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ABSTRACT  

In this study, we suggest a new approach to measuring the surface fatigue strength of stainless steel parts. 

Stainless steel must be used if a part must operate in an extremely hostile environment when oxidation of the 

part itself is a real possibility. Wear of the antioxidant coating, which can impair the component's own 

antioxidant qualities, is one of the key issues that affects stainless-steel parts. When two constantly changing 

bodies are compelled to work together, surface corrosion is one of the key factors that might contribute to wear. 

The steel's antioxidant capabilities may be diminished if surface fatigue issues like pitting and spalling damage 

the antioxidant coating. Therefore, it is essential to at least calculate that there are no corrosion issues in this 

situation. This exercise proposes a hybrid numerical-theoretical approach that may quickly estimate surface 

fatigue strength without using finite element models, which are frequently impractically complicated for 

practical applications. 
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INTRODUCTION  

Stainless steels are becoming increasingly used in all industries where the working conditions of various 

mechanical components are extremely demanding and might cause structural failure. Stainless steels are widely 

used because they have a desirable strength-to-ductility ratio and resist corrosion well. The mechanical parts 

used in the aforementioned industries are often exposed to corrosive chemicals and other contaminants that 

might compromise their durability. As a result, it's easy to see why stainless steel is becoming such a common 

material choice in this scenario. The chromium in the steel reacts with the oxygen in the air or water on the 

surface to generate a very thin passivation coating, which is what gives stainless steel its corrosion resistance. 

This coating shields the part from any corrosive or corrosive chemicals. This film may self-repair from the 

steel substrate if it is broken. Stainless steels are often referred to as "self-passivation steel" for this same 

reason.  

Chrome is the primary catalyst for the self-passivation process. Chrome forms a coating of chromium oxide or 

hydroxide when the oxygen content is high enough. The underlying metal is shielded from the elements by 

this ultrathin sheet (its thickness is on the order of a few atoms, 3 5 10 mm). Surface morphology has a role in 

corrosion resistance as well. A surface that is uniform and smooth will be more resistant to corrosion. This has 

prompted a plethora of academics from many academic disciplines to aggressively examine the characteristics 

of stainless steels. The first group examines the effects of chemical composition and electrochemical behavior 
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on the qualities of these materials, while the second group investigates the effects of potential mechanical 

deterioration of the component surface. Degradation difficulties in mechanical components operating in contact 

are well known.  

In most cases, pitting and corrosion are to blame for a mechanical part's deterioration. "Usually, pitting is the 

result of surface cracks caused by metal-to-metal contact of asperities or defects due to low lubricant film," 

states the ASM guide. While scientists have yet to determine what causes pitting, they have confirmed a causal 

relationship between bodies in touch and pitting problems. Due to the loss of antioxidant capabilities in the 

surface layer of degraded components, a design engineer may benefit from a reliable method of anticipating 

and analyzing contact fatigue. Engineers often have to decide between a kinematic theoretical approach and a 

numerical technique when trying to resolve mechanical contact problems.  

The first uses the kinematic rules to compute impact forces and the Hertz stress formula to determine stresses. 

However, this strategy calls for an evaluation of the contact dynamics' starting point. Because of how difficult 

it is to do this in practice, this strategy cannot be used for very sophisticated models. The second technique is 

a more precise evaluation of the impact forces and surface pressures, and it is based on the explicit finite 

element method (FEM). The lengthy processing times are the primary downside of such a technique. In most 

cases, highly complicated models and, thus, impractically long timeframes of the simulations are necessary to 

produce valid findings in terms of stresses. The purpose of this study is to give a straightforward method for 

calculating the pressures and contact stresses in mechanical parts that might cause resistance problems (pitting).  

The effort aims to calculate the likelihood of pitting events occurring, with the hope of preventing them from 

the outset of the design process. The writers strive to strike a balance between efficiency and effectiveness in 

the design scenario, which is at odds with the time and financial limits of industries. This is why the authors 

came up with a hybrid theoretical-numerical technique, which reduces the time spent on calculations while still 

producing accurate answers. It is possible to significantly reduce the computing work required to create a finite 

element model by choosing to ignore the contact stress calculation and instead focus on the assessment of the 

contact forces. Once the contact forces are measured, surface stresses may be estimated using the classical 

method. The suggested hybrid method combines elements of both the theoretical and numerical approaches to 

contact stress evaluation. All three approaches agree that evaluating fatigue life requires assessing the fatigue 

curve and the damage computational model. Almgren’s linear accumulation law is applied here.  

A straightforward scenario of sphere-plane contact was used to verify the suggested hybrid approach. Finally, 

the efficacy of the suggested method was verified using a more sophisticated case study. The stainless-steel 

recirculation mechanism of a ball screw designed for aerospace applications by a market-leading firm serves 

as the standard mechanical component. Ball screws have proven effective in a wide variety of industrial and 

aerospace applications that call for the rapid and precise movement of small parts. Mobile surfaces (flaps, slats, 

and the stabilizer) are often moved using ball screws in the aerospace industry. Because of this, they are 

subjected to severe atmospheric conditions that call for the usage of stainless steels. Premature failure of the 

developing components in such systems is a common issue for ball-screw manufacturers because of the high 

speed at which such systems must operate. The contact zone between the screw tracks and the balls themselves, 

as well as the impact zone in the recirculation mechanism, are the two primary locations in a ball screw where 

surface fatigue issues manifest.  

OBJECT  
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1. One, Research the Factors, Instruments, and Equipment for Testing 

2. Stainless Steel Fatigue Strength under Extreme Conditions 

RESEARCH METHODOLOGY  

The experimental sample size was determined by entering the following information into the Gower 

(Universität Kiel, Dusseldorf, Germany): power = 0.9, alpha = 0.05, and effect size = 1.6. The sample size 

calculation yielded 10 data sets for each experimental group. Twenty Portmapper Universal F2 (Dentsply 

Sirona, Millefleur, Balaguer, Switzerland) and ten Portmapper Next X2 (Dentsply Sirona, Millefleur, Balaguer, 

Switzerland) instruments, each measuring 25 mm in length, were used in this investigation along with thirty 

Niti files. All equipment was brand new and never used when delivered. Deformations and flaws on the surface, 

including the edge and the flute, were examined along the length of the instruments using a dental operating 

microscope set to a magnification of 10 (CJ Optic GmbH & Co. KG, Alarm- Wendorff, Germany). 

A framework was built to test the instruments' cyclic fatigue resistance. This framework included a gear for 

holding the endodontic handpiece (X-Smart Plus, Dentsply Sirona, Millefleur, Balaguer, Switzerland) and a 

glass box of sewing machine oil (Shell Morlina 10, Shell Corp., Ho Chi Minh City, Viet Nam). In order to 

conduct the static cycles experiment, (10 PTU F2) files were spun throughout the whole length of the man-

made canal until they finally snapped.The endodontic handpiece was rotated by a gear via a screw driven by a 

step motor. This step motor was managed by a programmable module that could modify or regulate the gear's 

motion as needed. The step motor was rated at 1.8 degrees per step, with a full 360 degrees of rotation requiring 

200 steps. The framework's lead screw had a 5 mm pitch. The digital controller was programmed to move the 

stainless steel block with the double-curved canal inside it in accordance with the selected patterns. Group 2 

(10 PTU F2) and Group 3 (10 PTN X2) files were utilized for the experiment with dynamic cycles. The 

instrument was configured to a fixed distance in and out motion mode, which ultimately led to its failure. 

Sewing machine oil was used to maintain a body-temperature environment and lubricate the instrument inside 

a glass enclosure. A thermostat and heating device were used to keep the glass container at 37 degrees Celsius, 

plus or minus 0.5 degrees Celsius. The artificial canal, housed in a block of stainless steel, was manufactured 

using a method tailored to the needs of the double-curved canal, the details of which may be found elsewhere. 

The artificial canal had a total length of 18 mm and a diameter of 1.5 mm. The stainless steel passageway was 

divided into two curving sections. With a radius of 2 mm and an angle of 70 degrees, the first curved segment 

had its center at 2 mm from the point of origin. The midpoint of the second arc, which had a radius of 5 mm 

and an angle of 60 degrees, was located 8 mm from the point of its origin. The synthetic canal sat still in the 

lubricant for the sewing machine. Endodontic motor handpiece was secured to X-Smart Plus (Dentsply Sirona, 

Maillefer, Ballaigues, Switzerland)-specific gear. By programming the LCD interface with function keys, the 

user may regulate the gear's displacement in or out for each given motion type. The experiment was timed 

using a timer adjacent to the glass box, and the instrument's movement and subsequent breakage were recorded 

using a Canon 70D (Canon, Tokyo, Japan) digital camera. The number of cycles was calculated by multiplying 

the amount of time it took to rotate the unaltered file by the RPM specified by the manufacturer of each 

instrument type. File fractures were documented based on their location along the canal, whether they occurred 

at the beginning, middle, or end. Before being transported to the lab for examination using an electronic 

scanning microscope (SEM), the instrument parts were ultrasonically cleaned in 90% alcohol for 15 minutes. 

Micrographs of fragments' top surfaces were taken using a scanning electron microscope (JEOL, SM-6510LV; 
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JEOL Ltd., Tokyo, Japan). Breakage surface fractography was described. Using Minitab version 19.0 we 

evaluated the data for distribution, survival probability, and regression with life data. 

DATA ANALYSIS  

Brand new instruments were significantly different in quality from those that had been used previously. Since 

the NCF of PTN was larger than that of PTU and the dynamic condition improved instrument durability more 

than the static condition, the coefficients were all positive. 

 

Figure 1. The SEM Surface Of PTU In Static Cycles. There Is No Striation On The Entire Image. 

 

Figure 2. The SEM Surface Of PTU In Dynamic Cycles. There Is No Striation On The Entire Image. 
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Figure 3. The SEM Surface Of PTN In Dynamic Cycles. There Is No Striation On The Entire Image. 

Based on the findings of this investigation, the dynamic condition of PTN has the highest NCF of the three 

experimental groups. Possible causes for the large variation in NCF across the three groups include material, 

design, and the method of dynamic movement of the PTN. The Minitab distribution analysis shows that for an 

NCF of 360 and 720, respectively, the survival probability of PTU and PTN in the dynamic situation are almost 

80%. At an NCF of only 90, the PTU survival probability is less than 60% in the static situation. This finding 

lends credence to the idea that dynamic manipulation of endodontic rotary NiTi instruments might extend their 

useful lives. 

According to Minitab's distribution function, the data in each category have a normal distribution. However, 

among the four possible distributions, the best one should be chosen for Minitab analysis. This is a crucial 

element that assures the reliability of future statistical studies. 

Under the parameters of the current investigation, the time when the file is broken appears to be a significant 

influence. No research have ever addressed this occurrence. In the current investigation, nearly all fractures 

happened after the artificial canal was completely inserted. During the static phase transition, two PTN files 

became corrupted. The PTU files, on the other hand, were broken all along the canal or in phase under the 

same dynamic conditions. This difference was not statistically significant, but it does serve as a caution to the 

clinician when using the devices in a real-world clinical environment. 

Despite the use of a double-curved artificial canal, the results show that there is only a single fracture section 

for PTU under either static or dynamic circumstances. This finding contradicted the findings of prior research. 

Possible confounding and altering elements include oil environment, body temperature, PTU material, and 

design. The present study's findings show that the PTU and PTN's two-millimeter apical third barely cracked 

under the experimental conditions. 

The NCF of the PTN was shown to be considerably larger than that of the PTU using regression using life data 

(p 0.05; positive coefficient). The regression table also shows that the NCF of the instrument was significantly 

longer under the dynamic file movement condition compared to the static condition (p 0.05), with a positive 
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coefficient. This finding lends credence to the idea that an endodontic instrument should be in constant motion 

anytime it is in a patient's root canal. 

If you're looking for a different way to analyze the data from your cyclic fatigue resistance experiment, try 

using Minitab's reliability/survival function. Instead of using either correct censoring or arbitrary censoring, as 

recommended by the Minitab standards, the failure time in this type of research is the actual moment at which 

the instrument failed. This statistical approach provides four different distributions to choose from. Using the 

lowest Anderson-Darling value from the analysis findings, it does the analysis as specified by the user. 

Regression with real-world data reveals distinguishing features, if any, between product lines and between 

static and dynamic experimental setups. Significant differences between experimental groups can be calculated 

using p-values and positive or negative coefficients. 

The clinician may find the period between when the instrument was first rotated and when it broke to be more 

relevant and useful than the RPM. The manipulation of time-to-fracture is not even, however, for an instrument 

with a greater RPM due to the disparity in RPM. Time to fracture comparisons are therefore inappropriate for 

this study. 

The hardness of the steel utilized to create the artificial stainless-steel canal is the primary issue whenever cycle 

fatigue resistance trials are conducted. The traditional NiTi alloy used in PTU requires a steel with a high 

enough hardness to prevent the file from damaging the canal wall. This makes it challenging to preserve the 

artificial canal's intended shape, which often leads to unintended consequences. If the tool has to travel too 

quickly or too slowly inside the steel canal, the time-to-fracture will be inaccurately reduced or prolonged. 

The endodontic motor tested in this investigation was found to shut off unexpectedly, without warning. Perhaps 

the manufacturer has included this safety feature on purpose. Motor failure occurred in the pilot research. The 

endodontic motor did not stall out throughout the testing time since the lab was kept between 20 and 23 degrees 

Celsius. 

Modern cycle fatigue and torsional resistance investigations are conducted with the subject's body temperature 

as the control variable. In a tiny area, like the canal made of stainless steel or the bath of water or saline that 

holds the metal canal, the conditions might be carefully managed. Altering the room temperature is an 

alternative method of simulating a clinical setting with a warm body temperature for experimental purposes. 

However, the endodontic motor, handpiece, and operator are all easily damaged by extreme heat. 

Root canal temperatures could reach body temperature with the presence of sodium hypochlorite during cyclic 

fatigue resistance testing, but this unstable temperature is difficult to maintain, and there is no guarantee that 

this body temperature could be reached at the outset of the experiment when the instrument rotates. 

Another crucial aspect of the experiment is the use of artificial canal lubrication. The quick temperature shift 

caused by the spray bottle of lubricant causes the phase transition of the material used in the artificial canal to 

be inaccurate. If you need to lubricate and keep the temperature of the experimental environment consistent, 

sewing machine oil is a better choice than spray oil. Some drawbacks of spray oil include a little amount of oil 

being used each time and a quick decrease in the device's temperature. This machine oil has no discernible 

odor, color, or taste, making it an ideal medium for recording action. The box's oil bath acts as the irrigation 

environment by completely filling the root canal with the irrigation solution. 
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The temperature controller and heating oil device may be conveniently installed together, providing a reliable 

temperature system for the current investigation. 

Although the pilot research showed that the second curved position fracture came first only seldom, the apical 

third of the instrument is the most common place for the S-shaped artificial canal to break. It's possible that 

the structure and composition of the PTU are to blame for this event, since they make it easier for the file to 

break away from the canal wall in the second curve from the double canal's apex. Because the removal process 

is simplified when the fracture segment in the S-curved canal is longer, this may be an advantage of PTU. 

Perhaps the file will break in an unexpected way in some other context. The shorter the section of fracture, the 

more difficult it is to remove in most clinical situations. 

Contrary to what was previously reported, no striation can be seen on the studied portion of the breaking surface 

in the SEM picture. At a magnification of 1000, all three experimental instruments had the identical pattern on 

their fracture surfaces. In the current scenario, fatigue fractures without striation may occur, and Creep fatigue 

interactions may play a role in the mechanism that leads to the creation of the fractography of the fracture 

surface. The prior outcome was different from this one. The temperature reaching body temperature and the 

oil environment around the artificial canal account for this variation, which mimics the clinical state. 

Endodontic tools' resistance to cyclic fatigue was not assessed in this study, and the framework only 

accommodated body temperature. Due to a lack of testing at ambient temperature, the present study cannot 

provide light on a previously conducted study on cyclic fatigue resistance that found a reduction in NCF in a 

high-temperature environment. 

Although the M-wire of PTN is still novel in modern endodontic therapy, the instrument systems employed in 

the current experiment are representative of standard materials. In each of these instrument sets, the austenite 

transition temperature is higher than normal body temperature. More research is needed to compare materials 

with lower austenite start temperatures under varying environmental conditions. 

The flaws in the current study, however, should not be overlooked. Although the prior models tried to mimic 

the clinical condition as closely as possible, they were unable to produce adequate loading through real ablation 

and the ensuing friction in the root canal. As a result, the experimental equipment could last fewer cycles before 

breaking. 

Cyclic fatigue resistance of various endodontic devices in different rotation modes with varying movement 

distances should be evaluated in further studies. To better simulate a variety of clinical scenarios, the 

framework should be applied to other curved parameters and locations. 

CONCLUSION  

The current study's structure includes an oil bath for lubricating instruments moving within the double-curved 

stainless steel artificial canal and a thermometer to assure a constant ambient temperature. Regardless of the 

instrument's material or design, the dynamic environment greatly extends the useful life of continuous rotating 

NiTi instruments. The ProTaper Next had the highest NCF during the dynamic cycles, whereas the ProTaper 

Universal had the lowest NCF during the static state. Cyclic fatigue resistance of endodontic tools has been 

altered by new materials and designs. Stainless steels are employed throughout industries, from aerospace to 

medicine, because mechanical components in these fields often have to withstand harsh chemicals in their 
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working environments. The surface coating formed by the chemical interaction between chromium and oxygen 

gives these steels their antioxidant capabilities. Even though stainless steels are self-passivating—that is, the 

protective film spontaneously recreates thanks to a chemical reaction between oxygen and chrome—issues 

related to a degradation of the surface can slow down the self-passivation process or, in the worst cases, cause 

the steel to lose all of its antioxidant properties. Surface fatigue problems are a leading cause of surface damage. 

A surface stress condition is formed that can lead to crack openings when two or more evolving bodies are 

acting against one other. Pitting and spalling are the two most prevalent issues. Verifying the component's 

surface resistance at some point throughout the design phase is essential for reducing the likelihood of this 

scenario occurring. There are two methods available for determining a surface's fatigue resistance.  
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