
Another important microstructural aspect infl uencing deforma-

tion behaviour is the presence of texture, and this parallel as 

well as perpendicular to the tensile direction, an issue that is 

successfully addressed by combining light and neutron scat-

tering experiments. The latter have the advantage of providing 

information on the entire sample volume.

Nanocomposites

Another example of a material where size effects play a key 

role in the mechanical behaviour is nano-fi lamentary cop-

per/niobium (Cu/Nb) wires, envisaged for possible application 

as winding material in resistive magnetic cores, where besides 

functionality the mechanical properties are also extremely 

important. Figure 3 shows a cross-section of a Cu/Nb wire, 

consisting of Nb nanofi laments embedded in an assembly of 

multi-scale Cu channels.

In-situ deformation under neutron beam allowed evidencing 

size dependent strengthening in the Cu components where 

load sharing between Cu and Nb starts only at the yield 

strength of the smaller Cu component. Upon initial loading, 

both the Cu and Nb phases are deforming elastically until the 

largest Cu channels yield. At that stage, the fi nest Cu channels 

are still in the elastic regime as well as the Nb nanofi laments. 

Once the whole Cu matrix is in the plastic regime, a strong 

load transfer is observed onto the Nb fi bers. This feature can 

be attributed to the impenetrable character of fcc/bcc inter-

faces. During further loading the Nb fi laments continue to 

deform elastically up to macroscopic fracture, confi rming their 

whisker-like behaviour. 

Research in size dependent plasticity using atomistic compu-

ter simulations implemented on the large parallel computing 

platforms available in Switzerland and using in-situ me-

chanical testing with neutrons and light, is supported by the 

Swiss National Science Foundation and the 6th EU Framework 

programme. 
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Figure 3: Cross-sections of nano-fi lamentary Cu/Nb wires. Nb 
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at planes perpendicular to the tensile axis.
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FullProfPulse overlap for two Ge reflections

Above:	FullProf	[3]	(with	POLDI	extension)	fit	of	powdered		
Ge	 sample,	 measured	 with	 POLDI,	 including	 total							
18*8*380	=	54720	Ge	reflections	and	500*400	data	points.

For the design of the instrument, some restric-
tions in space in the existing neutron hall had to be
taken into account. This was mainly the available
distance between chopper and sample which was
limited to a maximum of 12m. Furthermore, the
layout had to comply with the demand from PSI
to be capable for measuring highly radioactive
samples. In general, the main requirements and
boundary conditions for the instrument were high
resolution of the order of 10�3 (relative linewidth
of the Bragg peaks) at a scattering angle of around
901, limited flight path, suitability for large
engineering components as well as for radioactive
samples and, of course, best possible performance.

In the following, the layout of the instrument,
the design and performance of the main instru-
ment components and the total performance of the
instrument are presented.

2. Instrument design

2.1. General layout

The main differences in the design of a TOF
diffractometer based on the multiple pulse-overlap
method [1] compared to a conventional TOF-
diffractometer affects the chopper and the detec-
tor. The chopper may have a high duty cycle,
generating many short pulses within the TOF of
the neutrons. For the detector, resolution in time
as well as in scattering angle are required. Both the
arrival time of the neutrons and the scattering

angle are needed as information for the analysis of
the collected data.

In Fig. 1, a sketch of the POLDI instrument is
presented. The distance between the choppers and
the sample position is about 11.8m. The concrete
shielding is mainly needed for an easier handling
of radioactive samples, but also serves as protec-
tion of the environment from high-energy neu-
trons, which are much more intense at a spallation
source compared to a reactor source. The position
of the second chopper is reserved for a single-slit
chopper, which is intended to be used for structure
analysis only and is not discussed in this article.

2.2. Chopper

At a pulse-overlap diffractometer, the chopper
is one of the most important components which
crucially determines the performance of the
instrument. The disc-chopper of POLDI runs with
a maximum speed of 15,000 rpm. The disc has a
diameter of 700mm, and contains 32 slits, each
with a width of 4mm and a height of 40mm. This
yields a pulse width of 8 ms (full-width at half-
maximum (FWHM)) at 15,000 rpm and a duty
cycle of 5.8%. The slits are partitioned in four
identical sequences of eight slits each. Therefore, at
the maximum chopper speed, the cycle time of one
sequence is 1ms. The eight slits within one
sequence are pseudo-randomly distributed. Since
the total length of the flight path is about 14m, the
pulse width contributes with �8.6� 10�4 to the
relative uncertainty of the time of flight for
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Fig. 1. Sketch of the POLDI instrument. The distance between chopper and sample table corresponds to 11.8m.
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As an illustrating example for the resolution of
POLDI, the double peak of Al2O3 at Q � 5:1 (A

�1

is shown in Fig. 8. Since for this substance a
considerable intrinsic broadening of the Bragg
peaks can be expected, the width of the first
diaphragm was chosen to be 6mm. Although the
Q-values of these two peaks differ by less than
0.5%, both peaks are well separated and do not
even show an overlap.

4. Examples of strain-scanning experiments

The first step in a strain-scanning experiment is
the alignment of the sample. After a first optical
pre-alignment the specimen is fixed to the sample
table. The precise positions of the surfaces and, if
present, interfaces are determined with neutrons.
For this purpose the chopper is stopped at an open
position, achieving a neutron flux at the sample of
about 108 n s�1 cm�2. The integrated intensity over
the whole detector is then determined in depen-
dence on the position of the specimen. Due to the
high intensity with the open chopper, the measur-
ing time for each data point does not exceed a few
seconds, and the positions of all the surfaces and
interfaces even of samples with difficult shapes can
be determined with high accuracy in a short time.

Two examples shall illustrate the performance
of the instrument in typical strain-scanning experi-
ments. In the first example, a 12mm thick welded

austenitic steel specimen was investigated. The
data presented here are taken in the center of the
sample at a depth of 6mm in transmission
geometry. The penetration length for the neutrons
within the specimen in this configuration is about
17mm, which corresponds to an attenuation
factor of about six for the intensity. Fig. 9 shows
the diffractogram calculated from the fit to the raw
data. For details of the fitting procedure see Ref.
[1]. In the upper part of the figure, the complete
diffractogram is shown as the sum of the fit result
and the residuals. In the lower part of the figure,
two reflections are shown on an enlarged scale,
where the fit result is shown as thin line and the
data points represent the sum of fit and residuals.
These data were taken within 20min, with the
gauge volume (the investigated volume) within the
sample being 1.5� 1.5� 10mm3 (about 23mm3).
All reflections are fitted individually. Therefore,
for each of the reflections from a measured
spectrum we get a value for the lattice parameter.
The relative statistical errors of the position of the
Bragg peaks are between 44� 10�6 for the (3 1 1)-
reflection and 137� 10�6 for the (2 2 2)-reflection.
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Fig. 8. The double peak of Al2O3 around Q ¼ 5:1 (A
�1
: These

two Bragg reflections do not even overlap although they are

separated by less than 0.5%.
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Fig. 9. Diffraction pattern measured from the center of a

12mm thick steel plate in transmission geometry. The data have

been collected within 20min with a gauge volume of 23mm3.

Two reflections are shown on an enlarged scale along with the

corresponding fit result (solid line).

U. Stuhr et al. / Nuclear Instruments and Methods in Physics Research A 545 (2005) 330–338336

1a       2         3         4     5           6              7          8    1b

  7            8      1           2       3         4     5           6

PAUL SCHERRER INSTITUT

concrete shielding

SINQ
target 
shielding

beam tube

shutter chopper

2nd chopper

neutron guide

neutron mirror

diaphragms

n-guide

detector

monitor

beam 
stop

radial 
collimator

sample
table

Picture	of	 the	chopper	disc.	The	32	slits	are	arranged	 in	
four	identical	sequences	with	pseudo-random	distribution.	

In order to carry out Rietveld refinement 
on POLDI data one has to start with the 
calculation of a theoretical t.o.f. powder 
pattern (consisting in our case of only two 
Ge reflections) for a given scattering angle 
and instrument parameter set (Fig. A). 

Calculation 1 (A    B)
One chopper sequence (left top) leads to 
eight identical diffractograms, which are 
each time shifted by the time sequence 
given by the chopper layout and the used 
chopper speed (7500 rpm). As a result 
16 instead of 2 Bragg reflections have to 
been taken into account for each angle 
channel (Fig. B). 

Calculation 2 (B    C)
The last step is to shift all reflections into 
the cycle time of one chopper sequence, 
in our case tcycle = 2 ms (Fig. C).

These two calculations (A     B and B    C) 
have to be done for all 400 angle channels 
(each with 500 time channels).  

U. Stuhr and G. Schuck            

POLDI: a tof-diffractometer for residual stress 
investigations at SINQ

Above:	Theoretical	Ge	patterns	for	400	scattering	angles,	
calculated	with	FullProf	[3]	(with	POLDI	extension).	

S
ca
tte
rin
g	
	a
ng
le
	(c
ha
nn
el
)

t.o.f.	(µsec)

PAUL SCHERRER INSTITUT



















  d
totds

totsflighttd
dt 1cot

scattering angle 2
0

tcycle

tim
e

1. Bragg-
line

2. Bragg-
line

The slopes of the Bragg-lines roughly determine the time-of-flight
and therefore also the slit of the chopper the neutrons passed

tflight < tflight

Q1 > Q2

One of 400 scattering angles (77.12º 2Q, channel 1)

t.o.f.	(µsec)

Laboratory for Neutron Scattering   

Collimator

e
Above:	 The	 resolution	 of	 POLDI	 for	 selected	 instrument			
configurations	(chopper	speed	and	width	of	the	2-axis	diaphragm).	
Data	points	are	the	result	of	the	correlation	method	[1].	

15000	rpm,	3mm,
        Na2Ca3Al2F14

15000	rpm,	6mm,	Ge

10000	rpm,	10mm,	Ge

7500	rpm,	10mm,	Ge

Above:	Set-up	of	an	in-situ	tensile	experiment	at	POLDI.

The concept of the instrument is based on 
multiple overlapping neutron pulses and 
allows tuning the resolution and the intensity 
independently. The dependence of the         
time-of-flight (typically 500 time channels 
are used) of the neutrons on the scattering 
angle (400 angle channels, 2Q range of about 
30°) is used as extra information in order to         
analyze the data [1]. 
It was possible to build a tof-diffractometer at 
a continuous neutron source with short flight 
path, high resolution and high intensity. 
The instrument is best suited for experiments 
with small samples or small gauge volumes 
within large samples where high resolution 
in a broad Q-range is required [2].

POLDI is a novel type of tof-diffractometer at 
SINQ, is designed mainly for strain scanning 
experiments. 

Above:	Double	peak	of	Al2O3.	The	peaks	do	not	even	overlap	
although	they	are	separated	by	less	than	0.5%	[2].	

(1 0 10)
d	=	1.240	Å

(1 1 9)
d	=	1.235	Å

 tcycle = 2000 µsec at 7500 rpm


