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[57] ABSTRACT 

Positron-emitting probes that have certain features 
that facilitate the use of positrons for nondestructive 
testing of fatigued metals. The features include the use 
of an unfatigued substrate for supporting the positron-
emitting material, electric and/or magnetic fields to 
concentrate the positrons on the test item, and a thin 
scintillator window for use with those radioactive ma-
terials that emit a positron without emitting a time-
correlated gamma photon. 
It should be understood that the foregoing abstract of 
the disclosure is for the purpose of providing a 
non-legal brief statement to serve as a 
searching-scanning tool for scientists, engineers and 
researchers and is not intended to limit the scope of 
the invention as disclosed herein nor is it intended that 
it should be used in interpreting or in any way limiting 
the scope of fair meaning of the appended claims. 

9 Claims, 5 Drawing Figures 
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POSITRON PROBES FOR MECHANICAL FATIGUE 
DETECTION SYSTEM 

BACKGROUND OF THE INVENTION 5 

This invention relates to positron annihilation tech-
niques for studying defects in metals and especially to 
positron probes for use in the application of these tech-
niques to nondestructive testing. 

There is a continuing need for new techniques for the 1 0 

nondestructive testing and evaluation of mechanical 
components for both military and civilian use. Materi-
als that must withstand severe mechanical and/or ther-
mal stress cycling are subject to fatigue damage. In 
many cases, such as in aircraft parts or gun barrels, 1 5 

fatique failure can be catastrophic. 
Conventional nondestructive testing methods, such 

as X-ray, electrical resistance, magnetic perturbation, 
ultrasonic, and holographic measurements, are not 
sensitive enough to detect fatigue damage until after 20 
small cracks have opened, which can be long after 
reasonable safety margins have been exceeded. X-ray 
techniques require precision geometric relationships to 
be maintained between the material being studied and 
the X-ray source and/or detector. Ultrasonic and 2 5 

acoustic holographic techniques may require the item 
being studied to be immersed in a suitable energy cou-
pling medium such as water. 

The need for reliable fatigue-life predictions and 
determinations for large-bore gun barrels will become 30 
increasingly important as chemical milling techniques 
allow the use of very wear-resistant brittle alloys for 
gun barrel fabrication. Fatigue life will become more 
important than wear life. If'a technique were available 
for the periodic in situ monitoring of the extent of 3 5 

fatigue damage in a gun barrel, the very expensive 
replacement of these items could be scheduled in ac-
cordance with actual damage measurements, and the 
full safe fatigue life of a barrel could be utilized. 

The use of positron annihilation techniques for re- 4 0 

search studies of defects in metals is well established. 
(For excellent review articles, see "Positron Annihila-
tion Techniques, PAT, in Polymer Science and Engi-
neering," Journal of Macromolecular Science-Reviews 
of Macromolecular Chemistry, Volume C9(2), pages 4 5 

305-337, 1973, by Hameleck, Eldrup, Mogensen and 
Jansen, and, "Studies of Lattice Defects by Means Of 
Positron Annihilation", in Crystal Lattice Defects, Vol-
ume 4, pages 139-163, 1973, by Doyama and 
Hasiguti). Successful fatigue damage studies have been 5 0 

performed under laboratory conditions on specially 
prepared samples. However, the development of posi-
tron techniques for in situ fatigue damage measure-
ments on highly stressed structures will depend in part 
on the development of suitable positron source probes. 5 5 

These probes would permit fatigue detection measure-
ments to be performed on mechanical parts such as 
turbine blades, aircraft landing gears, helicopter rotor 
hubs, gun barrels and mounts. 

An object of this invention is to fill the need for posi- 6 0 

tron probes to be used in positron annihilation tech-
niques for nondestructive testing applications. 

SUMMARY OF THE INVENTION 
The invention comprises positron-emitting probes for 6 5 

use in testing samples of metals for fatigue by positron 
annihilation techniques comprising a substrate made 
from the same material as the test sample, positron-

emitting material supported by one surface of said 
substrate, and a cover for the emitting material, the 
cover being sealed to the substrate and being of such 
thinness and density as to provide a window through 
which positron passage is unimpeded. 

Other objects, advantages and novel features of the 
present invention will become apparent from the fol-
lowing detailed description of the invention when con-
sidered in conjunction with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic illustration of a basic embodi-
ment of the invention. 

FIG. 2 is a schematic illustration of a positron probe 
which uses an electric field for positron direction. 

FIG. 3 is a schematic illustration of a positron probe 
which uses a magnetic field for positron direction. 

FIG. 4 is a schematic illustration of a scintillator-type 
positron probe. 

FIG. 5 is a graph showing positron lifetime spectra 
for an aluminum alloy. 

DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of an unfatigued substrate positron 

probe is shown in FIG. 1. Positron-emitting radioactive 
material 10, such as sodium 22 chloride, or cobalt 58, 
for example, is placed on a substrate 12 and covered 
with a thin cover 14 which acts as a window for the 
emitted positrons. The window 14 is any low-density 
material which can act as a seal for the radioactive 
material 10 and yet will not significantly impede the 
passage of the positrons. A thin layer of vacuum-depos-
ited metal or a thin layer of polymer film may be em-
ployed. The substrate 12 is fabricated from the same 
material on which fatigue studies are to be made, and 
the substrate material is in the "as received" (un-
fatigued) condition. 

In use, the probe is placed against the material on . 
which the fatigue studies are to be made with the mate-
rial abutting the upper surface of the window 14. When 
a positron is emitted from the radioactive material, a 
nuclear gamma ray (NGR) is emitted at approximately 
the same time. A pair of scintillation detectors (not 
shown) are used, one of which records the emission of 
the NGR. A second scintillation detector records the 
emission of the gamma ray produced by the annihila-
tion o f t h e positron when it collides with an electron in 
the substrate 12 or in the fatigued material. The latter 
will be called the annihilation gamma ray (AGR). The 
two types of gamma ray can be identified because they 
have different energy levels. 

Electronic circuits are used to determine the life-
times of positrons which pass into the substrate of un-
fatigued material and the sample, or object, of fatigued 
material. A positron lifetime spectrum (FIG. 5) is then 
prepared. It will be noted that there is a separation 
(difference in shape) between the curves for the fa-
tigued and unfatigued materials. Positron lifetime 
curves are obtained with a set of reference samples of 
the same material as that to be tested, each having a 
different but known amount of fatigue damage, thereby 
yielding different curves. These curves are used by the 
tester to determine, by comparison, the extent of fa-
tigue damage in the material tested. The curve ob-
tained in a test is then the sum of data derived from 
annihilations in the "as received" substrate material 
and in the material being tested. The advantage of 
having the same substrate and test materials is that the 



3,930,639 

15 

20 

reference curve for the unfatigued state (using a refer-
ence sample of "as received" material) is not an admix-
ture of data from differen t materials. 

In the electric-field positron probe (see FIG. 2), the 
positron-emitting material 10 is sealed between an 5 

electrically conductive window 14 and an electrically 
conductive thin substrate 12. These are located inter-
nally qf a electrically conductive ring 16 which is 
grounded, so that the window and thin substrate are 
also at ground potential. A high-voltage electrode 18 is 1 0 

placed above and spaced from the substrate 12 and the 
grounding ring, or housing, 16. A high-voltage lead 20 
is brought in through insulation (the lead insulation) 22 
to the high-voltage electrode 18. A high-voltage insula-
tor 24 supports the high-voltage electrode artd lead and 
spaces the lead and its insulation from the grounded 
housing. 

The high-voltage insulator 24, which is ring-shaped in 
this embodiment, and the window 14 seal off the cen-
tral cavity 26 of the housing 16, which is evacuated. 

The high-voltage electrode 18 and the grounded 
substrate 12 form"an electric field between them, when 
the high voltage is applied, which forces positrons emit-
ted toward the electrode 18 downward through the 2 5 
window 14. The effect is to increase the number of 
positrons in. the downward direction (hence, into test 
samples), thereby reducing the time involved for mak-
ing a fatigue measurement. A fatigued object is placed 
in contact with the window and its curve is compared 
with those for the set of reference fatigue samples of 
the same material as that being tested. 

The magnetic-field positron probe in FIG. 3 utilizes a 
magnetic field to collimate positrons onto the sample. 
A magnet 28 (permanent or electro-magnet) is spaced 3 5 
from the substrate 12. The upper part of the housing, or 
supporting ring, 16 abuts and is sealed to the magnet 
28. The window 14 and substrate 12 are of nonmag-
netic materials, such as polymer film and aluminum, 
respectively. Those emitted positrons that have mo- 40 
mentum components perpendicular to the magnetic 
field lines aire constrained to move along helical trajec-
tories about the magnetic field lines. The magnetic-
field probe is especially suited to non-contact applica-
tions (e.g. moving parts, where a space is maintained 45 
between the probe window and the tested item). When 
the area to be tested is comparable to or smaller than 
the size of the probe, the downward-directed but diver-
gent positrons which would not otherwise intercept this 
area are redirected by the magnetic field onto the test 50 
area. ' 

The thin scintillator positron probe shown in FIG. 4 
may be used for those radioactive materials 10 which 
emit positrons but not NGR's with the positrons. This 
embodiment uses a thin scintillator sheet 32 as a win- 55 
dow artd as a photon, or light, producer. A pair of 
photon detectors 30 and 30 ' are placed at the ends of 
the scintillator sheet 32. The photon detectors may be 
photomultipliers, for example, and the assemblage may 
be ring-shaped, if desired. That is, the scintillator sheet 60 
may be a circular disc with photomultipliers placed in a 
ring around its peripheral area and the substrate 12 
may be circular when viewed from above. 

The substrate is made of a gamma-ray-attenuating 
material, such as lead, so that gamma rays generated by 65 
positron annihilations do not reach the photon detec-
tors. The test sample is placed in contact with the bot-
tom surface of the sheet 32. 

A positron which passes through the thin scintillator 
sheet produces light-photons which are detected to 
establish the time of emission of the positrons. This 
detection signifies the injection of a positron into the 
test item. 

The scintillator sheet material may, for example, be a 
material comprising a plastic matrix of polyvinyltol-
uene in which there is p-terphenyl and p, //-diphenyl 
stilbene, known by the trade name of "Pilot B." 

A fifth embodiment of the invention (not shown in 
the drawing) may include both the electric field of the 
embodiment of FIG. 2 and the magnetic field of the 
embodiment of FIG. 3. 

Obviously, many modifications and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that, within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described. 

What is claimed is: 
1. A positron-emitting probe for use in testing sam-

ples of metals for defects by positron annihilation tech-
niques comprising: 

a substrate made from the same material as the test 
sample; 

positron-emitting material supported by one surface 
of said substrate; and 

a cover for said material, said cover being sealed to 
said substrate to keep said material in place, said 
cover being of such thinness and density as to pro-
vide a window through which positron passage is 
uninhibited. 

2. A probe as in claim 1, wherein said cover and 
substrate are electrically conductive, said probe further 
including: 

a grounded support having a central hollow therein, 
the substrate-cover structure being located in said 
hollow and sealed hermetically at its edges to said 
support; 

an electrical insulator located within said hollow and 
being hermetically sealed at its edges to said sup-
port, the insulator being spaced from said substrate 
and forming a hermetically sealed space therebe-
tween, said space being evacuated; and 

an electrode for connection to a source of electrical 
potential, said electrode extending into said her-
metically sealed space so that an electric field is 
produced between the electrode and the substrate 
upon application of an electrical potential differ-
ence between said electrode and said substrate. 

3. A probe as in claim 1, further including: 
a support having a central hollow therein, the sub-

strate-cover structure being located in said hollow 
and sealed hermetically at its edges to said support; 
and 

a magnet, one pole of which extends into said hollow 
and is spaced from said substrate, said magnet 
being hermetically sealed to said support wherein a 
space is formed within said hollow bounded by said 
magnet, said support and said substrate, said space 
being evacuated. 

4. A probe as in claim 1, further including: 
a sheet of scintillator material said sheet being placed 

in contact with said cover and extending beyond 
the substrate-cover structure; and 

at least one photon detector located on the contact-
ing surface of said scintillator sheet beyond said 
substrate-cover structure. 
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5. A probe as in claim 4, wherein said substrate is 
sufficiently thick to prevent passage of positrons 
through the substrate. 

6. A positron-emitting probe designated as the "un-
fatigued substrate positron probe" for use in testing 
metal samples or objects for fatigue by positron lifetime 
techniques comprising: 

a substrate made of the same material as that to be 
tested but in the unfatigued condition, said sub-
strate being of such thickness as to absorb all those 
positrons that enter it; 

positron-emitting material supported by one surface 
of said substrate; and 

a cover for said material, said cover being sealed to 
said substrate to keep said material in place, said 
cover being of such thinness and density as to pro-
vide a window through which positron passage is 
uninhibited, 

said probe to be used with a set of reference fatigue 
samples of the same material as that to be tested, 
each having a different but known amount of fa-
tigue damage. 

7. A positron-emitting probe designated as the "elec-
tric-field positron probe" for use in testing metal sam-
ples or objects for fatigue by positron lifetime tech-
niques comprising: 

an electrically conductive thin substrate; 
positron-emitting material supported by one side of 

said substrate; 
a thin window covering said positron-emitting mate-

rial, 
a grounded support having a central hollow therein, 

the substrate-cover structure being located in said 
hollow and sealed hermetically at its edges to said 
support; 

an electrical insulator located within said hollow and 
being hermetically sealed at its edges to said sup-
port, the insulator being spaced from said substrate 
and forming a hermetically sealed space therebe-
tween, said space being evacuated; and 

an electrode for connection to a source of electrical 
potential, said electrode extending into said her-
metically sealed space so that an electric field is 
produced between the electrode and the substrate 
upon application of an electrical potential differ-
ence between said electrode and said substrate; 

,855 
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said probe to be used with a set of reference fatigue 
samples of the same material as that being tested, 
each having a different but known amount of fa-
tigue damage. 

8. A positron-emitting probe designated as the "mag-
netic-field positron probe" for use in testing metal 
samples or objects for fatigue by positron lifetime tech-
niques comprising: 

a nonmagnetic substrate; 
1 positron-emitting material supported by one side of 

said substrate; 
a nonmagnetic thin window covering said positron-

emitting material, said window being of such thin-
ness and density as to not significantly impede the 
passage of positrons; 

a support having a central hollow therein, the sub-
strate-cover structure being located in said hollow 
and sealed hermetically at its edges to said support; 
and 

' a magnet, one pole of which extends into said hollow 
and is spaced from said substrate, said magnet 
being hermetically sealed to said support wherein a 
space is formed within said hollow bounded by said 
magnet, said support and said substrate, said space 

' being evacuated, 
said probe to be used with a set of reference fatigue 

samples of the same material as that being tested, 
each having a different but known amount of fa-

( tigue damage. 
9. A positron-emitting probe designated as the "thin-

scintillator positron probe" for use in testing metal 
samples or objects for fatigue by positron lifetime tech-
niques comprising: 

. a gamma-ray-attenuating substrate; 
positron-emitting material supported by one side of 

said substrate; 
a thin sheet of scintillator material covering said 

positron-emitting material, said sheet extending 
} beyond the substrate structure; and 

at least one photon detector located on the surface of 
said scintillator sheet, 

said probe to be used with a set of reference fatigue 
samples of the same material as. that being tested, 

5 each having a different but known amount of fa-
tigue damage. 

* * * * * 
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