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I. INTRODUCTION

When a poly-crystalline metal has been subjected to a consider-
able amount of cold work which ig directional in nature, such as in
rolling, drawing or extruding, a reorientation of the grains with a
tendency to approach some certain direction occurs. The greater the
amount of cold work the higher is the deéree of reorientation. This
effect is known as preferred orientation which has great influence
on the physical properties of the material. For some industrial
purpose, preferred orientation is a very desirable characteristic
of the material, and also someé special orientation is more favorable
than the others. However, in other cases, the directional properties,
which are associated with the presence of preferred orientation of
grains may be a distinet disadvantage. Conseguently, it is evident
that the guality of the finished products may be improved through
‘the knowledge of the specific effeects ﬁroduced by various fabrication
methods which directly influence the preferred orientation.

The existence of preferred orientation is indicated by the concen-
tration of the diffraction images into certein regions, since there
are more grains in position to reflect to certain segments of the
diffraction ring than the others. In the case of drawn wire, the
preferment in orientation is only in one direction, along the wire,
since the nature of working is identical in all directions perpen-
dicular to the wire. However, in rolled sheet metal, preferment will

occur with respect to two directions - the rolling direction and the



cross rolling direction - owing to the fact that the treatment is not
* identical for all directions perpendicular to the rolling direction.
The only method of describing two-dimensional preferment is to con-
struct the so-called pole figure'! which is a summarization by stereo-
graphic projection of data obtained from a series of X-ray photographs
taken at different angles to the sheet.

Previous Work

The usual method in constructing a pole figure is done by means
of the data from transmission lane patterns. Usually, one is taken
with the rolling direction and the other with the traverse direction
perpendicular to thae a:;i.s of rotation of the sample. The thickness
of the sample has to be reduced to between 5 end 6 mils so as to
cut down the absorption of X-rays to a miniﬁum. The film is placed
from the sample at such a distance ag to obtain the Debye ring of
low @ value with a radius of 3 - 4 cm. MNevertheless, the exposure
time is still considerably long, i.e., about 15 hours. The pole
figure is usually plotted from the Debye rings of the (110) plans
which are considered to give the best result on account of the
greatest atomic' density. This is accomplished by taking a series of
diffraction patterns with the specimen tilted increasing angles of
5 or 10°. The number of exposures in such & series may vary from 5
to 20, depending upon the detail required in the pole figure.

The great handicap of this method arises from the effect of
absorption of X-rays by the sample. As the angle of rotation of
specimens is increased the intensity will be decreased according to

. -N
the law of absorption ( I =Jce '). Besides, with the sheet samples,



except for the case when the ¥-ray beam is perpendicular to the
rolling élane, the absorption is not the same for all points on the
Debye ring, since, in passing the sample, the diffracted rays tra-
verse paths of unequal lengths. Maximum absorption occurs for the
beam diffracted to the point on the cross-rolling direction of the
Debye ring opposite the portion of the sample inclined toward the
film, minimum absorption for the beam diffracted.to the opposite
point of the Debye ring. As a result of the variation of absorption,
the_time of exposure for each photograph has to be varied for each
position of the sample. This is not practical.

Summary.

It is the purpose of this experimental work to construect a pole
figure of the cold rolled steel sheet by meazns of the back-reflection
method so as to avoid the trouble about unequal absorption. A cylin-
drical camera was so designed that a collimated beam of X-rays re-
flects from the sample and the diffraction pattern is recorded on
photographic film held on the cylinder. Cobalt target was chosen
bacause of suitable value of @ (61.9) of the required (220) planes.
Owing to the fact that the reflection circle (90 - @) for high angle
Debye ring is small compared to the circle of the pole figure, three
sets of diffract patterns must be taken from cylindrical samples
mounted with the rolling direction perpendicular, at-45° and parallel
to the axis of rotation respecfively. The exposure time is about
10 - 40 minutes depending on the size of_the sample. The number of
phctogramé taken at 10° mimube intervals is twenty—-eight. The pole

figure so obtained is guite satisfactory according to the purpose.



II. EXPERIMENTAL

i. HEgquipment

a.) ZX-ray Source. The X-ray tube used in the experimental

purpose is of the cold cathode or gas type. Cobalt was found to
.be a suitable source of X-radiation on account of 2© of the (220)
planes being 123.8°. It is evident that in choosing the target
the value of 28 ought neither to be much larger than 1209, no¥
less than 100° when considering: 1) the intensity which vafies
inversely with the square of the distance, 2) the absorption within
the sample, v%_hich will increase as2 © approaches 90°, and 3) the
reflection eircle (90 - ©), which, in this case, will become
smaller as © increases. The target is water cooled, whereas the
focussing cup which is at high potential is cooled by a stream of
air. The tube is operated between 8 - 10 mills amperes and a
voltage of from 35-45 kilovolts after the proper pressure of about
0.01 mm. of mercury has been maintained.

b.) Cemera. The camera used in this experiment is a simple
e¢ylindrical émeraas shown in Figure I. The diameter of the cylin-
der upon which the film can be held firmly was made at 57.3 mm.
so that one millimeter on the film corresponds 2° of arc. The
shield has a 2 cm. slit through which the desired diffraction-
ring may pass to the film through the black screen pasted on the
shield to make the camera light-tight. The sample can be mounted

on the holder which is so equipped that it can be rotated to any
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desired angle about the vertical axis and also can be shifted hori-
zontally parallel to the X-ray beam, thus permitting the sample to

be set at any reguired distance from the pinhole. The pinhole and
camera are mounted on the same plate, and in case of loading a film,
the plate is removed from its platform by loosening its holding screw.
The loading of film is done by pulling out the shield, and then
inserting the film of 3 X 17 cm. in its place. The film is after-
wards spread tightly on the camera by means of a screw.

c.) Pole Figure Chart. The pole figure may be defined as a

circle which is the stereographic projection of an imaginary sphere
at the center of which a erystal is to be placed. It is known that
when a beam of light falls on a plane, the incident beam, the re-
flected beam and the pole of the reflecting plane all lie in the
same plane. Since the angle of incidence ©, of the beam on the
erystal plane, is determined by the Bragg Law M A = 2ds8in @,
whenever reflection occurs, it follows that the poles of all planes
capable of reflecting mﬁst lie at a constant angle of 90 - @ from
this incident beam and must ,therefore, intersect the reference
sphere only along the circle known as the reflection circle, a circle
on the projectiqn 90 - @ from the centrally located beam. If the
plane of the sample is normal to X-ray beam, the projection of the
@° reflection circle will therefore, by the law of stereographic
projection, be concentric with the boundary circle of the pole
figure. From this principal, the pole figure chart may be con-

structed in the following manner.



Having placed a piece of tracing paper over the Wulff not of
the ‘size desired for the pole figure, trace onto it the equator,
vertical meridian and the boundary of the net. On the pole figure
chart, draw the @° circle with a radius of (90 - ® or 28.1°) as
measured on the equator, or the vertieal meridian of the Wulff net.

To determine the parallels of latitude for the pole figure chart,
divide each cuadrant of the @0° circle into 10° arcs by drawing
‘radial lines to the boundary circle, The intersection of the
radii with @° circle are the points where the 10° parallels of
latitude for the pole figure chart. Draw in parallel of latitudes
by tracing them from those of the Wulff net.

Now, when the sample is rotated through an angle of n°, the
Debye ring is still ecircular but is no longer parallel to the sample.
Accordimg to the theory of stereographic projection, its projection
will be a circle whose center must lie on the eguator or the equator
produced. The radius of this circle remains unchanged, i.e., at
(90° - @). However, it -will intersect the equator at points located
n® to the right or to the left of the 0° circle, depending on the
direction of rotation of the sample. Thus, the n® circle must have
its center at the middle point of the line joining the two points.
This point mey be located by means of a pair of dividers. Further-
more, this circle will also be tangent to each of the tangent

latitudes (or arems of the tangent circles) of the 0° reflection
circle and the point of tangency is located at a point n° to the
right (or to the left) of the vertical meridian, measured on the

tangent latitudes.



The prepared chart was made with the reflection circles at
intervals of 10° as shown in Figure iI. The radius of each circle
is equal to 28.1°.

2. Preparation of sample

Owing to the fact that the refiection circle for Debye ring
of high angle is small when compared with the circle of the pole
figure, such a series of photograms made from a specimen which has
been rotated at intervals of 5 or 10 degrees about two principal
'axes,-e.g., the rolling and traverse directions will not give
sufficient data to complete the pole figure. Therefore, in this
case, it is necessary to acquire further information about one
or more axesg which make definite angles with the previous axis.
The other series of photograms tsken from the sample rotating about
the axis at an angle of 45° with the rolling direction was found
to supply sufficient data for the missing spaces in the pole
figure.

Nevertheless, if much more details are required, the series
of diffraction patterns about the other two axes at 30° and 60°
with the rolling direction are recommended.

From the above requirement, three samples were made with
the rolling directien perpendicular,‘parallel arnd at 45° with
the vertical axis respectively. For the purpose of eliminating
any effect due to increased absorption as the inclination of the

sample to the beam is increased, the sample was prepared in the shape
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of a rod rather than a sheet. It was also found that if the sample
waé in the shape of a sheet, the recorded pattern became shorter as
the angle of rotation was increased because of the interference of
the plane of the sheet sample with the reflected rays, causing s sine-
curve shade. (See Figures III and IV). Besides, the rays reflected
from the sheet sample become more unsymmetrical about the axis of
rotation as the inclination of the sheet increases.

The sample was reduced to the desired shape according to the
following steps:

1.) Cutting to a square rod.

20 Filing to an approximately cylindrical shape.

3.) Polishing with an alundum polishing stone, and

4a) Etching with 25% HNOg.

The final etch will remove all traces of material worked during
the earlier operations. Since the presence of oxides will introduce
some confusing effect, it is desirable to keep "the surface of the
sample clean at all times.

3. Nature of Pattern

According to Bragg's Law, when a beam of X-radiation of known

wave length is permitted to fall upon a sample, the beam is bent or

diffracted through an angle of @ , which is given by the following

formulas
n A =24 sin® = 52s 340 O
where & = the wave length of X-radiastion
d = interplana¥ spacing for set of planes concerned
hil = Millerian indices of the planes
8 4 = lattice parameter
n = order of diffraction ring.

(calculation of @ is given in appendix)



o

The Bragg angle® for the (220) plane of iron using Co radia-
tion is equal to 61.9°, and, consequently, the reflected beam will
make an angle of 2@or 123.8°. This Debye ring, recorded on the
film placed on the cylindrical camera ,appears as a straight line
of varying intensities when the film is spread out. HNow since the
diameter of the camera is made at 57.3 mm., one millimeter on the
film will represent 2° angle of the Debye ring. The intensity at
any one point ig proportional to the number of planes which are
in position to reflect rays. Conseguently, if a photogram contains
intensity varying on the diffraction line, it signifies that many
more grams are oriented to reflect ¥-rays to other portions of the
diffraction éircla, and thus is said to have preferred orientation.
Tﬁerefore, in the case of random orientation, the diffraction line
will be of uniform intensity throughout; whereas, the pattern of
ideal orientation will consist of spots of maximum intensity separated
by regions of zero density. The position of any plane which causes

a reflection to a point on the Debye ring is given by the sosine law.

cos & = cosX
cos ©

angle between normal to

where o
reflecting planes and rotation axis of
sample.
= angular departure of spot
from the fiber axis of film
( azimuth angle)

©® = Bragg angle of incidence
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For the planes of low values of © as commonlﬁ used in pole
figure, cos @ is nearly ecual to one, and el and '3 may be regarded
as identical. As a result, the measurement of an angle on the film
is a direct determination of the angle corresponding directions in
the sample. However, this assumption cannot be applied to the back-
reflection method where the value of cos @ becomes an important factor.

In setting up the apparatus the sample is brought in as near
to the pinhole as possible on account of the intensity which varies
inversely as the distance. The time of proper exposure was deter-
mined by trial. In this case, since the sample was very small com-
pared to the collimated beam, the proper expoéure time was found
to be about 40 minutes, while it requires only 12 minutes for the
sheet sample.

4. Plotting of Pole Figure.

The intensity distribution along the diffraction line of each
photogram was determined by dividing it into zones of equal inten-
sity. This was done by visuai estimation rather than with the aid
of a standard density scale or by means of a microphotometer, for
it was found to be the more satisfactory because it was less tedious
and of sufficient accuracy for the purpose. In this case, the in-
tensities were classified into 4 zones — rating as high, medium,low
and no intensity. ©Since the joining of the film is at 90° to the
axis of rotation of the sample, the reference point on the diffraction
line is chosen at the ceiter of the film. The measurement of the
length of the line to the zone boundaries from this reference point

in millimeters will correspond to twice the number of degrees on

the Debye ring. To decrease the labor of measurement of each film,



a chart calibrated in degrees was made as shown in Figure V. The
data of each photogram was read directly from the chart, on which
the film was placed with its reference point on the @ ° division.
In plotting the pole figure, a trace paper was placed on the
pole figure chart, and the boundary circle, the rolling direction
“and the.cross rolling direction were th€n traced onto it.
The data taken from each film were recorded on the corresponding
refiection circles of the pole figure chart in the following way.
Considering the O° film taken with the rolling direction
perpendicular to the axis of rotation, the equator of the pole
figure chart will then correspond to the rolling direction of the
sample, and‘the data of this film must be recorded on the o° re-
flection circle. The reference point on the diffraction line,
which coincides with the ©@° division on the chart, must repre-
sent the point where the 0° reflection circle intersects the equa-
tor of the pole figure chart. From this point the data obtained by
the measurement of the length to the boundaries of the intensity
zones are plotted directly as read from the chart. The 90° divi-
sion on the chart will repfesent the two-points where the reflection
circle intersects the vertical meridian. Hence, suppose the maximum
intensity zone read from the chart as from 70° to 120°, the maximum
zone on the reflection ecircle will then be plotted on the pole figure
as 20° measured from either side of the points of intersection of
the vertical meridian and the reflection circle. It will be seen
that on the "O° film the pattern is symmetrical with respect to
both the rolling and‘cross rolling directions, but as the sample

is rotated through an angle, the pattern will be symmetrical only
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about the rolling direction. However, for film taken with respect
to 45° axis, the pattern produced would not be symmetrical about
the reference point. Thus, in plotting the data, the position of
the film with respect to the position of the sample must be marked
so that the data will be plotted on the right part of the ‘reflection
circle. In this respect, the shade produced by‘the sample holder
was taken as a mark on the film, and conseguently, the dats as read
from O; to 180° from the film with the shade on was thus plotted
on the loﬁer half of the reflection ecircle with respect to the 45°
axis. Moreover, the direction of rotation must be noted so as to
know exactly where the reference point on the film corresponds to
the reference.point on the reflection circle.

After the plotting of the data have been asccomplsihed, the
pole figure of the gample may be obtained by drawing the boundary
lines of thoée intensity zones. In the case of itwo lines of différent
intensities crossing each.other, the higher intensity line is con-
sidered to predominate, and-consequently is taken as the area of
the higher intensity zone. The ?ole figure which is obtained by

this method is as shown in Figures VI snd VII.
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III. DISCUSSION OF RESULTS

The pole figure of (220) planes so produced proves to be guite
satisfactory. Regarding to the time of exposure, it is practical
for an ordinary purpQSe, since the proper exposure can be done in a
relatively short time, i.e., 12 - 40 minutes depending on the thick-
ness of the sheet, and if the sample is a true cylinder, the exposurs
time r;mains uhchanged, regardless of the position of the sample,
as a result of equal absorption; whereas, the usual method recuires
change of exposure time and some corrections on the intensity of
the film. However, the pattern obtained from the (220) planes does
not show distinct sharpness of the intensity zone, and therefore,
the estimation of intensity zone will depend greatly on careful
visual judgment and proper control of exposure so that each classi-
fied zone will have equal intensity on each film. .The information
received from an individual film is much less than that obtained
with the usual method, and consequently, the usual method will give
more accurate details for equal number of photograms. Moreover,
the film cannot record the whole Debye ring on one film because
part of it falls on the protecting cylinder (shield) opposite to
the joining ends of the film, but, in plotting, reasonable inter-
polation may be done since the missing data is only 30°., Neverthe-
less, this can be avoided by changing the position of the camera
s0 that the joining ends of the film are on the vertical axis,
thus giving the whole upper half of the reflection circle full

information which is symmeﬁfical to that of the lower half, or
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else the other photogram may be again taken with the sample rotated
through the same angle in opposite direction.

The main handicap to this method arises from the fact that a
true cylindrical sample is nearly impossible to obtain especially
for the very thin sheet, and so proper control of exposure is greatly
involved. Besides, care must also be taken in working down the sample
gso that the actual texture of the sample will not be destroyed.

Above all, the specimen should have a fineﬂgrained texture, other-
wise it has to be oscilléted through a slight angle to bring more
grains into reflecting position. At any rate, the sample is assumed
to have no modification in texture between the surface and the center
of the metal. This is not always true since it has been found that
preferred orientation in rolled sheets thicker than 1 mm. are likely
to have a texture on the surface which differs from that in the

interior.
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IV. CONCLUSIONS

Asiderfrom possible errors as indicated, the back-reflection
method of construction of a pole figure of the (220) planes maj be
well considered to be applicable for some practical purpose which
only requires the knowledge of approximate texture of the material.
Congidering the labor of construetion, it is much more practical
for indu;trial purposes than the usual method since it can be pro-

duced in a relatively short time and requires no correction in

absorption whatsocever.
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V. SUGGESTION FOR FURTHER WORK

The sample should be made as a true cylinder as possible.
Series of photograms are to be taken with respect to four axes, i.e.,
rolling direction, traverse direction, and at 30° and 60° to the
rolling direction. Compare the accuracy in details with that by
the transmission method. The camera should be so eguipped that

the sample can be rotated in synchromizing with the film, thus

allowing the whole data to be recorﬁed on one film for each axis.
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VI. APPENDIX

Calculation of @ for the (220) ring of rolled steel sheet,

using Ce K, radiation.

Known data n=1

E

220

2,8608 x 107 ems

L7853 % 10“8 cms,

L ]
a, = 2.8008 A

I

A =1.7853 &

din @=n N ho4k*41°
28

242 x 1.7853
2 X 2.8608

i

]

8824

@ = 61.9°



Axis of Relatien

Radiation Reflecting

Pole-Figure Chart for Co

Figure II.

61.9°

from (220) planes of iron



Figure III.

Figavre IV.

Pattera preduced frem sheet sample retated threugh 4O° with rellisg
direction porpendicular te the vertizal axis.

Pattora preduced by & cyliadrieal sample retated threugh 20° with
relliag directien perpendicular te the vertieal axis.
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(R20) Pole Figure of steel sheet cold-rolled per

Figure VI.
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