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ARTICLE INFORMATION ABSTRACT

Ultrasonic nondestructive testing is a powerful tool for detection of defects as well as characterization
of various properties of materials. In ultrasonic testing, it is very important to know the exact wave
velocity in the material because most measurements somehow depend on wave velocity. Many other
characteristics of materials such as elastic constants also depend on wave velocity. While variations of
wave velocity in ambient temperatures are very small, these variations could be noticeable at high
temperatures. In this paper, a simple and innovative experimental method is proposed for measurement
Longitudinal wave of ultrasonic wave velocities at high temperatures. To keep the ultrasonic probe far from the hot sample,
Transverse wave a special waveguide is designed. The wave velocity measurements are performed by pulse-echo
Waveguide ultrasonic testing technique and variations of ultrasonic wave velocities at temperatures ranging from
High temperature 40°C to 160 °C are investigated. It is observed that the velocity of ultrasonic waves decrease with
increase in temperature. Experimental results are compared with theory and measurement uncertainties
are calculated. These uncertainties are +0.01 m/s and £0.003 m/s for longitudinal and transverse wave
velocities, respectively. The theoretical and experimental results agree very well.
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Fig. 3 Dimensions of used conical aluminum wave guide
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Table 6 Experimental and theoretical results for longitudinal
wave velocity

Sk e Q—‘r"» GH9s e pu us (C) Lo

(mfs) olKisles] (mss) ()
5975.09 5977.03 0.01 40
5976.25 5973.16 0.01 50
5975.05 5969.27 0.01 60
5967.54 5965.39 0.01 70
5958.03 5961.49 0.01 80
5955.10 5957.60 0.01 920
5949.64 5953.69 0.01 100
5948.22 5949.78 0.01 110
5946.09 5945.86 0.01 120
5946.16 5941.94 0.01 130
5944.19 5938.02 0.01 140
5941.84 5934.08 0.01 150
5932.25 5930.14 0.01 160

2 oloiis 16 )9 1395 i)l (o) Sulse SwAdie

Lod 0aiiS S Caualad sae 4 Jguz
Table 4 Uncertainty of temperature controller

Upgran  UABran URD bias (Chts

0.31 0.14 0.205 39.8 39.8 39.8 39.8

0.19 0.09 0.254 49.7 49.7 49.7 49.7

0.23 0.10 0.305 59.8 59.8 59.8 59.8

0.21 0.09 0.356 69.8 69.8 69.8 69.8
0.21 0.09 0.408 79.7 79.7 79.7 79.7
0.30 0.13 0.459 89.9 89.9 89.9 89.9
0.16 0.07 0.511 100.1 100.1 100.1 100.1
0.28 0.12 0.566 111.2 111.2 111.2 111.2
0.21 0.09 0.618 120.8 120.8 120.8 120.8
0.16 0.07 0.663 130.2 130.2 130.2 130.2
0.16 0.07 0.719 141.1 141.1 141.1 141.1
0.19 0.09 0.776 152.3 152.3 152.3 152.3
0.22 0.10 0.816 159.9 159.9 159.9 159.9

s sl sl ol s Tl )55 Jgu
Table 5 Replication of measuring time for longitudinal waves

(1) s 5 Jsl Sl o Sloy o5

(°C) L
3.345 3.344 3.346 3.348 3.349 40
3.341 3.342 3.344 3.345 3.343 50
3.342 3.343 3.345 3.344 3.345 60
3.348 3.350 3.349 3.346 3.347 70
3.357 3.356 3.355 3.354 3.358 80
3.359 3.355 3.357 3.356 3.360 90
3.361 3.363 3.362 3.365 3.366 100
3.366 3.363 3.367 3.364 3.365 110
3.367 3.362 3.365 3.366 3.363 120
3.368 3.366 3.364 3.365 3.370 130
3.370 3.364 3.366 3.365 3.369 140
3.372 3.375 3.373 3.374 3371 150
3.376 3.375 3.377 3.372 3.373 160

(21,20) L, oololy oope gloel sl 1) oboy Bl coakd pas

Ut ran = 0.003mm  (%95)
Uz ran = 0.001 mm  (%95)

(20)
1)

152 Caxdad pus duwlxe -6-3

5 by olej 5 Gged e Jobo bagie (spSoill o ualid poe
los Casts (24-22) Lanlg, O j90 Led g oo caiS

2
Ud,bias

o 2
ug = uf,bias

+u?

+ ulO ran

t,ran

=0.001ps (%95)

=0.017 mm (%95)

A— 2 2 — o,
Upg — uﬁ,bias + uﬁ,ran =0.83°C (%95)

(27-25) Ly, ol s adsl Jsbo 5 Los cle; gl ol

2(1+ 11.6 x 1076A8)

Qo =

t

(22)
(23)
(24)

‘)“JW

D9 o dumlone

(25)
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Fig. 11 Comparison of theoretical and experimental results

for transverse wave velocity variations with temperature
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Table 7 Experimental and theoretical results for transve
wave velocity

rse

STy e (MVS)cs 555 e o ug (°C) s
(m/s) 2l (m/s)
304948 323940 0003 10
324158 3236.93 0003 50
3229.40 323419 0003 60
3228.64 323131 0003 70
3226.63 322856 0003 80
322363 322581 0003 90
3218.34 322305 0003 100
321543 322001 0003 110
321265 321725 0003 120
3209.13 321475 0003 130
3204.38 3211.70 0.003 140
3199.56 3208.64 0.003 150
3198.22 3206.41 0.003 160
& o5 domii-4
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Fig. 10 Comparison of theoretical and experimental result
for longitudinal wave velocity variations with temperature
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