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ARTICLE INFO ABSTRACT

Article history: Many techniques are available for destructive and nondestructive measurementof

Received 13 October 2013 mechanical hardness. The ultrasonic method could be widely applicable as a

Revised 6  December 2013 nondestructive technique. Many studies have examined how changes in the

Accepted 23 December 2013 mechanical hardness affect the longitudinal velocity of ultrasonic waves. This
approach aimsto estimate the overall velocity variations in specimens. However,

Iljfi’wor ds proper nondestructive examination techniques are neededas effective tools for

rasonic

analyzing the effects of heat treatment on the surface of the specimens. Therefore,
in this study, the effect on the hardness of piston rods was nondestructively
measuredusing surface ultrasonic waves. The hardness after heat treatment was
Heated treament investigated at various depthsin the specimens, and the velocity of the surface
ultrasonic waves was measuredwith respect to the hardness of the piston rods. In
addition, finite element method simulations were performed to confirm the
behavior of the waves.

Piston rods

Surface ultrasonic wave
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Fig. 1 Schmatic digram and generation principle for the surface ultrasonic wave

Table 1 Piston rods under the high-frequency treatment

Samples Rockwell hardness | Transducers| Diameters others
(HrV) (MHz) (mm)
A 20 (non treated) 225, 5 18.2
B 32 ” 18.2
C 38 ” 18.2
D 44 ” 18.2
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Piston rod
Surface ultrasonic wave jig

Fig. 3 Ultrasonic system for measuring the surface ultrasonic
wave speed on the piston rods

Transducer

Fig. 4 Ultrasonic jig for measuring the surface ultrasonic wave
speed on the piston rods
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Fig. 5 Typical example when measuring the surface ultrasonic
wave speed on the piston rods (5 MHz, 10 mm movement)

(b) Plexiglas jig on the piston rods

Fig. 6 Over view of jig for generating the surface ultrasonic
wave speed on the piston rods
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Fig. 8 Rleation between Rockwell hardness and surface wave
velocity on the piston rods using transducers with 2.25
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Fig. 9 Rleation between Rockwell hardness and surface wave
velocity on the piston rods using transducers with 5.0
MHz

Table 2 Specifications on piston rods under the surface ultrasonic

wave speed
Ultrasonic | Rockwell |Surface ultrasonic A
transducers | hardness wave speed | (wave length, | Others
(MHz) (HrV) (mm/ps) mm)
20(A) 2.969 1.237
32(B) 2.969 1.234
2.25
38(0C) 2.959 1.231
44(D) 2.942 1.226
20(A) 2.975 0.602
5o 32(B) 2972 0.595
38(0) 2.960 0.591
44(D) 2.946 0.589
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Fig. 10 Simuation configuration for generating surface ultrasonic
wave
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Fig. 11 Simuation for generating surface ultrasonic wave using
transducers with 5.0 MHz
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