
surface of the slipper. The slipper will be tested with 5
different gaps between two rollers. And then velocity
will change and the glue spread is recorded.

Figure 7 describes the method to load the glue. The
loading roller takes the glue from the container and
transfer the glue to next roller and then to bring the
glue to the slippers. The rubber roller is used to pull
the slippers. The result of experimental data is shown
inFigure 8 and Figure 9.

From the experiment data, some results can be writ-
ten:

o The gap between two rollers will be smaller 10
mm. When the gap is smaller than 10mm, the
glue is pressed hardly on the surface of slip-
per (Figure 10). This situation makes the glue

The result

of spread is illustrated in Figure 10. The gap

spread over the surface of slipper.
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Figure 7: The model of glue spread (simulating and realone).

must not decrease so much because The glue
will run to sides of the slipper, which will use
so much glue and make the manufacturing cost
higher. When the gap is smaller 11 mm, the
phenomenon of the glue running to the sides be-
gins.

The angular velocity should be under a limit
speed. When angular velocity increases, the
number of slippers per a minute does too, how-
ever, the area of glue spread has decreased. The
reason is that the viscosity and surface tension
prevent the glue to reach all of the area of the
slipper with short time, which needs time for
glue to attract the surface ($).

With 2 kinds of experiment, gap between 2
rollers and glue spread versus angular velocity,

the glue cannot still reach the section between
surfaces of the slipper (Figure 12). To solve this
problem, the gap between 2 roller is reduced
and the result is better, however if the gap is so
small, some cracks on the surface of the slip-
per appear. This problem can explain that the
small gap makes the glue film thinner and the
glue from the roller cannot reach the section.
Thus, the new method needs to improve the glue
spread.

THE NEW METHOD FOR GLUE
SPREAD AND BETTER RESULTS

When the gap is reduced, the pressure increases and
the glue can apply in the surface of slipper easily.
However on the section of surface on the slipper, the
glue is very difficult to reach. To enhance the adhe-
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Figure 8: Glue spread versus gap between two rollers.
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Figure 10: Pressure from Eq. (9) versus the gap.
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Figure 11: Glue spread on the slipper.

sive between glue and the surface of slippers, the glue
need rubbed on the surface of the slipper. Thus, this
part will introduce a new method to increase the rub
of glue on the surface. To increase the rub, the slip-
per should move faster than the roller. To obtain the
different velocity between the slipper and the roller,
the upper roller is covered thin rubber with high fric-
tion coeflicient and this roller rotates faster than the
other. Because of the high friction coefficient, the up-
per roller will haul the slipper to go with this one. The
question is what the angular velocity ratio between
two rollers ensuring the glue spreading is. Experi-
ments will be made to answer the question.

The experiment model is showed in Figure 7 but an-
other frequency converter is additional used to con-
trol the speed of the upper roller. That means each
roller is controlled by a frequency converter. From
the Figure 9, the velocity of the lower roller is kept

8 rounds/minute (~150 centimeter/minute) the other
is changed. Result of the experiment is drawn in Fig-
ure 13.

From the Figure 13, the ratio between two rollers
should be 1.4 to 1.5. If the ratio increase, the glue
film becomes so thin and as a result of that, glue is
not enough for spread. If the ratio decreases so much,
the efficiency of the rub reduces too.

CONCLUSIONS

The footwear industry is developing very fast in Viet-
nam. Thus, automatic machines need to supply to
the footwear industry to increase labor productivity
and decrease workers. The glue spread machine with
two rollers is experimented. It shows that two rollers
should rotated with different angle velocity. The ratio
between two velocities is about 1.4 to make the good
result on glue spread.
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Figure 12: No glue at the intersection.
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Figure 13: The glue spread versus angular velocity ratio.
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TOM TAT

Ngay nay, Ngudi ta thudng mang giay hodc dép 1é khi di ra ngoai. Dép lé cao su rat phé bién trén
thé gidi, dac biét la trong khu du lich. Dép & kha phd bién & nhiing dat nudc nhiét dsi nhu Viét
nam. Mot chiéc dép bao gom nhiéu I6p va dugc dan keo va sau d6 ép dé dam béo ching khéng
dugc tach ra trong thai gian st dung. Trong qua khi, cac I6p dép dugc dan bdi cac con ldn vi bé
mat cac I6p phéng va don gian. Tuy nhién, dép dugc cai thién va sau do bé méat clia cac I6p tré nén
phuc tap va kho khan dé quét keo. Nhimg bé mat nay dugc hinh thanh do nhiing bé mat cong tao
ra ma phu hop vdi chan con ngudi. Vi vay, ngudi cong nhan phai st dung mot ban chai dé quét
keo trén bé mat, dac biét la cac chd giao tuyén clia cdc mat cong. Cac con lan dugc thd, nhung
két qua chua dat do keo kho cé thé dat dén dudng két néi hai mat clia bé mat dép. Cac chiéc dép
khong cé keo sé lam cho mot chiéc dép trd nén hu hong sau khi st dung. Trong bai bdo nay, mac
du céc con lan cling dugc dp dung nhung téc dé quay clia cac con lan nay khac nhau. T6c d6 khac
nhau giup keo lan réng giébng nhu dan keo bang tay. S6 lugng con lan sé dugc xac dinh bdi thuc
nghiém. Ty lé t6c d6 quay cling dugc cho thdy bang thi nghiém dé cé dugc két qua tét nhat cla
su lan truyén keo. Tat ca cac d{ liéu thi nghiém sé dugc thé hién dudi dang do thi ma gitp cho
ngudi doc hiéu ré hon vé cac thong sé t6i uu cho hoat déng clia méy. Két qua clia bao bao la co
s& dé co thé thiét ké may giup cho nganh cong nghiép giay phat trién.

Tu khoa: Dép x0 ngon cao su, Quét keo, Toc dd quay con lan, Con lan, Khac téc

Trich dan bai bao nay: Tung L T. Phuong phap méi béi keo dé dép cao su véi bé mat phirc tap. Sci.
Tech. Dev. J. - Eng. Tech.; 2(1):1-10.
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