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[bookmark: _GoBack]Material failure analysis is getting more and more application and general attention in engineering. Failure analysis provides the basis for improving product design, material selection, etc., and can prevent or reduce the occurrence of fracture accidents. Can improve the credibility of mechanical products, and can play a role in technical feedback, significantly improve economic efficiency. It is very important for industry, people's livelihood and scientific and technological development to carry out the research on failure analysis vigorously.

The so-called failure mainly refers to the mechanical components due to changes in size, shape or material organization and performance caused by the mechanical components can not complete the specified functions. It can also be called a fault or accident. A mechanical component is considered to be invalid and should be judged on the basis of whether one of the following three conditions is in place:
(1) Parts are completely destroyed and cannot work; 
(2) Serious injury, it is not safe to continue working; 
(3) Although it can work safely for the time being, it is not satisfied with the completion of the assigned tasks. Any of the above occurs and the part is considered to have lapsed.

The most common forms of failure of mechanical components are the following: 1. Fracture failure: usually including plastic (toughness) fracture failure; Low stress brittle fracture failure; Fatigue fracture failure; Creep fracture failure; Stress corrosion break failure. 2. Surface damage failure: usually including wear failure; Corrosion failure; Surface fatigue failure 3. Deformation failure: including plastic deformation failure; Elastic deformation failure, the same part can have several different forms of failure. A part failure is always dominated by one form, and rarely in two forms. But they can be combined into more complex forms of failure, such as corrosion wear, corrosion fatigue, and so on.

Aircraft, ships, automobiles, power machinery, construction machinery, metallurgy, petroleum and other machinery, as well as railway bridges and other major parts and components, mostly under the load of circulation changes, fatigue is its main form of failure. Metal fatigue refers to the process by which materials and components gradually produce local permanent cumulative damage in one place or several places under the action of circulating stress or cycle strain, and produce cracks or sudden complete fractures after a fixed number of cycles. When the material and structure are subjected to repeated changes in the load effect, although the stress value has never exceeded the strength limit of the material, even lower than the elastic limit, the damage may occur, this in the cross-variable load repetition of the material and structure of the destruction phenomenon, called metal fatigue destruction.

The study of fatigue can be summed up as macro and micro: macro aspects from the analysis of fatigue stress or strain, study the laws of force under fatigue load, establish a series of fatigue resistance indicators for the correct selection of materials and safety design to provide direct or indirect information; Microscopic aspects from the micro-mechanism to study the changes in the internal structure of metals under fatigue load and break patterns, to find the causes of fatigue cracks and crack expansion mechanisms and factors, so as to find ways to improve fatigue resistance. The current trend is to combine macro and micro. The problem of metal fatigue fracture is studied comprehensively.



















[bookmark: _Toc57688628][bookmark: _Toc61402954]1.0 Introduction
Cutting tools play a very important role in the construction of national economy, such as automobile industry, aerospace industry, energy industry and military industry. High-speed steel tools in terms of strength, toughness and process quality has excellent comprehensive performance, in complex tools, especially in the manufacture of hole machining tools, milling cutters, threaded tools, pullers, cutters and other edge-shaped complex tools, high-speed steel still occupies the main position.

High speed steel (HSS) is a kind of tool steel with high hardness, high wear resistance and high heat resistance, also known as high speed tool steel or front steel, commonly known as white steel. High-speed steel has good process performance, strength and toughness, so it is mainly used to manufacture complex thin-edged and impact-resistant metal cutting tools, but also to manufacture high-temperature bearings and cold-squeezed molds.[1] In addition to the high-speed steel produced by smelting method, the powder metallurgical high-speed steel appeared after the 1960s, which has the advantage of avoiding the partial analysis of carbides caused by melting method production and causing mechanical performance reduction and heat treatment deformation. 
In 1898, American mechanical and management engineer Taylor (TaylorF.W.) and metallurgist White (WhiteM.) developed and invented high-speed steel, and a systematic cutting test was carried out. [2]High-speed steel tools can be cut at a speed of 30m/min, which is several times more efficient than the carbon and alloy tool steels used in the past, and won huge economic benefits for the mechanical industrial production in the United States at that time. The heat treatment process of high-speed steel is more complicated and must go through a series of processes such as quenching and tempering. Quenching is generally carried out in two stages due to its poor thermal conductivity. Preheat at 800～850℃ (to avoid large thermal stress), then quickly heat to the quenching temperature of 1190～1290℃ (the temperature is different for different grades in actual use), and then cool by cold or air cooling or inflatable body.

After the middle of the 20th century, the rapid development of science and technology, a variety of difficult-to-process materials continue to emerge, the performance of general-purpose high-speed steel has ceased to be used, so high-performance high-speed steel and powder metallurgy high-speed steel has emerged, so that the performance of high-speed steel tool materials has been greatly improved.

Since most of the high-speed steel tools are standard tools, the production batch is large, if the quality is unstable, a large number of products will be scrapped. Therefore, the analysis of failed parts will play an important role in controlling product quality stability and preventing mass product failures. 


























[bookmark: _Toc61402955]2. The main forms of high-speed steel tool failure
Tool wear is the main failure mode of tools. Common failure modes include: abrasive wear, oxidative wear, adhesive wear, diffusion wear and other normal wear; abnormal wear such as reeling, chipping, chipping, and beating. Therefore, the tool material should have good mechanical properties, in addition, it should have good process performance and economy that can minimize tool costs.

The failures of high-speed steel tools during production and use can be divided into normal failures and abnormal failures (early failures). Normal failure means that after a period of cutting, the tool is worn and becomes dull and can be used again by re-grinding until the tool is scrapped. Unusual failure refers to the failure of the tool prematurely due to material or organization defects in the tool, improper product design or product processing, thermal processing problems such as heat treatment defects, etc., during production and processing or during use. Abnormal failures cause the tools to be scrapped in advance, which can easily cause accidents such as personal and machine tools, and often huge losses. There are three main forms of abnormal failure of high-speed steel tools: tool fracture (brittle fracture, cracking, fracture); chipping (tooth, chipping); not durable (not top edge, abnormal wear) and so on. 

The general manufacturing process of high-speed steel cutting tools is: hot rolling and annealing of raw materials → machining → quenching + tempering → sharpening opening → surface treatment, etc. [3] The failure modes of high-speed steel tools mainly include chipping, flank wear, plastic deformation of the cutting edge, and rake surface wear during the cutting process, and serious deformation after heat treatment, cracks or cracks, and low surface hardness. Due to the various forms of tool failure, the reasons for failure are also more complicated. In addition to improper selection and use of tools, there are mainly quality problems of the tools themselves. Generally speaking, there are four main factors affecting the quality of tools: one is the quality of raw materials; the other is the quality of heat treatment; the third is the tool structure design and machining accuracy; the fourth is the quality of surface treatment. The quality of raw materials and heat treatment technology are the main causes of failure, accounting for more than 80% of the total failures. Some small and medium-sized tool manufacturers have a low level of tool detection technology and cannot realize the quality monitoring of the tool manufacturing process, resulting in tool failure.
[bookmark: _Toc61402956]3. The causes of high-speed steel tool wear
Tool wear is mainly caused by mechanical action and thermochemical action. The specific reasons are as follows:
(1) Abrasive wear. During cutting, hard spots in the workpiece material or built-up edge fragments adhered to the workpiece and chips will carve grooves on the surface of the tool, causing the tool to wear. This is mainly caused by mechanical friction, also known as mechanical wear.
(2) Bonding wear. When cutting plastic materials, there is a large pressure between the tool and the workpiece and the chips. At an appropriate temperature, the bonding between the tool and the chips, and the contact surface of the tool and the workpiece occurs. Due to the cutting movement, after the bonding point is broken, the particles on the tool surface are taken away, causing tool wear.
(3) Oxidative wear. Under higher temperature conditions (700~800℃), the surface material of the tool will oxidize with oxygen in the air to form a low-strength oxide film, which is easily wiped off by the workpiece or chips, causing tool wear.
(4) Diffusion wear. Under high temperature conditions (850~1000℃), elements such as Ti, W, Co in the tool material will gradually diffuse into the workpiece or chips, and the Fe element in the workpiece material will also diffuse to the surface of the tool. In this way, the chemical composition of the tool material is changed, and its hardness and wear resistance are reduced, thereby intensifying the wear of the tool.
(5) Phase change wear. When the tool material reaches the phase transition temperature due to the increase in cutting temperature, the metallographic structure will change, which will reduce the hardness of the tool and cause wear.
In short, there are many reasons for tool wear. Under different tool materials, workpiece materials and cutting conditions, the reasons for tool wear are different, which may be one of them, or the result of several of them. Generally, when cutting at low speed. The main causes of tool wear are abrasive wear and adhesive wear; during high-speed cutting, carbide tools will undergo oxidative wear and diffusion wear as the cutting temperature increases, while high-speed steel tools will undergo phase change wear.





[bookmark: _Toc61402957]4. The influence of material factors on high-speed steel tool failure
Tool failure is mainly caused by defective structures such as overheating, overburning, and decarburization caused by unqualified raw material composition and metallography and improper heat treatment process. Therefore, we should do a good job in quality control from raw material inspection to heat treatment quality inspection. In quality process control, first determine the main factors affecting the failure of each link in the tool manufacturing process, determine the required inspection items and indicators, adopt reasonable inspection methods and test procedures, and establish strict inspection systems and procedures. Then, through the feedback of the inspection results, the corresponding processing parameters such as heat treatment are optimized, and reasonable processing parameters such as tool heat treatment are worked out, and finally the purpose of tool quality control is realized.

The largest amount of cutting tool materials is high-speed steel, especially complex tools such as broaches, hobs, gear shapers, and gear shaving cutters. High-speed steel is a high-alloy tool steel of ledeburite type, and its unique composition and structural characteristics ensure that high-speed steel tools have sufficient hardness, wear resistance and red hardness. However, if there are material or organizational defects in the high-speed steel smelting and hot working process, it will directly cause abnormal tool failure.
The failure mode of the tool and the corresponding raw material defect are as follows:
(1) Fracture, brittle fracture, cracking, breaking: 
high degree of porosity in the center, serious segregation of carbides, large segregation of components, naphthalene-like fractures, high inclusions and impurities, high content of harmful elements and gases, forging defects, overheating annealing, internal cracks, surface cracks, etc.
(2) Chipping, tooth loss, tooth chipping:
Inclusion and impurity content, high content of harmful elements and gases, large segregation of components, unbroken ledeburite, large-grain carbides in the structure, high heat treatment hardness, forging defects, overheating annealing, internal cracks, surface cracks, etc. [4]
(3) Not durable, not top edge, abnormal wear:
Large segregation of components, uneven hardness, low heat treatment hardness, poor red hardness, poor wear resistance, decarburization of the blade, severe segregation of carbides, large carbides, forging defects, naphthalene-like fractures, etc.

For example, in a low-magnification inspection of a certain W9 steel, severe carbide spalling and spot segregation were found in the cut sample. In order to avoid structural defects in the heart of the broach and reduce weight, the middle drilling is used for processing, and the shanks are mounted on both sides after heat treatment. One of the broaches had abnormal radial runout during grinding, and the operator had heard a crisp cracking sound. After careful observation, it was found that cracks occurred along the longitudinal inner hole. After analysis, it is believed that the occurrence of this crack is due to the severe segregation of carbides, resulting in local stress concentration. Under the action of tensile stress, the stress value exceeds the fracture limit of the material and cracks. The severe segregation of material carbides is the main reason for the brittle fracture of the broach.



















[bookmark: _Toc61402958]5. The influence of design and processing on high-speed steel tool failure
When designing tool products, the designer first considers meeting the cutting requirements, and then considers other factors such as reasonable structure and processing difficulty. However, in the actual production process, it is not uncommon for tools to fail prematurely due to structural and processing problems. The factors that have the greatest influence on the premature failure of the tool are sharp corners, uneven thickness, inappropriate tool parameters or improper use, etc.

Sharp changes in section, sharp transitions, sharp notches, uneven thickness, asymmetric structure, improper cutting angle, unreasonable structure, improper weld position, improper material selection, etc. will cause the tool to break and crack, and it is not durable. The keyway has no rounded corners, the step table connection has no smooth transition, rough knife lines, milling extrusion micro-cracks, mark stamping depth, and overload processing will cause tool fracture, cracking and deformation.

For example, a certain M35 steel broach with a size of 125mm × 1500mm. The failure fracture occurred during the heat straightening process after the last tempering (fourth) of the heat treatment. Ring fracture. Observe that the fracture is fine porcelain, and the metallographic inspection, material and quenched structure are normal. After analysis, it is believed that due to the large change in cross-sectional dimensions and the formation of sharp corners at the reducing diameter, excessive stress concentration has been generated, and the external force applied by bending and straightening causes the broach stress to exceed the fracture limit of the material, resulting in the reduction Annular cracking occurred.








[bookmark: _Toc61402959]6. The influence of heat treatment defects on high-speed steel tool failure
High-speed steel tool failure is often accompanied by heat treatment defects of the tool. Heat treatment is the most important link for high-speed steel tools to obtain the expected cutting performance. Through heating, cooling, and multiple tempering, the tool can obtain the required hardness and the required internal structure. Heat treatment defects are generally divided into 3 categories. [5] The first type of heat treatment defect is quenching crack (cracking). As a fatal defect of heat treatment, quenching crack cannot be repaired. Once it occurs, there is no other way except scrapping the product; the second type of heat treatment defect generally refers to quenching distortion, for precision and complex tools , Quenching distortion is a serious defect; the third type of heat treatment defects refers to other heat treatment defects other than quenching cracks and quenching distortions, such as oxidative decarburization, insufficient tempering, uneven hardness, etc., which can be passed Improved heat treatment process to avoid.

Overburning, overheating, stringing, uneven heating, insufficient tempering, decarburization, low quenching temperature, repeated quenching, fast heating speed, poor annealing, excessive pickling, and corrosion will cause the tool to break and become less durable. Grinding cracks, grinding burns, grinding quenching, large grinding volume, grinding without cooling, rust, and surface treatment defects will cause tool cracks.

For example, the forming milling cutter produced by a certain company is made of high-speed steel W6. After quenching and tempering three times, the hardness was found to be low. After annealing, it was quenched and tempered three times, and cracks were found on the surface. Then carried out metallographic inspection. The metallographic structure is shown in the figure below.
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Figure 1. Carbide network distribution (a) and metallographicmicrostructure (b) in crack (×100)

Figure 1(a) shows the metallographic structure after deep corrosion. Figure 1(a) shows the distribution of network carbides. The unevenness of network carbide is level 7, and the standard stipulates that the unevenness of eutectic carbide should not be greater than level 3. Therefore, it is an unqualified organization. Figure 3(b) shows the high-magnification metallographic structure at the crack. It can be seen that there are a lot of white network carbides, coarse martensite needles, and the structure has been seriously overheated. Because the carbide distribution is very uneven, the composition distribution in the austenite structure is very uneven, resulting in uneven martensite structure at normal quenching temperature and time. Some areas are overheated, and some areas are underheated, which is prone to cracks and uneven hardness.













[bookmark: _Toc61402960]7. Recommendation
Failure analysis of high-speed steel tools is a relatively complex task. Although there are several main reasons such as raw materials, design and processing, and heat treatment,However, in actual production and use, the failure of high-speed steel tools is often the result of a combination of several factors.

(1) Quenching cracks and quenching distortions are the first in terms of their frequency and severity. If raw material defects are not considered, the production of these two types of heat treatment defects must be avoided, and cold working and hot working must be coordinated. 
(2)Design and processing need to focus on the adverse effects of structure and shape changes on heat treatment, pay attention to the stress concentration caused by improper machining, sharp corners, non-round grooves, keyways, deep turning tools, etc.
(3) Using new tool coating materials. Coated tool is to coat one or more layers of metal or non-metal compound film with high hardness and good wear resistance on the tool substrate to solve the contradiction between the hardness, strength and toughness of the tool.
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