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This entry introduces several commonly used residual stress measurement methods.
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| 1. Introduction

Residual stress remains in a body which is stationary and at equilibrium with its surroundingstll. Indeed, it is one of the
main factors affecting the machining accuracy and strength of the workpiece, which is very unfavorable to the
performance of the material or the life of the component. On the other hand, compressive stresses are sometimes
introduced deliberately, as in shot peening which is used to improve fatigue resistance. Therefore, the detection and
evaluation of its status is extremely important in industrial production.

At present, residual stress measurement methods can be generally divided into two categories, one is destructive
detection method, including mechanical methods and chemical methods, the principle is to remove some or all of the
materials in some way, measure the strain or displacement of a specific area, and according to mathematical inversion of
residual stress is performed for specific boundary conditions. The other type is non-destructive testing method, which is
mainly tested according to the physical properties of the material, that is, the physical method. Regardless of the method,
the residual stress can only be calculated by indirectly measured quantities such as strain or displacement.
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- Ring-coremethod Electronic Speckle Pattern Interferometry
Hole drilling method
_ Mechaniral | C antour methad Strain gauge measurement
methods
Crack compliance method
L Stripping method (Willin
— Destructive = FRnE ¢ &
r Stripping method (Chernical milling)
Chemical |
methods
L Quualitative measuretnent
Mlethods
Meutron ray
Diffraction methad {X-ray
Synchrotron radiation
Ultrasonic method NigneiE S
) Magnetic temory method
L Non-destructive (Physical methodsy | Magneticmethod 9 p w0 oo Noise

Magnetomeehanieal Aeoustic Emizson
Raman spectroscopy method

L MNanoindentation techrique

| 3. Comparison of Residual Stress Test Methods!2I[2141[5]



Applicable Cperation
IMethods Depth Accuracy . L~
object stuation
Hole drilli Isotropi
PESIE | omm |+ 50MPa SORTIE Commplicated
methad glastic material
ESPI 100pwm + 200Pa - Simple
Ring-core s AR Mlore
method | = . ’ commnplicated
The sample
Drestructive Contour stress gradient Mlore
- + 200Pa -
method changes complicated
greatly.
Crack Low stress
: : Ilore
cotnpliance 1~100muem | 0.01%XE armplitude :
complicated
method sample
Strippi 10~100 30~500P Hard fil
H 5 it ] o Complicated
methad m a material
Tzotropi
Difaction | 10017 | o | :t': DPIZH 5
methad mm E 2 sl il
material
Ultraszonic 0.5~150em Wainly metal ’
+ 201 Sitnpl
methad m 2 materials e
Faman : :
Non-destru - High - Sirnpl
: spectroscopy
ctive
BM:
Mlagnetic 0.03~0 2t i Ferrornagnetic )
method | my M&E: | material ThE
l~2cm;
Manoindentati-
i High | Filmmaterial | Comgplicated
on technique

| 4. Mechanical Methods

The hole drilling method is one of the most common surface residual stress testing methods. The method generally uses
strain gauges to measure the strain data after drilling in the tested area, which has the advantages of simple operation
and low test cost. American Society for Testing Materials (ASTM) has developed a standard assay techniques residual
stresses drilling method(®. In order to reduce the operational error and other factors in the measurement, the test method
using the non-contact measurement of the strain method combined with the drilling method has been rapidly developed,
such as Electronic Speckle Pattern Interferometry (ESPI) using optical measurement strain. The principle of the ring-core
method is similar to the hole drilling method, and the stress in the measured area is released by processing a circular
groove. It is widely used in residual stress testing of turbine and turbo generator rotor forgings and has established
corresponding standards. In order to measure the residual stress distribution along the depth direction, the workpiece can
be removed layer by layer by the stripping method, and the residual stress distribution can be obtained by measuring the
strain value using the formulald. In addition, there are other new methods, such as the crack compliance method based
on the principle of linear elastic fracture mechanics8@ and the most accurate destructive detection technique-contour
method.

| 5. Chemical methods

Chemical methods are rarely used in residual stress measurement. In the above, the residual stress is measured by the
stripping method of milling, but the milling process brings errors, and the chemical milling method perfectly solves this
problem. In addition, there is a chemical reagent that qualitatively studies the magnitude and type of residual stress based
on the time of occurrence of the crack and the time of weight reduction.

| 6. Physical methods

Diffraction method is the most widely used and most mature technology in nondestructive testing technology, including X-
ray diffraction, neutron ray diffraction and X-ray synchrotron radiation. When the Bragg diffraction occurs, the diffraction
peak is moved due to the residual stress, and the residual stress can be obtained by the corresponding formula¥,
Ultrasonic stress measurement is based on the theory of acoustic elasticity, using the phenomenon of acoustic
birefringence in stressed materials, which is one of the most promising technologies in the development direction of



residual stress nondestructive testing!™ll. In the Raman spectroscopy method, the stress inside the crystal can be
accurately calculated according to the relationship between stress and relative Raman shift?2. The basic principle of
magnetic measurement is to use the magnetostrictive effect of ferromagnetic material to measure the stress. The method
includes magnetic memory method, magnetic strain method, Barkhausen Noise(BN) and Magnetomeehanieal Aeoustic
Emission(MAE). Nanoindentation technique was proposed and developed by Olive et all3ll}4l |t based on the elastic
contact mechanics, the hardness test method is used, which has the advantages of non-destructive and can test the
mechanical properties of materials in a small local range.

After decades of development and application, the residual stress testing technology has formed a variety of different
detection technologies. However, whether it is a traditional test method or a new method, there are some difficulties in the
depth measurement of stress and the accurate measurement of the whole field on a two-dimensional plane. In order to
improve the detection accuracy and detection efficiency of stress measurement, two or more detection methods are used
together, which has become a major development direction of current stress measurement and state evaluation research.
Liu et al. combined the magnetic measurement method with the ultrasonic method to dynamically reflect the variation of
the magnetostriction coefficient curve of the material with the stress by receiving the signal reflected by the transverse
wave in the weld zone under different excitation magnetic field strengths2l. In the research of two-dimensional stress
reconstruction, a variety of research methods have appeared26/L718],
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