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SHORT ABSTRACT: 30 

A protocol for ultrasonic fatigue testing in the high and ultra-high cycle region in axial tension-31 

compression loading mode. 32 

 33 

LONG ABSTRACT: 34 

Ultrasonic fatigue testing is one of a few methods which allow investigating fatigue properties in 35 

the ultra-high cycle region. The method is based on exposing the specimen to longitudinal 36 

vibrations on its resonance frequency close to 20 kHz. With use of this method, it is possible to 37 

significantly decrease the time required for the test, when compared to conventional testing 38 

devices usually working at frequencies under 200 Hz. It is also used to simulate loading of material 39 

during operation in high speed conditions, such as those experienced by components of jet 40 

engines or car turbo pumps. It is necessary to operate only in the high and ultra-high cycle region, 41 

due to the possibility of extremely high deformation rates, which can have a significant influence 42 

on the test results. Specimen shape and dimensions have to be carefully selected and calculated 43 

to fulfill the resonance condition of the ultrasonic system; thus, it is not possible to test the full 44 
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components or specimens of arbitrary shape. Before each test, it is necessary to harmonize the 45 

specimen with the frequency of the ultrasonic system to compensate for deviations of the real 46 

shape from the ideal one. It is not possible to run a test until a total fracture of the specimen, 47 

since the test is automatically terminated after initiation and propagation of the crack to a certain 48 

length, when the stiffness of the system changes enough to shift the system out of the resonance 49 

frequency. This manuscript describes the process of evaluation of materials’ fatigue properties 50 

at high-frequency ultrasonic fatigue loading with use of mechanical resonance at a frequency 51 

close to 20 kHz. The protocol includes a detailed description of all steps required for a correct 52 

test, including specimen design, stress calculation, harmonizing with the resonance frequency, 53 

performing the test, and final static fracture. 54 

 55 

INTRODUCTION: 56 

Fatigue damage of structural materials is strongly connected with industrialization and mainly 57 

with use of steam engine and steam locomotives for railway transport, where a lot of metal 58 

components, mainly iron based, have been used and had to withstand various types of cyclic 59 

loading. One of the earliest tests was done by Albert (Germany 1829)1 on welded chains for mine 60 

hoists. The loading frequency was 10 bends per minute, and the maximal tests recorded reached 61 

100,000 loading cycles1. Another important work was carried out by William Fairbairn in 1864. 62 

Tests were performed on wrought-iron girders with use of a static load, which was lifted by a 63 

lever and then dropped causing vibrations. The girder was loaded with gradually increasing 64 

loading stress amplitude. After reaching several hundred thousand cycles on various loading 65 

stress amplitudes, in the end the girder failed after just about five thousand loading cycles at a 66 

loading amplitude of two fifths of the ultimate tensile strength. The first comprehensive and 67 

systematic study of the influence of repeated stress on structural materials was done by August 68 

Wöhler in 1860-18701. For these tests, he was using torsion, bending, and axial loading modes. 69 

Wöhler designed many unique fatigue testing machines, but their disadvantage was low 70 

operation speeds, for example the fastest rotating bending machine operated at 72 rpm (1.2 Hz), 71 

thus completion of the experimental program took 12 years1. After performing these tests, it was 72 

considered that after reaching a loading amplitude at which the material withstands 107 cycles, 73 

the fatigue degradation is negligible and the material can withstand an infinite number of loading 74 

cycles. This loading amplitude was named the “fatigue limit” and became the main parameter in 75 

industrial design for many years2,3. 76 

 77 

Further development of new industrial machines, which required higher efficiency and cost 78 

savings, had to provide the possibility of higher loading, higher operation speeds, higher 79 

durations, and high reliability with low maintenance requirements. For example, components of 80 

the high-speed train Shinkanzen, after 10 years of operation, have to withstand approximately 81 

109 cycles and failure of a main component can have fatal consequences4. Furthermore, 82 

components of jet engines often operate at 12,000 rpm, and components of turbo blowers often 83 

exceed 17,000 rpm. Those high operation speeds increased requirements for fatigue life testing 84 

in the so-called ultra-high cycle region, and to assess if the fatigue strength of a material could 85 

be really considered constant for more than 10 million cycles. After the first tests performed by 86 

exceeding this endurance, it was obvious that fatigue failures can occur even at applied stress 87 



amplitudes lower than the fatigue limit, after a number of cycles much more than 107, and that 88 

the damage and failure mechanism could be different from the usual ones5.  89 

 90 

Creating a fatigue test program aimed at investigating the ultra-high cycle region required the 91 

development of new testing devices to strongly increase the loading frequency. A symposium 92 

focused on this topic was held in Paris in June 1998, where experimental results were presented 93 

which were obtained by Stanzl-Tschegg6 and Bathias7 at 20 kHz loading frequencies, by Ritchie8 94 

with the use of 1 kHz closed loop servo-hydraulic testing machine, and by Davidson8 with a 1.5 95 

kHz magneto-strictive testing machine4. From that time, many solutions were proposed, but still 96 

the most commonly used machine for this kind of test is based on the concept of Manson from 97 

1950 and uses frequencies close to 20 kHz9. These machines exhibit a good balance between 98 

strain rate, the determination accuracy of the number of cycles, and the time of the fatigue test 99 

(1010 cycles are achieved in approximately 6 days). Other devices were able to provide even 100 

higher loading frequencies, like the one used by Girald in 1959 – 92 kHz and Kikukawa in 1965 – 101 

199 kHz; however, these are rarely used because they create extremely high deformation rates 102 

and, since the test lasts for only few minutes, a remarkable error in the cycle counting is expected. 103 

Another important factor limiting the loading frequency of resonance devices for fatigue testing 104 

is the size of the specimen, which is in direct relation with the resonance frequency. The larger 105 

the requested loading frequency, the smaller the specimen. This is the reason why frequencies 106 

above 40 kHz are rarely used10.  107 

 108 

Since the displacement amplitude is usually limited within the interval between 3 and 80 µm, 109 

ultrasonic fatigue testing can be successfully applied on most metallic materials, though 110 

techniques for the testing of polymeric materials such as PMMA11 and composites12 were also 111 

developed. Generally, ultrasonic fatigue testing is possible to perform in modes of axial loading: 112 

tensile – compression symmetrical cycle13,14, tension - tension cycle15, three-point bending15, and 113 

there are also a few studies with special modifications of the system for torsion testing15,16 and 114 

biaxial bending17. It is not possible to use arbitrary specimens, because for this method, the 115 

geometry is strictly related to achieving the resonance frequency of 20 kHz. For the axial loading, 116 

several types of specimens have been commonly used, usually with an hour-glass shape with a 117 

gauge length diameter from 3 to 5 mm. For the three-point bending, thin sheets are commonly 118 

used, and for other methods special types of specimens are designed, according to the method 119 

type and testing conditions. The method was designed for evaluation of fatigue life in the high 120 

and ultra-high cycle region, and this means that at 20 kHz loading, a million cycles is obtained in 121 

50 s; therefore, this is usually considered the bottom limit of loading cycles which can be 122 

investigated with reasonable accuracy, with respect to the number of cycle determination. Each 123 

specimen has to be harmonized with the ultrasonic horn by changing the specimen’s mass to 124 

provide the right resonance frequency of the system: ultrasonic horn with specimen. 125 

 126 

PROTOCOL: 127 

 128 

Note: Each specimen’s geometry has to be selected and calculated according to the mechanical 129 

and physical properties of the tested material, so that it has an identical resonance frequency as 130 

the ultrasonic testing system.  131 



 132 

1. Determination of the Fatigue Test Specimen Dimensions 133 

 134 

Note: The standard “hourglass” tension-compression specimen geometry, with defined main 135 

dimensions, is shown in Figure 1. Dimensions d, D, and r are user defined (independent), while l 136 

and L dimensions have to be calculated, according to the conditions of the correct resonance 137 

frequency (dependent). The gauge length l results only from the geometry ratio between d, r, 138 

and D, and can be calculated easily or obtained from a component model; thus, it will not be an 139 

object of further discussion.  140 

1.1. Determination of Independent Dimensions 141 

 142 

Note: The main dimensions of the specimen (d, D, r) are chosen according to the material 143 

parameters and the test conditions.  144 

 145 

1.1.1. Determine the gauge diameter d according to the required volume of material for testing. 146 

In the case of a homogenous microstructure with no internal defects, a smaller gauge diameter 147 

is preferred. In the case of a material with significant internal defects (such as voids and 148 

shrinkages in cast materials), a bigger gauge diameter is necessary. The gauge diameter d is 149 

usually from 2 mm to 5 mm. 150 

 151 

1.1.2. Determine the head diameter D according to available experimental material size. The 152 

used head diameter D is usually from 10 mm to 15 mm. 153 

 154 

Note: The larger the D is, the shorter the head length (L) will be. 155 

 156 

1.1.3. Determine the gauge radius r according to the required mechanical stress distribution in 157 

the specimen’s gauge length. The larger the gauge diameter r is, the smoother is the mechanical 158 

stress distribution. A commonly used gauge radius is r = 20 mm or r = 32 mm.  159 

 160 

Note: The larger the r is, the longer the specimen will be. 161 

 162 

1.2. Determination of Dependent Dimensions 163 

 164 

1.2.1. Determine the wave number K according to the following formula9,18:  165 

𝐾 = 2𝜋𝑓𝑟√
𝜌

𝐸𝑑
 (−)  [1] 166 

 167 

Note: Here the fr is the resonance frequency of the ultrasonic system (Hz), ρ is the volume density 168 

(kg m-3), and Ed is the dynamic modulus of elasticity (kg m-3). 169 

 170 

1.2.2. Determine the hyperbolic approximation of the gauge radius, according to the following 171 

formula9,19: 172 



𝐴 =
2

𝑙
arg cosh (

𝐷

𝑑
) (𝑚−1)  [2] 173 

 174 

Note: Here l is the gauge length (m), D is the head diameter (m), and d is the gauge diameter (m) 175 

(Figure 1). 176 

 177 

1.2.3. Determine the effective eccentricity according to following formula9,18: 178 

𝛽 = √𝐴2 + 𝐾2 (𝑚−1)  [3] 179 

 180 

Note: Here A is the hyperbolic approximation (m-1) determined by equation (2), and K is the wave 181 

number (-) determined according to expression (1). 182 

 183 

1.2.4. Determine the length of head (L) according to the following equation9,18: 184 

𝐿 =
1

𝐾
𝑎𝑟𝑐𝑡𝑎𝑛 [

1

𝐾
(𝛽 𝑐𝑜𝑡ℎ (

𝑙

2
𝛽) − 𝐴 𝑡𝑎𝑛ℎ (

𝑙

2
𝐴))] (𝑚) [4] 185 

 186 

Note: Here K is the wave number (-) determined according to expression (1) in point 1.2.1, β is 187 

the effective eccentricity (m-1) determined by equation (3), and l is the gauge length (m) (Figure 188 

1). 189 

 190 

2. Calculation of the Mechanical Stress in the Gauge Length of the Specimen 191 

 192 

2.1. Determine the norming geometrical factor Φ according to the following equation9,18:  193 

Φ = cos(K L)
𝑐𝑜𝑠ℎ (

𝑙

2
𝐴)

𝑠𝑖𝑛ℎ (
𝑙

2
𝛽)

 (−)  [5] 194 

 195 

2.2. Determine the deformation amplitude ɛ according to the following equation9,18:  196 

𝜀 = 𝛽 𝛷 𝑢 (−) [6] 197 

 198 

Note: Here Φ is the geometrical factor (-) and u is the required displacement amplitude of the 199 

free end of the specimen (m). 200 

 201 

2.3. Determine the mechanical stress amplitude 𝜎𝑎 according to the following equation9,18: 202 

𝜎𝑎 = 𝜀 𝐸𝑑 (𝑃𝑎)  [7] 203 

 204 

Note: Here ɛ is the deformation amplitude (-) determined according to expression (5), and Ed is 205 

the dynamic modulus of elasticity (kg m-3). If the calculated mechanical stress is too low, it is 206 

necessary to increase the displacement amplitude u (m), and vice versa. 207 

 208 

3. Manufacturing of the Specimen with Machining Operations 209 

 210 



3.1. Due to various small deviations of the machined specimens from an ideal shape, manufacture 211 

specimens with longer heads, usually L + 0.5 mm. 212 

 213 

4. Harmonizing of the Resonance Frequency of the Specimen with the Ultrasonic System 214 

 215 

Note: Harmonizing is the process of compensating various small deviations of the real specimen 216 

from the ideal, calculated shape, to obtain the correct resonance frequency, which is in harmony 217 

with the ultrasonic acoustic sonotrode.  218 

 219 

4.1. Choose the proper type of acoustic sonotrode, according to the required displacement 220 

range, which is able to provide proper mechanical stress in the specimen.  221 

 222 

Note: Each type of sonotrode is designed and calibrated for a different displacement range, thus 223 

the proper sonotrode is chosen according to the required displacement amplitude calculated 224 

according to section 2. 225 

 226 

4.2. Mount the sonotrode on the piezo-electric converter. 227 

 228 

4.2.1. Screw the connection screw inside the central hole on the sonotrode until it reaches the 229 

bottom. 230 

 231 

4.2.2. Spread acoustic gel on the face of the sonotrode. 232 

 233 

Note: A small amount of gel is used, just enough to fill the irregularity of the surfaces, which 234 

improves the transfer of the mechanical wave between piezo-electric converter and the 235 

sonotrode. 236 

 237 

4.2.3. Screw the sonotrode into the piezo-electric converter. 238 

 239 

4.3. Run the ultrasonic system with a piezo electric converter with mounted sonotrode to 240 

measure the resonance frequency of the particular system at actual temperature. 241 

 242 

4.3.1. Run the ultrasonic testing software (e.g., Win20k). 243 

 244 

4.3.2. Choose the type of the used sonotrode in the drop-down menu in the “Model” box. 245 

 246 

4.3.3. Enter the lowest possible displacement amplitude for the particular sonotrode into the 247 

“Amplitude” box. 248 

 249 

4.3.4. Click the “Start” button. 250 

 251 

4.3.5. Read the actual resonance frequency of the system in the “Frequency” box. 252 

 253 

4.3.6. Click the “Stop” button. 254 



 255 

4.4. Mount the specimen at the end of the sonotrode.  256 

 257 

4.4.1. Screw the connection screw into the central hole of the specimen until it reaches the 258 

bottom. 259 

 260 

4.4.2. Screw the specimen to the sonotrode. 261 

 262 

4.5. Run the ultrasonic system with a piezo electric converter with mounted sonotrode and 263 

specimen to measure the resonance frequency of the particular system at actual temperature. 264 

 265 

4.5.1. Run the ultrasonic testing software. 266 

 267 

4.5.2. Choose the type of sonotrode used in the drop-down menu in the “Model” box. 268 

 269 

4.5.3. Enter the lowest possible displacement amplitude for the particular sonotrode into the 270 

“Amplitude” box. 271 

 272 

4.5.4. Click the “Start” button. 273 

 274 

4.5.5. Read the actual resonance frequency of the system in the “Frequency” box. 275 

 276 

4.5.6. Click the “Stop” button. 277 

 278 

4.6. When the resonance frequency of the system with mounted specimen is lower than that 279 

without the specimen, reduce the mass of the specimen by cutting off the faces of the specimen’s 280 

head. 281 

 282 

Note: If the resonance frequency with a mounted specimen is higher, it would be necessary to 283 

reduce the gauge diameter d, which would change the conditions of the test. This is the reason 284 

0.5 mm is added to length of the heads in the manufacturing process. 285 

 286 

4.6.1. Dismount the specimen from the sonotrode. 287 

 288 

4.6.2. Mount the specimen into a lathe and turn down 0.1 mm of the face of the first head. 289 

 290 

4.6.3. Mount the specimen into a lathe and turn down 0.1 mm of the face of the second head. 291 

 292 

4.6.4. Repeat step 4.6 until the resonance frequency is within tolerance of ± 10 Hz. 293 

 294 

5. Final Mounting of the Specimen to the Sonotrode before the Fatigue Test 295 

 296 

5.1. Apply acoustic gel on the faces to create connections between the sonotrode and the 297 

specimen. 298 



 299 

5.1.1. Screw the connection screw into the central hole of the specimen until it reaches the 300 

bottom. 301 

 302 

5.1.2. Spread the acoustic gel on the face of the specimen. 303 

 304 

Note: Just a small amount of acoustic gel is used to fill in the irregularities on the surface to 305 

improve the acoustic wave transfer from the sonotrode to the specimen. 306 

 307 

5.1.3 Screw the specimen to the sonotrode. 308 

 309 

6. Run the Cooling System for Specimen 310 

 311 

6.1. If air cooling is used, focus the air stream directly on the middle of the gauge length of the 312 

specimen, and wait for about 20 s, so the flow of the air stream saturates the specimen. 313 

 314 

6.2. If water cooling is used, focus the water nozzles at the top head of the specimen, and adjust 315 

the stream intensity so the water flows smoothly along the gauge length, to avoid cavitation.  316 

 317 

Note: Submerging the specimen into water or oil is possible as well, however this can be used 318 

only for short time tests due to the significant cavitation effect, which accelerates the fatigue 319 

crack initiation process. 320 

 321 

7. Run the Cooling System of the Piezo Electric Converter 322 

 323 

7.1 Open the valve of the air stream and adjust the pressure in the interval between 0.5 and 1 324 

bar.  325 

 326 

8. Run the Test at Required Displacement Amplitude 327 

 328 

8.1. Run the ultrasonic testing software. 329 

 330 

8.2. Choose the type of the used sonotrode in the drop-down menu in the “Model” box. 331 

 332 

8.3. Enter the requested displacement amplitude for the particular sonotrode into the 333 

“Amplitude” box. 334 

 335 

8.4. Click the “Start” button. 336 

 337 

9. Fatigue Crack Initiation and Propagation 338 

 339 

9.1. Observe that after the fatigue crack initiation and propagation through a part of the cross 340 

section, the system is shifted out of the resonance frequency and the test is naturally terminated. 341 

 342 



9.2. If the test does not end with a fracture, after reaching requested number of loading cycles, 343 

(the test is a run-out) terminate using the “Stop” button in the ultrasonic testing software. 344 

 345 

10. Dismount the Specimen from the Sonotrode 346 

 347 

10.1. Screw off the specimen from the ultrasonic sonotrode. 348 

 349 

11.  Static Loading Force Fracturing  350 

 351 

11.1. Use static loading force to fracture the rest of the cross section with use of a static loading 352 

machine. 353 

 354 

Note: The vector and type of the loading force for the static fracture should correspond with the 355 

type of the fatigue loading so that the fracture surface has consistent character. 356 

 357 

REPRESENTATIVE RESULTS: 358 

Fatigue test results include loading stress, number of loading cycles, and the test termination 359 

character (fracture or run-out) can be seen in Table 1, where results of fatigue life of the 50CrMo4 360 

quenched and tempered steel are provided. The most common interpretation of the fatigue life 361 

test results is the so-called S – N plot (S – stress, N – number of cycles), also known as the Wöhler’s 362 

plot. The dependence of fatigue life on the applied loading stress is plotted in a diagram with 363 

historically given inverted axis, where the independent value (loading stress) is on the y axis and 364 

the dependent value (number of cycles) is on the x axis. Various types of regression analysis are 365 

applied19 on the fatigue life results and, in case a fit is added to the diagram, it is commonly called 366 

the S – N curve. However, there was no difference with the original plot, which includes just a 367 

data fit. If the test does not end with a fracture, and it is terminated after reaching the required 368 

number of loading cycles without damage, this result is called a run-out and in the S-N plot usually 369 

marked by arrow. Figure 2 shows a typical S – N plot of three tested steels: Hardox 450, Strenx 370 

700 MC, and S355 J2. 371 

 372 

In addition, the fracture surfaces of the specimens are analyzed, usually with use of scanning 373 

electron microscopy (SEM), where the character of the fatigue crack initiation and propagation 374 

is identified and interpreted. Figure 3 shows a fatigue fracture surface after ultrasonic fatigue 375 

testing of 50CrMo4 quenched and tempered steel. The crack was initiated on a free surface of 376 

the specimen and then propagated through the cross section until the ultrasonic system was 377 

shifted out of the resonance frequency (dark area). Consequently, the rest of the cross section 378 

was fractured by static loading that created the lighter area on the top of the figure. Figure 4 379 

shows the area of the fatigue crack propagation in extruded AW 7075 – T6511 aluminum alloy. 380 

Figure 5 shows a cavity created on the surface due to submerging of the specimen into cooling 381 

liquid (distilled water with anti-corrosive inhibitor at room temperature) for a long-time test 382 

(several hours). The cavity accelerated the fatigue crack initiation and the result of this test 383 

cannot be considered as valid. 384 

 385 

FIGURE AND TABLE LEGENDS: 386 



 387 

Figure 1: Drawing of the standard tension-compression ultrasonic fatigue test specimen. The 388 

with dimensions are defined as follows: d – gauge diameter, D – head diameter, r – gauge radius, 389 

L – head length, l – gauge length. 390 

 391 

Figure 2: The S – N plot of the Hardox 450, Strenx 700 MC and S355 J2 steel. Run-out test is 392 

marked by arrow. 393 

 394 

Figure 3: Fracture surface character of the 50CrMo4 steel specimen loaded at 365 MPa and 395 

fractured after 1.97 × 108 loading cycles. The fracture initiated on the free surface of the 396 

specimen. The fracture surface consists of the area of stable fatigue crack propagation (dark area) 397 

and the area of the unstable crack propagation, the so called static fracture (light area). 398 

 399 

Figure 4: Area of the fatigue crack propagation in the AW 7075 aluminum alloy specimen 400 

loaded at 203 MPa and fractured after 8.3 × 106 loading cycles. The crack propagated with a 401 

transcrystalline fatigue mechanism and the band-kind character of the fracture surface is a result 402 

of the strong deformation texture after extrusion of the material in the manufacturing process. 403 

The arrow shows the direction of fatigue crack propagation. 404 

 405 

Figure 5: Cavity on a surface of the 50CrMo4 steel specimen when an improper cooling process 406 

was used. The specimen was submerged in the liquid (distilled water with anti-corrosive inhibitor 407 

at room temperature). Cavities accelerate the fatigue crack initiation process because they serve 408 

as stress concentration notches, thus the result of this fatigue test is not valid. 409 

 410 

Table 1: Results of the 50CrMo4 steel fatigue life analysis by ultrasonic fatigue testing. Fatigue 411 

life results represent the dependence on the number of loading cycles on the applied loading 412 

stress. The test can end with fracture, or by a run-out when no fatigue fracture occurs after the 413 

requested number of loading cycles. 414 

 415 

DISCUSSION: 416 

Ultrasonic fatigue testing is one of the few methods which allows testing of the structural 417 

materials in the ultra-high cycle region. However, the specimen shape and size are very limited 418 

with respect to the resonance frequency. For instance, testing of thin sheets in the mode of axial 419 

loading is generally not possible. In addition, testing of large specimens is usually not possible, 420 

because the testing machines do not provide such power and it would require the design of a 421 

special ultrasonic system.  422 

 423 

The proper design, calculation, and harmonizing of the specimen should not be underestimated, 424 

even when modern ultrasonic generators are able to modulate the ultrasonic wave and 425 

successfully resonate a specimen with slightly different dimensions. However, this causes a shift 426 

of the node of the ultrasonic wave away from the middle part of the gauge length, and then the 427 

specimen is not correctly loaded in the gauge length. For the same reason, great care has to be 428 

taken to ensure the symmetry of the test specimen with respect to both axes.  429 

 430 



A big discussion was held about the correlation of the test results performed at high frequencies 431 

with data obtained on conventional testing devices with the low frequency loading. Many tests 432 

have shown that results of the high frequency tests fluently extended results obtained at low 433 

frequencies, and also some part of the results have overlapped, when the same loading mode 434 

was considered10. Later, it was generally understood that the frequency of loading is not the 435 

parameter determining the fatigue properties, but the deformation rate is, and large 436 

deformations at low frequency of loading provide similar deformation rates as loading with small 437 

deformations at high frequency. However, this is the main reason why this technique can be used 438 

for tests in the range of high and mainly ultra-high cycle region, where the deformation 439 

amplitudes are small. An increase of the operation frequencies of various components made this 440 

discussion less important, as well, since this method provides more similar loading conditions 441 

than the ones in the high-speed operation. 442 

 443 

The internal damping ability of the tested material determines the amount of heat produced 444 

during the test (internal damping is the ability of material to convert mechanical energy to heat). 445 

In the case of insufficient cooling, the gauge length is significantly heated, which accelerates 446 

initiation of a fatigue crack due to the lower mechanical properties of the tested material at 447 

elevated temperatures. In case of most aluminum and magnesium alloys, a stream of cold air is 448 

sufficient to cool down the specimen during the test. For materials with higher internal damping 449 

capacity such as steel, nickel, and titanium alloys, a stream of liquid coolant is used. During the 450 

cooling with liquid coolant, the cavitation in the middle part of the gauge length has to be 451 

avoided, because cavities accelerate initiation of the crack, which may invalidate the test results.  452 

 453 

Fatigue tests on most of the conventional testing devices end with a complete fracture of the 454 

cross section. After the cross section of the specimen is reduced by the continuously growing 455 

crack to a so-called “critical cross section”, the specimen is then fractured in one cycle and has a 456 

character of a static fracture. In the process of ultrasonic testing, when the crack length reaches 457 

a critical length which shifts the stiffness of the system out of the resonance frequency, the 458 

vibrating stops causing a natural termination of the test. This means that it is not possible to 459 

reach the critical cross section and the test does not end with a full fracture, which is later 460 

performed artificially. Since the fatigue crack initiation in smooth fatigue specimens (without an 461 

artificial notch) represents more than 95% of the number of cycles to fracture, when such a high 462 

number of cycles is considered, the difference is considered negligible. 463 

 464 

Ultrasonic fatigue testing is a very important method, which allows the simulation of conditions 465 

of high-speed loading, and reduces testing time. In this protocol, we highlighted the most critical 466 

points, possibilities, and limitations of the method for successful applications in material research 467 

and safety verification in industrial operation.  468 

 469 
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Stress 

amplitude

 (MPa)

1 449 1.22 × 107 Fracture

2 505 4.87 × 10
6 Fracture

3 421 2.08 × 10
7 Fracture

4 449 8.50 × 106 Fracture

5 421 1.59 × 10
7 Fracture

6 393 8.90 × 107 Fracture

7 365 1.22 × 10
8 Fracture

8 337 2.39 × 10
8 Fracture

9 337 5.55 × 108 Fracture

10 309 7.28 × 108 Fracture

11 365 1.97 × 108 Fracture
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Number of 
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Nye 
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Win 20k software Lasur - Software for operation of the Lasur fatigue testing machine
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The language needs thorough revision by a ntaive English speaker. – After almost 2 months 

of waiting for the review you have given me 7 days for the corrections. Since I am abroad 

working on a partner university where I have limited machine time, I have done the best 

I could. 

 

Refererence? – added 

Refererence? – added 

Please avoid using thrid person pronouns. – corrected Wöhler designed many unique fatigue 
testing machines but their disadvantage was low operation speeds, for example the fastest 
rotating bending machine operated at 72 rpm (1.2 Hz), thus completing of experimental 
program took 12 years1. 

Add to the table of materials. – this is a part of the Lasur ultrasonic testing system 

What do you use? There is nothing you can use, you have sonotrodes with different 
geometry and each is calibrated for a different range of amplitudes. When you calculate the 
required stress according to the first half of the protocol you know which one to choose. Like 
when you want to loosen a nut. You measure that it has 10 mm so you take the 10 mm 
socket on wrench. 

Add to the table of materials. – Again this is a part of the ultrasonic testing system. 

Add to the table of materials. – Done 

Add to the table of materials. – Done 

Read or enter? – Read 

What kind of specimen do you use? Add to the table of materials. - You use a specimen from 
a material which you want to test on resistance to cyclic loading. This method is for TESTING 
OF METALLIC MATERIALS PROPERTIES so you can use it for various materials, but each 
specimen has to be calculated and manufactured according to the resonance condition, 
which is described in points 1 and 2 of the protocol, manufacturing of the specimen is point 
3. In the first round of review, reviewers suggest removing the specimen from the table of 
materials, because it is not essential to the method itself, so now I should add it back? 

 

Do you mean „enter“? Also exactly what do you enter? You just use the lowest possible 
displacement amplitude for the particular sonotrode to see the resonance frequency and 
not damage the specimen. That is all, each type of sonotrode you choose has a different 
minimal loading amplitude so I cannot just write „Enter 4 um“. This point results from point 
4.1.  

 

Every subsection should have 1 or steps under it. – corrected, the step is 5.2.3 

 

Rebuttal Letter Click here to download Rebuttal Letter
response_to_review.docx
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Add to the table of materials. Please also highlighted either 6.1 or 6.2. – it is a part of the 

ultrasonic testing system 

 

Add to the table of materials. Please also highlighted either 6.1 or 6.2. – it is a part of the 

ultrasonic testing system 

 

How ? What is done here? What will you show? Every subsection should have 1 or steps under 
it. – step was added 7.1 Open the valve of the air stream and adjust the pressure in the interval 
between 0.5 and 1 bar.  
 

 

What exactly do you enter? How many cycles? – Again half of the protocol is calculation of 
the specimen and the loading amplitude. The testing is based on using various testing 
amplitudes and recording the number of loading cycles to fracture. So the question „how 
many cycles“ is absurd, because that is what you are testing and what your result is. 

 

What is done here? Please describe all the actions. It is unclear what we can show here. 
Please understand, that when the specimen breaks, the test stops, because when a crack is 
initiated it changes the resonance frequency of the system (the stiffness is different) and 
after certain length the system is not able to resonate and the test is naturally stopped. This 
was explained several times in the protocol. 

 

What is done here? Please describe all the actions. It is unclear what we can show here. – 

substep was added 10. 1 Screw off the specimen from the ultrasonic sonotrode. 

 

What is done here? Please describe all the actions. It is unclear what we can show here. As 

when the test is naturally stopped, some part of the cross section is not broken and you just 

need to finish it so you have two separate fracture surfaces for analysis. The only condition is 

that you keep the type of the loading vector. It is absolutely a basic thing to anyone who 

works in the field of fatigue. There is no exact process, for this, you can do it in your fingers if 

the holding cross section is small enough, or you can use some kind of hydraulic machine, or 

mechanical or anything that will separate the specimen on two parts. In the previous version 

I had the tensile testing Instron machine listed for this, however the reviewer requested to 

remove it because it is not essential to the test and it does not matter what type of machine 

you use. What should I do? 

 



What is the strength of the force? – The force is just enough to create the final fracture of 

the specimen. This is not a part of the test which you need to control. It differs on each 

specimen. 

 

? do you mean shifted? – Yes, thank you. 

 

What is the pressure? – This was explained, there is absolutely no reason to record these 

values, they do not tell anything and have no meaning to the fatigue test itself. 

 

It will be useful is an arrow can be added to point it out. – the whole image is from the area 

of fatigue crack propagation, an arrow was added to show the direction of the crack 

propagation. To Fig. 3 description was added: Arrow shows the direction of fatigue crack 

propagation. 

 

Which liquid and at what temperature? -  added distilled water with anti-corrosive inhibitor 
at room temperature 

 

How long? – added (several hours) 

 

Which liquid and at what temperature? – added (distilled water with anti-corrosive inhibitor 
at room temperature) 

 

 

Note: Please understand, that ultrasonic fatigue testing machine is a custom made device 

and hundreds of modifications are often done in the testing laboratories. For testing of 

particular material the specimen´s size and dimensions are modified to fulfill the resonance 

frequency. However, sometimes to be able to test a particular material you even modify the 

machine itself for example by manufacturing a special sonotrode. In this protocol was 

described a typical application of this device for tension-compression fatigue test setting, but 

still on some of your question there is no exact answer, because you always require some 

measure, but some points vary due to different material properties (for example enter the 

minimal displacement amplitude which is based on the sonotrode characteristic).  


