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SAMENVATTING 

Dit rapport bevat een beschrijving van de experimentele opstelling voor het 
meten van restspanniagen in materialen bij bundclkanual HB4 van de Hoge 
Flux Reactor te Petten. Met deze handleiding kan een experimentator, die 
ervaring heeft met de neutronendiffractietechnick en bekend is met het ver
schijnsel (rest)spanning, de diffractometer zelfstandig gebruiken, alle ondu Je-
len op hun goede werking controleren en zonodig de uitlijnprocedures uitvoe
ren. 

TREFWOORDEN 
handleiding, uitlijnen, neutronen, spanningen, rek, spanningsdiffractometcr, 
diffractie 

2 ECN-I--94-033 



CONTENTS 

ABSTRACT 6 

1. INTRODUCTION 9 

2. THE STRESS-DIFFRACTOMETER FACILITY ! l 
2.1 In-pile collimator U 
2.2 Slit exchanger/shutter 11 
2.3 Double monochromator 13 
2.4 Diffractometer 13 
2.5 Instrument computer and electronics i7 

3. ALIGNMENT PROCEDURES 19 
3.1 Optical procedures 19 
3.1.1 In-pile collimator 19 
3.1.2 Slit exchanger/shutter 19 
3.1.3 Double monochromator 20 
3.1.4 Diffractometer 20 

- Base plate and the 29/co shafts 20 
- Detector assembly 21 
- XY-coordinate table 21 
- Central axis of the diffractometer 21 

. mechanically 21 

. optically 22 
- Primary and secondary diaphragms 22 

3.2 Procedures by neutrons 22 
3.2.1 Monochromator crystals 22 
3.2.2 The Soller slits of the slit exchanger 23 
3.2.3 Neutron beam direction 23 

- Detector zero position 290 23 
- Single knife edge 23 
- Double knife edge 25 

3.2.4 Diaphragms 25 
- Primary diaphragm slide 25 
- Secondary diaphragm slide 25 
- Genera! 25 

3.3 Checking the alignment and position of the sample surface 26 

4. INSTRUMENT COMPUTER SOFTWARE 29 
4.1 Option 1. Motor limits & offsets 29 
4.2 Option 2. Double monochromator optimizer 30 
4.2.1 Available commands for option 2 30 
4.3 Option 3. Edit scans 32 
4.3.1 Available commands for option 3 32 

ECN-I--94-033 3 



4.4 
4.5 
4.5.1 
4.6 
4.7 
4.8 
4.9 
4.10 
4.11 

Option 4. Execute scans 
Option 5. Direct motor movement 
Available commands for option 5 
Option 6. Abort measurements 
Option 7. Show measurement sta'us 
Option 8. Create ASCII file from dbase 
Option 9. Manipulate event flags 
Option 10. Latest news 
Option 20. Return to the operating system 

33 
33 
33 
34 
35 
35 
36 
36 
36 

PROCEDURE AFTER A POWER FAILURE 37 

LITERATURE 



ECN-I--94-033 



ABSTRACT 
This report contains a description of the experimental set-up for residual 
stress measurements at beam hole HB4 of the High Flux Reactor at Petten. 
With this manual an experimentalist familiar with the properties of neutrons, 
diffraction techniques and the phenomenon (residual) stress will be atie to 
operate the diffractometer, to check all the components on their proper ope-
ration and, if necessary, to repeat the alignment procedures. 

KEYWORDS 
user guide, manual, alignment, neutrons, stress, strain, stress-diffractometer, 
diffraction 
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1. INTRODUCTION 

When materials are treated by mechanical means such as bending, pulling or 
pressing, the interatomic distances will be influenced. These distances will 
become shorter or larger depending on the treatment and on the position in 
the material. When these changes occur only locally, they will induce a stress 
state in the material at that position. A way to determine that local stress state 
is by determining the scattering angle for a selected Bragg reflection by 
means of neutron diffraction. The Bragg angle O is related to the interplanar 
spacing for the selected Bragg reflection which in turn is connected to the 
average atomic positions in the volume element illuminated by the neutrons. 
From the change in Bragg angle for different orientations of a polycrystalline 
material one can calculate the stress state. Because the stress state may chan
ge rapidly as function of position in the material, it is necessary to irradiate a 
volume as small as possible. To that end the experimental set-up for mea
suring Bragg angles must be carefully aligned to ensure that the same volume 
of the sample is irradiated at different sample orientations. 

After pilot experiments carried out on the powder diffractometer at HBS [1] a 
new diffractometer fully dedicated to stress measurements has been designed 
and installed at HB4. In this context the term 'strain* in stead of stress would 
be more appropriate, because one observes changes in lattice spacing by 
means of changes in Bragg angle, and these changes have to be converted 
into stress values by some calculation recipe. Nevertheless we will use the 
term stress, assuming that it will be always clear from the context whether 
stress or strain is actually meant. 

The diffractometer is constructed partly with components of the diffracto
meter which has been used previously for polarized neutron dufraction ex
periments at HB9B. Newly designed parts are the sample table, the primary 
and secondary slit assembly to define the volume element in the sample, and 
the detector housing. Much effort has been put in the design and construction 
of the safety switches to prevent collisions between the different parts of the 
set-up or between a part of the set-up and the sample. 

The aim of this manual is to describe the procedures for the initial alignment 
of the entire facility, and the software available on the instrument computer in 
connection with this alignment. After the first complete alignment only a few 
alignment procedures have to be repeated regularly to check the alignment. 
After a collision of a slit assembly with the sample the alignment should be 
corrected immediately. 
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2. THE STRESS-DIFFRACTOME-
TER FACILITY 
The facility installed at horizontal beam tube 4 (HB4) of the High Flux 
Reactor at Petten consists of five main parts: 
• the in-pile collimator which is located in the beam tube in the concrete 

wall surrounding the reactor pool; 
• the slit exchanger/shutter located in the cubicle which is at the end of 

the beam tube; 
• the double monochromator which resides in the middle one of the three 

shielding blocks adjacent to the concrete shielding wall; 
• the diffractometer, 
• the electronics and the instrument computer. 
In the next paragraphs these parts will be described in more detail. 

2.1 In-pile collimator 

A radial beam tube, 18 cm in diameter, in the concrete shielding wall around 
the reactor makes it possible to extract neutrons from the reactor. The front 
end of the tube is separated from the reactor vessel wall by a water gap of 
0.5 cm. In the tube an aluminum in-pile collimator is placed for a first sha
ping of the neutron beam (figures 1 and 2). The exit end of the beam tube is 
sealed with an aluminum flange having a thin walled central area. Figure 3 
shows such an exit flange and figure 4 the cadmium-cladded collimating steel 
insert which matches the beam cross-section of the in-pile collimator. The 
dimensions at the exit of the tube are 7.2 * 11.4 cm2. To avoid the scattering 
of neutrons by air, helium gas is circulated through the beam tube. The in-
pile collimator can also be filled with water as shielding for y-radiation and 
neutrons, in case other shielding components (e.g. the concrete blocks or the 
beam shutter) are not present or fail. 

2.2 Slit exchanger/shutter 

The next element in the facility is the slit exchanger/shutter which occupies 
the cubicle and upper-cubicle space in the reactor wall. By buttons one may 
choose one of the four possible positions of the slit exchanger: 
• closed: slit exchanger operates as a shutter; 
• 30': a Soller slit collimator with a horizontal divergence of 30 minutes is 

selected; 
• open: the full neutron beam is allowed to pass; 
• 10': a Soller slit collimator with a horizontal divergence of 10 minutes is 

selected. 
The rotating part of the slit exchanger is constructed from alternating steel 
and pertinax discs. The lamellae of the two Sollcr slits are made of glass coa-
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Figu'e 1. Showing aluminum in-
pile collimators. 

Figure 2. An in-pile collimator 
mounted in a beam tube. 

Figure 3. Showing the exit flange 
of a beam tube. 

Figure 4. The shaping of the beam 
by an insert. 
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The stress-diffractometer facility 

icd with boron-containing paint for the absorption of the neutrons with a 
horizontal divergence larger than 10* or 30'. 

2.3 Double monochromator 

The neutron beam extracted from the reactor is a so called 'white' beam. This 
means that moderated neutrons with a broad range of energy, i.e. a large 
wavelength spectrum, are present in the beam. To measure well defined 
Bragg angles one has to use neutrons with one specific wavelength. These 
can be selected by employing for instance a monochromator. For the facility 
at HB4 we have chosen for a double crystal monochromator. The advantage 
of such a monochromator is the possibility of continuously changing the 
neutron wavelength without changing the position of the sample, i.e. the 
diffractometer. As monochromatcr material plates of pyrolytic graphite (PG: 
grade ZYA) are used, with the c-axis perpendicular to the plates. The first 
monochromator, the one which is nearest to the neutron source, is composed 
of 6 strips with dimensions 90 * 9.5 * 1.6 mm3 each so that the monochro
mator can be curved and the neutron beam thus be focussed vertically at the 
centre of the diffractometer, i.e. the volume to be sampled. The second mo
nochromator is one piece with dimensions 100 * 60 * 2 mm3. 

2.4 Diffractometer 

The diffractometer cor ists partly of components originally belonging to the 
diffractometer for polarized neutron diffractometry previously installed at 
beam hole HB9B. These components are identical to the corresponding parts 
of the 4-circle diffracton;?ter currently installed at beam hole HB9A; the 
basal plate with the 20-rail, the 26/co central axis and the 29-table for carry
ing the detector. The detector housing itself has been redesigned to a sphere 
and contains a JHe detector and a 30' Soller slit assembly. On top of the 
29/co shaft a XYZ table has been mounted. The shaft has been modified to 
allow vertical translation of the XYZ table. In table 2.1 the ranges for the 
rotations and translations are given. 

Table 2.1 Ranges for the different rotations and translations 

29 -5 - +140° X -50 - +50 mm 
(o 0 - +360° Y -50 - +50 mm 
PD 0 - 208 mm Z -160* - + 0 mm 
SD 0 - 208 mm 

depends on the length of the rod to which the end switches are fixed (maximum 
value is given) 

To define the volume to be sampled the instrument has been equipped with 2 
diaphragm (or slit) assemblies cladded with cadmium. The primary diaphragm 
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Figure 5. The filling of the electronics cabinet together with the peripherals. 
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A B C D E 
on/ 
off 

Figure 6. The filling of the NIMBIN. 
A: Amplifierl pulse height analyzer for the detector 
B: HV power supply for the detector 
C: Amplifier/pulse height analyzer for the monitor detector 
D: HV power supply for the monitor detector 
E: Divider generator switch 

1 2 31 5 

Figure 7. The filling of the CAM AC Crate. 
1: at postion 3 a dual 24 bit input register 
2: at postion 819 a relays driver 
3: at position 11a preset counting register 
4: at position 12 a counting register 
5: at position 23/24 the crate controller 
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Figure 8. The filling of the mounting racks /, B, C and D in the elec
tronics cabinet of figure 5 with the motor drives and the 
12VI5A power supplies P. 
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defines the dimensions of the incoming beam and the secondary diaphragm 
defines the dimensions of the diffracted beam, allowing the width of the 
beams to be varied from 0 - 5 mm. By putting cadmium masks with a rectan
gular opening in front of the diaphragms, the height of the beam can be va
ried from 0 - 25 mm and thereby the volume being sampled. 

2.5 Instrument computer and electronics 

The instrument computer is a PDPl 1/73 having a hard disk with a capacity of 
70Mb and 2 floppy disk drives running under the operating system RSX11M. 
The programming language of the user-written programs is FORTRAN. The 
information on the software used for running the measurements at HB4 is 
separately available[4]. The computer is connected to the instrument through 
a CAMAC interface. A general overview of the filling of the electronics cabi
net together with the peripherals is given in figure 5. The filling of the NIM-
BIN, which contains modules like a amplifier/pulse heigh! analyzer, and the 
mounting racks A, B, C and D, which contain the motor drivers and their 
power supplies, is given in the figures 6 and 8. The position of the subunits 
in the CAMAC crate given in figure 7 is defined in the software by the para
meter values in the calls for CAMAC action. 

For the 20 and to rotations DC motors are used together with encoders for 
absolute positioning. The resolution of these encoders is better than 0.02°. 
1 ne translations X, Y, Z, PD and SD are driven by stepping motors of which 
the positioning is relative with respect to a reference position. The accuracy 
of these translations is 0.01 mm. After a power failure the position informati
on is lost. By driving the motors back to the reference position (home switch) 
the software registers for the motors arc nullified. The primary (PD) and 
secondary (SD) diaphragm will then move away from the sample. On the 
ether hand, one should be extremely careful to prevent collisions with large 
samples of complex shape when driving the X,Y and Z motors home or using 
the command HOME ALL. To that end the five translations have been sup
plied with limit switches which can be adjusted to restrict the translations to 
the range necessary for the experiment. To be able to interrupt all movements 
at any time, an emergency button is present. 

The limit switches are controlled by the so called limit switch box. As soon 
as one of the limit switches or the emergency button has been activated no 
movement at all is possible. To put the instrument in operation again, the 
limit switch box has to be reactivated. The normal situation for this box is 
both LED's on: 
- the red LED indicates that the box is activated; 
- the green LED means safe situation (no limit switch activated). 
When a limit switch or the emergency button has been activated the green 
LED is out. The box can be reactivated by pushing the black button. Then 
one has to drive the motor which caused the deactivation in the opposite 
direction. 
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3. ALIGNMENT PROCEDURES 

In this chapter the alignment of the different parts of the facility are described 
in full detail following the same order as in the previous chapter. In practice 
the initial alignment of the in-pile collimator and the slit exchanger unit need 
not to be repeated. Alignment of the Sollcr slits in the slit exchanger should 
be repeated if replacement of Soller slits has taken place. The double mono-
chromator needs to be realigned only when the monochromatoi housing or 
the support construction itself have been removed. 
For the diffractometer most of the alignment has to be checked regularly. In 
spite of safety switches, which interrupt all movements if one of these swit
ches is activated, collisions between sample and instrument parts, destroying 
the alignment, can not be excluded completely. Besides one should check 
regularly whether the software settings are still correct. 
The procedures described are divided in optical procedures using a theodolite 
or telescope and procedures using neutrons. For most cases the optical proce
dures result in a coarse alignment, while the neutron procedures achieve the 
Finishing touch. 

3.1 Optical procedures 

3.1.1 In-pile collimator 

A first shaping of the neutron beam is performed by the in-pile collimator 
placed in the beam tube. The in-pile collimator for HB4 has a rectangular 
opening of 7.2 * 11.4 mm2. The beam tube at the reactor hall side is closed 
with a flange identical to the one in figure 4 and provided with an identical 
insert. This insert is equipped with a cross hair to define the centre of the 
beam at that position. To define the direction of the direct neutron beam one 
needs a second point. In front of each beam tube one finds in the reactor hall 
floor a brass strip. When the beam tubes were under construction the exact 
viewing direction along the centre line of these tubes has been indicated on 
l icse strips. By placing a theodolite at the "centre line" on the brass strip and 
by levelling the theodolite to the same height as for the cross hair of the 
flange insert one obtains the correct viewing direction for the theodolite (vie
wing direction A). The height of the centre line with respect to the hall floor 
should be 945 mm for the even numbered beam tubes 2, 4 and 6 and 1175 
mm for the odd numbered beam tubes 1, 3, 5 and 9 (respectively 130 mm 
below and 100 mm abeve the heart of the core box). A mark for this height 
has been placed just beside the central bcamhole in the concrete shielding 
block for future use. 

3.1.2 Slit exchanger/shutter 

The installation of the slit exchanger is identical to the procedure described in 
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appendix G of [2] for the one for HB5. In principle the alignment is carried 
out by aligning the basal stet; plate using 2 calibrated visors which arc tem
porarily mounted on this plate. After fixing the plate in the aligned position 
the slit exchanger can be mounted on top of this plate. 

3.1.3 Double monochromator 

The double monochromator is situated inside the middle block of the 3 con
crete shielding blocks. These concrete blocks of about 10 tons weight can be 
placed with an accuracy better than 0.5 cm using the hall crane, leaving 
enough room for an accurate alignment of the double monochromator. 
By replacing the monochromator crystals by a system of cross hairs, one is 
able to align the double monochromator using two theodolites. One theodolite 
is adjusted at the brass strip for the incoming beam direction (viewing direc
tion A) and the second theodolite moved 350 mm, the distance between the 
two translation paths for the monochromator crystals, in the direction of H85 
with respect to the strip (viewing direction B). The height of viewing directi
on B is adjusted by means of the reference mark next to the central beam 
hole mentioned in 3.1.1. After a coarse alignment the height of the double 
monochromator is adjusted by changing the positions of the cross hairs be
tween their extreme settings and adjusting the vertical position bolts in the 
basal plate. 
By adjusting the bolts and nuts at the sides of the basal plate when the cross 
hairs are at their extreme positions, the centre of the first monochromator 
crystal can be made coincident with the incoming-beam centre for the total 
28M-range. Then the translation path of the second monochromator crystal, 
i.e. the outcoming beam, will be automatically parallel with the incoming 
beam, assuming an accurate mechanical construction of the double monochro
mator. 

3.1.4 Diffractometer 

Base plate and the 20/0) shafts 

With respect to the alignment, the main part of the diffractometer is the base 
plate. This plate is a 210 degrees sector of a circle on which at the outer side 
a rail is fixed on which the detector assembly can move on 2 wheels. The 
plate is bolted to the hall floor through 3 legs. In the centre of the plate Die 
coinciding 26 and co shafts are mounted. By changing the length of the 3 legs 
the rail of the base plate is levelled out using a water-level. 
Thereupon a special tool, a pointer with a needle, is mounted at the top of the 
26/Q) shafts. The needle should be parallel with the vertical cross-hair in the 
viewer of the theodolite for all angles of co. If not, the 20/co shafts have to be 
put vertical using the bolts at the bottom end of the shafts while viewing the 
needle through the theodolite at to angles differing by 90°. If the needle is not 
centred on the viewing direction B defined in 3.1.3 the base plate has to be 
translated. To that end provisions have been made in the legs to perform x.y 
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translations of the plate. Repeat the horizontal levelling procedure after trans
lations because the hall floor can be out of level. 

Detector assembly 

The detector assembly cons\ , of a spherical detector housing, a vertical 
placed rectangular 'He detector (121 * 25.4 * 25.4 mm3, LND type 262, 
filling 6 atm. 3He plus 'admixture') and 10' or 30' SoIIer slits which are 
placed in front of the detector. The assembly is mounted on the so called de
tector table which rotates around the 26 shaft over the rail of the base plate. 
The detector housing is aligned with respect to the viewing direction B. To 
that end cross hairs which are rotated over 45° with respect to each other are 
fixed at the front and back side of the central horizontal opening in the detec
tor housing after removing the lid and stuffing of this opening. First the cen
tre line of the detector housing is set roughly coincident with viewing direc
tion B. This should result in 20 = 0°. However, 20 can always be set to zero 
by changing the 29 offset. Using the vertical bolts in the legs of the detector 
housing the housing is levelled out first and then, using the horizontal bolts in 
these legs, rotated such that the axis of the central opening coincides with 
viewing direction B. 

XY-coordinate table 

After the XY-table is mounted on top of the co shaft this table has to be le
velled out using a water-level. To that end the water-level is placed parallel 
with, for instance, the x-direction and the levelling for co=0 and 180° is com
pared. Using the corresponding bolts differences are levelled out. If there is 
no difference any more this procedure is also carried out for the y-directioa 

Central axis of the diffractometer 

• mechanically 

The determination and indication of the central co-axis of the diffractometer is 
essential for the alignment of the two diaphragms. To that end a pointer with 
needle is fixed on the XY-table near the co-axis of the diffractometer with the 
table in neutral position (x=y=0). The pointer is centred at the co-axis using a 
dial gauge which is connected to a fixed point of the diffractometer, and the 
x,y translations of the table. The feeler of the dial gauge should touch the 
pointer at about the height of the neutron beam. The criterion for coincidence 
of the pointer and the co-axis is that a 360° rotation of the co-axis does not 
show a significant deviation on the dial gauge. After lowering the XY-table 
the procedure is repeated with the needle which is mounted on top of the 
pointer, concentric with it. Use only the lower end of the needle to prevent its 
bending due to the pressure of the dial gauge. 
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- optically 

An alternative method to determine the centre of rotation of the co-axis makes 
use of a theodolite instead of a dial gauge. The needle of the pointer is cen
tred roughly with its top at the height of the neutron beam and the theodolite 
set at the same height. With the X-slide perpendicular to the viewing directi
on of the theodolite the needle is rotated 180°. The vertical marker of the 
theodolite is set to the average position of the needle and the needle itself is 
also set to that position by changing x. This process is repeated until there is 
no visable difference for the 0 and 180° positions. The same procedure is 
repeated with the Y-slide set perpendicular to the viewing direction. 

After having performed one of these procedures the centre of the co-axis of 
the diffractometer is known and the needle will serve as a guide to align the 
diaphragms. Both diaphragms should point to the centred needle. 

Primary and secondary diaphragms 

The first, approximate alignment of the diaphragms is performed by means of 
a theodolite. To do so, a vertical cross hair is mounted at the back side of the 
diaphragm housings. With the primary diaphragm opening as small as possi
ble, the detector set at 29>45°, the cross hair illuminated and the theodolite 
adjusted along viewing direction B, the primary diaphragm is aligned by 
adjusting the horizontal bolts of the slide. The secondary diaphragm is align
ed in the same way with the detector set at 20=0°, while the 3He detector, the 
stuffing and the Soller slits are removed from the central horizontal opening 
in the detector housing. The final, more accurate alignment of the diaphragms 
with neutrons, is described in section 3.2.4. 

3.2 Procedures by neutrons 

In the procedures described in 3.2.1 and 3.2.2 neutrons may be detected with 
the monitor fission detector or the 3He main detector. Avoid exposure of the 
3He-detector to the direct beam. Use a PE attenuator to prevent an overdosis 
of neutrons on the detector, causing dead-time effects. 

3.2.1 Monochromator crystals 

With the shutter/slit exchanger in open position the orientations of the pyroli-
tic graphite monochromator crystals are optimized. Because the maximum in 
the wavelength spectrum is at about 1.5 A, a wavelength between 1.3 and 1.8 
A is chosen. 28M is set to the value calculated according to Bragg's law for 
the chosen wavelength and the d-value for the (002) reflection of pyrolitic 
graphite: d(002)=3.355 A. The angles to for both crystals are set to 9M, while 
the angles % a fs set to 0°. For these values the crystals should be parallel to 
each other and vertical. This configuration has been checked visually after 
approximate determination of the zero points for all motor positions of the 
double monochromator, before the closing concrete block was placed. 
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With the detector at 29=0° and an attenuator in the beam, the beam intensity 
is optimized by rocking both crystals as a function of to, and Wj and of X\ 
and X2 successively. This procedure is repeated until the maximum intensity 
is obtained. 

3.2.2 The Soller slits of the slit exchanger 

The 10' and 30* Soller slits of the slit exchanger can already be optimized 
when the orientation of the monochromator crystals is approximately correct. 
It is advised not to use Soller slits in front of the 3He detector when carrying 
out this optimization, and to use an attenuator. The detector is set at 280 as 
defined by the theodolite (see 3.1.4). By plotting the detector intensity as 
function of the slit orientation the optimum orientation for the slits is found. 

3.2.3 Neutron beam direction 

Detector zero position 2Q0 

First the orientation of the Soller slits in front of the 3He detector is optimi
zed with the detector set at the optical 2% value. Then a 28 scan around 
29=0° is performed. The position of the maximum of this scan defines 20o. 
This value will in practice be nearly the same as the optical value. 

Single knife edge 

The primary diaphragm is moved towards the diffractometer axis. The pointer 
with the needle is replaced by the knife block with the #-knife in position #, 
while the *-mark on the knife block is towards the beam stop. The block has 
to be parallel to one of the translations of the XY-table (e.g. parallel with the 
y-direction) and perpendicular to the T-grooves in the table. At the back side 
of the block, on the XY-table, there must be enough space to mount a high-
precision steel ruler. 
The parallelism of the ruler and the back side of the knife block with the y-
translation direction of the XY-table is checked by moving the y-motor while 
the feeler of a dial gauge, which is mounted at a fixed position, runs along 
the back side (the feeler has to be more or less perpendicular to the y-direc-
tion). 
The #-knife edge has to be translated in a plane perpendicular to the beam 
direction while the co-axis of the diffractometer is also in that plane. To defi
ne the co-axis we may use the position of the primary diaphragm which alrea
dy has been moved towards the co-axis. The co-axis is rotated such that the 
knife block (steel ruler) is more or less parallel with the expected beam 
direction. 

The detector is set at 290. and the #-knife edge is translated over 2 mm in die 
x-direction out of the neutron beam defined by the primary diaphragm. The 
primary diaphragm is set at 40 mm. Next, the neutron intensity is recorded as 
a function of knife edge position. Figure 9 shows the results of such a mea-
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surcnient. The x-motor is set at the position for which the intensity equals 
(ImjX - Imill)/2: X0. The knife block is moved 25 mm towards the primary 
diaphragm using the y-motor, which means that the co-axis is in between the 
#-knife edge and the *-knifc edge to be mounted next. 

Double knife edge 

After the single knife edge scan the second knife edge marked with a * is 
mounted and an co-scan is performed. First a quick search for the peak inten
sity as function of co is carried out. Next an accurate co-scan with a width of 
4 degrees (step width 0.1°) is performed. The result is a peak as shown in 
figure 10. The peak position is found by extrapolating the flanks of the peak 
above Imax/2 by means of straight lines. The point of intersection of these 
lines defines (% 
When co is set at (Do, the line connecting the edges of both knives is the beam 
direction. The knife block and edges are constructed with such an accuracy 
that the back plane and the line connecting the edges are parallel within 
0.01°. If this has not been done already the precise steel ruler is now moun
ted against the back plane. The knife block may now be removed, but, this is 
not necessary. The vertical sides of the ruler define the direction of the pri
mary neutron beam, when co=co0. 

3.2.4 Diaphragms 

Primary diaphragm slide 

The dial gauge is fixed to the support construction of the primary diaphragm 
with the feeler pressing the vertical side of the ruler. With co set to C0Q the 
diaphragm is moved back and forwrds. By adjusting the horizontal bolts 
which fix the slide of the diaphragm, deviations from a translation parallel 
with the ruler (i.e. the neutron beam direction) can be corrected. The final 
result will be a constant indication of the dial gauge when the slide is moved 
between its extreme positions. 

Secondary diaphragm slide 

Now the dial gauge is fixed to the support construction of the secondary dia
phragm with the feeler pressing the vertical side of the ruler. With co set to 
co0+ct and 20 set to 290+cx the diaphragm is moved between its extremes. (In 
principle the value of a is unimportant. However, because in most experi
ments 20 will be about 90° this value is recommanded for a). The rest of the 
procedure is identical to the one for the primary slide. 

General 

The final result of aligning the diaphiagms may be that these no longer point 
to the co-axis of the diffractometer. To check whether this adjustment has 
been changed, the poinlcr with the needle has to be mounted again according 
to the procedure described in 3.1.4. 
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If the deviation is large, the slide first is moved parallel with itself, which is 
perpendicular to the beam direction, by turning the horizontal bolts by the 
same amount in the correct direction. Check the parallelism with the ruler. 
If the deviation is small, the last correction can be carried out by displacing 
the diaphragm itself using the micrometer scsw in the diaphragm housing. 

3.3 Checking the alignment and position of the 
sample surface 

When the instrument is completely aligned, one has to define the sample 
position before starting actual measurements. Because a smalt volume in a 
large sample is observed we need 'coordinates' to define the position of the 
observation volume within the sample. Furthermore, experiments on a sample 
in zero-stress state are advisable to check whether the above alignment proce
dures have resulted in a correct alignment. 

To that end a bar-shaped powder sample is mounted on the XY-table with the 
largest face vertical, and parallel with y. The sample holder has 0.1 mm Al 
walls and is filled with Fe powder wiüi a relative density oi about 0.45. The 
%-value for this sample is determined using the dial gauge fixed to the pri
mary diaphragm with the feeler against the Al face. Because the surface is 
not perfectly flat the minimum for the cu interval has to be taken as (ÜQ. 
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Figure 11. Entering curves for y = 0°(lef0 and y = 90°(right). The solid line 
is the result ofafitf]]. 
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Depending on the wavelength, the detector is set to 28 for the (110) reflection 
of iron and <o-io0 is set to 6. Both diaphragm widths arc set to 1 mm. A so 
called entering curve is recorded with x-stcps of 0. i mm while for each x-
value a 2fi-scan of the (110) peak is made. The x-interval is chosen such that 
the observation volume lies outside the sample for the first x-values, then 
enters the sample and finally is completely inside the sample for the last x-
values. This entering curve is recorded for Y|/=0 and 90° for about 20 x-valu-
es. 
If one plots the integrated intensity against x S-curvcs arc obtained for both 
V=0° and y=90° (figure 11). The x-value for which I=(Im„-Imi„)/2 is the posi
tion for which the centre of gravity of the sampling volume lies at the surface 
of the sample, and is denoted x0. For a good alignment die two x0-va 'ues 
should not differ by more than 0.02 mm. 

To avoid redetermination c<" x, for each sample, a special tool has been desig
ned through which the primary-diaphragm position PD0 serves as the referen
ce position. This tool is fixed to the primary diaphragm housing, and has a 
very sharp pin oriented horizontally in front of the diaphragm. The y-directi-
on of the XY-table is set perpendicular to the primary diaphragm (co=(o0+90°) 
and x to x0 with the x0-side of the Fc powder sample towards the primary di
aphragm. The leads of an ampere meter are connected to the sample and the 
tool, and the primary diaphragm is carefully moved into the direction of die 
sample. As soon as the pin contacts the sample the meter will show it. To the 
corresponding PD 0.1 mm is added to account for the thickness of the Al-
foil. The primary diaphragm position PD0 obtained in this way is used as die 
reference position for the sample surface or centre of gravity of the sampling 
volume. For non-conducting samples a strong viewer has to be used to detect 
the moment of contact. 
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4. INSTRUMENT COMPUTER 
SOFTWARE 

In this section the available instrument computer software is described on ba
sis of the menus, which can be shown on the screen. In figure 12 the main 
menu is given. When this main menu is not on the screen and the computer 
is running this menu is obtained by pressing the <RETURN> or <ENTER> 
key when the message 'Screen erased to prevent damage. Press RETURN to 
return to menu...' is on the screen or by typing run menu at the operating 
system prompt $$, while the answer to the question "Must EVENT FLAGS 
be deared[Y/N]?" standard will be Y. 

=== HB4 === 

Diffractometer Menu program 
ll-JAN-94 10:35:10 

O P T I O N S 

1. Motor limits & offsets 

3. Edit scans 

5. Direct motor movement 

7. Show measurement status 

9. Manipulate event flags 

2. Double monochromator optimizer 
4. Execute scans 

6. Abort measurements 

5. Create ASCII file from dbase 

10. latest news 

Active 

Enter your selection:. 

Figure 12. Main menu of the control software for the stress diffractometer. 

By typing the number of an option, the menu belonging to that option will be 
shown and the operator may start to change values, define or execute measu
rements, etc. In the next paragraphs these options will be treated. 

4.1 Option 1. Motor limits & offsets 

In figure 13 the menu belonging to option 1 is shown. By typing a motor 
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number, the lower limit, upper limit and offset can be changed. To keep a 
value unchanged it is sufficient to press the <RETURN> or <ENTER> key. 
By typing exit instead of a motor number one returns to the main menu after 
having answered the question "should data be saved(Y/N}?". 

I. 
2. 
3. 
4. 
5. 
6. 
7. 

II. 
12. 
13. 
14. 
IS. 
16. 

motor 

2Theta 
Omega 
X 
Y 
Z 
PD 
SD 
2Th-m 
Omega 1 
Chi I 
Omega2 
Cht2 
Radii» 

Enter motor number to change or 
the main menu:_ 

——— HB4 —ZZ— 

Motor limit & offset settings 

Actual 
position 

86.0% 
43.045 
1.300 

37.500 
6.000 

208.000 
208.000 
56.466 
28.233 
0.000 

28.233 
0.000 
0.000 

"exit* to return to 

Lower 
limit 

-3.000 
0.000 

-50.000 
-50.000 
-5 000 
0.000 
0.000 

29.250 
11.660 
-8.000 
13.100 
-8.000 

0.00 

Upper 
limit 

127.500 
300.000 
50.000 
50.000 
60.000 

208.000 
208.000 
150.000 
89.500 
23.000 
90.000 
23.000 
310.00 

offset 

9.990 
13.491 
47.000 
47.300 
5.000 
0.000 
0.000 

-29.280 
-11.670 

7.300 
-13.200 

6.650 
0.000 

Figure 13. Menu for setting the motor limits and offsets (option I). 

4.2 Option 2. Double monochromator optimizer 

Using the commands of this menu (figure 14) one is able to optimize the 
monochromator orientations for a chosen wavelength. This wavelength is 
defined by setting the 2-theta of the monochromator. By scanning with the 
other motors of the double monochromator the beam intensity is optimized. 
To activate a command it is sufficient to type the bold characters of the com
mand. 

4.2.1 Available commands for option 2 

2theta Set 2theta of the diffractometer at the given value (normally 
o.ocn 

2th-m set 2theta of both monochromators at the given value or home. 
Omegal set omegal of monochromator 1 at the given value or home. 
Chil set chil of monochromator 1 at the given value or home. 
Omega2 set omega2 of monochromator 2 at the given value or home. 
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—= HB4 === 

Double monochromator Optimizer 

Molar positions 

2Theta 

2Th-m 
Omegal 

Chil 

Omega2 

Chi2 

Radius 

motor 
2Theia 

86.10 

57.47 

28.23 

0.00 

28.23 

0.00 

0.00 

star 
O.O 

Buffers 

1 

2 

3 
4 

5 

empty 

empty 

empty 
empty 

empty 

history off 

t 
0 

stop 

0.00 

2thcta 

2lhm .../home 

Omegat .../home 

Chil ..Thome 

Omega2 ..Thome 

Chi2 ..Thome 

Radius .../home 

Home all lit 
step mon 

0.00 0 

Count M/T 

Scan 

Fit 
Show ... 

Plot 

List... 

Print 

History on/off 
Show hlstoiy 

Print history 

Exit 

urn buf 

0 0 

Command:. 

Figure 14. Menu for optimizing the beam intensity for a given wavelength 
(option 2). 

=== HB4 === 

Stress measurements Scan description 1 

Measurements by anonymous 

Specimen Si3N4 plat 

Comment vertical; centre; tlieta scan 

Scan motor 2Theta Man 85.500 stop 88.500 step 3.000 

Monitor 1000 lime 0 plot Off reflection 111 

2-Thela ----- Psi 0.000 X 1,300 Y 37.500 

Z 6.00O Ps 40.000 Ss 40.000 Wvl 3.1700 

Prim Slit height 10.00 Sec Slit height 10.00 Sol.Slil 1 

width 1.00 width 1.00 2 

--> Type "Help" in case of doubt 

->-

0.00 

0.00 

Figure 15. Menu to edit scans (option 3). 
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Chi2 
Radius 
Home all 
Save 

Read 

Help 
Count M/T 

Scan 

Fit 
Show 
Plot 
List 
Print 
History 
Show history 
Print history 
Exit 

set chi2 of monochromator 2 at the given value or home, 
set radius of the first monochromator at the given value or at 0. 
drive all motors of the double monochromator to home, 
save current motor positions. The saved configuration can be 
recovered by using the next command, 
read the saved motor positions and drive the motors to these 
positions. 
explains all the commands and options possible for this menu, 
count for given number of monitor counts or given time inter
val. The time is expressed in 0.1th of seconds, 
enter a motor number to perform a scan for that motor or "Q" 
to return to command level. 
The motor numbers are defined as follows: 
1. 2Theta 2. 2Th-m 3. Omega 1 4. Chil 5. Omega2 6. Chi2 
7. Radius. 
After choosing a motor number, enter start, stop and step valu
es to define the scan range, monitor or time and the number of 
the buffer to store the results of the scan. 
fit a gaussian to the values in the specified buffer, 
show the measured profile in the specified buffer, 
as show, however, on the printer. 
list the measured profile in the specified buffer on the screen, 
as list, however, on the printer, 
opens (on) or closes (off) a history file, 
list the history file on the screen, 
prints the history file, 
return to the Main Menu. 

4.3 Option 3. Edit scans 

By means of this menu up till 100 scans can be created, edited or selected. 
The number of the scan being edited is displayed in the upper right hand cor
ner of the screen (fig. 15). The following commands may be executed for this 
menu. 

4.3.1 Available commands for option 3 

help show a list of all commands available for the edit menu, 
scan xx [1-100] switch to scan description xx. 
edit 

copy a,bl,b2,., 
select? 
select a,b,c,... 

edit the scan description shown on the screen. The cursor 
points to the variable to be edited. <RETURN> or <ENTER> 
leaves the variable unchanged. When ready one is asked for 
confirmation([Y/N]?). 
copy scan description a to bl, b2, etc. 
show all selected scans. 
select scans a, b, c, etc. to be performed through option 4 
execute scans. 
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unselcct a,b,... remove selected scans a, b, etc. from the select list. 

— Enter <RETURN> to return to the editor — 

4.4 Option 4. Execute scans 

The scans selected in option 3 are executed successively. 

4.5 Option 5. Direct motor movement 

This option (fig. 16) seems identical to option 2. However, it concerns the 
diffractometer movements instead of the double monochromator ones. Only 
the names of some commands are different. To activate a command it is suf
ficient to type the bold characters of the command. 

4.5.1 Available commands for option 5 

2theta set 2theta at the given value. 
Omega set omega at the given value. 
X set X-translation of XYZ-table to given value. 
Y set Y-translation of XYZ-table to given value. 
Z set Z-trans!ation of XYZ-table to given value. 
PD set primary diaphragm to the given value. 
SD set secondary diaphragm to the given value. 
BD set both diaphragms to the given value. 
Lambda set the motors of the double monochromator such that neutrons 

with the requested wavelength are selected (see note below). 
Home all drive all motors to the home position. 
Count M/T count for given number of monitor counts or given time interval. 

The time is expressed in 0.1th of seconds. 
Scan enter a motor number to perform a scan for that motor or "Q" to 

return to command level. 
The motor numbers are defined as follows: 
1. 2Theta 2. omega 3. X 4. Y 5. Z. 
After choosing a motor number, enter start, stop and step values 
to define the scan range, monitor or time and the number of the 
buffer to store (lie results of the scan. 

Fit fit a gaussian to the values in the specified buffer. 
Show show the measured profile in the specified buffer. 
Plot as show, however, on the printer. 
List list the measured profile in the specified buffer on the screen. 
Print as list, however, on the printer. 
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Note: When a new wavelength is chosen all motors of the double monochro-
motor are driven to their home position and from there to the position pertai
ning to the new wavelength value. This procedure is carried out because in a 
previous wavelength scan motor steps can be lost so that the correct new 
'lambda position' will never be reached. This procedure is dependent on the 
contents of the file DL0:[25O,250]HOME.DAT. A single Y in this file causes 
the above procedure to be executed. In case of a single N the motors are 
driven directly to the positions pertaining to the new wavelength value. Using 
the editor me file may be changed. 

Motor 

2Theta 
Omega 

X 
Y 
Z 
Pd 

Sd 
Lambda 

motor 
2Theu 

Command: 

positions 

86.096 
43.045 

1.300 
37.500 

6.000 
208.000 

208.000 
3.170 

start 
0.00 

=== HB4 === 

Direct motor movement 

Buffers 

1 empty 

2 empty 
3 empty 
4 empty 
5 empty 

2lhela ... 
Omega ... 

X .../home 
Y .../home 

Z .../home 
PD .../home 
SD .../home 
BD .../home 

Lambda ... 

Home all 

slop step mon tint 
0.00 0.00 0 0 

Count M/T ... 
Scan 
Fit 
Show ... 

Plot ... 
List 

Print ... 

Help 
Exit 

üuf 
0 

Figure 16. Menu for the movement of the motors of the diffrac tome ter. 

4.6 Option 6. Abort measurements 

This option aborts the currently running scan, For the continuation of this 
scan one has to use option 3 for a reselection. 
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4.7 Option 7. Show measurement status 

The current status of the actual measurement or the latest measurement is dis
played (see Fig. 17) 

4.8 Option 8. Create ASCII file from dbase 

By means of this option, the results of a scan are extracted from the data base 
on the instrument computer and written to an ASCII file ready to be transfer
red with the Automatic File Transfer Program. This Automatic File Transfer 
Program has to be present on th PC used for data reduction. This option must 
be used in case of lost ASCII flies. 

Keynumber 760 

start 85.800 

motor positions 

2Theta 
Omega 
X 
Y 
Z 
P.slit 
S.stit 
Lambda 

expected 

86.096 
43.045 

1.300 
37.500 
6.000 

208 
208 

3.16998 

ineas. time 

== HB4 == 

ll-JAN-94 11:20:16 

INACTIVE ( scan number 1) 

stop 86.100 step 0.10 mon 8000 

point number 4 

preset mon 624 

counts 296 

camac status 0 

# selected scans 1 ( 0 0 0 0 0 ) 

for this scan 0 hours 28 minutes 

Press <RETURN> to leave this display.. 

Figure 17. Status of the current measurement. 
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4.9 Option 9. Manipulate event flags 

This program allows you to manipulate event_flags 
Clumsy use of this program results in total chaos. 

Do you wish to continue?[y/nJ_ 

Figure 18. Menu to manipulate event flags. 

Selecting this option results in the screen layout shown in Fig. 18. The only 
allowed answer here is no! Only a specialist can foresee what will happen gi
ving a positive answer to this question. 

4.10 Option 10. Latest news 

At this moment the latest news consists of a list of names and phone numbers 
of persons familiar with the instrument. 

4.11 Option 20. 

By this option one leaves the main menu of the instrument computer software 
and returns to the operating system RSX11M. 
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5. PROCEDURE AFTER A POWER 
FAILURE 

After a power failure the following procedure has to be executed to prevent 
damage through collisions of parts of the instrument with each other and to 
be sure that the correct neutron wavelength is selected. 

press the HALT button on the PDP console; 
press the RESTART button on the PDP console while the printer is 
switched off; 
input day and time; 
type login stresslhM; 
type 1 for AMPEX use; 
select option 2: double monochromator optimizer (see 4.2); 
. execute command home all 
. execute command read 
, execute command exit 
select option 5: direct motor movement (see 4.5); 
. execute command home all. (Be very sure that no collisions may oc

cur. The safest way is first to execute the command bd home (retract 
both slits) and then to drive the other motors home by executing the 
command home all.) 

If a power failure took place during a measurement scan then this scan and 
the next ones have to be reselected: 

unselect ail scans wailing for execution; 
reselect these scans including the scan during which the power failure 
took place; 
select option 4: execute scans. 
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