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This invention relates in general to an X-ray tube and 
more particularly to an X-ray with a target made of 
an alloy which can be used in X-ray diffraction analysis. 
The conventional target in an X~ray tube used for the 

above-described analysis and measurement is made of 
pure metal but this type of X-ray tube requires very 
complicated procedures by the X-ray operator for analyt 
ical measurement using two or more kinds of character 
istic X~ray radiations. This invention seeks to provide 
an excellent solution to the problem of eliminating the 
di?iculty arising from the operation of the X-ray tube, 
by replacing the conventional pure metal target with a 
new target composed of two or more metallic elements. 
An object of the present invention is to provide an X 

ray tube which assures successful analysis of metallurgi 
cal structure and the making of pole ?gure diagrams 
by applying characteristic X~rays by means of a com 
mon ‘simple tube with extreme ease and at a high speed, 
without the necessity of following such troublesome pro 
cedures as changing tubes or readjustment of the relative 
position of the tube and the specimen to be tested. 
Another object of this invention is to provide an X-ray 

tube for diffraction analysis with a new target, made of 
an alloy composed of two or more metallic elements, in 
place of the conventional target, made of pure metal, the 
latter target being much more difficult to manufacture. 

Other objects and a fuller understanding of this inven 
tion may be had by referring to the following description, 
taken in conjunction with the accompanying drawings, in 
which; 1 

FIGS. 1A and 1B are diagrams of an arrangement for 
an X-ray method of stress measurement using X-ray dif 
fraction analysis; . 

FIG. 2 is a longitudinal cross-sectional view of an 
X-ray tube according to the invention; 

FIG. 3 is a representation‘of a pole ?gure diagram 
for mild steel; and 

FIG. 4 is a representation of a photographic back re 
?ection pattern of pure iron taken with an X-ray tube 
in accordance with this invention. 

Generally, for X-ray diffraction analysis, the con 
tinuous spectrum of X~rays and characteristic Xdrays are 
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2 
specimen and the tube, which steps are indispensable for 
diffraction analysis with a conventional X-ray tube. 

_;One of the other advantages of having the target com 
posed of an alloy metal is the extreme ease of fabrica 
tion into the target of, for example, a manganese bronze 
all-0y, as compared to a conventional target of pure metal, 
such as manganese which is quite dif?cult to fabricate. 

Generally, for diffraction analysis of the structure of a 
substance, a Geiger-Muller counter may be employed, 
butfor another analysis by means of a pole ?gure or the 

- like, the combined use of a scintillation counter tube or 
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applied to a specimen. Namely, the continuous spectrum . 
of X-rays is applied primarily to save photography in the 
Laue method using a single crystal, while characteristic 
X-rays are used for such various roent-genographies or 
measurements as the powder method or the rotating 
crystal method etc., applicable to analysis of the struc 
ture of a specimen. 
The present invention is designed ‘for easy and quick 

X-ray diffraction measurement, for which different char 
acteristic X-rays are preferably applied for the diffrac 
tion analysis of the structure of a substance or the mak 
ing of a pole ?gure diagram, by employing only a com 
mon single X-ray tube which contains a metallic alloy 
target composed of two or more metallic elements and 
from which two or more kinds of characteristic X-rays 
can be generated. By the use of this X-ray tube, one can 
eliminate the troublesome procedures of changing X-ray 
tubes and readjustment of the relative position of the 
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a proportional counter tube and a pulse height analyzer 
is desirable. 
The target of the conventional X-ray tube is made of a 

single pure metal. Examples of such metals usually used 
as the material of the conventional target are tungsten 
for continuous spectrum X-ray methods, and chromium, 
iron, cobalt, nickel, copper, and molybdenum for char 
acteristic X-ray methods. In a method of X-ray diffrac 
tion analysis, other than the Laue method, the character 
istic X~ray of a certain wave length is applied, but it 
contains a continuous spectrum of X-rays and some other 
rays with undesired wave lengths. It is desirable to elimi_ 
nate such unwanted components by employing a suitable 
?lter or crystal monochrometer, even when a pure metal 
target is used. For this reason, it is the usual practice 
to employ high purity metal for the target material of 
an X-ray tube. > 

The target, made of such high purity metal, is sealed 
in an X-ray tube to which high tension is applied to 
cause generation of X-rays, which in turn are applied 
to the X-ray camera or X-ray diffractometer to be com 
bined for photography or measurement. Generally, most 
of the measurements can be successfully performed by 
applying a single characteristic X-ray, but some of them 
should preferably be conducted twice for each specimen 
with two different characteristic X-rays for a particular 
type of measurement. For example, to measure residual 
stress in iron or steel, ?rst, residual stress in plane 211 
is measured by applying thereto a characteristic X-ray 
generated from the chromium target (Cr-Km), and then 
similar stress in another plane 310 is measured at the 
same position of the same specimen by applying another 
characteristic radiation, generated from another-target 
of cobalt (CO-Ker). For a fuller understanding, --a fur 
ther description is given in the following with reference 
to the drawing; ‘ - - ' ‘ 

In FIG. 1, which is a diagram of an arrangement which 
is the same as that which can be ‘used according .to this 
invention, an X-ray tube is positioned to beam X-rays on 
,a specimen 2 to be tested. A roentgen-ographical ?lm 3 
and a counter 4 are provided in the positions shown. For 
roentgenogr-aphical measurement, carried out by the ar-, 
rangement of FIG. 1A, the specimen 2 is placed in a 
position normal to a direction (represented by solid line) 
corresponding to the direction of incidence of X-rays 
directed therein for taking a roentgenogram on the ?lm 
3 on which a circular diffraction pattern is formed by 
X-rays, diffracted in the direction indicated by the ar 
row. Then, the specimen is inclined to an angle of 45° 
relative to the direction of incidence of the X-rays, as 
illustrated by the broken lines, to form a similar image 
on the ?lm, thus enabling the tester to calculate stress 
on a certain crystal plane from the angular positions 
of a pair of diffraction lines for two different positions 
of the specimen, i.e. at 90° and 45°. Finally, the X-ray 
tube is replaced by another tube with the target of dif 
ferent metal, and the position of the camera is read 
justed accordingly to obtain two additional roentgeno 
grams at the same two different positions of the specimen, 
90° and 45° relative to the line of incidence of the X 
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rays, to ?nd the stress in a second crystal plane, which 
is deemed to be the residual stress. 
The method described above can also be followed in 

the same manner for another measurement with a Geiger 
counter tube as illustrated in FIG. 1B, in which the Geig 
er counter is moved an angle of 20 from 158° to 164°, 
and the angle of the diffraction lines, 20,g are measured. 

Stress in the plane 310 is determined using a cobalt tar 
get from two different values of diffraction angle 20,, as 
determined from two consecutive measurements, con 
ducted at two different angular positions of the speci 
men, 90° and 45°, and another value of stress in the 
plane 211 is obtained by applying another characteristic 
X-ray, generated by a chromium target, substituted for 
the former X-r-ay tube with a cobalt target. 
The method of stress measurement involving two con 

secutive X-ray applications requires highly complicated 
procedures, because two different characteristic X-rays 
must be applied to the same specimen, in addition to 
the required change of the target and readjustment of 
relative position of the camera and the X-ray apparatus 
for every change of the target. 

Another example of a similar measurement which re 
quires troublesome frequent changes of the target be 
fore completion of testing is the making of an Xsray pole 
?gure,‘which is designed to enable determination of the 
preferred orientation of a metal sheet. For this measure 
ment, a perfect pole ?gure can be realized only by two 
different and consecutive measurements of transmission 
and re?ection. To test, for example, sheets of mild steel 
and silicon steel, first the pole ?gure is determined in 
the range from 0° to 60° of by measuring primary dif 
fraction of the plane 110, employing an X-ray tube with 
a molybdenum target, and the diagram is made for the 
positions from 0° (‘starting at the periphery of a circle) 
to 60° as illustrated in FIG. 3, and then the same pole 
?gure is made in the range from 40° to 90° (center) by 
measuring secondary diffraction of plane 110, employing 
an iron target, and the diagram is made for the posi 
tions from 40° to 90° on the same chart of the pole 
?gure as illustrated in FIG. 3. Readjustment of the X 
ray tube is necessary for every target change for this 
method also. 
The present invention has as a primary object re 

moval of the described drawback of the troublesome op 
eration necessary in conventional practice, and assures 
successful consecutive measurements, described herein 
after, with a common single X-ray tube in a very short 
time and without reduction in the accuracy of the result 
obtained. 
The combination of metallic elements for the target 

may vary according to the object of the particular meas 
urement; for example, for measurement of residual stress 
of iron and steel, a Cr-Co alloy target is employed, and 
for X-ray pole ?gure measurement, an Ag-Fe or Mo 
Fe target is used. In addition to the two-elements alloy 
target, described above, the alloy target can have more 
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4 
than two elements according to this invention. For ex 
ample, for an X-ray tube with a target made of more 
than two metallic elements, different characteristic X 
rays, corresponding to all individual metallic elements, can 
be irradiated at one time, and can be selectively applied 
to the specimen to be inspected by joint use of a scintil 
lation counter or a proportional counter and a pulse 
height analyzer. 
An embodiment of this invention is as described here 

under. 
FIG. 2 is a longitudinal cross-sectional view of the 

X-ray tube comprised of a sealing glass tube 5, an X-ray 
beam aperture 6, heater leads 7 extending through the 
glass tube 5, a target 8 on an anode 9, which in turn is 
on an anode base 10 having an inlet and outlet 11 for 
anode cooling water, and a shield 12 over the heater and 
target. The space 12 inside the X-ray ‘tube, is kept under 
a vacuum. 

FIG. 4 shows a roentgenogram on the same ?lm 
on which are represented diffractions at two different 
crystal planes 310 and 211 of pure iron, caused by the 
application of X-rays generated by ‘an X-ray tube where 
in an alloy target made of Cr-Co elements (ratio of the 
mixture 1:1) is employed. The outer pair of dark and 
light diffraction rings and the inner pair of such rings 
represent the double rings 211 and 310 caused by chrom 
ium K041 and Kaz characteristic X-rays and by cobalt 
Kozl and Kaz characteristic X-rays respectively. 

Other than the above described example, an alloy tar 
get of Mo-Fe and Co-Fe, etc. of the two-element type 
can be used, and for a three-element type target, a com 
bination of Co-Cu-Fe is recommended as an embodiment 
of this invention. 
What is claimed is: 
1. In a system for making an X-ray analysis of a 

specimen by means of at least two characteristic X-rays 
and ‘having a specimen which can be analyzed by the 
characteristic X-irays from at least two metals and posi 
tioned at one position in said system for movement about 
that position, the improvement comprising a sealed re 
?ection type X-ray tube ?xed at a second position in said 
system for emitting a beam of X-rays in a ?xed direc 
tion toward said one position, said X-ray tube having a 
target of an alloy taken from the group consisting of 
Mo-Fe, Cr-Co, Fe-Ag and Co-Cu-Fe. 

2. The improvement as claimed in claim 1 in which 
the target is an alloy of Cr-Co in a ratio of 1:1. 
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