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Abstract

The manufacturing of tempered glass is an
important process that involves heating and cooling
the glass to make it stronger and more resistant to
thermal stress. The main purpose of manufacturing
tempered glass is to make efficient, safe, and cost
effective. The proposed machine will consist of
several components, including a furnace,
guenching system, control system, and conveyor
belt. The furnace will be used to heat the glass to a
temperature of around 600-850°C, which is above
the glass transition temperature. Once the glass has
reached this temperature, it will be quickly cooled
using the quenching system, which will consist of a
series of nozzles that spray cold air or water onto
the glass. To ensure that the glass is tempered
properly and uniformly, the temperature and
cooling rate must be carefully controlled.
Therefore, the machine will be equipped with a
sophisticated control system that monitors the
temperature and adjusts the cooling rate
accordingly. This control system will also be used
to regulate the speed of the conveyor belt, which
will move the glass through the various stages of
the process. Safety is another critical consideration
when working with glass at high temperatures, so
the machine will be designed with safety features
to prevent accidents. The furnace and quenching
system will be enclosed in a protective casing to
prevent any accidental contact with the hot
surfaces. The machine will be designed to be cost-
effective and easy to maintain. Finally, we will test
the machine to ensure that it meets the required
specifications for tempering glass. This will
involve running a series of tests on glass samples to
verify that they are tempered correctly and meet the
required strength and safety standards. Any
necessary adjustments to the machine will be made
based on the results of these tests.
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I. INTRODUCTION

Glass is a versatile and ubiquitous material that has been used by humans for
thousands of years. It is a solid, transparent, and amorphous material that is made by cooling
a molten mixture of silica, soda, and lime. The ancient Egyptians are believed to be the first
to develop glassmaking techniques around 3500 BC. They used glass to make beads,
jewellery, and small vessels. Over the centuries, glassmaking techniques evolved, and glass
became more widely available and affordable. In the Middle Ages, glass windows became a
symbol of wealth and status, and stained-glass windows were used to decorate churches and
cathedrals [1-2]. During the Renaissance, glassmaking techniques were refined, and glass
objects became more ornate and decorative. In recent years, researchers have been working
to develop new types of glass that are stronger, more durable, and more sustainable. These
efforts have led to the development of materials like tempered glass, which is stronger and
more resistant to shattering than traditional glass, and glass-ceramics, which are highly
durable and resistant to heat and chemical damage [3-4].

Toughened glass is also more resistant to thermal stress than standard glass, making it
ideal for use in high-traffic areas and in environments where the glass may be subject to
stress or impact. This property makes it suitable for use in applications such as stovetops,
oven doors, and patio doors [5].

The automotive industry is another key driver of growth in the toughened glass
market in India. Toughened glass is used in automotive applications, such as car windows,
sunroofs, and windscreens, due to its strength and resistance to breakage. This makes it a
popular choice for vehicle manufacturers, who are looking for materials that offer high levels
of safety for their customers [6].

Toughened glass is widely used in various applications, including automobile
windows, shower doors, furniture, and electronic devices, due to its strength, durability, and
safety. The toughened glass manufacturing process is a carefully controlled and precise
operation, which ensures that the final product meets the necessary safety and quality
standards [7].

Il. RAW MATERIAL SELECTION AND TOUGHENED GLASS SYNTHESIS

The manufacturing process of toughened glass starts with the selection of raw
materials. The raw materials used for the production of toughened glass are typically soda
ash, limestone, dolomite, feldspar, and silica sand. These raw materials are mixed in a
furnace to create molten glass, which is then poured onto a flat table.

The raw materials used in the production of toughened glass are typically high-quality
silica sand, soda ash, limestone, and dolomite. These materials are weighed and mixed in
precise proportions to ensure consistent quality. The quality of the raw materials is critical to
the quality of the finished product, so it is important to source high quality materials from
reputable suppliers [8].

The raw materials are melted in a furnace to produce molten glass, which is then

conditioned to ensure that it is free of bubbles and other imperfections. The type of furnace
used will depend on the size and production capacity of the manufacturing facility, and the
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quality of the furnace is critical to the quality of the finished product. The temperature of the
furnace and the conditions inside must be carefully controlled to produce a high-quality glass

[9].

The molten glass is formed into flat sheets by passing it through a set of rollers. The
thickness of the glass and the size of the sheets will depend on the specific application for
which the toughened glass is intended. It is important to control the temperature of the glass
during this process, to prevent it from cooling too quickly and to ensure that the sheets are of
uniform thickness.

The flat glass sheets are then heated to a temperature of around 700°C and rapidly
cooled using air jets. This process strengthens the glass and makes it resistant to breakage.
The heating and cooling process must be carefully controlled to produce consistent quality,
and the equipment used must be of high quality to ensure that the process is reliable and
repeatable [10].

The toughened glass sheets are then cut to size, using specialized cutting equipment.
The cutting process must be precise, to ensure that the toughened glass fits correctly in its
intended application. The cutting equipment must be well-maintained and operated by skilled
technicians to produce consistent quality [11]. Before the toughened glass is packaged and
shipped, it is subjected to a series of tests to ensure that it meets quality and safety standards.
This may include checks for surface quality, dimensional accuracy, and resistance to
breakage. The quality control program must be well-established and well-documented, to
ensure that the toughened glass meets the required standards.

I11.DESIGNING AND PLANNING OF TOUGHENED GLASS MANUFACTURING

There are some basic steps which have to follow for design and planning of
toughened glass manufacturing .Designing and planning toughened glass involves several
important considerations to ensure the safety, functionality, and aesthetics of the final
product. Toughened glass, also known as tempered glass, is a type of safety glass that is
processed to be stronger and safer than regular glass. Here's a step-by-step guide to designing
and planning toughened glass installations [12]:

The surface of the giass

The giassiscut to the is tharoughly clezned to Tt:miehg:;ss 15 h:ta:f: ‘tno:
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Figure 1: Cycle of Designing and Planning of Toughened Glass
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IV.BLOCK DIAGRAM OF THE MANUFACTURING TOUGHENED GLASS

Toughened glass manufacturing requires specialized equipment and expertise to
control the heating and cooling process accurately. The tempering process is what imparts the
strength and safety features to the glass by inducing compressive stress on the surface and
tensile stress in the core. This makes toughened glass more resistant to breakage and, in the
event of breakage; it shatters into small, relatively harmless fragments instead of large,
dangerous shards [13].

. Input: Glass
Ggglct!;n P Rejected
o | sheet —® material
Labour — —p Edge trim
Heating & Transit
Light?ng = Gl —® packaging
Utilities —— R — Dirty oil
Blnex processing Wasted
Water time
Lubricants — —» Breakage
gl:tgrr\igg : Output: Glass —» Heat

products
Figure 2: Cycle of designing and Planning of Toughened Glass
V. ANALYSIS OF SYSTEM HARDWARE

1. Furnaces Used in Toughened Glass: A furnace is a device used to heat materials to
extremely high temperatures for various industrial processes, including melting metals,
smelting ores, forging, ceramics production, and many others. Furnaces have been in use
for thousands of years, with evidence of furnaces for metalworking dating back to ancient
civilizations such as the Egyptians and Romans.

The basic components of a furnace include a heating chamber, a fuel source, and
an air supply system. The heating chamber, also known as the firebox, is the space where
the fuel is burned and the heat is generated. It is typically lined with refractory materials,
such as firebricks, to withstand the high temperatures and protect the furnace structure.

The fuel source used in a furnace can vary, depending on the type of furnace and
the process being performed. Some of the most common fuel sources include coal, coke,
natural gas, propane, and oil. Furnaces can also be electrically heated, using electric
resistance heating or induction heating [14].

2. Cupola Furnace: This type of furnace is commonly used for casting iron, and works by
using coke, coal, or oil as a fuel source to heat the metal. The fuel is burned at the bottom
of the furnace and the heat rises, melting the metal which is then poured into moulds.
Cupola furnaces are known for their high efficiency and ability to produce high-quality
cast iron. However, they are also large and complex, and require skilled operators to
maintain them.
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3. Electric Arc Furnace: This furnace uses an electric arc to heat the metal, which is placed
in graphite or water-cooled copper hearth. Electric arc furnaces are commonly used for
the production of steel and other alloys, as well as for scrap recycling. They are highly
efficient, fast, and precise, and can produce high-quality metal with a minimum of
impurities. However, they also require a large amount of electrical power and can be
expensive to operate.

4. Induction Furnace: This furnace uses an alternating electric current to generate an
electromagnetic field that heats the metal. Induction furnaces are highly efficient, fast,
and precise, and are commonly used for melting small quantities of high-value metals.
They are also relatively small and easy to operate, making them a popular choice for
small-scale metalworking operations.

5. Resistance Furnace: This furnace uses resistance heating to melt the metal, which is
heated by passing an electric current through it. Resistance furnaces are relatively simple
and inexpensive to operate, and are commonly used for melting smaller quantities of
metal. However, they can be slow and less efficient than other types of furnaces, and are
not typically used for high-temperature processes.

6. Crucible Furnace: This is a small, portable furnace that uses direct heat to melt the
metal. It is commonly used for casting small objects and is typically fuelled by propane
or natural gas. Crucible furnaces are known for their versatility and ease of use, but are
limited by their small size and the amount of metal they can melt at one time.

VI.CUTTING MACHINE USED IN TOUGHENED GLASS

A glass cutting machine is a tool used to precisely cut-glass sheets into desired shapes
and sizes. Glass cutting is an important process in the glass manufacturing and construction
industries, as it allows for the creation of a wide range of products, from windows and
mirrors to shower enclosures, tabletops, and more.

There are several types of glass cutting machines, including manual and automated
systems. Manual glass cutting machines typically consist of a cutting table and a cutting tool,
such as a cutting wheel or saw. The cutting tool is guided by the operator along a straightedge
or template to make the cut. This type of machine is often used for small-scale cutting
operations or for making intricate or custom cuts.

Automated glass cutting machines, on the other hand, use computerized systems to
control the cutting process, making it faster and more precise. These machines come in two
main types: CNC (computer numerical control) machines and waterjet machines. NC glass
cutting machines use a cutting wheel to cut the glass, with the cutting path controlled by a
computer. The glass is placed on a cutting table, which moves the glass in precise increments
to ensure accurate cuts. These machines are highly precise and efficient, and are commonly
used in large-scale cutting operations, such as the production of windows and mirrors.

Waterjet glass cutting machines, on the other hand, use a high-pressure stream of
water to cut the glass. The water is mixed with abrasive materials, such as garnet, to increase
the cutting power. The cutting head is controlled by a computer, which allows for precise cuts
to be made with a minimum of waste. Waterjet cutting machines are often used for cutting
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delicate or intricate shapes, as the waterjet stream does not generate heat or physical stress on
the glass, which can cause it to break or crack.

The cutting tool used in a glass cutting machine can be made from several different
materials, each with its own unique properties and benefits. Some of the most commonly
used materials for glass cutting tools include:

Diamond is the hardest material known to man, making it an ideal choice for cutting
glass. Diamond tipped cutting wheels are the most precise and durable tools for glass cutting,
and are often used in high-end cutting machines.

Carbide is a hard and strong material that is often used in cutting tools. Carbide
cutting wheels are less expensive than diamond-tipped wheels and are commonly used in
manual and semi-automated glass cutting machines. Tungsten carbide is a mixture of
tungsten and carbon that is known for its toughness and resistance to wear. Tungsten carbide
cutting tools are often used in automated glass cutting machines and are known for their long
service life.

Steel is a strong and durable material that is often used in cutting tools. Steel cutting
wheels are often used in manual glass cutting machines and are known for their affordability
and versatility. Ceramic is a hard and brittle material that is often used in cutting tools.
Ceramic cutting wheels are often used in automated glass cutting machines and are known
for their precision and long service life[15].

VII. TEMPERING FURNACE

A tempering furnace is a type of thermal processing equipment used to heat-treat
glass and other materials to change their physical properties. Tempering involves heating the
material to a high temperature and then rapidly cooling it, causing a change in its internal
structure that makes it stronger and more resistant to breakage. This process is commonly
used to produce tempered glass, which is used in a wide range of applications, including
automotive and architectural glass, electronics, and more [17].

The basic operation of a tempering furnace involves heating the glass to a high
temperature, typically around 700-730°C, to soften it. Once the glass has been heated, it is
rapidly cooled using a combination of air and water. This rapid cooling process changes the
internal structure of the glass, causing it to become stronger and more resistant to breakage
[18].

VIIl.FUTURE SCOPE OF TEMPERED GLASS

1. Automotive Industry: Tempered glass is widely used in the automotive industry for
windshields, side and rear windows, and sunroofs. The demand for tempered glass in the
automotive industry is expected to increase in the coming years due to the growing
demand for lightweight and fuel-efficient vehicles [19].

Tempered glass is commonly used in the construction industry for windows,

doors, skylights, and curtain walls. The growth of the construction industry, particularly
in emerging economies, is expected to drive the demand for tempered glass in the future.
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Tempered glass is used in the electronics industry for the production of touch screens,
display panels, and protective covers for smartphones, tablets, and laptops. With the
increasing demand for electronic devices, the demand for tempered glass in the
electronics industry is expected to grow in the future.

Tempered glass is also used in the solar energy industry for the production of
solar panels. The demand for renewable energy sources is increasing, which is expected
to drive the demand for tempered glass in the solar energy industry [20].

Tempered glass is used in the aerospace industry for aircraft windows, cockpit
windows, and other applications that require high strength and durability. The demand for
tempered glass in the aerospace industry is expected to grow in the future due to the
increasing demand for air travel.

Tempered glass is used in the medical industry for the production of surgical
instruments, laboratory equipment, and medical devices. The growing demand for
healthcare services, particularly in emerging economies, is expected to drive the demand
for tempered glass in the medical industry [21].

It is also used in the food and beverage industry for the production of glass bottles
and jars. The demand for tempered glass in the food and beverage industry is expected to
grow in the future due to the increasing demand for packaged food and beverages.
Tempered glass is used in home appliances such as ovens, refrigerators, and cooktops for
safety and durability. The growth of the home appliances market, particularly in
developing countries, is expected to drive the demand for tempered glass in the future.

This glass is used in the defence industry for armoured vehicles, military aircraft,
and ballistic shields. The growing demand for defence equipment, particularly in
emerging economies, is expected to drive the demand for tempered glass in the defence
industry. Tempered glass is used in the sports industry for the production of sports
equipment such as safety goggles, ski goggles, and football helmets. The increasing
awareness about safety among athletes is expected to drive the demand for tempered
glass in the sports industry [22].

Tempered glass is used in the furniture industry for tabletops, shelves, and
cabinets. The growth of the furniture industry, particularly in developing countries, is
expected to drive the demand for tempered glass in the future. Tempered glass is used in
the art and design industry for the production of decorative items such as sculptures,
vases, and lamps. The increasing demand for aesthetically pleasing and unique home
decor items is expected to drive the demand for tempered glass in the art and design
industry [23].
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Global tempered glass market demand, by application, 2016 - 2027 (Billion
Square Meters)
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Figure 3: Future Market Trend in Tempered Glass
IX. CONCLUSIONS

Toughened glass is a type of safety glass that is treated with heat and rapid cooling to
make it stronger and more durable than standard glass. The tempering process gives the glass
a higher resistance to breakage and minimizes the risk of injury in the event of breakage. The
manufacturing process for toughened glass involves several steps, including cutting, heating,
shaping, rapid cooling, inspection, and packaging.

In addition to its strength and safety benefits, toughened glass is also easy to clean
and maintain. It is resistant to scratches and stains, making it an attractive and practical
choice for a variety of applications.

Toughened glass is an important and widely used material in modern society due to
its strength, safety, and versatility. The manufacturing process for toughened glass is
carefully controlled and precise, ensuring that the final product meets the necessary safety
and quality standards. Whether used in automotive applications, furniture, or electronic
devices, toughened glass is an essential and valuable material that helps make our lives safer
and more convenient.

REFERENCES

[1] Bunnell, L. R. Tempered glass. No. PNL-SA-20164; CONF-9111111-7. Pacific Northwest Lab., Richland,
WA (United States), 1991.

[2] McMaster, Ronald A. "Fundamentals of tempered glass." Proceedings of the 49th Conference on Glass
Problems: Ceramic Engineering and Science Proceedings. Hoboken, NJ, USA: John Wiley & Sons, Inc.,
1989.

[3] Pfaender, Heinz G., ed. Schott guide to glass. Springer Science & Business Media, 2012.

[4] Barsom, John M. "Fracture of tempered glass.” Journal of the American Ceramic Society 51.2 (1968): 75-
78.

[5] Hussain, S., and S. Moiz. "An overview of tempered glass load bearing capability and mechanical
behavior." ENG Transactions 3 (2022): 1-9.

Copyright © 2024 Authors Page | 94



[6]
[7]
[8]
[9]
[10]
[11]
[12]

[13]

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]

[23]
[24]
[25]
[26]

[27]

Futuristic Trends in Chemical, Material Sciences & Nano Technology

e-1SBN: 978-93-5747-750-5

I1P Series, Volume 3, Book 14, Part 2, Chapter 4

AN OVERVIEW OF PROCESSED TOUGHED GLASS CHARACTERISTICS

Hong, B. S., et al. "Endurable water-repellent glass for automobiles.” Thin Solid Films 351.1-2 (1999):
274-278.

Almutawa, Fahad, et al. "Current status of photoprotection by window glass, automobile glass, window
films, and sunglasses.” Photo dermatology, Photo immunology& Photomedicine 29.2 (2013): 65-72.

Zhao, Tiangui, et al. "Preparation of Glass-Ceramics in the R20-Bi203-B203-Si02 System Applied in
Automobile Glass Enamel.” Inorganics 11.4 (2023): 166.

Bielecki, S., Manuela Reben, and Jan Wasylak. "Nickel sulphide inclusions in tempered glass." Advanced
Materials Research 39 (2008): 563-566.

Wilodarczyk, Krystian L., et al. "Picosecond laser cutting and drilling of thin flex glass." Optics and Lasers
in Engineering 78 (2016): 64-74.

Bhuyan, M. K., et al. "High-speed laser-assisted cutting of strong transparent materials using picosecond
Bessel beams." Applied Physics A 120 (2015): 443-446.

Bos, Freek, et al. "Designing and planning the world’s biggest experimental glass structure." Glass
Processing Days Proceed (2005): 401-5.

Kim, YoungShin, and Euysik Jeon. "Analyzing the Stress Characteristics of Glass as a Function of
Cooling Rate When Applying Air and Mist for Rapid Cooling of Glass Heated to High Temperatures."
Available at SSRN 4525593.

Aronen, Antti, and Reijo Karvinen. "Explanation for edge bending of glass in tempering furnace."
Proceedings of Glass Performance Days (2009): 575-579.

Pfaender, Heinz G. (1996). Schott Guide to Glass (2 ed.). London: Chapman & Hall. ISBN
9780412620607.

Mark (22 January 2001). "How is tempered glass made?". Scientific American. Springer Nature America,
LLC. Retrieved 12 June 2020.

Block, Valerie, ed. (2002). The use of glass in buildings. West Conshohocken, PA: ASTM International.
ISBN 978-0-8031-3458-4. Retrieved 12 June 2020.

"ASTM C1048-18, Standard Specification for Heat-Strengthened and Fully Tempered Flat Glass". ASTM
International. 2018. doi:10.1520/C1048-18. Retrieved 12 June 2020.

"Tempered vs. Annealed Glass | Hunker". Hunker.com. Archived from the original on 2017-12-14.
Retrieved 2017-12-13.

Hageman, J.M.; Beeston, B.E.P.; Hageman, K. (2008). Contractor's Guide to the Building Code (6th. ed.).
Craftsman Book Co. ISBN 9781572182028.

Shepherd, J (January 1994). "Violent crime: the role of alcohol and new approaches to the prevention of
injury". Alcohol and Alcoholism (Oxford, Oxfordshire). 29 (1): 5-10. PMID 8003116.

Shepherd, JP; Huggett, RH; Kidner, G (December 1993). "Impact resistance of bar glasses". The Journal
of Trauma. 35 (6): 936-8. doi:10.1097/00005373199312000-00021. PMID 8263994. Retrieved 19
September 2021.

"PET, TPU, or Tempered Glass — all you need to know to choose a screen protector”. phonearena.com.
Archived from the original on 2015-08-20.

Walecki, Wojtek J.; Szondy, Fanny (2008). Dhere, Neelkanth G. (ed.). "Integrated quantum efficiency,
topography, and stress metrology for solar cell.

Barry, John (12 January 2006). "The Achille Heel of a Wonderful Material: Toughened Glass". Glass on
Web. Retrieved 16 August 2019.

"Glass." The Encyclopeadia Britannica : A Dictionary of Arts, Sciences and General Literature. 9th ed.
(American reprint). Vol. 10. Philadelphia: Sherman & co., 1894. 595. Print.

"FLOAT GLASS TECHNOLOGY". ajzonca.tripod.com. Archived from the original on 2017-12-14.
Retrieved 2017-12-13.

Copyright © 2024 Authors Page | 95



Copyright © 2024 Authors Page | 96



