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Determination of Peening Area for Finite Element Residual Stress
Analysis of Ultrasonic Nanocrystal Surface Modification under
Multiple Impact Conditions

Tae-Hyeon Seok’, Seung-Hyun Park™ and Nam-Su Huh'

(Received 1 December 2021, Revised 16 December 2021, Accepted 20 December 2021)

ABSTRACT

Ultrasonic Nanocrystal Surface Modification (UNSM) is a peening technology that generates elastic-plastic deformation
on the material surface to which a static load of a air compressor and a dynamic load of ultrasonic vibration energy
are applied by striking the material surface with a strike pin. In the UNSM-treated material, the structure of the surface
layer is modified into a nano-crystal structure and compressive residual stress occurs. When UNSM is applied to
welds in a reactor coolant system where PWSCC can occur, it has the effect of relieving tensile residual stress in
the weld and thus suppressing crack initiation and propagation. In order to quantitatively evaluate the compressive
residual stress generated by UNSM, many finite element studies have been conducted. In existing studies, single-path
UNSM or UNSM in a limited area has been simulated due to excessive computing time and analysis convergence
problems. However, it is difficult to accurately calculate the compressive residual stress generated by the actual UNSM
under these limited conditions. Therefore, in this study, a minimum finite element peening analysis area that can reliably
calculate the compressive residual stress is proposed. To confirm the validity of the proposed analysis area, the compressive
residual stress obtained from the experiment are compared with finite element analysis results.

Key Words : Ultrasonic nanocrystal surface modification (53 =327 4), Finite element analysis (-3-2.43l149),
Stress spike (58 23}0] =), Residual stress (ZH7-5-5)

7|5 F; = dynamic load
F; = static load
a = strike pin acceleration Fow = total load
A = strike pin amplitude M = strike pin mass
dmar = maximum indentation depth P, = mean pressure
f = frequency Fmee = maximum indentation radius
T A, 319, At Z AN 2Ol st R = strike pin radius
E-mail : nam-suhuh@seoultech.ac.kr oy = yield strength
TEL : (02)970-6317 FAX : (02)974-8270 14 = strike pin velocity
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Table 1 Johnson-Cook hardening model parameters

271949 2784

Alloy Alloy Alloy

718 Ti-6Al-4V 6061

Density (kg/m’) 8,192 4,512 2,700
Elastic modulus (GPa) 200 119 70
Poisson's ratio 0.29 0.37 0.3
Tohnson |Gt (MPa) | 1.241 862 324
Cook | G (MPa) 622 331 114

hardening G 0.035 0.012 0.006
model n 0.5 0.34 0.42
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Table 2 UNSM process variables for mesh sensitivity

assessment
Static load (N) 70
Amplitude (um) 30
Frequency (kHz) 20
Strike pin radius (mm) 1.19
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Table 3 UNSM process variables for single path FE
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R
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Table 4 UNSM process variables for multi path FE

analyses
Static load (N) 70
Amplitude (um) 30
Feed rate (mm/s) 50
Frequency (kHz) 20
Line interval (mm) 0.07
Strike pin radius (mm) 1.19

Residual stress
extraction point
(depth direction)

Fig. 13 Experimental specimens after UNSM process
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Table 5 Comparison of residual stress on the specimen
surface in experiment and FE analyses

Alloy 718 Alloy Ti-6Al-4V
Material
o, (MPa) | 6, (MPa) | . (MPa) | o, (MPa)
Experiment | -1,078 -1,862 -405 -1,125
FEA -957 -2,013 -635 -1,187
Difference | -11.2 % 75 % 36.2 % 52 %

Finite element region
{C3DER)

Peening path Peening ares

|

v

Infinite element region
(CIN3DS)

2.04 mm

0.5 mm

Residval stress extraction
x point (depth direction}
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