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ABSTRACT: As an important mechanical connection, the threaded connection has a wide range of applications covering many
industries such as construction, automotive, aerospace, electric power, petrochemical, etc. The advantages of this type of
connection are that it is structurally reliable, easy to connect and disassemble, and cost effective. However, in practice,

environmental corrosion, vibration, external impact and other factors will have an impact on the threaded connection, resulting
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in its failure. This not only leads to equipment damage, but also may cause safety accidents, bringing serious economic losses
and casualties to the enterprise. Therefore, carrying out in-depth study of the failure mechanism of threaded connection, and
putting forward effective preventive measures accordingly to improve the safety and reliability of equipment are of great
practical significance.

Based on the extensive research of relevant literature reports in recent years, the main failure mechanism and preventive
measures of thread fracture, thread corrosion and thread wear are analyzed. Various factors such as preload, stress concentration,
vibration and environmental conditions are also investigated. Secondly, for the previous thread fracture, thread corrosion, thread
wear and other conditions, the various measures to prevent the thread connection failure are summarized, including coating,
coating, corrosion inhibitor, heat treatment and surface hardening treatment, and the advantages and disadvantages of these
measures are analyzed. Thread fracture usually requires the stress concentration of long hours and the effect of external impact,
which can be eliminated by stress and heat treatment, refine the grain, and improve the toughness and plasticity of the material,
but the high temperature will decrease the coarse hardness of the grain. Thread corrosion usually reacts with corrosive media in
a specific chemical environment. Measures such as using corrosion-resistant materials and applying anti corrosive coating can
be taken to isolate the contact between thread pairs and corrosive media. Thread wear is usually due to the role of friction in the
working process of thread auxiliary, which can be reduced by coating to isolate the surface contact, or through the surface
treatment method to increase the hardness of the material. Adding lubricant and sealing can also reduce wear. Some common
daily maintenance and protection means, such as the manufacturing process to ensure the accuracy and surface quality of the
thread, regular inspection and maintenance of the thread connection parts, also increase the pretension force, etc. These
measures are designed to improve the corrosion, vibration and impact resistance of the risk of failure.

Finally, the current status of Chinese and international research on failure prevention of threaded connection in the last
three years is screened and summarized. By comparative analysis, it is found that Chinese and foreign research on failure
prevention of threaded connection has achieved certain results, but there are still many problems that need to be solved, such as
short protection time, high cost, non-environmentally-friendliness and lack of appropriate testing and diagnostic technology. In
the future, it is necessary to continue to study the failure mechanism of the threaded connection, and study the high performance
protection materials, green environmental protection technology and intelligent monitoring and diagnosis technology to prevent
and reduce the casualties and economic losses caused by the thread failure.

KEY WORDS: failure analysis; thread fracture; thread corrosion; thread protection
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Fig.1 Thread stress concentration (a) and surface crack
propagation on thread (b)
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Tab.1 Analysis of chemical composition of broken drill collar %
wt.%
Project C Si Mn P S Cr Mo Ni \ Al Cu Ti
Measured value  0.45 0.22 1.06 0.014 0.0019 1.10 0.23 0.025 0.008 0.019 0.011 0.006

Measured value — — — <0.025 =<0.025

®2 WHMBEHNAFEES T

Tab.2 Mechanical properties analysis of broken drill collar*”

Tensile strength Yield Strength

Project

Elongation at Impact absorption energy/J

R, /MPa Rp02/MPa break 4/% Single value Average
Measured value 1 060 920 19 82,84,86 84
Measured value =965 =758 =13 =54
® 3 BTRSHERNEENR S
Tab.3 Hardness test and analysis of broken drill collar*®
Project 1 2 3 4 5 6 7 8 9 10 11 12

Measured value 317 325 321 317 325 315 317 329 323 319 325 307
Standard value 285-341
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Fig.2 Micro morphology of the crack (a), micro structure morphology near fracture surface of the failure
drill collar (b), SEM morphology of fatigue fracture surface after opening of fatigue fracture
(c) and SEM morphology of crack propagation steps after opening of fatigue fracture (D
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Fig.4 Hydrogen embrittlement mechanism of threads
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Tab.4 Heat treatment program for different test plates®”

Sample number Experimental plan

1 Quenching
2 Quenching + Tempering
Quenching+Cold Treatment+Tempering

Quenching+Cold treatment+Tempering+
Cold treatment+Tempering
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Tab.5 Heat treatment protection methods and their advantages and disadvantages

Project Advantages

Disadvantages

Annealing treatment

Grain refinement

N lizi
ormalizing treatment Increases hardness and strength

Tempering treatment Higher hardness and strength

Stabilize organizational structure
Increase hardness and strength

Good deformability
Good toughness

Time-effect processing

Nitriding treatment

Improve the comprehensive properties of materials

Eliminate internal stress and grain boundary inclusions
Improve material toughness and ductility

High temperatures can cause grain
coarsening and a decrease in hardness

Increased cold brittleness
Higher cost

Long processing cycle
High energy consumption for heating

Long processing time
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Fig.7 Mechanism of thread gap corrosion and stress corrosion
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Tab.6 Chemical composition of thread fracture areal®®
wt.%
Project C Si Mn P S Cr
Measured value 0.40 0.22 0.76 0.009 4 0.058 1.04
Standard value 0.37-0.44 0.17-0.37 0.50-0.80 <0.02 <0.02 0.80-1.10

RT T EE ST F X IE A AE A T
Tab.7 Hardness detection of thread fracture areal®

Project Hardness
Measured value 428 425 425
Average 426

Standard value 385-435
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Fig.8 Bolt surface microstructure morphology, bolt heart microstructure morphology (b),

corrosion pit morphology in corrosion area (c) and corrosion crack morphology at the bottom of the pit in corrosion area
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Tab.8 Coating protection methods and their advantages and disadvantages

Project Advantages

Disadvantages

. . . High corrosion
Zinc-aluminum coating

Aluminum coating

Molybdenum disulfide

coatin L _
& friction coefficient

Organofluorine coating

resistance, high
resistance, no hydrogen embrittlement, low cost

Lightweight, high strength, heat-resistant

Excellent anti-friction, lubrication, chemical inertness,
temperature resistance, wear resistance, and low

temperature Resistance to high temperatures and wear is
average

The adhesion is relatively weak and tends to
oxidize easily in certain environments

Poor corrosion resistance, prone to failure in
humid environments

Weather-resistant, temperature-resistant, low surface High costs, complex construction processes, and
energy, insulating, resistant to chemical media

limited corrosion resistance in special environments
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Tab.9 Full immersion test results of three types of galvanized specimens*”)

Sample type m (Before corrosion)/g m (After corrosion)/g S (Average surface)/mm® Am (Average)/g Veon/(g'm 2-h™")

Mechanical 9.024 8.965

galvanizing 7.474 7.413 1283.63 0.067 0.072 494
(10 pm) 9.181 9.099

Mechanical 7.103 7.084

galvanizing 9.485 9.465 1283.63 0.018 0.019 476
(20 pm) 7.822 7.808

Mechanical 8.356 8.353

galvanizing 7.769 7.772 1283.63 0.003 0.003 246
(30 pm) 7.449 7.455

Mechanical 8.662 8.678

galvanizing 8.249 8.263 1283.63 -0.015 0.016 230
(40 pm) 7.197 7212
Electro- 34.809 34.801

galvanizing 35.457 35.447 3294.77 0.008 0.003 372
(6 pm) 34.007 34.001
Hot-dip 24.458 24.466

galvanizing 20.543 20.553 5065.03 -0.01 0.002 742
(50 pm) 22.6 22.612

—.I;réétNurce

Expansion area

50 pm
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[50].

Fig.12 SEM morphology of untreated fatigue section

c) PEITWIIE; d) 95 TR

a) fatigue section; b) fatigue fracture source and section

morphology of nickel tungsten alloy fatigue specimens: c¢) fatigue section; d) fatigue fracture source
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Tab.10 Electrochemical protection methods and their advantages and disadvantages

Project Advantages

Disadvantages

Hot-dip galvanizing
Electro-galvanizing

Mechanical galvanizing

Chrome plating High hardness, wear-resistant

Nickel plating
Cadmium plating

Silver plating

Excellent corrosion resistance, long service life
Coating uniformity, coating uniformity

Good corrosion resistance, low pollution

Corrosion resistance and high conductivity
Corrosion resistance and high conductivity

Good electrical conductivity and reflectivity

Higher cost, prone to falling off
Poor corrosion resistance, prone to damage.
Poor adhesion and heat resistance

The coating is thin, prone to cracking, and easy
to fall off

Poor resistance to impact and deformation
Toxic, environmental pollution

Oxidizes easily and turns black, high cost
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