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Fig.2 (a)Flow chart of speckle fabrication process; (b)Flow chart of residual stress measurement
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Fig. 3 Schematic diagram of micro speckle patterns
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Fig.4 SEM images of the speckles before and after the milling (a)before the milling; (b)after the milling
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Fig.5 (a)The calculated released deformation field
(b) fitting results of the released deformation field and the theoretical solution
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On the Micro-Residual Stress Measurement of Shot Peened
Nickel-Based Alloy Material by using Slot-Milling Method

ZHU Rong-hua, YIN Yuan-jie, XIE Hui-min, LIU Yin-hua
(AML., School of Aerospace Engineering, Tsinghua University. Beijing 100084, China)

Abstract: In this paper, based on FIB-EB (Focused ion beam-electron beam) dual beam system and
vacuum coating technique, the preparation technology of micro-speckle pattern was improved first.
Then, this self-developed technique was successfully utilized to prepare micro-speckle patterns on the
surface of shot peened nickel-base alloy material. Further, combining slotting milling method, the
measurement of residual stress release at high temperature was studied. Using FIB-EB dual beam
system, the micro-speckle patterns are recorded before and after the milling, then the digital image
correlation method was used to calculate the displacement after the milling. Based on Inglis-
Muskhelishvili theory, the residual stress can be calculated. In this paper, the influence of different
temperatures and different temperature holding time on the release of residual stress were also
studied. Results indicate that the releasing speed of residual stress decreases with the increase of
holding time, and finally tends to a steady value. In addition, the higher the temperature is, the more
thorough the residual stress release. The residual stress is almost completely released at 800°C. From
obtained results, it is conclude that the proposed speckle fabrication technique has advantages of good
applicability and high efficiency, and is expected to have further application in micro-deformation
measurement.

Keywords: focused ion beam; micro-speckle patterns; micro-deformation; residual stress



