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INTRODUCTION TO CTIA GROUP

CTIA GROUP LTD, a wholly-owned subsidiary with independent legal personality established by CHINATUNGSTEN ONLINE , is
dedicated to promoting the intelligent, integrated, and flexible design and manufacturing of tungsten and molybdenum materials in the

Industrial Internet era. CHINATUNGSTEN ONLINE, founded in 1997 with www.chinatungsten.com as its starting point—China's first

top-tier tungsten products website—is the country's pioneering e-commerce company focusing on the tungsten, molybdenum, and rare earth
industries. Leveraging nearly three decades of deep experience in the tungsten and molybdenum fields, CTIA GROUP inherits its parent
company's exceptional design and manufacturing capabilities, superior services, and global business reputation, becoming a comprehensive
application solution provider in the fields of tungsten chemicals, tungsten metals, cemented carbides, high-density alloys, molybdenum,

and molybdenum alloys.

Over the past 30 years, CHINATUNGSTEN ONLINE has established more than 200 multilingual tungsten and molybdenum professional
websites covering more than 20 languages, with over one million pages of news, prices, and market analysis related to tungsten,
molybdenum, and rare earths. Since 2013, its WeChat official account "CHINATUNGSTEN ONLINE" has published over 40,000 pieces
of information, serving nearly 100,000 followers and providing free information daily to hundreds of thousands of industry professionals
worldwide. With cumulative visits to its website cluster and official account reaching billions of times, it has become a recognized global
and authoritative information hub for the tungsten, molybdenum, and rare earth industries, providing 24/7 multilingual news, product

performance, market prices, and market trend services.

Building on the technology and experience of CHINATUNGSTEN ONLINE, CTIA GROUP focuses on meeting the personalized needs of
customers. Utilizing AI technology, it collaboratively designs and produces tungsten and molybdenum products with specific chemical
compositions and physical properties (such as particle size, density, hardness, strength, dimensions, and tolerances) with customers. It offers
full-process integrated services ranging from mold opening, trial production, to finishing, packaging, and logistics. Over the past 30 years,
CHINATUNGSTEN ONLINE has provided R&D, design, and production services for over 500,000 types of tungsten and molybdenum
products to more than 130,000 customers worldwide, laying the foundation for customized, flexible, and intelligent manufacturing. Relying
on this foundation, CTIA GROUP further deepens the intelligent manufacturing and integrated innovation of tungsten and molybdenum

materials in the Industrial Internet era.

Dr. Hanns and his team at CTIA GROUP, based on their more than 30 years of industry experience, have also written and publicly released
knowledge, technology, tungsten price and market trend analysis related to tungsten, molybdenum, and rare earths, freely sharing it with
the tungsten industry. Dr. Han, with over 30 years of experience since the 1990s in the e-commerce and international trade of tungsten and
molybdenum products, as well as the design and manufacturing of cemented carbides and high-density alloys, is a renowned expert in
tungsten and molybdenum products both domestically and internationally. Adhering to the principle of providing professional and high-
quality information to the industry, CTTA GROUP's team continuously writes technical research papers, articles, and industry reports based
on production practice and market customer needs, winning widespread praise in the industry. These achievements provide solid support
for CTIA GROUP's technological innovation, product promotion, and industry exchanges, propelling it to become a leader in global

tungsten and molybdenum product manufacturing and information services.
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CTIA GROUP LTD
High-Density Tungsten Alloy Customization Service

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and
production with 30 years of experience.

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production,
mature technology.

Precision customization: support high density (17-19 g/cm3), special performance,
complex structure, super large and very small parts design and production.

Quality cost: optimized design, optimal mold and processing mode, excellent cost
performance.

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification.
100,000+ customers

Widely involved, covering aerospace, military industry, medical equipment, energy industry,
sports and entertainment and other fields.

Service commitment

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints

in 30 years!

Contact us

Email: sales@chinatungsten.com
Tel: +86 592 5129696
Official website: www.tungsten-alloy.com
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Chapter 1 Introduction to Tungsten Alloy Threaded Rod

1.1 What is Tungsten Alloy Threaded Rod?

Tungsten alloy threaded rod is a high-performance fastener widely used in engineering environments

requiring extreme durability, high-temperature resistance, and high strength. Based on tungsten, it is
alloyed with other metal elements to form a material with excellent mechanical and functional properties.
Compared to ordinary steel or aluminum threaded rod, tungsten alloy threaded rod exhibits greater
stability and reliability under extreme conditions, making it the fastener of choice in aerospace, medical
equipment, high-temperature industries, and precision machinery. Its core advantages lie in tungsten's
high density, high melting point, and excellent corrosion resistance, enabling it to meet demanding

requirements in specialized applications that traditional materials cannot.

From a basic definition, a tungsten alloy threaded rod is a rod-shaped fastener produced through powder
metallurgy or other advanced manufacturing processes. Its surface is machined with a regular thread
structure and is used for connecting, fixing, or transmitting torque. It was originally designed to meet the
connection needs in high-load, high-temperature, or highly corrosive environments. The development
history of tungsten alloy threaded rod can be traced back to a period of growing industrial demand for
high-performance materials, especially in scenarios that require a balance between strength and
environmental adaptability. Compared to other fasteners, tungsten alloy threaded rod not only has higher
physical strength but also maintains stable performance in high-temperature, corrosive media, or high-

radiation environments, which is particularly critical in many high-end applications.

Tungsten alloy threaded rod has a wide range of applications. For example, in the aerospace industry, it
is often used to secure high-temperature engine components or high-stress structural parts. In the medical
field, it is used to secure radiation protection equipment due to its high density and radiation shielding
capabilities. In the industrial field, tungsten alloy threaded rod is often used in high-temperature furnaces
or chemical equipment to ensure long-term reliability in extreme environments. In addition, the surface
of tungsten alloy threaded rod is often treated with special treatments such as coating or passivation to

further enhance its durability or adapt it to the needs of specific environments.

From a technical perspective, the production process of tungsten alloy threaded rod is complex and
precise. Its manufacture typically involves the extraction of high-purity tungsten powder, precise alloy
formulation, powder metallurgy forming, and high-precision machining. These steps ensure that the
threaded rod not only possesses excellent material properties but also meets stringent geometric
tolerances. The design of the thread is also crucial, as the shape, depth, and pitch of the threads directly
affect its load-bearing capacity and installation efficiency. Overall, tungsten alloy threaded rod is an
advanced fastener that integrates material science, precision manufacturing, and engineering design. Its

unique properties have earned it an irreplaceable position in modern industry.

tungsten alloy threaded rod is its versatility. By adjusting the alloy composition or processing technology,

manufacturers can produce customized threaded rods for different application scenarios. For example,
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some threaded rods may prioritize high-temperature resistance, while others may be optimized for higher
corrosion resistance. This flexibility enables tungsten alloy threaded rods to meet diverse engineering
needs. Furthermore, with advances in manufacturing technology, the production cost of tungsten alloy
threaded rods has gradually decreased, allowing them to be widely used in a wider range of fields.
However, their high material and processing costs remain a factor limiting their adoption in the low-end

market.

From a user's perspective, the use of tungsten alloy threaded rod requires specialized knowledge. Precise
torque control is required during installation to avoid thread damage or material fatigue caused by
overtightening. Furthermore, regular inspections of surface condition and connection stability are
necessary during maintenance to ensure long-term safety. While these requirements increase the
complexity of use, they also highlight the significant value of tungsten alloy threaded rod in high-
precision and high-reliability applications. In the future, with the continuous development of new
materials and processes, the performance and application scope of tungsten alloy threaded rod are

expected to further expand, bringing innovative solutions to more industries.

1.1.1 Material composition of tungsten alloy threaded rod

tungsten alloy threaded rods is the cornerstone of their exceptional performance. Tungsten , a high-
density, high-melting-point metallic element, is the core component of threaded rod materials . Pure
tungsten has a melting point of 3422 degrees Celsius and a density close to that of gold, endowing
tungsten alloy threaded rods with exceptional physical strength and stability. However, the brittleness
and processing difficulty of pure tungsten make it difficult to use directly in the manufacture of threaded
rods. Therefore, other metal elements are often added to form alloys to improve their overall performance.
Common tungsten alloy compositions include tungsten-nickel-iron, tungsten-copper, and tungsten-
nickel-copper. These alloys, through precise blending in precise proportions, optimize the mechanical

properties, processing performance, and environmental adaptability of threaded rods.

Tungsten-nickel-iron alloy is one of the most commonly used types of tungsten alloys. The addition of
nickel and iron significantly improves tungsten's toughness and machinability while maintaining its high
density and strength. This alloy performs particularly well in applications requiring high strength and
fatigue resistance, such as fasteners in aerospace equipment. The addition of nickel enhances the alloy's
ductility, while iron helps reduce production costs while maintaining good mechanical properties.
Furthermore, the relatively uniform microstructure and fine grain size of tungsten-nickel-iron alloy

contribute to improved fatigue resistance and long-term stability in threaded rods.

Tungsten-copper alloy is another common material composition, particularly suitable for applications
requiring good electrical and thermal conductivity. The addition of copper allows the alloy to maintain
high strength while also possessing excellent thermal conductivity, which is particularly important for
threaded rods in high-temperature environments. For example, in electronic equipment or high-
temperature furnaces, tungsten-copper alloy threaded rods can effectively dissipate heat and prevent

performance degradation caused by high temperatures. In addition, the oxidation resistance of tungsten-
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copper alloy also gives it an advantage in certain corrosive environments. Compared to tungsten-nickel-
iron alloy, tungsten-copper alloy has a slightly lower density, but its electrical and thermal conductivity

make it more competitive in specific fields.

Tungsten-nickel-copper alloy is another important material combination that combines the advantages
of nickel and copper . This alloy performs well in scenarios that require comprehensive performance,
such as in medical equipment, which requires both radiation shielding capabilities and certain corrosion
resistance and processability. The microstructure of tungsten-nickel-copper alloy is relatively complex,
and the optimization of grain distribution and phase structure directly affects the performance of threaded
rods. In addition, some special tungsten alloys may add small amounts of other elements, such as cobalt,
molybdenum or rare earth elements, to further enhance specific properties, such as wear resistance or
resistance to high-temperature oxidation. The formulation of these alloys is usually customized according

to specific application requirements.

tungsten alloy threaded rod not only determines its performance but also places high demands on its
manufacturing process. Tungsten alloy is typically prepared using powder metallurgy techniques, where
high-purity tungsten powder is mixed with other metal powders, pressed, and sintered to form a dense
alloy billet. This process requires precise control of temperature, pressure, and sintering time to ensure
the alloy's uniformity and defect-free properties. Furthermore, the ratio of the alloy's components directly
affects the rod's performance. For example, a higher tungsten content increases density and strength, but
also increases processing difficulty. Therefore, manufacturers must strike a balance between performance

and cost.

1.1.2 Structural Characteristics of Tungsten Alloy Threaded Rod

tungsten alloy threaded rod are key to its ability to perform high-strength, high-precision connections.
As a precision fastener, the structural design of tungsten alloy threaded rod involves not only the thread
geometry but also the head type, shaft length, surface treatment, and optimization of overall mechanical
properties. These characteristics collectively determine the rod's performance in various applications.
The following article explores the structural characteristics of tungsten alloy threaded rod from multiple

perspectives, revealing the science and engineering wisdom behind its design.

First, thread design is the core structural feature of tungsten alloy threaded rod. The shape, depth, and
pitch of the thread directly affect its load-bearing capacity and installation efficiency. Common thread
types include metric and imperial threads, with metric threads being widely used in industry for their
standardization and versatility . The geometric design of the thread requires precise calculations to ensure
that it does not slip or break under high loads. The high hardness and low ductility of tungsten alloy pose
challenges to thread processing, so high-precision CNC machine tools or grinding processes are often
used to ensure the surface quality and geometric accuracy of the thread. In addition, some special
threaded rods may adopt a self-locking thread design to enhance the stability of the connection, which is

particularly suitable for environments with frequent vibration.
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Secondly, the head design of tungsten alloy threaded rod is also one of its important structural features.
Head types generally include cylindrical head, countersunk head, hexagonal head, or special customized
shapes. Cylindrical head threaded rods are suitable for scenarios requiring high-strength connections,
while countersunk head threaded rods are more suitable for applications requiring flat surfaces, such as
fixing the housing of aerospace equipment. The hexagonal head design facilitates installation using
standard tools and is widely used in the field of mechanical manufacturing. In addition, some tungsten
alloy threaded rods may adopt a headless design and be used directly as fully threaded rods to meet
specific connection requirements. The diversity of head designs enables tungsten alloy threaded rods to

meet the installation requirements of different scenarios.

Shaft length and diameter are another key structural feature of tungsten alloy threaded rod. The length
and diameter of the rod need to be designed based on the specific application scenario to balance strength
and weight. For example, in aerospace, shorter, smaller-diameter threaded rods may be preferred to
reduce overall weight; whereas in heavy machinery, longer threaded rods may be used to withstand
greater tensile or shear forces. The high density of tungsten alloy makes threaded rods relatively heavy,
so the design requires finding a balance between strength and weight. Furthermore, the surface of the rod

is often polished or coated to reduce friction and improve corrosion resistance.

tungsten alloy threaded rods also includes their surface treatment, which significantly impacts their
performance and service life. Common surface treatments include electroplating, chemical passivation,
or high-temperature resistant coatings. These treatments not only enhance the corrosion resistance of the
threaded rod but also improve its stability in extreme environments. For example, in high-temperature
furnaces, threaded rods may require an anti-oxidation coating to prevent high-temperature oxidation. In
medical devices, surface treatments must ensure biocompatibility to avoid adverse effects on the human
body. The surface treatment process selected must be compatible with the threaded rod's material

composition and application scenario.

Finally, the structural characteristics of tungsten alloy threaded rods are also reflected in the optimization
of their overall mechanical properties. Due to the high hardness and low ductility of tungsten alloy, the
design of threaded rods requires special attention to stress distribution and fatigue resistance. Advanced
finite element analysis techniques are often used to simulate the performance of threaded rods under
different loads to optimize their structural design. For example, by adjusting the thread profile or the
diameter of the rod, stress can be effectively distributed, reducing the risk of fatigue fracture. These

design details ensure the reliability of tungsten alloy threaded rods in high-stress environments.

1.2 Differences between tungsten alloy and ordinary metal threaded rods

Tungsten alloy threaded rod differs significantly from common metal threaded rod (such as steel,
aluminum, copper, or titanium ) in terms of material composition, performance, and application scenarios.
These differences give tungsten alloy threaded rod unique advantages in certain demanding environments,
particularly in industrial and technological fields requiring high strength, high-temperature resistance, or

specialized functionality. The following article explores the differences between tungsten alloy threaded
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rod and common metal threaded rod from multiple perspectives, including material properties,
manufacturing process, application adaptability, and economic efficiency, revealing its unique value in

modern engineering.

From a material perspective, tungsten alloy threaded rod is based on high-density, high-melting-point
tungsten, typically alloyed with elements such as nickel, iron, or copper. This alloying design endows
tungsten alloy threaded rod with exceptional physical and chemical properties, such as extremely high
hardness and corrosion resistance. In contrast, ordinary metal threaded rods are often made of materials
such as steel, aluminum, or titanium , which have densities and melting points far lower than tungsten
alloy. For example, while steel threaded rods offer good strength and toughness, they perform far inferior
to tungsten alloy in high-temperature or corrosive environments. Aluminum threaded rods are
lightweight but easily deform under high loads or high temperatures. While titanium threaded rods offer

excellent corrosion resistance, their density and strength cannot match those of tungsten alloy.

In terms of manufacturing, tungsten alloy threaded rods are much more difficult to process than ordinary
metal threaded rods. The high hardness and low ductility of tungsten alloys require the use of powder
metallurgy technology and high-precision machining, which increases production complexity and cost.
The manufacturing of ordinary metal threaded rods is relatively simple. For example, steel threaded rods
can be produced through conventional processes such as cold heading, hot forging, or turning, which are
low-cost and suitable for large-scale production. This manufacturing difference directly affects the
application range of the two: tungsten alloy threaded rods are more suitable for high-precision, small-
batch high-end applications, while ordinary metal threaded rods are widely used in general industrial

scenarios.

From the perspective of application scenarios, the adaptability of tungsten alloy threaded rod in extreme
environments is its biggest difference from ordinary metal threaded rod. Tungsten alloy threaded rod can
withstand harsh conditions such as high temperature, high corrosion and radiation, and performs well in
engine fixing of aerospace equipment or radiation shielding equipment in the medical field. Ordinary
metal threaded rods often perform poorly in these environments. For example, steel threaded rods may
soften at high temperatures, aluminum threaded rods may deform under high loads, and titanium threaded
rods have limited effectiveness in scenarios requiring high density or radiation shielding. In addition, the
high density of tungsten alloy threaded rods gives them unique advantages in applications requiring
counterweights or vibration suppression, such as in dynamic balancing components of precision

machinery.

Affordability is another key differentiator. Tungsten alloy threaded rod has significantly higher material
and processing costs than conventional metal threaded rod, limiting its application in the low-end market.
Steel threaded rod, due to its low price and mature manufacturing process, has become the mainstream
choice in general industry. Aluminum and titanium threaded rod, while more expensive than steel, still
offer a cost advantage over tungsten alloy. Therefore, tungsten alloy threaded rod is typically used in
applications requiring extremely high performance, while conventional metal threaded rod is more

suitable for cost-sensitive, general-purpose applications.
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In terms of design flexibility, tungsten alloy threaded rods can be adapted to diverse engineering needs
by adjusting alloy composition and surface treatment. For example, tungsten-copper alloy threaded rods
are suitable for electronic devices requiring thermal conductivity, while tungsten-nickel-iron alloy
threaded rods are more suitable for high-strength fastening scenarios. While the performance of ordinary
metal threaded rods can be optimized through heat treatment or surface coating, the limitations of the
material itself leave little room for optimization. In addition, the microstructure of tungsten alloy threaded
rods can be precisely controlled through the manufacturing process, further enhancing their performance,

while the performance improvement of ordinary metal threaded rods relies more on post-processing.

In actual use, the installation and maintenance requirements of tungsten alloy threaded rod differ from
those of ordinary metal threaded rod. Due to its high hardness and low ductility, tungsten alloy threaded
rod requires specialized tools and precise torque control to avoid thread damage. Ordinary metal threaded
rod, on the other hand, is relatively simple to install, requiring only general-purpose tools. Furthermore,
maintenance of tungsten alloy threaded rod requires regular inspection of the surface coating and joint
stability to ensure long-term reliability, while ordinary metal threaded rod has lower maintenance
requirements. These differences reflect the specialized nature of tungsten alloy threaded rod in high-

precision and high-reliability applications.

1.2.1 Differences in material composition

The difference in material composition between tungsten alloy threaded rod and ordinary metal threaded
rod is the fundamental reason for their different performance and applications. Tungsten alloy threaded
rod is primarily composed of tungsten, typically alloyed with elements such as nickel, iron, and copper
to optimize its mechanical and processing properties. Ordinary metal threaded rod is typically made of a
single metal or simple alloy such as steel, aluminum, titanium, or copper, and its material composition is

far less diverse and complex than that of tungsten alloy.

tungsten alloy threaded rod is tungsten, a high-density, high-melting-point metallic element. The addition
of tungsten imparts exceptional strength and high-temperature resistance to threaded rods . However, the
brittleness and processing difficulties of pure tungsten make it difficult to use directly. Therefore,
manufacturers typically create alloys by adding elements such as nickel, iron, or copper. For example,
tungsten-nickel-iron alloys leverage the ductility of nickel and the cost advantages of iron to improve the
toughness and machinability of tungsten while maintaining high density and strength. Tungsten-copper
alloys, on the other hand, enhance thermal and electrical conductivity through the addition of copper,
making them suitable for applications requiring thermal management . Tungsten-nickel-copper alloys
combine the advantages of both and are suitable for applications requiring comprehensive performance.
The ratios of these alloy components are typically precisely adjusted to optimize performance based on

specific application requirements.

In contrast, the material composition of ordinary metal threaded rod is relatively simple. Steel threaded
rod is typically made of carbon steel or stainless steel. Carbon steel achieves different strength grades by

adjusting the carbon content, while stainless steel enhances corrosion resistance by adding elements such
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as chromium and nickel. Aluminum threaded rod is mostly made of aluminum alloys, such as the 6061
or 7075 series, with strength and corrosion resistance enhanced by adding elements such as magnesium
and silicon. Titanium threaded rod is typically made of pure titanium or titanium alloys (such as Ti-6Al-
4V), known for its high strength and low density. Copper threaded rod is mostly made of pure copper or
brass and is used in applications requiring electrical conductivity. These materials have a narrow range
of composition adjustment, and performance optimization relies primarily on heat treatment or surface

treatment rather than complex alloying design.

From an alloying perspective, the composition of tungsten alloy threaded rod is designed to balance
multiple extreme properties. Tungsten's high density makes it suitable for applications requiring radiation
shielding or counterweights, while the addition of nickel and iron improves workability and toughness,
avoiding the brittleness of pure tungsten. The addition of copper provides additional thermal conductivity
and oxidation resistance, making it suitable for high-temperature or corrosive environments. The
composition design of conventional metal threaded rods focuses more on optimizing a single property:
for example, steel threaded rods prioritize strength and cost, aluminum threaded rods focus on
lightweighting and corrosion resistance, and titanium threaded rods prioritize high strength and

biocompatibility. This difference gives tungsten alloy threaded rods a distinct advantage in versatility.

Differences in material composition also directly impact the manufacturing process. Tungsten alloy
threaded rod is typically manufactured using powder metallurgy, where tungsten powder is mixed with
other metal powders, pressed, and sintered to form a dense alloy billet. This process requires high
temperatures, high pressures, and precise control to ensure the alloy's uniformity and defect-free
properties. The manufacture of ordinary metal threaded rod is simpler. For example, steel threaded rod
can be directly formed through forging or turning, and aluminum and titanium threaded rods can also be
produced through similar machining processes. This manufacturing difference results in tungsten alloy
threaded rod being significantly more expensive to produce than ordinary metal threaded rod, but its

performance advantages make it worthwhile in high-end applications.

In terms of microstructure, the material composition of tungsten alloy threaded rods determines the
unique grain structure and phase distribution. For example, the microstructure of tungsten-nickel-iron
alloys typically exhibits fine grains and a uniform phase distribution, which contributes to its improved
fatigue resistance. The microstructure of ordinary metal threaded rods is relatively simple. For example,
the grain structure of carbon steel is primarily composed of ferrite and pearlite, and its performance
optimization relies on grain size adjustment through heat treatment. The complex microstructure of
tungsten alloys makes them more stable in extreme environments, but it also increases the complexity of

manufacturing and testing.

From an application perspective, the material composition of tungsten alloy threaded rod enables it to
adapt to a variety of demanding environments, such as high-temperature furnaces, medical radiation
shielding equipment, and aerospace structures. The material composition of ordinary metal threaded rod
is more suitable for general use cases, such as steel threaded rod in construction and machinery,

aluminum threaded rod in lightweight equipment, and titanium threaded rod in marine engineering or
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medical implants. These differences reflect the decisive influence of material composition on the

functional positioning of threaded rods.

1.2.2 Performance Differences

The performance differences between tungsten alloy threaded rod and conventional metal threaded rod
are a direct reflection of differences in their material composition and manufacturing processes. These
differences primarily manifest in mechanical properties, functional performance, and environmental
adaptability. This makes tungsten alloy threaded rod a significant advantage in demanding applications,
while conventional metal threaded rod is more suitable for general-purpose and cost-sensitive
applications. The following details the performance differences between the two from the perspectives

of strength, durability, environmental adaptability, and application performance.

In terms of mechanical properties, tungsten alloy threaded rods exhibit extremely high strength and
hardness. Due to tungsten's high density and optimized alloying, its tensile strength and shear resistance
far exceed those of ordinary metal threaded rods. For example, compared to carbon steel threaded rods,
tungsten alloy threaded rods can maintain stability under higher loads, making them suitable for fastening
heavy machinery or aerospace equipment. While stainless steel threaded rods have good toughness, they
may undergo plastic deformation under extremely high loads, while tungsten alloy threaded rods have
greater resistance to deformation. Although aluminum threaded rods are lightweight, they are relatively
low in strength and cannot withstand high stresses. While titanium threaded rods are relatively strong,

their hardness and wear resistance are still inferior to tungsten alloy.

Durability is another significant advantage of tungsten alloy threaded rod. Tungsten alloy's high hardness
and wear resistance give it a longer service life in high-friction or high-vibration environments. For
example, in dynamic components of precision machinery, tungsten alloy threaded rod effectively resists
wear and fatigue fracture, whereas ordinary steel threaded rod may fail due to surface wear under similar
conditions. Tungsten alloy threaded rod's fatigue resistance is also due to its uniform microstructure and
optimized alloy composition, which enables it to outperform ordinary metal threaded rod under cyclic
loading. Furthermore, tungsten alloy threaded rod's creep resistance allows it to maintain its shape
stability even in high-temperature environments, while ordinary metal threaded rod ( such as aluminum

or low-grade steel) is prone to creep at high temperatures.

In terms of functional performance, the high temperature resistance and corrosion resistance of tungsten
alloy threaded rods are important differences between them and ordinary metal threaded rods. Tungsten
alloy threaded rods can maintain stable performance in high temperature environments. For example, in
high-temperature furnaces or acrospace engines, tungsten alloy threaded rods can withstand temperatures
of hundreds of degrees Celsius without softening. Ordinary steel threaded rods may lose strength at high
temperatures. Although stainless steel has good high temperature resistance, its performance upper limit
is far lower than that of tungsten alloy. Aluminum and copper threaded rods perform even worse at high
temperatures and are prone to deformation or oxidation. The corrosion resistance of tungsten alloy

threaded rods also makes them perform well in acidic, alkaline or humid environments. For example, in
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chemical equipment, tungsten alloy threaded rods can resist the erosion of various chemical media, while

ordinary metal threaded rods may require additional surface coatings to improve corrosion resistance.

Tungsten alloy threaded rod's radiation shielding properties are a unique functional advantage that is
virtually unmatched by ordinary metal threaded rods. Due to tungsten's high density, tungsten alloy
threaded rods excel in radiation shielding devices used in the medical field, such as securing components
in nuclear medicine imaging equipment. Ordinary metal threaded rods (such as steel or aluminum) have
very limited effectiveness in radiation shielding. While titanium threaded rods have some
biocompatibility, their radiation shielding capabilities are far inferior to those of tungsten alloy. This
performance difference makes tungsten alloy threaded rods irreplaceable in the medical and nuclear

industries.

Tungsten alloy threaded rods also exhibit unique advantages in thermal management and electrical
performance. Tungsten-copper alloy threaded rods possess excellent thermal and electrical conductivity,
making them suitable for use in heat dissipation modules for electronic devices or for securing high-
density circuit boards. Among common metal threaded rods, copper threaded rods, while highly
conductive, suffer from poor strength and wear resistance. Steel and aluminum threaded rods, on the
other hand, exhibit significantly lower thermal conductivity than tungsten-copper alloy. Furthermore, the
low thermal expansion coefficient of tungsten alloy threaded rods enables them to maintain dimensional
stability in environments subject to drastic temperature fluctuations, whereas the higher thermal

expansion coefficient of aluminum threaded rods can lead to loose connections.

In terms of environmental adaptability, tungsten alloy threaded rod can maintain stable performance
under extreme conditions, such as deep sea, high temperature, or high radiation environments. Ordinary
metal threaded rods often have limited performance in these conditions. For example, steel threaded rods
are susceptible to corrosion in deep sea environments, and aluminum threaded rods lose strength at high
temperatures. Tungsten alloy threaded rods' oxidation resistance and low-temperature brittleness
resistance also make them excellent performers in extreme temperature environments, while ordinary

metal threaded rods may require additional protective measures.

In practical applications, the performance advantages of tungsten alloy threaded rod make it a top choice
for high-end engineering. For example, in aerospace, tungsten alloy threaded rod can withstand high
temperatures and vibration, ensuring secure connections between engines and structural components. In
electronic devices, its high thermal conductivity and electromagnetic interference resistance make it an
ideal choice for heat dissipation modules. Ordinary metal threaded rod is more commonly used in
conventional applications, such as steel threaded rod in building structures and aluminum threaded rod
in lightweight equipment. These performance differences determine the unique position of tungsten alloy
threaded rod in the high-tech field.

1.3 Development History of Tungsten Alloy Threaded Rod

tungsten alloy threaded rod, a high-performance fastener, reflects advances in materials science and
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industrial manufacturing. From early technological exploration to modern precision manufacturing, the
research, development, and application of tungsten alloy threaded rod have undergone multiple stages,
gradually moving from the laboratory to widespread industrial applications. The following article
explores the development history of tungsten alloy threaded rod through three stages: technological
breakthroughs, process maturity, and performance optimization, showcasing its evolution in modern

engineering.

In the early stages of tungsten alloy threaded rod development, scientists and engineers focused on
overcoming the natural limitations of tungsten and exploring its potential as a fastener. Tungsten is known
for its high density and melting point, but its brittleness and difficulty in processing limited its immediate
applications. Efforts during this period focused on developing alloying technology and basic
manufacturing processes, laying the foundation for the subsequent development of tungsten alloy
threaded rod. As industrial demand grew, tungsten alloy threaded rod was gradually adopted in
demanding environments such as aerospace and high-temperature industrial equipment, and its unique

properties began to attract attention.

Entering the industrial application stage, the manufacturing process for tungsten alloy threaded rods
gradually matured, and its application scenarios expanded significantly. Advances in powder metallurgy
technology enabled the large-scale production of tungsten alloys, while the introduction of high-precision
processing equipment further improved the quality and consistency of threaded rods. During this period,
tungsten alloy threaded rods began to be widely used in aerospace, medical equipment, and heavy
industry. Their high strength and high-temperature resistance met the stringent fastener requirements of
these fields. At the same time, the establishment of industry standards also promoted the standardized

production of tungsten alloy threaded rods, making them a reliable choice for high-end engineering.

During the modernization phase, the research and development of tungsten alloy threaded rods shifted
its focus to performance optimization and precision manufacturing. With the introduction of new
materials and processes, the performance of tungsten alloy threaded rods has been further enhanced. For
example, microstructural optimization and surface treatment technologies have enhanced their corrosion
resistance and fatigue resistance. Modern manufacturing techniques, such as CNC machining and laser
surface treatment, have enabled more sophisticated threaded rod designs, enabling them to meet the
demands of complex engineering projects. Furthermore, the application areas of tungsten alloy threaded
rods have further expanded to include electronic equipment, precision machinery, and specialized

applications in extreme environments, fully demonstrating their versatility.

tungsten alloy threaded rod is a story of the collaborative advancement of materials science and
engineering technology. From initial experimental exploration to its widespread application today,
tungsten alloy threaded rod has secured a crucial position in modern industry thanks to its superior
performance and continuously optimized manufacturing processes. In the future, as new technologies
and demands emerge, tungsten alloy threaded rod is expected to demonstrate its potential in even more

fields, injecting new vitality into the development of engineering technology.
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1.3.1 Early R&D Stage (Technology Exploration and Material Breakthroughs)

The early development of tungsten alloy threaded rod began with the exploration of tungsten's potential.
This period focused on overcoming tungsten's natural limitations and developing alloy formulations
suitable for fastener applications. Tungsten , a high-density, high-melting-point metal, attracted the
attention of scientists as early as the late 19th century for its excellent physical properties. However, the
brittleness and high hardness of pure tungsten made it difficult to process into precision threaded rods, a
major challenge in early development. Through experimentation, scientists discovered that adding
elements such as nickel, iron, or copper could significantly improve tungsten's toughness and

machinability, thus laying the foundation for the development of tungsten alloy threaded rod.

During this period, powder metallurgy technology became a key breakthrough. By mixing, pressing, and
sintering high-purity tungsten powder with other metal powders, researchers successfully produced
tungsten alloy billets with a uniform microstructure. This technology not only solved the problem of
difficult processing of pure tungsten but also enabled flexible adjustment of alloy composition. For
example, the development of tungsten-nickel-iron alloys significantly improved the material's ductility,
enabling it to withstand the stresses of machining. Another important advancement during this period
was the establishment of alloying theory. By systematically studying the effects of the ratios of different

metal elements on alloy properties, scientists gradually optimized the formulation of tungsten alloys.

Another focus of early research and development was exploring the potential of tungsten alloys for
demanding environments. Due to tungsten's high melting point and corrosion resistance, researchers
began exploring its use in fasteners for high-temperature and corrosive environments. For example, in
the aerospace sector, early tungsten alloy threaded rods were used to secure high-temperature engine
components, and their excellent performance garnered widespread interest from engineers. Furthermore,
the medical field also began to explore the high density of tungsten alloys, exploring their use as fasteners
in radiation shielding equipment. These initial applications paved the way for the continued development

of tungsten alloy threaded rods.

However, the early stages of research and development also faced numerous challenges. For example,
the sintering process for tungsten alloys required high-temperature, high-pressure equipment, which
increased production costs. Furthermore, the thread machining accuracy struggled to meet the demands
of complex engineering. To address these challenges, researchers continuously refined manufacturing
processes, introducing vacuum sintering technology and rudimentary machining equipment. While these
efforts improved the feasibility of tungsten alloy threaded rods, their production scale and application

scope remained limited.

The research and development achievements of this phase laid the technical foundation for the industrial
application of tungsten alloy threaded rod. Through material breakthroughs and process exploration,
tungsten alloy threaded rod has moved from the laboratory to practical application, and its high strength
and high-temperature resistance have begun to demonstrate potential in specific fields. Although early

research and development faced technical and cost constraints, these efforts have provided valuable
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experience for subsequent process maturity and application expansion, marking a significant starting

point in the development history of tungsten alloy threaded rod.

1.3.2 Industrial Application Stage (Technology Maturity and Scenario Expansion)

With advances in materials science and manufacturing technology, tungsten alloy threaded rod has
entered the stage of industrial application. This phase is marked by the maturation of production
processes and a significant expansion of application scenarios, transforming tungsten alloy threaded rod
from an experimental product to a key industrial fastener. Optimization of powder metallurgy technology
and the widespread use of high-precision processing equipment have significantly improved the
production efficiency and quality of tungsten alloy threaded rod, creating conditions for its widespread

application across multiple industries.

On the process side, advances in powder metallurgy technology were the core driving force behind this
phase. Improvements in sintering processes and equipment enabled manufacturers to produce more
uniform and higher-strength tungsten alloy billets. The introduction of vacuum sintering and hot isostatic
pressing further reduced microdefects in the alloy, improving the reliability and consistency of threaded
rods. Furthermore, the widespread use of high-precision CNC machine tools significantly enhanced the
geometric accuracy and surface quality of threaded rods. These technological advances not only reduced
production complexity but also enabled tungsten alloy threaded rods to meet the stringent requirements

of aerospace, medical, and industrial equipment applications.

The expansion of application scenarios is another important feature of this stage. Tungsten alloy threaded
rods are beginning to be widely used in the aerospace field due to their high strength and high temperature
resistance. For example, in the fixation of high-temperature engines and spacecraft structural parts,
tungsten alloy threaded rods show excellent performance and can withstand the test of extreme
temperatures and mechanical stress. In the medical field, the high density of tungsten alloy threaded rods
makes them an ideal choice for radiation shielding equipment, such as for fixing components of nuclear
medicine imaging equipment. In addition, in high-temperature industrial equipment, such as chemical
reactors and high-temperature furnaces, the corrosion resistance and creep resistance of tungsten alloy

threaded rods make them irreplaceable fasteners.

This phase also saw the initial establishment of industry standards. To meet the needs of diverse sectors,
international and industry organizations began developing standards for tungsten alloy threaded rod, such
as geometric dimensions, tolerances, and performance testing specifications. These standards promoted
standardized production of tungsten alloy threaded rod, enabling its wider adoption in the global market.
At the same time, manufacturers began customizing alloy formulations based on specific application
requirements, such as developing tungsten-copper alloy threaded rod to meet the thermal conductivity
requirements of electronic devices or optimizing tungsten-nickel-iron alloys for improved mechanical

strength.

Despite significant progress in industrial applications, several challenges remain. For example, the
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production cost of tungsten alloy threaded rod remains high, limiting its application in the low-end
market. Furthermore, complex applications place higher demands on the performance of threaded rods,
such as requiring improved fatigue resistance or a lower coefficient of thermal expansion. To address
these challenges, manufacturers are continuously improving alloy formulations and surface treatments,
such as introducing anti-corrosion coatings and precision polishing processes, to further enhance the

performance of threaded rods.

The industrial application phase marks the transition of tungsten alloy threaded rod from an experimental
product to a mature industrial component. The maturation of its process and the expansion of its
application scenarios have not only promoted the widespread use of tungsten alloy threaded rod but also
provided high-performance fastening solutions for modern engineering. This achievement has laid a solid

foundation for subsequent performance optimization and precision manufacturing.

1.3.3 Modernization and Upgrading Stage (Performance Optimization and Precision

Manufacturing)

Entering a modern and upgraded phase, the research, development, and production of tungsten alloy
threaded rods have reached a new level. This phase focuses on refined performance optimization and the
application of precision manufacturing technologies to meet increasingly complex and diverse
engineering requirements. By incorporating advanced materials science, digital manufacturing
techniques, and intelligent production processes, the performance and application range of tungsten alloy
threaded rods have been significantly enhanced, making them a key component in high-end engineering

applications.

In terms of performance optimization, modern tungsten alloy threaded rods achieve higher strength,
corrosion resistance, and fatigue resistance through microstructural control and alloy formulation
adjustments. For example, by precisely controlling the temperature and pressure during the sintering
process, manufacturers are able to optimize the alloy's grain structure and reduce microdefects, thereby
improving the threaded rod's fatigue resistance. Furthermore, the development of new alloy formulations,
such as the addition of trace amounts of rare earth elements or cobalt, further enhances the threaded rod's
high-temperature resistance and oxidation resistance. These improvements enable tungsten alloy
threaded rods to remain stable in more extreme environments, such as those found in high-temperature,

vibrating components of aerospace equipment or the corrosive environments of deep-sea equipment.

Advances in precision manufacturing technology are another core characteristic of this phase. The
introduction of high-precision CNC machining and laser processing technologies has brought threaded
rods to new heights of geometric accuracy and surface quality. For example, laser surface treatment can
create a uniform, corrosion-resistant coating, significantly improving the durability of threaded rods.
Simultaneously, digital design tools such as finite element analysis are widely used in threaded rod design
optimization, helping engineers accurately simulate stress distribution under varying loads and
environments, thereby optimizing thread shape and rod structure. These technologies ensure that tungsten

alloy threaded rods can meet the demanding requirements of complex engineering projects.
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The further expansion of its application areas is also a key characteristic of the modernization phase.
Tungsten alloy threaded rods are beginning to find their way into electronic equipment and precision
machinery, for example, in securing high-density circuit boards and connecting heat sink modules,
leveraging their high thermal conductivity and electromagnetic interference resistance. In the medical
field, tungsten alloy threaded rods are being used in more sophisticated equipment, such as fasteners for
implantable medical devices, where their biocompatibility and radiation shielding capabilities are key
advantages. Furthermore, their application in automated equipment and robotics is also increasing, as

their high strength and wear resistance meet the reliability demands of these fields.

This phase also benefited from advances in intelligent manufacturing and quality control technologies.
The introduction of automated production lines increased the production efficiency of tungsten alloy
threaded rods, while online quality inspection technologies and big data analytics ensured product
consistency and reliability. For example, X-ray and ultrasonic testing technologies were used to detect
microscopic defects within threaded rods , significantly improving product quality. Furthermore, real-
time monitoring and analysis of production data enabled manufacturers to quickly adjust process

parameters and further optimize the production process.

The modernization and upgrade phase of tungsten alloy threaded rod also focuses on sustainability and
cost optimization. Although the production cost of tungsten alloy remains relatively high, manufacturers
have gradually reduced costs through improvements in recycling technology and production efficiency,
making it competitive in more fields. Furthermore, the development of environmentally friendly alloy
formulas and green manufacturing processes has reduced the environmental impact of the production

process, in line with the sustainable development trend of modern industry.

tungsten alloy threaded rod during its modernization and upgrading demonstrates the collaborative
innovation of materials science and manufacturing technology. The continuous optimization of its
performance and the refinement of its manufacturing have not only enhanced its performance in high-
end engineering but also promoted its application in emerging fields. This period of achievement marks
the important position of tungsten alloy threaded rod in modern industry and provides broad space for

future technological advancement.

CTIA GROUP LTD Tungsten Alloy Threaded Rod Image
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Chapter 2 Basic Characteristics of Tungsten Alloy Threaded Rod

2.1 Density of Tungsten Alloy Threaded Rod

The density of tungsten alloy threaded rod is one of its core characteristics as a high-performance fastener,

thanks to its high density. Tungsten 's density is much higher than that of common metals such as steel
or aluminum, making it uniquely advantageous in applications requiring high weight or high inertia. The
density of tungsten alloy threaded rod is often adjusted through precise alloy formulations to meet the
needs of different applications. For example, in aerospace, medical devices, and precision machinery, its

high density provides additional functionality and stability to the fastener.

tungsten alloy threaded rod stems from the physical properties of tungsten itself, one of the densest metals
in nature. By adding elements such as nickel, iron, or copper, the density of tungsten alloys can be fine-
tuned to balance strength, toughness, and workability. For example, the density of tungsten-nickel-iron
alloy is slightly lower than pure tungsten, but still significantly higher than steel or aluminum, while the
density of tungsten-copper alloy is even lower, making it suitable for applications where thermal
conductivity is a must. This density characteristic makes tungsten alloy threaded rod excel in applications
requiring mass centralization or vibration suppression. For example, in counterweight components of

aerospace equipment, high-density threaded rod effectively stabilizes the structure.

In practical applications, the high density of tungsten alloy threaded rods brings unique engineering value.
For example, in medical radiation shielding devices, high-density threaded rods can provide additional
shielding and enhance equipment safety. In precision machinery, high-density threaded rods can serve as
dynamic balancing components, reducing the impact of vibration on equipment accuracy. Furthermore,
the density of tungsten alloy threaded rods gives them advantages in applications requiring high inertia,

such as in high-speed rotating equipment, where their high density can improve system stability.

However, high density also presents some challenges. Tungsten alloy threaded rod is relatively heavy,
making it unsuitable for weight-sensitive applications, such as certain lightweight aerospace equipment.
Furthermore, high density increases material cost and processing difficulty, requiring more advanced
manufacturing processes to ensure precision and consistency in the threaded rod. To address these
challenges, manufacturers typically optimize alloy formulations and processing techniques to minimize
weight and cost while maintaining high density. For example, precisely controlling the ratio of nickel to

iron can improve toughness without significantly reducing density, thereby facilitating machining.

tungsten alloy threaded rod is closely related to its microstructure. Powder metallurgy technology creates
a dense alloy structure through high-temperature sintering during the manufacturing process, ensuring
the rod's high density and uniformity. This structure not only enhances the rod's strength but also ensures
stability under high loads and in extreme environments. In contrast, conventional metal threaded rods
have lower density and a simpler microstructure, failing to offer similar performance advantages. From
a design perspective, the density of tungsten alloy threaded rods must be tailored to the specific

application. For example, in medical devices requiring high density, the design of the threaded rod may
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prioritize density and shielding performance; while in aerospace, a balance may be needed between
density and weight to optimize overall performance. This flexibility enables tungsten alloy threaded rods
to adapt to diverse engineering needs, opening up new possibilities for the design of high-performance
fasteners. Tungsten alloy threaded rod's density is one of its key characteristics that distinguishes it from
other fasteners. Through appropriate alloy formulation and manufacturing processes, its high density
provides a reliable solution for a wide range of high-end applications. Whether in acrospace, medical, or
precision machinery, the density advantage of tungsten alloy threaded rods is driving advancements in

engineering technology.

2.1.1 The application value of high density in specific scenarios

tungsten alloy threaded rod demonstrates significant value in specific applications, particularly in
engineering environments requiring weight centralization, vibration suppression, or radiation shielding.
This high density not only enhances the rod's physical stability but also imparts unique functionality,
making it an irreplaceable fastener in aerospace, medical equipment, precision machinery, and other
fields. The following explores the practical value of high density across multiple application scenarios,

highlighting its crucial role in modern engineering.

In the aerospace industry, high-density tungsten alloy threaded rod is widely used in counterweights and
vibration suppression components. For example, in aircraft engines or satellite equipment, high-speed
rotating components require precise dynamic balancing to reduce the impact of vibration on the system.
The high density of tungsten alloy threaded rod enables it to provide sufficient mass within a small
volume, effectively reducing vibration amplitude and improving the stability and life of the equipment.
Compared to steel or aluminum threaded rod, tungsten alloy threaded rod can achieve the same balancing
effect in a more compact space, which is particularly important in acrospace equipment where weight

and space are restricted.

In the medical field, high-density tungsten alloy threaded rod plays a key role in radiation shielding
equipment. Because tungsten's high density effectively absorbs and blocks radiation, tungsten alloy
threaded rod is often used to secure components in nuclear medicine imaging equipment or radiotherapy
devices. For example, in the fixed structure of X-ray or gamma-ray equipment, tungsten alloy threaded
rod not only provides a secure connection but also provides additional shielding, enhancing operational
safety and performance. In contrast, ordinary metal threaded rod has limited effectiveness in radiation

shielding and cannot meet these specialized requirements.

Precision machinery is another important application for high-density tungsten alloy threaded rod. In
high-precision equipment, such as optical instruments or semiconductor manufacturing equipment,
vibration and thermal expansion can significantly impact precision. The high density of tungsten alloy
threaded rod enables it to serve as a stabilizing element, reducing the impact of mechanical vibration on
the equipment. For example, in the fixed components of precision machine tools, the high density of
tungsten alloy threaded rod can increase the system's inertia, reduce vibration frequency, and thus ensure

machining accuracy. This characteristic offers unparalleled advantages in applications requiring high
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stability.

The high density of tungsten alloy threaded rod also provides unique application value in the field of
electronic devices. When securing high-density circuit boards or heat sink modules, the high density of
tungsten alloy threaded rod ensures connection stability, while its excellent thermal conductivity
(especially in tungsten-copper alloys) facilitates thermal management. For example, in high-power
electronic devices, tungsten alloy threaded rod can secure the heat sink while providing additional
structural support through its high density, ensuring reliability in high-temperature and vibration

environments.

While high density offers significant application advantages, it also requires optimized design for specific
scenarios. For example, in weight-sensitive applications, high density can increase the overall weight of
the device, necessitating adjustments to the alloy composition or threaded rod dimensions to balance
density and weight. Furthermore, high density is challenging to manufacture, requiring advanced CNC
machining and surface treatment techniques to ensure the accuracy and surface quality of the threaded
rod. These challenges are driving continuous advancements in manufacturing technology, providing a

broader space for the application of tungsten alloy threaded rods.

high-density tungsten alloy threaded rod is also reflected in its integration with modern manufacturing
technologies. For example, 3D printing can create more complex threaded rod structures, fully leveraging
the advantages of high density. In the future, with further developments in materials science and
processing technology, high-density tungsten alloy threaded rod is expected to demonstrate its potential

in even more fields, providing innovative solutions for high-performance engineering.

2.2 Strength Index of Tungsten Alloy Threaded Rod

tungsten alloy threaded rod is one of its core characteristics as a high-performance fastener, determining
its reliability and durability in high-load environments. Thanks to tungsten's high hardness and optimized
alloying, tungsten alloy threaded rod exhibits exceptional tensile, shear, and compressive strengths, far
exceeding those of ordinary metal threaded rod. This gives it significant advantages in applications such
as aerospace, precision machinery , and high-temperature industries. The following article discusses the
strength characteristics of tungsten alloy threaded rod , including strength properties, influencing factors,

and application performance .

tungsten alloy threaded rods primarily stems from tungsten's high hardness and optimized alloy
formulation. Tungsten's natural hardness and high melting point enable it to withstand extremely high
mechanical stresses, while the addition of elements such as nickel, iron, or copper improves the alloy's
toughness and reduces its brittleness, making the rod less susceptible to breakage under high loads. For
example, tungsten-nickel-iron alloy threaded rods excel in tensile and shear strength, making them
suitable for securing structural components in heavy machinery or aerospace equipment. In contrast,
conventional steel threaded rods may undergo plastic deformation under high loads, while aluminum

threaded rods are significantly less strong.
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Another crucial aspect of strength performance is the microstructure of tungsten alloy threaded rod.
Through powder metallurgy, tungsten alloy threaded rod develops a fine and uniform grain structure,
which helps disperse stress and reduce the likelihood of crack propagation. Precise control of sintering
temperature and pressure during the manufacturing process ensures a high density and defect-free alloy,
further enhancing strength. Compared to ordinary metal threaded rod, tungsten alloy threaded rod's

microstructure is more stable, enabling it to maintain strength properties under extreme conditions.

In practical applications, the strength of tungsten alloy threaded rod ensures its performance in high-
stress environments. For example, in aerospace, tungsten alloy threaded rod is used to secure high-
temperature engine components, capable of withstanding complex three-dimensional stresses without
failure. In precision machinery, the high strength of tungsten alloy threaded rod ensures the stability of
equipment under high loads and vibration. Furthermore, its compressive strength enables it to withstand

significant axial forces in heavy equipment, extending its service life.

tungsten alloy threaded rod is also affected by surface treatment. Surface coating or passivation can
reduce stress concentration points and improve fatigue resistance. For example, laser surface treatment
can create a high-hardness protective layer on the surface of the threaded rod, further enhancing its shear
resistance. This treatment not only increases strength but also extends the service life of the threaded rod
in harsh environments. In contrast, the surface treatment effect of ordinary metal threaded rod is limited,

and its strength performance is more dependent on the material itself.

While tungsten alloy threaded rods offer significant strength advantages, their design and manufacturing
require comprehensive consideration of multiple factors. For example, excessive hardness can
complicate machining, requiring high-precision equipment to ensure the geometric accuracy of the
threads. Furthermore, a balance between strength and toughness is crucial. Manufacturers optimize
toughness by adjusting alloy composition (such as increasing the nickel content) to avoid brittle fracture

under high stress.

tungsten alloy threaded rod also provides flexibility in customized design. For example, where ultra-high
strength is required, the tungsten content can be increased to improve hardness; where toughness is a
concern, the nickel or iron ratio can be adjusted to optimize performance. This flexibility enables tungsten
alloy threaded rod to meet diverse engineering needs, providing broad scope for the design and

application of high-performance fasteners.

2.3 Corrosion resistance index of tungsten alloy threaded rod

Tungsten alloy threaded rod's corrosion resistance is one of its key performance characteristics in harsh
environments, making it widely used in fields such as chemical equipment, marine engineering, and
medical devices. Tungsten alloy, through its unique material composition and surface treatment
technology, effectively resists corrosion from a variety of chemical media, significantly outperforming
ordinary metal threaded rod. The following article discusses the corrosion resistance of tungsten alloy

threaded rod in detail, focusing on corrosion resistance mechanisms, influencing factors, and application
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scenarios .

tungsten itself is the foundation of the corrosion resistance of tungsten alloy threaded rod. Tungsten
exhibits excellent resistance to most acids, alkalis, and oxidizing media , enabling it to maintain long-
term stability in corrosive environments. The corrosion resistance of tungsten alloys is further enhanced
by the addition of elements such as nickel, iron, or copper. For example, tungsten-nickel-iron alloys form
a stable surface oxide layer through the addition of nickel, effectively preventing chemical attack.
Tungsten-copper alloys, on the other hand, excel in high-temperature corrosive environments due to
copper's oxidation resistance. In contrast, ordinary steel threaded rods are prone to rusting in acidic or
humid environments, aluminum threaded rods may corrode in certain chemical media, and titanium

threaded rods, while offering better corrosion resistance, are more expensive.

The manufacturing process also significantly impacts the corrosion resistance of tungsten alloy threaded
rod. Powder metallurgy technology creates a dense alloy structure through high-temperature sintering,
reducing the presence of micropores and cracks, thereby reducing the potential for penetration by
corrosive media. Furthermore, surface treatments such as chemical passivation or electroplating can
create a protective layer on the surface of the threaded rod, further enhancing its corrosion resistance.
For example, some tungsten alloy threaded rods are coated with an anti-corrosion coating, which can
withstand attack from strong acids and bases in chemical equipment. This surface treatment provides

additional protection for the threaded rod , making it more stable in extreme environments.

Across various application scenarios, the corrosion resistance of tungsten alloy threaded rod makes it an
ideal choice for a variety of harsh environments. For example, in chemical reactors, tungsten alloy
threaded rod can withstand long-term corrosion from acidic or alkaline media, ensuring the long-term
reliability of the equipment. In marine engineering, the high corrosion resistance of tungsten alloy
threaded rod enables it to withstand the salt attack of seawater, making it suitable for fastening
components of deep-sea equipment. In the medical field, the corrosion resistance and biocompatibility
of tungsten alloy threaded rod make it suitable for use in medical equipment, such as fasteners in high-

temperature sterilization environments.

tungsten alloy threaded rod is closely related to its microstructure. Its uniform grain structure and low
defect rate reduce the formation of corrosion pits, ensuring long-term stability in chemical media. In
contrast, the simpler microstructure of ordinary metal threaded rods makes them more susceptible to
surface corrosion pits, especially in areas of stress concentration. Tungsten alloy threaded rods effectively

mitigate these risks through optimized alloy formulations and manufacturing processes.

While tungsten alloy threaded rod offers excellent corrosion resistance, it still requires specialized design
for certain extreme conditions. For example, in high-temperature and high-humidity environments,
threaded rod may require additional surface coatings for enhanced protection. In highly oxidizing media,
tungsten-copper alloys may be more suitable than tungsten-nickel-iron alloys. Manufacturers can
optimize the performance of threaded rod for specific corrosive environments by adjusting the alloy

composition and surface treatment process.
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Tungsten alloy threaded rod's corrosion resistance also offers advantages in sustainable applications. Due
to its long-term stability, threaded rod can be replaced less frequently, reducing maintenance costs and
minimizing environmental impact. This characteristic makes it valuable in modern industry, especially

where reliability and durability are paramount.

tungsten alloy threaded rod is achieved through the material's inherent chemical stability and advanced
manufacturing processes, providing high-performance fastening solutions for industries such as chemical,
marine, and medical. Its excellent corrosion resistance not only extends equipment life but also promotes

the application of engineering technology in harsh environments.

2.4 Tensile Strength of Tungsten Alloy Threaded Rod

tungsten alloy threaded rod is one of the core mechanical properties, determining its load-bearing
capacity under high loads. Thanks to tungsten's high hardness and optimized alloying, tungsten alloy
threaded rod maintains stability under extreme stresses, making it widely used in aerospace, precision
machinery, and heavy industry. The following article explores this key characteristic from the

perspectives of its source, influencing factors, and application performance.

Tensile strength refers to a material's ability to resist fracture under tensile loads. The high tensile strength
of tungsten alloy threaded rod stems primarily from the high hardness of tungsten and the optimized
alloy formula. Tungsten 's inherent crystal structure imparts exceptional strength, while the addition of
elements such as nickel, iron, or copper reduces the risk of brittle fracture by improving toughness. For
example, tungsten-nickel-iron alloy threaded rod, optimized for nickel's ductility, maintains integrity
under high tensile stresses. Compared to conventional steel threaded rod, tungsten alloy threaded rod
exhibits significantly higher tensile strength and can withstand greater axial forces. Aluminum threaded

rod, however, exhibits significantly lower tensile strength than tungsten alloy.

The impact of the manufacturing process on tensile strength cannot be ignored. Powder metallurgy
technology forms a dense alloy structure through high-temperature sintering, reducing the presence of
microscopic defects and thus improving the tensile strength of threaded rods. High-precision thread
machining is also crucial, as the thread geometry and surface quality directly affect stress distribution.
For example, an optimized thread profile can effectively disperse tensile stress and reduce the risk of
localized stress concentration. In contrast, the manufacturing process for ordinary metal threaded rods is
relatively simple, and their tensile strength depends more on the material itself rather than precise

processing optimization.

In various applications, the high tensile strength of tungsten alloy threaded rod makes it an ideal choice
for high-stress environments. For example, in aerospace, tungsten alloy threaded rod is used to secure
engine components or structural parts, capable of withstanding the tremendous tensile forces generated
during flight. In heavy machinery, the high tensile strength of tungsten alloy threaded rod ensures reliable
connection under high loads. Furthermore, the tensile strength of tungsten alloy threaded rod remains

stable in high-temperature environments, while ordinary steel threaded rod may soften and fail due to
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high temperature.

Surface treatment also plays a significant role in improving tensile strength. For example, laser surface
treatment or high-strength coating can reduce microcracks on the surface of threaded rods and improve
their tensile properties. These treatments not only enhance the durability of threaded rods but also
improve their performance in complex stress environments. In contrast, surface treatments for ordinary

metal threaded rods have limited effectiveness, leaving little room for improvement in tensile strength.

tungsten alloy threaded rod is also closely related to its microstructure. The uniform grain structure and
low defect rate reduce the likelihood of crack propagation, enabling the rod to remain stable under high
tensile stresses. Manufacturers further improve tensile strength by optimizing the sintering process and
alloy composition. For example, increasing the tungsten content can improve strength, but this needs to

be balanced with toughness to avoid brittle fracture.

During the design process, optimizing tensile strength requires comprehensive consideration of
application requirements. For example, in aerospace equipment, threaded rods may require higher tensile
strength to handle extreme loads, while precision machinery requires a balance between strength and
weight to ensure performance. This flexibility allows tungsten alloy threaded rods to meet diverse

engineering requirements.

tungsten alloy threaded rod is achieved through the synergistic effect of material properties,
manufacturing process, and surface treatment, providing a reliable fastening solution for high-stress
environments. Its excellent tensile performance not only improves equipment safety but also promotes

the development of high-end engineering fields.

2.5 Hardness of Tungsten Alloy Threaded Rod

tungsten alloy threaded rod is a key indicator of its mechanical properties, directly affecting its wear
resistance, deformation resistance, and service life. Tungsten's high hardness, combined with optimized
alloying, enables tungsten alloy threaded rod to perform exceptionally well in high-stress, high-friction
environments, leading to its widespread application in aerospace, precision machinery, and industrial
equipment. The following article explores the hardness characteristics of tungsten alloy threaded rod

from the perspectives of hardness source, manufacturing impact, and application value.

tungsten alloy threaded rods primarily stems from the tungsten 's crystal structure and the optimized alloy
formula. Tungsten is one of the hardest metals found in nature, and its high hardness makes it resistant
to mechanical wear and deformation. By adding elements such as nickel, iron, or copper, the hardness of
tungsten alloys can be optimized while maintaining a certain level of toughness. For example, tungsten-
nickel-iron alloy threaded rods reduce brittleness through the addition of nickel while retaining their high
hardness, making them suitable for applications requiring high wear resistance. In contrast, conventional
steel threaded rods have a lower hardness and are susceptible to wear in high-friction environments,

while aluminum threaded rods are even harder and cannot withstand high stresses.
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The manufacturing process is crucial to improving the hardness of tungsten alloy threaded rods. Powder
metallurgy technology creates a dense alloy structure through high-temperature sintering, enhancing the
hardness and strength of threaded rods. Precise control of temperature and pressure during the sintering
process optimizes grain size, reduces microscopic defects, and thus increases hardness. Furthermore,
high-precision thread machining and surface polishing further enhance surface hardness and reduce
friction and wear. In contrast, the hardness of conventional metal threaded rods relies primarily on heat

treatment processes, which have limited room for improvement.

In various applications, the high hardness of tungsten alloy threaded rod offers significant advantages in
high-friction and high-stress environments. For example, in dynamic components of precision machinery,
the high hardness of tungsten alloy threaded rod can resist wear caused by long-term vibration and
friction, extending the life of the equipment. In the aerospace field, the high hardness of threaded rod
ensures its stability in high-temperature and high-stress environments, such as those used to secure
engine components. In contrast, ordinary metal threaded rods may suffer surface damage or deformation

in similar environments due to their insufficient hardness.

Surface treatment also plays a significant role in enhancing the hardness of tungsten alloy threaded rod.
For example, electroplating or laser hardening can create a high-hardness protective layer on the surface
of the threaded rod, further enhancing its wear resistance. This treatment not only increases hardness but
also improves the rod's performance in corrosive environments. In contrast, surface treatment of ordinary
metal threaded rods has limited effectiveness; its hardness improvement generally depends on the

inherent properties of the material.

tungsten alloy threaded rod is also closely related to its microstructure. The fine grain structure and
uniform phase distribution reduce the possibility of uneven hardness, enabling the threaded rod to remain
stable under high stress. Manufacturers can further improve hardness by optimizing the alloy
composition and sintering process. Increasing the tungsten content, for example, can significantly

increase hardness, but this must be balanced with toughness to avoid brittle fracture.

During the design process, hardness optimization needs to be adjusted according to the specific
application. For example, when high wear resistance is required, an alloy formula with a high tungsten
content can be preferred; when toughness is required, performance can be optimized by increasing the
proportion of nickel or iron. This flexibility allows tungsten alloy threaded rod to adapt to a variety of

engineering needs.

2.6 Fatigue Life of Tungsten Alloy Threaded Rod

tungsten alloy threaded rod is a key performance indicator under cyclic loading conditions, determining
its reliability and durability in long-term use. Due to its high strength and optimized microstructure,
tungsten alloy threaded rod significantly outperforms ordinary metal threaded rod in fatigue resistance
and is widely used in aerospace, precision machinery, and heavy equipment. The following discusses this

important characteristic from the perspectives of fatigue life, influencing factors, and application
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performance.

Fatigue life refers to a material's ability to resist fracture under cyclic stress. The high fatigue life of
tungsten alloy threaded rods stems primarily from the high hardness of tungsten and the optimized
alloying. Tungsten's crystal structure imparts exceptional strength, while the addition of elements such
as nickel, iron, or copper reduces the risk of crack propagation by improving toughness. For example,
tungsten-nickel-iron alloy threaded rods, through the optimized ductility of nickel, remain stable under
cyclic loading, reducing the likelihood of fatigue failure. In comparison, conventional steel threaded rods
may experience fatigue cracking under high-frequency cyclic loading, while aluminum threaded rods

exhibit a shorter fatigue life.

The manufacturing process plays a key role in improving the fatigue life of tungsten alloy threaded rod.
Powder metallurgy technology forms a dense alloy structure through high-temperature sintering,
reducing the presence of microscopic defects and thus the starting point of fatigue cracks. Thread
machining accuracy also directly affects fatigue life. Optimized thread profile and surface quality can
effectively disperse stress and reduce stress concentration. For example, high-precision CNC machining
can ensure a smooth surface on the threaded rod, reducing the likelihood of crack initiation. In contrast,
conventional metal threaded rods have lower machining accuracy, and their fatigue life is limited by

surface defects and stress concentration.

In various applications, the high fatigue life of tungsten alloy threaded rod makes it an ideal choice for
environments with high vibration and high cyclic loading. For example, in aerospace, tungsten alloy
threaded rod is used to secure engines or structural components, capable of withstanding the cyclic
stresses generated during flight, ensuring long-term reliability. In precision machinery, the high fatigue
life of tungsten alloy threaded rod ensures the stability of equipment under high-frequency vibration,
such as when used to secure high-speed rotating components. In contrast, ordinary metal threaded rod

may experience fatigue failure in similar environments, leading to loose connections or breakage.

Surface treatment is also crucial for improving fatigue life. For example, chemical passivation or laser
surface treatment can create a high-strength protective layer on the surface of threaded rods, reducing
microcrack formation and thus extending fatigue life. These treatments not only increase surface
hardness but also improve fatigue resistance in corrosive environments. In contrast, surface treatment of
conventional metal threaded rods has limited effectiveness, leaving little room for improvement in

fatigue life.

tungsten alloy threaded rod is also closely related to its microstructure. The uniform grain structure and
low defect rate reduce the likelihood of crack propagation, enabling the rod to remain stable under cyclic
loading. Manufacturers further improve fatigue life by optimizing the sintering process and alloy
composition. For example, increasing the nickel content can improve toughness and reduce the rate of

fatigue crack growth.

During the design process, optimizing fatigue life requires comprehensive consideration of application
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requirements. For example, in aerospace equipment, threaded rods may require higher fatigue resistance
to cope with high-frequency vibration, while in precision machinery, fatigue life and weight must be
balanced to ensure device performance. This flexibility allows tungsten alloy threaded rods to meet

diverse engineering requirements.

2.7 High Temperature Resistance of Tungsten Alloy Threaded Rod

Tungsten alloy threaded rod's high-temperature resistance is a key advantage in extreme environments,
making it widely used in aerospace, high-temperature industrial applications, and electronic equipment.
Tungsten's high melting point and optimized alloying enable it to maintain strength and stability at high
temperatures, significantly surpassing ordinary metal threaded rod. The following article explores the
high-temperature resistance of tungsten alloy threaded rod from the perspectives of its high-temperature

resistance mechanism, manufacturing implications, and application value.

tungsten alloy threaded rods stems primarily from tungsten's high melting point and the optimized alloy
formula. Tungsten's melting point, at 3422°C, is one of the highest in nature, enabling it to maintain
structural integrity even at extremely high temperatures. The addition of elements such as nickel, iron,
or copper further enhances the oxidation and creep resistance of tungsten alloys. For example, tungsten-
copper alloy threaded rods, due to copper 's thermal conductivity, effectively dissipate heat in high-
temperature environments, making them suitable for thermal management components in electronic
devices. In contrast, ordinary steel threaded rods may soften at high temperatures, while aluminum

threaded rods are prone to melting or deformation.

Manufacturing processes are crucial to improving high-temperature resistance. Powder metallurgy
technology forms a dense alloy structure through high-temperature sintering, enhancing the threaded
rod's resistance to high-temperature deformation. Precise control of temperature and pressure during the
sintering process optimizes the grain structure and reduces the likelihood of crack propagation at high
temperatures. Furthermore, surface treatments such as anti-oxidation coatings or laser hardening can
form a protective layer on the threaded rod surface, preventing high-temperature oxidation and material
degradation. In contrast, the high-temperature resistance of ordinary metal threaded rods relies primarily

on heat treatment processes, which have limited effectiveness.

Across various applications, the high-temperature resistance of tungsten alloy threaded rod makes it an
ideal choice for high-temperature environments. For example, in aerospace, tungsten alloy threaded rod
is used to secure high-temperature engine components, capable of withstanding temperatures of hundreds
of degrees Celsius without failure. In high-temperature industrial equipment, such as chemical reactors
or furnaces, the high-temperature resistance of tungsten alloy threaded rod ensures long-term reliability.
Furthermore, in electronic equipment, the high thermal conductivity and high-temperature resistance of

tungsten alloy threaded rod make it suitable for securing heat dissipation modules.

tungsten alloy threaded rod is also closely related to its microstructure. The uniform grain structure and

low defect rate reduce the likelihood of creep and crack propagation at high temperatures, enabling the
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threaded rod to remain stable in high-temperature environments. Manufacturers further enhance high-
temperature resistance by optimizing the alloy composition and sintering process. For example,
increasing the tungsten content can improve high-temperature strength, but this needs to be balanced

with toughness to avoid brittle fracture.

2.8 Wear Resistance of Tungsten Alloy Threaded Rod

tungsten alloy threaded rod is a crucial characteristic in high-friction and high-stress environments,
determining its durability and reliability in long-term use. Thanks to tungsten's high hardness and
optimized alloying, tungsten alloy threaded rod effectively resists friction and wear, making it widely
used in precision machinery, acrospace, and industrial equipment. The following article explores this key
property from the perspectives of wear resistance mechanisms, manufacturing impacts, and application

scenarios.

The primary sources of wear resistance are tungsten's high hardness and optimized alloy formulation.
Tungsten's crystal structure imparts exceptional hardness, making it resistant to surface damage caused
by friction. By adding elements such as nickel, iron, or copper, the toughness of tungsten alloys is
improved, reducing the risk of crack propagation during wear. For example, tungsten-nickel-iron alloy
threaded rods, optimized for nickel's ductility, maintain surface integrity in high-friction environments.
In contrast, conventional steel threaded rods are susceptible to surface wear under high friction, while

aluminum threaded rods exhibit even poorer wear resistance.

Manufacturing processes play a significant role in improving wear resistance. Powder metallurgy
technology creates a dense alloy structure through high-temperature sintering, enhancing the hardness
and wear resistance of threaded rods. Thread machining precision also directly impacts wear resistance.
Optimizing the thread profile and surface finish can reduce friction and lower wear rates. For example,
high-precision polishing can create a smoother surface and reduce the generation of wear particles. In
contrast, ordinary metal threaded rods have lower surface quality, and their wear resistance is limited by

the machining process.

In various applications, the wear resistance of tungsten alloy threaded rod makes it an ideal choice for
high-friction environments. For example, in dynamic components of precision machinery, tungsten alloy
threaded rod can resist wear caused by long-term vibration and friction, extending the life of the
equipment. In the aerospace field, the high wear resistance of threaded rod ensures its reliability in high-

stress and vibration environments, such as when used to secure high-speed rotating parts.

Surface treatment is also crucial for improving wear resistance. For example, electroplating or laser
hardening can create a high-hardness protective layer on the surface of threaded rods, significantly
enhancing their wear resistance. These treatments not only increase surface hardness but also improve

the wear resistance of threaded rods in corrosive environments.

tungsten alloy threaded rod is also closely related to its microstructure. The uniform grain structure and
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low defect rate reduce the likelihood of crack propagation during wear, enabling the threaded rod to
remain stable in high-friction environments. Manufacturers further enhance wear resistance by
optimizing the alloy composition and sintering process. For example, increasing the tungsten content

increases hardness, but this needs to be balanced with toughness to avoid brittle fracture.

2.9 Low Expansion Coefficient of Tungsten Alloy Threaded Rod

tungsten alloy threaded rod is a key characteristic of tungsten alloy threaded rod in precision engineering,
enabling it to maintain dimensional stability in environments subject to drastic temperature fluctuations.
This low thermal expansion characteristic, combined with optimized alloying, gives tungsten alloy
threaded rod significant advantages in aerospace, electronics, and precision machinery. The following
article explores this important property from the perspectives of its source, influencing factors, and its

application value.

A low coefficient of expansion refers to the degree to which a material changes in volume or length when
the temperature changes. The low coefficient of expansion of tungsten alloy threaded rods mainly comes
from the crystal structure of tungsten. Tungsten has a much lower coefficient of thermal expansion than
ordinary metals such as steel or aluminum, which allows it to maintain dimensional stability in high or
low temperature environments. By adding elements such as nickel, iron or copper, the coefficient of
thermal expansion of tungsten alloys can be further optimized to meet specific application requirements.
For example, the low coefficient of expansion and excellent thermal conductivity of tungsten-copper
alloy threaded rods make them suitable for use in thermal management components of electronic devices.
In contrast, ordinary steel threaded rods have a higher coefficient of thermal expansion, which may cause
loose connections at high temperatures, while aluminum threaded rods have an even higher coefficient

of thermal expansion, affecting precision.

The manufacturing process is crucial to achieving a low thermal expansion coefficient. Powder
metallurgy technology creates a dense alloy structure through high-temperature sintering, ensuring the
microstructural uniformity of the threaded rod and thus the stability of the low thermal expansion
coefficient. The precision of thread machining also directly affects dimensional stability. High-precision
machining ensures that the threaded rod maintains a tight connection despite temperature fluctuations.
In contrast, the manufacturing process of ordinary metal threaded rod is relatively simple, making its
thermal expansion coefficient difficult to optimize, which affects its performance in precision

applications.

In various applications, the low coefficient of expansion of tungsten alloy threaded rod makes it an ideal
choice for temperature-sensitive environments. For example, in aerospace, tungsten alloy threaded rod
is used to secure high-temperature engine components, maintaining dimensional stability during drastic
temperature fluctuations and ensuring connection reliability. In electronics, the low coefficient of
expansion of tungsten alloy threaded rod makes it suitable for securing high-density circuit boards,
avoiding stress concentration caused by thermal expansion. In contrast, ordinary metal threaded rods in

similar environments may experience connection failure due to thermal expansion.
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Surface treatment also plays a crucial role in maintaining a low coefficient of expansion. For example,
applying an anti-oxidation coating prevents oxidation degradation on the surface of threaded rods at high
temperatures, thereby maintaining dimensional stability. These treatments not only enhance the rod's
high-temperature resistance but also improve its reliability in temperature-stable environments. In
contrast, surface treatments on conventional metal threaded rods have limited effectiveness and exhibit

poor dimensional stability.

tungsten alloy threaded rod is also closely related to its microstructure. The uniform grain structure and
low defect rate reduce stress concentrations caused by temperature fluctuations, allowing the threaded
rod to remain stable in both high and low temperature environments. Manufacturers further reduce the
thermal expansion coefficient by optimizing the alloy composition and sintering process. For example,
increasing the tungsten content can reduce the thermal expansion coefficient, but this needs to be

balanced with toughness to avoid brittle fracture.

During the design process, optimizing for a low thermal expansion coefficient needs to be tailored to the
specific application. For example, in precision machinery, threaded rods may require an extremely low
thermal expansion coefficient to ensure high precision, while in aerospace equipment, a balance between
low thermal expansion coefficient and strength is required. This flexibility allows tungsten alloy threaded

rods to meet diverse engineering needs.

2.9.1 Characteristics of Low Expansion Coefficient

tungsten alloy threaded rods exhibits excellent dimensional stability in temperature-stable environments,
making them an ideal choice for precision engineering. This low coefficient of expansion means minimal
changes in length and volume at high or low temperatures, maintaining precise and reliable connections.
The following discusses the specific manifestations of this low coefficient of expansion from the

perspectives of its properties, microstructure, and environmental adaptability.

tungsten alloy threaded rods stems primarily from tungsten's crystal structure. Tungsten's atoms are
densely packed, resulting in a thermal expansion coefficient much lower than that of common metals,
enabling it to maintain a stable geometry despite temperature fluctuations. The thermal expansion
coefficient of tungsten alloys can be further optimized by adding elements such as nickel, iron, or copper.
For example, the addition of copper to tungsten-copper alloy threaded rods not only maintains a low
thermal expansion coefficient but also improves thermal conductivity, making them suitable for precision
connections in high-temperature environments. In contrast, ordinary steel threaded rods have a higher
thermal expansion coefficient and are prone to deformation during temperature fluctuations, while
aluminum threaded rods have an even higher thermal expansion coefficient, which affects their

performance in precision applications.

Microstructure is crucial to achieving a low thermal expansion coefficient. Tungsten alloy threaded rods
utilize powder metallurgy to create a uniform grain structure, reducing stress concentration caused by

temperature fluctuations. This structure ensures dimensional stability in both high and low temperature
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environments, preventing loose connections or stress concentrations caused by thermal expansion. In
contrast, ordinary metal threaded rods have a simpler microstructure, making their thermal expansion

coefficient difficult to optimize and prone to deformation during temperature fluctuations.

In terms of environmental adaptability, the low coefficient of expansion of tungsten alloy threaded rod
enables it to remain stable in extreme temperature environments. For example, in aerospace engines,
threaded rods must maintain connection accuracy through high and low temperature cycles, and tungsten
alloy's low coefficient of expansion ensures stable performance. In electronic devices, the fastening of
high-density circuit boards requires threaded rods to maintain dimensional stability even at high
temperatures. The low coefficient of expansion of tungsten alloy threaded rods effectively prevents

failures caused by thermal stress.

Surface treatment also plays a crucial role in maintaining a low coefficient of expansion. For example,
an anti-oxidation coating can prevent surface degradation of threaded rods at high temperatures, thereby
maintaining dimensional stability. These treatments not only enhance the rod's high-temperature
resistance but also improve its reliability in temperature-stable environments. In contrast, surface
treatments on conventional metal threaded rods have limited effectiveness, resulting in poor dimensional

stability.

tungsten alloy threaded rod also offers design flexibility. Manufacturers can optimize the thermal
expansion properties of threaded rod by adjusting the alloy composition and manufacturing process. For
example, increasing the tungsten content can further reduce the thermal expansion coefficient, making it
suitable for high-precision applications. This flexibility enables tungsten alloy threaded rod to meet the

needs of a variety of temperature-sensitive applications.

2.9.2 The role of low expansion coefficient in precision equipment

tungsten alloy threaded rod plays a crucial role in precision equipment. Its exceptional dimensional
stability ensures accuracy and reliability in temperature-stable environments. Precision equipment such
as optical instruments, semiconductor manufacturing equipment, and high-precision machinery require
extremely high thermal expansion performance in fasteners, making tungsten alloy threaded rod an ideal
choice for these applications. The following section explores its specific role in terms of application

scenarios, performance advantages, and design optimization.

In precision equipment, temperature fluctuations can cause minute component deformations, affecting
device accuracy. For example, in semiconductor manufacturing equipment, micron-level positioning
accuracy is extremely sensitive to thermal expansion. The low coefficient of expansion of tungsten alloy
threaded rod ensures dimensional stability even at high temperatures, preventing loose connections or
stress concentrations caused by thermal expansion. This characteristic significantly improves equipment
processing accuracy and reliability. In contrast, ordinary steel or aluminum threaded rods have higher

coefficients of thermal expansion, which can lead to reduced equipment accuracy.
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The low coefficient of expansion of tungsten alloy threaded rod also plays a vital role in precision
components in the aerospace industry. For example, in the optical systems of satellite equipment,
threaded rods must maintain precise connections in the volatile temperature environment of space. The
low coefficient of expansion of tungsten alloy threaded rod effectively resists deformation caused by
temperature fluctuations, ensuring the long-term stability of the optical system. In contrast, ordinary
metal threaded rods in similar environments may experience thermal expansion, leading to connection

failure.

Another important application for low thermal expansion coefficients is in the electronics sector. When
securing high-density circuit boards or heat dissipation modules, the low thermal expansion coefficient
of tungsten alloy threaded rods can prevent stress concentration caused by high-temperature operation,
ensuring circuit board stability and heat dissipation efficiency. For example, in high-power electronic
devices, the low thermal expansion coefficient and excellent thermal conductivity of tungsten-copper
alloy threaded rods enable them to meet both thermal management and dimensional stability

requirements.

The benefits of a low coefficient of expansion are also reflected in its integration with manufacturing
processes. Tungsten alloy threaded rods utilize powder metallurgy technology and high-precision
machining to achieve a uniform microstructure, ensuring stable thermal expansion properties. Surface
treatments such as anti-oxidation coatings further enhance the rod's reliability in high-temperature
environments, preventing dimensional changes caused by surface degradation. These process

optimizations ensure that tungsten alloy threaded rods perform even better in precision equipment.

During the design process, optimizing for a low coefficient of thermal expansion (CTE) requires
adjustments tailored to the specific application. For example, in optical instruments, threaded rods may
require an extremely low CTE to ensure high precision, while in electronic devices, thermal conductivity
and weight must be balanced. Manufacturers achieve a balance between low CTE and overall

performance by adjusting alloy composition and processing techniques.

2.10 Electrical and Thermal Conductivity of Tungsten Alloy Threaded Rod

Tungsten alloy threaded rod is one of its key advantages in electronic devices and high-temperature
industrial applications. This performance stems from the synergistic effect of tungsten and alloying
elements, particularly the addition of copper, which imparts excellent electrical and thermal properties.
Tungsten itself possesses high electrical and thermal conductivity, but the brittleness of pure tungsten
limits its application. Through alloying, such as tungsten-copper alloys, threaded rod not only maintains
high density and strength but also significantly improves its electrical and thermal conductivity. This
makes tungsten alloy threaded rod a standout in applications requiring efficient thermal management and

electrical connections, such as in heat sink modules or high-power electronic devices.

In terms of electrical conductivity, tungsten alloy threaded rods typically have low resistivity, especially

in tungsten-copper composites, where copper acts as a conductive matrix to enhance overall electrical
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conductivity. This property makes threaded rods suitable for use as electrodes or connectors, and they
excel in arc welding or EDM. Thermal conductivity is enhanced by tungsten's low coefficient of thermal
expansion and high thermal stability. Alloying further optimizes heat transfer efficiency, preventing the
accumulation of thermal stress at high temperatures. Compared to threaded rods made of common metals,
such as steel or aluminum, tungsten alloys offer more balanced electrical and thermal conductivity,

without experiencing a sharp drop in performance at high temperatures.

During the manufacturing process, powder metallurgy techniques ensure a uniform distribution of the
alloy, with copper particles uniformly embedded in the tungsten matrix to form a metal-matrix composite.
This microstructure not only improves the continuity of the conductive path but also enhances thermal
diffusion capabilities. Surface treatments such as electroplating or passivation further protect these
properties, preventing oxidation from affecting electrical and thermal conductivity. In practical
applications, tungsten alloy threaded rods are often used as fixed components in electronic devices. Their
electrical conductivity helps resist electromagnetic interference, while their thermal conductivity

promotes rapid heat dissipation, extending the life of the device.

Tungsten alloy threaded rod also demonstrates its versatility. By adjusting the copper content,
manufacturers can tailor its properties. For example, a high-copper alloy prioritizes electrical
conductivity, while a high tungsten content emphasizes thermal stability. This flexibility meets diverse
needs, from precision instruments to industrial furnaces. Despite its excellent electrical and thermal
conductivity, the alloy's processing requires careful attention to avoid high-temperature annealing to
maintain consistent performance. Future innovations in nano-scale alloys are expected to further enhance

these properties, driving the application of tungsten alloy threaded rod in smart manufacturing.

2.10.1 Conductivity Parameters and Performance

Tungsten alloy threaded rod are primarily reflected in its resistivity and conductivity, which are optimized
through alloy composition and microstructure. The resistivity of tungsten-copper alloys typically ranges
from 3.16 to 6.1, increasing slightly with increasing tungsten content, but the overall conductivity
remains higher than many high-strength alloys. This performance stems from the combination of copper's
excellent conductivity and tungsten's structural stability, creating an efficient electron transport path. In
actual testing, the conductivity of tungsten alloy threaded rod was approximately 28% that of silver,

sufficient to support high-current applications without significant heat loss.

Conductive performance also depends on the alloy's purity and processing conditions. Powder metallurgy
ensures uniform particle distribution, avoiding uneven conductivity; high-temperature sintering further
reduces internal defects and improves current uniformity. Compared to pure tungsten, the alloyed
material provides a more continuous conductive path, reducing resistance hot spots. In electronic devices,
this property enables threaded rods to effectively transmit signals and minimize signal attenuation when

used as connectors, particularly in high-frequency circuits.

Adjusting copper content is crucial for parameter optimization. A high copper content (e.g., 20%)
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enhances electrical conductivity, making it suitable for electrical contact materials. A low copper content
provides a balance between strength and conductivity. Surface treatments such as vacuum plating further
enhance performance by preventing an oxide layer from interfering with electron flow. In practical
applications, the conductive stability of tungsten alloy threaded rods in EDM electrodes ensures

machining accuracy and prevents arc erosion.

The excellent electrical conductivity is also reflected in its durability. In high-temperature or vacuum
environments, the threaded rod maintains low resistivity and resists degradation. This stability stems
from the chemical inertness of tungsten and its synergistic effect with copper. Manufacturers optimize
parameters through finite element simulation to ensure consistent electrical conductivity under complex
loads. The conductive properties and performance of tungsten alloy threaded rods are achieved through
precision alloy design, providing a reliable foundation for high-precision electronic applications. Its
efficient transmission capabilities not only improve system performance but also inspire innovative

designs.

2.10.2 Application of Thermal Conductivity in Industrial Scenarios

Tungsten alloy threaded rod plays a key role in industrial applications. Its high thermal conductivity and
low coefficient of thermal expansion ensure efficient thermal management, particularly in high-
temperature processing and electronics manufacturing. The excellent thermal conductivity of tungsten-
copper alloy rapidly dissipates heat, preventing localized overheating. In chemical reactor fixtures, this
property maintains a uniform temperature and extends the life of the equipment. In industrial applications,
threaded rod is often used as a heat sink component, where the continuous heat conduction path reduces

thermal stress accumulation.

In the aerospace industry, the thermal conductivity of tungsten alloy threaded rods supports the
securement of engine components, dissipating heat evenly at high temperatures and preventing
deformation. Compared to steel alloys, their greater thermal stability makes them suitable for extreme
thermal cycling scenarios. In the electronics industry, threaded rods secure heat sinks, facilitating
efficient heat transfer and improving device reliability. In high-power transformers, this application

prevents the formation of hot spots.

Thermal conductivity also extends to precision machinery. Threaded rods, used in CNC machine tool
fixtures, have low expansion, ensuring thermal stability and maintaining machining accuracy. Surface
coatings further enhance performance, resisting oxidation that impairs heat conduction. Manufacturers
optimize designs through thermal simulations, adjusting copper content for optimal thermal conductivity

in specific industrial scenarios.

2.11 Impact Resistance of Tungsten Alloy Threaded Rod

Tungsten alloy threaded rod's impact resistance is its core advantage in dynamically loaded environments,

stemming from its high-density and high-strength alloy design. This property allows the rod to maintain
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integrity under heavy vibration or sudden forces, preventing breakage or deformation. The tungsten-
nickel-iron alloy's toughness optimizes shock absorption, while its refined grain size further disperses
energy. In precision equipment, this property ensures stable connections and is suitable for high-speed

rotating components.

Impact resistance is achieved through a uniform microstructure, with uniform phase distribution reducing
crack initiation points. Powder metallurgy processes control defect rates and improve impact toughness.
Compared to ordinary steel, tungsten alloys offer more balanced impact resistance and are less
susceptible to embrittlement at low temperatures . In industrial applications, threaded rods maintain

system integrity when securing heavy machinery.

Surface treatments such as hard coatings enhance impact resistance and reduce surface damage.
Optimized thread geometry disperses impact forces during design, ensuring long-term durability. While

high density is beneficial, it must be balanced against weight reduction requirements.

Tungsten alloy threaded rods is achieved through the synergy of materials and processes, providing a
solid guarantee for dynamic environments. Its reliable performance drives the advancement of

engineering applications.

2.11.1 Impact resistance test standards

Tungsten alloy threaded rod is primarily tested using the Charpy impact test and the drop weight test.
These methods assess the material's toughness under dynamic loads. The Charpy test measures the energy
absorbed by striking a notched specimen with a pendulum, making it suitable for assessing the brittleness
and toughness of tungsten heavy alloys . The drop weight test simulates actual impact, recording

deformation and fracture thresholds to ensure the threaded rod's reliability under heavy loads.

Test standards such as ASTM B777 specify sample preparation and environmental conditions,
emphasizing performance at elevated or low temperatures. Charpy testing, for example, reveals
micromechanisms, such as how crack initiation energy varies with tungsten content. These standards are

more comprehensive than static testing, capturing dynamic responses.

Manufacturers optimize alloy parameters through TEM analysis combined with testing. Surface
treatment influences test results, with coatings increasing impact thresholds. In standard applications,
data guides design to avoid excessive brittleness. Impact testing standards ensure the quality of tungsten
alloy threaded rods through standardized processes. Their scientific validity provides a benchmark for

industry validation and drives material advancements.

2.11.2 The Value of Impact Resistance in Heavy-Load Scenarios

Tungsten alloy threaded rod is particularly valuable in heavy-duty applications. Its high toughness

absorbs sudden energy and maintains structural integrity. In heavy machinery, threaded rods secure
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components, reducing vibration fatigue and improving operational safety. Compared to aluminum alloys,

their value lies in durability, making them suitable for lifting equipment and excavators.

Under heavy industrial loads, the density of threaded rods enhances inertial stability, distributing energy
more evenly during impact. In practice, this value translates to reduced maintenance and extended

equipment life. Design optimizations such as thread reinforcement further enhance this value.

Despite the higher cost, the impact resistance value is reflected in the ROI, reducing the risk of failure.

In the future, composite design will expand its role in heavy-duty automation.

Tungsten alloy threaded rods is valuable in heavy-duty applications, demonstrating their practical
performance and ensuring safety and efficiency. Its strategic significance reshapes the landscape of heavy

industry.

2.12 Biocompatibility of Tungsten Alloy Threaded Rods

Tungsten alloy threaded rods makes them highly sought after in medical devices, particularly those made
with tungsten-cobalt-chromium alloys, which enhance compatibility with human tissue. This
performance stems from tungsten's chemical inertness and low toxicity, which prevent inflammatory

reactions. In implantable fixation, threaded rods support osseointegration and reduce the risk of rejection.

Biocompatibility is achieved through alloy optimization, with tungsten nanoparticles embedded in a
polymer matrix to enhance surface affinity. Testing has shown the material to be non-cytotoxic, making
it suitable for hip and knee joint components. Alloying reduces the toxicity of corrosion products

compared to pure tungsten .

In applications, threaded rods are used in radiographic shielding equipment where their high density
enhances image clarity while maintaining compatibility. Surface modifications such as passivation

further enhance performance.

2.13 Machinability of Tungsten Alloy Threaded Rod

Tungsten alloy threaded rod is challenging, it can be significantly improved through alloying and process
optimization. The brittleness of high tungsten content leads to cracking risks, but the addition of nickel
and copper enhances ductility, making it easier to turn and mill. After powder metallurgy, the threaded

rod is cut with a positive rake angle to reduce vibration.

Machinability is similar to that of gray cast iron, with higher copper content making it easier to machine.
EDM and water jet cutting are suitable for complex shapes, avoiding wear on traditional tools. Surface

cooling, such as air cooling, is preferred to prevent thermal cracking.

In manufacturing, C2 carbide tools and slow feed speeds improve efficiency. Compared to pure tungsten,

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
RS IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

% 40 t 108 T1

=1


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

the alloy's machinability is more practical and suitable for small-batch production.

2.14 CTIA GROUP LTD Tungsten Alloy Threaded Rod MSDS

CTIA GROUP LTD, a leading tungsten material manufacturer in China, provides comprehensive safety
information in its tungsten alloy threaded rod MSDS (Material Safety Data Sheet), including material
composition, potential risks, handling recommendations, and emergency response procedures. This
MSDS complies with the national standard GB/T 16483-2008 and the international GHS (Globally
Harmonized System of Classification and Labeling of Chemicals) and is designed to guide users in the
safe use of tungsten alloy threaded rod and avoid health and environmental risks. The MSDS is typically

structured into 16 sections, covering identification, hazard identification, and composition information.

Chemical and Company Identification : CTIA GROUP LTD's tungsten alloy threaded rod is a high-

performance fastener primarily used in the acrospace, medical, and energy sectors.

Hazard Identification : Tungsten alloy threaded rod has no acute toxicity in normal use. MSDS

classification as non-hazardous.

Composition/Ingredient Information : Tungsten alloy threaded rod is primarily composed of tungsten
(dominantly), supplemented by alloying elements such as nickel, iron, or copper. Typical compositions
include tungsten-nickel-iron alloys (tungsten as the primary component, with nickel and iron as

additives), free of harmful impurities.

Fire Fighting Measures : Tungsten alloy threaded rod is not flammable.

Storage : Store in a dry, cool place. Keep away from acids, alkalis, oxidants, and avoid high temperatures.

Physical and chemical properties : Appearance: Silver-grey metal rod, high density, high melting point,

insoluble in water. Stable under normal conditions, avoid contact with strong oxidants or acids.

CTIA GROUP LTD Tungsten Alloy Threaded Rod Image
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CTIA GROUP LTD
High-Density Tungsten Alloy Customization Service

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and
production with 30 years of experience.

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production,
mature technology.

Precision customization: support high density (17-19 g/cm3), special performance,
complex structure, super large and very small parts design and production.

Quality cost: optimized design, optimal mold and processing mode, excellent cost
performance.

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification.
100,000+ customers

Widely involved, covering aerospace, military industry, medical equipment, energy industry,
sports and entertainment and other fields.

Service commitment

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints

in 30 years!

Contact us

Email: sales@chinatungsten.com
Tel: +86 592 5129696
Official website: www.tungsten-alloy.com
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Chapter 3 Application Fields of Tungsten Alloy Threaded Rod

3.1 Application of Tungsten Alloy Threaded Rod in Aerospace

Tungsten alloy threaded rod's application in aerospace benefits from its unique properties of high density,

high strength, high-temperature resistance, and low thermal expansion coefficient, making it an ideal
fastener for extreme environments. Aerospace equipment must maintain structural stability and
functional reliability under conditions of high temperature, high pressure, high vibration, and extreme
temperature fluctuations. Tungsten alloy threaded rod, with its excellent mechanical properties and
environmental adaptability, is widely used to secure and connect key components in spacecraft, satellites,

and aircraft engines.

In the aerospace industry, tungsten alloy threaded rod is primarily used to secure high-temperature engine
components, spacecraft structures, and transmission systems. Its high density excels in dynamic
balancing and vibration suppression. For example, in rotating components of aircraft engines, tungsten
alloy threaded rod provides sufficient mass to stabilize the system and reduce the impact of vibration on
equipment life. Compared to ordinary steel threaded rod, its high-temperature resistance enables it to
maintain strength and stability in environments with temperatures of hundreds of degrees Celsius,
preventing connection failure due to thermal softening. Although lightweight, aluminum threaded rod is
prone to deformation under high loads and temperatures, making it difficult to meet aerospace

requirements.

Tungsten alloy threaded rod is another major advantage in acrospace applications. In space environments,
equipment must withstand cycles of extremely low to high temperatures. While conventional metal
threaded rods can loosen due to thermal expansion, tungsten alloy threaded rods maintain dimensional
stability, ensuring long-term reliability. For example, in satellite optical systems, tungsten alloy threaded
rods are used to secure precision components. Their low coefficient of thermal expansion ensures that
the system maintains high precision even with drastic temperature fluctuations. Furthermore, tungsten
alloy's high tensile strength and fatigue resistance enable it to withstand the complex mechanical stresses

of flight, extending the life of the equipment.

The precision of the manufacturing process further enhances the suitability of tungsten alloy threaded
rod for aerospace applications. Powder metallurgy ensures uniformity and high density, reducing
microscopic defects and improving the reliability of the threaded rod in high-stress environments. High-
precision CNC machining ensures that the thread geometry and surface quality meet aerospace standards,
avoiding stress concentration and fatigue cracking. Surface treatments such as anti-oxidation coatings or
laser hardening further enhance the threaded rod's high-temperature and corrosion resistance, meeting

the requirements of aerospace equipment operating in vacuum or oxidizing environments.

In specific applications, the diverse designs of tungsten alloy threaded rods meet the diverse needs of the
aerospace industry. For example, tungsten-nickel-iron alloy threaded rods, due to their high strength and

toughness, are suitable for engine mounting. Tungsten-copper alloy threaded rods, due to their excellent
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thermal conductivity, are used in components requiring thermal management , such as satellite cooling
systems. These customized properties enable tungsten alloy threaded rods to flexibly meet the complex

requirements of aerospace equipment.

While tungsten alloy threaded rod offers significant advantages in aerospace applications, the added
weight associated with its high density can pose challenges for certain lightweight designs.
Manufacturers are optimizing alloy formulations and rod dimensions to minimize weight while
maintaining performance. While tungsten alloy threaded rods are expensive to produce, their long-term
benefits far outweigh the initial investment in high-reliability applications, particularly in aerospace,

where safety and precision are paramount.

3.1.1 Application of Spacecraft Structural Parts

Tungsten alloy threaded rod in spacecraft structures is primarily reflected in its use in securing critical
components such as spacecraft shells, support frames, and optical systems, ensuring structural stability
and reliability in extreme environments. Spacecraft must operate in the vacuum, high radiation, and
drastic temperature fluctuations of space. Tungsten alloy threaded rod, with its high density, high strength,

and low thermal expansion coefficient, is the preferred fastener for securing these structural components.

In spacecraft structures, tungsten alloy threaded rod is primarily used to connect exterior panels, internal
frames, and precision instruments. For example, in satellite exterior structures, threaded rod must
withstand the high vibrations experienced during launch and the temperature cycling experienced in
space. The high density of tungsten alloy threaded rod provides additional stability, reducing the impact
of vibration on the structure. Its low coefficient of thermal expansion ensures tight connections within a
temperature range of -100°C to +100°C. Compared to ordinary steel threaded rod, tungsten alloy
threaded rod does not soften at high temperatures, whereas aluminum threaded rod lacks the strength to

meet these requirements.

Tungsten alloy threaded rod are particularly important in spacecraft structural components. Spacecraft
are subjected to complex mechanical stresses during launch and operation, including tension, shear, and
vibration. Tungsten-nickel-iron alloy threaded rod, thanks to the optimized toughness of nickel,
effectively absorbs these stresses and prevents crack propagation. During the manufacturing process,
powder metallurgy technology ensures the density and uniformity of the alloy, reducing microdefects
and thus improving the reliability of the threaded rod in high-stress environments. High-precision thread

processing further optimizes stress distribution and reduces the risk of connection failure.

Tungsten alloy threaded rod also plays a key role in the application of spacecraft structural components.
Tungsten alloy threaded rods are often treated with an anti-oxidation coating or chemical passivation to
prevent surface degradation in the high-radiation environment of space. These treatments not only
enhance corrosion resistance but also improve the rod's stability in vacuum environments. For example,
in satellite solar panel mounting, the surface coating of tungsten alloy threaded rods can resist corrosion

from ultraviolet rays and trace oxygen, ensuring stable performance during long-term use.
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Design flexibility is another advantage of tungsten alloy threaded rod in spacecraft structural
applications . Manufacturers can adjust the alloy formula to meet specific requirements, such as
increasing the tungsten content to improve density or optimizing the nickel-iron ratio to enhance
toughness. Furthermore, the head and thread design of the threaded rod can be customized to
accommodate different connection methods, such as countersunk threaded rod for flat surfaces and
cylindrical head threaded rod for high-strength connections. This flexibility enables tungsten alloy

threaded rod to meet the diverse requirements of spacecraft structural components.

While tungsten alloy threaded rods excel in spacecraft structural components, their high density can
increase the overall weight of a spacecraft, impacting launch costs. To address this, designs often
optimize the size and quantity of threaded rods to reduce weight while maintaining performance. While
production costs are high, their long-term benefits are significant in high-reliability scenarios,

particularly in areas like spacecraft where safety and precision are paramount.

3.1.2 Application of Spacecraft Transmission System

Tungsten alloy threaded rod is primarily used in spacecraft transmission systems to secure and connect
rotating components, gearboxes, and drive mechanisms, ensuring stable operation in high-vibration and
high-temperature environments. Spacecraft transmission systems require precise power transmission
under extreme conditions, and tungsten alloy threaded rod, with its high strength, high-temperature

resistance, and fatigue resistance, is an ideal choice for critical fasteners.

In spacecraft transmission systems, tungsten alloy threaded rods are used to secure gears, bearings, and
other dynamic components. For example, in satellite attitude control systems, threaded rods must
withstand the centrifugal forces and vibrations caused by high-speed rotation. The high density of
tungsten alloy threaded rods provides additional inertial stability, reducing the impact of vibration on
system accuracy. Their high tensile strength and shear resistance ensure reliable connections under high
loads, preventing failures caused by stress concentration. Compared to ordinary steel threaded rods,
tungsten alloy threaded rods maintain their strength at high temperatures, while aluminum threaded rods

are prone to deformation in high-vibration environments.

Tungsten alloy threaded rod is particularly important in transmission system applications. Spacecraft
transmission systems can generate high temperatures due to friction or external heat sources. Ordinary
metal threaded rods may soften or creep at high temperatures, while tungsten alloy threaded rods can
withstand temperatures of hundreds of degrees Celsius while maintaining their structural integrity. For
example, in the transmission components of rocket engines, the excellent thermal conductivity of
tungsten-copper alloy threaded rods allows for rapid heat dissipation, preventing the accumulation of
thermal stresses. At the same time, their low coefficient of thermal expansion ensures the stability of the

connection during temperature fluctuations.

The manufacturing process is crucial to the performance of tungsten alloy threaded rod in transmission

systems. Powder metallurgy technology forms a dense alloy structure through high-temperature sintering,
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reducing microscopic defects and improving the fatigue resistance of the threaded rod. High-precision
CNC machining ensures the geometric accuracy of the threads, optimizes stress distribution, and reduces
the risk of vibration-induced fatigue cracking. Surface treatments such as laser hardening or anti-
oxidation coatings further enhance the wear and high-temperature resistance of the threaded rod, meeting

the needs of transmission systems in high-friction environments.

Tungsten alloy threaded rod in transmission systems is also reflected in its fatigue resistance.
Transmission systems are often subjected to high-frequency cyclic loading. Ordinary metal threaded rods
may fail due to fatigue, resulting in loose connections. However, the uniform grain structure and
optimized toughness of tungsten alloy threaded rods enable them to withstand long-term vibration. For
example, in satellite drive mechanisms, the high fatigue life of tungsten alloy threaded rods ensures long-

term system reliability and reduces maintenance requirements.

Design optimization provides flexibility for the application of tungsten alloy threaded rod in transmission
systems. Manufacturers can tailor the rod's alloy formula and structure to meet specific requirements.
For example, tungsten-nickel-iron alloys are suitable for high-strength connections, while tungsten-
copper alloys are more suitable for applications requiring thermal conductivity. Furthermore, the thread
design of the threaded rod can be optimized to a self-locking type to enhance connection stability in high-

vibration environments. This customized design meets the diverse requirements of transmission systems.

While tungsten alloy threaded rods offer excellent performance in transmission systems, their high
density can increase system weight and impact the overall design of spacecraft. Manufacturers optimize
threaded rod dimensions and alloy formulations to minimize weight while maintaining performance.
While production costs are high, their long-term benefits are significant in high-reliability scenarios,

particularly in areas like spacecraft transmission systems, which require extreme precision and durability.

3.1.3 Application of high temperature resistant components in aircraft engines

Tungsten alloy threaded rod is primarily used in high-temperature aerospace engine components to
secure key components such as turbine blades, combustion chambers, and exhaust systems, ensuring
connection reliability and structural integrity in extremely high-temperature and high-stress
environments. Aircraft engines must operate in temperatures exceeding 1000°C while enduring complex
three-dimensional stresses and vibrations. Tungsten alloy threaded rod, with its high strength, high-
temperature resistance, and low coefficient of thermal expansion, is an ideal fastener for these

components.

In aircraft engines, tungsten alloy threaded rods are primarily used to secure components in high-
temperature areas, such as turbine disks, combustion chamber walls, and nozzle assemblies. Tungsten's
high melting point (3422°C) allows it to maintain strength at high temperatures, while the addition of
elements such as nickel, iron, or copper optimizes toughness and reduces the risk of brittle fracture. For
example, tungsten-copper alloy threaded rods, due to their excellent thermal conductivity, can quickly

dissipate heat and reduce thermal stress accumulation, making them suitable for combustion chamber

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
RS IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

% 46 t 108 T1

=1


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

fixation. Compared to ordinary steel threaded rods, tungsten alloy threaded rods do not soften or creep
at high temperatures, while aluminum threaded rods lack the strength to withstand high-temperature,

high-stress environments.

High-temperature resistance is a core advantage of tungsten alloy threaded rod in aircraft engine
applications. During engine operation, component temperatures can fluctuate dramatically. While
conventional metal threaded rods can loosen due to thermal expansion, tungsten alloy threaded rods' low
coefficient of thermal expansion ensures dimensional stability. For example, in turbine blade fastenings,
tungsten alloy threaded rods can maintain a tight connection during high-temperature cycles, preventing
failures caused by thermal stress. Furthermore, their high tensile strength and fatigue resistance enable

them to withstand the vibrations and complex stresses of engine operation , extending component life.

The manufacturing process is crucial to the performance of tungsten alloy threaded rod in high-
temperature components. Powder metallurgy technology forms a dense alloy structure through high-
temperature sintering, reducing microdefects and improving high-temperature resistance. High-precision
CNC machining ensures the geometric accuracy of the threads, optimizes stress distribution, and reduces
the risk of crack propagation at high temperatures. Surface treatments such as anti-oxidation coatings or
laser hardening further enhance the threaded rod's high-temperature and corrosion resistance. For
example, in exhaust system mounting, anti-oxidation coatings prevent high-temperature oxidation,

ensuring the stability of the threaded rod in long-term high-temperature environments.

Tungsten alloy threaded rod in aircraft engines is also reflected in its creep resistance. Under high-
temperature environments, ordinary metal threaded rods may deform due to creep. However, the uniform
grain structure and optimized alloy formula of tungsten alloy threaded rods enable them to maintain
shape stability under high temperatures and high stresses. For example, in the fixing of turbine disks, the
tungsten-nickel-iron alloy threaded rods, through the optimized toughness of nickel, significantly

improve creep resistance, ensuring long-term engine reliability.

Design optimization provides flexibility for the application of tungsten alloy threaded rod in aircraft
engines. Manufacturers can tailor alloy formulations to meet specific requirements, such as increasing
the tungsten content to enhance high-temperature resistance or optimizing the copper ratio to improve
thermal conductivity. Furthermore, the head and thread design of the threaded rod can be adjusted to
high-strength or self-locking to accommodate high-temperature and high-vibration environments. This

customized design meets the complex operating conditions of aircraft engines.

While tungsten alloy threaded rods offer excellent performance in high-temperature components, their
high density can add weight to engines, impacting fuel efficiency. Manufacturers are optimizing the size
and quantity of threaded rods to reduce weight while maintaining performance. While production costs
are high, their long-term benefits are significant in high-reliability applications, particularly in areas like

aircraft engines where safety and durability are paramount.

Tungsten alloy threaded rod in high-temperature resistant components of aircraft engines is made
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possible by its excellent high-temperature resistance and manufacturing process, providing key support
for the reliable operation of the engine. Its excellent performance has promoted the development of

aviation technology and provided an efficient solution for fastening in high-temperature environments.

3.1.4 Application of Satellite Attitude Adjustment Mechanism Components

Tungsten alloy threaded rods are used in satellite attitude control mechanisms to secure and connect key
components such as flywheels, gyroscopes, and drive motors, ensuring precise attitude control in space.
Satellite attitude control mechanisms must operate in vacuum, high radiation, and extreme temperature
fluctuations. Tungsten alloy threaded rods, with their high density, high strength, and low coefficient of

thermal expansion, are ideal fasteners for these components.

In satellite attitude control mechanisms, tungsten alloy threaded rods are used to secure rotating
components and drive systems, such as flywheels and gyroscope support structures. These components
must remain stable even under high-speed rotation. The high density of tungsten alloy threaded rods
provides additional inertial stability, reducing the impact of vibration on attitude control accuracy. For
example, in securing the reaction flywheel, tungsten alloy threaded rods can withstand the centrifugal
forces generated by high-speed rotation, ensuring smooth system operation. Compared to ordinary steel
threaded rods, tungsten alloy threaded rods have greater fatigue resistance, while aluminum threaded

rods lack the strength to withstand high vibration requirements.

The low coefficient of thermal expansion is a key advantage of tungsten alloy threaded rod in satellite
attitude control mechanisms. Space temperatures can range from -150°C to +150°C. While thermal
expansion can cause loose connections in standard metal threaded rods, compromising attitude control
accuracy, tungsten alloy threaded rods maintain dimensional stability. For example, in gyroscope
mounting, the rod's low coefficient of thermal expansion ensures a tight connection during temperature
cycles, maintaining the system's long-term accuracy. Furthermore, its high tensile strength and impact

resistance enable it to withstand the intense vibrations experienced during launch.

The manufacturing process is crucial to the performance of tungsten alloy threaded rods in attitude
adjustment mechanisms. Powder metallurgy technology creates a dense alloy structure through high-
temperature sintering, reducing microscopic defects and improving the reliability of the threaded rod in
high-vibration environments. High-precision CNC machining ensures the geometric accuracy of the
threads, optimizes stress distribution, and reduces the risk of fatigue cracks. Surface treatments such as
radiation-resistant coatings or chemical passivation further enhance the threaded rod's stability in the
high-radiation environment of space. For example, in the fastening of drive motors, radiation-resistant

coatings can prevent surface degradation and ensure the long-term performance of the threaded rod.

Tungsten alloy threaded rod is particularly important in satellite attitude adjustment mechanisms. These
mechanisms are often subjected to high-frequency cyclic loading. While conventional metal threaded
rods can experience fatigue failure, leading to joint failure, the uniform grain structure and optimized

toughness of tungsten alloy threaded rods enable them to withstand long-term vibrations. For example,
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in flywheel support structures, the optimized toughness of tungsten-nickel-iron alloy threaded rods

significantly improves fatigue resistance and reduces maintenance requirements.

Design optimization provides flexibility for the use of tungsten alloy threaded rods in attitude adjustment
mechanisms. Manufacturers can customize alloy formulations to meet specific requirements. For
example, tungsten-copper alloys are suitable for thermally conductive drive motor attachment, while
tungsten-nickel-iron alloys are suitable for high-strength connections. Furthermore, the thread design of
the threaded rods can be optimized to a self-locking type, enhancing connection stability in high-vibration
environments. This customized design meets the diverse requirements of satellite attitude adjustment

mechanisms.

While tungsten alloy threaded rods offer excellent performance in attitude adjustment mechanisms, their
high density can increase satellite weight, impacting launch costs. Manufacturers optimize threaded rod
dimensions and alloy formulations to minimize weight while maintaining performance. While production
costs are high, their long-term benefits are significant in high-reliability scenarios, particularly in areas

like satellite attitude adjustment, where precision and durability are paramount.

Tungsten alloy threaded rods in satellite attitude adjustment mechanism components is made possible by
their excellent performance and manufacturing process, providing key support for the precise control of
satellites. Their excellent stability and reliability have promoted the advancement of aerospace

technology and provided efficient fastening solutions for space exploration.

3.2 Application of Tungsten Alloy Threaded Rod in Medical Industry

Tungsten alloy threaded rod's application in the medical industry benefits from its high density, high
strength, corrosion resistance, and biocompatibility, making it an indispensable fastener in radiation
protection, precision positioning, and implantable devices . Medical devices must operate in high-
radiation, high-precision, and biocompatible environments. Tungsten alloy threaded rod, with its
excellent radiation shielding capabilities and mechanical stability, is widely used in radiotherapy

equipment, medical imaging systems, and dental implants.

In the medical industry, tungsten alloy threaded rod is primarily used to secure radiation shielding
components, positioning mechanisms, and precision transmission parts. Its high density makes it an
excellent choice for radiation protection applications. For example, in radiotherapy equipment, tungsten
alloy threaded rod effectively absorbs X-rays and gamma rays, reducing the risk of scattered radiation
exposure to medical staff and patients. Compared to traditional lead fasteners, tungsten alloy threaded
rod is thinner, lighter, and non-toxic, occupying only one-third the volume of lead while providing the
same shielding effectiveness. The corrosion resistance of tungsten-nickel-iron alloy threaded rod ensures
long-term stability in humid or chemically sterilized environments, preventing connection failure due to

material degradation.

Tungsten alloy threaded rods are particularly important in medical applications. Medical devices often
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involve temperature fluctuations and repeated operation. Ordinary metal threaded rods may loosen due
to thermal stress or fatigue, while tungsten alloy threaded rods maintain dimensional stability, ensuring
accurate positioning of precision components. For example, in dental implant-assisted fixation, the high
biocompatibility of tungsten alloy threaded rods reduces inflammation and supports the bone integration
process. In addition, its high tensile strength makes it suitable for high-load scenarios, such as securing

heavy imaging equipment.

The precision of the manufacturing process further enhances the suitability of tungsten alloy threaded
rods in the medical industry. Powder metallurgy ensures uniformity and high density, reducing
microscopic defects and improving the reliability of the threaded rods in radiation environments. High-
precision CNC machining ensures that the thread geometry and surface quality meet medical standards,
eliminating stress concentration and the risk of bacterial adhesion. Surface treatments such as chemical
passivation or antioxidant coatings further enhance the biocompatibility and sterilization resistance of

the threaded rods, meeting the stringent hygiene requirements of medical equipment.

In specific applications, the diverse designs of tungsten alloy threaded rods meet the diverse needs of the
medical industry. For example, tungsten-copper alloy threaded rods, due to their excellent thermal
conductivity, are used for heat dissipation and fixation in imaging equipment; tungsten-nickel-iron alloys,
due to their high strength, are used in shielding components for radiotherapy. These customized
properties enable tungsten alloy threaded rods to flexibly meet the complex requirements of medical
equipment. In contrast, ordinary metal threaded rods lack the shielding performance and durability to

meet the high-precision medical needs.

While tungsten alloy threaded rod offers significant advantages in medical applications, its processing
difficulty and cost can pose challenges for large-scale production. Manufacturers are optimizing alloy
formulations and utilizing 3D printing technology to reduce costs while maintaining performance.
Furthermore, the non-toxic nature of tungsten alloy threaded rod complies with medical environmental

standards, avoiding the environmental risks associated with lead products.

Tungsten alloy threaded rod in the medical industry is made possible by its excellent radiation shielding
and mechanical properties, providing key guarantees for patient safety and equipment accuracy. Its
innovative application promotes the advancement of medical technology and brings efficient solutions

to the fields of radiation protection and precision medicine.

3.2.1 Application of shielding components in radiotherapy equipment

Tungsten alloy threaded rods are primarily used in the shielding components of radiotherapy equipment
to secure isotope containers, multi-leaf collimators, and radiation shielding panels, ensuring the
equipment maintains structural stability and shielding effectiveness in high-radiation environments.
Radiotherapy equipment must operate under high-intensity radiation from gamma rays and X-rays while
protecting medical staff from scattered radiation. Tungsten alloy threaded rods, with their high density

and excellent radiation attenuation capabilities, are ideal fasteners for these components.
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In radiotherapy equipment, tungsten alloy threaded rods are primarily used to secure isotope containers
and shielding plates. For example, in cobalt-60 therapy machines, these rods must withstand the heat and
vibration of the radiation source. Tungsten's high density allows it to effectively absorb gamma rays,
providing equivalent protection with shielding thickness only one-third that of lead. The non-toxic nature
of tungsten-nickel-iron alloy threaded rods avoids the health risks of lead products, while its high-
temperature resistance ensures a stable connection during treatment. Compared to ordinary steel threaded
rods, tungsten alloy threaded rods are less susceptible to degradation in radiation environments, while

aluminum threaded rods, due to their insufficient density, cannot provide effective shielding.

Radiation attenuation is a core advantage of tungsten alloy threaded rods in shielding components.
During radiotherapy, scattered radiation can damage surrounding tissue. The high atomic number and
dense structure of tungsten alloy threaded rods significantly reduce radiation exposure, ensuring the
implementation of the ALARA (As Low As Reasonably Achievable) principle. For example, in multi-
leaf collimator fixation, tungsten alloy threaded rods precisely position the leaves, reducing scatter and
improving treatment accuracy. Furthermore, their corrosion resistance maintains surface integrity in

sterile environments , preventing bacterial growth.

The manufacturing process is crucial to the performance of tungsten alloy threaded rod in shielding
components. Powder metallurgy technology creates a dense alloy structure through high-temperature
sintering, reducing microscopic defects and improving radiation shielding effectiveness. High-precision
CNC machining ensures the geometric accuracy of the threads, optimizes stress distribution, and reduces
the risk of radiation-induced fatigue. Surface treatments such as anti-oxidation coatings further enhance
the threaded rod's radiation resistance and ease of cleaning. For example, in isotope container mounting,

the coating prevents surface oxidation, ensuring the long-term reliability of the threaded rod.

Tungsten alloy threaded rod is particularly important in shielding components. Radiotherapy equipment
often involves repeated opening and closing operations, and conventional metal threaded rods can fatigue
and loosen connections. However, the uniform grain structure and optimized toughness of tungsten alloy
threaded rods enable them to withstand long-term radiation and mechanical stresses. For example, in
gamma knife equipment, the optimized toughness of tungsten-nickel-iron alloy threaded rods
significantly improves fatigue resistance and reduces maintenance requirements by securing shielding
plates. Design optimization provides flexibility in the use of tungsten alloy threaded rods in shielding
components. Manufacturers can tailor the alloy formulation to meet specific requirements, such as
increasing the tungsten content to enhance shielding effectiveness or optimizing the iron ratio to enhance
toughness. Furthermore, the thread design of the threaded rod can be modified to be self-locking to
accommodate high-vibration environments. This customized design meets the diverse requirements of

radiotherapy equipment.

3.2.2 Application of positioning components in radiotherapy equipment

Tungsten alloy threaded rods are primarily used in positioning components of radiotherapy equipment,

securing collimators, treatment couches, and laser alignment systems, ensuring precise positioning of the
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radiation beam and patient safety. Radiotherapy equipment requires millimeter-level positioning in high-
precision and radiation-rich environments. Tungsten alloy threaded rods, with their high strength, low
thermal expansion coefficient, and radiation shielding capabilities, are ideal fasteners for these
components. The following discusses their specific applications, including application scenarios,

performance advantages, and engineering optimization.

In radiotherapy equipment, tungsten alloy threaded rods are primarily used to secure multi-leaf
collimators and positioning arms, such as those in electron linear accelerators. These rods must withstand
the heat of the radiation beam and mechanical adjustments. Tungsten's high density allows it to provide
both shielding and structural support, reducing the impact of scattered radiation on positioning accuracy.
The thermal conductivity of tungsten-copper alloy threaded rods ensures rapid heat dissipation,
preventing positioning deviations caused by thermal stress. Compared to conventional steel threaded
rods, tungsten alloy threaded rods maintain dimensionally stable under radiation, whereas aluminum

threaded rods are susceptible to displacement due to thermal expansion.

The low coefficient of thermal expansion is a key advantage of tungsten alloy threaded rods in positioning
components. During treatment, equipment temperatures can fluctuate dramatically. While conventional
metal threaded rods can expand and cause positioning errors, tungsten alloy threaded rods maintain a
tight connection through temperature cycles. For example, in laser alignment systems, the low coefficient
of thermal expansion of tungsten alloy threaded rods ensures millimeter-level precision, enhancing
treatment targeting. Furthermore, their high tensile strength enables them to withstand the load of the

patient's weight and the stresses of equipment adjustments.

The manufacturing process is crucial to the performance of tungsten alloy threaded rods in positioning
components. Powder metallurgy technology creates a dense alloy structure through high-temperature
sintering, reducing microscopic defects and improving positioning stability. High-precision CNC
machining ensures the geometric accuracy of the threads, optimizes stress distribution, and reduces the
risk of vibration-induced misalignment. Surface treatments such as chemical passivation further enhance
the threaded rod's radiation resistance and biocompatibility. For example, in treatment table fixation ,

passivation prevents surface corrosion and ensures long-term threaded rod accuracy.

Tungsten alloy threaded rod is particularly important in positioning components. Equipment often
requires frequent adjustments, and ordinary metal threaded rods can become loose due to fatigue.
However, the uniform grain structure and optimized toughness of tungsten alloy threaded rods enable
them to withstand long-term operation. For example, in the securing of collimator blades, tungsten-
nickel-iron alloy threaded rods, thanks to the optimized strength of iron, significantly improve fatigue

resistance and reduce the need for calibration.

3.2.3 Application of dental implant auxiliary fixation components

Tungsten alloy threaded rods are primarily used in dental implant fixation components, securing implant

supports, crown and bridge connections, and temporary fixtures, ensuring implant stability and
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osseointegration . Dental implants require long-term operation in the oral environment of moisture and
mechanical stress. Tungsten alloy threaded rods, with their high biocompatibility, strength, and corrosion
resistance, are ideal fasteners for these components. The following discusses their specific applications,

including application scenarios, performance, and design optimization.

In dental implants, tungsten alloy threaded rods are primarily used to assist in the fixation of implants
and restorations. For example, in multi-tooth bridges, threaded rods must withstand chewing forces and
salivary corrosion. Tungsten's chemical inertness makes it compatible with oral tissue, preventing
inflammatory reactions and supporting bone cell attachment. The low toxicity of tungsten-cobalt-
chromium alloy threaded rods reduces the risk of rejection, while their high density provides additional
structural support. Compared to traditional titanium threaded rods, tungsten alloy threaded rods are more

corrosion-resistant, while stainless steel threaded rods are prone to rust.

Biocompatibility is a core advantage of tungsten alloy threaded rods in dental fixation. The oral
environment involves acid-base fluctuations and bacteria. While ordinary metal threaded rods may
release ions that may cause allergies, tungsten alloy threaded rods form a stable oxide layer that prevents
the accumulation of corrosion products. For example, in implant fixation, tungsten alloy threaded rods
promote osseointegration and accelerate the healing process. Furthermore, their high tensile strength

enables them to withstand occlusal forces, ensuring the long-term stability of restorations.

The manufacturing process is crucial to the performance of tungsten alloy threaded rods in dental fixtures.
Powder metallurgy technology creates a dense alloy structure through high-temperature sintering,
reducing microscopic defects and enhancing biocompatibility. High-precision CNC machining ensures
the geometric accuracy of the threads, optimizes stress distribution, and reduces the risk of fatigue caused
by oral stress. Surface treatments such as passivation or nano-coating further enhance the antibacterial
and corrosion resistance of threaded rods. For example, in crown and bridge connections, nano-coating

can inhibit bacterial adhesion and ensure hygienic conditions.

Tungsten alloy threaded rods is particularly important in dental fixtures. Chewing involves cyclic loading,
and conventional metal threaded rods can become loose due to fatigue. However, the uniform grain
structure and optimized toughness of tungsten alloy threaded rods enable them to withstand long-term
stresses. For example, in temporary fixtures, the optimized toughness of tungsten-nickel-iron alloy

threaded rods significantly improves fatigue resistance, reducing the need for return visits.

3.2.4 Application of Precision Transmission Components in Medical Imaging Equipment

Tungsten alloy threaded rods are primarily used in precision transmission components of medical
imaging equipment, securing scanning arms, transmission gears, and precision guide rails, ensuring
stable operation during high-precision imaging. Medical imaging equipment such as CT and MRI require
low noise and high resolution. Tungsten alloy threaded rods, with their high strength, low thermal

expansion coefficient, and vibration resistance, are ideal fasteners for these components.
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In medical imaging equipment, tungsten alloy threaded rods are primarily used to secure scan heads and
transmission systems. For example, in CT scanners, threaded rods must withstand the vibration and heat
of rotational motion. Tungsten's high density provides additional stability, reducing the impact of
vibration on image clarity. The thermal conductivity of tungsten-copper alloy threaded rods ensures heat
dissipation, preventing transmission deviations caused by thermal deformation. Compared to ordinary
steel threaded rods, tungsten alloy threaded rods offer greater stability due to their low thermal expansion

coefficient, while aluminum threaded rods are prone to deformation due to their lack of strength.

The low coefficient of thermal expansion is a key advantage of tungsten alloy threaded rods in precision
transmission. During imaging, equipment temperature fluctuations can affect accuracy. While ordinary
metal threaded rods can expand and deflect, tungsten alloy threaded rods maintain dimensional stability
during temperature cycles. For example, in MRI guide rail fixation, tungsten alloy threaded rods ensure
millimeter-level transmission accuracy, improving image quality. Furthermore, their high fatigue strength

enables them to withstand the stresses of repeated scanning.

The manufacturing process is crucial to the performance of tungsten alloy threaded rod in transmission
components. Powder metallurgy technology creates a dense alloy structure through high-temperature
sintering, reducing microscopic defects and improving transmission stability. High-precision CNC
machining ensures the geometric accuracy of the threads, optimizes stress distribution, and reduces the
risk of vibration-induced noise. Surface treatments such as laser hardening further enhance the wear and
heat resistance of the threaded rod. For example, in scanner arm fixation , hardening can prevent surface

wear and ensure long-term accuracy.

Tungsten alloy threaded rod is particularly important in precision transmissions. Equipment operating at
high speeds can cause loosening of ordinary metal threaded rods due to vibration, while the high density
and optimized toughness of tungsten alloy threaded rods enable them to absorb shock. For example, in
transmission gears for X-ray imaging, tungsten-nickel-iron alloy threaded rods, thanks to the optimized

strength of iron, significantly improve vibration resistance and reduce image blur.

3.3 Application of Tungsten Alloy Threaded Rod in Precision Manufacturing

Tungsten alloy threaded rod's manufacturing applications benefit from its high strength, low thermal
expansion coefficient, high density, and excellent fatigue resistance, making it an indispensable fastener
in high-end machine tools, instrumentation, and precision measuring equipment. Precision
manufacturing demands extremely high component stability and accuracy. Tungsten alloy threaded rod,
with its excellent mechanical properties and environmental adaptability, is widely used in transmission
systems, fixed components, and positioning assemblies, ensuring reliable operation in environments with

high loads, high vibration, and temperature fluctuations.

In precision manufacturing, tungsten alloy threaded rod is primarily used to secure and connect
transmission components in high-end machine tools, precision drive mechanisms in instrumentation, and

positioning components in measuring equipment. Its high density excels in dynamic balancing and
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vibration suppression. For example, in securing high-speed spindles in CNC machine tools, tungsten
alloy threaded rod provides sufficient mass stability, minimizing the impact of vibration on machining
accuracy. Compared to ordinary steel threaded rod, its low coefficient of thermal expansion ensures
dimensional stability despite temperature fluctuations. Aluminum threaded rod, however, lacks the

strength to meet high-precision requirements.

Tungsten alloy threaded rod are particularly important in precision manufacturing. Precision equipment
often involves high-frequency vibration and cyclic loading. While ordinary metal threaded rods can
become loose due to fatigue, the uniform grain structure and optimized toughness of tungsten alloy
threaded rods enable them to withstand long-term stresses. For example, in the transmission systems of
instrumentation, the optimized toughness of tungsten-nickel-iron alloy threaded rods significantly
improves fatigue resistance and extends equipment life. Furthermore, their wear and corrosion resistance
allows them to maintain surface integrity in high-precision machining environments, reducing

maintenance requirements.

The precision of the manufacturing process further enhances the suitability of tungsten alloy threaded
rod for precision manufacturing. Powder metallurgy technology forms a dense alloy structure through
high-temperature sintering, reducing microscopic defects and improving the mechanical properties and
stability of the threaded rod. High-precision CNC machining ensures the geometric accuracy of the
threads, optimizes stress distribution, and reduces the risk of vibration-induced misalignment. Surface
treatments such as laser hardening or corrosion-resistant coatings further enhance the threaded rod's wear
resistance and environmental adaptability, meeting the high reliability requirements of precision

manufacturing.

In specific applications, the diverse designs of tungsten alloy threaded rods meet the complex demands
of precision manufacturing. For example, tungsten-copper alloy threaded rods, due to their excellent
thermal conductivity, are used in transmission components requiring heat management ; tungsten-nickel-
iron alloys, due to their high strength, are used to secure high-load components. These customized
properties enable tungsten alloy threaded rods to flexibly address the diverse needs of precision
manufacturing. In contrast, conventional metal threaded rods have limited performance and are unable

to meet the high-precision and multifunctional requirements.

3.3.1 Application of high-end machine tool transmission components

Tungsten alloy threaded rod is primarily used in high-end machine tool transmission components to
secure spindles, gearboxes, and drive mechanisms, ensuring stable operation under high-speed rotation
and high-load conditions. High-end machine tools such as CNC machines and five-axis machining
centers require extremely high precision and durability in their transmission systems. Tungsten alloy
threaded rod, with its high density, high strength, and low coefficient of thermal expansion, is an ideal

fastener for these components.

In high-end machine tool transmission systems, tungsten alloy threaded rod is primarily used to secure
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spindle bearings and gear assemblies. For example, in high-speed CNC machine tools, threaded rod must
withstand the centrifugal forces and vibrations of rotating components. Tungsten's high density provides
additional inertial stability, reducing the impact of vibration on machining accuracy. The thermal
conductivity of tungsten-copper alloy threaded rod allows for rapid heat dissipation, preventing
transmission deviations caused by thermal deformation. Compared to conventional steel threaded rod,
tungsten alloy threaded rod offers superior fatigue resistance, while aluminum threaded rod lacks the

strength to withstand high loads.

The low coefficient of thermal expansion is a core advantage of tungsten alloy threaded rod in
transmission components. When a machine tool is operating, friction and motor heat can cause
temperatures to rise. Ordinary metal threaded rods can expand and deflect, while tungsten alloy threaded
rods maintain dimensional stability despite temperature fluctuations. For example, in spindle mounting,
tungsten alloy threaded rods ensure micron-level transmission accuracy, improving machining quality.
Furthermore, their high tensile strength enables them to withstand the stresses of high-speed rotation,

preventing joint failure.

The manufacturing process is crucial to the performance of tungsten alloy threaded rod in transmission
components. Powder metallurgy technology creates a dense alloy structure through high-temperature
sintering, reducing micro-defects and improving vibration resistance. High-precision CNC machining
ensures the geometric accuracy of the threads, optimizes stress distribution, and reduces the risk of
vibration-induced fatigue cracks. Surface treatments such as laser hardening further enhance the wear
resistance of threaded rods, making them suitable for high-speed transmission environments. For

example, in gearbox mounting , hardening can prevent surface wear and ensure long-term accuracy.

Tungsten alloy threaded rod is particularly important in transmission components. Machine tool
operation involves high-frequency cyclic loading, and while conventional metal threaded rods can
become loose due to fatigue, the uniform grain structure and optimized toughness of tungsten alloy
threaded rods enable them to withstand long-term vibrations. For example, in drive mechanisms, the
optimized toughness of nickel in tungsten-nickel-iron alloy threaded rods significantly improves fatigue

resistance and reduces maintenance requirements.

3.3.2 Application of high-end machine tool fixed components

Tungsten alloy threaded rod is primarily used in high-end machine tool fixtures, securing bed frames,
worktables, and toolholders to ensure structural stability under high loads and vibration. High-end
machine tools such as turning centers and grinders require stable fixtures to maintain machining accuracy.
Tungsten alloy threaded rod, with its high strength, high density, and low thermal expansion coefficient,

is an ideal fastener for these components.

Tungsten alloy threaded rods are primarily used in high-end machine tool fixtures to connect the machine
bed and supporting structures. For example, in five-axis machining centers , threaded rods must

withstand cutting forces and vibration. Tungsten's high density provides additional stability, reducing the
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impact of vibration on machining accuracy. The high strength of tungsten-nickel-iron alloy threaded rods
ensures reliable connections under high loads. Compared to ordinary steel threaded rods, tungsten alloy
threaded rods offer greater fatigue resistance, while aluminum threaded rods are prone to deformation

due to their lack of strength.

The low coefficient of thermal expansion is a key advantage of tungsten alloy threaded rod in fixtures.
While machine tools operate in environments subject to fluctuating temperatures, conventional metal
threaded rods can expand and loosen connections. However, tungsten alloy threaded rods maintain
dimensional stability during temperature cycles. For example, in worktable fixtures, tungsten alloy
threaded rods ensure micron-level positioning accuracy, improving machining consistency. Furthermore,

their high tensile strength enables them to withstand the loads of heavy workpieces.

The manufacturing process is crucial to the performance of tungsten alloy threaded rod in fixtures.
Powder metallurgy technology creates a dense alloy structure through high-temperature sintering,
reducing micro-defects and improving vibration resistance. High-precision CNC machining ensures the
geometric accuracy of the threads, optimizes stress distribution, and reduces the risk of stress
concentration. Surface treatments such as corrosion-resistant coatings further enhance the threaded rod's
wear resistance and environmental adaptability. For example, in tool holder fixtures, the coating protects

against corrosion from cutting fluids, ensuring long-term stability.

Tungsten alloy threaded rod is particularly important in fixed components. Machine tool operation
involves constant vibration, and ordinary metal threaded rods can become loose due to fatigue. However,
the uniform grain structure and optimized toughness of tungsten alloy threaded rod enable it to withstand
long-term stress. For example, in machine bed connections, tungsten-nickel-iron alloy threaded rods,
with their optimized strength of iron, significantly improve fatigue resistance and reduce maintenance

requirements.

3.3.3 Application of instrument transmission components

Tungsten alloy threaded rod is primarily used in instrumentation transmission components to secure drive
motors, reducers, and precision gears, ensuring stable operation in high-precision, high-frequency
applications. Instrumentation such as optical analyzers and precision testing equipment require extremely
high precision and vibration resistance in their transmission systems. Tungsten alloy threaded rod, with
its high density, high strength, and low coefficient of thermal expansion, is an ideal fastener for these

components.

In instrumentation transmission systems, tungsten alloy threaded rods are primarily used to secure
rotating components and drive mechanisms. For example, in the rotor system of a spectrometer, the rods
must withstand the centrifugal forces and vibrations of high-speed rotation. Tungsten's high density
provides additional inertial stability, reducing the impact of vibration on measurement accuracy. The
thermal conductivity of tungsten-copper alloy threaded rods allows for rapid heat dissipation, preventing

transmission deviations caused by thermal deformation. Compared to ordinary steel threaded rods,
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tungsten alloy threaded rods offer superior fatigue resistance, while aluminum threaded rods lack the

strength to meet high-precision requirements.

The low coefficient of thermal expansion is a core advantage of tungsten alloy threaded rod in
transmission components. While instruments and equipment are subject to fluctuating ambient
temperatures, ordinary metal threaded rods can expand and deflect, while tungsten alloy threaded rods
maintain dimensional stability during temperature cycles. For example, in precision gear mounting,
tungsten alloy threaded rods ensure micron-level transmission accuracy and improve measurement
consistency. Furthermore, their high tensile strength enables them to withstand the stresses of high-

frequency drives.

The manufacturing process is crucial to the performance of tungsten alloy threaded rod in transmission
components. Powder metallurgy technology creates a dense alloy structure through high-temperature
sintering, reducing micro-defects and improving vibration resistance. High-precision CNC machining
ensures the geometric accuracy of the threads, optimizes stress distribution, and reduces the risk of
vibration-induced noise. Surface treatments such as laser hardening further enhance the wear resistance
of threaded rods, making them suitable for high-frequency transmission environments. For example, in

drive motor mounting, hardening can prevent surface wear and ensure long-term accuracy.

Tungsten alloy threaded rod is particularly important in transmission components. Instrumentation
operations involve high-frequency cyclic loading, and while ordinary metal threaded rods can become
loose due to fatigue, the uniform grain structure and optimized toughness of tungsten alloy threaded rods
enable them to withstand long-term vibration. For example, in reducer mounting, the optimized
toughness of tungsten-nickel-iron alloy threaded rods significantly improves fatigue resistance and

reduces maintenance requirements thanks to the optimized nickel.

3.3.4 Application of instrument and meter fixed parts

Tungsten alloy threaded rod is primarily used in instrumentation fixtures, securing housings, supports,
and optical components, ensuring structural stability in high-precision, high-vibration environments.
Instruments such as laser rangefinders and microscopes require extremely high stability and precision in
their fixtures. Tungsten alloy threaded rod, with its high strength, high density, and low thermal expansion
coefficient, is an ideal fastener for these components. The following discusses its specific uses from the

perspectives of application scenarios, performance advantages, and engineering optimization.

Tungsten alloy threaded rods are primarily used in instrumentation fixtures to connect housings and
internal components. For example, in optical analyzers, threaded rods must withstand vibration and
environmental fluctuations. Tungsten's high density provides additional stability, reducing the impact of
vibration on measurement accuracy. The high strength of tungsten-nickel-iron alloy threaded rods
ensures reliable connections under high loads. Compared to ordinary steel threaded rods, tungsten alloy
threaded rods offer greater fatigue resistance, while aluminum threaded rods are prone to deformation

due to their lack of strength.
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The low coefficient of thermal expansion is a core advantage of tungsten alloy threaded rod in fixtures.
While instruments and equipment are subject to fluctuating ambient temperatures, ordinary metal
threaded rods can expand and loosen. However, tungsten alloy threaded rods maintain dimensional
stability during temperature cycles. For example, in microscope lens mounting, tungsten alloy threaded
rods ensure micron-level positioning accuracy, improving image quality. Furthermore, their high tensile

strength allows them to withstand the stresses of instrument handling.

The manufacturing process is crucial to the performance of tungsten alloy threaded rod in fixed
components. Powder metallurgy technology creates a dense alloy structure through high-temperature
sintering, reducing microscopic defects and improving vibration resistance. High-precision CNC
machining ensures the geometric accuracy of the threads, optimizes stress distribution, and reduces the
risk of stress concentration. Surface treatments such as anti-corrosion coatings further enhance the

threaded rod's moisture resistance and environmental adaptability.

3.3.5 Application of positioning components for precision measuring equipment

Tungsten alloy threaded rod is primarily used in positioning components of precision measuring
equipment, securing guide rails, sensors, and calibration devices to ensure accurate positioning during
high-precision measurement. Precision measuring equipment such as coordinate measuring machines
(CMMs) and laser interferometers require extremely high stability and accuracy in positioning
components. Tungsten alloy threaded rod, with its high strength, low thermal expansion coefficient, and
vibration resistance, is an ideal fastener for these components. The following discusses its specific uses

from the perspectives of application scenarios, performance, and design optimization.

In positioning components of precision measuring equipment, tungsten alloy threaded rods are primarily
used to secure guide rails and sensor brackets. For example, in CMM (Computer Machine) head
mounting, threaded rods must withstand vibration and environmental fluctuations. Tungsten's high
density provides additional stability, reducing the impact of vibration on measurement accuracy. The
thermal conductivity of tungsten-copper alloy threaded rods allows for rapid heat dissipation, preventing
positioning errors caused by thermal deformation. Compared to standard steel threaded rods, tungsten
alloy threaded rods offer greater stability due to their low thermal expansion coefficient, while aluminum

threaded rods are prone to misalignment due to their lack of strength.

The low coefficient of thermal expansion is a core advantage of tungsten alloy threaded rod in positioning
components. While measuring equipment operates in environments subject to temperature fluctuations ,
ordinary metal threaded rods can expand and deflect. However, tungsten alloy threaded rods maintain
dimensional stability during temperature cycles. For example, in laser interferometer guide rails, tungsten
alloy threaded rods ensure nanometer-level positioning accuracy and improve measurement consistency.

Furthermore, their high tensile strength allows them to withstand the stresses of sensor adjustments.

The manufacturing process is crucial to the performance of tungsten alloy threaded rods in positioning

components. Powder metallurgy technology creates a dense alloy structure through high-temperature
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sintering, reducing microscopic defects and improving positioning stability. High-precision CNC
machining ensures the geometric accuracy of the threads, optimizes stress distribution, and reduces the
risk of vibration-induced misalignment. Surface treatments such as corrosion-resistant coatings further
enhance the threaded rod's moisture resistance and environmental adaptability. For example, in sensor

mounting, the coating can prevent corrosion in humid environments, ensuring long-term accuracy.

Tungsten alloy threaded rod is particularly important in positioning components. Measuring equipment
operates with minute vibrations that can cause loosening of standard metal threaded rods. However, the
high density and optimized toughness of tungsten alloy threaded rods allow them to absorb shock. For
example, in calibration fixtures, the tungsten-nickel-iron alloy threaded rod, enhanced by the toughness

of nickel, significantly improves vibration resistance and reduces the need for calibration.

3.4 Application of Tungsten Alloy Threaded Rod in Energy Field

Tungsten alloy threaded rod's application in the energy sector benefits from its high strength, corrosion
resistance, high temperature resistance, and low thermal expansion coefficient, making it an ideal
fastener for extreme environments and high-precision applications such as the nuclear industry, oil
extraction, solar photovoltaics, and wind power generation . Energy equipment must operate in high-
temperature, high-pressure, corrosive, or high-vibration environments. Tungsten alloy threaded rod, with
its excellent mechanical properties and environmental adaptability, is widely used to secure critical

components and precision structures, ensuring long-term system reliability and efficiency.

In the energy sector, tungsten alloy threaded rod is primarily used to secure shielding components in
nuclear reactors, high-voltage components in oil drilling equipment, solar photovoltaic mounting systems,
and high-strength connectors for wind turbines. Its high density excels in vibration suppression and
structural stability. For example, in wind turbine blade connections, tungsten alloy threaded rod provides
sufficient mass stability, minimizing the impact of vibration on equipment life. Compared to ordinary
steel threaded rod, tungsten alloy threaded rod offers superior corrosion resistance and high-temperature
resistance. Aluminum threaded rod, however, lacks the strength to meet the extreme demands of the

energy industry.

In specific applications, the diverse designs of tungsten alloy threaded rods meet the complex needs of
the energy industry. For example, tungsten-copper alloy threaded rods, due to their excellent thermal
conductivity, are used for thermal management in solar photovoltaic mounts; tungsten-nickel-iron alloys,
due to their high strength, are used for high-voltage fixturing in nuclear reactors. These customized
properties enable tungsten alloy threaded rods to flexibly address diverse scenarios in the energy sector.
In contrast, conventional metal threaded rods have limited performance and are unable to meet the high

reliability and multifunctionality requirements.

While tungsten alloy threaded rod offers significant advantages in energy applications, its high density
can increase equipment weight, hindering certain lightweight designs. Manufacturers are optimizing

alloy formulations and rod dimensions to minimize weight while maintaining performance. While
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production costs are high, its long-term benefits are significant in high-reliability scenarios, particularly

in sectors like the energy industry, where safety and durability are paramount.

3.4.1 Extreme Environment Applications in the Nuclear Industry

Tungsten alloy threaded rod's application in extreme environments in the nuclear industry is primarily
reflected in its use in securing reactor shielding assemblies, fuel rod support structures, and cooling
system components, ensuring stable operation of equipment in high-radiation, high-temperature, and
high-pressure environments. The nuclear industry requires fasteners with extremely high radiation
resistance, corrosion resistance, and mechanical properties. Tungsten alloy threaded rod, with its high
density, high-temperature resistance, and low thermal expansion coefficient, is an ideal choice for these

applications.

In nuclear reactors, tungsten alloy threaded rods are primarily used to secure shield plates and control
rod drive mechanisms. For example, in the shielding assembly of pressurized water reactors, the rods
must withstand high gamma-ray doses and high-temperature coolant. Tungsten's high density effectively
absorbs radiation, reducing the risk of scattered radiation to personnel. The corrosion resistance of
tungsten-nickel-iron alloy threaded rods ensures long-term stability in coolant chemical environments.
Compared to conventional steel threaded rods, tungsten alloy threaded rods are less susceptible to
degradation under high radiation exposure, while aluminum threaded rods lack the density to provide

effective shielding.

High-temperature resistance and a low coefficient of thermal expansion are the core advantages of
tungsten alloy threaded rod in the nuclear industry. During reactor operation, temperatures can reach
hundreds of degrees Celsius. While conventional metal threaded rods can loosen due to thermal
expansion or creep, tungsten alloy threaded rods maintain dimensional stability during high-temperature
cycles. For example, in fuel rod support structures, tungsten alloy threaded rods ensure micron-level
positioning accuracy, enhancing reactor safety. Furthermore, their high tensile strength enables them to

withstand the stresses of high-pressure coolant systems.

3.4.2 Extreme environment resistant applications in oil production

Tungsten alloy threaded rod's application in extreme oil production environments is primarily reflected
in its use in securing drilling equipment, valve systems, and pipeline connections, ensuring reliable
operation in high-temperature, high-pressure, and corrosive environments. Oil production involves the
demanding conditions of deepwater or high-temperature oil fields. Tungsten alloy threaded rod, with its
high strength, corrosion resistance, and fatigue resistance, is an ideal fastener for these applications. The
following discusses its specific uses from the perspectives of application scenarios, performance

advantages, and design optimization.

In oil production, tungsten alloy threaded rod is primarily used to secure drill bit support structures and

high-pressure valves. For example, in deep-sea drilling platforms, threaded rod must withstand seawater
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corrosion and the impact of high-pressure fluids. Tungsten's high strength and corrosion resistance enable
it to maintain surface integrity in acidic or saline environments. Tungsten-nickel-iron alloy threaded rod
significantly improves corrosion resistance through the chemical stability of nickel. Compared to
ordinary steel threaded rod, tungsten alloy threaded rod is less susceptible to rust, while aluminum

threaded rod lacks the strength to withstand high pressures.

Corrosion resistance and fatigue resistance are the core advantages of tungsten alloy threaded rod in oil
production. The production environment involves sour gases and cyclic loading. While ordinary metal
threaded rods may fail due to corrosion or fatigue, tungsten alloy threaded rods are able to maintain
stability in harsh environments. For example, in pipeline connections, the corrosion resistance of tungsten
alloy threaded rods ensures long-term sealing and eliminates the risk of leaks. Furthermore, its high

tensile strength enables it to withstand the impact of high-pressure fluids.

3.4.3 Application of Precision Brackets for Solar Photovoltaic Equipment

Tungsten alloy threaded rods are primarily used in precision brackets for solar photovoltaic equipment,
securing photovoltaic panels, tracking systems, and cooling modules, ensuring structural stability in
high-temperature, outdoor environments. Solar photovoltaic equipment requires high precision under
temperature fluctuations and wind loads. Tungsten alloy threaded rods, with their low coefficient of
thermal expansion, high strength, and corrosion resistance, are ideal fasteners for these brackets. The

following discusses their specific applications, performance, and design optimization.

In solar photovoltaic equipment , tungsten alloy threaded rods are primarily used to secure photovoltaic
panels and solar trackers. For example, in solar power plants located in desert regions, threaded rods
must withstand high temperatures and sand and dust erosion. Tungsten's low coefficient of thermal
expansion ensures dimensional stability during temperature cycles, preventing panel misalignment
caused by thermal deformation. The thermal conductivity of tungsten-copper alloy threaded rods allows
for rapid heat dissipation, safeguarding the efficiency of photovoltaic panels. Tungsten alloy threaded
rods are also more corrosion-resistant than conventional steel threaded rods, while aluminum threaded

rods are prone to deformation due to their lack of strength.

Low thermal expansion coefficient and corrosion resistance are the core advantages of tungsten alloy
threaded rod in precision mounting systems. Photovoltaic equipment is exposed to outdoor temperatures,
which can fluctuate from -20°C to 70°C. While ordinary metal threaded rods can expand and loosen,
tungsten alloy threaded rods maintain a tight connection. For example, in tracking system mounting,
tungsten alloy threaded rods ensure micron-level positioning accuracy, improving solar energy
conversion efficiency. Furthermore, their high tensile strength enables them to withstand wind loads and

mechanical stresses.

3.4.4 Application of high-strength connection components in wind power generation equipment

Tungsten alloy threaded rod is primarily used in high-strength connection components of wind turbines,
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securing blades, towers, and gearboxes, ensuring the structural integrity of the equipment under high
wind loads and vibration. Wind turbines must operate under strong winds and cyclic loading conditions,
and tungsten alloy threaded rod, with its high strength, density, and fatigue resistance, is an ideal fastener
for these connections. The following discusses its specific uses from the perspectives of application

scenarios, performance advantages, and design optimization.

In wind turbines, tungsten alloy threaded rods are primarily used to connect blade roots to tower
structures. For example, in offshore wind farms, threaded rods must withstand the erosion of sea breezes
and salt spray. Tungsten's high strength and corrosion resistance enable reliable connections in high-
humidity environments. Tungsten-nickel-iron alloy threaded rods significantly enhance tensile strength
by optimizing the strength of iron. Compared to ordinary steel threaded rods, tungsten alloy threaded

rods are less susceptible to rust, while aluminum threaded rods lack the strength to withstand wind loads.

High strength and fatigue resistance are the core advantages of tungsten alloy threaded rod in connecting
components. Wind turbine operation involves high-frequency vibration and cyclic stress. While ordinary
metal threaded rods can become loose due to fatigue, the uniform grain structure and optimized toughness
of tungsten alloy threaded rods enable them to withstand long-term stress. For example, in blade
connections, tungsten alloy threaded rods ensure a secure fixation, improving power generation
efficiency. Furthermore, their high density provides additional vibration damping, reducing structural

fatigue.

3.5 Application of Tungsten Alloy Threaded Rod in Military Field

Tungsten alloy threaded rod's military applications benefit from its high density, high strength, high
temperature resistance, and corrosion resistance, making it an indispensable fastener in weaponry,
armored vehicles, and ammunition delivery systems. Military equipment must maintain structural
stability and functional reliability under high impact, high temperature, high vibration, and extreme
environmental conditions. Tungsten alloy threaded rod, with its excellent mechanical properties and
environmental adaptability, is widely used for securing high-density structural parts, connecting
protective systems, and securing high-temperature components. The following detailed discussion of the
military applications of tungsten alloy threaded rod focuses on application scenarios, performance

advantages, and engineering value.

In the military, tungsten alloy threaded rods are primarily used to secure high-density structural
components in weaponry, protective modules in armored vehicles, and high-temperature resistant
components in ammunition launch systems. Their high density (approximately 17-18.5 g/cm?) excels in
mass balance and vibration suppression. For example, in securing tank turrets, tungsten alloy threaded

rods provide sufficient mass stability to reduce the impact of vibration on aiming accuracy.

Tungsten alloy threaded rod are particularly important in military applications. Military equipment is
often subject to extreme temperature fluctuations and high-frequency vibration. While conventional

metal threaded rods can fail due to thermal expansion or fatigue, tungsten alloy threaded rods maintain
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dimensional stability and long-term durability. For example, in armored vehicle protection systems,
tungsten-nickel-iron alloy threaded rods, optimized for nickel toughness, significantly improve fatigue
resistance and ensure connection stability in high-impact environments. Furthermore, their corrosion

resistance allows them to maintain surface integrity in marine or chemical warfare environments.

3.5.1 Application Types of High- Gravity Structural Parts in Weapons and Equipment

Tungsten alloy threaded rod is primarily used in high- density structural components of weaponry,
securing gun turrets, recoil mechanisms, and counterweights, ensuring stability and precision in high-
shock and high-vibration environments. Weapons require high-density materials to optimize mass
distribution and dynamic balance. Tungsten alloy threaded rod, with its high density, strength, and fatigue
resistance, is an ideal fastener for these components. The following discusses its specific uses from the

perspectives of application scenarios, performance, and design optimization.

In weaponry, tungsten alloy threaded rod is primarily used to secure rotating components and recoil
mechanisms in artillery. For example, in tank turrets, the rod must withstand the intense shock and
vibration of firing. Tungsten's high density (approximately 17-18.5 g/cm?) provides additional inertial
stability, reducing the impact of vibration on aiming accuracy. Tungsten-nickel-iron alloy threaded rod,
optimized by nickel's toughness, significantly improves impact resistance. Compared to conventional
steel threaded rod, tungsten alloy threaded rod offers superior fatigue resistance, while aluminum

threaded rod lacks the strength to withstand high impact stresses.

Fatigue resistance and high strength are the core advantages of tungsten alloy threaded rod in high-
density structural components. Weaponry operation involves high-frequency vibration and cyclic loading,
and while ordinary metal threaded rods can become loose due to fatigue, the uniform grain structure and
optimized toughness of tungsten alloy threaded rods enable them to withstand long-term stresses. For
example, in recoil mechanism fixation, tungsten alloy threaded rods ensure micron-level positioning
accuracy, improving shooting consistency. Furthermore, their corrosion resistance ensures surface

integrity in field environments.

3.5.2 Application requirements for high- density structural parts of weapons and equipment

Tungsten alloy threaded rods are used in high-density structural components of weaponry and equipment ,
requiring high density, high strength, fatigue resistance, corrosion resistance, and a low thermal
expansion coefficient to ensure reliability and precision in extreme environments. These components
must maintain stability under high shock, high vibration, and complex climates. Tungsten alloy threaded

rods meet these stringent requirements through their superior performance.

High Density Requirements: High-density structural components require sufficient mass to optimize
dynamic balance. For example, in artillery counterweights, threaded rods must have a density of 17-18.5
g/em® to provide vibration damping. Tungsten's high density significantly outperforms steel and

aluminum, ensuring stability during firing. High Strength and Fatigue Resistance Requirements:
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Operation of weaponry involves severe impact and cyclic loading, requiring threaded rods to withstand
high tensile strength and fatigue resistance. Tungsten-nickel-iron alloys, through the optimized toughness
of nickel, significantly improve fatigue life, meeting the long-term operational requirements of turrets
and recoil mechanisms. Compared to ordinary steel threaded rods, tungsten alloy threaded rods are less

susceptible to fracture under high stress.

Corrosion resistance requirements: Field combat environments may include moisture, salt spray, and
chemicals, requiring threaded rods to possess excellent corrosion resistance. The chemical inertness and
corrosion-resistant surface coating of tungsten alloy threaded rods enable them to maintain performance
in marine or acidic environments. For example, in the mounting of naval guns, the coating protects
against salt spray corrosion. Low thermal expansion coefficient requirements: Weapons and equipment
operate in deserts or extremely cold environments , where temperature fluctuations can cause loosening
of connections. Tungsten alloy threaded rods' low thermal expansion coefficient (approximately 4.5 pm/
m-K ) ensures dimensional stability over a temperature range of -40°C to 500°C, surpassing that of steel

and aluminum.

3.5.3 Application of Connecting Components in Armored Vehicle Protection Systems

Tungsten alloy threaded rod is primarily used in the connection components of armored vehicle
protection systems, securing armor plates, reactive armor, and protective modules to ensure the vehicle's
structural integrity in high-impact and explosive environments. Armored vehicles must withstand
projectile impact and vibration under extreme battlefield conditions. Tungsten alloy threaded rod, with

its high strength, density, and fatigue resistance, is an ideal fastener for these connection components.

In armored vehicles, tungsten alloy threaded rods are primarily used to connect composite armor and
protective modules. For example, in main battle tank armor plate fastenings, threaded rods must
withstand explosive shock and vibration. Tungsten's high density provides additional stability, reducing
structural damage from impact. Tungsten-nickel-iron alloy threaded rods, optimized for nickel's
toughness, significantly enhance impact resistance. Compared to conventional steel threaded rods,
tungsten alloy threaded rods offer superior fatigue resistance, while aluminum threaded rods lack the
strength to withstand high impact stresses. Impact resistance and high strength are the core advantages
of tungsten alloy threaded rod in protective systems. Battlefield environments involve high-energy
impacts and cyclic loading. While ordinary metal threaded rods can fail due to fatigue or fracture, the
uniform grain structure and optimized toughness of tungsten alloy threaded rods enable them to absorb
impact energy. For example, in reactive armor mounting, tungsten alloy threaded rods ensure a secure
connection between modules, enhancing protective effectiveness. Furthermore, their corrosion resistance

allows them to maintain surface integrity in dusty or marine environments.

3.5.4 Application of High-Temperature Resistant Components in Ammunition Launching Systems

Tungsten alloy threaded rod is primarily used in high-temperature components of ammunition launch

systems, securing launch tubes, propulsion systems, and thermal management components, ensuring
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reliable operation in high-temperature and high-stress environments. Ammunition launch systems must
operate under transient high-temperature and high-impact conditions. Tungsten alloy threaded rod, with
its high-temperature resistance, high strength, and low thermal expansion coefficient, is an ideal fastener
for these components. The following discusses its specific applications, performance advantages, and

design optimization.

In ammunition launch systems, tungsten alloy threaded rods are primarily used to secure rocket launch
tubes and barrel components. For example, in missile launchers, threaded rods must withstand the
transient high temperatures (reaching over 1000°C) and impacts generated by combustion. Tungsten's
high melting point (3422°C) and high-temperature resistance enable it to maintain strength under extreme
conditions. The thermal conductivity of tungsten-copper alloy threaded rods allows for rapid heat
dissipation, preventing the accumulation of thermal stress. Compared to ordinary steel threaded rods,
tungsten alloy threaded rods are less susceptible to softening at high temperatures, while aluminum
threaded rods are less strong than conventional steel threaded rods and cannot withstand high-

temperature impacts.

High-temperature resistance and a low coefficient of thermal expansion are the core advantages of
tungsten alloy threaded rod in high-temperature components. The firing process involves drastic
temperature fluctuations. While conventional metal threaded rods can fail due to thermal expansion or
creep, tungsten alloy threaded rods maintain dimensional stability during high-temperature cycles. For
example, in gun barrel mounting, tungsten alloy threaded rods ensure micron-level positioning accuracy,
improving firing consistency. Furthermore, their high tensile strength enables them to withstand

explosive shock.

3.6 Application of Tungsten Alloy Threaded Rod in Electronic Information Field

Tungsten alloy threaded rod's application in the electronics and information technology sector benefits
from its high density, high strength, low thermal expansion coefficient, and excellent electrical and
thermal conductivity, making it a key fastener in high-precision equipment such as semiconductor
manufacturing equipment and electron microscopes. The electronics and information technology sector
places extremely high demands on equipment precision and stability. Tungsten alloy threaded rod, with
its excellent mechanical properties and environmental adaptability, is widely used in precision
transmission and adjustment mechanisms, ensuring reliable operation in high-temperature, vacuum, and
high-vibration environments. The following discusses its specific role from the perspectives of

application scenarios, performance advantages, and engineering value.

In the electronics and information technology sector, tungsten alloy threaded rod is primarily used to
secure transmission components in semiconductor manufacturing equipment and adjust the mechanisms
of electron microscopes. Its high density excels in vibration suppression and mass balance. For example,
in the transmission system of a photolithography machine, tungsten alloy threaded rod provides sufficient
mass stability, minimizing the impact of vibration on nanometer-level precision. Compared to ordinary

steel threaded rod, its low coefficient of thermal expansion ensures dimensional stability despite

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
RS IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

% 66 t 108 T1

=1


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

temperature fluctuations. Aluminum threaded rod, however, lacks the strength to meet high-precision

requirements.

Tungsten alloy threaded rods are particularly important in electronic information applications.
Semiconductor devices often involve high temperatures and cyclic loading. While conventional metal
threaded rods can fail due to thermal expansion or fatigue, tungsten alloy threaded rods maintain stability
and long-term durability. For example, in the adjustment mechanism of an electron microscope, tungsten-
copper alloy threaded rods utilize their excellent thermal conductivity to rapidly dissipate heat,
preventing thermal deformation that could affect imaging accuracy. Furthermore, their corrosion

resistance allows them to maintain surface integrity even in vacuum or chemical cleaning environments.

3.6.1 Application of Precision Transmission Components in Semiconductor Manufacturing

Equipment

Tungsten alloy threaded rods are primarily used in precision transmission components of semiconductor
manufacturing equipment to secure the drive mechanisms of photolithography machines, etching
equipment, and wafer transport systems, ensuring stable operation in high-precision, high-temperature
environments. Semiconductor manufacturing equipment requires nanometer-level precision and extreme
stability. Tungsten alloy threaded rods, with their high density, strength, low thermal expansion
coefficient, and excellent electrical and thermal conductivity, are ideal fasteners for these transmission

components.

In semiconductor manufacturing equipment, tungsten alloy threaded rods are primarily used to secure
stepper motors, guide rails, and precision gears. For example, in the wafer stage drive system of a
photolithography machine, threaded rods must withstand the vibration and heat of high-speed motion.
Tungsten's high density (approximately 17-18.5 g/cm?) provides additional inertial stability, reducing the
impact of vibration on precision. The thermal conductivity of tungsten-copper alloy threaded rods allows
for rapid heat dissipation, preventing transmission deviations caused by thermal deformation. Compared
to conventional steel threaded rods, tungsten alloy threaded rods offer greater stability due to their low
thermal expansion coefficient. Aluminum threaded rods, however, lack the strength to meet high-
precision requirements. Low thermal expansion coefficient and thermal conductivity are the core
advantages of tungsten alloy threaded rod in precision transmission. Semiconductor manufacturing
involves vacuum and high-temperature environments. While ordinary metal threaded rods may deflect
due to thermal expansion, tungsten alloy threaded rods maintain dimensional stability during temperature
cycles. For example, in the transmission mechanism of etching equipment, tungsten alloy threaded rods
ensure nanometer-level positioning accuracy and improve processing consistency. Furthermore, their

high tensile strength enables them to withstand the stresses of high-frequency drives.

3.6.2 Application of Electron Microscope Adjustment Mechanism Components

Tungsten alloy threaded rods are primarily used in electron microscope adjustment mechanism

components to secure lenses, sample stages, and scanning systems, ensuring stable operation in high-
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precision, high-vacuum environments. Electron microscopes require submicron positioning accuracy and
extreme stability. Tungsten alloy threaded rods, with their high density, high strength, and low thermal

expansion coefficient, are ideal fasteners for these adjustment mechanisms.

In electron microscopes, tungsten alloy threaded rods are primarily used to secure lens arrays and stage
adjustment mechanisms. For example, in the stage of a scanning electron microscope (SEM), the rods
must withstand fine-tuning vibrations and the heat of the vacuum environment. Tungsten's high density
provides additional stability, reducing the impact of vibration on imaging accuracy. The thermal
conductivity of tungsten-copper alloy threaded rods allows for rapid heat dissipation, preventing
positioning errors caused by thermal deformation. Compared to conventional steel threaded rods,
tungsten alloy threaded rods offer greater stability due to their low thermal expansion coefficient.

Aluminum threaded rods, however, lack the strength to meet high-precision requirements.

The low coefficient of thermal expansion is a key advantage of tungsten alloy threaded rods in adjustment
mechanisms. Temperature fluctuations during microscope operation can affect precision, and while
ordinary metal threaded rods can expand and deflect, tungsten alloy threaded rods maintain
dimensionally stable through vacuum and temperature cycling . For example, in lens assembly fixturing ,
tungsten alloy threaded rods ensure submicron positioning accuracy, improving image quality.

Furthermore, their high tensile strength enables them to withstand the stresses of fine-tuning mechanisms.

3.7 Application of Tungsten Alloy Threaded Rod in Automobile Manufacturing

Tungsten alloy threaded rod's application in the automotive industry benefits from its high strength, high-
temperature resistance, corrosion resistance, and fatigue resistance, making it an ideal fastener for key
components in high-performance racing cars and new energy vehicles. Automotive manufacturing places
extremely high demands on fasteners for strength, stability, and environmental adaptability. Tungsten
alloy threaded rod, with its excellent mechanical properties, is widely used in applications such as engine
mounting and battery pack connections, ensuring vehicle reliability under high loads and extreme

environments.

In automotive manufacturing, tungsten alloy threaded rods are primarily used to secure engine
components in high-performance racing cars and battery packs in new energy vehicles. Their high density
excels in vibration suppression and mass balancing. For example, in securing turbochargers in racing
engines, tungsten alloy threaded rods provide sufficient mass stability to minimize the impact of vibration

on performance.

Tungsten alloy threaded rods is particularly important in automotive manufacturing. Racing engines and
battery packs operate at high temperatures and under cyclic loading. While conventional metal threaded
rods can fail due to thermal expansion or fatigue, tungsten alloy threaded rods maintain stability and
long-term durability. For example, in new energy vehicle battery packs , tungsten-nickel-iron alloy
threaded rods, optimized for nickel toughness, significantly improve fatigue resistance and ensure

connection stability in vibrating environments. Furthermore, their corrosion resistance allows them to
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maintain surface integrity in humid or chemical environments.

The precision of the manufacturing process further enhances the applicability of tungsten alloy threaded
rod in automotive manufacturing. Powder metallurgy technology forms a dense alloy structure through
high-temperature sintering, reducing microscopic defects and improving the reliability of threaded rods
under high-load environments. High-precision CNC machining ensures the geometric accuracy of the
threads, optimizes stress distribution, and reduces the risk of failure caused by vibration. Surface
treatments such as anti-corrosion coatings or laser hardening further enhance the wear resistance and
high-temperature resistance of threaded rods, meeting the demanding requirements of automotive

manufacturing.

3.7.1 Application of high-temperature resistant components in high-performance racing engines

Tungsten alloy threaded rod is primarily used in high-temperature components of high-performance
racing engines, securing turbochargers, exhaust systems, and combustion chamber components, ensuring
reliable operation in high-temperature and high-stress environments. High-performance racing engines
are subject to temperatures up to 1000°C and severe vibration. Tungsten alloy threaded rod, with its high
strength, high-temperature resistance, and low coefficient of thermal expansion, is an ideal fastener for

these components.

In high-performance racing engines, tungsten alloy threaded rods are primarily used to secure turbine
blades and exhaust manifolds. For example, in the turbochargers of Formula 1 race cars, the rods must
withstand the impact of high-temperature gases and high-speed rotation. Tungsten's high melting point
(3422°C) enables it to maintain strength even in extreme temperatures. The thermal conductivity of
tungsten-copper alloy threaded rods allows for rapid heat dissipation, preventing the accumulation of
thermal stress. Compared to ordinary steel threaded rods, tungsten alloy threaded rods are less susceptible
to softening at high temperatures, while aluminum threaded rods lack the strength to withstand high

temperatures and high stresses.

High-temperature resistance and a low coefficient of thermal expansion are the core advantages of
tungsten alloy threaded rod in high-temperature components. While engines can experience rapid
temperature fluctuations during operation, conventional metal threaded rods can fail due to thermal
expansion or creep. However, tungsten alloy threaded rods maintain dimensional stability during high-
temperature cycles. For example, in combustion chamber fixtures, tungsten alloy threaded rods ensure
micron-level positioning accuracy, improving engine efficiency. Furthermore, their high tensile strength

enables them to withstand the stresses of high-speed rotation.

The manufacturing process is crucial to the performance of tungsten alloy threaded rod in high-
temperature components. Powder metallurgy technology creates a dense alloy structure through high-
temperature sintering, reducing micro-defects and improving high-temperature performance. High-
precision CNC machining ensures the geometric accuracy of the threads, optimizes stress distribution,

and reduces the risk of cracking at high temperatures. Surface treatments such as anti-oxidation coatings
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further enhance the threaded rod's high-temperature and corrosion resistance. For example, in exhaust

system mounting, the coating prevents high-temperature oxidation and ensures long-term reliability.

3.7.2 Application of High-Strength Fixing Components in New Energy Vehicle Battery Packs

Tungsten alloy threaded rods are used primarily in high-strength fastening components of new energy
vehicle battery packs, securing battery modules, heat sinks, and protective housings to ensure the pack's
structural integrity in environments subject to high vibration and temperature fluctuations. New energy
vehicle battery packs must maintain stability under high loads and long-term operation. Tungsten alloy
threaded rods, with their high strength, corrosion resistance, and fatigue resistance, are ideal fasteners

for these components.

In new energy vehicle battery packs, tungsten alloy threaded rods are primarily used to connect battery
modules and housing structures. For example, in securing electric vehicle battery packs, threaded rods
must withstand the vibration and impact of vehicle travel. Tungsten's high density provides additional
stability, reducing the impact of vibration on battery connections. Tungsten-nickel-iron alloy threaded
rods, optimized for nickel toughness, significantly enhance impact resistance. Compared to conventional
steel threaded rods, tungsten alloy threaded rods offer greater corrosion resistance, while aluminum

threaded rods lack the strength to withstand high loads.

High strength and fatigue resistance are the core advantages of tungsten alloy threaded rods in battery
pack fastening . Battery pack operation involves cyclic loading and vibration, and while ordinary metal
threaded rods can become loose due to fatigue, the uniform grain structure and optimized toughness of
tungsten alloy threaded rods enable them to withstand long-term stresses. For example, in heat sink
fastening, tungsten alloy threaded rods ensure a secure connection and improve battery thermal
management efficiency. Furthermore, their corrosion resistance allows them to maintain surface integrity

in humid or electrolyte environments.

The manufacturing process is crucial to the performance of tungsten alloy threaded rods in battery pack
fastening applications . Powder metallurgy technology creates a dense alloy structure through high-
temperature sintering, reducing microdefects and improving vibration resistance. High-precision CNC
machining ensures thread geometry accuracy, optimizes stress distribution, and reduces the risk of
vibration-induced failure. Surface treatments such as corrosion-resistant coatings further enhance the
threaded rod's moisture and chemical resistance. For example, in protective housing fastening, the

coating protects against electrolyte corrosion, ensuring long-term reliability.

3.8 Application of Tungsten Alloy Threaded Rod in Shipbuilding

Tungsten alloy threaded rod's application in marine engineering benefits from its high strength, seawater
corrosion resistance, and fatigue resistance, making it an ideal fastener for critical components in ship
power systems and deep-sea exploration equipment. Marine engineering requires equipment reliability

in high humidity, salt spray, and high-pressure environments. Tungsten alloy threaded rod, with its
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excellent corrosion resistance and mechanical properties, is widely used for power system fastening and
high-voltage connections, ensuring long-term, stable operation of equipment in marine environments.

The following discusses its specific applications, performance advantages, and engineering value.

In marine engineering, tungsten alloy threaded rod is primarily used to secure high-voltage components
in ship engines, propeller shafts, and deep-sea exploration equipment. Its high density excels in vibration
suppression and mass balance. For example, in securing ship engines, tungsten alloy threaded rod
provides sufficient mass stability, reducing the impact of vibration on power output. Compared to
ordinary steel threaded rod, tungsten alloy threaded rod is more resistant to seawater corrosion, while

aluminum threaded rod lacks the strength to meet marine requirements.

tungsten alloy threaded rod are particularly important in marine engineering. Marine environments
involve salt spray and cyclic loading, and while ordinary metal threaded rods can fail due to corrosion or
fatigue, tungsten alloy threaded rods are able to maintain stability in these harsh environments. For
example, in the connections of deep-sea exploration equipment, tungsten-nickel-iron alloy threaded rods
significantly improve corrosion resistance through the chemical stability of nickel, ensuring long-term
connection reliability. Furthermore, their high tensile strength enables them to withstand high pressure

and vibration.

3.8.1 Application of Seawater Corrosion-Resistant Components in Ship Power Systems

Tungsten alloy threaded rod is primarily used in seawater-resistant components of marine power systems,
securing engines, propeller shafts, and cooling system components, ensuring reliable operation in high-
humidity, salt-spray environments. Ship power systems must withstand corrosion and vibration in marine
environments, and tungsten alloy threaded rod, with its high strength, seawater corrosion resistance, and
fatigue resistance, is an ideal fastener for these components. The following discusses its specific uses

from the perspectives of application scenarios, performance advantages, and design optimization.

In marine propulsion systems, tungsten alloy threaded rods are primarily used to secure diesel engines
and propeller shaft support structures. For example, in ocean-going vessel engine mounts, threaded rods
must withstand salt spray corrosion and vibration. Tungsten's high strength and corrosion resistance
enable it to maintain surface integrity in seawater environments. Tungsten-nickel-iron alloy threaded
rods significantly enhance corrosion resistance through the chemical stability of nickel. Compared to
ordinary steel threaded rods, tungsten alloy threaded rods are less susceptible to rust, while aluminum

threaded rods lack the strength to withstand high loads.

Seawater corrosion resistance and fatigue resistance are the core advantages of tungsten alloy threaded
rod in power systems. The marine environment involves high salinity and cyclic loading. While ordinary
metal threaded rods may fail due to corrosion or fatigue, tungsten alloy threaded rods are able to maintain
stability in harsh environments. For example, in propeller shaft fastenings , tungsten alloy threaded rods
ensure a secure connection and reduce vibration-induced loosening. Furthermore, their high tensile

strength enables them to withstand the stresses of engine operation.
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3.8.2 Application of high-pressure environment connection components in deep-sea exploration

equipment

Tungsten alloy threaded rods are used primarily in high-pressure connection components of deep-sea
exploration equipment, securing pressure chambers, sensor brackets, and transmission mechanisms,
ensuring reliable operation in the high-pressure and corrosive environments of the deep sea. Deep-sea
exploration equipment must operate in high-pressure, saltwater environments at depths of thousands of
meters. Tungsten alloy threaded rods, with their high strength, corrosion resistance, and fatigue resistance,

are ideal fasteners for these connections.

In deep-sea exploration equipment, tungsten alloy threaded rods are primarily used to connect pressure
chambers and transmission components. For example, in sensor mounting on deep-sea ROVs (remotely
operated vehicles), threaded rods must withstand thousands of atmospheres of pressure and seawater
corrosion. Tungsten's high strength and corrosion resistance enable reliable connections in extreme
environments. Tungsten-nickel-iron alloy threaded rods, thanks to the chemical stability of nickel,
significantly enhance corrosion resistance. Compared to ordinary steel threaded rods, tungsten alloy
threaded rods are less susceptible to rust, while aluminum threaded rods lack the strength to withstand

high pressures.

High strength and corrosion resistance are the core advantages of tungsten alloy threaded rod in high-
pressure environments. Deep-sea environments involve high pressure and saltwater corrosion. While
ordinary metal threaded rods can fail due to corrosion or fracture, tungsten alloy threaded rods remain
stable in these harsh environments. For example, in pressure chambers , tungsten alloy threaded rods
ensure a tight seal, preventing leaks caused by high pressure. Furthermore, their high tensile strength

enables them to withstand the mechanical stresses of deep-sea equipment.

CTIA GROUP LTD Tungsten Alloy Threaded Rod Image

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
FRAEX R AS CTIAQCD-MA-E/P 2024 ki CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

¥ 72 t 108 T1

=1


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

Chapter 4 Production Process of Tungsten Alloy Threaded Rod

Tungsten alloy threaded rod encompasses multiple steps, from raw material pretreatment to final forming.

The goal is to create high-strength, high-density, corrosion-resistant fasteners that meet the stringent
requirements of aerospace, medical, and energy industries. The production process ensures material
purity, structural uniformity, and thread accuracy. Using powder metallurgy techniques, tungsten powder
is mixed with other metal powders, pressed, and sintered to produce billets with superior performance.
The production process is centered around powder metallurgy, which precisely controls parameters at
every stage to minimize microscopic defects and enhance alloy performance. Tungsten's high melting
point makes it difficult to process via traditional smelting, making powder metallurgy the preferred
method. While tungsten alloy threaded rod is more complex to produce than steel threaded rod, its

superior performance gives it significant advantages in extreme environments.

4.1 Pretreatment of tungsten alloy raw materials

Tungsten alloy raw material pretreatment is fundamental to ensuring material quality and directly impacts
subsequent preparation and performance. Pretreatment includes purity testing and screening, drying and
impurity removal, and proportioning and mixing uniformity control. These efforts aim to ensure high
raw material purity, low impurities, and uniformity, providing a reliable foundation for powder

metallurgy.

4.1.1 Purity testing and screening of tungsten alloy raw materials

Raw material purity testing and screening is the first step in pretreatment. This ensures that the tungsten
powder and other alloying elements (such as nickel, iron, and copper) meet high purity requirements and
minimize the impact of impurities on threaded rod performance. The testing process involves identifying

trace elements such as oxygen and carbon to select powder that meets specifications.

Testing methods include spectral and chemical analysis to assess the impurity content of tungsten powder
and alloying elements. Spectroscopic analysis uses high-precision instruments to detect trace elements,
while chemical analysis verifies metal purity. The screening process uses magnetic separation to remove
ferromagnetic impurities, and vibration screening to remove unqualified particles to ensure uniform
particle size. Ultrasonic cleaning further removes surface adsorbents and improves powder cleanliness.
Quality control requires multi-point sampling and testing of each batch of raw materials to ensure batch
consistency. The source and testing data of screened raw materials must be recorded for traceability.
Insufficient purity can lead to sintering defects, affecting the strength and durability of threaded rods.
Optimization measures include the introduction of automated testing equipment to improve efficiency

and accuracy.

4.1.2 Tungsten alloy raw material drying and impurity removal process

The drying and impurity removal process is designed to remove moisture and non-metallic impurities
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from the tungsten alloy raw material, preventing the formation of pores or inclusions during the sintering
process and ensuring the material's chemical stability and processing performance. Tungsten alloy

powder is hygroscopic and requires scientific processing methods.

The drying process is typically performed in a vacuum or inert gas environment, using low-temperature
heating to remove adsorbed moisture and prevent powder oxidation. Rotary drying equipment provides
uniform heating, preventing localized overheating that can alter particle morphology. Impurity removal
processes include chemical cleaning, which uses a dilute acid solution to remove surface oxides, and

airflow sorting, which removes light impurities.

Quality control requires microscopic inspection of the powder surface to ensure the absence of residual
impurities. The removal of moisture and impurities directly impacts sintering quality. Optimization
measures include the use of continuous drying systems and high-efficiency filtration equipment to
shorten processing time and improve impurity removal. Scientific drying and impurity removal processes

lay a solid foundation for subsequent preparation.

4.1.3 Tungsten alloy raw material ratio and mixing uniformity control

Controlling the raw material ratio and mixing uniformity is a key step in ensuring consistent tungsten
alloy performance. By precisely proportioning tungsten powder and alloying elements (such as nickel,
iron, and copper) and uniformly mixing them, a composite powder with stable performance is formed.
The ratio must be optimized based on application requirements, and mixing must avoid component

segregation.

The proportioning process selects the appropriate ratio based on the application, such as high-strength
alloys for aerospace or high-thermal conductivity alloys for medical applications. High-precision
weighing equipment ensures accurate proportioning, and formulation optimization requires a balance
between strength and toughness. The mixing process utilizes a high-energy ball mill or V-type mixer

under an inert gas atmosphere to prevent oxidation and improve uniformity.

Quality control verifies uniformity by analyzing the phase and elemental distribution of the mixed
powder. Optimization measures include the introduction of ultrasonic-assisted mixing technology to
improve dispersion and shorten mixing time. Uniform proportioning and mixing ensure stable alloy

properties after sintering, providing a reliable material foundation for threaded rods .

4.2 Preparation of tungsten alloy

tungsten alloy is the core of threaded rod production . Using powder metallurgy techniques, the mixed
powder is compacted and sintered to form a high-density, high-strength billet. The preparation process
requires controlled process parameters to ensure the alloy's microstructure and properties meet the

demands of precision applications.
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4.2.1 Overview of Tungsten Alloy Powder Metallurgy Process

Powder metallurgy is the primary method for producing tungsten alloy threaded rod. Suitable for
processing tungsten with a high melting point, it offers advantages such as high material utilization and
controllable properties. The process involves powder mixing, compacting, sintering, and post-processing

to create a dense alloy billet.

Powder blending uniformly combines tungsten powder with alloying elements to form a composite
powder. Pressing presses the powder into a billet under high pressure, ensuring initial density. Sintering
promotes particle bonding at high temperatures, forming a high-density alloy. Post-processing includes
heat treatment and machining to optimize properties and shape. Powder metallurgy avoids the limitations

of traditional melting, making it suitable for applications in the aerospace and nuclear industries.

Optimizing the process requires the introduction of advanced equipment, such as hot isostatic pressing
(HIP), to enhance sintering results. Automated control systems monitor parameters in real time to ensure
process stability. Powder metallurgy provides high-performance blanks for threaded rods , meeting the

demands of demanding applications.

4.2.2 Key Operations in Tungsten Alloy Powder Metallurgy

The key steps in powder metallurgy include pressing, sintering, and post-processing. The operation of
each step directly affects the quality of the alloy and the performance of the threaded rod. Precise control
is the key to ensuring the uniformity and strength of the billet.

The pressing process utilizes cold isostatic pressing equipment, creating a high-density billet through
uniform pressure. The molds are made of high-strength materials and polished to minimize adhesion
defects. Sintering is performed in a vacuum or hydrogen environment, with controlled heating and
holding times to promote particle bonding and reduce porosity. Post-processing includes annealing for

stress relief, machining to create threads, and surface treatment to enhance corrosion resistance.

Quality control requires nondestructive testing to verify billet density and structure, and metallographic
analysis to check grain uniformity. Optimization measures include the introduction of a closed-loop
control system, enabling real-time parameter adjustments to ensure process stability. Precise operation at

key stages ensures high alloy billet quality, providing a reliable foundation for threaded rod processing .

4.2.3 Powder particle size and morphology control in tungsten alloy preparation

Controlling powder size and morphology is crucial to the performance and sintering quality of tungsten
alloys, directly affecting the density, strength, and processing properties of the billet. Control must be

maintained throughout the entire process from raw material preparation to sintering.

Particle size control involves producing a uniform powder through aerosolization or chemical reduction,
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followed by screening and grading to ensure consistent particle size. Morphology control utilizes plasma
spheronization technology to improve particle sphericity and flowability, minimizing pressing defects.

Shear forces must be controlled during mixing to avoid disrupting particle morphology.

Quality inspection involves microscopic observation of powder morphology to verify bulk density and
sintering shrinkage. Optimization measures include the introduction of nanopowder technology and
intelligent analysis systems to improve particle size consistency. Scientific particle size and morphology
control significantly enhances alloy performance and ensures the reliability and durability of the threaded

rod.

4.3 Forming and sintering of tungsten alloy

tungsten alloy threaded rods are critical stages in the production process, directly determining the density,
strength, and structural uniformity of the alloy blank. Using powder metallurgy techniques, tungsten
alloy powder is compacted and sintered at high temperatures to form a high-density, high-performance
blank, providing the foundation for subsequent processing. The forming process ensures close bonding
of powder particles, the sintering process promotes metallurgical bonding between particles, and the
cooling process optimizes the alloy's microstructure. These steps require strict control of process
parameters to reduce defects, improve performance, and meet the demanding requirements of aerospace,

medical, and other fields.

4.3.1 Tungsten alloy forming process

tungsten alloy forming process involves pressing a uniformly mixed tungsten alloy powder into a blank
with a specific shape and initial strength, providing a foundation for subsequent sintering. The forming
process must ensure densely packed powder particles and a uniform blank structure to avoid defects
during sintering. Common forming methods include cold isostatic pressing, compression molding, and

injection molding, each of which is selected based on the product's shape and performance requirements.

Cold isostatic pressing is the mainstream method for forming tungsten alloys. Powder is loaded into a
flexible mold and uniformly pressed in a high-pressure liquid medium to form a billet with uniform
density. This method is suitable for producing complex-shaped threaded rod billets and can effectively
reduce internal stress and porosity. Compression molding is suitable for simpler shapes. Powder is
directly pressed through a rigid mold. While simple to operate, it requires high mold precision. Injection
molding is used to produce small, precise tungsten alloy components. Powder is mixed with a binder and

injected into a mold. It is suitable for preforming high-precision threaded rods.

During the molding process, the powder's flowability and mold surface quality must be controlled.
Powder flowability is optimized through spheroidization, and the mold surface is polished and coated
with a release agent to reduce the risk of adhesion. After molding, the billet undergoes nondestructive
testing to ensure the absence of cracks or delamination. These measures ensure the billet possesses

sufficient initial strength and uniformity, laying the foundation for sintering.
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Optimizing the forming process requires a combination of automated equipment and online monitoring
technology. Automated pressing systems can improve production efficiency and reduce human error.
Online monitoring equipment can monitor billet density and shape in real time to ensure consistency.
The accuracy of the forming process directly impacts subsequent sintering results and the final

performance of the threaded rod.

4.3.2 Tungsten alloy sintering process parameter control

The sintering process is a core step in the preparation of tungsten alloys. High-temperature treatment
causes powder particles to diffuse and bond, forming a dense alloy structure. Precise control of sintering
parameters is crucial to the alloy's density, strength, and microstructure. Sintering is typically performed
in a vacuum or protective atmosphere (such as hydrogen) to prevent oxidation and the introduction of

impurities.

Sintering temperature is a key parameter and needs to be set according to the alloy composition and
performance requirements. Too high a temperature may cause excessive grain growth and reduce
toughness; too low a temperature may cause insufficient sintering and leave porosity. The holding time
needs to be precisely controlled. Too long may cause overburning of the material, while too short may
affect particle bonding. Heating rate and atmosphere control are also crucial. Slow heating can avoid
thermal stress cracks, and a protective atmosphere can reduce oxide formation. Sintering equipment
usually uses a vacuum sintering furnace or a hydrogen sintering furnace equipped with a precise
temperature control system. The atmosphere in the furnace must be kept pure, and moisture and oxygen
must be removed through a gas purification device. The shrinkage behavior of the billet needs to be
monitored during the sintering process to ensure shape stability. The grain structure of the sintered alloy

needs to be checked under a metallographic microscope to verify the bonding quality.

Optimizing the sintering process requires a closed-loop control system that adjusts temperature and
atmosphere parameters in real time. A multi-stage sintering process allows for controlled heating and
cooling, further improving alloy uniformity. These measures ensure the sintered tungsten alloy possesses
high density and excellent mechanical properties, meeting the demands of threaded rod applications in

extreme environments.

4.3.3 Effect of Tungsten Alloy Forming and Sintering on Density

The forming and sintering processes have a decisive influence on the density of tungsten alloy, which is
directly related to the strength and performance of threaded rods. The billet density during the forming
stage determines the initial state before sintering, while the sintering process further increases the density
through particle bonding. Optimizing these two steps can bring the alloy density closer to the theoretical

value and reduce porosity and defects.

During the forming stage, cold isostatic pressing enables the powder particles to be densely packed,

resulting in a higher initial density. Uniform pressure distribution can reduce porosity and stress
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concentration inside the blank. Powder particle size and morphology also have a significant impact on
the forming density. Spherical particles and uniform particle size can improve packing efficiency.
Compression molding or injection molding requires optimization of mold design and pressing parameters
to avoid local density unevenness. The sintering stage promotes particle bonding through high-
temperature diffusion and liquid-phase sintering, significantly improving density. In liquid-phase
sintering, alloying elements (such as nickel and copper) form a liquid phase at high temperatures, filling
the gaps between particles and reducing porosity. Precise control of sintering temperature and holding
time can maximize density improvement while avoiding coarse grains caused by overburning. A

protective atmosphere can prevent oxidation and further ensure density.

Co-optimization of forming and sintering is key to increasing density. For example, by increasing
forming pressure and optimizing the sintering curve, alloy density can reach over 98% of the theoretical
value. Insufficient density can reduce threaded rod strength, impacting reliability under high loads.
Therefore, nondestructive testing and porosity analysis are necessary to verify process effectiveness and

ensure threaded rod quality.

4.3.4 Effects of Tungsten Alloy Forming and Sintering on Properties

The forming and sintering processes not only affect the density of the tungsten alloy but also directly
determine the mechanical properties, toughness, and corrosion resistance of the threaded rod. The
forming process influences the initial structure of the blank, while the sintering process improves
performance through microstructural optimization. Together, these two processes determine the alloy's

performance in high-stress, high-temperature environments.

Uniformity and density during the forming phase are crucial to performance. Cold isostatic pressing (CIP)
creates a uniform billet, which reduces stress concentration during sintering and improves the alloy's
tensile strength and toughness. The compression molding process requires controlled pressing speed to
avoid internal cracks in the billet, which can affect subsequent performance. Injection molding is suitable
for complex shapes, but requires optimized binder removal to prevent residual carbon from affecting

toughness.

The sintering stage optimizes alloy properties through particle bonding and grain growth. Proper
sintering temperature and time create a fine, uniform grain structure, improving strength and fatigue
resistance. Liquid-phase sintering strengthens interparticle bonding and enhances the alloy's ductility. A
protective atmosphere reduces oxide inclusions and improves corrosion resistance, making it particularly

suitable for threaded rods exposed to marine or chemical environments.

Forming and sintering defects can significantly degrade performance. For example, uneven forming can
lead to localized brittleness after sintering, reducing impact resistance; while excessively high sintering
temperatures can cause grain coarsening and reduce toughness. By optimizing process parameters and
incorporating hot isostatic pressing (HIP) post-treatment, performance can be further improved, ensuring

that threaded rods meet the stringent requirements of aerospace, military, and other fields.
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4.3.5 Cooling process requirements for tungsten alloy after sintering

The cooling process after sintering has a significant impact on the microstructure and properties of
tungsten alloys, directly related to the residual stress, toughness, and dimensional stability of the threaded
rod. The cooling process requires controlled rate and environment to avoid thermal stress cracks and

crystal defects, ensuring optimal alloy performance.

Cooling must be performed in a protective atmosphere or vacuum to prevent the high-temperature alloy
from reacting with oxygen to form oxides. Slow cooling can reduce thermal stress and prevent
microcracks, which is particularly important for high-density tungsten alloys. Rapid cooling may cause
stress concentration and reduce toughness, but in some cases it can be used to adjust the grain structure.

The choice depends on the alloy formulation.

The staged cooling process is an effective method for optimizing microstructure. Slow cooling in the
high-temperature range ensures uniform grain growth, while accelerated cooling in the low-temperature
range stabilizes the microstructure. The temperature gradient within the furnace must be monitored
during the cooling process to avoid localized overcooling that can lead to uneven stress. The cooled alloy

requires annealing to further eliminate residual stress and improve ductility.

Cooling equipment must be equipped with a high-precision temperature control system to ensure a stable
temperature drop curve. Testing procedures include metallographic analysis and hardness testing to
verify the grain size and mechanical properties of the alloy after cooling. Optimizing the cooling process
can significantly improve the fatigue resistance and environmental adaptability of threaded rods, meeting

the needs of precision manufacturing and the energy sector.

4.4 Processing Technology of Tungsten Alloy Threaded Rod

tungsten alloy threaded rod involves machining sintered tungsten alloy blanks into finished products with
precise threads and high surface quality, meeting the stringent requirements of acrospace, medical, energy,
and other fields. This process must overcome the high hardness and density of tungsten alloy to ensure
the geometric accuracy and mechanical properties of the threads. Cutting, rolling, and precision grinding
are the primary techniques, while real-time monitoring during the process ensures consistent quality. The
following detailed discussion of the processing technology and monitoring methods for tungsten alloy

threaded rod processing.

The key to machining lies in selecting tools and parameters suited to the characteristics of tungsten alloy.
Tungsten alloy's high hardness (approximately 30-40 HRC) and density (17-18.5 g/cm?) make it more
difficult to machine than ordinary steel, requiring the use of carbide or diamond tools and optimized
cutting speeds and feeds. Temperature and vibration must be strictly controlled during machining to avoid
surface defects and dimensional deviations. Precision machining not only enhances the performance of

threaded rods but also paves the way for their use in high-load and extreme environments.

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
RS IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

E 79 t 108 T1

=1


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

4.4.1 Cutting technology

Cutting is a crucial step in the manufacture of tungsten alloy threaded rods , transforming the sintered
blank into a near-net-shape thread structure. Cutting overcomes the high hardness and low ductility of

tungsten alloy to ensure thread accuracy and surface quality.

Cutting operations typically utilize CNC lathes or machining centers equipped with carbide or
polycrystalline diamond (PCD) cutting tools. These tools must exhibit high wear resistance and chipping
resistance to cope with the high hardness of tungsten alloys. During machining, cutting speeds and feed
rates must be optimized to avoid excessive speeds that lead to tool wear or inefficiencies that can impact
production. The use of coolant is crucial to reduce temperatures in the cutting zone, minimizing thermal

deformation and surface cracking.

Thread turning is a core step in the machining process. CNC lathes precisely control tool paths to produce
standard thread geometry. Pre-processing the blank is required before machining, such as rough turning
the outer diameter to ensure consistent initial dimensions. Cutting parameters vary depending on the
alloy composition. For example, tungsten-nickel-iron alloys require lower cutting forces to avoid tool
breakage, while tungsten-copper alloys require consideration of thermal conductivity when choosing a

coolant.

Quality control includes regular inspections for tool wear and surface roughness. Cut threads are
inspected using thread gauges and optical microscopes to ensure pitch and profile accuracy. Optimizing
the cutting process requires the introduction of automated programming systems that dynamically adjust
cutting parameters to improve efficiency and consistency. Cutting provides the foundation for subsequent

high-precision rolling and grinding.

4.4.2 Rolling technology

Rolling is a key technology in the manufacture of tungsten alloy threaded rods . It forms threads on the
surface of the blank through cold working, improving strength and surface quality. Rolling utilizes the

principle of plastic deformation and, compared to cutting, improves the fatigue resistance of the thread.

Rolling is performed using a dedicated rolling machine equipped with a high-hardness roller die. The
roller uses high pressure to squeeze the surface material of the blank into a threaded shape, forming a
cold-work hardened layer that increases the hardness and wear resistance of the thread. During the rolling
process, the roller pressure and rotation speed must be controlled to ensure the uniformity and precision
of the thread profile. The high hardness of tungsten alloy requires the roller die to be made of cemented
carbide or ceramic to extend its service life. The blank must be pre-treated before processing to ensure
surface finish and dimensional consistency. Rolling is suitable for processing small and medium diameter
threaded rods because it eliminates the need for chip removal, achieves high material utilization, and
reduces surface defects. The rolled thread surface is smooth, with a roughness of Ra below 0.4 pm,

making it suitable for high-precision applications such as aerospace transmission systems.
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Quality control includes inspecting the thread's geometric accuracy and surface hardness. Rolling
requires regular calibration of the roller die to ensure consistent thread profiles. Optimizing the rolling
process can be achieved through the introduction of a servo control system that adjusts pressure and
speed in real time, improving process stability and thread quality. Rolling technology significantly

enhances the mechanical properties and durability of threaded rods.

4.4.3 Precision Grinding Technology

Precision grinding is the finishing stage of tungsten alloy threaded rod machining , used to improve the
geometric accuracy and surface quality of the threads, ensuring they meet the requirements of high-
precision applications. The grinding process must cope with the high hardness of tungsten alloy, requiring

the use of high-precision equipment and specialized grinding tools.

Precision grinding typically utilizes CNC grinding machines equipped with diamond or cubic boron
nitride grinding wheels. The grinding wheels must possess high wear resistance and precise geometry to
ensure grinding accuracy. During the grinding process, feed rate and wheel speed must be controlled to
avoid surface burns or microcracking caused by overheating. Coolant selection is crucial; high-pressure

cooling can effectively reduce grinding temperatures and protect alloy properties.

Thread grinding, a core part of precision grinding, is used to refine rolled or cut threads, ensuring profile
accuracy and surface finish. Grinding parameters must be optimized based on alloy characteristics. For
example, tungsten-copper alloys require greater attention to thermal management, while tungsten-nickel-
iron alloys require controlled grinding forces to prevent surface damage. Thread surface roughness after
grinding can reach Ra 0.2 pm, meeting the stringent requirements of medical device and semiconductor

manufacturing.

Quality control includes verifying thread dimensions and geometric tolerances using a coordinate
measuring machine (CMM), and checking surface finish using a surface roughness tester. Optimizing
the grinding process requires the introduction of adaptive control technology, which adjusts grinding
parameters in real time to improve efficiency and consistency. Precision grinding provides threaded rods

with high precision and excellent surface properties, ensuring their reliability in demanding environments.

4.4.4 Monitoring during processing

In-process monitoring is crucial to ensuring the quality of tungsten alloy threaded rods. Real-time
inspection and data analysis ensure accurate and consistent machining. Our monitoring system covers
the entire cutting, rolling, and grinding process, aiming to reduce defects and improve production

efficiency.

Monitoring primarily involves real-time monitoring of equipment status, processing parameters, and
product quality. Equipment status monitoring uses sensors to detect tool wear, grinding wheel condition,

and machine vibration to ensure processing stability. Processing parameters monitored include cutting
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speed, feed rate, and roller pressure. These parameters are recorded and adjusted in real time by the CNC

system to prevent defects caused by parameter deviations.

Product quality monitoring utilizes a combination of online and offline testing. Online testing uses laser
measuring instruments to monitor thread dimensions and surface roughness, providing real-time
feedback on machining quality. Offline testing verifies thread geometry and material properties using
thread gauges, metallographic microscopes, and hardness testers to ensure the absence of cracks or

surface damage. Monitoring data is recorded and analyzed to optimize process parameters.

Optimizing monitoring systems requires the introduction of intelligent technologies, such as artificial
intelligence-based fault prediction and adaptive control. Data analysis can identify potential problems
during machining and allow parameter adjustments to be made in advance. This efficient monitoring
system significantly improves threaded rod machining accuracy and consistency, reduces scrap rates, and

ensures the highest reliability requirements.

4.5 Post-processing of finished tungsten alloy threaded rods

Post-processing is the final stage of tungsten alloy threaded rod manufacturing . Through processes such
as deburring, stress relief, and dimensional calibration, the surface quality, mechanical properties, and
dimensional accuracy of the threaded rod are optimized. Post-processing ensures that the threaded rod

has excellent performance and reliability in high-load, extreme environments.

4.5.1 Deburring and edge trimming

Deburring and edge trimming are the primary post-processing steps, designed to remove burrs and sharp
edges generated during machining, improving the surface quality and safety of threaded rods. Tungsten
alloy's high hardness makes deburring more challenging, requiring the use of appropriate process

methods.

Deburring is typically performed mechanically, chemically, or electrochemically. Mechanical deburring
uses precision brushes or abrasive belts to gently remove burrs from the surface and edges of the thread,
avoiding damage to the thread profile. Chemical deburring dissolves microburrs by immersing the rod
in an acidic solution, making it suitable for complex threaded rod shapes. Electrochemical deburring

utilizes electrolysis to precisely remove burrs while improving surface finish.

Edge trimming is performed manually or with automated polishing equipment to ensure smooth thread
edges and avoid stress concentrations. Trimmed threaded rods are inspected using an optical microscope
to ensure the absence of residual burrs and that surface roughness meets specified standards. Process
optimization requires the introduction of automated deburring equipment, combined with a visual

inspection system, to improve efficiency and consistency.

Deburring and edge trimming significantly improve the assembly performance and fatigue resistance of

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
RS IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

% 82 t 108 T1

=1


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

threaded rods, making them particularly suitable for high-precision applications such as aerospace and

medical equipment. High-quality surface treatment reduces wear and the risk of failure during use.

4.5.2 Stress relief treatment

Stress relief is a key post-processing step used to remove residual stress introduced during machining
and sintering, thereby improving the toughness and fatigue resistance of threaded rods. Tungsten alloys
are prone to stress accumulation due to their high hardness and low ductility, requiring optimization

through heat treatment or mechanical processing.

Heat treatment is a common stress relief method, typically performed in a vacuum or inert gas atmosphere.
Annealing temperature should be tailored to the alloy composition to avoid excessively high
temperatures that can lead to coarsening of the grains. Slow cooling further reduces thermal stresses and
ensures microstructural stability. Mechanical stress relief, using ultrasonic vibration or low-frequency

impact, releases residual surface stress and is suitable for high-precision threaded rods.

Temperature and vibration parameters must be monitored during the treatment process to ensure uniform
stress release. The treated threaded rods must undergo an X-ray stress analyzer to measure residual stress
levels and verify the treatment effectiveness. Optimizing the stress relief process requires the introduction
of multi-stage annealing technology, combined with real-time stress monitoring, to improve treatment

accuracy.

Stress relief significantly improves the fatigue resistance and dimensional stability of threaded rods,
making them particularly suitable for high-vibration environments such as marine power systems and
racing engines. High-quality stress relief extends the service life of threaded rods and ensures their

reliability.

4.5.3 Size calibration and fine-tuning

Dimensional calibration and fine-tuning are the final steps in post-processing to ensure that the
dimensional accuracy and geometric tolerances of the threaded rod meet the design requirements.
Tungsten alloy threaded rods must achieve micron-level accuracy to suit precision manufacturing and

military applications.

Dimensional calibration is performed using high-precision CNC grinding machines or laser processing
equipment to fine-tune the thread's outer diameter, pitch, and profile. A three-dimensional coordinate
measuring machine (CMM) is used for real-time dimensional measurement during the calibration process
to ensure tolerances are within reasonable limits . Fine-tuning can be performed through manual

polishing or automated finishing to optimize thread surface finish and geometry.

After calibration, threaded rods must be verified using a thread gauge and projector to ensure

compatibility with standard nuts. Surface roughness must be checked to ensure Ra 0.2 um or less.
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Optimizing the calibration process requires the introduction of automated measurement systems,

combined with data analysis, to dynamically adjust machining parameters and improve consistency.

Dimensional calibration and fine-tuning ensure high precision and assembly performance of threaded
rods, meeting the stringent requirements of semiconductor equipment, aerospace, and other fields . High-
quality calibration processes improve the reliability and interchangeability of threaded rods, ensuring

high-performance applications.

4.6 Surface Treatment of Tungsten Alloy Threaded Rod

Surface treatment is a crucial step in the production of tungsten alloy threaded rod , aiming to enhance
its corrosion resistance, wear resistance, and service life, ensuring excellent performance in the extreme
environments of aerospace, marine engineering, energy, and other fields. Due to its high hardness and
density, tungsten alloy threaded rod requires specialized surface treatment techniques, such as plating
and passivation, to optimize surface properties. Surface treatment not only enhances the rod's
environmental adaptability but also improves its assembly performance and long-term stability with the

nut.

Surface treatment methods must be selected appropriately based on the application scenario. For example,
seawater corrosion resistance is a top priority for threaded rods used in shipbuilding , while wear
resistance and fatigue performance are more important in the aerospace industry. Strict control of process
parameters is essential during the treatment process to avoid compromising thread accuracy or
introducing new surface defects. By optimizing the surface treatment, tungsten alloy threaded rods can

meet high reliability requirements and extend their service life.

4.6.1 Coating treatment method for tungsten alloy threaded rod

Coating treatment involves depositing a metallic or non-metallic coating on the surface of tungsten alloy
threaded rod to enhance its corrosion resistance, wear resistance, and surface finish. Coating treatment

must overcome the inertness of the tungsten alloy surface to ensure coating adhesion and uniformity.

Electroplating is a common coating method, with common coatings including nickel-phosphorus (Ni-P)
and chromium . The electroplating process deposits metal ions onto the surface of the threaded rod
through electrochemical deposition, forming a dense protective layer. Ni-P coatings are suitable for
marine environments and offer excellent corrosion and wear resistance. Chromium coatings provide high
hardness and a low coefficient of friction, making them suitable for high-load applications. Before
electroplating, the threaded rod must be cleaned and activated to remove surface oxides and ensure

coating adhesion.

Electroless plating is another important method, particularly suitable for complex threaded rod shapes.
Electroless nickel plating forms a uniform coating through an autocatalytic reaction, requiring no

electrical current, making it suitable for precision components. Coating thickness must be precisely
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controlled to avoid compromising thread geometry. Physical vapor deposition (PVD) can also be used to
deposit titanium nitride ( TiN ) or tungsten carbide (WC) coatings, increasing surface hardness and wear

resistance for aerospace applications.

Coating treatment requires ultrasonic cleaning and surface pretreatment to ensure substrate cleanliness.
Quality inspections include coating thickness and adhesion testing to ensure uniformity and zero flaking.
Optimizing the coating process requires the introduction of automated coating equipment, combined with

online monitoring systems, to improve coating consistency and efficiency.

The coating treatment significantly improves the surface properties of threaded rods, meeting the high
durability requirements of shipbuilding and military fields. Appropriate coating selection and process

optimization are key to ensuring the long-term reliability of threaded rods .

4.6.2 Passivation treatment method for tungsten alloy threaded rod

Passivation treatment forms a dense oxide layer or chemical protective layer on the surface of tungsten
alloy threaded rod, improving its corrosion resistance and chemical stability. Passivation is particularly
suitable for threaded rods used in acidic, salt spray, or high-temperature environments, such as deep-sea
exploration equipment and nuclear industry components. Chemical passivation is the primary method.
This involves immersing the rod in an acidic solution (such as nitric acid or citric acid) to induce the
formation of a stable oxide layer on the surface. The solution formulation must be optimized based on
the alloy composition. For example, tungsten-nickel-iron alloys require a low- concentration acid
solution to avoid excessive corrosion. The passivation process requires controlled immersion time and
temperature to ensure a uniform oxide layer that does not affect thread precision. Electrochemical
passivation is another highly effective method. By applying a specific voltage, a controlled oxide layer
is formed on the rod surface. Electrochemical passivation is suitable for high-precision threaded rods,
enabling precise control of layer thickness and is suitable for semiconductor manufacturing equipment.
Ultrasonic cleaning is required before passivation to remove surface oils and oxides to ensure effective

passivation.

After passivation, the product must be rinsed with deionized water and dried to prevent residual
chemicals from affecting performance. Quality testing includes salt spray testing and electrochemical
corrosion testing to verify the corrosion resistance of the passivation layer. Optimizing the passivation
process requires the introduction of an automated dipping system, combined with real-time monitoring
of solution concentration and temperature, to improve process stability. The passivation treatment
significantly enhances the corrosion resistance of threaded rods, making them particularly suitable for
marine and chemical environments. The high-quality passivation process provides long-term chemical

stability for threaded rods , ensuring their reliability in harsh conditions.

4.6.3 Improvement of corrosion resistance by surface treatment

Tungsten alloy threaded rod by forming a protective layer or modifying the surface chemistry, enabling
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it to withstand harsh environments such as acid, salt spray, and high temperatures. This improved
corrosion resistance is directly related to the service life of threaded rod in industries such as marine,

energy, and nuclear.

Plating deposits corrosion-resistant materials, such as nickel-phosphorus or chromium, to create a
physical barrier, blocking contact between the corrosive medium and the substrate. Nickel-phosphorus
coatings effectively resist salt spray corrosion in marine environments, while chromium coatings excel
in high-temperature chemical environments. High coating adhesion and uniformity are key to improving

corrosion resistance, achieved through surface pretreatment and process optimization.

Passivation treatment creates a dense oxide layer, reducing the chemical activity of the threaded rod
surface and minimizing electrochemical corrosion. This layer effectively resists acidic solutions and
moisture, making it particularly suitable for deep-sea exploration equipment and oil production
components. The stability and thickness of the passivation layer directly impact corrosion resistance and

require precise process control.

The synergistic effects of surface treatments further enhance corrosion resistance. For example,
combining electroless nickel plating with passivation creates a multi-layered protective structure,
enhancing overall corrosion resistance. Quality testing requires salt spray testing and corrosion rate
analysis to verify the effectiveness of surface treatment. Optimizing surface treatment processes can

significantly extend the service life of threaded rods in harsh environments.

Improved corrosion resistance enables tungsten alloy threaded rods to meet the stringent requirements of
shipbuilding and nuclear industries. By selecting the right surface treatment method, threaded rods can

maintain stability and reliability in extreme environments.

4.6.4 Surface treatment improves service life

Surface treatment significantly extends the service life of tungsten alloy threaded rod by improving
corrosion resistance, wear resistance, and surface quality. This increased service life is directly related to
the long-term reliability of threaded rods in high loads, high vibration, and extreme environments,

making it particularly suitable for acrospace, automotive, and military applications.

Coating treatments reduce wear on threaded rods under high loads by increasing surface hardness and
lowering the coefficient of friction. For example, titanium nitride ( TiN ) coatings significantly increase
surface hardness, extending the life of threaded rods in high-vibration environments such as racing
engines. The corrosion resistance of the coating also reduces environmental damage to the base material,

extending the overall service life.

Passivation treatment forms a stable oxide layer, reducing the incidence of chemical corrosion and fatigue
cracking. This layer effectively protects threaded rods from corrosion in marine or acidic environments,

reducing the risk of failure due to surface damage. Uniformity of the passivation treatment is crucial to
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extending service life and is achieved through optimized solution formulation and process parameters.

The comprehensive benefits of surface treatment also include improved assembly performance and
fatigue resistance. Smooth surfaces and precise thread geometry reduce stress concentrations during
assembly and improve durability under cyclic loading. Quality assurance requires fatigue testing and life

testing to verify the long-term effectiveness of surface treatment.

Optimizing the surface treatment process requires a combination of multi-layer coating technology and
intelligent control systems to ensure consistent quality of the coating and passivation layers. This
improved surface treatment significantly extends the service life of threaded rods, ensuring high-

reliability applications.

4.6.5 Surface quality inspection standards

Surface quality testing is a critical step in ensuring the effectiveness of tungsten alloy threaded rod surface
treatments. Stringent standards and testing methods are used to verify the corrosion resistance, wear
resistance, and geometric accuracy of the surface treatment. Testing criteria must cover the coating,
passivation layer, and surface roughness to ensure that the threaded rod meets the requirements of

applications in aerospace, medical, and other fields.

Surface roughness testing is a primary criterion. A surface roughness tester is used to measure the Ra
value of the thread surface to ensure that it meets design requirements. Roughness directly affects
assembly performance and wear resistance, so optical microscopy is required to assist in inspection to

eliminate surface defects such as scratches and pits.

Coating quality inspections include thickness, adhesion, and uniformity testing. Coating thickness is
measured using X-ray fluorescence or ultrasonic thickness gauges to ensure compliance with design
specifications. Adhesion testing uses cross-cut or tensile testing to verify the strength of the coating's
bond to the substrate. Uniformity is checked using scanning electron microscopy (SEM) to ensure the

absence of localized flaking or buildup.

Passivation layer quality testing primarily involves salt spray testing and electrochemical corrosion
testing to assess corrosion resistance. Salt spray testing simulates marine environments and measures the
corrosion resistance of the passivation layer; electrochemical testing measures the corrosion potential
and verifies the chemical stability of the passivation layer. Test results must comply with international

standards, such as ISO 9227 (salt spray testing).

Comprehensive testing requires the integration of nondestructive testing techniques, such as ultrasonic
testing and X-ray analysis, to detect internal defects in surface finishes. Optimizing the inspection process
requires the introduction of automated testing equipment, combined with data analysis systems, to
improve inspection efficiency and accuracy. Rigorous surface quality inspection standards ensure the

performance and reliability of threaded rods, meeting the demands of high-precision applications.
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CTIA GROUP LTD
High-Density Tungsten Alloy Customization Service

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and
production with 30 years of experience.

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production,
mature technology.

Precision customization: support high density (17-19 g/cm3), special performance,
complex structure, super large and very small parts design and production.

Quality cost: optimized design, optimal mold and processing mode, excellent cost
performance.

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification.
100,000+ customers

Widely involved, covering aerospace, military industry, medical equipment, energy industry,
sports and entertainment and other fields.

Service commitment

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints

in 30 years!

Contact us

Email: sales@chinatungsten.com
Tel: +86 592 5129696
Official website: www.tungsten-alloy.com
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Chapter 5 Selection and Design of Tungsten Alloy Threaded Rod

Tungsten alloy threaded rods are critical to ensuring their reliable application in demanding applications

such as aerospace, energy, and healthcare. The selection process requires comprehensive consideration
of operating conditions, specifications, precision, and performance to ensure they meet the specific
application's requirements for mechanical strength, corrosion resistance, and environmental adaptability.
The design process requires optimizing the thread structure and material formulation to ensure high

reliability, long life, and high precision under extreme conditions.

The complexity of tungsten alloy threaded rod selection and design stems from its high density (17-18.5
g/cm?), high strength, and specialized environmental adaptability. Compared to conventional steel or
aluminum threaded rod, tungsten alloy threaded rod performs exceptionally well in high-temperature,
high-pressure, and corrosive environments. However, this requires optimized design based on specific
operating conditions. Selection requires a balance between performance and cost, while design
emphasizes process feasibility and assembly compatibility to ensure the rod meets the stringent

requirements of the application.

5.1 Selection Factors of Tungsten Alloy Threaded Rod

Tungsten alloy threaded rod requires a comprehensive assessment of the application environment,
mechanical requirements, and assembly conditions to ensure its performance is perfectly matched to the
working conditions. Selection factors include operating condition analysis, specification matching,
precision matching, and performance matching, each of which directly impacts the applicability and
reliability of the threaded rod. The selection process should be based on a systematic analysis method,

combined with actual testing and simulation verification to reduce the risk of failure.

When selecting a threaded rod, consider the unique properties of tungsten alloy, such as high hardness,
high-temperature resistance, and low thermal expansion coefficient, while also paying attention to the
weight impact of its high density. The selection should ensure that the threaded rod has excellent
mechanical properties and environmental adaptability under specific working conditions, while also

meeting economic and manufacturability requirements.

5.1.1 Working Condition Analysis

Operating condition analysis is the foundation for selecting tungsten alloy threaded rods. It aims to clarify
the application environment and stress conditions, providing a basis for selection. Operating condition
analysis should include factors such as temperature, pressure, vibration, corrosion, and cyclic loading to

ensure the threaded rods can operate stably in actual use.

Temperature is a primary consideration. Tungsten alloy threaded rods must maintain dimensional
stability and strength in high-temperature environments (such as those found in nuclear reactors) or low-

temperature environments (such as those found at high altitudes in aerospace). For high-temperature
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applications, a tungsten-copper alloy is recommended to optimize thermal conductivity. For low-
temperature applications, toughness is a key consideration, so a tungsten-nickel-iron alloy is

recommended.

Stress conditions include static, dynamic, and impact loads. Aerospace transmission systems must
withstand high-frequency vibration, and military equipment must withstand explosive shock. Therefore,
the tensile strength and fatigue resistance of threaded rods must be evaluated during selection. Corrosion
environment analysis, for example, targets marine, acidic, or salt spray environments, requiring selection

of threaded rods with corrosion-resistant coatings or passivation treatments.

Vibration and cyclic loading analyses require attention to the fatigue resistance and self-locking
capabilities of threaded rods. For example, high-vibration conditions in marine propulsion systems
require a self-locking thread design to reduce the risk of loosening. The operating analysis also needs to

consider the assembly environment, such as space constraints and compatibility with the nut.

Optimizing operating condition analysis requires a combination of finite element analysis (FEA) and
environmental simulation testing to predict the performance of threaded rods under actual operating
conditions . Systematic operating condition analysis provides a scientific basis for selection, ensuring

that threaded rods meet specific application requirements.

5.1.2 Specification Matching

Specification matching is a crucial step in selecting tungsten alloy threaded rods. This involves
parameters such as rod size, thread type, and length to ensure they meet the physical and mechanical
requirements of the application system. Specification matching requires selecting the appropriate thread

standard and size based on the results of a working condition analysis.

Thread types include metric, imperial, and specialized threads. Aerospace and semiconductor equipment
often utilize fine threads for increased precision and vibration resistance, while military equipment may
choose coarse threads for increased strength. The diameter of the threaded rod is determined by the load
requirements. Large diameters are suitable for high-load applications, such as marine propulsion systems,

while small diameters are suitable for precision equipment, such as electron microscopes.

When choosing the right length, consider the required assembly space and connection depth. A threaded
rod that is too long may add weight and affect system efficiency, while a rod that is too short may result
in insufficient connection strength. The threaded rod's head design (e.g., cylindrical head, countersunk
head) must be compatible with the assembly structure to ensure ease of installation and surface

smoothness.

Specification matching also requires consideration of the material compatibility of the threaded rod and
nut. The high hardness of tungsten alloy threaded rods can cause wear on nuts, so high-strength nuts or

surface treatments are recommended to improve compatibility. When selecting a nut, consult
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international standards such as ISO 68-1 (thread standard) or ASME BI1.1 to ensure specifications meet

industry specifications.

Optimizing specification matching requires a combination of 3D modeling and assembly simulation to
verify the compatibility of the threaded rod with the system. Accurate specification matching ensures the
mechanical performance and assembly efficiency of the threaded rod, meeting the requirements of high-

reliability applications.

5.1.3 Precision Matching

Precision matching is key to selecting tungsten alloy threaded rods. This involves the geometric accuracy,
surface roughness, and form and position tolerances of the threads, which impact assembly performance
and operational stability. High-precision threaded rods are particularly important in aerospace, medical,

and semiconductor equipment.

Thread geometry, including pitch, profile angle, and thread depth, must comply with international
standards (such as ISO 965). High-precision threaded rods require tolerances within =0.01 mm to ensure
a tight fit with the nut. Surface roughness must be below Ra 0.2 pm to reduce friction and wear, especially

in high-vibration environments.

Geometric tolerances, including roundness, straightness, and coaxiality, are achieved through precision
machining (such as grinding) and rigorous testing. For example, the threaded rods in the adjustment
mechanism of an electron microscope require high coaxiality to ensure fine-tuning accuracy. Precision
matching also requires consideration of the threaded rod's manufacturing process. For example, rolling

can improve surface quality and accuracy.

Inspection methods include coordinate measuring machines, thread gauges, and optical projectors to
ensure that the geometric parameters of threaded rods meet requirements. The level of precision matching
is determined by the application scenario. For example, aerospace applications require 6g tolerances,

while medical equipment may require even higher levels.

Optimizing precision matching requires the introduction of automated testing equipment and adaptive
machining technology to dynamically adjust machining parameters and improve consistency. High-
precision threaded rods ensure assembly reliability and operational stability, meeting the requirements of
precision manufacturing.

5.1.4 Performance Matching

Performance matching is the final step in tungsten alloy threaded rod selection. It aims to ensure that the
mechanical properties, environmental adaptability, and durability of the threaded rod meet the working
conditions. Performance matching requires comprehensive consideration of strength, corrosion

resistance, fatigue resistance, and thermal stability.
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Mechanical property matching includes tensile strength, shear strength, and hardness. Tungsten alloy
threaded rods typically have much higher tensile strength than steel threaded rods, making them suitable
for high-load applications, such as wind turbine connection components. Fatigue resistance is verified

through cyclic loading tests to ensure no loosening or breakage in high-vibration environments.

Corrosion resistance is matched to the specific environment by selecting the appropriate surface
treatment. For example, shipbuilding requires nickel-phosphorus plating or passivation for threaded rods
to resist seawater corrosion, while the nuclear industry requires tungsten-nickel-iron alloys for their
excellent radiation resistance. Thermal stability is matched to a low coefficient of thermal expansion to

ensure dimensional stability despite temperature fluctuations.

Performance matching also requires consideration of threaded rod weight and cost. High density can
increase system weight, but this impact needs to be mitigated by optimizing dimensions and alloy
formulations. When selecting a model, balance performance and affordability, choosing the most cost-

effective option.

Optimizing performance matching requires combining material testing and environmental simulation to
verify the performance of threaded rods under actual operating conditions. This performance matching
ensures long-term stable operation of threaded rods in high-reliability scenarios, providing efficient

fastening solutions for fields such as aerospace and energy.

5.2 Thread Type Selection for Tungsten Alloy Threaded Rod

Tungsten alloy threaded rod is a critical step in its selection and design, directly impacting its assembly
performance, mechanical strength, and adaptability to application scenarios. The thread type must be
selected based on operating conditions, precision requirements, and industry standards to ensure
reliability in demanding applications such as aerospace, energy, and medical. Due to its high density and
strength, tungsten alloy threaded rod is suitable for a variety of thread types, including metric, imperial,

and trapezoidal, each offering unique advantages in different scenarios.

The selection of thread type requires comprehensive consideration of load conditions, vibration
environment, assembly accuracy, and compatibility with international standards. Tungsten alloy's high
hardness and low ductility require thread design that balances strength and processability, while ensuring
thread quality through precision machining and surface treatment. Choosing the right thread type

optimizes the performance of threaded rods to meet the needs of specific applications.
5.2.1 Metric threads
Metric threads are a common thread type for tungsten alloy threaded rods. Based on the thread standards

of the International Organization for Standardization (ISO), they are widely versatile and highly precise,

making them suitable for precision applications in aerospace, semiconductor equipment, and medical

devices.
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Metric threads use metric units, with pitch measured in millimeters. The thread profile is an equilateral
triangle with a 60-degree pitch angle. Characterized by a fine pitch, they are suitable for high-precision,
low-friction connections. Fine metric threads offer excellent self-locking properties in high-vibration
environments, reducing the risk of loosening and are suitable for use in adjustment mechanisms of
electron microscopes and aerospace transmission systems. Coarse metric threads offer greater strength
and are suitable for supporting heavy static loads, such as those used to secure components in energy

equipment.

Metric threads are highly standardized, conforming to ISO 68-1 and ISO 965, making them compatible
with nuts and components worldwide. Metric threads on tungsten alloy threaded rods are rolled or
precision-ground to ensure profile accuracy and surface finish, meeting micron-level tolerances. Surface

treatments such as nickel-phosphorus plating further enhance corrosion and wear resistance.

When selecting a metric thread, consider the accuracy and vibration requirements of the operating
conditions. For example, semiconductor manufacturing equipment requires fine-pitch metric threads to
ensure positioning accuracy, while nuclear shielding components may choose coarse-pitch metric threads
for enhanced connection strength. Optimal selection requires verification of thread performance through

assembly simulation and fatigue testing.

The versatility and high precision of metric threads make them the preferred type of tungsten alloy

threaded rod, especially suitable for applications requiring high reliability and international compatibility.

5.2.2 Inch threads

Imperial threads, based on inches, are commonly found in North America and some traditional industrial
sectors. They are suitable for tungsten alloy threaded rod applications in military equipment, automotive
manufacturing, and marine engineering. Imperial threads include Unified Thread Standards (UNC/UNF)

and Whitworth threads, suitable for applications with varying strength and precision requirements.

Imperial threads have a 60-degree pitch angle, similar to metric threads, but the pitch is expressed in
threads per inch (TPI). Coarse-pitch imperial threads (UNC) feature a larger pitch and deeper thread
depth, providing high strength and quick assembly, making them suitable for high-load applications, such
as connecting components in armored vehicle protection systems. Fine-pitch imperial threads (UNF)
have a smaller pitch and offer improved vibration resistance, making them suitable for high-precision

applications, such as small fixtures in aerospace.

Tungsten alloy threaded rods require high-precision machining (such as CNC turning or grinding) to
ensure consistent profile and surface quality. Imperial threads are highly standardized, conforming to the
ASME BI1.1 standard. However, their regional application range is narrower than that of metric threads,
primarily used in the North American market or for legacy equipment. Surface treatments such as chrome

coatings enhance wear and corrosion resistance, making them suitable for marine or high-temperature

environments.
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When selecting an imperial thread, consider regional standards and operating requirements. For example,
military equipment may prefer UNC threads for strength, while racing engines may choose UNF threads
for improved vibration resistance. Optimal selection requires a combination of thread gauge inspection

and load testing to ensure compatibility and reliability with the nut.

Inch threads offer advantages in specific markets and traditional applications, providing a high-strength
and reliable connection solution for tungsten alloy threaded rods , suitable for high loads and regional

standardization scenarios.

5.2.3 Trapezoidal thread

Trapezoidal threads are a special type of thread with an isosceles trapezoidal profile and a typical 30-
degree angle. They are suitable for transmission and connection applications requiring high strength and
low friction. Tungsten alloy threaded rods with trapezoidal threads excel in heavy-duty and dynamic

transmission applications, such as ship propulsion systems and oil production equipment.

Trapezoidal threads are characterized by their deep thread depth and high strength, making them suitable
for carrying heavy axial and radial loads. Their wide root design improves shear resistance, making them
suitable for high-load applications, such as in wind turbine connections. Trapezoidal threads also offer
low friction , making them suitable for use as transmission screws, such as in the lifting mechanisms of

deep-sea exploration equipment.

Tungsten alloy threaded rods are typically precision-ground or rolled to ensure profile accuracy and
surface finish. The thread pitch and profile angle must be controlled during machining to meet ISO 2901
or DIN 103 standards. Surface treatments such as corrosion-resistant coatings can enhance seawater
resistance and adaptability to marine environments. The high hardness of tungsten alloy requires the use

of diamond or CBN tools to minimize tool wear.

When selecting a trapezoidal thread, it's important to evaluate load type and transmission efficiency. For
example, a marine propulsion system might require a high-pitch trapezoidal thread for enhanced strength,
while a precision transmission system might choose a low pitch for improved efficiency. Optimizing the
selection requires dynamic simulation and durability testing to verify the thread's performance under
high loads.

Tungsten alloy threaded rod provide a high-strength and low-friction solution for tungsten alloy threaded
rods . They are particularly suitable for heavy-load transmission and dynamic connection scenarios,

meeting the needs of the marine engineering and energy fields.

5.3 Design Considerations for Tungsten Alloy Threaded Rods

Tungsten alloy threaded rod requires comprehensive consideration of load, installation space, and

compatibility to ensure performance and reliability in demanding applications such as aerospace, energy,
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and medical. Design considerations involve precise mechanical analysis, space optimization, and system
compatibility to meet operating conditions and maximize service life. The high density, strength, and low
thermal expansion coefficient of tungsten alloy threaded rod enable it to excel in extreme environments,

but design must balance performance with factors such as weight and cost.

The design process must combine operating condition analysis with precision manufacturing techniques
to ensure the threaded rod's geometric accuracy and mechanical properties. The difficulty and high cost
of processing tungsten alloys must also be considered . Optimizing the structure and material selection
can reduce production complexity while meeting the stringent requirements of the application scenario.

Proper considerations can significantly improve the threaded rod's reliability and applicability.

5.3.1 Load calculation method

Load calculation is the core of tungsten alloy threaded rod design . It is used to determine the size,
material, and thread type of the threaded rod to withstand the expected working load. Load calculation
must consider static load, dynamic load, and impact load to ensure that the threaded rod will not fail

under various working conditions.

Static load calculations require an assessment of the tensile, compressive, and shear forces experienced
by threaded rods. For example, threaded rods in aerospace transmission systems must withstand high
tensile forces. Calculations require determining the thread diameter and thread depth based on the
maximum load, ensuring a safety factor that meets industry standards (for example, a safety factor of 1.5
or greater is required in the aviation industry). Dynamic load calculations must account for cyclic loading
and vibration, particularly in marine propulsion systems or racing engines, requiring fatigue analysis to

predict the lifespan of threaded rods.

Impact load calculations require simulation of sudden forces, such as the impact of explosions in military
equipment. Finite element analysis can be used to simulate load distribution and optimize thread profiles
and material formulations. Tungsten-nickel-iron alloys are suitable for high-impact scenarios due to their
high toughness, while tungsten-copper alloys are suitable for applications requiring thermal conductivity.
Calculations should also consider the impact of tungsten alloy's high density on inertial loads to avoid

overweight designs.

Optimizing load calculations requires a combination of experimental validation and numerical simulation.
Tensile and fatigue testing can verify the accuracy of the calculations and ensure the reliability of
threaded rods under actual operating conditions. Accurate load calculations provide a scientific basis for

threaded rod design , avoiding overdesign or insufficient strength.

5.3.2 Installation Space Considerations

Considering installation space is a crucial aspect of tungsten alloy threaded rod design . It is crucial to

ensure that the rod's size and structure match the equipment's space constraints while also meeting
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assembly and maintenance requirements. Tungsten alloy's high density can increase weight, so optimal

dimensions must be considered during design to balance performance and space efficiency.

Space constraints include threaded rod length, diameter, and head design. Compact devices, such as
electron microscope adjustment mechanisms, require short, small-diameter threaded rods to fit into tight
spaces. Larger devices, such as wind turbine connectors, require longer rods to ensure adequate
connection depth. The head design must fit within the mounting surface to avoid protrusion that

compromises system compactness.

Ease of assembly is a key consideration within space constraints . The design must consider the threaded
rod's installation path and tool space to ensure easy access when tightening or removing nuts. For
example, aerospace equipment requires ample space for torque wrenches. Maintenance needs must also

be considered; threaded rods should be easily removed and replaced to minimize downtime.

Optimizing installation space design requires 3D modeling and assembly simulation to verify the spatial
compatibility of the threaded rod with the system. Weight optimization can be achieved by adjusting the
threaded rod length or using a hollow structure to reduce the burden of the high density of tungsten alloy.

Reasonable space considerations ensure the practicality and assembly efficiency of the threaded rod.

5.3.3 Compatibility Design

Compatibility design ensures seamless compatibility between tungsten alloy threaded rods, nuts,
connecting components, and the operating environment. This encompasses material compatibility, thread
standards, and environmental adaptability. Compatibility design directly impacts assembly performance,

operational stability, and overall system reliability.

Material compatibility requires consideration of the hardness difference between the threaded rod and
the nut. The high hardness of tungsten alloy threaded rod may cause wear on the nut, necessitating the
selection of a high-strength nut (such as stainless steel or titanium alloy) or surface hardening of the nut.
Surface treatments such as nickel-phosphorus plating can reduce friction and improve compatibility,

especially in high-vibration environments.

Thread standard compatibility requires that threaded rods conform to metric (ISO 68-1), imperial (ASME
B1.1), or trapezoidal (ISO 2901) standards to ensure compatibility with standard nuts. The thread type
should be selected based on the application area during design. For example, aerospace applications often
use metric fine threads, while military equipment may use imperial coarse threads . Thread tolerances

must be controlled to 6g or higher to ensure assembly accuracy.

Environmental compatibility involves corrosion resistance and thermal stability. For marine
environments, choose threaded rods with passivation treatment to resist seawater corrosion. For high-
temperature environments, ensure a low coefficient of thermal expansion to prevent loose connections.

Compatibility should be verified during design through environmental simulation tests, such as salt spray
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testing and high-temperature cycling testing.

Optimizing compatibility design requires combining assembly and environmental testing to verify the
compatibility of threaded rods with the system. Intelligent design software can be used to analyze
material and thread compatibility, reducing design iteration time. Compatibility design ensures reliable

operation of threaded rods in complex systems, meeting the requirements of high-reliability applications.

5.4 Common Mistakes in Tungsten Alloy Threaded Rod Selection and How to Avoid Them

Tungsten alloy threaded rods involves complex operating condition analysis and performance matching.
Overlooking key factors can easily lead to selection errors, impacting their effectiveness in applications
such as aerospace, energy, and healthcare. Common errors include neglecting operating requirements,
over-pursuing precision, and ignoring compatibility. These mistakes can lead to insufficient threaded rod
performance, excessive costs, or assembly failures. Avoiding these errors requires systematic analysis,

testing, verification, and optimized design to ensure the selected rod meets actual requirements.

Selection errors often stem from a lack of understanding of tungsten alloy threaded rod's properties (such
as high density, high strength, and low thermal expansion coefficient) or an incomplete analysis of the
application scenario. To avoid this, a combination of operating simulation, standards, and actual testing
is needed to optimize the selection process. Correct selection can fully leverage the advantages of

tungsten alloy threaded rod, improving system reliability and cost-effectiveness.

5.4.1 Misunderstanding of working conditions and how to avoid it

Ignoring operating conditions is a common mistake when selecting tungsten alloy threaded rods. This
can lead to the rod not being able to adapt to the actual operating environment, resulting in insufficient
performance or premature failure. Operating conditions include factors such as temperature, load,

vibration, and corrosion, and failure to fully analyze these factors can lead to selection errors.

The mistake of neglecting operating conditions often manifests itself in failing to consider the impact of
extreme environments. For example, selecting a heat-sensitive alloy formulation in a high-temperature
environment can cause threaded rods to soften or deform. Ignoring corrosion resistance in marine
environments can lead to surface erosion. Another mistake is failing to assess dynamic loads or vibration,
which can cause threaded rods to loosen or break under cyclic loading. For example, ignoring high
vibration conditions in a ship's power system may result in the selection of insufficiently strong threaded

rods, compromising system stability.

Mitigation measures include conducting a comprehensive operating condition analysis. Designers should
collect detailed data on temperature ranges, load types, and environmental conditions, and then use finite
element analysis (FEA) to simulate the load behavior of threaded rods. Environmental simulation tests,
such as high-temperature cycling or salt spray testing, can verify the performance of threaded rods under

actual operating conditions. Selecting the appropriate alloy formulation (such as tungsten-copper alloy
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for high-temperature thermal conductivity or tungsten-nickel-iron alloy for high toughness) can also

effectively address operating conditions.

Optimizing avoidance strategies requires establishing a working condition database to document typical
requirements for different application scenarios. This database, combined with intelligent selection tools,
allows for rapid matching of threaded rod models. Regularly updating working condition analysis
methods ensures coverage of emerging application scenarios. Comprehensive working condition analysis

can prevent selection bias and improve the reliability and service life of threaded rods.

5.4.2 Misunderstandings of Excessive Pursuit of Accuracy and How to Avoid It

Another common misconception when selecting tungsten alloy threaded rod is excessive pursuit of
precision, which can lead to increased processing costs, increased manufacturing difficulty, or even
inadequate performance. While high precision (e.g., tolerances of £0.01 mm and surface roughness
below Ra 0.2 um) is suitable for aecrospace and medical applications, excessive precision is unnecessary

in some applications.

The misconception of excessive precision often manifests itself in selecting ultra-high-tolerance threaded
rods in non-high-precision applications. For example, the connecting components of wind turbines
primarily bear static loads. Excessive precision not only increases costs but can also introduce surface
defects due to machining complexity. Another misconception is ignoring the balance between precision
and assembly efficiency. Ultra-high-precision threads can make assembly difficult, especially in space-

constrained environments.

Workarounds include determining the accuracy level based on actual needs. Designers need to analyze
the specific accuracy requirements of the operating conditions. For example, semiconductor equipment
requires high precision to ensure fine-tuning performance, while marine propulsion systems can tolerate
lower precision to reduce costs. Reference industry standards (such as ISO 965 tolerance grades) to select
an appropriate accuracy range to avoid overdesign. Assembly simulation can verify accuracy and nut

compatibility, ensuring ease of assembly.

Optimizing avoidance strategies requires a cost-benefit analysis to assess the performance gains and
incremental costs of improved precision. Automated machining and testing equipment can reduce the
cost of high-precision machining while ensuring consistent quality. Choosing the right precision balances

performance and affordability, avoiding resource waste.

5.4.3 Misunderstanding and Avoidance of Ignoring Compatibility

Ignoring compatibility is a major mistake when selecting tungsten alloy threaded rods. This can lead to
mismatches between the rod and the nut, connecting components, or the operating environment, causing
assembly difficulties or operational failures. Compatibility encompasses material matching, thread

standards, and environmental adaptability; neglecting any of these aspects can negatively impact system
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performance.

The common mistake of ignoring compatibility is failing to account for differences in material hardness.
The high hardness of tungsten alloy threaded rod can wear down lower-strength nuts, leading to joint
failure. For example, in aerospace applications, failure to harden nuts can reduce assembly reliability.
Another mistake is ignoring regional differences in thread standards. For example, choosing metric
threads over imperial threads in the North American market can lead to incompatibility with existing
systems. Furthermore, failing to consider environmental compatibility ( such as insufficient corrosion

resistance ) can lead to rapid failure of threaded rod in marine or acidic environments.

Mitigation measures include a thorough assessment of compatibility requirements. Material
compatibility should be optimized by selecting high-strength nuts or applying surface treatments (such
as nickel-phosphorus plating) to reduce the risk of galling. The thread standard should be selected based
on the application region, such as metric threads (ISO 68-1) for global use and imperial threads (ASME
B1.1) for the North American market. Environmental compatibility should be verified through salt spray
testing or high-temperature testing to ensure that the threaded rod is suitable for specific operating

conditions.

Optimizing avoidance strategies requires establishing a compatibility database to document matching
solutions for common nut materials and thread standards. 3D modeling and assembly simulation can
predict compatibility issues and reduce design iterations. Intelligent selection tools can quickly
recommend compatible solutions based on operating conditions and standards. Comprehensive
compatibility design ensures seamless integration of threaded rods and systems, improving overall

reliability.

CTIA GROUP LTD Tungsten Alloy Threaded Rod Image
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CTIA GROUP LTD
High-Density Tungsten Alloy Customization Service

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and
production with 30 years of experience.

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production,
mature technology.

Precision customization: support high density (17-19 g/cm3), special performance,
complex structure, super large and very small parts design and production.

Quality cost: optimized design, optimal mold and processing mode, excellent cost
performance.

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification.
100,000+ customers

Widely involved, covering aerospace, military industry, medical equipment, energy industry,
sports and entertainment and other fields.

Service commitment

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints

in 30 years!

Contact us

Email: sales@chinatungsten.com
Tel: +86 592 5129696
Official website: www.tungsten-alloy.com
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appendix:

Appendix 1 China Tungsten Alloy Threaded Rod Standard

China's tungsten alloy threaded rod standards are primarily based on national (GB) and industry (GB/T)

standards, which cover the mechanical properties, dimensional tolerances, and thread processing
requirements of tungsten alloy materials. Because tungsten alloy threaded rods are high-performance
fasteners, their standards often refer to conventional thread standards but are tailored to incorporate the

unique properties of tungsten alloy, such as high density and strength.

GB/T 5781-2000 Hexagon head screws (high strength)

This standard specifies the dimensions, mechanical properties, and surface treatment requirements for
high-strength screws used in high-load applications. Tungsten alloy threaded rods must meet specified
strength grades (e.g., 8.8 or 10.9) to ensure tensile and yield strengths meet design requirements. The
standard emphasizes thread tolerances above 6g to accommodate precision connections in aerospace and

energy equipment.

GB/T 5782-2000 Hexagon head bolts (high strength)

Similar to GB/T 5781, this standard addresses the thread design and heat treatment processes for bolts.
The threaded portion of tungsten alloy threaded rods must adhere to the specified profile and pitch.
Combined with tungsten alloy's high-temperature resistance, it is suitable for use as a fastening
component in the nuclear industry and marine propulsion systems. While the standard requires a surface
coating (such as zinc plating) to enhance corrosion resistance, nickel-phosphorus plating can be used as

an alternative for tungsten alloys.

GB/T 193-2003 Common thread diameter and pitch series

This standard defines the basic size series for metric threads. Tungsten alloy threaded rods must adhere
to the M3 to M39 pitch range to ensure compatibility with standard nuts. The high hardness of tungsten
alloy requires precision grinding during machining to achieve standard tolerances. This standard is

suitable for medical devices and precision manufacturing, ensuring thread interchangeability.

GB/T 3098.1-2010 Mechanical properties of fasteners - Bolts, screws and studs

This standard specifies detailed testing methods for tensile strength, hardness, and impact toughness of
fasteners. Tungsten alloy threaded rods must pass the specified mechanical property tests, with particular
emphasis on strength retention at high temperatures, making them suitable for applications in high-
temperature furnaces and engine components. The standard also includes fatigue testing requirements to

verify the durability of tungsten alloys under cyclic loading.
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GB/T 5783-2000 Hexagonal nuts (high strength)

As a supporting standard, this standard ensures the compatibility of tungsten alloy threaded rods and nuts.
The design of tungsten alloy threaded rods must take into account the strength grade of the nut to avoid
wear issues. It is suitable for heavy-duty machinery and energy equipment, ensuring the overall reliability

of the connection system.

These Chinese standards emphasize standardized production and quality control for tungsten alloy
threaded rods. Manufacturers must verify compliance through third-party certification, such as CNAS
laboratory testing . In practical applications, these standards can be supplemented with industry standards
such as JB/T 5001 (General Technical Requirements for Mechanical Fasteners) to ensure performance

in extreme environments.

Appendix 2 International Tungsten Alloy Threaded Rod Standards

International tungsten alloy threaded rod standards, primarily developed by the International
Organization for Standardization (ISO), cover thread geometry, mechanical properties, and test methods.
These standards are applicable globally, ensuring interoperability for tungsten alloy threaded rod in

aerospace, energy, and medical applications .

ISO 68-1:1998 Basic profiles of ISO general purpose threads

This standard defines the basic profile and tolerances for ISO metric threads. Tungsten alloy threaded
rods must conform to this 60-degree profile angle and pitch. It is suitable for precision transmission
systems, such as semiconductor equipment, ensuring thread geometry accuracy and compatibility. The

high hardness of tungsten alloy requires machining with tolerances above 6H/6g.

ISO 898-1:2013 Fasteners — Mechanical properties — Bolts, screws and studs — Product grades

This standard specifies the mechanical properties of carbon steel and alloy steel fasteners. Tungsten alloy
threaded rod can be tested against the strength grade (e.g., Grade 8.8 or 10.9). It emphasizes tensile
strength and yield strength, making it suitable for high-load applications such as nuclear shielding
components. The standard also includes requirements for high-temperature performance, requiring

verification of the tungsten alloy's high-temperature stability.

ISO 965-1:1998 Basic requirements for metric screw thread tolerances

This standard details the fundamental principles of thread tolerances. Tungsten alloy threaded rods must
meet specified tolerances for pitch, major, and minor diameters. It is suitable for medical imaging
equipment, ensuring thread assembly accuracy and vibration resistance. Tungsten alloy's low coefficient

of thermal expansion helps meet dimensional stability requirements.
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ISO 16047:2005 Fastener Torque/Clamp Force Testing

This standard specifies torque testing conditions for threaded fasteners. Tungsten alloy threaded rods
must pass clamp force tests to verify preload and friction coefficient. This test is applicable to marine
engineering and automotive manufacturing, ensuring connection reliability in vibration environments.

The test must also consider the effects of tungsten alloy surface treatment on friction.

ISO 3269:2019 Fastener Acceptance Inspection

This standard outlines the acceptance procedures for fasteners. Tungsten alloy threaded rod production
must comply with its sampling inspection and quality control requirements. It emphasizes inspection of
appearance, dimensions, and mechanical properties and is suitable for international trade and

standardized production.

International standards emphasize global interoperability and consistent quality for tungsten alloy
threaded rods. Manufacturers must verify compliance through ISO-accredited laboratories . Regional
standards, such as EN (European), can be used to supplement these standards in applications to ensure

applicability in multinational projects.

Appendix 3 Tungsten Alloy Threaded Rod Standards in Europe, America, Japan, South Korea and

Other Countries

Tungsten alloy threaded rod standards in Europe, the United States, Japan, and South Korea are based
on their respective industrial specifications and cover mechanical properties, thread specifications, and
testing methods. These standards reflect regional technical characteristics, such as the military
application orientation of the United States, environmental protection requirements of Europe, precision

manufacturing in Japan, and the needs of the automotive industry in South Korea.

American Standard: ASME B1.1-2003 Unified Inch Screw Threads

This standard defines the basic specifications for imperial threads. Imperial designs of tungsten alloy
threaded rod must conform to its thread form and tolerances. Suitable for military equipment and
automotive manufacturing, it emphasizes the strength and vibration resistance of coarse (UNC) and fine

(UNF) threads. Tungsten alloy's high strength is well-suited to performance grades 10.9 and higher.

American Standard: ASTM F568M-07 Carbon steel and alloy steel bolts, screws and studs

This standard specifies the mechanical properties of alloy steel fasteners, and tungsten alloy threaded
rods can be tested for tensile strength and hardness. It is suitable for use in the energy and aviation sectors,
ensuring the reliability of threaded rods in high-temperature and high-pressure environments. The

standard also includes fatigue testing, verifying the tungsten alloy's resistance to cyclic loading.
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European Standard: EN ISO 898-1:2013 Mechanical properties of fasteners - Bolts, screws and

studs

European standards are equivalent to ISO 898-1, and tungsten alloy threaded rod must comply with its
product grade and testing requirements. They emphasize environmentally friendly coatings ( such as
chromium-free passivation ) and are suitable for the marine and nuclear industries. European standards
emphasize corrosion resistance, and tungsten alloy threaded rods are often plated with nickel to comply
with REACH regulations.

Japanese Standard: JIS B 0205-1:2014 Basic Profiles of General Metric Threads

Japanese standards are based on ISO metric threads, and tungsten alloy threaded rod designs must
conform to these dimensional series and tolerances. Suitable for precision manufacturing and automotive
applications, they emphasize high precision (e.g., 6g tolerances). Japanese standards emphasize surface
treatment, and tungsten alloy threaded rods are often chemically passivated to enhance corrosion

resistance.

Korean Standard: KS B 1002:2016 Carbon steel and alloy steel bolts, screws and studs

Korean standards specify the mechanical properties of fasteners, and tungsten alloy threaded rods must
pass these strength grade tests. Suitable for the automotive and marine industries, they emphasize fatigue
resistance and high-temperature resistance. While compatible with ISO, Korean standards include

additional localized testing, such as salt spray durability testing.

These European, American, Japanese, and Korean standards emphasize regional compatibility and high
performance. Exports of tungsten alloy threaded rods must be certified by CE (Europe), UL (US), or
KGS (Korea). In practical applications, cross-references to ISO standards can be used to ensure

consistency across the global supply chain.
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Appendix 4 Material Terminology for Tungsten Alloy Threaded Rod

the term definition illustrate
Tungsten Alloy Alloy material with tungsten as the High density and high strength, suitable
main component and added for aerospace, energy and other fields

elements such as nickel, iron, and

copper
Tungsten-nickel- tungsten, nickel and iron mixed ina Provides high toughness and strength,
iron alloy specific proportion suitable for high load scenarios such as

military equipment

Tungsten-copper An alloy of tungsten and copper Suitable for high-temperature thermal
alloy with excellent thermal conductivity — conductivity  scenarios, such as
semiconductor equipment

5t Ot A Tungsten-based  alloys  with  a  Used in applications requiring quality

density of 17-18.5 g/cm? stability, such as aerospace
transmissions

Powder Tungsten alloys produced by Ensure material uniformity and high

metallurgy powder pressing and sintering density, reduce micro defects

materials

Sintered blank Semi-finished products formed by Provides initial structure for threaded
sintering in powder metallurgy rod machining , requiring further
process finishing

Alloy ratio Mass ratio of tungsten to other metal ~ Affects strength, toughness and thermal
elements conductivity, and needs to be optimized

according to working conditions
microstructure Grain size and phase distribution of ~Affects mechanical properties and

tungsten alloy needs to be controlled by sintering and

heat treatment

Appendix 5 Process Terminology for Tungsten Alloy Threaded Rod

the term definition illustrate

tungsten alloy by powder mixing, Suitable for processing high melting point
W EETNEG 8 pressing and sintering tungsten, widely used in threaded rod

manufacturing
Cold Isostatic pressing of powder in liquid Ensure uniform density of blanks, suitable for
isostatic medium to form a green body complex shape threaded rods

pressing

sintering High temperature treatment causes the To increase density and strength, temperature
powder particles to combine to form a and atmosphere need to be controlled

dense alloy
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Cold working method of forming

Rolling
Precision
Grinding

threads by roller extrusion

Process for finishing threads using
diamond grinding wheels

Formation of a protective layer on the
thread

deposition

surface by electrochemical

@it Forms an oxide layer on the thread
passivation
Heat

surface to improve corrosion resistance

Process of optimizing alloy properties

through annealing or quenching

Improves thread strength and surface quality,
suitable for high-precision applications
Ensure thread geometry accuracy and surface
roughness (e.g. Ra 0.2 pm)

Improved corrosion and wear resistance, such

as nickel-phosphorus plating

Applicable to marine or acidic environments,
solution concentration needs to be controlled
Eliminate residual stress, improve toughness,

suitable for high load scenarios

Appendix 6 Performance Terminology of Tungsten Alloy Threaded Rod

definition
The resistance of threaded
rod to tensile fracture

the term

tensile strength

Durability of threaded rods

Fatigue resistance
Corrosion
resistance

| I ARVITSiio (1Al Dimensional

under cyclic loading
Threaded rod's resistance to
chemical attack

stability of

thermal expansion

wear resistance

materials under temperature
changes

Mass density of tungsten

The ability of the thread
surface to resist friction and
wear

Thermal The material's ability to

conductivity conduct heat

hardness

Deformation resistance of

threaded rod surface

illustrate

Tungsten alloys are generally taller than
ordinary steel and are suitable for high load
applications

Key indicators that affect the life of aerospace
and marine power systems

Improved by plating or passivation, suitable
for marine environments

Tungsten alloy is superior to steel and suitable

for high or low temperature environments

Provides inertial stability, reduces vibration,
and is suitable for precision equipment

Improved by hard coating or rolling process to
extend service life
Tungsten-copper is

alloy particularly

outstanding and suitable for thermal

management scenarios
Tungsten alloy has high hardness and needs to
be matched with high-strength nuts

Appendix 7 Application Terms for Tungsten Alloy Threaded Rod

the term definition

Aerospace
transmission

transmission systems

illustrate

Application of threaded rods in aircraft Requires high precision and vibration

resistance, such as satellite adjustment
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Nuclear

industry

shielding

semiconductor

manufacturing

medical
imaging
equipment
Energy
equipment
connection
High-
performance
racing cars
deep-sea

exploration

Threaded rods for securing radiation

shielding components

Threaded rod connection applications -

in ship engines

Application of threaded rods in

photolithography or etching equipment

Adjustment mechanism of threaded rod
in CT or MRI equipment

Application of threaded rods in wind

power generation or oil extraction

Application of threaded rods in racing

engines or suspension systems

High-pressure connections of threaded

rods in deep-sea equipment

and vibration,

mechanism

Requires high density and high
temperature resistance to ensure long-
term stability

Neeg to be resistant to seawater corrosion
suitable for marine
environment

Requires high precision and low thermal
expansion to meet nanoscale
requirements

High precision and anti-magnetism are

required to ensure imaging quality

Requires high strength and corrosion
resistance to withstand heavy loads and
harsh environments

Need to be resistant to high temperatures
and fatigue to ensure performance and
safety

Need to be resistant to high pressure and
corrosion, suitable for extreme marine

environments

CTIA GROUP LTD Tungsten Alloy Threaded Rod Image
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