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Evaluation of internal residual stress in rolled pure copper plate 

Xinghan Dong
1
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1
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(1. Key Laboratory for Precision and Nontraditional Machining Technology of Ministry of Education, 

Dalian University of Technology; 

2. Department of Mechanical and Energy Engineering, Southern University of Science and Technology) 

baiqian@dlut.edu.cn 

Abstract: Rolling process can change the original microstructure, refine the grain of the material, and 

eliminate the voids and thus improve the mechanical property of the material. However the rolling 

process usually introduces a certain amount of internal residual stress in the plates. The existence of 

residual stress reduce the accuracy of subsequent processes, such as forming and machining, and 

influences the performance of the parts. Therefore, the accurate measurement of residual stress is 

essential for the subsequent processes and the application of the parts.  

Existing residual stress measurement techniques, such as hole drilling method, X-ray diffraction method 

(XRD), etc., are applicable to measure the surface/subsurface residual stress. The range of these 

measurements is limited to hundreds of microns, and thus it is difficult to measure the internal residual 

stress. The measurements of internal residual stress are commonly achieved by XRD combined with 

layer removal method. The measurement range of XRD is usually about several to tens of microns, in 

terms of different metal materials. In order to measure the internal stress accurately, it is necessary to 

successively remove the XRD-detected layers by electro-polishing, which is inefficient and costly. 

Especially, rolled parts have the uniform preferential orientation, strong textures and the anisotropic 

material feature. Therefore it is difficult to measure the residual stress of the rolled parts by XRD. 

A novel internal residual stress measurement method is presented in this paper, combining hole drilling 

method and layer removal method. The electronic speckle pattern interferometer (ESPI) method is 

applied to measure the residual stress. Electro-polishing method is used to remove the measured layers, 

which can eliminate the extra stress during the material removal process. The residual stress is measured 

layer by layer and finally the internal residual stress can be measured. During the process of material 

removal, the residual stress in the plate is released and redistributed to keep a new equilibrium of force 

and moment. The redistribution of residual stress requires a stress correction. Correction methods include 

the analytical method and the finite element method. In this paper, the finite element method is used to 

correct the measured internal residual stresses and reduce the influences due to material removal. The 

internal residual stress in rolled pure copper plates are measured and corrected. A finite element model of 

rolled pure copper is established. The residual stress is computed by the finite element model. The 

experimental results are in good agreement with the finite element results. The difference of experimental 

results and the simulation results is about 30 MPa, which is acceptable. The measurement results are 

proved to be reliable and the method is proved to be feasible. Compared to the X-ray diffraction 

combined with layer removal method, ESPI hole drilling combined with layer removal method is more 

efficient and the cost is relatively low, which has a wide application prospect to other materials and 

processing technology. 

Keywords: internal residual stresses, electro-polishing, hole drilling method, layer removal method 
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Effect of laser shock processing and aluminizing on microstructure and high 

temperature creep properties of 321 stainless steel 

Wei Li, Dongliang Xu, Jian Chen, Lu Zuo, Jianjun He, Cong Li, Zhuoyin Peng, Chuangchang Li 

(School of Energy and Power Engineering, Changsha University of Science &Technology) 

zzgjiajie1128@126.com 

Abstract: The aluminized layer of 321 stainless steel was treated by laser shock processing (LSP) with 

high power and short pulse. The effects of constituent distribution and microstructure change of 

aluminized layer of 321 stainless steel on its high temperature creep performance were investigated. The 

EDS and SEM results indicated that aluminized coating was mainly composed of Al2O3 outer layer, the 

transition layer of the Fe-Al mesophase (such as Fe3Al, FeAl, FeAl2 and a small amount of AlN), and the 

diffusion layer with AlF(Ni) phase and AlCrFe phase. In the case of aluminizing processes there was 

formation of surface layers of a new composition and structure. The formation of such a local transition 

zone in the form of individual areas or intermetallic compounds directly in aluminizing led to the fact that 

high stresses micro-cracks appear in this areas and significant local overstresses cause loss of strength of 

the solid coating system in thermal deformation action on it. On the other hand, with the normal method 

of application the coating formed itself is relatively porous with a multitude of defects and impurities, and 

the Al2O3 film or Fe-Al phase may cracked, also promoting the origin of cracks at high temperature and 

stress. Therefore, the 321 stainless steel obtained high molten Al-Si alloy resistance through aluminizing, 

but exhibited a decrease in creep life in high-temperature. LSP on aluminized coating not only improved 

the density of the layer structure and increased the bonding strength of infiltration layer and the substrate, 

but also left higher residual compressive stress in the aluminized layer of 321 stainless steel and 

effectively improved its creep life. Experimental results showed that the micro-hardness of the laser 

shocked area of the stainless steel is strongly increased by the refined grains and the reconstruction of 

microstructures. With the laser impact times increasing, the residual stress and the roughness increased, 

while the depth of micro-hardness didn’t change. The intermetallic layers are quite stable areas, did not 

crack, and promoted strengthening due to the grain refining on coating surface. Compared with the 

aluminized stainless steel, the anti-creep life of material with aluminized coating after three times LSP 

was increased by 500%. It appears to be resulting from the increased dislocation density in the peened 

sample and the decreased size and density of creep voids.  

Keywords: aluminized steel, laser shock processing, high temperature creep, residual stress 
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Research progress and application of residual stress neutron 

diffractometer at CMRR 

Yi Tian, Yalin Huang, Zhaolong Yang, Hongjia Li, Changsheng Zhang, Hong Wang, 

Jian Li, Guangai Sun, Bo Chen 

(Institute of Nuclear Physics and Chemistry, Chinese Academy of Engineering Physics) 

tyoreo@163.com 

Abstract: Residual stress neutron diffractometer (RSND) at the China Mianyang Research Reactor 

(CMRR) has been expected to show fundamental significance in both the applications of engineering and 

materials science. During the last few years, the experimental capability of RSND have been further 

improved that comprehensive research works can be carried out through it, including the residual stress 

measurement, in-situ strain scanning and texture analysis. Due to the superior penetration of thermal 

neutron radiation, RSND provides a predominant way for acquiring the three-dimensional residual stress 

nondestructively within the interior of crystalline materials. The obtained residual stress distribution can 

help improve the processing of materials, for instance, 4H-SiC and DKDP single crystals. Also, the 

distribution is significantly valuable for the central engineering fields like aerospace and nuclear power to 

guide the reliability assessment. Some important prototypes/products for those fields have been measured 

on RSND, such as Ni-based superalloy blades/turbine disks, Al-Li alloy fuselage skin, and dissimilar 

metal welded joint. Especially, the distributions of weld residual stresses in a thick steel plate have been 

acquired by RSND. The results have been compared with the contour method and finite element method, 

which show an acceptable agreement. Once equipped with the multi-field coupling loading devices, 

RSND can provide the powerful method for revealing the mechanism underlying the macroscopic 

mechanical/physical responses in the structural and functional materials. Varieties of materials have been 

investigated through this in-situ way, such as steels, Ni-Ti alloys, Mg-3Li alloys and zircaloy-4 alloys. 

Particularly, the deformation modes in the hexangular metals Zr and Be have been quantified, by 

combining the in-situ measurement with elastic-plastic self-consistent (EPSC) simulation. And progress 

has also been made in the investigation on the compressive behaviors of TATB grains inside one plastic 

bonded explosive (PBX), as well as the tensile creep behavior of a single crystal nickel-based superalloy. 

Additionally, different types of texture measurement techniques have accomplished the grain orientation 

analysis for the berylliums with different microstructures, the TiB2/Al composites with different 

proportions, and the radiated samples related to the radiation-damage effect. 

Keywords: residual stress neutron diffractometer, research progress, application 
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Investigation on the thermostability of residual stress and microstructure in 

shot peened SAF 2507 duplex stainless steel 

Ming Chen, Chuanhai Jiang 

(School of Materials Science and Engineering, Shanghai Jiao Tong University) 

chenming0708@sjtu.edu.cn 

Abstract: Shot peening (SP) is widely used as a kind of mechanical surface treatments to improve the 

fatigue properties and wear resistance of metallic components by introducing the compressive residual 

stress (CRS) and work hardening. It is considered that the beneficial effects of SP prevail, only if the 

near-surface CRS or work hardening remains stable under thermal exposure, cyclic loading and 

thermomechanical loading conditions. Therefore, the stability of residual stress, work hardening and 

microstructure refinement against thermal and mechanical loading is critical to the fatigue characteristics 

and strength of shot peened materials.  

It is the purpose of this work to investigate the thermal relaxation behavior of the shot peened SAF 2507 

DSS at evaluated temperatures (600-750 ℃) for different times. The thermal stability of surface residual 

stress and microstructure of peened 2507 alloy were investigated by scanning electron microscopy 

(SEM), X-ray diffraction (XRD) and transmission electron microscopy (TEM) techniques. 

Type SAF 2507 duplex stainless steel was shot peened by using air blast machine. After SP treatments, 

isothermal aging was carried out at temperatures of 600, 650, 700 and 750 ℃ for different times from 1 

min to 2 h. 

Surface residual stresses after annealing were measured by X-ray stress analyzer (LXRD, Proto, Canada) 

using sin2ψ method. The surface XRD patterns were measured using Rigaku UItima IV diffractometer. 

Microstructural observations were carried out using optical microscope (OM, Olympus-BX53), scanning 

electron microscope (SEM, Hitachi, S4800) and transmission electron microscope (TEM, JEOL, JEM-

2100F). 

1) The relaxation behavior was temperature and time dependent. Most of the relaxation of residual stress 

and microstrain took place within the initial 30 min, and higher temperature resulted in greater relaxation 

rate. Since the microstrain and dislocation induced by SP were considerably stored in the γ phase, γ phase 

exhibited much higher stress relaxation rate than α phase. 

2) The derived activation energies of stress relaxation (ΔHσ) were about 62 and 67 kJ/mol for γ and α 

phase, the magnitudes of which were close to the vacancy-migration-energy in iron. Therefore the 

mechanism responsible for the recovery process was proposed to be controlled by the thermally activated 

migration of point defects. 

3) SP could accelerate the precipitation process during annealing. A mass of σ phase precipitated in the 

shot peened layer, which was considered as a consequence of the higher driving force of precipitating 

intermetallic compounds and the higher diffusion rate of the elements. 

Keywords: shot peening, thermostability, SAF 2507 
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Evaluating the fatigue cracking risk of surface strengthened 50CrMnMoVNb 

spring steel with abnormal life time distribution 

Dongqiqiong Wang 

(School of Material Science and Engineering, Northeastern University; Materials Fatigue and Fracture 

Division, Institute of Metal Research, Chinese Academy of Sciences) 

dqqwang@163.com 

Abstract: Since environmental protection is a widely focused topic, lightweight has become an 

inevitable trend for the development of commercial vehicles, and the lightweight of key components is of 

great concern to achieve this goal. In general, lightweight and fatigue reliability constitute a contradiction 

to some extent. A lot of researches show that surface strengthening, which can significantly suppress the 

crack initiation from the metal surface, is a good way to improve the fatigue reliability under the 

condition of lightweight. The propose of present study is to improve the fatigue property of 

50CrMnMoVNb leaf spring steel. By comparing the bending fatigue property of samples which were 

treated by surface spinning strengthening-II (3S-II) and shot peening (SP), the fatigue fracture 

mechanism and comprehensive influencing factors were revealed. The surface spinning strengthening-II 

(3S-II) is a newly surface strengthening technology which is developed from the first generation 

technology (3S), and it can effectively improve the surface strength of metallic components by using a 

special tool, spiral roller. The experiment results show that after 3S-II treatment, the microstructure of the 

surface layer of 50CrMnMoVNb spring steel was graded, the grain size of the surface layer was refined 

to the nano-scale, and the microhardness was obviously improved; after SP treatment, residual 

compressive stress was introduced into the surface layer of 50CrMnMoVNb spring steel; the surface 

roughness of the sample treated by 3S-II was obviously lower than that treated by SP, i.e., the surface was 

more smooth. At the low stress amplitude, the fatigue lives of the samples treated by 3S-II are obviously 

better than those treated by SP. However, the fatigue lives of the 3S-II samples become polarized at the 

high stress amplitude, i.e., the long life (>106 cycles) and the short life (<105 cycles). By comparison, the 

trend of fatigue lives is different between 3S-II and SP samples. In general, the fatigue lives of the SP 

samples can be approximately described and evaluated by Basquin equation and S-N curve; however, the 

fatigue lives of the 3S-II samples seem to not follow the traditional rules. In addition, a unified 

mathematical model was established to comprehensively evaluate the various factors affecting the fatigue 

risk of 50CrMnMoVNb leaf spring steel. In other words, the fatigue risk factor Rf was proposed to 

evaluate the fatigue risk of metallic materials or components affected by mixed factors, including Kt 

(surface stress concentration factor), σe (external stress of the material surface layer), σr (residual 

compressive stress of the material surface layer) and σy (yield strength of the material surface layer). The 

results show that surface strengthening, introducing residual compressive stress and reducing surface 

roughness and stress concentration are effective ways to reduce the fatigue risk factor Rf and make the 

position of Rf max move towards the direction far from the sample surface, which can effectively 

improve the fatigue lives of metallic components. Looking forward to that this study can bring some 

engineering guidance significance for the assessment of the overall fatigue risk and the position of 

maximum fatigue risk of material or component. 

Keywords: spring steel, surface spinning strengthening, fatigue risk factor 
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Investigation on residual stresses in welded beryllium and quenched 

superalloy by neutron diffraction measurement and finite element simulation 

Yalin Huang, Zukun Yang, Zhao Liu, Changsheng Zhang, Hong Wang, Jian Li, 

Zhaolong Yang, Yi Tian, Hongjia Li, Guangai Sun, Bo Chen 

(Key Laboratory for Neutron Physics of Chinese Academy of Engineering Physics, 

Institute of Nuclear Physics and Chemistry) 

huangyalin10@163.com 

Abstract: The metal beryllium is a structural material with high specific strength and heat capacity. The 

nickel-based superalloy GH4169 alloy shows good corrosion resistance, radiation protection, and high 

operation temperature. Due to their excellent properties, they are selected to be the critical materials in 

the fields of aviation, aerospace, and nuclear energy. However, the residual stress of welded beryllium 

and quenched superalloy resulted from component producing can severely affect their machining 

accuracy, fatigue performance and even reliability. Therefore, It is of significant importance to understand 

those residual stresses inside the components. In the present work, the residual stresses in beryllium 

weldment and quenched superalloy samples have been measured by the neutron diffraction 

nondestructively at the advantage of its large penetration depth. Meanwhile, the finite element simulation 

has been performed to compare with the experimental data. For the beryllium welding, four types of 

structures were designed and prepared, including the beryllium- beryllium welding tube and plate, and 

the beryllium-steel welding tube and plate. It is found that there are larger residual stresses in welding 

heat affected zone for the dissimilar welding than those for the beryllium-beryllium weldment. Moreover, 

the sample shape also affects the distribution of residual stress. For the superalloy, the three-dimensional 

(axial, radial and hoop) residual stresses in a quenched GH4169 alloy cylindrical sample were accurately 

characterized by neutron diffraction technique and simulated by the finite element method. The 

experimental results show good agreement with the theoretical one. The results show that the center of 

the sample is in tensile stress about 400 MPa in all the three-dimensional directions. On the contrary, it is 

mainly compressive stress from –300 MPa to –400 MPa near the surface. The residual stress distribution 

of beryllium and GH4169 superalloy would be helpful for the optimization of materials processing, and 

engineering performance. 

Keywords: neutron diffraction, beryllium, superalloy, residual stress, welding, quenching 
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The abstract of national standard of China GB/T 7704-2017 nondestructive 

testing–practice for residual stress measurement by X-ray 

Kemao Lv 

(Handan AST Co., Ltd.) 

lvkemao061015@163.com 

Abstract: The national standard of China GB/T7704-2017 Non-destructive testing –Practice for residual 

stress measurement by X-Ray has been issued and was implemented at April 1st this year. This national 

standard covers the cores of Eu standard EN 15305 2008 and ASTM standard E915-2010, and integrates 

the research results, experiences and important conclusions of experts in the field of X-Ray stress. This 

standard contains norms of X-Ray stress measurement and applies to domestic and international X-Ray 

stress analyzers. The implementation of this standard will help users of various brands instruments to 

understand principles and methods more clearly, and to work with compatible norms and get mutually 

acceptable measurement results finally.  

Keywords: non-destructive testing- practice, residual stress, X-ray 

 

 

Research on residual stress distribution of the Al18B4O33 whisker reinforced 

Al matrix composite after shot peening 

Yihan Wu, Chuanhai Jiang 

(School of Materials Science and Engineering, Shanghai Jiao Tong University) 

wuyihan1994@163.com 

Abstract: Aluminum (Al) matrix composites have drawn extensive attentions in the fields of aerospace, 

automotive and marine environments because of their high specific strength, high specific modulus as 

well as excellent mechanical properties. Compressive residual stress distributions play an important role 

on predicting the fatigue life. Therefore, it is meaningful to investigate the residual stress distribution after 

shot peening. 

This work investigated the influences of two-step shot peening (SP) on the residual stress fields of 

aluminum borate whisker reinforced Al (Al18B4O33w/Al) composite.  

Al18B4O33w/Al composite with 20vol% Al18B4O33w used in the present work was fabricated using 

squeeze casting technology. SP treatment was performed by an air blast machine (Carthing Machinery 

Company, Shanghai). 

Surface residual stresses after multiple shot peening process were measured by X-ray stress analyzer 

(LXRD, Proto, Canada) using sin2ψ method. 

1) The results indicate that SP induces considerable compressive residual stress and satisfies 

microstructure refinement into the near surface region. The maximum compressive residual stress 

reaches –151 MPa corresponding to the depth of 125 μm. 

2) The maximum compressive residual stress  reaches –151 MPa corresponding to the depth of 125 μm. 

3) The microhardness at top surface is 2.5 times larger than that of matrix, which is chiefly because of the 

refined domain size and promoted dislocation densities.  

Keywords: shot peening, residual stress, Al18B4O33w/Al  
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Simultaneous residual stresses and retained austenite measurement 

mapping on heat treated SS416 

Mohammed Belassel
1
, Henry Pan

2
 

(1. Proto Manufacturing Inc.; 2. EPCO Test Technology (Shanghai) Limited) 

tsimmons@protoxrd.com 

Abstract: Residual stress (RS) and percent retained austenite (RA) measurements performed using x-ray 

diffraction (XRD) techniques have been useful to assist in improving the quality of parts both in the field 

and in production environments for decades. Single spot checks at critical locations are often performed 

providing the basic required information for a specific testing requirement. Although this is useful 

information, the highest levels of RS present in the component may be missed when performing single 

spot checks only. To achieve a more in depth understanding of the range and distribution of RS or RA in 

a component, larger areas can be easily characterized using RS and RA mapping techniques. When 

measuring RA, there may be localized regions on the surface where the RA measured is not 

representative of the RA in the general sample composition. Either at the surface, or when subsurface 

measurements are desired, mapping can be used to characterize the distribution of RS and RA in the 

component of interest. This paper will provide examples of both RS and RA maps collected at precisely 

the same locations on a 416 stainless steel component at the surface and at depths below the surface. 

Keywords: residual stresses, X-ray diffraction 

 

 

Stress evaluation using synchrotron X-ray and neutron diffraction 

Shuyan Zhang 

(Centre of Excellence for Advanced Materials) 

shuyan.zhang@ceamat.com 

Abstract: Synchrotron X-ray and neutron diffraction methods offer a direct measure of the elastic 

components of strain deep within crystalline materials through precise characterization of the interplanar 

crystal lattice spacing. The unique non-destructive nature of this diffraction measurement technique is 

particularly beneficial in the context of engineering design, since it allows the evaluation of a variety of 

structural and deformational parameters inside real components without material removal, or at worst 

with minimal interference. This talk reviews a wide range of experimental studies using the synchrotron 

X-ray and neutron diffraction techniques and shows how these techniques can provide the basis for 

developing improved insight into materials of great importance to applications and industry. The 

differences between synchrotron X-ray and neutron diffraction will also be discussed.  

Keywords: synchrotron X-ray, neutron diffraction, stress evaluation, non-destructive technique 
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Investigation on residual stress relaxation behavior of shot peened 

inconel 625 under applied loading 

L. H. Wu, C. H. Jiang 

(School of Materials Science and Engineering, Shanghai Jiao Tong University) 

huabingliu@sjtu.edu.cn 

Abstract: Due to the superior thermal, fine fatigue and creep properties, Inconel 625 has been widely 

used in aerospace, chemistry and nuclear power industry. The components are normally working under 

high applied loading, such as turbine engines, nuclear reactor and pumps, etc. Shot peening (SP) process 

can introduce high compressive residual stresses and optimize the microstructure in the near surface 

layers of materials. As a result, the high level of the compressive residual stress and the finer 

microstructure can improve the mechanical properties of the material. However, any static or cyclic 

residual stress relaxation during component operation reduces the achievable benefits. The beneficial 

compressive residual stresses are often imposed to a cyclic loading with positive mean stress.  

The residual stress relaxation behavior of shot peened Inconel 625 under applied loading was 

investigated by X-Ray diffraction (XRD) method in this work. 

To study the relaxation behavior, Inconel 625 samples with chemical composition 60.69Ni, 21.26Cr, 

5.61Fe, 0.02Mn, 0.02Si, 0.03C, 3.69Nb, 0.19Al, 0.3Ti, 8.36Mo, 0.002S and 0.01Co(all in mass%), were 

cut and shot peened first on the surface by a shot-peening machine (Carthing Machinery, Shanghai). 

Then, each 50MPa was applied by a Shenzhen Gopoint tensile tester in the longitudinal direction from 0 

to 400 MPa, with tensile rate 1.0×10
-3

 s
-1

. In term of cyclic tensile, 30 loading cycles were applied at 150, 

250, 300 and 350 MPa, respectively. Residual stresses were measured at each various applied load by 

Proto LXRD instrument. XRD patterns of different applied loads was collected by Rigaku Ultima 

diffractometer with Cu target, λ=1.54056 Å. Scanning speed and step is 2 °/min and 0.01°. 

1) The relaxation in longitudinal direction was more obvious than transverse direction. 

2) Residual stress was dramatically relaxed in the first few cycles then became stablegradually under 

cyclic loading. The rate of relaxation was depended on both applied loading and number of cycles. 

3) Kodama linear logarithm relationship was applied to quantitatively predict the compressive residual 

stress under cyclic loading with different applied tensile stresses. The results reveal that higher applied 

stress results in faster relaxation of residual stress under cyclic loading. 

Keywords: shot peening, residual stress relaxation, applied loading 
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Strengthening technology of shot peening and residual stress 

analysis on key components 

Chuanhai Jiang 

(School of materials science and engineering, Shanghai Jiao Tong University) 

Abstract: Surface shot peening is one of the key technologies to improve the fatigue life and stress 

corrosion resistance of mechanical parts. Shot peening has lots of advantages like obvious strengthening 

effect, simple operation and low cost. During shot peening process, the shots flow with high velocity 

repeatedly hit the surface of the material, which can lead to severe plastic deformation, compressive 

residual stress field, structural refinement and inducing phase transformation from austenite to martensite. 

Computer numerical simulation can be applied to analyze the distribution of compressive residual stress 

field and characteristics, which can also predict the optimum technological parameters for shot peening. 

By adjusting the collocation of technology, equipment and shots of shot penning, the best reinforcing 

effect, optimized residual compressive field, modified microstructure and lowest possible roughness are 

realized to maximally improve the fatigue life and stress corrosion resistance of mechanical parts. 

Combined with the actual production situation, the feasible technical specification and the main points of 

quality assurance for shot peening products are formulated. 

During manufacturing process of mechanical parts, the formation of residual stress is inevitable. 

Appropriate residual stress may promote the strengthening effects of the mechanical parts, while the 

unsuitable residual stress may facilitate deformation and cracking. 

Residual stress has attracted numerous attentions in mechanism manufacture industry, which has also 

been applied as a technology specification for the inspection of product quality. X-ray stress testing is a 

kind of the nondestructive testing, which has been widely used all over the world due to the rigorous 

theory, mature experimental technology and reliable detection results. The stress analysis of medium and 

small parts belongs to the conventional technology in the laboratory. For the micro parts, the distribution 

of residual stress can be analyzed in the micron areas, while as for the large components, the distribution 

of residual stress can be evaluated through the portable X-ray stress meter. Local plastic deformation and 

damage degree of the related areas can be evaluated scientifically by testing the variation of the residual 

stress, X-ray diffraction profile and full width at half maximum. Therefore, the operation security of 

important equipment can be monitored in real time and the service life can be estimated previously. 

Keywords: surface shot peening, residual stress 
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Experimental research on effect of cryogenic treatment on residual stress of 

M42 high speed steel 

Xianguo Yan, Weijun Zhao, Zhi Chen 

(Taiyuan University of Science and Technology) 

Yan_xg2008@126.com 

Abstract: The article selected M42 high speed steel as the research object, which aimed at exploring the 

internal regularity of the residual stress state after quenching and cryogenic treatment. Orthogonal test 

method was adopted to arrange the test program, and the effect of different heat treatment process 

parameters on the residual stress could be ranked as: cryogenic temperature>holding time>times of 

cryogenic treatment. Besides, the residual stress distribution of M42 high speed steel in the thickness 

direction after deep processing was explored by the stripping method, and the results showed that the 

compressive stress appeared on the surface of the samples and the core showed tensile stress, and the 

stress distribution in the thickness direction could be described as “M type” distribution.  

Keywords: cryogenic treatment, residual stress, high speed steel 

 

 

Study on the relaxation of residual stress and high temperature fatigue 

strength of 17-4PH shot peening surface at elevated temperature 

Mingxia Liu
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2
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, Fei Ma
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, Zengfu Han
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(1. Shaanxi Key Laboratory of Surface Engineering and Remanufacturing; 

2. School of Aeronautics, Northwestern Polytechnical University; 

3. Shaanxi Key Laboratory of Surface Engineering and Remanufacturing, Xi’an University; 

4. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University; 

5. Xi’an Shaangu Power Co., Ltd.) 

liumingxia1121@163.com 

Abstract: 17-4PH stainless steel has been widely used as one kind of turbine blade materials because of 

its excellent mechanical properties. In order to improve its anti-fatigue property, shot peening (SP) is 

applied to increase the surface strengthen of 17-4PH. However, it is not clear of the relaxation of residual 

stress and high temperature fatigue strength of 17-4PH SP surface at elevated temperature, which restricts 

the application of SP process to a certain extent.  

In the present paper, firstly, combined with the microstructure analysis, such as SEM, the X-ray 

nondestructive testing technology is adopted to evaluated the difference surface residual stress of 17-4PH 

at different SP parameters. And the optimum SP technology is determined. Then, by adopting the 

optimum SP parameters, high temperature fatigue properties and characterization of surface residual 

stress relaxation in different temperature field were studied. Experimental results show that when the 

temperature of the environment T<300℃, SP can significantly improve the fatigue life of 17-4PH 

stainless steel, and when T>450℃, the fatigue properties of 17-4PH stainless steel decrease significantly. 

Further analysis implies that for the SP17-4PH at elevated temperature, the inherit mechanism is because 

of the serious relaxation of the residua l stress and the reduction of surface integrity.  

Keywords: shot peening, residual stress 
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Surface strengthening behaviors of metals induced by 3S: microstructure 

evolution, strengthening mechanisms and property optimization 

Chuanxi Ren
1
, Qiang Wang

2
, Zhenjun Zhang

2
, Zhefeng Zhang

1
 

(1. Materials Fatigue and Fracture Division, Institute of Metal Research, Chinese Academy of Sciences; 

School of Materials Science and Engineering, University of Science and Technology of China; 

2. Materials Fatigue and Fracture Division, Institute of Metal Research, Chinese Academy of Sciences) 

gmwang@imr.ac.cn, zhfzhang@imr.ac.cn 

Abstract: Surface strengthening is an effective method to improve the service life of some important 

engineering components. In this study, a new designed surface strengthening method, surface spinning 

strengthening (3S), was applied to achieve surface strengthening in the surface layer of metals, including 

Cu, Cu-Al alloys, and some structural steels. As a result, the grains in the surface layers were refined to 

different dimensions with the increase of the depth to the surface in Cu and Cu-Al alloys, and the surface 

layer can be divided into four zones, including nano-scale grain zone, ultra-fine grain zone, fine grain 

zone and coarse grain zone from the surface to the matrix. In addition, the microhardness in the hardened 

layer of four structural steels with different yield strength increases dramatically due to the grain 

refinement and strain strengthening. The change of the microhardness in the hardened layer was 

expressed by a unified equation i.e., an exponential-type equation as H=Hm+(HM–Hm)·e-Rd. Four main 

parameters, HM/Hm, λ, R, E, which represent the maximum microhardness increment, the thickness of the 

hardened layer, the surface strengthening exponent and the surface strengthening energy respectively in 

the equation were proposed to evaluate the characteristics of the hardened layer. The experimental results 

show that the HM/Hm in general decreases with the increase of the yield strength as well as the λ. In 

contrast, the R, increases with the increase of yield strength. E/Hm decreases with the increase of the yield 

strength, which reveals that the more difficult the deformation is, the smaller the energy can be absorbed 

in the material. Furthermore, the introduction of numerous grain boundaries caused by the grain 

refinement and the plastic deformation of grains are two major factors causing the surface strengthening 

of the four structural steels, which can guide the construction of the hardened layer on the metals. 

Keywords: surface spinning strengthening (3S), gradient microstructure, microhardness, strength  

 

 

Applications of the residual stress analysis method based on full two-

dimension (Full 2D) detector technology in the metallic fields 

Dan Jia 

(Quantum Design China) 

dan@qd-china.com 

Abstract: A new residual stress analysis method (Debye ring method) based on full two-dimension (Full 

2D) detector technology and its applications will be introduced in the presentation. The higher reliability 

and repeatability of the residual stress data from the new method will give the Debye ring method the 

opportunity to be widely applied in the fields of welding, pipeline, pressure vessel, automobile, ship, oil, 

bridge, high speed train, nuclear power, aerospace, military industry and other major equipment 

manufacturing.  

Keywords: residual stress analysis, Debye ring 
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Effects of water jet shot peening pretreatment on contact fatigue properties of 

42CrMo steel after plasma nitriding 

Guomeng Li, Yilong Liang, Hangjing Fan 

(Guizhou University) 

liangyilong@126.com 

Abstract: The effects of water jet shot peening pretreatment on rolling contact fatigue properties of 

42CrMo steel after plasma nitriding were studied. The WSP+plasma nitriding was explored by using 

water jet shot peening at high pressure technology and vacuum pulse plasma nitriding technology. The 

microstructure, surface integrity and fatigue fracture morphologies of surface-treated specimens were 

characterized using optical microscope, scanning electron microscope, XRD residual stress tester, surface 

roughness tester and microhardness tester. The results show that the rolling contact fatigue properties of 

the pre WSPed samples were obviously enhanced, which can be mainly attributed to a much better 

nitriding results it got after WSP pretreatment. The fine well-distributed nitrides and the grain refinement 

of surface are favorable for suppressing the initiation and propagation of vertical short cracks. Not only 

do the reduction of roughness and the deeper hardness and residual stress gradient delay the initiation of 

subsurface cracks and the circumferential propagation of vertical short cracks, but also they suppress the 

initiation and propagation of branched cracks. Therefore, the failure mechanism is closer to Hertz theory. 

Keywords: 42CrMo steel, water jet shot peening, surface integrity, contact fatigue  

 

 

International stress engineering centre-a proposed international 

facility for hybrid multi-scale stress measurements 

Shuyan Zhang 

(Dongguan Centre of Excellence for Advanced Materials) 

shuyan.zhang@ceamat.com 

Abstract: Over the past two decades there has been a revolution in techniques for measuring the 

deformation, strain, stress and damage “state” of engineered structures from atomic to meter length-

scales. An international center of excellence for hybrid multi-scale stress measurements is proposed that 

will help industry to improve design, optimize manufacture, extend life, secure safety and reduce costs of 

man-made structures on land, at sea, in air and into space. The planned International Stress Engineering 

Centre (ISEC) will comprise twin facilities to be built, in China and UK. ISEC will educate, train and 

help industry measure stress in complex structures using innovative full field techniques and bring about 

a better understanding of material and structural behavior under normal and extreme operating conditions. 

The new facilities will be designed to handle heavy-section complex structures of interest to industry and 

will provide access to specialist equipment for measuring stresses including neutron diffraction, X-ray 

diffraction, the contour method and hole drilling, as well as DIC-based strain mapping, modelling and 

hybrid methods. ISEC will help industry to develop high performance structural materials, promoting 

competitive high value manufacturing and broadening the skills base in advanced techniques. 

Keywords: hybrid multi-scale stress measurements, international stress engineering centre 
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Investigation of residual stress fields of Mg-8Gd-3Y-0.4Zr alloy after 

multiple shot peening process 

Huabing Liu, Chuanhai Jiang 

(School of Materials Science and Engineering, Shanghai Jiao Tong University) 

huabingliu@sjtu.edu.cn 

Abstract: Shot peening is an effective and low-cost mechanical surface treatment to enhance the fatigue 

life, stress corrosion cracking and wear resistance by inducing compressive residual stress and refining 

microstructure up to a certain depth. Compressive residual stress distributions play an important role on 

predicting the fatigue life. Therefore, it is meaningful to investigate the influence of multiple shot peening 

process on the residual stress distribution.  

It is the purpose of this work to investigate the influence of multiple shot peening process on the residual 

stress fields of Mg-8Gd-3Y-0.4Zr alloy by using X-ray stress tester. 

The material applied in the work was Mg-8Ga-3Y-0.4Zr (GW83) alloy with chemical composition of 8 

Ga, 3Y, 0.4Zr, balance Mg (wt%). SP treatment was performed by an air blast machine (Carthing 

Machinery Company, Shanghai). 

Surface residual stresses after multiple shot peening process were measured by X-ray stress analyzer 

(LXRD, Proto, Canada) using sin2ψ method. 

1) The results indicate that multiple shot peening is helpful to induce compressive residual stress into the 

deformation layer. The maximum compressive residual stress of single shot peening with shot peening 

intensity 0.13 mmN is –166 MPa at the top surface. 

2) With the increase of single shot peened intensity, the maximum compressive residualstresses increase 

and shift to deeper layer. After triple shot peening treatment, the maximum compressive residual stress is 

–211 MPa corresponding to the depth of 10 μm. 

3) As peened intensity increases, the affected depths of compressive residual stress gradually increase. 

Keywords: shot peening, residual stress, Mg-8Gd-3Y-0.4Zr 

 

 

Comparison of ultrasonic impact treatment and shot peening on material’s 

surface microstructure and properties 

Youli Zhu, Yongheng Ni, Shuai Hou 

(Academy of Army Armored Force) 

648304744@qq.com 

Abstract: Ultrasonic impact treatment (UIT) and shot peening were used for surface enhancement of 

17CrNiMo6 steel. Hardness, residual stress and surface nanocrystallization were measured. The 

ultrasonic impact treatment causes the material to produce a more severe plastic deformation than the 

shot peening. Ultrasonic energy has always been introduced during ultrasonic impact treatment. Under 

the effect of high strain rate, large rotation rate and cyclic shearing, grain boundary density has been 

greatly improved, and accelerates the rotation of dislocation motion and grain, to compared with shot 

peening, Ultrasonic impact treatment make the material nanocrystalline layer has a deeper layer depth, 

and the residual compressive stress on the surface is larger and deeper, and the hardness layer are deeper. 

The large depth of the surface microstructure has greatly improved the fatigue resistance of the materials. 

Keywords: ultrasonic impact treatment (UIT), shot peening, surface structure, plastic deformation, 

fatigue  
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Fatigue crack propagation behavior of Ti17 titanium alloy under laser shock 

peening induced residual stress 

Rujian Sun, Ying Zhu 

(Beihang University) 

sunrujian@buaa.edu.cn 

Abstract: Laser shock peening (LSP), an innovative surface treatment technique, was performed to 

study its effect on fatigue crack propagation behavior and retardation mechanism in a Ti17 titanium alloy 

with a thickness of 5 mm. Microstructural evolution under LSP was characterized by transmission 

electron microscope (TEM) and residual stress distribution was measured based on hole drilling method. 

Crack length versus Number of cycle, da/dN versus Crack length and da/dN versus delta K were analyzed 

before and after LSP with 20 J and 30 J with 3 impact times. Results show that high density of 

dislocations were generated with dislocation density increased by 4.4 times, which resulted in significant 

grain refinement. High value and large depth compressive residual stresses were induced after LSP. 

Fatigue crack lives were increased by 141.1% and 72.6% after 20 J and 30 J with 3 impact times, 

respectively. A deceleration zone was originally observed. Our work also highlights the fatigue crack 

retardation mechanism on the basis of plastic zone size and strain energy, which would provide insight 

for understanding the fatigue crack propagation behavior of laser shock peened materials in both science 

and engineering aspects.  

Keywords: laser shock peening, residual stress, fatigue crack retardation, laser shock peening, residual 

stress, fatigue crack retardation 

 

 

Effect on anti-fatigue performance of corroded holes structure by cold 

expansion 

Shuai Hou, Youli Zhu, Xiaokun Du, Yanli Wang, Yongheng Ni 

(Armored Forces Institute of the Army) 

houshuai2012@sina.com 

Abstract: Cold expansion is used widely to improve anti-fatigue performance of aircraft structures’ 

fastener joints, but now it does not have the corresponding strengthening measures the relevant corrosion 

holes’ structure. This paper researched the effect on anti-fatigue performance of corroded holes by cold 

expansion. Results show that a compressive residual stress field around the corroded surface of hole is 

introduced by cold expansion. The quality of the surface of hole is obvious improved and there are no 

evident corrosion cracks and corrosion pits in the surface of the hole. The material around the hole has 

produced work hardening. Cold expansion technique gains for fatigue life of corroded holes to a certain 

extent. It is more effective to enhancing effect when used larger degree of cold expansion. The fatigue life 

of the gain is 3.08 times when the degree of cold expansion is 5.7%. This shows that cold expansion 

process has great engineering application value on the corrosion hole strengthening and prolonging aging 

aircraft life. Fracture analysis indicates corroded holes strengthened by cold expansion that the mode 

crack initiation is from multi-source fatigue changing to monophyletic fatigue and cold expansion 

prolongs the crack initiation life. Crack propagation zone (SEM) illustrates crack propagation rate of 

specimen which degree of cold expansion is 5.7% is slower than specimen which degree of cold 

expansion is 3.2%.  

Keywords: corroded hole, cold expansion (CE), anti-fatigue, fatigue life, residual stresses  
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Influence of milling parameter on 3D surface topography and fatigue 

behavior of TB8 titanium alloy 

Jie Zhang 

(AVIC Manufacturing Technology Institute) 

zhangjie_1981@163.com 

Abstract: TB8 titanium alloys is widely used in aviation and aerospace industries for its high streng and 

high temperature performance. In order to optimize the machining parameters in milling TB8 titanium 

alloy, experiments of milling and fatigue were conducted to investigate the effect of parameters on 3D 

surface topography and fatigue life. Based on the fatigue fracture, the effect mechanism of surface 

topography on the fatigue crack initiation was proposed. The experiment results show that when the 

milling speed at 20 m/min, and the feed per tooth ranged from 0.08 mm/z to 0.45 mm/z, the obtained 

surface roughness were gradually increase with the rise of feed per tooth. Fatigue life decreased sharply 

with the increase of surface equivalent stress concentration factor. The fatigue cracks nucleated at the 

intersection edge of machined surface. 

Keywords: TB8 titanium alloy, milling surface roughness, surface topography, fatigue life, fatigue fracture 

 

 

Effect of ultrasonic shot peening on microstructure and 

properties of stainless steel 

Kejian Li, Dengming Chen 

(Chongqing University of Science & Technology) 

likejiann@126.com 

Abstract: Plastic deformation can induce surface modification, such as ultrasonic shot peening (USP) on 

workpiece surface is the hot issue of recent scientific research. USP is the efficient way to improve 

mechanical behavior of specimens by inducing sever plastic deformation on their surface. Nevertheless, 

this surface treatment induced complex microstructural evolutions such as grain refinement and phase 

transformation. In this work, the microstructure and properties of austenite and martensitic steel of before 

and after USP for 5, 10, and 15 min treated have been investigated. The affected layers show a significant 

hardness increase (hundreds micrometer in depth) on the USP treated surface. The corrosion resistance, 

and magnetic property, stress, and microstructures of tested specimens show gradient evolution during 

deformation. The evolution of mechanisms were discussed in the talk.  

Keywords: modification, deformation, microstructure, corrosion, magnetic, stress  
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High temperature fatigue life prediction method of IN718 alloy subjected to 

laser peening based on finite element analysis 

Shu Huang, Zuowei Wang, Jie Sheng, Muxi Liu, Jianzhong Zhou 

(Jiangsu University) 

huangshu11@sina.com, 18852861196@163.com 

Abstract: Laser peening (LP) is an efficient and advanced surface modification technology to generate 

compressive residual stress layer much deeper than traditional strengthening technologies. In fact, the 

compressive residual stress induced by LP leads to a high resistance to fatigue crack initiation and 

propagation and are regarded as the main reason for extending the fatigue life. To predict fatigue life of 

IN718 alloy subjected to laser peening at elevated temperature, an approach integrating experiment and 

finite element analysis was adopted. Specifically, the LP process with different laser power densities was 

simulated by commercial ABAQUS software, and then the stress and strain data were imported to the 

fatigue analysis module of MSC. Patran software for simulating high temperature fatigue on the basis of 

Zener-Wert-Avarmi model, which is widely used to describe the thermal relaxation behavior of residual 

stress. Additionally, tensile tests were conducted to obtain the mechanical properties of matrix at elevated 

temperature. Meanwhile, fatigue tests were performed to investigate the effect of LP on fatigue life of 

specimens at elevated temperature. The results indicate that IN718 alloy served at 700 ℃ exhibits 

outstanding comprehensive mechanical properties due to strengthening phase precipitation. In detail, 

IN718 alloy exhibits a good tensile strength at 600 ℃ and 700 ℃, reaching to 1375 MPa and 1411 MPa, 

respectively. However, the tensile strength decreases dramatically to 986 MPa when temperature rises to 

800 ℃. Additionally, average residual stress values of specimens treated by 6.05 GW/cm
2
, 6.58 GW/cm

2 

and 7.37 GW/cm
2
 are –307, –356 and 432 MPa, respectively. The compressive residual stress penetrated 

depth is augmented from 546 μm to 642 μm with the increment of laser power density. However, the 

relaxation degree of residual stress induced by LP and the change of mechanical properties dominate the 

ultimate fatigue life at elevated temperature. It is worth noting that LP, as a local strengthening 

technology, induces beneficial residual stress and work-hardening on near surface, where fatigue crack is 

prone to initiate. This means the fatigue damage of materials in different regions has effect on the final 

fatigue life but varies in degrees. Thus, the functional relationship model between fatigue life of whole 

specimen and risk nodes was proposed to predict ultimate high temperature fatigue life according to 

results of experiments and finite element analysis. To verify the validity of the prediction method for high 

temperature fatigue life, the fatigue tests were performed and 3 specimens were tested under each 

parameter condition. From the macroscopic pictures of fatigue fracture, fracture becomes smoother as the 

temperature rises. This phenomena reveals that less plastic deformation appears during high temperature 

fatigue process. On the base of the experimental data, it can be seen that the predicted results by 

prediction model show an acceptable error. Additionally, there exist more data points on the right side of 

the oblique line. It indicates that the fatigue lives obtained by the prediction model are conservative. In 

general, it can be concluded that the prediction model for high temperature fatigue life is effective and in 

good agreement with the experimental results. To sum up, LP is an effective technique for extending high 

fatigue life, however, the strengthening effect becomes weak as the temperature increases. 

Keywords: laser peening, IN718 alloy, high temperature fatigue prediction, finite element analysis 
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Crack closure effect induced by laser peening on crack damage 

Han Cheng, Yongxiang Hu 

(Shanghai Jiao Tong University) 

chenghan1991@sjtu.edu.cn; huyx@sjtu.edu.cn 

Abstract: Crack damage, which initiated by long-term exposure to cyclic loading, is the common security 

risk threat to aviation safety aviation. Laser peening (LP) is one of the prevalent approach to prolong 

service life of aerospace parts by retarding crack nucleation and propagation. Previous work is mainly 

focus on the crack nucleation and propagation delay effect induced by LSP on undamaged metallic 

material. Relatively less research findings reveal the fatigue mechanisms alteration following LP treatment 

on crack damage. The motivation of this paper is to (1) reveal the mechanism of crack closure effect 

induced by LP on crack region; (2) explore the crack propagation behavior from crack closure effect; (3) 

quantify the crack growth life promotion of crack damaged metallic material following LSP treatment.  

The samples used in the research was made by AA2024 aluminum alloy and were cut into compact tensile 

(CT) specimen. Residual stress and plastic deformation introduced into shallow zone around crack region 

by performing LP on pre-crack CT samples which prepared by cyclic loading. The residual stress in one 

set of pre-crack samples was greatly relieved with resort to stress-relief annealing. Elimination of residual 

stress from paragenetic association of residual stress and plastic deformation make it possible to separate 

residual stress and plastic deformation contributions to crack closure effect near crack tip. Crack closure 

evaluation experiment was applied to all set of samples after LP, meanwhile dynamic opening process of 

crack flank was photographed by microscope.  The displacement field of crack tip region subjected to 

different load level was obtained by digital image correlation (DIC) method. By contrasting the 

displacement field results extracted from three set of samples that reserve different kinds of strengthen 

effect, the extent of crack closure in each set of sample was evaluated  Crack growth rate curve, load cycle 

length of crack expanding curve of each set was obtained by COD gauge measurement in subsequent 

crack growth experiment to demonstrate crack propagation behavior alteration induced by LSP treatment 

on crack damaged metallic material. Fig.1 present the displacement field around crack tip following 

LP ,which demonstrate the capacity of LP to induce crack closure effect into crack tip region. Crack flank 

relative displacement (Fig.2) present dynamic process of crack opening in samples following LP.   

Crack growth rate curve, load cycle-length of crack expanding curve revealed an evident observation of 

instant crack retardation and crack propagation life promotion following LP treatment on crack tip region. 

By contrasting the crack tip opening load values of each group, a main conclusion can be drawn that, 

relative to residual stress which generally recognized as the dominant strengthen effect induced by LSP, 

plastic deformation play a more significant role in introducing crack closure into crack tip region. 

Plastic deformation, which act as a accompanying effect with residual stress induced by LSP, should be 

valued in crack propagation behavior alteration following LSP treatment for its dominated role in 

inducing crack closure effect. Secondly laser peening have a  satisfactory life prolonging performance to 

crack damage metallic material on account of its strengthen effect induced in crack tip region. 

Keywords: crack closure, laser peening, digital image correlation 

Fig.1   Fig.2  

Fig.1  The vertical displacement field of crack tip region following LSP 

Fig.2  The relationship of crack flank relative displacement and external load following LSP  
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Vibration fatigue properties of 2024-T351 aluminum alloy treated by 

cryogenic laser peening 

Yangyang Xu, Jianzhong Zhou, Xiankai Meng, Shu Huang, Jing Li, Yujie Sun 

(Jiangsu University) 

zhoujz@ujs.edu.cn 

Abstract: In order to investigate the effect of cryogenic laser peening (CLP) on the vibration fatigue 

performance of 2024-T351 aluminum alloy, laser peening experiments were carried out at room 

temperature (25 ℃, LP) and cryogenic temperature (–100 ℃, CLP) by using Nd:YAG nanosecond 

pulsed laser. Then XRD diffractometer was used to test the residual stress induced by laser peening, and 

the bending vibration fatigue experiment was performed before and after laser peening. Scanning 

electron microscopy (SEM) was used to analyze the fatigue fracture. The results show that the optimal 

laser power densities of CLP and LP are 5.8 GW/cm
2
 and 4.9 GW/cm

2
, respectively. At this power 

density, the compressive residual stress induced by CLP is about –203 MPa, which is higher than that of 

LPed samples. The initial natural frequency and vibration fatigue life of the CLPed specimens were 82 

Hz and 1.27 million times which increased by 3.8% and 12.4% compared with the LPed specimens. The 

fatigue fracture analysis shows that the FCI area on the upper surface is smaller than the lower surface 

and the FCG area is larger than the lower surface. The FCI depths of CLPed, LPed and untreated samples 

were about 110, 100 and 60 μm, respectively. At the depth of 400 μm, the width of the FCG area is 0.305, 

0.447 and 0.787 μm, respectively. Moreover, the distance between fatigue striations in CLPed and LPed 

specimens decreased about 0.482 μm and 0.34 μm compared with untreated samples, which indicates 

that the fatigue crack growth rate of CLPed samples decreased significantly. Compared with the 

untreated and LPed samples, the dimples in the FR of the CLPed samples were larger and deeper, which 

indicates that the toughness of the material was improved by CLP. In the cryogenic environment, the 

atomic clearance decreases and the dislocation containment threshold of material increases, which 

increases the dislocation density. Therefore, the amplitude of compressive residual stress was increased 

by CLP. The high compressive residual stress induced by CLP can effectively suppress the initiation of 

fatigue cracks and decrease the growth rate of fatigue cracks, which improves the vibration fatigue life of 

2024-T351 aluminum alloy.  

Keywords: laser technology, cryogenic laser peening, residual stress, vibration fatigue, fracture analysis  
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Very high cycle fatigue property of micro-shot peened EA4T axle steel 

Jinxin Zhang, Jiwang Zhang 

(Southwest Jiaotong University) 

42470825@qq.com 

Abstract: In this paper, the EA4T alloy railway axle steel was shot peened by steel balls and ceramic 

balls with a diameter of 50 μm and the 109 cycles fatigue tests with the specimens unpeened and peened 

were carried out. The fatigue property and the surface compress residual stress relaxation process were 

investigated. The results of fracture surface observation show that all the cracks initiate from the surface 

and the specimens both peened and unpeened have the conventional fatigue limit in the very high cycle 

fatigue regime. The fatigue limits of peened specimens were increased largely. The improvement of 

fatigue limit is related to the residual stress relaxation and surface roughness. Meanwhile, the influence of 

micro-shot peening on fatigue crack growth behaviors was analyzed.  

Keywords: micro-shot peening, residual stress, fatigue limit, very high cycle fatigue  

 

 

Effect of shot peening treatment on fatigue property of EA4T axle steel 

Xing Li, Jiwang Zhang 

(Southwest Jiaotong University) 

zhangjiwang@swjtu.cn 

Abstract: In this study, the EA4T axle steel was treated by conventional shot peening and micro-shot 

peening, then the surface hardness, residual stress, roughness and surface morphology were measured 

and the fatigue tests were conducted on rotary bending machine. The results show that the conventional 

shot peened specimens have a deeper hardening layer and the maximum residual stress locates at the 

subsurface zone. The micro-shot peened specimens have a relatively shallow hardening layer and the 

maximum residual stress on the surface, the value of which is larger than that on the conventional shot 

peened specimen surface. Compared with micro-shot peened specimens, the conventional shot peened 

specimen have large surface roughness and surface dimple size. The fatigue test results show that the 

fatigue limit was improved by 25% and 33% for conventional shot peened specimen and micro-shot 

peened specimens. The fracture surface observations show that all the specimens failed from surface and 

the fracture is not changed by the shot peening treatment. The surface compressive stresses were 

measured during the fatigue tests and it can be found that they are more stable for the micro-shot peened 

specimens. For micro-shot peened specimens, the residual stress relaxation process is slower and the 

value of residual stress is larger in the run-out specimens. Meanwhile, the fatigue limit evaluated by 

modified Goodman curve is well consistent whit that of the test results. 

Keywords: EA4T axle steel, micro-shot peening, residual stress, stress relaxation  
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Characterization and simulation of evolution of process-induced residual 

stress in Ni-based superalloy components 
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Abstract: By using 2D-X ray diffraction with area-detector and neutron diffraction technique, evolution 

of three-dimensional macroscopic residual stress in the turbine discs during fabricating process were 

studied. Due to deformation strain rate differences appearing in the forged disc, normal stress is tensile 

stress state in the center (less than 120 MPa) but the surface compressive stress in the corresponding 

position is ~500 MPa; The solid-solution-treated disc exhibits circumferential compressive stress of ~150 

MPa in the center, while in-plane stresses decrease by 35%; Effect of aging heat treatment is conspicuous, 

not only in changing axial and radial stress from tensile to compressive stress state in depth, but also in 

relaxation of both the circumferential stress (120 MPa at most) and the through-thickness stress 

gradient(90 MPa at most). Finite Element simulation results of thermal stress in solid-solution treated 

disc was also obtained which are basically consistent with the experiment. 

Keywords: process-induced residual stress, Ni-based superalloy, neutron diffraction, 2D-X ray 

diffraction 
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Abstract: The article selected 2024 Aluminum alloy as the research object, which aimed at exploring the 

internal regularity of the residual stress state after solution heat treatment, water quenching and cryogenic 

treatment. Orthogonal test method was adopted to arrange the test program, and the effect of different 

heat treatment process parameters on the residual stress could be ranked as: holding time>cooling 

rate>cryogenic temperature. Besides, the X-ray diffraction method was adopted to measure the residual 

stress distribution on the surface of the samples, and the results revealed that the surface residual stress 

state of the samples after water quenching could be described as both tensile stress and compressive 

stress, and a certain amount of compressive stress on the surface remained after cryogenic treatment. The 

mechanism of cryogenic treatment on the residual stress of aluminum alloy materials could be interpreted 

as the comprehensive result of the effect of volume shrinkage effect, grain refinement effect and grain 

rotation effect.  

Keywords: aluminum alloy, cryogenic treatment, residual stress 
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Study on strengthening effect of extra magnetic field on the detection of 

cladding coatings residual stress based on magnetic memory testing 
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Abstract: Metal magnetic memory (MMM) testing is a novel nondestructive magnetic testing method 

that is applied to the residual stress detection of cladding coatings because of its unique advantages. 

However, MMM signals are affected by many factors, such as temperature and environmental magnetic 

field. In order to strengthen the weak magnetic signals and suppress the interference of spurious signals, 

extra magnetic fields was selected to combine with plasma transferred arc (PTA) cladding for coatings 

preparation. In this study, magnetic signals were detected on the surface of coating and heat affect zone 

(HAZ). Results indicate that the peak-valley value of the tangential magnetic signal ΔHx and the peak-

valley value  of normal signal ΔHy increase with the increase of applied magnetic field intensity H, while 

decrease with the increase of the distance between cladding area. The phenomenon was discussed from 

the view of the microstructure and magneto-mechanical effect. Cladding area and HAZ have high 

magnetic conductivity due to the large grain, besides the residual stress in those areas is also large, hence 

the strengthening effect of magnetic signals is more obvious. 

Keywords: residual stress, metal magnetic memory testing, remanufacturing, cladding coatings, extra 

magnetic field 
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Abstract: Finite element analysis combined with the experimental measurement was used to investigate 

the evolution residual stress (RS) and the deforming responds of 2024 Al alloy plate. The simulation 

indicated that the quenching induced residual stress (QIRS) distributes symmetrically along the thickness 

of the 2024 Al alloy plate. QIRS decreases significantly as the quenching temperature increases with 

maximum RS of 200, 140 and 75 MPa is predicted as quenching temperature of 20, 60 and 80 ℃ was 

applied. The RS testing based on contour method suggested that the deviation of simulated RS from 

measured RS is within 10%. The simulation of the cold compression process shows that both cold 

compression can reduce the QIRS significantly. The maximum RS is reduced from 200 MPa to below 70 

MPa in in plate quenched at 20 ℃ and the RS reduction is approximately 70%. Strong distortion 

however can occur on the surface of the plate during the partial compression. The compression ratio and 

the modes can influence the RS and distortion evidently. The simulation of the machining process 

indicates that the distortion decrease as RS decrease and symmetrical release of RS is beneficial for 

restraining the distortion. Specifically, the distortion of plate decrease from 0.6mm to 0.01mm when 

replace the single side removal to double side alternating symmetry removal.  

Keywords: 2024 Al alloy, quenching, cold compression, residual stress, distortion, finite element 

analysis  

 




