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ARTICLE INFORMATION ABSTRACT
Original Research Paper It is essential to inspect manufactured and in-service machines and products. Many different
Received 25 January 2016 nondestructive testing (NDT) methods are currently in use for this purpose. Ultrasonic testing is one of
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Available Online 26 March 2016 the most important of these NDT methods. Ultrasonic testing has different applications including defect

detection, assessment of mechanical and metallurgical properties of materials and temperature
measurement. In the first part of this paper, theoretical equations and finite element analysis of

Keywords:

Longitudinal Ultrasonic Bulk Waves variations of longitudinal ultrasonic wave velocity in the presence of a thermal gradient were studied. In
Thermal Gradient the second part, the effect of a thermal gradient on the longitudinal ultrasonic wave velocity is
Experimental Method investigated by experiments. A specific test rig is designed and fabricated for this purpose. This test rig

Uncertainty Analysis is capable of providing the desired temperatures and transmit and receive ultrasonic bulk waves

simultaneously. Twelve different tests were conducted in order to study the effects of the work piece
length and maximum and minimum temperatures. The experimental results are compared with the
theory under similar conditions and very good agreement is observed. Uncertainty analysis is
incorporated for determining the uncertainty in measuring the ultrasonic wave velocity in the presence
of a thermal gradient and identifying the sources of errors. The measurements were found to be quite
accurate with an uncertainty of 4.5 m/s.
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Fig. 1 Fixture to adjust position and height of cooling system
s EL85 )] a5 g CuaBge pudats gl eadaiSle 5 (Slb o g ad 1 gl

Fig. 2 Cooling system
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Fig. 3 Aluminum bushing and aluminum pipes (dimensions are in mm)
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Fig. 7 The test setup
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Fig. 4 Wedge made for the transmission of ultrasonic waves
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Fig. 8 Recorded signals in the presence of a thermal gradient
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Table 1 different condition in which velocity measurement were
carried out
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Cn 5,55 T, Ty Lo ages oibes

(mis) (K) (K) (mm)
5910.89 322 307 50.23 1
5900.59 353 320 50.23 2
5889.81 385 334 50.23 3
5877.84 420 350 50.23 4
5910.42 323 308 74.70 5
5900.12 356 319 74.70 6
5890.74 390 325 74.70 7
588158 423 343 74.70 8
591159 322 304 100.08 9
5901.76 354 314 100.08 10
5891.92 386 324 100.08 1
5880.66 420 338 100.08 12
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Table 3 Measured values of the initial length of work pieces

o digei s e e bl Jlasei ik oed
(mm) (mm) (mm) e
100.08 74.73 50.22 1
100.08 74.68 50.23 2
100.09 74.70 50.23 3
100.09 74.68 50.22 4
100.11 74.75 50.23 5
100.07 74.67 50.23 6
100.08 74.72 50.22 7
100.11 74.68 50.24 8
100.07 74.68 50.22 9
100.06 74.69 50.24 10

S0l ailyd slcurhdons oy -5-3
Cond g0 4 Sojlul glalkhs sl 50 g Soslul slacaalaipae
oy 4 Solai glacualpas \Wgd oo e (S0l 5 Sl
saijle bwg Slotars lalas Wgdpe dmslxe ikl slaghs,
Jlil b Soilotcn Cualadpoe Wigd co eesd (655 03l (slaolSiiws
Coprbad pas [9] 05 g0 aid)S i ys Silatcs las caai il 95%
ol 0 16 gz 5 (6 Fo3l Usluog Selons

Solel loaulns gl 1,55 30 51 Lo )85 slaws (o9 yeS o 4
Cnlplo 9] 04 o ool - iisgiinl )58 5 Sgazee =ojluil el
asloes (14-11) Ly, Loy %95 Jluisl b ol slacuabipac

Copslapi 1321 oS 33 ~7-3 e
) ) RS PAE 2 o ) Uy, ran = ST (%95) (11)
Rl (6) alal, o bl conles ol o g a3 plie slacalbipae U ran = Si (%95) (12)
J3a> 5> Jeb Seold glesl s 6pSoil Couslidpos g Wgd e Urran = ST] (%695) (13)
oSl slo 5 4 Jpoir

Table 4 Replications of measuring t
t (HS) o)l..o..i‘;
10 55 9 )5 8 s 7 )55 6,5 5 s 4 s 3 )5 2 )55 155 il
17.00 17.00 17.00 17.00 17.00 17.00 17.00 17.00 17.00 17.01 1
17.04 17.04 17.04 17.05 17.04 17.05 17.04 17.04 17.04 17.05 2
17.09 17.09 17.09 17.09 17.08 17.08 17.08 17.09 17.09 17.09 3
17.16 17.15 17.15 17.15 17.15 17.14 17.14 17.15 17.14 17.14 4
25.33 25.32 25.33 25.33 25.33 25.33 25.33 25.33 25.33 25.33 5
25.39 25.39 25.39 25.38 25.39 25.39 25.39 25.39 25.39 25.38 6
25.45 25.45 25.45 25.45 25.45 25.45 25.45 25.45 25.45 25.46 7
25.52 25.52 25.52 25.52 25.52 25.52 25.52 25.52 25.52 25.52 8
33.94 33.94 33.93 33.93 33.94 33.93 33.93 33.94 33.94 33.94 9
34.03 34.02 34.02 34.03 34.02 34.00 34.02 34.02 34.01 34.02 10
34.11 34.10 34.10 34.11 34.11 34.11 34.10 34.10 34.10 34.10 11
34.21 34.20 34.20 34.20 34.21 34.20 34.20 34.20 34.20 34.20 12
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Table 9 Experimental and theoretical values of C, and uncertainty of
Cn
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Table 5 The mean values of measured variables and velocity Cp,

Uas KW qu Cmexperimemal Cm—TheoreIicaI Q)L‘h:j
(m/s) (m/s) (m/s) Shales]

0.002 43 5910.75 5910.89 1
0.038 4.4 5898.38 5900.59 2
0.121 4.4 5882.69 5889.81 3
0.238 4.5 5863.84 5877.84 4
0.186 3.2 5899.72 5910.42 5
0.216 3.2 5887.36 5900.12 6
0.266 3.2 5875.05 5890.74 7
0.372 31 5859.72 5881.58 8
0.219 2.4 5898.64 5911.59 9
0.258 25 5886.54 5901.76 10
0.306 2.3 5873.90 5891.92 11
0.377 2.2 5858.48 5880.66 12

o B _ _ _ o el
Cin (Mfs) £ (us) LK)  Ti(K) Lo (mm) L
[Saried)

5910.75 17.00 322 307 50.23 1
5898.38 17.04 353 320 50.23 2
5882.69 17.09 385 334 50.23 3
5863.84 17.15 420 350 50.23 4
5899.72 25.33 323 308 74.70 5
5887.36 25.39 356 319 74.70 6
5875.05 25.45 390 325 74.70 7
5859.72 25.52 423 343 74.70 8
5898.64 33.94 322 304 100.08 9
5886.54 34.02 354 314 100.08 10
5873.90 34.10 386 324 100.08 11
5858.48 34.20 420 338 100.08 12
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pp. 61, New York: Marcel Dekker, Inc., 2002.
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Table 6 Systematic uncertainty of measurement instruments

Ur, sys = Ur, sys Ut sys ULy sys
Cunbdpeac g4

(K) (Hs) (mm)
11 0005 0.005 Cosbipas ke

oz sylie oy coabdpas 7 Jous
Table 7 Random uncertainty of errors’ sources

uTz,ran uTl,ran ut,ran uLU‘ran °)L“:’
(K) (K) (us) (mm) oialojl
1 1 1.18x107° 2.58x107% 1
1 1 1.83x10° 2.58x10°
1 1 1.83x10° 2.58x10° 3
1 1 2.36x10° 2.58x10° 4
1 1 1.05x10° 8.17x10° 5
1 1 1.49x10° 8.17x10° 6
1 1 1.05x10° 8.17x10° 7
1 1 0 8.17x10° 8
1 1 2.11x10° 5.38x10° 9
1 1 2.79x10° 5.38x10° 10
1 1 2.11x10° 5.38x10° 1
1 1 1.49x10° 5.38x10° 12
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Table 8 Uncertainty and sensitivity coefficients of errors’ sources

ar ETlu a; u, a,, U, osle
Sa,  Temooa®) (9 (a0)  @m el
0.034 149 -3.48 5.14 1.18 563 1
0.034 1.49 -3.46 5.32 117 5.63 2
0.034 1.49 -3.44 5.32 117 5.63 3
0.034 1.49 -3.42 553 117 5.63 4
0.034 1.49 -2.33 511 0.79 9.58 5
0.034 1.49 -2.32 5.22 0.79 9.58 6
0.034 1.49 -2.31 511 0.79 9.58 7
0.034 1.49 -2.30 5 0.78 9.58 8
0.034 1.49 -1.74 5.43 0.59 7.34 9
0.034 1.49 -1.73 5.73 0.59 7.34 10
0.034 1.49 -1.72 5.43 0.59 7.34 11
0.034 1.49 -1.71 5.22 0.58 7.34 12
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