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A Study on Residual Stress Measurement Using Raman Spectroscopy
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A straight pipe is used after complicated bending work in a mechanical system. In this work
process, the plastic deformation of the pipe produces residual stress in the pipe. This residual
stress significantly affects the behavior of pipe fracture. For this reason, residual stress must be
evaluated. Measuring the residual stress of a U-shaped pipe is difficult with existing destructive
and nondestructive measurement methods. In this paper, the residual stress of a U-shaped
aluminum pipe (99.7% pure aluminum) was evaluated from the Raman shift by Raman
spectroscopy and FEM(Finite Element Method, FEM) analysis. The results of the stiffness test by
FEM analysis are compared with those by experiments. The analyzed results of the Raman
spectra showed a similar tendency with the results of the FEM analysis with respect to the
residual stress distributions in U-shaped pipes. Also, the results of the bending tests showed

resemblance to each other.
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2. FEM Analysis

2.1 Tension Test
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Fig. 1 Tension Test (diameter of pipe : 10.12mm)
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Fig. 2 Results of tension test

2.2 Modeling and Boundary Condition
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Table 1 The mechanical properties of pipe
Tensile Yield .
E Elongation
v Stress Stress
(GPa) %
(MPa) (MPa)
69 0.33 71.9 36.4 0.42
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Fig. 3 Boundary conditions

2.3 Results
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Fig. 5 Result of bending Process
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Fig. 6 Residual stresses on the side of pipe

3. Stiffness Test

3.1 Methods
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Fig. 8 Stiffness test of U-shaped Aluminum pipe
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Fig. 9 Specimen and FEM model after stiffness test
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4, Raman Spectroscopy
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4.2 Raman Spectrum Measurements

B aFodA FAe A 2t &% A E
=9 Renichaw it FXZMH 500 vl&<] WA=
E FA5tn Jn FAF-dlL #@olA(wave length :

Fig. 132 ¢ &4 &
HEY ol%F I FEM &
28 22X g4 ve
Ae olgdd &A%

> oxb
in)
j‘:_l‘

i

i
)
o
k5

2

U
g}

¢

o
i)
£,

NG Bl de AFLY BEEY A9 u4

& wolm gt AL ¢ & Ak,
2 B
AL

- SR

Fig. 12 Raman spectrum measurement
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Fig. 13 Results of Raman spectrum measurement
FEM analysis
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