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ABSTRACT 

ÜÎJ? bee" deve\°P^ to quantitatively plot pole figures using 
y diffraction. Corrections are made for background and defocusing 

ÜoÏ!CîS fnd th? data 18 converted froni angular coordinates to orthogonal 
-oorainates using stereographic mapping equations. The x-ray data is 

taken ^ified Siemens Pole Figure Goniometer and plotting is 
done via CDC 6600 and SC 1*020 processing. 

fwífír+o “i ar,ÍSfrOTiy indeX <Ka) ’is made from the basal plane pole 
figures of titanium and empirically related to mechanical properties. 

keywords list 

Pole Figures 

Computer Processing 

Anisotropy Index (Ka) 
Titanium 
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1.0 INTRODUCTION AND SUMMARY 

If single crystals were isotropic in their physicoraech;inical pro¬ 

perties there would be no real requirement for torture, preferred 

orientation, analysis; polycrystalline properties vould be inde¬ 

pendent of texture. Single crystals, however, do exhibit marked 

anisotropy and only a small degree of texture giv'-s rise to aniso¬ 

tropic behavior in the polycrystalline materials. The anisotropy 

tends to be nullified if the crystals are oriented at random. Any 

perferential alignment caused by the thermal and mechanical history 

will cause a corresponding anisotropy in the polycrystalline material. 

The more perfect the nligimwnt the closer the anproach to single 
crystal properties. 

Considerable variation with testing direction in Young's modulus 
for titanium and its alloys han* been found. This variation is dir 

raetiy ^elated to the anisotropy of basic single crystal elastic 

constants. Lersonil) has shown that E varies from 14.5x10^ psi when 

tension is applied parallel to the basal plane and 21.0xlcP osi 
when the stresses are applied normal to the basal plane. Thus the 

degree of texture is very important in determining polycrystalline 
titanium properties. 

Texture can be measured using x-ray diffraction and is represented 
by pole figures. Pole figures are a polar stereographic plot of the 

degree of texture. The pole density Is obtained by analyzing the 

diffracted x-roy intensity as functi on of orientation. The dif¬ 

fracted x-ray intensity from a particular plane is proportional to 

the number of crystallites properly oriented for Bragg reflection. 

Pole figurer; are normally plotted manually from the x-ray diffraction 

intensity recorded on a strip chart. Using computer technology this 
very laborious and time consuming job can be done automatically^- ). 

This document describes a method from which cole figure data is 

automatically plotted from digital data obtained from a Siemens 

X-Ray Unit. Most of the procedures and data refers to 000?, basal, 

plane role figures of titanium and its alloys. The method is, however, 

cuite general and can be easily applied to other materials. 

Calculation of (anisotropy index) is made from the pole figures 
end has been related to mechanical properties. 

This work was done under the I969 IR&D Contract. 
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2.0 EXPERIMENTAL PROCEDURE 

2.1 Equipment 

The instrument used to measure the x-ray data is a pole figure 
goniometer. Figure 1 shows the Siemens X-Ray Pole Figure 
Goniometer, and identification of the various components. 
The x-ray tube (l)* is a line focus copper anode tube that gives 
about six times the intensity as conventional x-ray tubes. 
The entrance apertures (2), (3) and main slit (k) are used to 
control the horizontal and vertical divergence such that the 
specimen (5) is fully radiated as it is translated, tilted 
and rotated. The Mift alit (4) controls the vertical diver¬ 
gence such that the x-JPiy beam lies precisely on the tilt axis. 
The receiving slits (6), (7) are set to obtain the resolution 
required. The following conditions are those normally used for 
basal plane, 0002, pole figures of titanium: 

Entrance Aperture : 2mm x 2mm 
Receiving Slits: 1mm wide, 5mm high 
Specimen Size: l-¿” square 

More detail on the specimen size and configuration is given in 
section 2.2. 

The detector ('Ô) is a sealed Krypton filled proportional 
counter, ¡he output is fed through a pulse height analyzer 
to optimize the peak to background ratio. 

Alignment plays an extremely important role in determining 
the success or failure of obtaining good nole figure data. 
The original Siemens ft:?« base plate was found inadequate, so 
a standard diffractometer (9) was modified to accommodate the 
pole figure goniometer. Using the arrangement precise control 
of the alignment is obtained. The instrument is aligned such 
that there is a variation of no more than .05° in 26 between 
0-O“, 0=+-45° and 0--451 as recommended by Chemock and Beck'^, 
The specimen tilt, 0 angle, is 75° as recommended by Schulz(M. 

2.2 Data Recording 

Digital data is obtained by selecting a preset time of 6 seconds 
to accumulate a count on the scaler. The data is then printed 
on paper tape and automatically recycled. The texture goniometer 
operates continuously such that the ot angle advances 7.74" 
per cycle. 

* Numbers refer to labels in Figure 1. 

REV SYM 06-85365 
page JO 

6-7000 



A
O
 
1
5
4
6
 
O
 

. ... - ..,-1. «.«»MM -■- ,^-.¾"’- v'’ *,Wi 

2.0 EXPERIMENTAI, PROCEDURE 

2.3 Specimen Configuration and Preparation 

The three sampling plens used for pole figure determinations 

by the Schulz (M reflection siethod are shown in Figure 2. 

Of these, our laboratory uses primarily plans A and C. Sampling 
plan C, developed by Kula and Lopeta'^, has the advantage 
that there is data throughout one quadrant of the figure. 

With this sampling plan one quadrant of the pole figure is 
obtained; this is usually sufficient due to symmetry conditions. 

Unless there is insufficient material all specimens are run 

using sampling plan C. Samcling plan A is used in cases of very 

little material. The disacfsantage of plan A is that the data 

exists only in the inside 75’ of the figure. Sampling plan B 

has been used in conjunction with plan A however, as discussed 

by Baggerlyw), the greatest amount of error is in the region 

of data overlap. 

For all specimen configurations the minimum specimen size is 

ly" square. Cutting and mounting the specimen for sampling plan 

C was initially a problem, however, x-ray technicians E. A. 
Ledbury and W. H. Graham have developed techniques to overcome 

these serious obstècles. Titanium alloys are metallographi- 

cally polished and given a light Krolls etch to remove smeai;d 
metal. 

2.4 Data Recording and Computer Plotting 

The specimen is placed in the goniometer and adjusted to posi¬ 

tion using an alignment rod. The x-rays are turned on and 

the diffraction profile(s) of the plane(s) of interest are 

recorded on the strip chert noting the Bragg angle to within 

.02'20. The background is measured, and the pole figure data 

is recorded by setting the diffractometer to the measured 

Bragg angle, tilting-.the specimen to 75’, and recording the 
diffracted intensity as the specimen is tilted and slowly 

rotated. The data is taken on a spiral whose pitch is 5°0 for 
every 360°i/ . The data is recorded in 0.1 minute increments, 

corresponding to angular increments of 7.74“, and is printed 

on paper tane. A total of 699 data points are required per 
figure. Instrument time is 75 minutes. 

As the specimen is tilted the intensity drops off as a result 

of defocusing and absorption. To correct for this we measure 

the intensity from a random specimen at 0*0, 10, 20, 30, 40, 
50, Ó0, 70, and 75° and the background intensity at 0*0, Figure 

3 shows the loss of intensity at increasing 0 angles for e 
silver random sample. 

REV SYM 
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FJŒ’KRDÆKTAL PROCEDURE 

2.5 Computer Processing 

Computer program FOLE was written end programmed by R. Peterson, 
Organization 6-2550. Details of the programming will be in 

a forthcoming document(7). Basically the program was written 
to plot pole figures by first subtracting of the background 

then correcting for defocusing. The data is then ratioed to the 

random intensity which is either calculated in the program or 

input. For 0002 pole figures we use the emperical relation¬ 
ship that Isxiv%r/ó.75 = 1()002 random sample, for 1010 and 1011 
pole figures we use 7*3 and 1.75 as divisors to obtain the 

random intensity. The X and Y coordinates of each data point 

are calculated using the stenographic mapping equations of 

Holland(8) and Love (9). The mapping equations arc as follows: 

For Sampling Plan A, Figure 4; 

X = RO tan ¢/2 • Cos«*. 

Y = RO tan 0/2 • Sin ot 

Where 

0 - Polar angle measured from reference direction 

= Azimuth angle measured from reference direction. 

NOTE: Sampling Plan 13 can also be plotted using this routine. 

For Sampling Plan C, Figure 5; 

FO(Sin0' Cos«' Cos0 CosOC - Sin0' Sin«’ Sin«* + Co30' 3in0 Cose* ) 
v ro o o r ro o 

RO(Sin0' Cos«’ Cos0 Sin# + Sin0' Sin«' Cos«* « Cos0’ Sin0 Sin«- ) 
Y ____0_O_______O_'__o_o_ 

D " 

D = 1 + COS0* Cos0o - Sin0' Cos«' 3in0y 

Where 

0o, <3<o = Origin of starting position. 

0', 0( ' = Measured from starting position. 

Figure 4 and 5 show the distribution of the data points on the 
pole figures for the two sampling plans. 

fÆrÆSAfà» NO. D6-252Ó5 
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2.0 EXPERIMENTAL PROCEDURE 

2.5 Computer Processing 

There are two plot routines available for clotting Plan A 

pole figures, a Boeing developed procedure, designated KODI, 
and a method developed by Love(9), designated POLE-Code 1. 
The Boeing procedure extrapolates the outer 15? of the figure 

so that a "total" pole figure is obtained. The procedure 

involves arranging the data on radii and concentric circles. 

A more detailed discussion is in the computer program document(7). 
Love's(9) procedure involves very little extn|r>olation and 

rearranging of the data. The love procedure is used to plot 

the Sampling Plan C data, and is designated POLE-Code 3. 

All plotting is done at selected contours of "times-random" 

intensity, up to ten contour levels can be made oer plot. 

In addition to clotting the cole figures a factor K* (aniso¬ 
tropy index) is calculated for each basal (000?) clane pole 
figure. 

is calculated as follows: 

ka = ^ - ïL 

Where 

N 

Ifp = ^ l(0i • o^) Sin^ Sino^ 

N 

IL = I(0i -^) Sin0i CosKi 

For Sampling Plan A the 1^ and values are the average of 

the vector summations for ihe four quadrants while for Sampling 
Plan C the vector summations are for only one quadrant. 

Computer input includes the specimen identification, experi¬ 

mental conditions, background intensity and the defocusing 

correction profile. A defocusing correction profile is required 
daily for each hkl examined. 

Computer output includes a tabular representation of the figure 
and an SC 4020 plot of the pole figure. Total computer time is 

about 2.5 seconds of combined 6600 and SC 4020 time per plot. 

REV SYM no- DÖ-25265 
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3.° RESULTS MD DISCUSSION 

oome exaaples of Sampling Plan A pole figures are shown in Figures 

b through o. These figures were plotted using program KODI which 

extrapolates the outer .15° of the pole figure from the inside data. 

The figure for specimen G is shown replotted,using plot program 

^LE^in Figure 9. Examples of pole figures produced using Sampling 
Plan C are shown in Figures 10 through 12. 

Tables I through III give examples of the tabular listing of pole 

figures from KODI, POLE-Plan A and POLS-Plan 0. The tabular listings 
are useful for noting the absolute magnitude of the pole figure 
maximums and 1,^, and for the calculation. 

The pole figures shown give a wide variety of textures caused by 

variations in the thertnomechaaical processing. Hand mill material 
gives typically low values of K. and generally much less preferred 
orientation than the continuously rolled material. 

All oí the figures_shovn thus far were 000P, basal plane, pole figures 

Figure -H is a 1120 pole figure from continuously rolled specimen C. 

-his specimen had a very strong (1120) <U0Í0> texture, as also 
shov/n in the side view .1.010 figure shown in Figure 14. 

KA is an anisotropy index for basal plane pole figures. F. Parkinson^0) 
has noted that with increasing 1120 <10Í0> texture the anisotropy 

increased. Plots of the index Kx versus A F, andAFtv are shown 

in Figures 15 and 16 respectively. The data represents several 

heats from various vendors and as shown KA varies linearly with the 

difference in yield and ultimate strength. Hand milled material 

ypica^ly has a low KA value and much loss anisotropy tnan the con- 

rolled material which always has a fairly strong (1120) 
C 1-01 Oy texture of varying degrees. 

The procedure developed and documented herein results in vary re¬ 

producible results as shown in Figures 1? and 18. Pole figures plot¬ 
ted several months apart can be compared so that vendor process 
evaluation can be made, . 
degree of anisotropy. 

The Ka index is a useful measure of the 
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Figur? ? - Sampling plan for various types of pole figures. A. formel 

R. Longitudinal or transverse C. One quadrant. 
(Surface with X is x-rayed) 
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Figure 6 - KQDI plot of contlnucmsly rolled Ti:bAl«J+V. 

D6-2526 i> 



4AN0OM iMTeNStrr M'j.j 

»AH^UC Ft »««-• TO*» CAfei3/l</69 
«AOIATION CO AT SS KV 2« NA COUKICS TUSE SCiNT. ATI.249 KV 
SLITS 2 M 2 V ENTRANCE SHIV «ECEIVINS CHAINEE* K.H. OcSCN 
SCAN AAfC I f SI/HIN H AL4HA/MIN 4902 Mftt 
4HA S.9 V «ASE 20.V tflNCOU CAulSEATiON SAMAcC YIlVC* 

Figure 7 - KODI plot of hand Billed îifî6Al*lV. 
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Figure 9 - POLE, Code 1, plot of continuously rolled Ti :6AI-Hv. 
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Figxire 10 .- POLE, Code 3, plot of continuously rolled T1j6A1-4v. 
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Pißure 17 - POLS, Code 3» plot of continuously rolled Specimen P, 
Dated 10-7-69. V 
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Figur« l8 - POI£, Code 3, plot of eAatlnuOusly rolled Speciwan F, 
Dated 2-25-70. . . 
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