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Summary: Nowadays there is a large assortment of metal fittings for light industry
products: grommets, shoe blades and hooks, buttons, rivets, jeans buttons, etc.
Qualitative installation of metal fittings in light industry products is a significant
problem and depends on various factors. Therefore, theoretical and experimental
researches in this field are important and relevant nowadays.

The most popular types of metal fittings used in the sewing, footwear, leather and
haberdashery industries are blocks and grommets. While grommets installing in
a traditional way, unreasonable losses between the two operations occur.

One of the ways to increase labor productivity is to combine the technological op-
erations of holes punching in the grommets and their fastening in the material. This
installation method can be applied to fittings which have a cylindrical hollow shape
and a sharp incisive edge.

To investigate the operation of metal grommets installation in light industry prod-
ucts, an experimental installation was developed and experimental studies were
carried out.

The experimental studies confirmed the possibility of utilization of the grommet
cutting edge as a working tool for the punch, which in turn allowed the punching
and fitting operation to be combined, reduce the number of working tools, and in-
crease the productivity of the equipment.

Key words: light industry, metal fittings, grommets, material, press for fitting in-
stallation

1. THE RESEARCH TASK AND URGENCY

Nowadays there is a large assortment of metal fittings for light industry
products: grommets, shoe blades and hooks, buttons, rivets, jeans buttons, etc.
[3]. Almost all kinds of clothes are decorated with metal fittings, and some are
generally hard to be imagined without it, for example, denim clothing, which
must necessarily be with rivets, jeans buttons, buttons, grommets, etc. The use of
quality fittings can decorate any clothing and shoes, increase the convenience
and their working term, etc.
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The offer of the metal fittings market is very large today; it is represented
by both cheap and expensive various kinds of metal fittings of various quality.
The same statement can be said about the tools and equipment for its installa-
tion. Quite often, manufacturers of clothing and footwear, using the method of
"test and error", are looking for an optimal combination of price and quality
when installing the fittings. These attempts are successful not always; conse-
quently, it often causes consumers to suffer because of buying products with
poorly installed fittings that are quickly about to be spoiled, broken and need to
be replaced.

Qualitative installation of metal fittings in light industry products is a sig-
nificant problem and depends on various factors. Therefore, theoretical and ex-
perimental researches in this field are important and relevant nowadays.

In many cases, the task of a theoretical study is simplified by assumed as-
sumptions in order to determine the basic values that describe the technological
process. Experimental studies that are carried out to confirm the adequacy of
theoretical statements show how significant the error of the results is due to the
assumed assumption and, accordingly, in which direction the theoretical studies
should be corrected.

Experimental studies of the process of the metal fittings installation need to
be conducted in order to identify patterns of interest in terms of existing theoret-
ical studies and their application.

2. THE RESEARCH METHODOLOGY

The most popular types of metal fittings used in the sewing, footwear,
leather and haberdashery industries are blocks and grommets.

The blocks are shaped sleeves which have a circlet on one side. They are in-
tended to strengthen the edges of the openings of sewing, footwear, leather and
haberdashery products [3].

The grommets, as a rule, consist of two elements: blocks and rings (pucks),
which lead to the connection of increased strength.

The installation of metal fittings in clothing, footwear, leather and haber-
dashery products at light industry enterprises is carried out according to the tra-
ditional technology, which consists of two stages: punching of the opening in the
material; metal fittings fastening.

For several decades, the mechanisms implementing the workflow are stable
and not subjects to any noticeable changes in their design [2]. Such fittings are
installed manually (with hand tools or presses with a manual or foot type of
drive) or by special working units of the equipment (in automatic presses with
electric, electromagnetic and pneumatic type of drive) into a pre-pierced opening
in the material of the product, and then fastened by splitting or beading.

Such working tool as a punch-cutting board is used for holes punching; for
fixing of metal fittings, working tool called a die holder is used (Fig. 1).
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The process of grommets installation in the traditional way is as follows.
The punch-cutting board is mounted on the frame of the press in the die holder.
A puncher is attached to the puncher of the press. The puncher with a punch
goes down and pierces the opening of the required diameter in the material.
Metal fittings are installed into the pierced hole. The puncher is removed from
the press puncher, and a punch is installed in that place. The matrix is mounted
on the frame of the press in the die holder. The grommet that is in the material is
inserted into the matrix. The puncher with a punch goes down and performs the
operation of grommet fastening in the material.

Fig. 1. Working tools: 1 — punch; 2 — punch-cutting board; 3 — punch; 4 — matrix

Thus, unreasonable time losses between the two operations associated with
the necessary replacement of working tools occur. Two presses can be used; one
with a punch, the second with a punch. The installation time will be lower, but
two operations must be performed.

One of the ways how to increase labor productivity is to combine techno-
logical operations. The hole punching for the metal fittings and its fastening in
the material should occur without intermediate replacement of working tools; it
should occur in one operation on the press and impact equipment with the help
of the metal fittings themselves and the special design of the puncher and matrix.

This installation method can be applied to fittings which have a cylindrical
hollow shape and a sharp incisive edge. Such fittings include special blocks and
grommets, which appeared relatively recently, but quickly have gained strong
positions in the printing and advertising industries; they are used for holes
strengthening in various materials (cardboard, plastic, etc.) and outdoor advertis-
ing: banners, stretch marks, etc. Such grommets and sharp-edged blocks can be
recommended for use in clothing, footwear, leather and haberdashery goods
industries, mainly for dense materials (various types of leather, leather substi-
tutes and textiles).

This method of installation has limitations for highly elastic synthetic mate-
rials. If the grommet’s edge is not sharp enough, then the material will stretch
while beading, it will also get into the gap between the grommet and the puck,
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and it will be crumbled; hence, the qualitative installation of the grommet is
impossible [2].
Further, in the course of experimental studies, such grommets will be used,
that is, blocks with reinforcing pucks, which are most common in light industry.
To perform the installation of metal fittings we propose to use the punch
design by Micron Group Inc. The general look of the working tools made in the
Solid Works software environment is shown on Figure 2.

d)

Fig. 2. General look of working tools: a) punch; b) matrix; c—d) model in the Solid Works soft-
ware environment; 1 —holder

The scheme of the implementation of the technological operation of in-
stalling the grommets by the proposed method is shown on Figure 3.
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Fig. 3. The scheme of the implementation of the technological operation of installing the grom-
mets by the proposed method: a) puncher movement towards the material; b) cutting an
opening in the material, ¢) grommet fixing on the material; 1 — puncher; 2 — punch;
3 — grommets; 4 — material; 5 — puck; 6 — matrix; 7 — die holder; 8 — base

The proposed working tool works as follows. The punch 2 is fixed to the
puncher of the press 1. The matrix 6 is fixed to the 7 die holder. Firstly, a puck 5
for strengthening is fixed to the matrix 6. The punch 2 in its design has two
spring-loaded holders 1. On the holder 1 of the punch 2, a metal grommet 3 is
installed. The material 4 is fixed on the matrix 6 in a certain side. The puncher
with a punch and the grommet begins to move towards the material. The grommet,
reaching the material, with the help of its sharp part begins to cut the material,
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plunging into it. The complete cutting of the opening with the sharp part of the
fittings and its immersion into the material occurs. This corresponds to the first
stage of metal fittings installation in a traditional way. After the material cutting,
the grommet, with further displacement, begins to contact with frontal surface of
the matrix. Due to the conical protrusion on the matrix, distribution of the
grommet manhole occurs. When the edge of the grommet reaches the ring-
shaped hollow, a further stripping of the distributed part of the grommet man-
hole is carried out. Thus, an integral combination is obtained: the grommet- the
material — the puck.

Due to the use of this punch design, it was possible to combine the two
stages of the metal fittings installation in a traditional way, and we got one pro-
posed method. And this, in turn, leads to a significant reduction of execution
time of this technological operation. In this way, we can significantly increase
the machine's productivity.

Reducing the time of metal fittings installation, in turn, will lead to the re-
ducing of energy consumption while using the equipment with electric motors.

Another way of reducing energy consumption when using the proposed
methods of metal fittings installation can be the use of high-speed modes of op-
eration. Many scientists have proved that during high-speed implementation of
the operation, the technological effort in metals decreases. Therefore, when fix-
ing metal grommet with the help of high-speed modes, less work is spent.
Thereby, this reduces the energy consumption of the press equipment. But to
confirm this, it is necessary to conduct experimental researches.

The disadvantage of high-speed performance of the operation may be the
quality of grommet fixing on the material. It also requires experimental re-
searches.

The interaction of the grommet edge with clammy-elastic material and, sub-
sequently, with the matrix, in the process of its installation, is defined to be ex-
tremely complex process mainly due to the physical phenomena that are not
subject to a clear analytical description. Only a combination of theoretical
grounds with experimental studies will give an understanding of the true physi-
cal picture of this process and will make important conclusions.

When performing the technological operation of metal fittings installation
in light industry products, the proposed method will contain two technological
efforts: the efforts of the grommet punching Fp., and the effort of grommet fas-
tening F, in the material. When setting up the press to install metal fittings for
maximum effort in the production environment, you will need to know what
effort to choose as the maximum for calculations. Therefore, it is necessary to
conduct experimental studies to determine the dependence of the technological
effort of performing of the metal fittings installing operation from the motion of
a punch for a certain diameter of the grommet. On the received diagrams it is
possible to determine the maximum values of efforts and compare them. Moreo-
ver, we can also compare the obtained values with the results of experimental

57



Oleg POLISHCHUK, Olexsander BURMISTENKOV,
Natalia PYSHCHENIUK, Maciej MATUSZEW SKI

studies on the installation of metal fittings in the traditional way, which are giv-
en in papers [4, 5]. The authors of this work determined the technological efforts
of cutting the holes for metal fittings in various materials and the metal bushes
strengthening in the materials.

3. THE RESULTS OF THE RESEARCH

To investigate the operation of metal grommets installation in light industry
products by the proposed method in a static mode, an experimental installation
was developed. The structure of the experimental installation includes: a device
for performing the operation of metal grommets installation in the products of
light industry; unit of measuring equipment; a computer. The device for per-
forming the operation of grommets installation (Fig. 4) consists of: frame 1, pair
of screws to create a load 2, a punch 3, and the material with grommet 4.

Fig. 4. The device for performing the operation of metal fittings installation: 1 — holster; 2 — a pair
of screws for loading; 3 — material with the grommet; 4 — working tools (punch and ma-
trix); 5 — strain gauge for measuring the installation effort; 6 — strain gauge for measuring
the value of the punch movement

The block of measuring equipment consists of strain gauge for measuring
the installation effort 5, strain gauge for measuring the magnitude of the dis-
placement of puncher 6, an amplifier, an analog-to-digital converter (ADC) and
computer.

The setting for the study of the operation of metal grommets installing in
static mode works as follows. The ring for strengthening and the material are
placed on the matrix fixed in the die holder (Fig. 2). The die holder is in turn
placed on the strain gauge. With the help of the pair of screws 2, the necessary
effort is made to install the metal fittings in the material 3. The sharp edge of the
grommet immerses in material 3 and cuts it. In the further immersion, the distri-
bution of the cylindrical part of the grommet occurs due to the conical part of the
matrix. When the distributed part of the grommet falls into the canal on the ma-
trix, its flanging, bending in the form of a ring and fastening on the puck occur.
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In this way, an inseparable compound is formed: the grommet — the material —
the puck.

Analog signals originating in the strain gauges 5 and 6 are amplified with
the help of an amplifier, and then they convert to digital with the help of ADC
and enter the computer. With the help of the developed software installed on the
computer, the dependence between the technological installation effort £, and
the value of the punch movement 4, is obtained. Based on the obtained depend-
encies, the parameters of the process of the metal fittings installation into the
material can be determined in the future.

As a material for the grommet installation, natural leather from the top of
the shoe was selected (its thickness is 1.6 mm) [8].

For the experimental researches, metal grommets of three different firms
"Liuversy" [6], "Alvi" [7] and "Shyjemo razom" [1] were used. The grommets
differed in the brand of steel from which they were made and the geometric
shape of the puck and had the following dimensions: the inner diameter of the
block is 10 mm; the stalk height of the block is 4.8 mm [2].

In the course of experimental research on the installation of the grommets
of the company "Liuversy" in the material, we did not manage to perform this
operation qualitatively. A torn ring was formed from the flanged metal; there
was a lack of leather for the hole (Figure 5a); and the cringing of the outer side
of the grommet occurred (Figure 5b).

Fig. 5. The installation the grommet in the material by the proposed method: a) the inner side;
b) outer side; 1 — defects of installation while using the grommets made from soft material
and with dented cutting edge; 2 — defects of installing the grommets when the geometrical
shape and size are not measured

Not qualitative performance of the operation can be explained by the soft-
ness of the material from which the grommet was made, and the fact that the
cutting edge was not sharp enough. As a result of beading, the cylindrical part of
the grommet stalk was pulled out, fell into the gap between the grommets and
the puck, and cringed.

While installing the grommets of the company "Alvi", it was impossible at
all to fix a puck on the material. After measuring the geometric parameters of the
outer diameter of block stalk and the inner diameter of the puck, it turned out
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that the gap between them was very small. The puck was very tight on the cylin-
drical stalk. That is, they fitted each other very tightly. Furthermore, the shape of
the puck did not repeat the shape of the matrix. The splashing of the volumetric
shape of the puck took place. The ring from the flanged material was formed on
the material itself (Figure 5b).

The installation of fittings of the first two companies with the help of tradi-
tional method was carried out qualitatively without breakage, with the formation
of an appropriate ring from the flanged metal on the puck. This can be explained
by the fact that there was no need to cut the material with the grommet. It was
installed in already prepared hole.

The best indicators were shown by the company's "Shyjemo razom" grom-
mets. The block material was stiffer and had a sharp cutting edge. The puck
completely repeated the contours of the matrix, and the gap between outer diam-
eter of block stalk and the inner diameter of the puck was sufficient.

When performing the first stage of the operation, the hole punching oc-
curred full and clear, with a clean frontal surface of the hole cutting with the
sharp edge of the fittings (Figure 6a). Then there was a qualitative grommet
fastening in the material.

Fig. 6. Stages of grommets installation by the proposed method: a) a sample of cut material for
the hole of the grommet; b) grommet fastening on the material (inner side); ¢) grommet
fastening on the material (outer side)

While conducting the experiment, the values of the dependence between the
technological installation effort /7, and the value of the punch movement /4, were
measured; and they determined the nature of the operation, the maximum punch-
ing effort Fpur.mar. and the maximum installation effort Fi,. max.

Figure 7 shows the graph of the dependence between the technological in-
stallation effort Fj, and the value of the punch movement /,. The analysis of the
given graph allowed allocating six stages that the grommet passes in the process
of its installation in the material. At the first stage (I) the cutting of material with
sharp part of the grommet takes place. The maximum technological punching
Fpunmax. 0ccurs when the punch passes through the entire thickness of the mate-
rial. At the second stage (II) there is a sudden drop of effort due to the certain
gap between the material and the conical part of the matrix. During the contact
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with the conical part of the matrix, the technological effort begins to increase
again (Stage III). The process of distribution of the cylindrical part of the grom-
met occurs. Subsequently, due to the ring-shaped slot on the matrix, the process
of flanging the distributed part of the grommet (Stage IV) with subsequent bend-
ing in the form of a ring (Stage V) on the fastening washer that is on the material
is carried out. At the sixth stage there is further contact of the material with
a fixed grommet. By the quantity of the material compression it is possible to
evaluate the quality of the installation.
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Fig. 7. The graph of the dependence between the technological installation effort Fin and the value
of the punch movement hp: Fpun.max. — the maximum punching effort; Fin.max. — the maxi-
mum installation effort

Having analyzed the received schedule, one can conclude that for the fas-
tening of the grommet in material it is necessary to apply much more effort than
to cut the punching hole for the fittings. Therefore, the effort of grommet in-
stalling Fi, will be equal:

En = F'ﬂzs (1)

Thus, when calculating the maximum technological effort for the press dur-
ing the grommet installation of a certain diameter Fi,.max., it is necessary to take
the maximum effort of fastening Flus. max.

In the work [4] a study of holes punching for the metal fitting with the angle
of aggravation of 25° was conducted, and we obtained the value of maximum
punching effort. The comparison of obtained maximum technological efforts of
holes punching with the angle of aggravation of 25° and the grommet with
a cutting edge (Fig. 7) discovered that the use of the grommet as a cutting tool
leads to a significant reduction in the punching effort F),,, and to the reduction
of the cutting work and energy costs of the press.
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The reduction of the punching effort F,., can be explained by the fact the
angle of aggravation of the cutting edge is about 5-10° in the grommets used in
the experiment. The blunt blade is absent at all. The sharp edge of the grommet
does one-time cutting of the material, and it does not affect the process of its
wear. At a smaller angle there are less frictional forces on the cutting edge.

Accordingly, the reduction of the cutting angle and the coefficient of fric-
tional forces lead to a significant reduction in the cutting effort, which was con-
firmed experimentally.

In order to find out the optimum maximum technological effort in which
the quality of the installation will be satisfactory, the following experiment was
conducted. The essence of the experiment was as follows. Gradually increasing
the installation effort, the height of the fastened grommet was measured with the
calipers and we also evaluated the quality of the fixation in the material. The
conducted experiment made it possible to discover the following things. A nec-
essary ring of fastening from the flanged part of the grommet was formed at
a higher eminence (Experiment 1). The grommet was fixed on the material, but
there was a gap between the material and the puck. Accordingly, the grommet
scrolled on the material. With increasing effort, the thickness of the fastened
grommet diminished. So, the grommet fitted tighter d to the material. When the
load became larger the thickness of the grommet reduced to a certain limit. Fur-
ther, the thickness of the grommet did not change but the effort increased. This
can be explained by the geometric parameters of the matrix and the punch. Dur-
ing the collision of their frontal surfaces, the grommet volume was formed only
at the expense of their forms. A further increase in force results only in the de-
formation of the strain gauge beam in an experimental setting. Under the real
conditions, an increase in force will lead to the deformation of the equipment for
the fittings fixing and the energy consumption will increase as well. In some
cases the leather was cut by fittings due to the more compression. These factors
should also be taken into account.

On the basis of obtained experimental data we have created a graph of the
dependence between the height of the fixed grommet in the material By.,. and the
maximum installation effort £, as it is shown in Figure 8.

The optimal option that satisfies the quality of the grommet installation in the
material is the conditions where the height of the fixed grommet B,. is 3.85 mm,
and the installation effort /7, is 2500 N.

The approximation of the obtained experimental polynomial of the 1st de-
gree made it possible to obtain the equation:

Fiu=-162.79B;,+868.68 )

The obtained equation can be used to determine the installation effort at the
required height of grommet fastening in the material.
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In order to study the effect of speed on the quality of the installation, a de-
sign of a press with a pneumatic drive and a design of a press with an electro-
magnetic drive were developed. This press equipment is shown on Figure 9.

We carried out the operations of metal fitting installation on this press
equipment at different speeds.
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Fig. 8. The graph of the dependence between the height of the fixed grommet By . and the maxi-
mum installation effort Fi,

Fig. 9. Equipment for the grommet installation in a dynamic mode: a) press with pneumatic drive;
b) press with electromagnetic drive
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Figure 10 demonstrates a sample of the material (natural leather from the
top of the footwear; its thickness is 1 mm) with the installed grommets with the
help of the manual press, press with pneumatic and electromagnetic drives in
a dynamic mode. To install grommets on a manual press, a pneumatic cylinder
rod from the press was detached (Figure 9) for transformation into a manual
press.

The analysis of the quality of the grommet installation in the material has
shown that the grommets are fitted tightly to the material and firmly fixed in it.
The outer side of the grommet has no mechanical defects. An equable ring from
flanged metal is formed from the inner side of the material.

Fig. 10. The natural leather with the installed grommets in a dynamic mode: a) inner side,
b) outer side

Later on, the experiment was conducted to determine the productivity of
various press equipment types for the grommet installation: manual press and
presses with pneumatic and electromagnetic drive (Figure 9). The list of neces-
sary operations for the grommet installation with the help of traditional and pro-
posed methods was identified for this purpose.

The analysis of the operations has demonstrated that in order to install
a grommet in the traditional way it is necessary to perform 15 operations, while
when using the proposed method their number decreases to 7.

The comparative diagrams of the grommet installation on manual press and
presses with pneumatic and electromagnetic drive in traditional and proposed
ways are shown on Figure 11.

The analysis of the results has showed that the productivity of the operation
of grommets installation on the press with a manual drive increases in 3.4 times,
on the press with a pneumatic drive in 4.9 times, and on the press with an elec-
tromagnetic drive in 5.3 times.
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Fig. 11. The comparative diagrams of the grommet installation on manual press, and presses with

pneumatic and electromagnetic drive in traditional and proposed ways

. CONCLUSIONS AND RECOMMENDATION

. The experimental studies, which were carried out, confirmed the possibility
of using the cutting edge of the grommet as a working tool for the punch,
which in turn made it possible to combine punching and fixing of the fittings
and reduce the number of working tools.

. The conducted experimental studies have shown that not all grommets can be
used for installing into the material by the proposed method. It is necessary to
use more rigid grommets with sharp cutting edge. This should be taken into ac-
count when choosing the grommets for installation by the proposed method.

. Reducing the angle of aggravation leads to a significant reduction in the cut-
ting effort, which in turn reduces the cutting performance.

. The obtained results have shown that during performing the operation of
metal fittings installation by the proposed method, the maximum technologi-
cal effort arises at the end of the puncher move. As a result, when calculating
the theoretical effort, it is necessary to use a formula for measuring the max-
imum fixing effort.

. There are optimal modes of metal fittings installation where the wasted ener-
gy is spent to perform the useful installation work. Increased efforts have
a negative effect on the press equipment and can lead to the rapid failure of
the equipment and faults in the grommet material and the material in which it
is installed.
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. The installation of grommets by the proposed method in high-speed modes

does not lead to deterioration of the quality of its attachment to the material.

. The use of the proposed method for installing a grommet in the material leads

to a significant increase in the productivity of the equipment. the productivity
of the operation of grommets installation on the press with a manual drive in-
creases in 3.4 times, on the press with a pneumatic drive in 4.9 times, and on
the press with an electromagnetic drive in 5.3 times.
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W PRZEMYSLE LEKKIM

Streszczenie: Obecnie istnieje duzy asortyment metalowych dodatkéw odziezo—
wych dla przemystu lekkiego: oczka, klamry do butéw, guziki, nity itp. Jakosciowa
instalacja metalowych ksztaltek w produktach przemystu lekkiego jest powaznym
problemem i zalezy od réznych czynnikow. Dlatego teoretyczne i eksperymentalne
badania w tej dziedzinie sq wazne i aktualne w dzisiejszych czasach.
Najpopularniejszymi rodzajami metalowych dodatkow stosowanych w przemysle
krawieckim, obuwniczym, skorzanym i galanteryjnym sg oczka metalowe i zapigcia.
Podczas instalowania tych elementow w tradycyjny sposob dochodzi do nieu-
zasadnionych strat czasowych pomigdzy tymi operacjami.



The increase of efficiency of metal...

Jednym ze sposobow zwigkszenia wydajnosci pracy jest polaczenie operacji tech-
nologicznych wykrawania otwor6w w pierscieniach i ich mocowania w materiale.
Te metode instalacji mozna zastosowac do ksztaltek o cylindrycznej formie i os-
trych krawedziach.

Aby zbada¢ dziatanie instalacji metalowych pierscieni w produktach przemystu lek-
kiego, opracowano metodg instalacji i przeprowadzono badania eksperymentalne.
Badania eksperymentalne potwierdzity mozliwos¢ wykorzystania krawedzi tnacej
oczka metalowego jako narzedzia roboczego dla stempla, co z kolei pozwolito
potaczy¢ operacje wykrawania i montazu, zmniejszy¢ liczbe narzedzi roboczych
i zwiekszy¢ wydajnos¢.

Stowa kluczowe: przemyst lekki, metalowe dodatki, przelotki, prasa do montazu
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