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ABSTRACT: Air Force pilots face dangerous conditions, including extreme temperatures and fire hazards, which
require specialized protective gear. This project focuses on creating a pilot uniform that enhances safety while
maximizing comfort and performance. The uniform consists of two key components: undergarments (a fitted t-shirt and
trousers) and coveralls. The undergarments are designed to be close-fitting, providing a perfect fit to the pilots’ bodies.
The coveralls are a one-piece garment that provides comprehensive protection against fire and extreme heat. Designed
with ergonomic considerations, the coveralls are loose-fitting to ensure free movement without compromising safety.
The garment includes adjustable features such as Velcro, zippers, snap buttons, and pockets, allowing pilots to easily
adjust the uniform for comfort and convenience. These features also make the uniform easy to wear and remove.
Breathability is another key element of the uniform, allowing pilots to remain cool and dry even in demanding
environments. The materials chosen for both the undergarments and coveralls ensure air circulation, preventing
overheating.

Overall, the goal of this project is to deliver a uniform that provides optimal protection, comfort, and performance,
allowing pilots to focus on their duties without being hindered by their gear.

KEYWORDS: Extreme temperatures, fire hazards, protective gear, safety, comfort, perfect fit, breathability, air
circulation.

L. INTRODUCTION

The Indian Air Force (IAF) is one of the largest and most advanced air forces in the world. It was established on
October 8, 1932, starting with only six aircraft and about 25 officers. The IAF played a small role during World War II,
mainly assisting the Allied forces in Southeast Asia against the Axis powers. After India became independent in 1947,
the IAF became a critical part of the country’s defence strategy. Over the years, the IAF has been involved in several
key conflicts, including the Indo-Pakistani wars (1947, 1965, 1971) and the Kargil War in 1999. In recent years, the
IAF has focused on upgrading its systems through advanced communication and working closely with other military
branches for more efficient joint operations. The development of flight suits has evolved as aviation technology
advanced. In the early days, pilots wore basic clothing such as leather and wool to protect themselves from the cold and
harsh conditions at high altitudes. As aviation progressed, the need for more specialized clothing became clear. During
World War 1, flight gear became more standardized, with pilots using leather helmets and bomber jackets to protect
against wind and cold in open cockpits. By World War 11, flight suits were much more advanced, particularly for high-
altitude bombers. These suits, made from materials like leather, wool, and canvas, provided insulation from extreme
cold. The one-piece design helped reduce wind exposure, and the suits had zippers and reinforced knees and elbows for
durability. Our goal is to Ergonomically design, the suit that will allow pilots to move with ease, especially during high-
intensity manoeuvres, and feature adjustable elements for a personalized fit. Ultimately, the aim is to create a uniform
that balances the critical need for safety with the need for comfort and performance, ensuring that pilots can concentrate
entirely on their duties without their gear causing any discomfort or limitation.
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II. LITERATURE REVIEW

High-temperature fibres are specialized materials designed to endure extreme temperatures, often ranging from 200°C
to 3000°C, while maintaining their structural integrity and performance in harsh conditions. These fibres are resistant to
a wide variety of chemicals, making them ideal for tough environments. Additionally, many high-temperature fibres
offer low thermal conductivity, which helps with insulation. Despite their durability, they are lightweight, which is
particularly beneficial in aviation, where reducing weight is crucial. High-temperature fibres also possess excellent
tensile strength, ensuring they are durable in demanding applications. [1,2] Meta-aramids, such as Nomex, are
commonly used in such high-performance fabrics. These fibres are produced by spinning the fibre in a chemical
solution, resulting in a semi-crystalline structure with molecular chains oriented along the fibre’s axis. Meta-aramid
fibres like Nomex provide exceptional resistance to heat, chemical degradation, and abrasion. [3,4]

The fabric material used in military clothing, for example, is often composed of 92% meta-aramid, 5% para-aramid,
and 3% conductive fibres. These materials are designed to be heat-resistant and non-melting, meeting military
specifications. The garments are sewn with felled seams for durability, reinforced shoulders, and multiple pockets for
functionality. They also feature bi-swing backs for improved mobility, adjustable cuffs, and zippered leg openings for
added comfort. Pilots and aircrew wear these specialized flight suits, which provide both fire resistance and mobility.
The suits are designed for comfort, with padded materials in the elbows and knees and reflective materials for visibility.
[5.6]

Comfort in defence clothing is critical for both physical and psychological well-being. Properly designed clothing
allows personnel to focus on their tasks, reducing fatigue and preventing physical problems like chafing and heat
exhaustion. [7] Innovations in smart textiles, which adapt to environmental changes and monitor vital signs, are being
explored to further enhance comfort and performance. [8,9] Ergonomics is also a key factor in flight suit design,
ensuring a fit that allows for freedom of movement during various flight manoeuvres. The materials used must be
lightweight, breathable, and capable of protecting against extreme temperatures and potential flames.

Moreover, ergonomic considerations extend to the placement of pockets and equipment to ensure quick access without
compromising comfort or safety. Flight suits must also accommodate a wide range of body sizes and integrate
advanced technologies like communication systems and sensors. This approach helps optimize both comfort and
operational effectiveness, ensuring that pilots can maintain focus and safety during critical flight operations. [10,11]

III. METHODOLOGY

CONCEPT AND RESEARCH
o Identify the type of industry specific application.
o Research about Airforce pilot uniforms and specifications.
o Establish design concepts for coveralls and undergarments.
DESIGN AND MATERIAL
o Design illustrations, and detailed technical diagrams.
o Select materials and trims.
o Evaluate fit and ergonomics.
PROTOTYPING
o Pattern constructing
o Cutting
o Sewing, alterations and adjustments.
MATERIAL TESTING
o Lab tests, and examine performance.
o Analyse Vertical flame test, air permeability, tensile strength.
PERFORMANCE TESTING
o Conduct fit and comfort test.
o Collect feedback.
FINALIZATION
o Finalize design, implementing enhancements.
o Production in large scale.
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Cutting and sewing

}

Performance test
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Finalization

IV. COVERALLS

Air Force pilot coveralls are specialized garments designed to provide maximum protection, comfort, and performance
for pilots operating in high-risk environments. These coveralls are an essential part of a pilot’s gear, ensuring safety
during critical missions while maintaining the flexibility required for complex manoeuvres. The coveralls are tailored
to meet the unique demands faced by pilots, offering protection against extreme temperatures, fire hazards, and
physical stress while providing ease of movement and comfort during prolonged use. Nomex III-A, is used in our
garment to provide exceptional flame resistance and thermal protection for Air Force pilots. Nomex III-A is a high-
performance fabric known for its inherent flame-resistant properties, making it an ideal choice for pilots exposed to fire
hazards during flight operations. Constructed from aramid fibres, Nomex III-A is designed to self-extinguish when
exposed to flames, minimizing the risk of burns and offering vital protection in case of emergencies, such as aircraft
fires or explosions. In addition to its fire-resistant qualities, Nomex III-A is lightweight and breathable, ensuring
comfort during long missions. The fabric is moisture-wicking, which helps regulate the pilot’s body temperature by
drawing sweat away from the skin, keeping them dry and cool. Its durable nature also makes it resistant to abrasions
and wear, ensuring the garment can withstand the tough conditions of the cockpit while maintaining its integrity over
time. The use of Nomex III-A in our garment enhances both safety and performance, allowing pilots to focus on their
tasks without the concern of exposure to thermal hazards. Flame-resistant Velcro and flame-resistant sewing thread are
integral components used in our coveralls to enhance the overall safety and durability of the garment. The flame-
resistant Velcro ensures that all adjustable elements of the coveralls, such as cuffs and pockets, remain securely
fastened even in the event of exposure to high heat or fire. Traditional Velcro can degrade when exposed to flames, but
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flame-resistant Velcro is designed to withstand extreme conditions without losing its functionality, providing additional
protection for pilots in hazardous environments. Similarly, flame-resistant sewing thread is used throughout the
construction of the coveralls to ensure that all seams remain intact and secure under high-heat conditions. Regular
sewing threads may melt or weaken in the presence of fire, compromising the integrity of the garment. However, the
flame-resistant thread maintains its strength and durability, ensuring that the coveralls continue to provide protection
without the risk of seams coming apart when exposed to fire or extreme temperatures. The specifications for Air Force
pilot coveralls are carefully crafted to enhance both functionality and comfort, providing pilots with a gear solution that
meets their demanding needs. Below are the key features and specifications of the coveralls:

1. Two-Way Zippers: The inclusion of two-way zippers ensures that pilots can quickly adjust the coveralls for
ease of movement and ventilation. This feature allows for better flexibility, enabling pilots to open the zippers
from the top or bottom, depending on the situation, while still ensuring a secure fit.

2. Adjustable Waist: An adjustable waist provides a customized fit, allowing pilots to tighten or loosen the
coveralls for added comfort and flexibility. This feature ensures that the coveralls stay securely in place while
accommodating a range of body types and sizes.

3. Adjustable Cuffs: The cuffs of the coveralls are adjustable, offering flexibility in the fit around the wrists.
This feature helps to keep the sleeves in place, preventing them from riding up during flight operations while
also allowing the pilot to adjust for comfort or to accommodate gloves.

4. 8 Primary Pockets and Additional Pockets: The coveralls include eight primary pockets, strategically
placed for easy access to essential tools, documents, or survival equipment. In addition to these, the coveralls
feature extra pockets that are either secured with zippers or Velcro, providing further storage options for the
pilot. These secure pockets allow for easy organization and quick access to important items during missions.

5. Velcro Openings at the Bottom: The Velcro openings at the bottom of the coveralls offer an additional level
of customization. These openings can be adjusted to ensure that the coveralls fit comfortably over boots or
allow for ventilation when required. This practical feature enhances both the fit and comfort of the coveralls.

6. Raglan Sleeves: The raglan sleeves are designed to provide greater freedom of movement, especially in the
shoulders and arms. This construction allows for a better range of motion, which is crucial for pilots who need
to operate various controls and perform swift movements during flight.

Fig.1-(a) Final front sketch of Coveralls; (b) Final back sketch of Coveralls

V. UNDERGARMENTS
The undergarments designed for Air Force pilots, include T-shirt and shorts, that are specifically designed for comfort,

flexibility, and performance under the demanding conditions of flight. These garments are made from a blend of 95%
cotton and 5% elastane in a single jersey fabric construction, ensuring that pilots remain comfortable and functional
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during long missions. The high cotton content in the fabric ensures that the undergarments are soft and comfortable
against the skin. Cotton is a natural, breathable fibre, which allows for better air circulation, helping to regulate body
temperature. Pilots often experience fluctuating temperatures, from the heat inside the cockpit to the cool air at high
altitudes, making breathability an essential feature. Cotton's moisture-wicking properties also keep pilots dry by
absorbing sweat and allowing it to evaporate, reducing the risk of skin irritation and discomfort. The inclusion of 5%
elastane provides the necessary stretch and flexibility, ensuring that the undergarments fit snugly while allowing
freedom of movement. This elastic component helps the fabric maintain its shape, even after extended wear, preventing
the garments from becoming loose or stretched out. The elastane ensures that the T-shirt and shorts adapt to the pilot’s
body, offering both comfort and performance without restricting their movement. This is crucial for pilots who need to
execute precise manoeuvres, adjust controls, or react quickly during critical moments. The raglan sleeves on the T-shirt
are a key design feature. Unlike traditional sleeves, which are sewn directly at the shoulder seam, raglan sleeves extend
from the collar to the underarm in a continuous piece of fabric. This design improves mobility by eliminating the
restrictive seam at the shoulder, providing greater freedom of movement, especially in the upper body and arms. For
pilots, unrestricted movement is crucial, as they need to be able to adjust cockpit controls swiftly and respond to
emergency situations with precision. The single jersey fabric construction is soft and smooth, ensuring a lightweight
and comfortable fit. It is also durable enough to withstand the physical demands of flight without compromising on
comfort. The single jersey knit is stretchy and resilient, providing a snug fit while retaining its shape and softness after

frequent use.
S——
~ =

Fig.2-(a) Final front sketch of T-shirt; (b) Final back sketch of T-shirt

[ _

Fig.3-(a) Final front sketch of Shorts; (b) Final back sketch of Shorts

VI. RESULTS AND DISCUSSION

TEST NOMEX III-A
Composition 93% Nomex, 5% Kevlar
GSM 150+3%
Count of yarn, (Warp/Weft) 2/40s+5%; 2/40s+5%
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Maximum Load (in N) 769.34830 N

Extension at maximum load (in mm) 26.49988 mm

Air permeability (cm?®/sec per cm ?) 35.002 cm?/sec per cm 2
Bursting strength (in Kgf/cm ?) 11.96 Kgf/cm 2

After flame time in seconds(warp/weft) Warp: Osec; Weft: Osec
Char length in mm(warp/weft) Warp: 101mm; Weft: 95mm
After glow time in seconds(warp/weft) Warp: 6sec; Weft: Ssec

The tests conducted on the fabric have shown that it meets the required safety standards for flame resistance. These
tests ensure that the fabric can withstand exposure to flames or high heat without catching fire easily or burning
quickly. The results of this test indicate that the fabric provides an optimal balance between protection and comfort, as
it allows sufficient airflow while maintaining its flame-resistant properties.

VII. CONCLUSION

In this project, the Airforce pilot coveralls have been expertly designed with ergonomics in mind to ensure optimal
comfort, mobility, and safety for pilots. The coveralls offer a functional fit that supports the physical demands of
piloting, allowing for ease of movement during critical operations. With flame-resistant fabric and breathable materials,
the coveralls are well-suited to provide protection and comfort in challenging environments. This design successfully
balances practicality with the rigorous needs of Airforce pilots, making it a reliable and essential piece of gear for their
demanding roles.
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