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 EXECUTIVE SUMMARY 
 

 

This thesis reports on research performed by D. Marais during the period February 2012 to 

November 2016 at the South African Nuclear Energy Corporation (Necsa) SOC Limited. 

During this period, the Radiation Science division of the Research and Development 

department embarked on upgrading the residual strain neutron diffraction instrument, MPISI, 

at the neutron diffraction facility. Performing an experiment on a neutron diffraction 

instrument is a time-consuming process when taking the limited amount of available beam 

time into account. Un-optimized sub-systems or miss-aligned components of diffraction 

instruments exacerbate the problem by, for instance, reducing the maximum achievable beam 

intensity. 

 

With the premise to identify systems and procedures that would have an impact on beam 

utilization, a literature survey was performed on the components comprising diffraction 

instruments used in residual stress measurements together with current methods used for 

instrument and sample alignment. Attention was also given to data acquisition, control, 

analysis and simulation systems. It was concluded that most strain scanners are unique due to 

site-specific requirements as well as the complexity and variety of components available on 

the market. For this reason, the various software systems as well as alignment, calibration and 

operating procedures are developed in-house for each instrument in order to maximize 

efficiency and beam utilization. 

 

The following research was performed which leads to the increase in beam utilization: 

 By simulating the neutron optical path of MPISI using Monte Carlo neutron ray-

tracing software, a geometrical change was identified which would lead to a flux 

increase of 3% at the sample position. 

 

 A software system named ScanManipulator was created to streamline data correction, 

reduction and visualisation on MPISI. By coupling it to the data acquisition and 

control system, real-time data analysis enables experiments to be conducted with 

respect to set statistical criteria, instead of a fixed measurement time. 
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 By employing best practice used at various international neutron strain scanners, 

instrument alignment procedures were developed to attain the optimization between 

maximum neutron intensity and smallest wavelength spread at the sample position. A 

number of instrument alignment procedures were automated by creating alignment 

scripts directly in the instrument control system. 

 

 An alternative sample positioning method to be used in conjunction with sample 

positioning and experiment planning software systems deployed on some neutron 

diffraction strain scanners were developed. By implementing this new methodology 

on MPISI, samples exhibiting an arbitrary shape can be aligned using less beam time 

than previously required, thereby improving beam utilization. 

 
 

Keywords: Neutron diffraction, neutron strain scanning, instrumentation, strain scanning 

software, data reduction, data visualization, diffraction instrument simulation, instrument 

alignment, sample alignment. 
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1 INTRODUCTION 

1.1 Background 

Neutron beams used for scattering science pertaining to materials research need to be of 

adequate flux due to the relatively weak interaction of neutrons with matter. This can only be 

provided by medium or high flux nuclear fission reactors or spallation sources. Amano 

(2015:34) has shown that internationally there is a steady decline in such neutron sources 

with many facilities reaching the end of their lifetimes. According to the Integrated 

Infrastructure Initiative for Neutron Scattering and Muon Spectroscopy (2015), there are 

currently only 38 neutron sources of adequate flux that are used for neutron scattering related 

materials research around the world. One of these, the South African Fundamental Atomic 

Research Installation (SAFARI-1), is located on the African continent and is operated by The 

South African Nuclear Energy Corporation (Necsa) SOC Limited. This makes the SAFARI-1 

research reactor a national asset, which should be utilized as effectively and efficiently as 

possible with respect to all its modalities and applications. 

 

SAFARI-1 is a 20 MW thermal, open pool, light water moderated, multi-purpose nuclear 

fission reactor with an in-core flux of 2.8x10
14

 cm
-2

s
-1

 (IAEA, 2011). Its main uses include 

production of radioisotopes, silicon irradiation for the semiconductor industry, neutron 

activation analysis and materials research by means of neutron radiography, small angle 

scattering and neutron diffraction. 

 

Notwithstanding neutron diffraction facilities generally being expensive to operate, beam 

time is provided free of charge in support of materials research projects to academia or other 

research institutes, through user access programs. The large value addition to research 

projects places a very high demand for beam time on diffraction instruments and generally 

leads to over-subscription. In view of this, the Radiation Science Department of Necsa 

recently completed the Neutron Diffraction Facility (NDIFF) modernisation program at 

SAFARI-1 in order to increase South Africa’s neutron diffraction capacity. 

 

The upgrade included the establishment of two new neutron diffraction instruments namely 

the Powder Instrument for Transition in Structure Investigations (PITSI), and the Materials 

Probe for Internal Strain Investigations (MPISI). These instruments were designed using local 
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and international expertise in order to create world-class instruments. Neutron diffraction 

instruments are mostly developed in-house as they cannot be bought as off-the-shelf units. 

Specific requirements in terms of resolution, flux, beam definition, sample movements, etc. 

necessitates unique features to be included. This impedes the creation of standard processes 

and procedures for all instruments, although some commonalities may be present. 

 

1.2 Problem statement 

Performing an experiment on a neutron diffraction instrument is a time-consuming process 

when taking the limited amount of available beam time into account. Un-optimized sub-

systems or miss-aligned components of diffraction instruments exacerbate the problem by, 

for instance, reducing the maximum achievable beam intensity. 

 

1.3 Aim 

The aim of this research is to characterize the neutron optical components of MPISI in order 

to customize or create systems and procedures for residual strain scanning instruments to 

increase beam utilization.  

 

1.4 Method of approach 

To place the work in perspective, a literature review is given on the definition of residual 

stress, why its quantification is important in engineering components, and different 

techniques to measure it. The focus was then shifted to generic neutron diffraction strain 

scanning instruments by identifying all major systems together with alignment, calibration 

and data reduction techniques that are required for angular dispersive neutron strain scanning 

experiments. 

 

Instruments similar to MPISI were identified and evaluated in order to determine best 

practice regarding instrument calibration, sample alignment and data acquisition. The 

identified procedures and methods were then optimised, automated and implemented for 

MPISI where applicable. Where site constraints inhibited specific techniques to be 

implemented, new techniques were derived and applied. 
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2 LITERATURE SURVEY 

2.1 Introduction 

Since the earliest time, man has manipulated the materials around him to enhance the quality 

of life. Engineering materials to exhibit specific characteristics may solve many modern 

materials engineering problems. One aspect of selecting or creating a specific object, resides 

in accurately predicting how it will behave under certain conditions, such as during 

temperature variations or when a mechanical force is applied. 

 

Withers & Bhadeshia (2001:366) defines residual (or internal) stress as the stress confined in 

a body that is stationary and at equilibrium with its surroundings. The total residual stress 

state of an object is therefore zero. Residual stress is created by an external force that acted 

on the material during processing such as rolling, extruding, drilling, welding and peening. It 

can also be introduced in multiphase materials due to differences in thermal expansion, yield 

stress or stiffness. 

 

Not all residual stress is undesirable from an engineering point of view. This effect is used in 

many instances to enhance the mechanical properties of materials such as the toughening of 

steam turbine blades through shot-peeing (James et al. 2010:441). Inadvertent residual stress 

may however result in catastrophic failure of components such as in railway lines due to 

surface wear (Igwemezie et al. 1992:325). It is therefore of utmost importance to understand, 

quantify and optimize residual stress and its influence on engineering components. 

 

The mechanical stress state (σij) at a position in a material is represented by a second-order 

tensor given by the equation: 

where Fi represents the component of force in direction xi that acts on the element of volume 

characterized by surface area 
jS , whose normal is in direction xi (Lodini 2003:48). In a 

three-vector system (such as Cartesian), this results in resolving nine unknowns. As the stress 

tensor is symmetrical (σij = σji), this can be reduced to six. It is also possible to define 

principal axis where there are only normal stresses along the axes and no sheer stresses 

between them. In this situation, only three unknowns must be determined. Stress cannot be 

j

i

ij
S

F




  Eq. 2.1 
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determined directly, but we can calculate stress from strain (ɛ), by using Hooke’s law: σij = 

Cijkl ɛkl, where Cijkl is the stiffness or elasticity coefficient, which is a function of the 

measurement direction of the crystal, Young’s modulus (E) and the Poisson ratio (ν). The 

generalized form of Hooke’s law is then given by 

 

where εi is the strain in the principal reference axes directions. Therefore, if the internal strain 

of a material along three main stress directions can be determined, the residual stress can be 

calculated. 

 

2.2 Residual strain measurement techniques 

A variety of methods is available to determine the residual strain in a material and can be 

grouped into one of the following categories: Non-destructive, semi-destructive and 

destructive. Rossini et al. (2011:572) published a review of methods for measuring residual 

stresses in components and presented each technique’s area of application according to 

spatial resolution and penetration capabilities as given in Figure 2.1.  

 

  

zyxi
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  Eq. 2.2 
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Figure 2.1: Diagram showing the penetration depth and the spatial resolution of various 

stress measurement techniques. The destructive and semi destructive methods are coloured 

grey. Adapted from Rossini et al. (2011:584) 

 

Residual stress can be classified into three categories according to the length over which they 

equilibrate. Type I (also referred to as macro-stress) is long-range stresses, which spans over 

the total structure and can be calculated using continuum models such as finite element 

analysis. Stress that is defined by the lattice strains (micro-stress) is subdivided into Type II 

and Type III stress. Type II stress spans over a number of grains, for example interphase 

thermal stresses whereas Type III stress is present over atomic dimensions and is contained 

with a grain.  

 

2.3 Diffraction analysis as applicable to residual stress 

measurements 

Only a few residual stress measurement techniques are able to resolve micro-stresses, which 

include X-Ray, synchrotron, and neutron diffraction techniques (Kandil et al. 2001:18). A 

full review regarding the theory of diffraction will not be given, as a number of textbooks are 

available on this subject. Elements of X-ray diffraction by Cullity (1956:1) and Introduction 

to the theory of thermal neutron scattering by Squires (1996:25) explore detailed theoretical 

aspects of diffraction and crystal structures. 
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Allen et al. (1985:445) have shown how the residual stresses that are locked in a system can 

be determined by measuring the spatial variation of the crystal lattice spacing by means of 

neutron diffraction. The Bragg diffraction technique provides a non-destructive probe to 

determine the distances between crystal planes and thereby the structural crystal arrangement 

to high accuracy, typically 0.001 Å (Bragg & Bragg, 1913:428). Applicable to angular 

dispersive instruments, the technique involves placing a sample in the path of a particle beam 

having a monochromatic wavelength in the range of 1 – 3 Å and measuring the diffraction 

angle (2θhkl) of the constructively scattered beams. From the known wavelength (λ) of the 

incident beam, the lattice plane spacing (dhkl) of the lattice planes (hkl) being considered is 

calculated using the formula:  

where n is the higher order harmonics of the wavelength. This equation is known as Bragg’s 

law and a graphical representation is given in Figure 2.2. In a polycrystalline material, the 

diffracted beam will take the form of a cone with the scattering point the cone apex. 

 

Figure 2.2: Graphical representation of Bragg’s law showing constructive interference 

 

Modern diffraction instruments employ detectors, which can detect the spatial position (and 

therefore the diffraction angle) of a particle to a relatively high accuracy. 2D position 

sensitive detectors (PSD) are used to intercept large areas of the diffraction cone thereby 

capturing more neutrons and increasing the instrument efficiency. The detected diffraction 

cone can be integrated to produce a ‘Bragg peak’ as shown in Figure 2.3. The peak centre is 

Incident 

angle

θhkl

θhkl

θhkl

dhklsinθhkl

θhkl

Lattice plane

Lattice plane

Diffraction angle
2θhkl

dhkl

hklhkldn  sin2  Eq. 2.3 
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determined by fitting a Gaussian function to the data using the method of least squares 

(Webster & Kang, 2002:94). 

   

 

Figure 2.3: Graphical representation of a Bragg peak and fitted diffraction profile 

 

The Bragg equation (Equation 2.3) is used to determine the lattice plane spacing dhkl, where 

after the elastic strain in the material (ɛ) is calculated once the strain-free lattice plane spacing 

(dhkl,0) is known. The following general strain equation is used to determine the strain: 

2.4 Diffraction instruments used in residual stress measurements 

2.4.1 Introduction 

The diffraction technique may be applied using a variety of radiation beam types, each 

having advantages and disadvantages. From a strain scanning perspective, this is related to 

the penetration depths attainable. Withers & Bhadeshia (2001:360) and Fitzpatric & Lodini 

(2003)  provide the following detail about different diffraction instruments and techniques 

with respect to residual strain measurements. 

 

Electron diffraction is used to measure very thin samples (<100 nm) which are cut from 

larger samples using specialized techniques (such as ion milling, electro polishing, focussed 

ion beam, etc.) and provides spatial resolution as small as 10 nm. Due to this small resolution, 

type II and type III stresses can be calculated, but results are vulnerable to surface relaxation 

effects. 
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Laboratory X-ray diffraction uses X-rays with a wavelength of between 1 and 2 Å (energies 

lower than 8 keV) as a probe. The X-rays are generated by accelerating electrons towards a 

metal target (such as copper), which then emits an X-ray photon with energy characterized by 

the difference in energy between two electron orbitals. With X-rays, the penetration depth is 

inversely related to the atomic number of the constituent chemical composition.  “High 

atomic number materials” are highly absorbing, as an example, the penetration depth for 

steels is less than 5 μm and for tungsten it is less than 2 μm. As lab X-rays only penetrate the 

near-surface layer of a sample’s surface, only the normal component of strain can be 

measured. The sin
2
ψ technique provides a slope of the lattice spacing with respect to sample 

tilt (ψ), which is used to determine the in-plane strain. Depth resolved studies can be 

performed by layer removal, but is only reliable to about 1 mm. Surface roughness may also 

influence measurements. Conventional X-ray diffraction is widely used due to the relative 

abundance of laboratory X-ray facilities. 

 

Synchrotron X-ray diffraction employs X-rays with energies orders of magnitude higher than 

lab X-rays. Simplistically, these high-energy photons (20 – 200 keV) are produced by 

accelerating electrons and then changing their trajectories using bending magnets. As 

electrons are deflected, X-rays are emitted. Synchrotron X-rays can penetrate deep into 

material (50 mm in aluminium) using very small (~ 20 µm) gauge volumes. Short acquisition 

times are possible due to high beam intensities as well as the interaction strength between X-

rays and the orbital electrons. Three different approaches can be used for depth-resolved 

strain measurements at synchrotron facilities as is presented in Figure 2.4. By employing 

monochromatic beams, investigations can be done as θ/2θ scans in reflection and 

transmission geometries (Figure 2.4.a) providing the sample is not too thick and the material 

does not have a large atomic number. Low angle monochromatic beam transmission scans 

depicted in (Figure 2.4.b) provides strain information for both horizontal and vertical in-plane 

components as full diffraction rings can be detected using area detectors. It is however 

difficult to restrict the gauge volume along the direction of the beam using this this approach. 

By using a white-spectrum beam and energy sensitive detector, a complete diffraction pattern 

(in terms of wavelength instead of angle) is obtained at one detector position (Figure 2.4.c).  
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(a) θ/2θ scanning (b) low angle transmission (c) energy dispersive 

Figure 2.4: Schematic illustration of synchrotron measurement geometries. Adapted from 

Withers & Bhadeshia (2001:361) 

 

Pulsed source and white beam neutron diffraction differs from constant wavelength neutron 

diffraction in the respect that the time-of-flight of each neutron is measured instead of the 

scattering angle. The pulsed neutron source can range from accelerator-based spallation 

sources, to pulsed reactor sources and even by employing chopper systems on a continuous 

flux reactor. As neutrons with different wavelengths travel at different speeds, it is possible to 

obtain a complete diffraction pattern (similar to the energy dispersive technique of 

synchrotron X-rays) from a single measurement.  

 

The constant-wavelength neutron diffraction instrument as shown in Figure 2.5 will now be 

described in more detail. 

 

 

Figure 2.5: Schematic diagram of a constant-wavelength neutron diffractometer 
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2.4.2 Neutron source 

Constant-wavelength neutron diffraction instruments utilises neutrons that are produced by 

nuclear research reactors. Research reactors differ from power reactors in the sense that they 

produce much less power (typically, tens of MW thermal compared to a couple of thousand 

MW thermal) and are optimized for neutron flux instead of heat production. Research 

reactors with a variety of designs are currently in operation, however, the pool type reactor is 

the most common where fuel plates are located in a core box inside a water pool. When 

criticality is reached, a fission chain reaction as illustrated in Figure 2.6 is maintained. Each 

fission event releases 2 to 3 additional neutrons as well as ~200 MeV of energy as kinetic 

energy in the daughter nuclei.  

 

Figure 2.6: Illustration of the fission chain reaction. Adapted from Duderstadt & Hamilton 

(1976:75). 

 

Duderstadt & Hamilton (1976:62) have shown that neutrons released due to the thermal 

fission of 
235

U (prompt neutrons) have an energy spectrum given by the empirical formula in 

Equation 2.5 with χ the relative yield and E, the energy in MeV. By normalizing to the 

maximum value of yield, the spectrum shown in Figure 2.7(a) is obtained. Neutrons have 

particle as well as wave properties, therefore the well-known De Broglie equations can be 

used to calculate the neutron wavelength of these prompt neutrons and is shown in Figure 

2.7(b). Depending on the moderator and reflector configuration of the reactor, the neutron 

energy will decrease and the wavelength will increase at a position further away from where 

the fission event occurred. After moderation, neutrons are guided onto the diffraction 

instrument through an in-pile collimator, which is attached to the core box. 

Fission-

fragment 

nucleus

Incident 

neutron

200 MeV of 

energy

Leakage 

from system
Capture γ

Scattering

Neutron 

acting as 

chain carrierRadiative

capture

2 – 3 Fission 

neutrons

235U

Fission-

fragment 

nucleus



 

11 

 

0

0.2

0.4

0.6

0.8

1

0.0001 0.001 0.01 0.1 1 10

R
el

at
iv

e 
yi

el
d

 

Wavelength [Å] 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

(b) 

Figure 2.7: Prompt fission spectrum for thermal neutron induced fission in 
235

U with respect 

to energy (a) and wavelength (b). 

 

Most polycrystalline engineering materials have an interatomic spacing (d-spacing) in the 

range of a few ångströms (Å), where 1 Å = 1x10
-10

 m. Therefore, it is of utmost importance to 

have a reasonable amount of neutron flux with the correct wavelength produced in the 

neutron source in order to perform diffraction-based strain scanning. When evaluating the 

Bragg equation, sinθhkl is ≤ 1, therefore the wavelength of the probing neutrons should be in 

the order of the d-spacing between the crystal planes under investigation. 

 

2.4.3 Monochromator 

After moderation, polychromatic neutrons can escape the reactor core through the in-pile 

collimator. These neutrons have a large wavelength distribution that peaks in the thermal 

energy range and is generally referred to as white radiation. The Bragg equation (Equation 

2.3) however requires the wavelength to be monochromatic to be used for angular dispersive 

strain scanning. This is accomplished by employing a monochromator, which essentially 

diffracts neutrons with a very narrow wavelength distribution from the white spectrum and 

directs the beam to the sample. A number of single crystal materials can be used for this 

purpose such as aluminium, copper, germanium, silicon, beryllium and graphite (Sears, 

1997:46). The monochromator can be configured to three different geometries, namely 

symmetric (where the diffraction plane is parallel to the external cut surface of the crystal), 

expansion or compression. The different geometries are shown in Figure 2.8. 
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(a) (b) (c) 

Figure 2.8: Illustration showing (a) symmetric, (b) expansion and (c) compression 

geometries of a monochromator 

 

Popovici et al. (2001:21) have shown that the performance (diffracted beam intensity and 

diffraction line width) of monochromators can drastically be improved by arranging the 

monochromator crystals in thin wavers, which allows them to be bent elastically. An optimal 

curvature corresponds to a focussing condition on the sample, which is governed by the 

following equations: 

 

where, 

LMS is the monochromator to sample distance, 

fM is the focal length of the bent crystal, 

RM is the horizontal radius of curvature, 

θM is the Bragg angle, 

2θS is the detector angle, 

σM is the cutting angle, 

as is the dispersion parameter. 

2.4.4 Beam conditioning 

Neutrons exiting the core box are guided towards the monochromator by means of a so-called 

guide tube or in-pile collimator. The guide tubes are very efficient in transporting neutrons 

over a large distance and can be terminated in a low background area, such as a neutron guide 

hall, which is far away from the reactor. The inside of the tube is normally covered with a 
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thin layer of nickel or even multi-layered (Ni-Ti) to increase the efficiency of the guide 

(Maier-Leibnitz & Springer, 1963:217). This ensures that particles with a very low incident 

angle are propagated through the tube by means of total reflection as is illustrated in Figure 

2.9. By bending the tube, unwanted fast neutrons and gamma contamination can be 

eliminated from the exit beam as these waves do not exhibit the required conditions to be 

reflected from the guide surfaces.  

 

 

Figure 2.9: Illustration of the neutron flight path through a guide tube 

 

After diffracting from the monochromator at the specified angle 2θM, neutrons are again 

collimated using a guide tube. A Soller-collimator (Figure 2.10) is often used as it reduces the 

beam divergence drastically. This device consists of very thin vanes, which are painted with a 

neutron absorbing material such as gadolinium oxide, which prevents any internal reflection 

to occur. The vanes are spaced very close together and any neutron that does not travel near 

parallel to the blades is absorbed (Carlile et al. 1977:543). 

 

 

Figure 2.10: Illustration of the neutron flight path through a Soller collimator 

 

The height and width of the neutron beam exiting the monochromator collimator is reduced 

by means of a variable (primary) aperture. The overlap of this incident beam and the 

diffracted beam defines the gauge volume size, which directly relates to the achievable spatial 

resolution of the strain measurement. The width of the diffracted beam is also controlled by 

an adjustable (secondary) aperture. The rectangular apertures can be adjusted by simply 

inserting different sized absorbing masks with variable computer controlled apertures 

preferred as it allows changing the gauge volume size during an experiment (Boin et al. 

2014:8). 

Webster and Wimpory (2002:12) defines the following three gauge volumes as depicted in 

Figure 2.11: 

 Nominal gauge volume (NGV) – The volume of space occupied by the intersection of 

parallel beams transmitted through the apertures. The geometric centre of this volume 
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is coincident with the reference point. The NGV is adjusted to resolve the strain 

profile in the sample adequately. 

 Instrumental gauge volume (IGV) – The volume of space occupied by the actual 

intersection of the beams transmitted through the apertures by taking the divergence 

and intensity profile into account. It is of utmost importance to correctly establish 

(and limit) the beam divergence, as this may inadvertently lead to partial filling of the 

IGV when measuring close to a sample surface. Partial filling leads to a virtual shift in 

the diffraction peak position which results in the observation of ‘spurious stains’. 

 Sampled gauge volume (SGV) – The volume of space occupied by the intersection of 

the IGV and the sample from which measurements are obtained during an experiment. 

 

 

Figure 2.11: Illustration of the gauge volume definitions 

 

2.4.5 Sample positioning systems 

When performing diffraction-based strain scanning, a sample is placed in the path of the 

incident neutron beam and the diffracted beams are analysed to gain scientific information 

about the sample. The correct positioning of the sample with respect to the incident beam is 

therefore of cardinal importance. This is especially true when different positions inside the 

sample are measured by translating the sample through the fixed gauge volume. The sample 

must therefore be placed on a high precision positioner, which allows accurate positioning in 

3D space. 
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According to a technical meeting of the IAEA (2005:9), the sample table should be able to 

translate in three orthogonal directions with an accuracy of 100 µm as well as rotate around 

the vertical axis of the instrument. The weight carrying capacity should match the expected 

sample weights, which is typically less than 20 kg with dimensions in the order of 100 mm. 

Large samples such as parts of an aircraft wing have however successfully been measured by 

Edwards et al. (2006:1) on the ENGIN-X instrument which can carry a weight of 1.5 tonnes. 

 

Positioning of the sample to measure three orthogonal strain components without the need to 

re-orientate the sample manually can be achieved by employing devices with additional 

degrees of freedom such as the Cybaman manipulator (Connolly, 2009:211) shown in Figure 

2.12(a) or a Eulerian cradle (full or semi-circle) shown in Figure 2.12(b). These devices are 

mounted on top of the normal x,y,z,ω positioner which provides additional tilt and rotation 

options. Mounting of the sample on the positioning system is performed using normal 

computer numeric control (CNC) machine fixtures such as milling vices, step clamps, and 

lathe chucks. 

  

(a) (b) 

Figure 2.12: Photographs of (a) Cybaman positioner and (b) quarter circle Eulerian cradle 

 

2.4.6 Neutron detection 

The most common approach to detect the presence (and position) of thermal neutrons is 

through its reaction with matter such as 
3
He, 

6
Li, 

10
B and 

235
U. One method of creating a 

position-sensitive neutron detector is by using a 
3
He-filled chamber and resistive anode, to 

which a high voltage is applied. These PSD’s are widely used due to its efficiency and its 

ability to discriminate between neutron and gamma radiation. The detection of thermal 

neutrons takes place through the following reaction where 
4
He is an intermediate state: 

3
He + n → (

4
He) → p + T + 764 keV Eq. 2.9 
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The proton (p) and tritium (T) generate positive and negative charged particles via collisions 

with the gas molecules along their trajectories, which are attracted to the correspondingly 

oppositely charged electrodes of a capacitor plate. As the particles are accelerated towards the 

electrodes, further charge carriers are generated through the principle of gas amplification. 

The ‘intensity’ of this avalanche of additional charge carriers is dependent on the magnitude 

of the anode voltage as well as the nature and energy of the incident radiation. A pulse-type 

system is therefore defined where a voltage pulse is generated for each particle detected and 

the height of the pulse is used to discriminate between neutron and gamma radiation. 

 

By stacking a number of capacitor plates adjacent to each other, connecting their cathodes 

with delay-lines and using a communal anode, a 1D detector can be constructed where the 

pulse timing differences between the endpoints of the delay-line (X0 and X1) and the anode is 

used to determine which capacitor plate detected the neutron. A schematic diagram of this 

arrangement is shown in Figure 2.13. A 2D detector can be constructed by adding an 

additional stack of capacitor plates tangential to the first set connected with its own delay 

lines. The DENEX-300TN Technical Specification (2008) describes how the electrical 

signals are detected and analysed to determine the position where the reaction occurred. The 

detected position is used in turn to calculate the diffraction angle. 

 

 

Figure 2.13: Schematic diagram of a 1D neutron detector using a delay-line. Adapted from 

the DENEX-300TN Technical Specification (2008) 
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2.4.7 Data acquisition and control systems 

Diffraction instruments are complex machines comprising of a multitude of components such 

as stepper motors, limit switches, environment manipulators and neutron detection systems. 

Instrument configurations are generally not fixed and may change depending on the systems 

being investigated. This places a requirement on the data acquisition and control (DAC) 

systems to be highly flexible. 

 

Due to the large variation in available components and differences to site requirements, each 

institution tends to develop their own DAC based on the capabilities of the facilities and 

personnel. This is evident with the differences of control systems at the Intense Pulsed 

Neutron Source at the Argonne National Laboratory (Crawford et al., 1981) and the IBR-2 

reactor in Russia (Kirilov et al., 2004) amongst others. Some initiatives have however 

recently been established where a number of institutions share the same control system base. 

Examples of these are TANGO (used by the synchrotrons SOLEIL in France, ELETTRA in 

Italy, ALBA in Spain and DESY in Germany (Götz et al., 2007:723)) and SICS (used by the 

Paul Scherrer Institute (PSI) in Switzerland, the Australian Nuclear Science and Technology 

Organisation (ANSTO) in Australia and Necsa in South Africa (Heer et al., 1998:241)). 

There is also a trend to move away from proprietary control systems such as Labview to open 

source alternatives such as EPICS, the experimental physics and industrial control system 

(Lewis et al., 2009:2217) or even to use hybrid systems (Clarke et al., 2014:525). 

 

Figure 2.14 shows a schematic diagram of the components comprising a generic beam-line 

instrument DAC. It consists of physical components, electronics and I/O protocols and 

software. The DAC software uses device drivers to communicate with the various 

components. The user interaction can be through a simple command-line interface or even a 

graphical user interface where system states are continuously displayed. A powerful feature 

of beam-line control systems is that experiment parameters can be pre-programmed (scripted) 

which enables instruments to run complex experiments without continuous user interaction. 

 

The NeXus data format (Könnecke et al., 2015:301) is a common data exchange format for 

neutron, X-ray and muon experiments and is fast becoming the de facto standard at beam-line 

facilities. The NeXus file encapsulates all instrument parameters during an experiment, which 

enables the user to trace all facets of an experiment at a later stage. 
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Figure 2.14: Schematic diagram of a generic beam-line data acquisition and control system 

 

2.4.8 Data reduction and analysis 

Data reduction for angular dispersive strain scanners involve performing geometric and 

efficiency corrections to detector data where-after the 2D data is integrated vertically to 

produce a 1D peak profile. A Gaussian function is fitted to the data using a least-squares 

method to provide the peak parameters (angular position 2θ, full-width-at-half-maximum, 

intensity and background). The angular position is converted to d-spacing using Equation 2.3 

and the directional strain is calculated using Equation 2.4. The stress is then derived from the 

strain using Equation 2.2. 

 

As with the DAC, facilities tend to create their own data reduction and analysis software, 

which is sometimes shared with other facilities. Examples include Mantid used by the 

neutron spallation source ISIS at Rutherford Appleton Laboratory in the UK, and the High 

Flux Isotope Reactor (HFIR) at Oak Ridge National Laboratory in the USA (Arnold et al., 

2014:156) and GumTree used by ANSTO (Lam et al., 2006:1330). GumTree is also used as a 

graphical user interface for the SICS control system. 
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2.4.9 Instrument simulations 

By using Monte Carlo techniques, the neutron optical path of a beam-line instrument can be 

simulated from the neutron source up to where a neutron is detected on a neutron detector. 

These simulations are very useful and are used in instrument design optimization, experiment 

simulation and instrument training. 

 

A number of simulation packages are available such as RESTRAX, McStas, NISP, VITESS 

and IDEAS, which according to Seeger et al. (2002:24), all showed to have a very high level 

of agreement when the neutron optical path of the same instrument was simulated. 

 

2.5 Instrument and sample alignment methods of constant 

wavelength neutron strain scanning instruments 

2.5.1 Introduction 

Accurate instrument and sample alignment is of cardinal importance when measuring strain 

(and stress) by means of neutron diffraction. According to Hutchings et al. (2005:106), the 

accuracy in d-spacing (∆d/d) must be determined to ~10
-4

 (or 100 µɛ) to give an accuracy of 

~20 MPa stress in steel. Processed materials, such as the surface of a shot peened plate, may 

exhibit high strain gradients in the order of 2000 µɛ/mm. With this gradient, a positional error 

of 0.05 mm will result in a strain error of 100 µɛ. It can therefore be deducted that positioning 

of a sample with respect to a fixed reference point should be performed as accurately as 

possible. 

 

A instrument reference point is defined as the intersection of the centre of rotation (CoR) 

with the scattering plane. The CoR is the axis around which the detector and the sample table 

rotate and the scattering plane is the plane formed by the incident beam and the vertical 

centre of the detector for a properly aligned instrument. The instrument must therefore be 

aligned such that centre of the gauge volume and the instrument reference point coincide. 

 

The accuracy in d-spacing is also a function of a number of instrument parameters. This 

includes the angular spread in neutron direction or the spread in wavelength. Even if the 

whole system is well collimated, the beam characteristics are influenced by the 

monochromator position, orientation and focus. 
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Arzt et al. (2005:124) developed and implemented automated calibration procedures for 

synchrotron (X-ray) radiation based beam-line instruments. Although similarities between 

synchrotron and reactor based instruments exist, differences in control systems, physical 

layout, components and operational procedures prohibits the direct implementation of these 

methods at angular dispersive neutron strain scanners. 

 

Cranswick et al. (2008:373) has noted that there is not a lot of literature available on neutron 

beam-line instrument calibration, as it is mainly performed at the discretion and experience of 

the instrument scientist. Luzin (2012), an instrument scientist at the Kowari neutron strain 

scanner at ANSTO, has concurred with this statement. There is however a well-cited 

publication by Brand and Prask (1994:164) that provides detailed descriptions of a number of 

traditional alignment techniques for neutron strain scanners.  

 

2.5.2 Centre of rotation  

It was concluded during the VAMAS project (Webster & Wimpory, 2002:31) that the 

required positional accuracy is application dependant and should preferably be within 10 % 

of the minimum gauge volume dimension. 

 

The sample table positioner is constructed in such a way that the x and y translation stages 

are mounted on top of the rotational stages. This means that there exists a single zero position 

on the x-y plane, which defines the CoR of the instrument. In most cases, the mechanical zero 

positions of the x and y translator stages will be slightly misaligned with the positioner 

rotation axis. It is a very difficult task to mechanically align the zero positions with the 

rotation axis and therefore it is preferred to rather experimentally determine the offsets and 

use these corrections (‘soft zero’ values) as the instrument centre. In essence, the position of 

the x-y translator must be adjusted until there is no movement of an alignment pin (see 

Chapter 6.2.6) whilst rotating the sample table. 

 

Brand and Prask (1994:164) used three readings 45° apart, from a mechanical dial gauge 

touching the alignment pin in order to calculate the offsets to an accuracy of 20 μm. 

Flemming (2012) developed a method whereby a high accuracy digital video system is used 
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to determine the edge positions of the alignment pin. Flemming achieved CoR position 

accuracy of 10 μm by fitting 16 measured positions to a sinusoidal function. 

2.5.3 Monochromator  

Monochromator setup and alignment is a very important aspect of diffraction instrument 

calibration. A well-aligned monochromator delivers a high intensity neutron beam with a 

very small spread in wavelength to the sample position. A larger spread in wavelength will 

increase the beam intensity, but also result in broader diffraction peaks observed on the 

neutron detector. Johnson and Daymond (2001:51) defined a figure of merit (FOM) which 

describes the performance of diffraction instruments. Hence, the FOM given in Equation 2.10 

must be optimised for the angular (2θs) area of interest through instrument design and 

monochromator adjustment. 

 

where I and FWHM are the integrated intensity and the full-width-at-half-maximum 

respectively of the Gaussian function fitted to a diffraction peak. 

 

The monochromator is positioned such that the centre of the reactor beam is in line with the 

centre of the monochromator face by adjusting the x y and z translation stages. The 

monochromator tilt angle is used to compensate for any physical misalignment resulting from 

the incline or decline of the two collimators. These calibrations are performed by iteration, 

firstly rotating the monochromator to an angle where the Bragg equation is satisfied and a 

neutron beam is observed using either a neutron camera or the incident neutron counter. The 

neutron count rate of the incident neutron counter is recorded whilst the translation stages of 

the monochromator are sequentially step-scanned. A Gaussian peak is fit to the data to 

determine the positions of maximum intensity. 

 

Using this maximum intensity position, the full reachable monochromator rotation range is 

step-scanned whilst recording the neutron count rate of the monochromatic beam neutron 

counter. By determining the peak positions (and the angular distances between them) through 

peak fitting and comparing these measurements with geometrical calculations of angles and 

distances, the diffraction lines can be indexed (Fultz & Howe, 2013:291). 

 

    
 

     
 Eq. 2.10 
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The wavelength for each index is calculated as the d-spacing for each reflection is known. 

The beam characteristics for each wavelength that will be used for experiments must then be 

optimized. This is achieved by positioning a well-defined reference material (such as an 

Al2O3 powder NIST standard) in the gauge volume and sequentially adjusting the 

monochromator focus whilst recording the diffraction pattern on the 2D neutron detector. An 

optimal focus position for a specific diffraction angle (2θs) is then calculated by using 

Equation 2.10. 

 

2.5.4 Position-sensitive neutron detector 

Tang and Hubbard (2006) describe how the neutron area detector of the NRSF2 instrument at 

the High Flux Isotope Reactor at Oak Ridge National Laboratory was calibrated. It comprised 

of the following steps: 

 

Intensity response normalization – An isotropic scattering material (polyethylene) was placed 

on the sample table and the PSD intensity response of all 512 channels was measured. As the 

incoherent scattering should result in a homogeneous flux distribution on the entire surface of 

the PSD, the obtained measurements (flood test) are used to correct neutron diffraction 

intensity values. 

 

Determine the change in 2θS per change in PSD channel number – The detector was 

positioned such that the Fe (211) peak was observed at the one edge of the PSD. The detector 

angular position was then step scanned until the peak was observed at the opposite edge of 

the PSD. The peak centres at each detector angular position were determined through peak 

profile fitting, and from this, the linear relationship of Bragg angle change per channel was 

determined. 

 

2θ0 and neutron wavelength calibration – The diffraction patterns of a number of standard 

reference powders were measured. The Rietveld method (Rietveld, 1969:65) was applied to 

the diffraction patterns to refine the detector offset (2θ0) and the wavelength. 

 

No literature could however be found on how to accurately align the height of the detector. 
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2.5.5 Sample  

A number of techniques are used in order to align a sample to be investigated with the gauge 

volume. This involves sample orientation for the measurement of three orthogonal strain 

components and ensuring positional accuracy within 10% of the gauge volume dimensions 

(Webster & Wimpory, 2002:31).  The following are procedures currently in use: 

 

Optical equipment – Lasers, theodolites, telescopes and video cameras are aligned to an 

alignment pin located on the CoR (Oliver et al., 2004:28). The sample is positioned to match 

a specific marker such as the cross hairs on a theodolite. Digital video cameras with 

telecentric lenses may remove some of the human errors inherent to viewing through 

theodolites. 

 

Entry and exist scans – This method involves systematic insertion of the sample through the 

neutron beam (gauge volume) from one side whilst recording neutron counts on the detector. 

The position of the sample edge is then derived from the integrated intensity versus position 

graph by fitting the analytical solution, which is described by Brand and Prask (1994:173), 

using least squares approximation. Figure 2.15 and Figure 2.16 provide a depiction of entry 

scans in reflection and transmission modes respectively. 

 

 

Figure 2.15: Depiction of an entry scan and the analysis thereof in reflection mode. 
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Figure 2.16: Depiction of an entry scan and analysis thereof in transmission mode 

 

 

Neutron camera – A thermal neutron camera consists of a scintillator that produces a tritium 

ion, alpha particle and kinetic energy from the absorption of neutrons in 
6
Li containing glass. 

The energy of the daughter nuclei causes ionization of Ce
3+

, which in turn results in the 

emission of photons. The photons are then detected using a charge-coupled device (CCD) 

camera that is sensitive to the expelled visible light. The device is placed behind the sample 

in the primary beam path since the beam would be attenuated by the sample. A neutron image 

of the sample is then displayed and can be used for positioning (Bartoli et al., 2008:643). 

 

3D models and coordinate measuring machines – Recent advance in 3D computer imaging 

technology have made its impact on neutron diffraction instruments as well. This method 

involves creating a 3D CAD model of the sample or generating a model of the actual sample. 

This can be done using a 3D laser scanner (James et al., 2004:743),  or even a tomography 

instrument (Burca et al., 2011:229) for revealing internal detail especially in thin walled 

materials or layered samples. A coordinate measuring machine or laser tracker is then used to 

determine the position of the sample on the sample table (relative to a laboratory coordinate 

system) where after it is aligned with the computer model (Ratel et al., 2005:1 and Pirling et 

al., 2006:143). 
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2.6 Conclusion 

Residual stress in a material cannot be measured directly, but it can be calculated from a 

strain measurement. Residual strain can be measured by a variety of techniques that are 

dependent on achievable spatial resolution and penetration capabilities. Strain measurement 

by means of neutron diffraction plays a pivotal role in solving modern day materials 

engineering problems due to the non-destructive nature of the experiments combined with 

high penetration depth. 

 

The number of available neutron sources capable of delivering sufficient neutron flux for 

these types of experiments is however limited causing oversubscription at diffraction 

facilities. It is therefore vital that neutron strain scanners are optimized with respect to all its 

modalities in order to meet the demands of the scientific community. 

 

Neutron strain scanners are very complex instruments comprising of diverse sub-systems, 

which include mechanical structures, neutron optical elements, electric, electronic, 

visualization, analysis, data acquisition and control systems. Due to the variety of 

components (performing the same function) available on the market as well as site-specific 

requirements, most strain scanners are unique. For this reason, the DAC and visualization 

system as well as alignment, calibration and operating procedures are developed in-house for 

each instrument in order to maximize efficiency and beam utilization. 
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3 DELIBERATION 

3.1 Objectives 

In order to achieve the project aim as stated in Chapter 1.3, the following objectives will be 

attained as applicable to MPISI: 

1. Create a streamlined software system to support data reduction and visualization of 

results. This will reduce the ‘dead time’ experienced on the instrument between scans as 

the data can then be analysed in an efficient manner before continuing with an 

investigation. 

2. Simulate the neutron optical path in order to identify geometrical changes in instrument 

configuration that could lead to an improved neutron flux at the sample position. 

3. Create or implement procedures for instrument alignment and automate where 

appropriate. 

4. Create or implement procedures for sample alignment and automate where appropriate. 

5. Establish an intelligent data acquisition system that allows measurement duration to be 

determined by count statistics as opposed to fixed, pre-determined counting times.  
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4 MPISI SOFTWARE SYSTEM 

4.1 Data acquisition and control system 

The Data Acquisition and Control system (DAC) of NDIFF is based on the ANSTO version 

of the SINQ Instrument Control Software (SICS). SICS was originally developed by Heer et 

al. (1998:124) of Switzerland’s Paul Scherrer Institute where after it was adapted and 

implemented by ANSTO and Necsa. Modular design makes it possible to extend SICS in 

order to incorporate custom hardware devices. SICS is a server-client based system which 

enables it to accommodate a number of different client user interfaces. Instrument control 

commands to SICS are parsed by an embedded Tool Command Language (TCL) interpreter 

that permits direct scripting of tasks. GumTree is used at Necsa as the main user interface to 

SICS for the NDIFF instruments (Lam, et al., 2006:1330). An interface diagram for MPISI’s 

DAC system is shown in Figure 4.1. 

 

 

Figure 4.1: Interface diagram of the MPISI DAC system 

 



 

28 

 

4.2 Data correction, reduction, analysis and visualization 

GumTree includes preliminary data reduction and analysis procedures, however adding 

functionality is a complex task and it was therefore decided to refrain from using GumTree 

for data analysis at NDIFF. 

 

Objective 1 was accomplished through the creation of custom developed software named 

ScanManipulator in order to reduce the effort and time needed to analyse data. It enables 

streamlined data processing for Necsa’s neutron diffraction instruments (which include 

MPISI), through a user-friendly graphical user interface. ScanManipulator was extensively 

used for data processing and visualization throughout this document and is currently used as 

the standard data processing system for MPISI. 

 

The article entitled “Data processing at The South African Nuclear Energy Corporation SOC 

Ltd (Necsa) neutron diffraction facility” was presented at the South African Institute of 

Physics annual conference (SAIP2015) (See Appendix B) and published in the peer reviewed 

conference journal (Marais et al., 2016:198). 

 

The article describes all functionalities of ScanManipulator, which include data correction 

and manipulation, peak fitting, sample surface calculation and multi-parameter data 

visualization. 

 

4.3 Article 1: Data processing at The South African Nuclear Energy 

Corporation SOC Ltd (Necsa) neutron diffraction facility 

D. Marais performed all the research related to this publication. This includes the following: 

 Designed and implemented the software 

 Performed all data treatment of experiments using the newly created software 

 Prepared the first draft of the publication 

 Prepared all figures contained in the publication 

 Collated and addressed all comments from co-authors 

 Prepared and submitted the first version of the publication 

 Collated and addressed all comments from the reviewers 

 Submitted the final version of the publication 
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Prof. A.M.Venter and Prof. J. Markgraaff acted as project leader and academic study leader 

respectively during the time of this research. Both provided comments and support on 

technical and academic aspects of the publication. 
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5 NEUTRON OPTICAL PATH SIMULATION OF MPISI 

 

5.1 Introduction 

MPISI is a specific implementation of a constant neutron wavelength, angular dispersive 

residual stress instrument and will now be described in detail to support references of 

subsequent chapters in this thesis. The description coincides with the neutron optical 

modelling of the instrument components as is implemented with the Monte Carlo neutron ray 

tracing package McStas (Willendrup et al., 2004:e735). 

 

McStas is a framework used in the design and optimization of neutron scattering instruments 

by means of simulating the position and trajectory of neutrons as they pass through the 

neutron optical elements of the instrument. A neutron optical element modifies beam 

characteristics described by a probability function and therefore lends itself to be analysed 

using Monte Carlo methods. The neutron optical model of an instrument is described in an 

instrument definition file using the McStas meta-language, which is translated to a C-program 

by the McStas compiler. 

 

The instrument definition file that was created for MPISI is given in Appendix D.2. The file 

(Marais, 2015) was published on the McStas website as an instrument example after an 

informal peer-review process was followed as indicated in Appendix D.1. 

 

5.2 Instrument layout 

Figure 5.1 provides a depiction of the physical layout of the instrument and Figure 5.2 shows 

the detailed configuration of MPISI together with the motor names and abbreviations as used 

in the control system. The physical infrastructure was designed, developed and constructed 

by various personnel of Necsa’s research and development division with inputs from 

international experts. 
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(a) 

 

 
(b) 

Figure 5.1: (a) Photograph and (b) simplified graphical representation of the physical layout 

of the Necsa neutron diffraction strain scanner, MPISI 
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Figure 5.2: Line diagram showing MPISI’s neutron optical elements as well as component 

positioners (motors) and their direction and assigned names. 
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5.2.1 Neutron source 

The Necsa Neutron Diffraction Facility (NDIFF) is located at beam port 5 of the SAFARI-1 

nuclear research reactor. A photograph of SAFARI-1 with a view from the over pool area is 

given in Figure 5.3 where the characteristic blue glow of the Cherenkov radiation can be 

seen.  

 

The neutron source is modelled from the position where the beam port is attached to the core 

box. Calculating an accurate flux profile with energy and angular dependence requires a very 

detailed model of all neutronic relevant components of the reactor. This can be provided by a 

Monte Carlo N-Particle (MCNP) (or similar) calculation, but is outside the scope of this 

work. The following reasoning was applied in order to simplify the source modelling. 

 

Neutrons present at the surface of the core box will have a preferred distribution about the 

radially outward direction and only neutrons with a direction towards the sapphire filter are of 

interest. An isotropic source was therefore assumed, as neutrons will be collimated towards 

the filter. This assumption will distort the magnitude of the flux at the filter, but should be of 

little importance and only add to the background noise of the physical instrument. 

 

The neutron energy spectrum was simplified with the reasoning that only neutron 

wavelengths relevant to the scattering vector of the crystal monochromator are of interest. 

MPISI is typically operated using the first reflection of the Si (331) plane and therefore, 

according to the Bragg equation, λ=1.6593Å if the monochromator exit port is at 83.5° 2θM. 

One could then simulate the source with a uniform wavelength distribution in the range of λ ± 

dλ with dλ chosen appropriately to include a large portion of the Maxwellian distribution of 

neutrons that will result after diffracting from the monochromator. 

 

 

Figure 5.3: Photograph of the SAFARI-1 research reactor. 
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5.2.2 Sapphire filter 

As the beam port extends radially from the nuclear core, neutrons travelling along the in-pile 

collimator exhibits a fission distribution energy spectrum and is contaminated with γ-

radiation. A single crystal sapphire filter (Al2O3) is used to reduce the γ-radiation and 

neutrons with fast and epi-thermal energies by means of isotropic scattering. 

 

The filter was simulated by using a wavelength dependent attenuation table for Al2O3 as is 

available from the McStas libraries. These attenuation coefficients for a 50.8 mm thick slab 

were measured by Tennant (1998:380), but as the filter of MPISI is 158.7 mm thick, a 

relative thickness value of 3.12 was used to increase the attenuation accordingly. 

 

5.2.3 Neutron beam shutters 

Photographs of the neutron beam shutters are given in Figure 5.4. 

  
(a) (b) 

Figure 5.4: Photographs of (a) the outside and (b) inside of the monochromator chamber 

showing the primary and secondary shutters 

 

The primary shutter is positioned inside the reactor wall where it interfaces with the in-pile 

collimator. The primary shutter resembles a large drum and attenuates the reactor beam when 

rotated to the ‘closed’ position. The shutter has two ‘open’ positions, which delivers either a 

high-intensity (100 mm x 60 mm) or high-resolution (60 mm x 60 mm) neutron beam into the 

monochromator chamber. The reactor beam feeds both NDIFF instruments (MPISI and 

PITSI) when the primary shutter is open. 
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A secondary shutter is divided between an inside part (which is positioned inside the 

monochromator chamber) and an outside part which is positioned on the outside of the 

chamber wall. Both parts move together. The primary and inside secondary shutter is 

constructed of layers of borated polyethylene, borated aluminium and low carbon mild steel. 

The outside part of the secondary shutter is constructed from a 1 mm layer of cadmium and a 

50 mm layer of lead. 

 

5.2.4 Doubly bent Si monochromator 

Figure 5.5 shows a depiction of the in-pile collimator and the components residing inside the 

monochromator chamber. 

 

Figure 5.5: Depiction of the NDIFF in-pile collimator and monochromator chamber 

 

The monochromator assembly as shown in Figure 5.6 is located inside the monochromator 

chamber and is used to select a specific wavelength of neutrons from the incoming reactor 

beam through the Bragg angle reflection condition. The monochromator has a fixed vertical 

focus (radius at 1.59 m) and an adjustable horizontal focus (with a radius from infinity to 1.4 
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m), which focuses the incident beam on the sample under investigation. Horizontal focussing 

is performed by bending the crystals using the four-point method. The cam is connected to a 

motor, which relates the curvature of the crystals (ρ in m-1
) to the number of motor turns (N) 

through the empirical equation given by Popovici (2002):  

 

Vertically, the unit comprise of 27 segments, that are 5.08 mm (0.2”) high and 177.8 mm 

long providing an overall dimension of 141 mm x 177.8 mm when gaps between the 

segments are included. Each segment is made from a packet of 13 silicon wafers, each 0.91 

mm thick, providing a total thickness of 11.89 mm. The wafers were manufactured from a 

silicon ingot and cut with the (110) plane parallel to the monochromator face. 

 

The frame of the crystal is mounted on top of a high precision positioner, which allows five 

degrees of freedom. The linear translation stages have an accuracy of < ±10 μm and the 

angular stages an accuracy of < 0.001°. The x, y and z stages all have a 50 mm travel that is 

used for final positioning. 

 

The Bragg angle diffraction condition is achieved by rotating the crystal so that the normal of 

a selected atomic plane coincides with the general reflection condition for a specific angle. A 

study by Stoica et al. (1999:1) describes the theoretical aspects of these monochromators in 

detail. The MPISI monochromator collimator is positioned at a fixed 2θM take-off angle of 

roughly 83.5° and the wavelength of the diffracted neutron beam is subsequently calculated 

from Equation 2.3 by using the d-spacing of the reflecting crystal plane. 

 

 

Figure 5.6: Graphical representation of the MPISI Monochromator assembly 
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A model for a doubly bent monochromator is readily available in McStas as an infinitely thin 

mosaic crystal, which uses a small-mosaicity approximation and takes higher order scattering 

into account. In order to model the thickness of the crystal using the infinitely thin model, all 

13 wafers were modelled individually and placed behind each other with the appropriate 

spacing. Both the transmission and peak reflection probability was set to maximum, as any 

neutron that is not reflected will be transmitted to the wafer behind it. In order to model the 

horizontal bending, the segments were each divided in 11 vertical sections of which the 

rotational position is automatically calculated depending on the focusing radius.  

 

Unfortunately, the crystal cut angle is not taken into account in the simulated component as it 

is assumed that the reflecting plane is parallel to the surface of the crystal. There will 

therefore be a discrepancy with the curvature angle for the crystal plane resulting in a 

discrepancy in the resolution curve between the simulated and the real instrument. 

 

5.2.5 Shielding 

The monochromator chamber functions as a shield for unused neutron and gamma radiation 

to the experimental hall. The camber wall is constructed of high-density concrete and is 

covered with 5% borated polyethylene layer which acts as a neutron absorber. The dose rate 

external to the chamber is less than 5 μSv/h (Venter, 2010:17) which is below the maximum 

effective occupational dose limit of 50 mSv/a as published in the South African Government 

Gazette (2006:34). 

 

After diffracting from the monochromator, the neutron beam is collimated by the 

monochromator collimator, which extends through the chamber wall. The beam can be 

completely attenuated by closing the secondary shutter. A beam stop is also positioned after 

the sample table in order to attenuate all neutrons transmitted through a sample when both 

shutters are open. 

 

5.2.6 Slit system 

The incident neutron beam shaper (also known as the primary aperture or slit) is attached to 

the monochromator chamber wall through two orthogonal translation stages and a rotation 

stage. These electronically controlled motors provide the primary slit with translation across 

and parallel to the incident beam when the rotation stage is correctly aligned. The inside of 
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the aperture is lined with neutron absorbing cadmium, which only allows neutrons to pass 

through the front opening. The slit width can be manually adjusted from 0 to 4.95 mm and 

the height from 0 to 20 mm. 

 

A secondary slit is attached to the outside of the detector frame and, together with the 

primary slit, defines the nominal gauge volume (NGV). The secondary slit can be moved 

across and parallel to the diffracted beam via electronic means. The linear translation stages 

have an accuracy of < ±10 μm and the angular stages an accuracy of < 0.001°. The primary 

and secondary slit position stages both have a 110 mm travel capability. The slits can 

therefore be completely retracted to provide unobstructed access to the sample table when a 

sample or additional equipment is installed. When setting up an experiment, the slits are 

positioned as close to the sample as possible to reduce beam divergence. 

 

5.2.7 Sample positioner 

MPISI’s sample positioner was manufactured by Huber (2006:1). It can support a payload of 

500 kg when the sample’s centre of mass is vertically in line with the table’s centre of 

rotation. All axes’ stepper motors are connected to absolute encoders which allows accurate 

positioning at all times. Z translation is achieved by the extension of four vertical worm gears 

that are connected through a high-ratio gearbox to a stepper motor. Each linear axis has a 

travel distance of 250 mm with positional reproducibility of 10 μm. The sample and detector 

rotation has positional reproducibility of 0.05° and 0.002° respectively. A quarter-circle 

Eularian cradle can be added which enables additional tilt (χ) and rotation (φ) motions. 

 

Air cushions are attached to the bottom of the device, which allows the sample positioner and 

detector to be easily moved across the instrument floor. The instrument floor is constructed of 

polished lapped granite slabs with a maximum surface roughness of 40 μm. Figure 5.7 shows 

a depiction of the sample positioner and the attached detector housing. 
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Figure 5.7: Depiction of the sample positioner and detector housing 

 

5.2.8 Neutron detection 

A neutron counter (or neutron monitor) is attached to the outside of the beam opening of the 

monochromator collimator and is used in alignment procedures and for normalisation of 

position sensitive neutron detector (PSD) data when performing diffraction measurements. 

The neutron counter is a low efficiency (<0.1%) fission chamber. 130 mg, 93% enriched 
235

U 

is plated to the inner wall and the chamber is filled with a 10% methane in argon mixture. 

Incoming neutrons cause a fission reaction in the 
235

U and the gas is ionized by the fission 

fragments. With an applied voltage difference of 300 V, the ionization in the gas is detected 

by electronic means. 

 

MPISI employs a Denex-300TN PSD that was manufactured by Denex (2008). It is a 
3
He-

type detector, which uses delay line technology to determine the incident neutron position as 

was explained in Chapter 2.4.6. The detector is located inside a shielding box, which is open 

on the sample side. The shielding box is constructed from high-density polyethylene that 

reduces the detection of stray neutrons from the reactor hall. The active detection area of 280 

x 280 mm
2
 is divided into 421 x 421 bins producing an effective pixel size of 0.665 x 0.665 

mm
2
. The sample to detector distance is adjustable, but requires recalculation of a number of 

parameters. At a sample to detector distance of 1148.5 mm, the detector spans 13.86°. 
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5.3 Monte Carlo neutron ray tracing simulation 

5.3.1 Hardware and software setup 

A McStas instrument definition file (see Appendix D.2) containing the complete system 

comprising of the neutron optical models for MPISI presented in the previous section was 

created and executed using a McStas 2.0 x86 installation. In order to improve performance of 

McStas, a small cluster was created using a 32 bit message passing interface (MPI) Windows 

implementation, consisting of the computers described in Table 5.1. Initially x64 versions 

were tested, but these proved to be unstable. 

 

Table 5.1: McStas cluster computers 

Model Processor Speed 

(Ghz) 

Threads RAM 

(GB) 

OS 

HP Z420 Intel Xeon E5-1650 3.2 12 32 Win7x64 Pro Sp1 

Lenovo W520 Intel i7 2720QM 2.2 8 8 Win7x64 Pro Sp1 

 

5.3.2 Theoretical validation - scattering from a mild steel sample 

Figure 5.8 shows the results from a simulation of 3x10
9
 neutrons emitted from the source 

with a wavelength distribution between 0.1 and 10.0 Å, which was directed towards the 

sapphire filter. The (331) plane (with a d-spacing of 1.24594 Å) of the monochromator was 

selected to scatter neutrons at a take-off angle (2θM) of 83.5°. The first order diffraction will 

therefore produce neutrons with a wavelength of 1.6593 Å as calculated with Equation 2.3. 

 

A 5 mm diameter x 20 mm height cylindrical mild steel sample was placed in the centre of 

the instrument reference point. The primary and secondary slits were set to render a 2 x 2 x 

20 mm
3
 nominal gauge volume about the instrument reference point (sample position). Both 

were positioned 20 mm away from the sample. The PSD was placed 1.1485 m away from the 

CoR at a take-off angle (2θS) of 90° in order to capture neutrons diffracted from the α-Fe 

(211) plane (with a d-spacing of 1.1782 Å) at 89.52° 2θS. 

 

2D Position sensitive and wavelength detectors were placed at a number of positions in the 

neutron optical path in order to show how the neutron beam dimensions and wavelength 

distribution changes throughout the instrument. The X and Y scale of the PSDs were all kept 

the same to aid visual comparison. 
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ScanManipulator was used to analyse the PSD data. Geometric correction was performed and 

the data was integrated to produce a 1D-peak profile. The α-Fe (211) peak was fit with a 

Gaussian function resulting in a FWHM of 0.3313° ± 0.0035° and a  2θ211 angular position of 

89.3963° ± 0.0014° which is within 0.14% of the theoretical value. 

  

It can be deducted from the wavelength distribution of neutrons diffracted from the 

monochromator that only neutrons with wavelength below about 1.75 Å will eventually reach 

the sample position. If we assume the contributions from second order reflections are small 

enough to neglect, the simulation speed can drastically be improved by only simulating 

neutrons (at the source) with a wavelength distribution between 1.57 and 1.75 Å. 
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Figure 5.8: Diagram showing beam dimensions and wavlength distribution of neutrons at 

various positions in MPISI’s neutron optical path when diffracting from the α-Fe (211) plane 

of a sample. 

 

5.3.3 Effect of monochromator chamber window 

The circular opening (chamber window) on the inside of the monochromator chamber has a 

radius of 55 mm and is located 416 mm from the monochromator diffraction centre. The inlet 

face of the collimator only starts at 860 mm from the centre. Based on engineering 
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judgement, a neutron optic simulation was performed to determine if the expansion of the 

chamber window would increase the neutron flux at the sample position and thereby increase 

instrument efficiency. Two simulations were performed, one with, and the other without the 

window, in order to see its effect. The dimensions of the gauge volume at the sample position 

were defined by setting the primary slit window size to 5 mm x 5 mm, which is a general 

value commonly used in strain scanning experiments. The neutron counts at various positions 

in the beam path are listed in Table 5.2.  

 

Table 5.2: Chamber window influence on the neutron beam intensity at various positions in 

the neutron optical path of MPISI. Values are given as fractions of the neutrons diffracted 

from the monochromator. 

Simulation After 
collimator 
inlet face 

After 
collimator 
outer face 

Sample 
position 

With window 0.646 0.220 2.697e-3 

Without window 0.669 0.228 2.781e-3 

Percentage difference [%] 3.56 3.63 3.11 

 

The removal (expansion) of the circular opening will therefore provide a flux increase of 

about 3% at the sample position. 

 

5.4 Conclusion 

It was determined through the neutron optic path simulation of MPISI that a 3% increase in 

flux at the sample position can be achieved by enlarging the circular opening of the 

monochromator window, thereby satisfying Objective 2. This is however not a trivial task as 

a complete new concrete wedge will have to be manufactured and installed. The entire 

facility will be out of service for the installation period which includes roughly one month for 

radiation cool-down and one week for the physical installation. 

 

NDIFF follows SAFARI-1’s operation schedule, which is 24 hours a day, and roughly 300 

days a year. SAFARI-1 is shut down for approximately 5 days each month for maintenance 

and refueling. By performing the modification, a flux increase which is comparable to 9 full 

beam time days (with the current configuration) per year is achievable. The beam time lost 

due to installation will be recovered after about four years of operation. 
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6 INSTRUMENT ALIGNMENT 

6.1 Introduction 

Procedures and statements made in this chapter are specific to MPISI, but may also apply to 

other neutron diffraction instruments, depending on their configurations. 

 

All components of the neutron optical path must be aligned to a very high accuracy in order 

to maximize the available neutron flux at the sample position and reduce the error in the 

measured diffraction angle (2θS) and consequently in the dhkl and calculated stress value. 

Complete instrument alignment is generally an iterative process as there are a number of 

interdependent components in the system. 

 

Some components, which once they are aligned, only have to be re-aligned after major 

system changes are implemented. For example, the monochromator parameters for each 

diffraction angle, needs to be optimized only once. Thereafter selecting a different 

wavelength is as easy as positioning the monochromator to the pre-determined values. Other 

components such as the primary and secondary slit horizontal offset (psho and ssho) must be 

re-aligned with the instrument Centre of Rotation (CoR) every time that the gauge volume 

size is changed or when the apertures are accidentally bumped. 

 

6.2 Alignment aids 

A number of devices are available to assist in the alignment of the mechanical components of 

MPISI as well as the sample. 

6.2.1 Laser level 

Two laser levels as shown in Figure 6.1 are attached at opposite sides of MPISI’s detector 

frame. They are positioned at a 90° angle about the CoR. The laser line widths at the CoR is 

±1 mm and positioning a sample using only the lasers is achievable to ±0.5 mm. Alignment 

of the lasers is performed by first establishing the CoR (as described in Paragraph 6.3.4) and 

letting the laser line coincide with the centre of the alignment pin. 
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Figure 6.1: Photograph of the Laser Level 3 Pro 

6.2.2 Theodolite 

Two Leica NA730 theodolites as shown in Figure 6.2 are available on MPISI. One is 

attached to the detector frame and another is positioned on a pedestal next to the 

monochromator chamber. The theodolites provide a magnification of 30x and positioning of 

a sample to within 0.2 mm is achievable. Alignment is performed by letting the cross hairs of 

the theodolite coincide with the centre of the alignment pin positioned on the CoR.  

 

 

Figure 6.2: Photograph of a Leica NA730 theodolite 

6.2.3 Spirit levels 

Two high-resolution spirit levels as shown in Figure 6.3 are available for use on MPISI. This 

includes a 0.10 mm/m and a 0.02 mm/m precision level. 

  
(a) (b) 

Figure 6.3: Photographs of (a) the 0.10 mm/m and (b) 0.02 mm/m spirit levels used for 

instrument alignment 

6.2.4 Digital dial indicator 

The μS229 (Sylvac, 2005) is a digital dial gauge with a resolution of 1 μm, maximum error of 

5 μm and travel distance of 12.5 mm. Its values can be read by a host computer using an 

OPTO-RS232 cable, a socat server that provides a tcp/ip interface to the RS232 port, and 

Telnet connection. A communication module was created for the MPISI control system SICS, 
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in order to communicate directly with the dial indicator. The implementation is provided in 

Appendix E.3. The interconnections of the dial gauge system are shown in Figure 6.4. 

 

 

Figure 6.4: Graphical representation of the interconnections of the MPISI digital dial 

indicator system 

6.2.5 Digital video camera with telecentric lens 

A JAI CV-M4+CL digital video camera with a JENOPTIK JENmetar 1x/12 LD telecentric 

lens (with a lens distortion < 3 µm) is available for use on MPISI. The camera has an output 

resolution of 1380 x 1030 pixels (px) with a sensing area of 8.9 x 6.6 mm
2

, providing an 

effective square px size of 6.45 µm. The camera is connected to a SISO Microenable III 

frame grabber PCIe x4 card via a CameraLink cable. Stemmer Imaging’s Common Vision 

Blox (CVB) software provides a driver and interface for the frame grabber card. OpenInspire 

Camera Service (OICam) (Flemming, 2012) was written using these drivers to assist in 

diffractometer alignment by employing edge detection routines. This software was modified 

slightly and an interface client to SICS was created as described in Appendix E.2. The 

interconnections of the camera system are shown in Figure 6.5. The camera is mounted on a 

movable frame which can be positioned anywhere on the instrument floor. 

 

 

Figure 6.5: Graphical representation of the interconnections of the MPISI alignment camera 

system - initially developed by Flemming (2012) 
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6.2.6 Alignment pin / calibration cell 

The intersection of the sample table’s CoR axis and the diffraction plane is regarded as the 

instrument reference position. An alignment pin (Figure 6.6.a) or calibration cell (Figure 

6.6.b) is extensively used in determining this point. These two can be used interchangeably, 

in the paragraphs that follow. 

 

The alignment pin available on MPISI is constructed of an aluminium base and has an 

accurately machined 2 mm diameter mild steel rod centred at the top. Connection holes in the 

baseplate are aligned with connection holes of the sample table using alignment dowels. The 

height of the pin is fixed, and spacer boxes are used to position the alignment pin higher 

should the need arise. 

 

Accurately machined calibration cells (with different materials for the rod) are available for 

use on MPISI. The cell can be attached to a number of different length shafts. The shafts are 

height adjustable and clamped in a chuck. The chuck can be fixed anywhere on the sample 

table by means of CNC clamps. 

 

 

 
(a) (b) 

Figure 6.6: Photographs of (a) the alignment pin and (b) calibration cell used for instrument 

alignment 
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6.3 Centre of rotation 

The centre of rotation is correctly aligned with the position of the alignment pin if the pin is 

not displaced by more than 10% of the gauge volume dimension, when driving the sample 

table’s ω-axis (som). The linear x and y-axes must therefore be adjusted accordingly. The pin 

deflection can be measured either with the digital dial gauge or with the telecentric alignment 

camera as is shown in Figure 6.7. The following steps are used to ensure accurate alignment 

and were automated by creating routines directly in SICS. The newly created application 

program interface (API) is provided in Appendix E.4. 

 

 

Figure 6.7: Photograph of a typical setup when performing a CoR alignment 

6.3.1 Preparation 

The first step of determining the CoR, is to confirm that the sample table is level. This is done 

by manually adjusting the air pad fixtures of the sample positioner. Using available spirit 

levels, an accuracy of 0.02mm/m is obtained. Fortunately, this procedure only needs to be 

performed when the whole diffractometer is moved on the instrument floor, which only 

happens during the commissioning phase. 

 

The alignment pin is then positioned in the centre of the table using the locating dowels. This 

is however not always possible as it is sometimes necessary to determine the CoR whilst a 

sample is mounted on the instrument. In these cases, it is preferred to use the calibration cell 

approach as is shown in Figure 6.8. 

Alignment camera

Alignment pin Diffuse light source

Sample table

X-translation stage

Y-translation stage

Digital dial gauge

Movable frame
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Figure 6.8: Photograph of a CoR alignment setup using a calibration cell 

 

6.3.2 Measurement scale 

When using a dial gauge for measurement, readings are directly given in mm (or µm). The 

camera system however, can only provide relative pixel (px) positions of the edges of the pin. 

A px to mm scale should therefore be established. As a first approximation, this is done by 

focussing the camera on the pin and retrieving both the left and right edge position offset in 

px. The physical diameter of the pin is known and from this, the px to mm scale is 

determined. 

 

Edge positions 589.95 px and 871.28 px were retrieved from a focused image of a 2 mm 

diameter pin. 1 px is therefore equal to 7.109 µm. 

 

After the measurement axis is aligned (as described in the next paragraph), the measurement 

scale is recalculated by the tangential traversal of the pin. The centre position of the pin (px1) 

is determined, where after the axis tangential to the measurement axis is moved some 

distance ∆d and the centre position of the pin is determined again (px2). The scale is then 

calculated from ∆d / ( px2 - px1). 

 

6.3.3 Alignment of measurement axis with positioner axis 

When positioning the dial gauge (or telecentric camera) to measure the edge positions of the 

alignment pin, chances are good that the gauge axis x’ (direction of probe movement) will be 

miss-aligned with the positioner x-axis (x) as is depicted in Figure 6.9. In order to ensure that 

Calibration cell

¼ Eularian cradle

Mounted sample Dial gauge
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correct readings are taken from the gauge with respect to sample translation, these axes must 

be aligned. The following procedure was devised to achieve this. 

 Allow the flat contact point of the gauge to touch the pin and take a reading (P1). 

 Translate the pin a distance a, with the x-translation stage. 

 Take the reading on the gauge (P2) and calculate the displacement a’ = P1 –P2. 

 Align the two axes by rotating the sample table through an angle ω = cos
-1

(a’/a) 

 

 

Figure 6.9: Illustration of the measurement axis alignment procedure 

 

It is apparent that better alignment will be reached the longer the travelling distance a is, but 

this would also require a dial gauge with very high accuracy over a very long range. The 

angular alignment accuracy of this method can be calculated as follows: 

where: 

a’ = gauge displacement and 

ε = most limiting of precision, resolution or accuracy of the dial gauge or the x translation 

stage. 

 

y
y’ P2

P1

x – Positioner axis

x’ – Gauge axis

a

a’
ω

Gauge contact point before x translation

Pin centre before x translation

Gauge contact point after x translation

Pin centre after x 
translation











 




'

'
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a
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If this technique is implemented using a gauge which is allowed to measure 10 mm 

displacement with ε of 5 μm, the best angular alignment would be around 1.8°. Achieving an 

alignment of 0.005° using the same ε would require a displacement of 1.3km! 

 

In order to compensate for this, measurement scaling factors can be established as follows. 

After the initial angular alignment was performed as given above, the alignment pin is again 

translated a distance a using the x translator whilst measuring a’ from the gauge. The pin is 

moved back to the estimated centre of rotation positions and rotated through an angle 90° by 

driving the sample table ω-axis. The pin is then translated some distance b using the y 

translator and b’ is measured from the gauge. The relation of a to a’ and b to b’ can now be 

used to scale all translations accordingly. 

 

In order to demonstrate the automated implementation, the camera was placed in a position 

parallel to the y-axis of the sample positioner and the pin was brought into focus. The 

command “::align::cor::MeasurementAxis sy 5” was executed which resulted in an ω 

adjustment of 2.044° as is shown in Table 6.1.  When comparing the px centre values after 

the ω adjustment with that where motor sy was returned to the original position, the error is 

calculated as 18.70 µm by using the scale factor previously determined. This translates to an 

error in ω alignment of 0.21°. 

 

Table 6.1: Camera axis alignment test case 

 Focused sy translated ω adjusted sy returned 

OICam graphic of 
alignment pin 

    

sy [mm] -1.50 3.50 3.50 -1.50 

som [°] 0.0 0.0 2.044 2.044 

Edge positions [px] 589.95, 871.28 647.82, 863.66 626.74, 842.16 596.55, 877.61 

Centre [px] 730.61 755.74 734.45 737.08 

 

6.3.4 Determining the sample table x and y offsets 

After the axis of the measurement instrument is aligned with the axes of the sample table 

positioner, the sample table x and y offsets needed to move the alignment pin to the CoR 
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must be determined. In the following derivations, only measurement using a dial gauge will 

be discussed, as adaptation to using an optical camera for measurement is trivial. 

 

As stated in Chapter 2.5.2, Brand and Prask devised a method for calculating the offsets, but 

a Newtonian iterative method is used to solve a system of three equations. This method is 

heavily dependent on starting the solution process with good initial values (guesses). 

 

Two new methods were derived which directly provides independent equations for 

determining the x and y offsets eliminating the iterative approach. The first method requires 

four measurements, each taken 90° (ω-rotation of the sample table) apart. A total rotation of 

270° is therefore required. It is not always possible to rotate the table through such a large 

angle as a sample may be mounted which could cause a collision with the rest of the 

instrument. For this reason, A second method was derived which requires only three 

measurement taken 45° apart, to span a total rotational angle of 90°. Both these methods were 

automated and the implementation is given in Appendix E.4. 

 

6.3.4.1 Four measurements, taken 90 degrees apart 

 

Figure 6.10: Depiction of the displacement of a misaligned pin about the CoR when rotated 

though 270° at 90° intervals 
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With reference to Figure 6.10, the following applies: 

Initially the pin centre M will be located at arbitrary offsets mx and my from the centre of 

rotation O. The gauge is ‘zeroed’ at position AR (0°) where after the sample table ω-axis is 

rotated (around O) to 90° and BL is calculated by adding the pin diameter to the value of the 

measured BR position. The sample table is then rotated by another 90° where CL is calculated 

by adding the pin diameter to the measured CR. Finally the sample table is rotated another 90° 

where DR is measured. The offsets mx and my are then calculated with equations 6.2 and 6.3 

respectively, where r is the radius of the pin. 

 

6.3.4.2 Three measurements, taken 45 degrees apart 

 

Figure 6.11: Depiction of the displacement of a misaligned pin about the CoR when rotated 

though 90° at 45° intervals 

 

This method involves reading the displacement of the alignment pin when rotating the sample 

table ω-axis through 0, 45 and 90 degrees about the rotation centre O as shown in Figure 
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6.11. The gauge is ‘zeroed’ at position A (0°) before the table is rotated. During the first 

rotation (45°), point A will move to point A’ and the displacement BA is measured. During 

the second rotation (90°), point A’ will move to A’’ and B to B’. The displacement CA is 

now measured.  If M is the midpoint of the pin (with radius r) after the 90° rotation, then mx 

is the offset on the x-axis and my the offset on the y-axis which will allow M and O to 

coincide. The calculation of the offsets is as follows: 

 

With reference to the 0° and 90° rotations, the following is evident: 

OA = r + my    OC = r – mx    CA = OA – OC 

Substitution of OA and OC provides CA = r + my – r + mx 

Which gives: 

With reference to the 45° rotation, it can be concluded that point B will lie on the point (r,0) 

if it is translated by mx and my with a -45° rotation. With this in mind, the following can be 

derived: 

x
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OB = r - mx45x + my45x 

where: 

mx45x = x component of mx when rotated through -45° 

my45x = x component of my when rotated through -45° 

 

Substitution provides:  

 

Further: 

 

Substitution of Equation 6.5 and 6.6 into Equation 6.7 leads to: 

my = CA - mx Eq. 6.4 

22

yx
mm

rOB   Eq. 6.5 

OA = r + my Eq. 6.6 

BA = OA - OB Eq. 6.7 
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Substitution of Equation 6.4 into Equation 6.8 and simplifying leads to: 

 

Substitution of Equation 6.9 into Equation 6.4 and simplifying leads to: 

 

6.3.4.3 Accuracies of derived methods 

A minimum theoretical accuracy of these methods can be calculated by assuming the 

accuracy of measurements taken will have an impact on every term when evaluating the mx 

and my equations in such a way as to increase the total error. 

 

For the four measurements method, the errors resulting from Equations 6.2 and 6.3 becomes: 

and the errors resulting from the three measurements method becomes: 
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The absolute maximum error is then calculated with: 

 

By assuming a 1 px measurement accuracy when using the camera alignment system, the 

maximum error per measurement is 7.109 µm as discussed in Chapter 6.3.2. The pin diameter 

(r) was measured with a micrometer with an accuracy of 10 µm. Substituting these values 

into Equations 6.11 to 6.14 and calculating the absolute maximum error gives the results in 

Table 6.2. 

Table 6.2: Maximum positional errors when calculating CoR axis offsets using the camera 

alignment system. 

 Four 
measurements 

method 

Three 
measurements 

method 

err(mx) [µm] 17.11 46.46 

err(my) [µm] 17.11 53.57 

err(abs) [µm] 24.20 70.91 

 

This has an impact on the smallest dimension of the gauge volume that can confidently be 

used for experiments when the CoR was determined using the four or three-measurement 

method. This translates to ~0.25 mm and ~0.7 mm respectively when the 10% rule of thumb 

is followed. 

 

6.3.4.4 Experimental results 

An alignment pin was positioned and both of the new automation routines for determining the 

sample table x and y offsets from the CoR was tested for the camera alignment system. After 

each alignment was performed, the digital dial gauge was positioned and the pin deflection 

was measured whilst rotating the sample table ω-axis. The results for both alignment 

procedures are given in Figure 6.12. The maximum error (deflection) measured for the three 

measurement method was ~50 µm and for the four measurement method was ~10 µm. Both 

these values are below the absolute maximum theoretical values as given in Table 6.2. 
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Figure 6.12: Pin deflection when rotating the sample table for two different CoR alignment 

procedures 

6.3.5 Align z translator with instrument axis 

One aspect of instrument alignment that is often omitted from documentation is the alignment 

of the z translator with the instrument axis. The sample positioner of MPISI fortunately has 

only one set of worm gears that define translation in the z direction. Some instruments, such 

as the residual strain scanner Kowari, at ANSTO, have three sets, which extends 

telescopically. The advantage of this telescopic system is that samples can be translated over 

a relatively large vertical distance, but alignment of the different stages may become very 

difficult to achieve. 

 

The z alignment procedure cannot be automated, as it requires manual adjustments of the four 

vertical worm gears. After the CoR was determined at the lowest z position, z is extended and 

a CoR calculation is performed again. If the two centres do not coincide, as is shown in 

Figure 6.13, the worm gears must be detached and manually adjusted. 

 

Figure 6.13: Diagram of an exaggerated z-translation misalignment 
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6.4 Monochromator alignment 

6.4.1 Preliminary visual alignment 

Ideally, the monochromator must be positioned in such a way that the point where the 

assembly’s CoR and tilt rotation centre intersects is located at the intersection of the reactor 

beam and the required incident beam. 

 

An approximation of the direction of the primary neutron beam can be visually determined by 

removing the incident neutron counter and replacing the monochromator collimator with a 

transparent Perspex plug that has a small hole drilled through its centre. Using a laser and 

mirror combination as shown in Figure 6.14, the laser beam direction was adjusted so that it 

shined through the hole into the monochromator chamber. The x, z and z position of the 

monochromator was then adjusted so that the laser spot shined on the centre of the 

monochromator face. 

 

  
(a) (b) 

Figure 6.14: Photographs of the initial monochromator alignment showing (a) the laser / 

mirror combination to identify the primary beam path and (b) the laser spot falling onto the 

monochromator inside the camber 

 

6.4.2 Attainable reflections 

Silicon has a cubic diamond crystal structure with lattice parameter of 5.431 Å, and belongs 

to space group    ̅ . The angle φ between two planes (h1k1l1) and (h2k2l2) for a cubic 

structure is given by the following equation (Kelly & Knowles, 2012:472): 
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As stated in Chapter 5.2.4, the Si (110) plane of the monochromator is parallel to its face. The 

planes that are diffracted from when rotating the crystal in the horizontal plane about [ ̅  ] 

within the constraints of the available space inside the monochromator chamber, are depicted 

in the stereographic projection given in Figure 6.16. These are (111), (553), (331), (551), 

( ̅ ̅ ) and ( ̅ ̅ ). 

 

Figure 6.15: Stereographic projection of a diamond cubic crystal structure showing only 

poles relevant to MPISI’s Si monochromator 

 

By using Equation 6.16, the angles between diffracting planes can be calculated and is 

depicted in Figure 6.16.  
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Figure 6.16: Diagram of the MPISI Si crystal monochromator showing the orientation and 

direction of the crystal planes including the diffraction condition for a 83.5° take-off angle. 

 

6.4.3 Peak identification 

The d-spacing of an (hkl) plane for a cubic system is given by the equation 

where a is the crystal lattice constant, which is 5.431 Å in the case of Si. The calculated d-

spacing together with the port exit angle (~83.5° for MPISI) was then used in the Bragg 

equation (Equation 2.3) to calculate the wavelength of the neutrons diffracted from the plane 

in question. 

 

With the primary shutter open, the monochromator angle (mom) was step-scanned whilst 

recoding the neutron count rate provided by the neutron counter, which is positioned in front 

of the exit port on the chamber wall. The resulting peaks were fit with a Gaussian function as 

shown in Figure 6.17 to identify the diffraction angles. The separation angles between peaks 

were then used to identify (index) the peaks. 

 

During physical installation, the monochromator angle was only approximately aligned and 

in order to eliminate any offset, the measured angle of the (110) peak was assigned to 
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correspond exactly with the theoretical angle of the (110) peak. The theoretical angles of the 

other peaks were then determined by adding (or subtracting) the peak separation angles 

(calculated with Equation 6.16) for the other diffraction planes. The differences between the 

theoretical and measured angles are given in Table 6.3. 

 

 

Figure 6.17: Graph of the normalised neutron count rate at the monochromator exit port as a 

function of monochromator angle 

 

Table 6.3:Achievable  Si monochromator reflections at 83.5° port 

h k l d-spacing 

[Å] 

Wavelength 

[Å] 

Theoretical 

angle [°] 

Measured 

angle [°] 

Difference 

[°]  

1 1 1 3.136 4.17586 12.986 12.979 0.007 

5 5 3 0.707 0.94163 25.260 25.219 0.041 

3 3 1 1.246 1.65932 34.987 34.955 0.033 

5 5 1 0.760 1.01280 40.201 40.182 0.018 

1 1 0 3.840 5.11437 48.250 48.250 0.000 

5 5 1 0.760 1.01280 56.299 56.332 -0.032 

3 3 1 1.246 1.65932 61.513 61.558 -0.046 

 

6.4.4 Alignment for maximum intensity 

The monochromator was rotated to diffract from the (111) plane in order to have a maximum 

intensity for subsequent alignment steps. The monochromator x, y and tilt were sequentially 

step-scanned over the achievable translation ranges at 2 seconds per position whilst recording 

the neutron count rate on the beam monitor. After each scan, a Gaussian function was fit to 

the acquired data in order to determine the motor position rendering maximum count rate as 
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is shown in Figure 6.18. The motor was then moved to this optimized position before the next 

step-scan was initiated.  

 

   
(a) (b) (c) 

Figure 6.18: Graphs of the neutron count rate vs. the positions of the monochromator axis 

(a) x, (b) y and (c) tilt, used to optimize for maximum beam intensity. 

 

6.4.5 Figure of merit optimization 

The monochromator curvature has a large influence on the FOM as given in Equation 2.10. 

In order to optimize the FOM for the diffraction angle (2θS) range most used at MPISI, a 

calibration cell with mild steel rod was positioned on the CoR. With both the primary and 

secondary apertures positioned out the way of the neutron beam paths, the monochromator 

curvature was then step-scanned from 0.04 m
-1

 to 0.61 m
-1

 whilst recording the diffraction 

pattern on the neutron detector. Figure 6.19 (a) and (b) respectively show the diffraction peak 

of the Fe (211) plane and the resulting FOM as a function of horizontal monochromator 

curvature. The optimum curvature was obtained from the FOM by fitting a Gaussian function 

to the data. 

 

 
 

(a) (b) 

Figure 6.19: Graphs of (a) the Fe (211) diffraction peak and (b) the resulting figure of merit, 

as a function of monochromator curvature. 
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6.4.6 Alignment of the diffraction plane with the detector centre plane 

The installation team used optical methods (lasers) to estimate the vertical offset of the 

detector with reference to the centre of the monochromator collimator. It was however found 

that the monochromator collimator is not perfectly level as it is positioned within an uneven 

casted concrete structure. This necessitated a more accurate strategy to align the diffraction 

plane with the centre of the detector. 

 

At a 90° diffraction angle, the Debye-Scherrer cone will intersect the surface area of a 

detector as a straight line. For this reason, the FOM determined for the monochromator focus 

using Fe (211) plane is insensitive to the detector vertical offset. A cone at any other angle 

intercepts the detector as a curved line, and is exacerbated at very high and very low angles. 

With a properly aligned detector-monochromator system, the centre of the vertical edge of 

the curved line will coincide with the vertical centre of the detector. 

 

A 99.9% pure molybdenum rod (10 mm diameter x 200 mm height) was positioned on the 

CoR and both the primary and secondary apertures were positioned out of the neutron beam 

paths. The Mo (110) plane diffracts 1.659 Å neutrons at 43.8° 2θ, which is far enough away 

from 90° 2θ to observe the curvature of the cone. An initial scan was performed for 600 s and 

the diffraction peak shown in Figure 6.20 (a) was observed. The detector data were then 

subdivided into 30 vertical sections. Each section was integrated to produce a diffraction peak 

corresponding to a y-detector position. A Gaussian function was fit to each peak to determine 

the diffraction angles. These diffraction angles (as a function of y-detector position) was 

again fit with a Gaussian function to determine the centre of the diffraction cone with respect 

to the detector position as is shown in Figure 6.20 (b). It was found that the centre of the cone 

was offset 19.7 ± 3 mm from the detector centre. 
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(a) (b) 

Figure 6.20: (a) Diffraction cone of Mo (110) plane intercepting the PSD and (b) a Gaussian 

fit over the diffraction cone showing the centre position. 

 

By changing the monochromator tilt angle, the cone direction can be adjusted as the vertical 

incident angle onto the sample is changed. When the tilt angle is changed, the 

monochromator vertical offset (z-axis position) should also be adjusted to ensure that the 

beam is not restricted by the monochromator collimator. 

 

The tilt angle was step-scanned from -2.5° to -1.5° to render 11 measurements. For each 

measurement, the procedure as explained above was followed to determine the offset of the 

centre of the cone with respect to tilt angle, which is shown in Figure 6.21 (a). A linear 

equation was fit to the results in order to determine the angle that will render a zero offset of 

the cone centre with respect to the detector centre. The monochromator was tilted to -1.77° 

degrees and a step-scan of the monochromator z-axis position was performed from -19 to -2 

mm. The intensity of measured diffraction peaks were integrated to produce the z-axis 

dependant graph given in Figure 6.21 (b). The position of maximum intensity was determined 

by fitting a Gaussian function to the data and the monochromator z-axis was moved to this 

position. The tilt angle and z-axis position were calculated iteratively in this manner and after 

three iterations, the offset value was 1 mm, which is within the range of two detector pixels. 

Convergence was therefore assumed with the tilt set at -1.51° and the z-axis position at -3.97 

mm.  
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(a) (b) 

Figure 6.21: Graphs showing (a) the relationship between scattering cone centre and 

monochromator tilt angle and (b) relative integrated diffraction peak intensity as a function 

of monochromator z position. 

 

6.5 Detector alignment 

6.5.1 Bin to area 

The first step in aligning the detector is to establish the relationship between the detector bins 

(421 x 421) and the detector active area. We know from the detector specification that the 

active area is 280 x 280 mm
2
, therefore each bin represents an area of 0.67 x 0.67 mm

2
. As a 

convention, position (0,0) is in the centre of the detector. The x and y-detector positions 

therefore span from -140 mm to +140 mm. 

 

6.5.2 Sample-to-detector distance 

In order to calculate the sample-to-detector distance, it is necessary first to determine the total 

detector angular span. A Fe calibration cell was mounted at the CoR and the detector 

positioned with the sample-two-theta (stth) motor at 94° so that the (211) diffraction peak 

was observed at the left edge of the detector. The detector was step-scanned in 4 x 2° steps to 

stth = 86°. The acquired diffraction peaks are shown in Figure 6.22 (a). Each peak was fit 

with a Gaussian function to determine the x-detector position of the peak centre. The linear 

relationship between the observed peak positions as a function of stth angle (shown in Figure 

6.22 (b)) was used to determine the total detector angular span as 13.9°. The sample to 

detector distance (sdd) was calculated as 1148.5 mm by using the angular span and detector 

active length. 
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(a) (b) 

Figure 6.22: Graphs showing (a) the Fe (211) peak position on the detector for different stth 

motor positions, and (b) the linear relationship used to calculate the detector angular span. 

 

6.5.3 Detector offset and wavelength refinement 

An Al2O3 NIST standard powder was positioned on the sample table and the detector two-

theta motor (stth) was step-scanned from 35° to 100° in 6 steps to cover an effective 2θ 

scattering range from 28.05° to 106.95°. Rietveld refinement was applied to acquired data as 

is shown in Figure 6.23 and the detector zero-offset and wavelength was refined to the values 

of -1.78° and 1.646 Å respectively. Using this wavelength, the monochromator exit port 

angle (2θM) was calculated as 82.7°, instead of the estimated 83.5°. 

  

Figure 6.23: Graph showing the Rietveld refinement and measured diffraction pattern of 

Al2O3 on MPISI  
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6.6 Defining the instrument gauge volume 

The IGV is defined by the positions, horizontal offsets and widths of both the primary and 

secondary slits as well as the angle between them. It is therefore necessary to align the 

primary slit accurately with respect to the incident neutron beam and the secondary slit with 

respect to the diffracted beam. When performing a strain scanning experiment, the primary 

and secondary slits should be as close to the surface of the sample as possible in order to 

reduce beam divergence and increase spatial resolution of the SGV. As a neutron strain 

scanning instrument must be able to accommodate objects of various shapes and sizes, the slit 

positions must consequently be adjustable to eliminate collisions with the sample. 

 

6.6.1 Determine vertical centre of beam 

With the apertures removed, a mild steel bar (6.4 mm x 22.5 mm) was aligned on the sample 

table in transmission mode to have the centre of the 22.5 mm dimension positioned on the 

estimated vertical beam centre as shown in Figure 6.24 (a). This position was taken as the 

reference zero-position for the sample table z-axis (sz) which was scanned from -45 to 45 mm 

in 30 steps. The neutron counts from the Fe (211) diffraction peak were integrated and plotted 

against the sz position. The analytical solution was fit to the measured data as shown in 

Figure 6.24 (b) whereby the centre was resolved as 2.7 ± 0.2 mm. The beam height (without 

the apertures in position) was determined as 40.6 ± 0.6 mm. 

 

The height of the lasers and theodolites were adjusted to coincide with the resolved vertical 

beam centre by using the mild steel bar as reference. The apertures were moved into position 

and their vertical offsets were adjusted to have the centres of their vertical openings aligned 

with the theodolite horizontal crosshair lines. 
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(a) (b) 

Figure 6.24: (a) Photograph showing the positioning of a mild steel bar on MPISI to 

determine the vertical beam position and (b) the resulting graph of the relative integrated 

intensity after the bar was step-scanned in the z-direction. 

 

6.6.2 Align the slit horizontal offsets 

It can be assumed that the primary aperture is in line with the incident beam when the neutron 

count rate recorded on the PSD is at a maximum when scattering from the centre of an 

alignment pin, which is positioned on the CoR as show in Figure 6.25 (a). 

 

In order to determine this position, a 2 mm diameter Fe calibration cell was placed on the 

CoR and the primary slit opening was set to 2 mm width and 20 mm height. The aperture was 

moved as close to the cell as possible, which is 15 mm away from the CoR. The secondary 

aperture was moved out of the way in order to not obstruct the diffracted beam in any way. 

The primary slit horizontal offset (psho) motor was used to move the slit to an estimated 

aligned position, which was used as the reference-zero point for a psho 41 point step-scan 

ranging from -4 to 4 mm. The Fe (211) diffraction peak was integrated and a Gaussian 

function was fit to the normalized data as shown in Figure 6.25 (b). The peak centre (and 

therefore the aligned psho position) was established to be -1.35 ± 0.01 mm away from the 

reference-zero position.  
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(a) (b) 

Figure 6.25: (a) Photograph showing the positioning of the primary aperture to determine 

the primary slit horizontal offset and (b) the resulting graph of the relative integrated 

intensity after aperture was step-scanned in the horizontal-direction. 

 

6.6.3 Determine slit rotation 

Any position the primary slit could be moved to should always be in line with the incident 

beam. In addition to the primary-slit-position (psp) and primary-slit-horizontal-offset (psho) 

motors, the slit is also attached to a primary-slit-rotate (psr) motor, which allows for slit 

rotation. This psr motor is used to ensure that the slit always moves parallel to the incident 

beam. 

 

In order to align psr, the slit was retracted as far as possible (∆y = 110 mm, with reference to 

Figure 6.26) from the CoR using the psp motor, and psho was again step-scanned whilst 

recording neutron counts from the Fe (211) diffraction peak. The psho position for maximum 

intensity was established as before (Chapter 6.6.2) and the difference in psho positions (∆x) 

were used to determine the angle ϕ which would render the psp axis parallel to the incident 

beam using the following trigonometric relationship 

 

After rotating the primary slit arm through ϕ, the final horizontal offset ∆x’ was determined 

by performing another psho step-scan. 
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Figure 6.26: Line diagram depicting the primary slit rotation alignment procedure 

 

6.6.4 Secondary slit 

The secondary slit of MPISI unfortunately only has motors controlling the horizontal offset 

(ssho) and position (ssp). This means that the rotation alignment of the slit cannot be 

performed the same as for the primary slit. After moving to a secondary slit to a new position, 

the horizontal offset must be re-determined using the same procedure as for the primary slit. 

Some effort was made to adjust the beam on which psp is mounted using shims to render the 

movement parallel to the diffracted beam which resulted in an angle of less than 0.1°. 

 

6.6.5 Beam divergence 

It is essential to characterize the IGV with respect to beam divergence as this determines how 

close a diffraction measurement can be made to a sample surface and still be fully embedded 

in the material as partial illumination renders spurious strains (Hutchings, 2005:116). 

MPISI’s beam divergence was measured by scattering from the mild steel bar as positioned in 

Figure 6.24, using a nominal gauge volume of 2 x 20 x 2 mm
3
. Vertical and horizontal 

divergence was calculated by step-scanning sz and sy respectively as a function of primary 

slit position and fitting appropriate entry curve analytical functions to the integrated 

diffraction peak intensities. The results are depicted in Figure 6.27. By fitting a linear 

equation to the results, the size of the slit opening can be calculated which would render an 

instrument gauge volume at the CoR with the required dimensions.  

Incident beam

Alignment 
sample
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(a) (b) 

Figure 6.27: Graphs showing the (a) horizontal and (b) vertical beam divergence as a 

function of primary slit position. 

 

6.7 Implementation 

A number of instrument calibration processes of MPISI were automated by creating 

customised routines and procedures for SICS, the instrument control system of NDIFF. The 

implementation of the automation routines is given in Appendix E. 

 

6.8 Conclusion 

Complete diffraction instrument alignment requires the systematic alignment of individual 

components to establish a fixed instrument reference point and to optimize and characterize 

the incident and diffracted neutron beams. A number of these alignment steps are only 

performed during instrument commissioning eliminating the need for automation. There are 

however a number of routinely used procedures which were automated in order to reduce 

human error and reduce the time needed to perform the alignment steps. The reduction in 

required time needed for instrument calibration directly leads to an improvement of beam 

utilization and satisfies Objective 3. 
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7 SAMPLE ALIGNMENT 

7.1 Introduction 

The article entitled “Sample positioning using a multi-material fiducial marker in neutron 

diffraction experiments” was accepted for publication in the peer reviewed journal Nuclear 

Instruments and Methods in Physics Research A 841 (2017) 12-16 and became available 

online on 13 October 2016. 

 

The article describes an alternative sample positioning method to be used in conjunction with 

sample positioning and experiment planning software systems deployed on some neutron 

diffraction strain scanners. In this approach, the spherical fiducial markers and location 

trackers used with optical metrology hardware are replaced with a specifically designed 

multi-material fiducial marker that requires one diffraction measurement. In a blind setting, 

the marker position can be determined within an accuracy of ±164 µm with respect to the 

instrument gauge volume. The scheme is based on a pre-determined relationship that links the 

diffracted peak intensity to the absolute positioning of the fiducial marker with respect to the 

instrument gauge volume. Two methods for establishing the linking relationship are 

presented, respectively based on fitting multi-dimensional quadratic functions and a cross-

correlation artificial neural network. 

 

By implementing this new methodology on MPISI, samples exhibiting an arbitrary shape can 

be aligned using less beam time than previously required, thereby improving beam 

utilization. Objective 4 was satisfied through this research. 

 

7.2 Article 2: Sample positioning using a multi-material fiducial 

marker in neutron diffraction experiments 

D. Marais performed all the research related to this publication. This includes the following: 

 Designed and constructed the multi-material fiducial marker 

 Designed and executed the experiment 

 Performed all data treatment of experiments 

 Developed the methodologies to determine the sample position 
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 Performed all data analysis of the results 

 Prepared the first draft of the publication 

 Prepared all figures contained in the publication 

 Collated and addressed all comments from co-authors 

 Prepared and submitted the first version of the publication 

 Collated and addressed all comments from the reviewers 

 Submitted the final version of the publication 

 

Prof. A.M.Venter, Prof. J. Markgraaff and Dr. J James acted as project leader, academic 

study leader and co-project leader respectively during the time of this research. Both A.M. 

Venter and J. James provided comments and support on technical and academic aspects of 

the publication. 
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8 INTELLIGENT DATA ACQUISITION 

8.1 Introduction 

The article entitled “Optimization of counting time using count statistics on a diffraction 

beamline” was published in the peer reviewed journal Nuclear Instruments and Methods in 

Physics Research A 818 (2016) 32-37 and became available online on 20 February 2016. 

 

In this article, the feasibility of an alternative data acquisition strategy to improve the 

efficiency of beam time usage with neutron strain scanner instruments is demonstrated. By 

performing strain measurements against set statistical criteria, rather than time, not only leads 

to substantially reduced sample investigation time but also renders data of similar quality 

throughout. Especially appropriate to highly absorbing materials, a newly developed real-

time peak fit and parameter evaluation scheme with automated interaction with the DAC 

system improves neutron beam utilization by reducing measurement time and reducing 

variances in data quality. Objective 5 was satisfied through this research. 

 

8.2 Article 3: Optimization of counting time using count statistics 

on a diffraction beamline 

D. Marais performed all the research related to this publication. This includes the following: 

 Developed methodology to perform real-time data evaluation within an existing 

control system 

 Designed and implemented the relevant software 

 Designed and executed the experiment 

 Performed all data analysis of results 

 Prepared the first draft of the publication 

 Prepared all figures contained in the publication 

 Collated and addressed all comments from co-authors 

 Prepared and submitted the first version of the publication 

 Collated and addressed all comments from the reviewers 

 Submitted the final version of the publication 
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Prof. A.M.Venter, Prof. J. Markgraaff acted as project leader and academic study leader 

respectively during the time of this research. Both co-authors provided comments and support 

on technical and academic aspects of the publication. 
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9 CONCLUSION 

9.1 Discussion 

The research contained in this thesis was focused on establishing methods to increase the 

beam utilization of neutron diffraction strain scanners, as applicable to the Necsa SAFARI-1 

materials probe for internal strain investigations instrument. 

 

A software system that supports data reduction and visualization of multidimensional results 

was created and implemented on MPISI. The streamlined processing pipeline enables the 

user to perform a number of corrections and manipulations to data automatically, which 

reduces the ‘dead time’ experienced on the instrument when data must be analysed before a 

subsequent experiment can be initiated. 

 

A Monte Carlo ray tracing simulation of the neutron optical path of MPISI revealed that the 

neutron flux at the sample position (and therefore the intensity of the diffracted beam) could 

be increased by 3% by expanding the circular opening of the monochromator chamber 

window. By performing the modification, a flux increase which is comparable to nine full 

beam time days (with the current configuration) per year is achievable. The beam time lost 

during the modification will be recovered after about four years of operation. 

 

Procedures were established to align all components comprising the neutron optical path of 

MPISI. After successful alignment, the neutron beam will be optimized with respect to a 

figure of merit, which is a trade-off between maximum neutron intensity and minimum 

diffracted peak width. Procedures for determining the instrument’s centre of rotation was 

automated by implementing routines directly in the control system thereby reducing the time 

required to perform the calculation. 

 

As budgetary constraints prohibited the procurement of metrological equipment (coordinate 

measurement machine and touch probe), a new sample alignment methodology was 

developed for use within the SScanSS system. By using the SScanSS system, samples of 

arbitrary shape can easily be positioned on the instrument whilst designing the whole 

experiment off-line, therefore improving the beam utilization. 
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A data analysis system that performs automated real-time peak fitting to diffraction data 

obtained from the data acquisition system was developed and implemented. By coupling the 

data analysis system to the control system, experiments can be designed to rely on count 

statistics instead of a fixed measurement time to determine if a measurement is completed. It 

was shown that a vast reduction in measurement time could be achieved, whilst reducing 

variances in data quality.  

 

9.2 Future research 

It is envisaged to implement customized routines developed for ScanManipulator in a larger 

data analysis framework such as Mantid or GumTree. This would have the benefit of reusing 

routines developed by the neutron scattering community as well as contributing to the Open 

Source community. 

 

Improvements should be made to the monochromator component as available in the McStas 

libraries. Currently it is assumed that the crystal plane used for diffraction is parallel to the 

monochromator surface. As there is no option to include a cut angle, discrepancies in neutron 

trajectories arise when simulating a curved monochromator, resulting in a discrepancy in the 

resolution curve between a simulated and real instrument. After improvement of the 

monochromator component, it should be possible to create characterisation datasets as 

required by the sample positioning using a multi-material fiducial marker methodology 

through simulation only, thereby adding to the improvement of beam utilization. 
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11 APPENDIXES 

Appendix A: Conference contribution NOBUGS2014 

A.1. Background 

The aim of the NOBUGS conference series is to foster collaboration between IT 

professionals working at X-ray and neutron sources around the world. This collaboration 

should yield better data acquisition and data analysis software for the users of such facilities. 

The general range of topics includes: Best practice in software engineering, web/mobile 

technology, high speed/real time data analysis/visualisation/3D graphics, data 

avalanche/managing data, database integration, automatic calibration and data reduction. 

 

NOBUGS 2014 was hosted by J-PARC and took place at the High Energy Accelerator 

Research Organization (KEK), Tsukuba, Japan during 24 to 26 September 2014.  . 

 

A.2.  Towards near real-time data analysis and instrument calibration at the Necsa 

Neutron Strain Scanner 

The following abstract was submitted and accepted as an oral presentation. 
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Towards  near real-time data analysis and instrument calibration at the 

Necsa Neutron Strain Scanner 
 

D. Marais
1 
and A.M. Venter

1
 

 
1
Research and Development Division, The South African Nuclear Energy Corporation (Necsa) SOC 

Limited 

 

The diffraction group of Necsa recently commissioned the Materials Probe for Internal Strain 

Investigations (MPISI) instrument at the Neutron Diffraction Facility. The data acquisition and 

control system (SICS) [1] was sourced from ANSTO, configured and implemented to comply with 

site-specific requirements. 

 

A number of additions were made to the control system to enhance the strain data quality and reduce 

the overall sample setup and acquisition times. Mainly two aspects were addressed: automated 

calibration of the centre of rotation, and data acquisition strategy against statistical criteria 

automatically evaluated in near real-time. 

 

Centre of rotation calibration was achieved by interfacing the OpenInspire (OI) Camera Server [2] to 

a custom client incorporated in SICS. The edge detection algorithms of OI are used to accurately 

determine the position of a calibration cell with reference to the goniometer rotation axis by rotating 

the sample table stack to specific angles. With this procedure, the x and y offsets for the stack are 

determined automatically. 

 

Strain investigations are performed by measuring the Bragg-peak positions of a specific reflection at 

pre-determined locations in samples. The data acquisition strategy generally employed on strain 

scanners is acquisition against time at each position, where the times are estimated based on 

experience and intuition. This practice is time inefficient since near surface positions are generally 

over-counted at the expense of positions in the sample interior where beam attenuation becomes more 

severe and unpredictable. In addition, this practise can lead to variable statistical accuracy. 

 

An application (Fig. 1) has been developed to perform strain 

measurements against set statistical criteria, rather than time. 

Detector data are periodically retrieved from the ANSTO 

Histogram Memory Server (HM) and evaluated in near real-

time with a Gaussian multipeak function. When all user 

specified parameters are met, the data acquisition for that 

position is deemed valid. This acceptance is then output to an 

emulated beam monitor that interrupts the HM and the sample 

is advanced to the next measurement position. An additional 

intervention becomes applicable at measurement positions that 

may be plagued by weak intensities, such as near surface 

(partial illumination) or severe texture, which could lead to the near-real time strategy becoming 

stuck. Subsequently, during an experiment, the user will specify a maximum time allocated for each 

sample position, as would have been applicable with the normal time data acquisition strategy. 

 
References 

1. Heer, H., Könnecke, M. & Maden, D.  The SINQ instrument control software system.  Physica B, 241-243, 

124-126 (1998). 

2. Flemming, SA. Analysis and development of instrument software paradigms; Conception and 

implementation of a new instrument control and data acquisition system, proven by material scientific 

applications. Ph.D. Thesis. Open University: U.K. (2013) 

 
Fig. 1 ScanMan – Real time peak 

fitting  
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Appendix B: Conference contribution SAIP2015 

B.1. Background 

An annual conference of the South African Institute of Physics (SAIP) was hosted by the 

Nelson Mandela Metropolitan University and Rhodes University and took place at 

Boardwalk Hotel and Convention Centre in Port Elizabeth from 30 June - 3 July 2015. The 

conference covered a range of topics, which included the following:  

• Division for Physics of Condensed Matter and Materials 

• Nuclear, Particle and Radiation Physics 

• Photonics 

• Astrophysics 

• Space Science 

• Physics Education 

• Applied Physics 

• Theoretical and Computational Physics 

 

B.2.  Data processing at the Necsa neutron diffraction facility 

The following abstract was submitted and accepted as an oral presentation. 
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Data processing at the Necsa neutron diffraction facility 
 

D. Marais
1,a

, A. M. Venter
1,b

, J. Markgraaff
2,c 

1Research and Development Division, Necsa SOC Limited, PO Box 582, Pretoria, 0001, South Africa 

2School of Mechanical and Nuclear Engineering, North-West University, Potchefstroom, 2520, South Africa 

aCorresponding author: Deon.Marais@necsa.co.za, +27(0)123055645 

bAndrew.Venter@necsa.co.za, +27(0)123055038 

cJohan.Markgraaff@nwu.ac.za, +27(0)182991658 

 

The South African Nuclear Energy Corporation SOC Ltd. (Necsa) recently completed major 

instrument upgrades to the Neutron Diffraction Facility (NDIFF) at the SAFARI-1 research reactor. 

With this, a method was needed to facilitate data processing of both the Powder Instrument for 

Transition in Structure Investigations (PITSI) and the Materials Probe for Internal Strain 

Investigations (MPISI) instrument.  

As only minimal standardisation of neutron diffraction instruments and their data processing 

software exists, available packages were not directly compatible with the NDIFF instrument 

modalities. A number of diffraction data processing frameworks (such as Mantid and GumTree) are 

available, but these tend to be very expansive and have a steep learning curve, which needs to be 

overcome in order to add functionality. New purpose-built software named ScanManipulator was 

consequently created for NDIFF. 

In order to produce a complete diffraction pattern from datasets at different detector angles as 

measured on PITSI, the data first undergoes a number of procedures, which was automated with the 

new software. This includes flat field and geometric correction, data cropping, normalisation, scaling 

and stitching. Treated data can be exported to a Fullprof compatible format enabling quantitative 

Rietfeld analysis.  

ScanManipulator can be connected to the control system of MPISI thereby providing it with near 

real-time data originating from the 2D position sensitive neutron detector. The necessary 

corrections and normalisations are automatically applied as new detector data becomes available. 

Peak parameters resulting from automated peak fitting of the corrected data are evaluated against 

statistical criteria and used to adjust the measurement time within the control loop. The use of this 

protocol also leads to a reduced spread in standard deviation values of d-spacing between 

successive measurements. 

ScanManipulator thus provides a platform to perform automated processing of diffraction data 

emanating from the NDIFF instruments. 
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Appendix C: Conference contribution NOBUGS2016 

C.1. Background 

The aim of the NOBUGS conference series is to foster collaboration between IT 

professionals working at X-ray and neutron sources around the world. This collaboration 

should yield better data acquisition and data analysis software for the users of such facilities. 

The general range of topics includes: Best practice in software engineering, web/mobile 

technology, high speed/real time data analysis/visualisation/3D graphics, data 

avalanche/managing data, database integration, automatic calibration and data reduction. 

 

NOBUGS 2016 was hosted by the European Spallation Source, University of Copenhagen 

and MAX IV Laboratory. It took place at Copenhagen University, Copenhagen, Denmark 

during 16 to 19 October 2016. 

 

C.2.  Sample positioning on a diffraction beamline using artificial neural networks  

The following abstract was submitted and accepted as a poster presentation. 
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Sample positioning on a diffraction beamline using artificial neural 

networks 
 

1,2
D. Marais,  

1,3A. M. Venter, 
4
J. James, 

2
J. Markgraaff 

 
1
Radiation Science Department, Necsa SOC Limited, PO Box 583, Pretoria, 0001, Republic of South 

Africa 
2
School of Mechanical and Nuclear Engineering, North-West University, Potchefstroom, 2520, South 

Africa
 

3
Faculty of Agriculture Science and Technology, North-West University, Mahikeng, 2790, South 

Africa 
4
Materials Engineering, The Open University, Walton Hall, Milton Keynes, Buckinghamshire MK7 

6AA, UK 

 

 

Time efficient and accurate sample positioning with reference to the neutron gauge volume 

are important parameters on diffraction based strain scanner instruments. Traditionally 

sample alignment to the neutron gauge volume is performed by beam entry or wall scans and 

fitting of the diffracted neutron intensity values (as a function of relative position) to an 

analytical solution. Using this approach, the sample surface position can be determined to 

very high precision [1]. In general, dependent on the scattering power from the sample, entry 

scans may become tedious and time-consuming inherently reducing the effective utilisation 

of the available beam time. Notwithstanding this approach working well for samples that 

have simple geometrical shapes, it becomes increasingly more difficult to apply in samples 

that have irregular shapes since this requires multiple entry scans.  

 

James et al. devised an advanced sample alignment approach where a computer model of the 

sample is associated with the real sample in 3D space using fiducial markers and a coordinate 

measuring machine (CMM) [2]. 

 

This presentation will describe an alternative low cost approach to sample alignment that uses 

pre-characterized multi-material fiducial markers and artificial neural network technology 

eliminating the need for an expensive CMM.  
 
References 

[1] Brand, P.C. (1994). New Methods for the Alignment of Instrumentation for Residual-Stress Measurements 

by means of Neutron Diffraction, J. Appl. Cryst. 27, 164-176. 

[2] James, J.A., Santisteban, J.R., Edwards, L., Daymond, M.R. (2004). A virtual laboratory for neutron and 

synchrotron strain scanning. Physica B. 350, e743-e746 

 

Email corresponding author: Deon.Marais@necsa.co.za    Preference: Poster 
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Appendix D: McStas contributions  

D.1.  E-mail correspondence 

The following is an extract of the email correspondence between D. Marais and one of the 

creators of McStas, P.K. Willendrup, confirming an informal peer-review process was 

followed before online publication of the MPISI McStas instrument definition file. 

 

  

On 24 Sep 2015, at 11:09 , Deon Marais <Deon.Marais@necsa.co.za> wrote: 

 
 

Good day Peter. 
  
I include McStas models of two instruments at the SAFARI-1 research reactor in South Africa for your 
approval to be included in the upcoming release. 
  
I also include some code that I use to generate and execute ‘McStas parameter study’ files. If you 
open an *.inst file, it will create a skeleton *.parst file for the instrument. In here you then provide 
start and end values and number of steps in between for parameters you would like to step. If you 
then open the *.parst file again, a *.cmds is created which is essentially a list of command lines to be 
executed containing all perturbations. The execution takes place using perl and willwait until all mpi 
threads are completed before running the next one. I use this to simulate stepping a sample through 
the beam on our strain scanner, but can be used for other things as well. I have only used it on 
Windows so far, so I don’t know how it will run on Linux. 
  
Kind regards, 
Deon 
 

Deon Marais 
Senior Engineer 
Website: www.necsa.co.za 
 

  

On 29 Sep 2015, at 21:22 , Peter Kjær Willendrup <pkwi@fysik.dtu.dk> wrote: 

 

Dear Deon,  

 

Thank you very much for your mail and contributions - the first ones from South Africa as 

well as the African continent. :-)  

 

Both the instrument files and the ‘parameter study’ script are most welcome contributions! :-) 

I will have a closer look and check the stuff in to the McStas GitHub one of the next days. 

 

Best, 

Peter 

 
Peter Kjær Willendrup 
Senior Research Engineer, Special Advisor 
DTU Physics 

Technical University of Denmark 

mailto:Deon.Marais@necsa.co.za
http://www.necsa.co.za/
mailto:pkwi@fysik.dtu.dk
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From: Peter Kjær Willendrup [mailto:pkwi@fysik.dtu.dk]  
Sent: 01 October 2015 12:11 PM 

To: Deon Marais 

Cc: Emmanuel Farhi; Erik Bergbäck Knudsen; Kim Lefmann 
Subject: Re: McStas contributions 

 

Dear Deon,  

 

With very few modifications, I have now uploaded your instrument files to the 

McStasMcXtrace git - see 

 

https://github.com/McStasMcXtrace/McCode/tree/master/mcstas-comps/examples and 

https://github.com/McStasMcXtrace/McCode/commit/65b82ac56a506f578ce949247b74ad9a

8118d24f 

 

 

With regard to the pstudy tool - could I get you to write up a small README that discusses 

the use of this tool together with an example instrument file? 

 

- Then we would be happy to put it either in the McStasMcXtrace git or on the 

mcstas.org/download/share - as you prefer? 

 

Best, 

Peter 

 
Peter Kjær Willendrup 
Senior Research Engineer, Special Advisor 
DTU Physics 

Technical University of Denmark 
 

  
From: Deon Marais  

Sent: 06 October 2015 07:16 AM 
To: Peter Kjær Willendrup 

Cc: Emmanuel Farhi; Erik Bergbäck Knudsen; Kim Lefmann 

Subject: RE: McStas contributions 

 
Good day Peter, 
 
My apologies for the delay. I sent the requested files last week, but got notified now that my mail 
server does not want to release a zip file, so now I put it in a 7z. Please discard the previous version 
of McStasPS that I sent you as it does not have a disclaimer in it.  
 

I propose that you put it on the mcstas.org/download/share page. If there are any further 
questions, please let me know. 
 
Kind regards, 
Deon 
 

 

mailto:pkwi@fysik.dtu.dk
https://github.com/McStasMcXtrace/McCode/tree/master/mcstas-comps/examples
https://github.com/McStasMcXtrace/McCode/commit/65b82ac56a506f578ce949247b74ad9a8118d24f
https://github.com/McStasMcXtrace/McCode/commit/65b82ac56a506f578ce949247b74ad9a8118d24f
http://mcstas.org/download/share
http://mcstas.org/download/share
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D.2.  McStas neutron optical model of MPISI - Instrument definition file 

/************************************************************************** 

 *   McStas simulation of the Materials Probe for Internal Strain 

Investigations (SAFARI_MPISI) 

 * 

 * Instrument: SAFARI_MPISI 

 * 

 * %Identification 

 * Written by: Deon Marais (deon.marais@necsa.co.za) 

 * Date: September 2013 

 * Origin: Necsa 

 * Release: McStas 2.0 

 * Version: $Revision 0.1 $ 

 * %INSTRUMENT_SITE: Necsa 

 * 

 * Materials Probe for Internal Strain Investigations 

 * 

 * %Description 

 * Necsa Neutron Strain Scanner located at beam port 5 of the SAFARI-1 

research reactor, South Africa 

 *  

 * %Parameters 

 * Input parameters  Unit    Description 

 * ----------------  ----    ----------- 

 * source_lam_min:  [Angs]     Minimum wavelenth of source 

 * source_lam_max:  [Angs]    Maximum wavelenth of source 

 * hi_res:        Selects hi-resolution(1) or hi-intensity(0) reactor beam 

through primary shutter 

 * mono_Si_type:      Monochromator Silicon type options: 422 400 311 511 

111 331 

 * mono_mosh:    [arc min]  Monochromator horizontal mosaicity 

 * mono_mosv:    [arc min]  Monochromator vertical mosaicity 

 * mono_dx:    [m]    Monochromator delta x - positive to left of reactor 

beam   

 * mono_dy:    [m]    Monochromator delta y - positive upward of reactor 

beam 

 * mono_dz:    [m]    Monochromator delta z - positive along reactor beam 

 * mono_takeoff:  [deg]    Monochromator takeoff angle - positive anti-

clockwise from reactor beam 

 * mono_dtilt:    [deg]    Monochromator tilt angle - not implemented yet 

 * mono_Rh:    [m]    Monochromator horizontal focus radius 

 * port_takeoff:  [deg]    Port takeoff angle - positive anti clockwise 

from reactor beam 

 * chamber_window_rad  [m]    Chamber window radius. If this is 0, there is 

no window 

 * inc_slit_rot:  [deg]    Incident slit delta rotation - not implemented 

yet 

 * inc_slit_dx:    [m]    Incident slit delta x position - positive to left 

of incident beam 

 * inc_slit_to_cor:  [m]    Incident slit to sample stage center of 

rotation   

 * inc_slit_width:  [m]    Incident slit width 0.00013m to 0.005m 

 * inc_slit_height:  [m]    Incident slit height 0m to 0.02m 

 * inc_slit_sep:      Incident slit separation between width and height. 

<0:use emperical calc, >=0:distance in m 

 * mono_to_cor:    [m]    Distance between monochromator and center of 

rotation 

 * sample_dx:    [m]    Sample delta x - positive to left of incident beam 

if sample_dom=0 

 * sample_dy:    [m]    Sample delta y - positive upword of incident beam 
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 * sample_dz:    [m]    Sample delta x - positive along of incident beam if 

sample_dom=0 

 * sample_dom:    [deg]    Sample delta omega - positive anti-clockwise 

from incident beam 

 * det_takeoff:    [deg]    Detector takeoff angle - positive anti-

clockwise from incident beam 

 * cor_to_det:    [m]    Distance between sample centre of rotation and 

detector 

 * diff_slit_dx:  [m]    Diffracted slit delta x position - positive to 

left of diffracted beam  

 * diff_slit_to_cor:  [deg]    Distance between centre of rotation and 

diffracted slit 

 * diff_slit_width:  [m]    Diffracted slit width 

 * diff_slit_height:  [m]    Diffracted slit height  

 * full_instrument:      When 1, simulates the complete instrument. When 0, 

only simulate from the outlet collimator   

 * 

 * 

 * %Link 

 * The South African Nuclear Energy Corporation <a 

href="http://www.necsa.co.za"> website</a>   

 * 

 * %End 

 *********************************************************************/ 

 

DEFINE INSTRUMENT SAFARI_MPISI( source_lam_min=0.5, source_lam_max=2.0, 

      hi_res=0, 

      mono_Si_type=311, mono_mosh=30, mono_mosv=30, 

      mono_dx=0, mono_dy=0, mono_dz=0, mono_takeoff=-83.5, 

mono_dtilt=0,mono_Rh=3.572, 

      port_takeoff=-83.5, chamber_window_rad=0.05534, 

      inc_slit_rot=0, inc_slit_dx=0, inc_slit_to_cor=0.005, 

      inc_slit_width=0.005, inc_slit_height=0.02, inc_slit_sep=-1, 

      mono_to_cor=2.5, sample_dx=0, sample_dy=0, sample_dz=0, sample_dom=0, 

      det_takeoff=90, cor_to_det=1.148, 

      diff_slit_dx=0, diff_slit_to_cor=0.005, 

      diff_slit_width=0.005, diff_slit_height=0.02, 

      full_instrument=1)  

 

       

 

DECLARE 

%{ 

double hi_res, port_takeoff,chamber_window_rad; 

double mono_Si_type, mono_mosh, mono_mosv; 

double mono_dx, mono_dy, mono_dz; 

double mono_takeoff, mono_dtilt, mono_Rh; 

double inc_slit_rot, inc_slit_dx, inc_slit_to_cor; 

double inc_slit_width, inc_slit_height, inc_slit_sep; 

double mono_to_cor; 

double sample_dx, sample_dy, sample_dz, sample_dom; 

double det_takeoff, cor_to_det; 

double diff_slit_dx, diff_slit_to_cor; 

double diff_slit_width, diff_slit_height; 

 

double inc_slit_xmin, inc_slit_xmax, inc_slit_ymin, inc_slit_ymax; 

double inc_slit_xmin_h, inc_slit_xmax_h, inc_slit_ymin_w, inc_slit_ymax_w; 

double diff_slit_xmin, diff_slit_xmax, diff_slit_ymin, diff_slit_ymax; 

double wafer_d, start_wafer_pos, mono_turns, mono_Rh_req, mono_d, mono_q; 

double lam; 

double focal_dist; 
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double as; 

int msw; 

 

double chamber_col_start, chamber_col_length; 

 

double from_col=1; 

double full_instrument; 

 

 

%} 

 

INITIALIZE 

%{ 

printf ("\n------------------\n"); 

 

/* Constants */ 

chamber_col_start=0.8615;   //from the diffraction center 

chamber_col_length=0.919; 

 

 

/* Incident slit */ 

inc_slit_xmin = -inc_slit_width/2.0; 

inc_slit_xmax = inc_slit_width/2.0; 

inc_slit_ymin = -inc_slit_height/2.0; 

inc_slit_ymax = inc_slit_height/2.0; 

if (inc_slit_sep < 0) {      //Emperical formula. Linear dependance derived 

from measurements: sep=13.18mm when width=0.13mm; sep=4.18mm when 

width=4.95mm 

  inc_slit_sep= -1.86721992 * inc_slit_width + 0.0134227385; 

} 

printf ("Incident slit separation = %.4lf mm\n",inc_slit_sep*1000); 

 

if (inc_slit_sep == 0) {      //No gap, so horisonal and vertical slits lie 

ontop of each other and can have same dimensions 

  inc_slit_xmin_h = inc_slit_xmin; 

  inc_slit_xmax_h = inc_slit_xmax; 

  inc_slit_ymin_w = inc_slit_ymin; 

  inc_slit_ymax_w = inc_slit_ymax; 

} else {        //Perform some trig to be sure that none of the neutrons 

are accidentally cut of 

  double col_to_slit = (mono_to_cor-inc_slit_to_cor) - (mono_to_cor-

chamber_col_start+chamber_col_length); 

  inc_slit_ymax_w = 1.01*(inc_slit_ymax + (0.023745 + 

inc_slit_ymax)*inc_slit_sep/col_to_slit); 

  if (inc_slit_ymax_w < inc_slit_ymax) inc_slit_ymax_w = inc_slit_ymax;  

  inc_slit_ymin_w = -inc_slit_ymax_w; 

  inc_slit_xmax_h = -

1.01*(((0.01077+inc_slit_xmax)*inc_slit_sep/col_to_slit)-inc_slit_xmax); 

  if (inc_slit_xmax_h < inc_slit_xmax) inc_slit_xmax_h = inc_slit_xmax;  

  inc_slit_xmin_h = - inc_slit_xmax_h; 

} 

printf ("Height slit: width=%.4lfmm, 

height=%.4lfmm\n",2*inc_slit_xmax_h*1000, 2*inc_slit_ymax*1000); 

printf ("Width  slit: width=%.4lfmm, 

height=%.4lfmm\n",2*inc_slit_xmax*1000, 2*inc_slit_ymax_w*1000); 

 

   

/* Diffracted slit */ 

diff_slit_xmin = -diff_slit_width/2.0; 

diff_slit_xmax = diff_slit_width/2.0; 

diff_slit_ymin = -diff_slit_height/2.0; 
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diff_slit_ymax = diff_slit_height/2.0; 

 

/* 

PoiConst = 0.2; 

miu = 0.00004; 

F = 4.1534*0.01; 

D = 0.000725;*/ 

 

/* Monochromator */ 

wafer_d = (11.89/13.0/1000);    //Wafer diameter. Total blade diameter 

(11.89mm) made up from 13 wafers 

start_wafer_pos = 6.0 * wafer_d;  //In order to have the middle waver 

situated at the centre of the port takeoff   

 

msw=(int)mono_Si_type; 

switch (msw) { 

  case 422: mono_d = 1.10858; break; 

  case 400: mono_d = 1.35773; break; 

  case 311: mono_d = 1.63748; break; 

  case 511: mono_d = 1.04518; break; 

  case 111: mono_d = 3.135; break; 

  case 331: mono_d = 1.24594; break; 

  case 551: mono_d = 0.76049; break; 

   

} 

 

 

mono_q = 2*PI/mono_d; 

double mono_omega = fabs(mono_takeoff/2.0); 

lam=2.0*mono_d*sin(DEG2RAD*mono_omega); 

printf ("mono_Si_type = %i, mono_d=%.4lfA, mono_omega = %.2lfdeg, lambda = 

%.4lfA\n",msw,mono_d,mono_omega,lam);  

 

/* Monochromator-sample distance*/ 

mono_turns=(1005.5/mono_Rh)-13;    //emperical formula that equates the 

number of turns of the motor to the curvature. Taken from Multi-wafer 

silicon monochromator for stress machine at SAFARI, South Africa. Mihai 

Popovici 

as = -tan(2*DEG2RAD*mono_omega)/(tan(DEG2RAD*mono_omega)); 

focal_dist = mono_Rh*(1-(0.5/as))*sin(DEG2RAD*mono_omega); 

printf ("Monochromator to focal point = %.4lfm (%.2lf turns)\n",focal_dist, 

mono_turns); 

 

mono_Rh_req = mono_to_cor/((1-(0.5/as))*sin(DEG2RAD*mono_omega)); 

mono_turns=(1005.5/mono_Rh_req)-13;    //emperical formula that equates the 

number of turns of the motor to the curvature. Taken from Multi-wafer 

silicon monochromator for stress machine at SAFARI, South Africa. Mihai 

Popovici 

printf ("To focus on COR at %.3lfm, let mono_Rh = %.4lfm (%.2lf 

turns)\n",mono_to_cor,mono_Rh_req, mono_turns); 

 

printf ("------------------\n\n"); 

 

%} 

 

TRACE 

//************************************************************************* 

//Source 

COMPONENT Progress = Progress_bar(percent=10,flag_save=0)  

  AT (0,0,0) ABSOLUTE 
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COMPONENT Reactorbeam = Arm() 

  AT (0,0,0) ABSOLUTE 

   

COMPONENT Prim_axes = Arm() 

  AT (0, 0, 5.55177) RELATIVE Reactorbeam 

  ROTATED (0, port_takeoff, 0) RELATIVE Reactorbeam 

   

   

 

 

COMPONENT  Source = Source_gen( 

    radius = 0.0905, dist = 2.86805, focus_xw = 0.1, focus_yh = 0.05, 

    Lmin = source_lam_min, Lmax = source_lam_max, I1 = 0) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE Reactorbeam   

   

COMPONENT PSD_Source = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_Source",  

    xmin = -0.1, xmax = 0.1, ymin = -0.1, ymax = 0.1) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE Reactorbeam   

 

COMPONENT LAM_Source = L_monitor( 

    nL = 100, Lmin = source_lam_min, Lmax = source_lam_max, 

    filename = "LAM_Source.out", 

    xmin = -0.1, xmax = 0.1, ymin = -0.1, ymax = 0.1) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE Reactorbeam 

 

 

COMPONENT Window_before_filter = Slit( 

    xmin = -0.05, xmax = 0.05, ymin = -0.02922, ymax = 0.02922) 

  WHEN (full_instrument==1) 

  AT (0, 0, 3.24045) RELATIVE Reactorbeam 

   

//*************************************************************************

//Filter 

// The Al2O3_sapphire.trm filter is specified for a 0.0508m thickness, 

// ours is 0.15876m thick, therefore thickness will be defined as 3.1752 

COMPONENT Sapphire_filter = Filter_gen( 

    filename = "Al2O3_sapphire.trm", options = "multiply",  

    xmin = -0.053975, xmax = 0.053975 , ymin = -0.0381, ymax = 0.0381, 

thickness=3.125) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE Window_before_filter 

 

COMPONENT Window_after_filter = Slit( 

    xmin = -0.05, xmax = 0.05, ymin = -0.032005, ymax = 0.032005) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0.15876) RELATIVE Sapphire_filter 

 

COMPONENT LAM_After_sapphire = L_monitor( 

    nL = 100, Lmin = source_lam_min, Lmax = source_lam_max, 

    filename = "LAM_After_sapphire.out", 

    xmin = -0.05, xmax = 0.05, ymin = -0.032005, ymax = 0.032005) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE Window_after_filter 

   

COMPONENT PSD_After_sapphire = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_After_sapphire",  
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    xmin = -0.05*1.1, xmax = 0.05*1.1, ymin = -0.032005*1.1, ymax = 

0.032005*1.1) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE Window_after_filter  

   

 

COMPONENT HighResOutlet = Slit( 

    xmin = -0.0325, xmax = 0.0325, ymin = -0.06, ymax = 0.06)  

  WHEN ((hi_res==1) && (full_instrument==1)) 

  AT (0, 0, 4.84055) RELATIVE Reactorbeam 

   

COMPONENT HighIntensityOutlet = Slit( 

    xmin = -0.05, xmax = 0.05, ymin = -0.06, ymax = 0.06)  

  WHEN ((hi_res==0) && (full_instrument==1)) 

  AT (0, 0, 4.84055) RELATIVE Reactorbeam   

   

COMPONENT PSD_After_Outlet = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_After_Outlet",  

    xmin = -0.05*1.1, xmax = 0.05*1.1, ymin = -0.06*1.1, ymax = 0.06*1.1) 

  WHEN (full_instrument==1) 

  AT (0, 0, 4.84055) RELATIVE Reactorbeam   

 

//************************************************************************* 

//Monochromator 

COMPONENT Mono_axis = Arm() 

  AT (0+mono_dx, 0+mono_dy, 5.55177+mono_dz) RELATIVE Reactorbeam 

  ROTATED (0, mono_takeoff/2.0, 0) RELATIVE Reactorbeam 

 

   

//RV=-1.59 fixed 

COMPONENT Blade_1 = Monochromator_curved( 

 //  zwidth = 0.016163, yheight = 0.137/27.0, gap = (141-137)/27.0/1000.0, 

NH = 51, NV = 27, 

   zwidth = 0.2/51.0, yheight = 0.137/27.0, gap = (141-137)/27.0/1000.0, NH 

= 51, NV = 27, 

   mosaich = mono_mosh,  mosaicv = mono_mosv, r0 = 1.0, t0 = 1.0, RV = -

1.59, RH = -mono_Rh, 

   DM = mono_d ) 

  WHEN (full_instrument==1) 

  AT ( -start_wafer_pos, 0,0) RELATIVE Mono_axis 

  GROUP Monochro 

   

COMPONENT Blade_2 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

 

COMPONENT Blade_3 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

 

COMPONENT Blade_4 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

   

COMPONENT Blade_5 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 
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COMPONENT Blade_6 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

   

COMPONENT Blade_7 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

   

COMPONENT Blade_8 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

   

COMPONENT Blade_9 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

   

COMPONENT Blade_10 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

   

COMPONENT Blade_11 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

 

COMPONENT Blade_12 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

   

COMPONENT Blade_13 = COPY(Blade_1) 

  WHEN (full_instrument==1) 

  AT (wafer_d,0,0) RELATIVE PREVIOUS 

  GROUP Monochro 

 

COMPONENT PSD_BehindMono = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_BehindMono.out",  

    //xmin = -0.13, xmax = 0.13, ymin = -0.1125, ymax = 0.1125) 

    xmin = -0.1, xmax = 0.1, ymin = -0.1, ymax = 0.1) 

  AT (0, 0, 5.8) RELATIVE Reactorbeam 

  GROUP Monochro 

   

COMPONENT LAM_BehindMono = L_monitor( 

    nL = 100, Lmin = source_lam_min, Lmax = source_lam_max, 

    filename = "LAM_BehindMono.out", 

    //xmin = -0.13, xmax = 0.13, ymin = -0.1125, ymax = 0.1125) 

    xmin = -0.1, xmax = 0.1, ymin = -0.1, ymax = 0.1) 

  AT (0, 0, 5.8) RELATIVE Reactorbeam 

  GROUP Monochro 

   

COMPONENT ReactorBeamStop = Beamstop( 

    xmin = -0.1,xmax = 0.1, ymin=-0.1, ymax=0.1) 

  AT (0, 0, 5.8) RELATIVE Reactorbeam 

   

   



 

108 

 

   

//************************************************************************* 

//Chamber Collimator 

//COMPONENT Prim_axes = Arm() 

//  AT (0, 0, 5.55177) RELATIVE Reactorbeam 

//  ROTATED (0, port_takeoff, 0) RELATIVE Reactorbeam 

 

  //About at the inside surface of the secondary shutter 

COMPONENT PSD_At_sec_shutter = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_At_sec_shutter.out",  

    xmin = -0.13, xmax = 0.13, ymin = -0.1125, ymax = 0.1125) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0.31) RELATIVE Prim_axes 

   

COMPONENT LAM_At_sec_shutter = L_monitor( 

    nL = 100, Lmin = source_lam_min, Lmax = source_lam_max, 

    filename = "LAM_At_sec_shutter.out", 

    xmin = -0.13, xmax = 0.13, ymin = -0.1125, ymax = 0.1125) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE PREVIOUS 

 

COMPONENT PSD_Before_inside_chamber_window = PSD_monitor( 

      nx = 100, ny = 100, filename = 

"PSD_Before_inside_chamber_window.out",  

      xmin = -0.1, xmax = 0.1, ymin = -0.1, ymax = 0.1) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0.41668) RELATIVE Prim_axes 

 

COMPONENT Inside_chamber_window = Slit( 

      radius = chamber_window_rad) 

  WHEN ((full_instrument==1) && (chamber_window_rad>0)) 

  AT (0, 0, 0.41668) RELATIVE Prim_axes 

   

COMPONENT PSD_After_inside_chamber_window = PSD_monitor( 

      nx = 100, ny = 100, filename = "PSD_After_inside_chamber_window.out", 

      xmin = -0.05534*1.1, xmax = 0.05534*1.1, ymin = -0.05534*1.1, ymax = 

0.05534*1.1) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE Inside_chamber_window 

   

COMPONENT Inside_chamber_collimator = Slit( 

      xmin = -0.021, xmax = 0.021, ymin = -0.0425, ymax = 0.0425) 

  WHEN (full_instrument==1) 

  AT (0, 0, chamber_col_start) RELATIVE Prim_axes 

   

COMPONENT PSD_After_inside_chamber_collimator = PSD_monitor( 

      nx = 100, ny = 100, filename = 

"PSD_After_inside_chamber_collimator.out", 

      xmin = -0.021*1.1, xmax = 0.021*1.1, ymin = -0.0425*1.1, ymax = 

0.0425*1.1) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE Inside_chamber_collimator   

  

COMPONENT Outside_chamber_collimator = Slit( 

      xmin = -0.012545, xmax = 0.012545, ymin = -0.02012, ymax = 0.02012) 

  WHEN (full_instrument==1) 

  AT (0, 0, chamber_col_length) RELATIVE Inside_chamber_collimator 

   

COMPONENT PSD_Outside_chamber_collimator_1 = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_Outside_chamber_collimator_1.out",  
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    xmin = -0.012545*1.1, xmax = 0.012545*1.1, ymin = -0.02012*1.1, ymax = 

0.02012*1.1) 

  WHEN (full_instrument==1) 

  AT (0, 0, 0) RELATIVE Outside_chamber_collimator 

  

COMPONENT Source_capture = Virtual_output( 

  filename="Source_capture.dat") 

   WHEN (full_instrument==1)   

   AT (0, 0, chamber_col_start+chamber_col_length) RELATIVE Prim_axes  

 

 /* 

COMPONENT Colimator_source = Virtual_input( 

  filename="C:\\mcstas-2.0\\workspace\\Source_capture.dat",verbose=1, 

repeat_count=1, smooth=1) 

   WHEN (full_instrument==0) 

   AT (0, 0, chamber_col_start+chamber_col_length) RELATIVE Prim_axes  

 */ 

    

COMPONENT PSD_Outside_chamber_collimator = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_Outside_chamber_collimator.out",  

    xmin = -0.012545*1.1, xmax = 0.012545*1.1, ymin = -0.02012*1.1, ymax = 

0.02012*1.1) 

  AT (0, 0, chamber_col_start+chamber_col_length) RELATIVE Prim_axes  

   

//************************************************************************* 

//Incident slit 

 

COMPONENT Incident_slit_h = Slit( 

      xmin = inc_slit_xmin_h, xmax = inc_slit_xmax_h, ymin = inc_slit_ymin, 

ymax = inc_slit_ymax) 

  AT (inc_slit_dx, 0, mono_to_cor-inc_slit_to_cor-inc_slit_sep) RELATIVE 

Prim_axes 

 

COMPONENT Incident_slit_w = Slit( 

      xmin = inc_slit_xmin, xmax = inc_slit_xmax, ymin = inc_slit_ymin_w, 

ymax = inc_slit_ymax_w) 

  AT (inc_slit_dx, 0, mono_to_cor-inc_slit_to_cor) RELATIVE Prim_axes 

 

COMPONENT PSD_After_Incident_slit_w = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_After_Incident_slit_w.out",  

    xmin = inc_slit_xmin*1.5, xmax = inc_slit_xmax*1.5, ymin = 

inc_slit_ymin*1.5, ymax = inc_slit_ymax*1.5) 

  AT (0, 0, 0) RELATIVE Incident_slit_w   

   

COMPONENT Center_of_rotation = Arm() 

  AT (0, 0, mono_to_cor) RELATIVE Prim_axes 

   

 

//************************************************************************* 

//Sample 

 

COMPONENT Sample_rotation = Arm() 

  AT (0, 0, 0) RELATIVE Center_of_rotation 

  ROTATED (0, sample_dom, 0) RELATIVE Center_of_rotation 

   

COMPONENT Sample_location = Arm() 

  AT (sample_dx, sample_dy, sample_dz) RELATIVE Sample_rotation 

   

  

/*COMPONENT PSD_Center_of_rotation = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_Center_of_rotation",  
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    xmin = inc_slit_xmin*1.5, xmax = inc_slit_xmax*1.5, ymin = 

inc_slit_ymin*1.5, ymax = inc_slit_ymax*1.5) 

  AT (0, 0, 0) RELATIVE Center_of_rotation 

   

COMPONENT DIV_Center_of_rotation = Divergence_monitor( 

    nh = 100, nv = 100, filename = "DIV_Center_of_rotation", 

    xmin = inc_slit_xmin*1.5, xmax = inc_slit_xmax*1.5, ymin = 

inc_slit_ymin*1.5, ymax = inc_slit_ymax*1.5) 

  AT (0, 0, 0) RELATIVE Center_of_rotation*/ 

   

/*COMPONENT Sample =  V_sample(radius = 0.005, 

  yheight = 0.05, focus_r = 0, pack = 1, 

  target_x = 0, target_y = 0, target_z = 1) 

  AT (0,0,0) RELATIVE Sample_location*/ 

   

SPLIT COMPONENT Sample = PowderN( 

    reflections = "Fe.laz", radius = 0.005, 

    yheight = 0.05) 

  AT (0,0,0) RELATIVE Sample_location 

  /*EXTEND 

  %{ 

    if (!SCATTERED) ABSORB;  

  %}*/ 

     

 /*    

SPLIT COMPONENT Sample = Single_crystal(xwidth=0.01, yheight=0.01, 

zdepth=0.01, 

mosaic = 5, reflections="YBaCuO.lau")   

  AT (0,0,0) RELATIVE Sample_location 

  EXTEND 

  %{ 

    if (!SCATTERED) ABSORB;  

  %}**/ 

 

/*COMPONENT PSD_After_Sample_location = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_After_Sample_location",  

    xmin = -0.2, xmax = 0.2, ymin = -0.2, ymax = 0.2) 

  AT (0, 0, 1) RELATIVE Sample_location */ 

   

  COMPONENT DiffBeamStop = Beamstop( 

      xmin = -0.2,xmax = 0.2, ymin=-0.2, ymax=0.2) 

  AT (0, 0, mono_to_cor+0.4) RELATIVE Prim_axes 

   

//************************************************************************* 

//Secondary Slit 

COMPONENT Det_axis = Arm( 

    ) 

  AT (0, 0, 0) RELATIVE Center_of_rotation 

  ROTATED (0, det_takeoff, 0) RELATIVE Center_of_rotation  

 

 

/*COMPONENT Diffracted_slit = Slit( 

      xmin = diff_slit_xmin, xmax = diff_slit_xmax, ymin = diff_slit_ymin, 

ymax = diff_slit_ymax) 

  AT (0, 0, diff_slit_to_cor) RELATIVE Det_axis 

   

COMPONENT PSD_After_Diffracted_slit = PSD_monitor( 

    nx = 100, ny = 100, filename = "PSD_After_Diffracted_slit.out",  

    xmin = inc_slit_xmin*1.1, xmax = inc_slit_xmax*1.1, ymin = 

inc_slit_ymin*1.1, ymax = inc_slit_ymax*1.1) 

  AT (0, 0, 0) RELATIVE Diffracted_slit */ 
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//*************************************************************************

//Detector 

 

/*COMPONENT PSD_4pi = PSD_monitor_4PI(radius=0.7, nx=101, ny=51, 

  filename="vanadium.psd") 

  AT (0,0,0) RELATIVE Det_axis*/ 

 

COMPONENT PSD_Detector = PSD_monitor( 

    nx = 300, ny = 100, filename = "PSD_Detector", xmin = -0.15, 

    xmax = 0.15, ymin = -0.15, ymax = 0.15) 

  AT (0, 0, cor_to_det) RELATIVE Det_axis 

 

   

FINALLY 

%{ 

%} 

END 
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Appendix E: Automated centre of rotation alignment 

implementation 

E.1. Introduction 

Manual alignment of a neutron diffractometer consumes a large amount of personnel time 

and is subject to human error. Individual steps and incremental results of alignment 

procedures are generally not recorded automatically which impede traceability. 

 

E.2. SICS OpenInspire Camera client 

The OpenInspire camera service (OICam) is built on top of the Common Vision Blox (2013) 

software suite libraries and was created by Flemming (2012). Minor modifications to OICam 

were made in order to enhance usability. This included modifying the edge retrieval 

procedure to update the edge position overlay markers on the OICam graphic window before 

transmitting the data to the connected client. This assists the user to determine if the pin edge 

positions were detected correctly by means of visual inspection. When the server is started 

up, it also displays the listening TCP/IP port number. The graphical user interface (GUI) of 

OICam is shown in Figure 11.1. 

 

 

Figure 11.1: OICam Server 
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An OICam client was implemented with TCL in the namespace “::oicam::”  and added to the 

SICS utilities. This OICam client leverages the standard asynchronous Telnet stream 

functionality of SICS to connect to the service and handle the communication. The method 

“::oicam::GetEdge” sends the html string “<get/>”  to the service, parses the retuned html 

string and returns edge data as a TCL list variable. The configuration variables such as the 

host address and port number are used to initialise the connection by calling the method 

“::oicam::Init”. 

 

E.3.  SICS Sylvac digital gauge client 

In order for the μS229 to respond to serial requests, the DTR signal on the RS232 port must 

however be pulled up. One way to simplify the whole communication method is to use the 

Linux utility socat to pull up the DTR line whilst simultaneously connecting the RS-232 port 

to a TCP/IP port. The subsequent command accomplishes this and the explanation follows: 

socat TCP4-LISTEN:5555 /dev/ttyS1,b4800,cs7,cstopb=1,echo=0,ioctl-intp=0x5418:0x002 

 TCP4-LISTEN creates a listening network server connection on a port (5555 in this 

case) on the localhost 

 /dev/ttyS1 is the mount point of serial port and is specific to the computer 

configuration 

 The following arguments set the RS-232 parameters as required by the μS229’s serial 

communication protocol: 

o b4800 sets the baud rate to 4800bps 

o cs7 sets the number of data bits to 7  

o cstopb=1 sets the number of stop bits to 2 

 echo=0 removes any echo’s from the terminal 

 ioctl-intp=0x5418:0x002 calls the ioctl routine 

o intp interprets the third argument of ioctl (in this case 0x002) as a pointer to an 

integer 

o 0x5418 is the value of the macro TIOCMSET, which is used to set a line 

o 0x002 is the value of the macro TIOCM_DTR, which points to the DTR line  

One can now connect to port 5555 on localhost using a normal Telnet client. When any 

character is sent, the value of die indicator is returned. The asynchronous Telnet stream 

functionality of SICS was used to create a μS229 client in the TCL namespace “::sylvac::” 

and added to the SICS utilities. The method “::sylvac::Get” sends the character “?” to the 
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socat server and the value of the μS229 is then returned as a TCL variable. The method 

“::sylvac::Init” must first be called to set up the client connection. 

E.4.  Alignment namespace 

The “::align::” namespace was created in TCL in order to encapsulate methods relating to 

the alignment and calibration procedures. Some of the important methods will now be briefly 

described. 

 “::align::InitMeasureMethod {measureMethod}” will either call “::oicam::Init” or 

“::sylvac::Init” depending on the input parameter “measureMethod”, which can be 

‘oicam’ or ‘sylvac’. 

 “::align::CheckPos {motor pos}” compares the current position of the motor 

“motor” against the parameter “pos”, but first “pos” is evaluated against the motor’s 

upper and lower hardware and software limits. If it is not within range, a ‘0’ is 

returned. If “pos” is close to the motors current position (within the precision range), 

it returns a ‘2’ and if it is outside the precision range, a ‘1’ is returned. 

 “::align::PositionMotor {mot val}” is merely a wrapper for the normal SICS 

command to move a motor, but it provides additional information to the user 

regarding the current position of the motor. 

 

The “::align::cor” TCL namespace encapsulates methods that relates to determining the 

sample positioner’s centre of rotation: 

 

Parameters - The namespace has a structure that contains a number of parameters that are 

generally set before calling the alignment functions. These parameters include the following: 

 “measureMethod” specifies which measurement device to use. It can be either 

‘oicam’ or ‘sylvac’. 

 “samplesPerValue” specifies the number of readings that must be taken from the 

device to represent a single reading. 

 “delayBetweenReadings” specifies the wait time in milliseconds between taking 

readings. 

 “maxStdev” specifies the maximum standard deviation for a group of readings. 

 “retries” specifies the number of times the device should retry before failing. The 

device will retry if the standard deviation of a group of readings is larger than the 

specified maximum. 
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 “pinDiameter”  is the physical diameter of the pin in millimetre. It is used to perform 

the initial scaling. 

 “scale” is the scale between the measurement device and the motor translation. This 

value should generally not be set manually, but is calculated and set automatically 

during a call to “::align::cor::ScaleFromMovement”. 

 “direction” is used to indicate the direction of the som motor movement during the 

alignment process. A value of 1.0 will increase som whilst a value of -1.0 will 

decrease som. 

 

Helper functions - A number of helper functions was implemented that supports the 

alignment functions. These helper functions are as follows: 

 “::align::cor::GetFromCam”  is a wrapper function for “oicam::GetEdge” and 

returns the edge positions of the pin as a TCL list. 

 “::align::cor::GetFromGauge” is a wrapper function for “::sylvac::Get” but also 

calculates the ‘left’ edge of the pin. This is done by subtracting the “pinDiameter” 

from the value returned by the gauge. The edge positions of the pin are then returned 

as a TCL list. 

 “::align::cor::GetAveEdge {samplesPerValue maxStdev delayBetweenReadings}” 

uses the parameters of the settings structure to retrieve the average of 

“samplesPerValue” pin edge values from the measurement instrument. 

 “::align::cor::PosAndGetEdges {motor position}” is a convenience function to move 

the “motor” to a “position” and then get the average edge values from the 

measurement instrument. 

 “::align::cor::GetMidPoint {edges}” calculates the centre position of the pin from 

the “edge” values. 

 “::align::cor::CorrectEdges {edgeslist}” recalculates the edge values of a list of 

edges so that the distance between the left and right edge of each edge pair is equal to 

that of the first edge pair in the list, without changing the centre position. This 

normalization is needed to correct the edge values when the pin goes out of focus 

when using a camera. 

 “::align::cor::ScaleFromPinEdges {edges}” calculates the scale of the measurement 

device by comparing the distance between edges with the actual “pinDiameter”. This 

method should only be used if the edges were taken from a focussed camera image. 
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Alignment functions - The main CoR alignment functions were implemented as follows: 

 “::align::cor::MeasurementAxis {motor distance}” will rotate motor som to a 

position such that the axis of “motor” is parallel to the measurement device axis by 

moving “motor” some “distance” in and calculating the angle as was derived in 

Equation 6.1. A negative “distance” will decrease the motors position. When using a 

camera as measurement device, the starting position must be in focus in order to 

calculate the correct scale factor. 

 “::align::cor::ScaleFromMovement {motor distance}” calculates and sets the scaling 

factor to be used when determining COR offsets. Pin edge values are taken at the 

current position where after the “motor” translated by some “distance”. Pin edge 

values are retrieved again and the measured travel distance is calculated from the 

difference in the two midpoints. The “scale” is then calculated from the relation of 

the measured distance to the requested “distance”. 

 “::align::cor::Pin90” is the implementation of the Pin90 procedure as derived in 

Chapter 6.3.4.1. The axis offsets are calculated and presented to the user. 

  “::align::cor::Pin45” is the implementation of the Pin45 procedure as derived in 

Chapter 6.3.4.2. The axis offsets are calculated and presented to the user. 
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