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1571 ABSTRACT 

A method for measuring stress in test articles including 
the steps of obtaining for a calibrating specimen a se- 
ries of transit time differentials between the second 
wave echo for a longitudinal wave and the first wave 
echo for each of a pair of shear waves propagated 
through the specimen as it is subjected to a known 
stress load of a series of stress loads for thus establish- 
ing a series of indications of the magnitudes for stress 
loads induced in the specimen, and thereafter obtaining 
a transit time differential between the second wave 
echo for a longitudinal wave and the first wave echo for 
each of a pair of shear waves propagated in the planes 
of the stress axes of a test article and comparing the 
transit time differential thus obtained to the series of 
transit time differentials obtained for the specimen to 
determine the magnitude of biaxial stress in the test 
article. 

10 Claims, 4 Drawing Figures 
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Hence, the determination of magnitudes of stress 
ultrasonically is essentially a measurement of ultrasonic 
velocity through the material of a test article. The fol- 
lowing expression depicts this velocitylstress relation- 
ship. 5 nents. 

orientation, it is possible to achieve a transit time mea- 
surement for the shear wave echos as particle motion is 
induced along orthogonally related planes of the stress 
axes for thus providing biaxial sensing of stress compo- 

In order to perform the method embodying the in- 
stant invention, a calibrating specimen having the same 
characteristics of the article to be tested is selected. 
Viz, a specimen is acquired from the same material as 

10 the test article, having the same thermal conditioning 
and the same grain orientation with respect to the ac- 
cessible surface as the test article is used for calibration 

As depicted in FIG. 3, data is compiled for a first 
15 orientation for the shear wave transducer 14, indicated 

ORIENTATION “A”, FIG. 2, as the specimen is incre- 
mentally loaded. similarly, data is for the 
alternate orientation of the transducer 14, indicated 
ORIENTATION “B”, FIG. 2. 

a measurement of 

A V  (s) = -T ‘4u + n’ 
8u V. 

Where: V= Velocity 
-T= Compressive Stress 
u= Second Order Elastic Constant 

p= Density 
n= Third Order Elastic Constant 

s= Shear Waves purposes. 

In addition to stress, numerous material properties 
affect velocity of sound in a medium. Fortunately, the 
effects Of these variations can be accounted for by 
adequate calibration. 

As illustrated in FIGS. 1 and 4 of the drawings, a 20 

axes, while a longitudinal wave transducer 12 is at- 

with a load on the 
calibration specimen, designated lo, may be 
subjected to tensile stress along orthogonal1y rerated 

to the body for propagating longitudina1 

the time differential between the second wave echo for 
the longitudinal wave and the first wave echo for the 
shear wave for each biaxial orientation of the trans- 
ducer is made. The time differential is then converted 

a 25 to nanoseconds/inch and plotted on the graph of FIG. along a path to the planes Of the 
shear wave transducer 14 is attached thereto for propa- 

the longitudinal waves. Of course, the particle motion 
induced by the longitudinal wave transducer 12 is in 
the direction of wave propagation, while the particle 30 
motion induced by the shear wave transducer 14, for 
each orientation thereof, is in a direction normal to the 
direction of wave propagation, as indicated by the di- 
rectional arrows D,, D2 and D3 of FIG. 1. 

ers 12 and 14 are connected in separate channels of a 
suitable dual beam oscilloscope, at diode switches 16. 
me time base of the oscil~oscope is, in operation, ex- 
panded until each cycle of the narrow pulses can be 
observed visually. The distance or t h e  between corre- 40 repeated for Obtaining and 
spending peaks of the two signals utilized as indicators 
is proportional to the stress in the specimen. 

Since the circuitry of the oscilloscope forms no part 
of the instant invention and the design, purpose and Where desired, the time differential between the 
modes of operation are well known, a more detailed 45 ~ c o n d  longitudinal wave echo and the shear echo of 
description of the circuit is omitted in the interest of each biaxial orientation of the transducer for an an- 
brevity. However, it should be appreciated that the nealed calibration Specimen is measured in order to 
instant invention embodies the concept of measuring indirectly measure the low level of residual stress exist- 
time differentials between ultrasonic shear waves and ing in the calibration specimen and adjusting the stress 
longitudinal waves propagated through a stressed mate- 50 values of the calibration specimen accordingly. 
rial along parallel paths, as indicated on the Screen of Measurement of stress in a test article is achieved by 
the oscilloscope. employing a longitudinal wave transducer and a shear 

The indication obtained for the transit time of longi- wave transducer for obtaining time differential values 
tudinal waves propagated through a stressed material is between the second wave echo for longitudinal wave 
suitable for use as a reference indication, while the 55 and the first wave echo for shear wave propagated by 
transit time indication for shear waves are suitable to the transducer 14 at two orientations, namely, ORIEN- 
be employed as indications of stress. TATlON “A” and ORIENTATION “B”. The value of 

The velocity of longitudinal waves in aluminum is the time differentials thus acquired are compared to 
approximately 2.46 X lo5 cm/sec. while the velocity for the data plotted on the graph of FIG. 2 €or purpose of 
shear waves is 1.22 X lo5 cm/sec. Thus the transit time 60 determining the magnitude of sub-surface stress along 
for the second wave echo for the longitudinal wave is of stress axes paralleling the direction of particle motion 
the same order of magnitude as the time required for for the shear wave at each orientation of the transducer 
the initial shear wave echo. This relationship provides a 14. 
time differential small enough to be measured with high 
accuracy and substantially eliminates eed for 65 performed by serially subjecting a calibration specimen 
highly accurate material thickness mea nts. Of to a series of incrementally increased loads of known 
course, since the shear wave transducer apable magnitudes; obtaining the time differential between the 
of being reoriented to 9O0, with respe initial transit time for the second wave echo for longitudinal 

2. For example, where the time differential between the 

echo for the longitudinal wave is 460.5 and the total 
length of the path along which the wave is propagated 
and reflected is 4 inches, the time differential is divided 
by the total length of the-path to provide the time dif- 
ferential in terms of distance, or 115.1. The measure- 
ment is repeated for each load as the test specimen is 

loaded, in a uniform manner* through 
five increments. The data thus obtained, shown in FIG. 
3, is plotted as shown in 

The shear wave transducer 12 is then rotated through 
90” to ORIENTATION “B” and the calibrating process 

the data for the 
alternate orientation, as aforementioned. This data is 
then plotted, for ORIENTATION “B”, as illustrated in 
FIG. 2- 

gating shear along paths paralleling the paths Of first wave echo ofthe shear and the second Wave 

As illustrated in FIG. 4, where desired, the transduc- 35 

2a 

In summary, the metho 
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the calibration obtaining a transit time differential between the sec- 

ond wave echo for a longitudinal wave propagated 
along a given path through a specimen having the 
characteristics of said test article and subjected to 
stress of a known magnitude and the first wave 

wave echo for 
5 

of the crystalline lattice of the body in parallelism with 
the stress axes extended through the calibration speci- 
men as the specimen is subjected to each stress load; 
obtaining two series of transit time differential values 
and dividing the transit time differential values by the 
total length of the paths traversed by the ultrasonic 
waves for thus establishing a series of stress values for 
ORIENTATfON “A” and ORIENTATION “B” for the 
transducer 14; obtaining a first transit time differential 
value between the second wave echo for longitudinal 

echo for a shear wave propagated through the 
specimen, along a path paralleling said given path. 

e method of claim 2 wherein the transit time 
tial is established by the further step of dividing 

the transit time differential by the total length of the 
given path through the specimen and plotting on an 
X-Y graph the thus obtained value against the known 
value of stress. 

4. The method of claim 1 wherein said established 
ime differential is established by a method in- 

A. incrementally subjecting a specimen having the 
characteristics of said article to a series of stress 

‘ 

wave propagated along a first path through a test speci- 
men, such as the wall of a pressure vessel subjected to 
unknown stress, and a first wave echo for a shear wave 20 
propagated, by a shear wave transducer in an orients- 
tion corresponding to ORIENTATION “A”, along a 
second path eitended through the specimen paralleling 
the first path for vibrating the crystalline lattice thereof 
in parallelism with the first stress axis for the test speci- 25 
men; comparing,the transit time differential value ob- 
tained for the test specimen to the series of stress values 

’ for determining the magni- 
ong the first stress axis of the 

ing the shear wave transducer 14 30 
through 90” and obtaining a second transit time differ- 
entia1 between the second wave echo for a longitudinal 
wave propagated through the test specimen and a first 
wave echo for a shear wave propagated through the test 
specimen by We transducer in an orientation corre- 35 
sponding to ORIENTATION “B” for vibrating the 
crystalline lattice in parallelism with a second stress 
axis; and comparing the second transit time differential 
valve thus obtained for the test specimen to the second 
series of stress values for ORIENTATION “B” for thus 40 includes the steDs of: 
determining the magnitude of stress occurring along 
the second stress axis of the specimen. 

loads Of known magnitudes; 
B. electronically establishing a first series of transit 

time indications for the second wave echo for lon- 
gitudinal waves propagated by a longitudinal wave 
transducer through the specimen as it is subjected 
to each stress load of the series of stress loads; 

C. electronically establishing a second series of tran- 
sit time indications for the first wave echo for shear 
waves propagated by a shear wave transducer 
through the specimen as the specimen is subjected 
to each stress load of the series of stress loads; 

D. comparing the electronically established transit 
time indications of said first and second series for 
obtaining a first series of transit time differentials 
indicative of a measurement of stress; and 
. dividing each transit time differential of the series 

tal length of the waves through the speci- 

5. The method of claim 4 wherein the step of obtain- 
ing a transit time differentia] for a stressed test article 

In view of the foregoing; it should readily be apparent 
that the method.of the instant invention comprises a 
practical, nondestructive method for ultrasonically 45 
measuring stress in test articles such as engineering 
structure and the like. 

Although the invention has been shown and de- 
scribed in what is conceived to be the most practical 
and preferred method, it is recognized that departures 50 
may be made therefrom within the scope of the inven- 
tion, which is not to be limited to the illustrative details 
disclosed. 

I claim: 
1. In a method for ultrasonically measuring stress in a 55 

A. obtaining a transit time differential between the 
second wave echo for a longitudinal wave propa- 
gated along a first path through a stressed test arti- 
cle and the first wave echo for at least one shear 60 
wave propagated through the article along a sec- 
ond path paralleling said first path; and 

B. comparing the obtained transit time differential to 
an established transit time differential indicative of 
a measurement of stress. 65 

2. The method of claim 1 wherein said established 
transit time differential is established by a method in- 
cluding the steps of: 

test article, the steps comprising: 

A. electionichy establishing a first transit time indi- 
cation for the second wave echo for a series of 
longitudinal waves propagated by a longitudinal 
wave transducer through the test article along said 
first path; 

B. electronically establishing a second transit time 
indication for the first wave echo for a series of 
shear waves propagated in the plane of a first stress 
axis along said second path through the test article 
for obtaining a second transit time; and 

C. comparing the established first and said second 
transit time indications. 

6. In method of claim 5 the further steps of: 
A. electronically establishing the transit time indica- 

tion for the first shear wave echo for another series 
of shear waves propagated in the plane of a second 
stress axis angularly related to the plane of the first 
stress axis along said second path through the test 
article for thus obtaining a further second transit 
time indication; 

B. comparing said first and said further transit time 
indications for obtaining another transit time dif- 
ferential, whereby the magnitude of stress along 
the second stress axis is detected; and 

C. comparing the other transit time differential to 
another established transit time differential indica- 
tive of a measurement of stress. 
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7. The method of claim 6 wherein said other estab- 

lished transit time differential is established by a 
method including the steps of: 

determining the transit time differential between the 
second wave echo for a longitudinal wave propa- 
gated along the given path through the specimen as 
it is subjected to stress of a known magnitude and 
the first wave echo for a shear wave propagated 
through said specimen in the plane of a second 
stress axis. 

8. The method of claim 6 wherein the other estab- 
lished transit time differential is established by a 
method including the steps of: 

A. incrementally subjecting the specimen to a series 
of stress loads of known magnitudes; 

B. electronically establishing a third series of transit 
time indications for the second wave echo for lon- 
gitudinal waves propagated by a longitudinal wave 
transducer through the specimen as it is subjected 
to each stress load of the series of stress loads; 

C. electronically establishing a fourth series of transit 
time indications for the first wave echo for shear 
waves propagated by a shear wave transducer 
through the specimen as the specimen is subjected 
to each stress load of the series of stress loads; 

D. comparing the electronically established transit 
time indications of said first and second series for 
obtaining another series of transit time differen- 
tials; and 

E. dividing each transit differential of the other series 
of transit time differentials by the total length of 
the wave path through the specimen. 

9. A method for determining the magnitude of biaxial 
stress in matallic test articles, comprising the steps of: 

A. serially subjecting a specimen having characteris- 
tics similar to the characteristics of an article to be 
tested to a series of incrementally increased stress 
loads of known magnitudes, electronically establish- 
ing a transit time indication for the second wave 
echo for a longitudinal wave propagated through 
the specimen along a given path as the specimen is 
subjected to each load of the series for thus obtaining 
a first series of first transit time indications; 

B. electronically establishing a transit time indication 
for the first wave echo for each of a pair of orthog- 
onally related shear waves propagated along paths 
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paralleling said given path through said specimen 
for vibrating particles of the crystalline lattice 
thereof in the planes of a first and a second orthog- 
onally related stress axis extended through the 
specimen as the specimen is subjected to each 
stress load of the series of known stress loads for 
thus obtaining a second and a third series of transit 
time indications; 

C. comparing the indications of said first series of 
transit time indications with the indications of said 
second and third transit time indications for obtain- 
ing a first and a second series of transit time differ- 
entials, and dividing each of the transit time differ- 
entials by the total length of the paths through the 
specimen, for thus establishing a series of time 
differential values indicative of stress magnitude 
for the orthogonally related stress axes for said 
specimen; 

D. obtaining a pair of transit time differential indica- 
tions between the second wave echo for a longitu- 
dinal wave propagated along a first path through a 
test article subjected to an unknown stress and the 
first wave echo for each shear wavg of a pair of 
shear waves propagated along a second path ex- 
tended through the test article paralleling said first 
path for vibrating the crystalline lattice thereof in 
the planes of a first and a second stress axis for said 
test specimen; and 

E. comparing said pair of transit time differential 
values obtained for the test article to the series of 
time differential values established for the speci- 
men for thus determining the magnitude of stress 
occurring along the first and second stress axes of 
the test article. 

10. In a nondestructive method for measuring stress 

obtaining transit time differentials between the sec- 
ond wave echo for a longitudinal wave and the first 
wave echo for each shear wave of a pair of shear 
waves propagated in the planes of angularIy related 
stress axes along paths paralleling the path of the 
longitudinal wave through a test article and com- 
paring the transit time differentials for thus obtain- 
ing a pair of transit time differentials indicative of 
measurements of stress along said axes. 

I a test article ultrasonically, the steps comprising: 

* * * * *  
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