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Neutron scattering technology is one of the most promising ways to observe microstructures of different materials. As a powerful
microstructure characterization technology, neutron scattering is widely used in many disciplines. With the help of sample
environment equipment, the microstructure detection for materials in various application scenarios can be further realized. In
order to detect the microstructure changes of materials under different tensile conditions, an in situ stretching sample envi-
ronment equipment for neutron scattering experiments was designed and manufactured. Stretching force holding test, sample
breaking test, and vacuum maintaining test were carried out. In those tests, a tensile force holding test with no less than 5 hours, a
breaking test with a screw bolt as the sample, and a vacuum leakage rate test with no less than 5 hours were obtained, respectively.
Through analyzing values obtained, it is shown that the developed prototype of the sample environment equipment is able to meet
the experiment requirements. The present prototype provides a reference for further development of sample environment

equipment for different application scenarios in neutron scattering experiment.

1. Introduction

As a powerful microstructure characterization technology,
neutron scattering [1] has been widely applied in many
disciplines [2, 3]. For some cases to detect microstructures of
materials in various application scenarios, a sample envi-
ronment equipment is required to further improve the ca-
pability of the neutron scattering experiment. Among
hundreds of neutron scattering experiments carried out each
year in different neutron research centers across the world,
most of them have employed additional equipment to apply
special physical or chemical “condition” or “environment” to
introduce the sample into a phase or state of particular in-
terest. Most commonly, the “condition” should be cryogenic,
high temperature, high pressure, magnetic field, viscous flow,
gas flow, chemical preparation, or sometimes a simultaneous
combination of two or more of them together [4].

At present, there are four spallation neutron sources
and several reactor- and accelerator-driven neutron
sources in the world. Various sample environment
equipment are therefore required for the neutron scattering
experiments. There are 27 neutron scattering spectrometers
in ISIS (spallation neutron source in UK). Typical dif-
fraction spectrometer ENGIN-X has been widely used in
materials and machining, where high temperature in situ
mechanics experiments in neutron diffraction were real-
ized. By setting a sample environment with heating by
infrared ray, the designed maximum temperature, 1100°C,
was reached in the experiment [5]. There are 20 neutron
scattering experiments in the first phase of China Spallation
Neutron Source (CSNS). According to the application
fields, CSNS is divided into the following four departments:
quantum and disordered materials, materials science and
engineering, soft matter and bioscience, and energy and
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environmental science [6]. Among them, magnetic particle
imaging (MPI) spectrometer under construction will be
mainly used for the structure analysis of different ordered
materials, and the application fields will be mainly focused
on the structure research of long-range ordered but short-
range disordered materials or long-range disordered but
medium-short-range ordered materials. To this end, in situ
stretching sample environment can be used to detect the
microstructure of different ordered materials under dif-
ferent stress states.

Stretching or in situ stretching is a common technique in
material research. Some high-temperature stretching tests on
glass fiber-reinforced composites were carried out, and
changing laws of stretching mechanical performances were
obtained by Gao et al. [7]. A high-temperature stretching
mechanical behavior and failure mechanism research of
(TiBw + TiCp)/Ti composite was done by Zhang et al. [8].
Some uniaxial tension tests in AISI 8620, 4320, and 3310 steels
about in situ neutron diffraction and crystal plasticity
modeling were carried out for explaining the effect of nickel
on the kinematic stability of retained austenite in carburized
bearing steels by Bedekar et al. [9]. At present, in situ ex-
periments and equipment in neutron scattering are relatively
rare, and the reference of in situ stretching samples envi-
ronment equipment is also less. Sample environment
equipment and facilities are not simply accessories to the
experiment but are an essential and integral part of it [4]. It
needs to work under relatively extreme working conditions, to
meet the complex requirements of sample position adjust-
ment and physical operation and to consider the influence of
neutron attenuation and scattering background. This fully
shows us the manufacturing difficulty and necessity to carry
out test and research of the in situ stretching sample envi-
ronment equipment for neutron scattering experiments.

2. Design Objectives

The sample can be stretching-loaded while it is irradiated by
the neutron scatting at the same time, with the help of the in
situ stretching sample environment equipment in the
neutron scattering experiment. Values from the neutron
scattering in dynamic stretching are obtained and used to
study the microstructure and physical properties of the
sample under stress. For the sake of carrying out the above
experiments, a set of sample environment equipment
meeting the following objectives is designed, with the
composition as shown in Figure 1.

First, the addressed equipment should have special
stretching mechanism. Remote servo control, stretching value
output, and power-off brake self-locking, can provide stable pull
load within 30 kN. The sample fixture is designed to be fixed by
threads. Both ends of the sample are threaded, for which one
end of the sample can be screwed into the bottom of the sample
rod and the other end can be fixed with a special nut.

Moreover, the designed equipment should have
sample rods. Due to the large number of samples to be
tested during the experiment, a sample exchanging time is
set at 5 min. A number of sample rods should be prepared
to achieve the goal that one can be taken out and the other
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can be inserted quickly after being cooled. Due to the large
length and tension force of the sample rod, the material
with high strength and good rigidity should be used. This
can effectively reduce the diameter and keep the sample
aligned with the neutron channel.

Finally, vacuum mechanism should be provided. In
order to reduce the loss of neutrons in the air, the flight
path of neutrons should be as close to the vacuum as
possible. The vacuum inside the equipment should be
increased. The extreme vacuum degree of the neutron tube
is designed at 10 Pa (0.01 MPa) [10]. Therefore, the vac-
uum degree of outer cylinder and inner cylinder in the
designed sample environment should be kept below this
value. Also, the inner cylinder and outer cylinder should
be isolated with vacuum.

3. Equipment Prototyping

In situ stretching sample environment prototyping is a
comprehensive engineering which integrates mechanical,
electrical, and control components together. The
manufacturing focus is on stretching mechanism and vac-
uum mechanism. Among them, the stretching mechanism is
the core part of the in situ stretching sample environment,
which is mainly composed of fixture, sample rod, tension
sensor, gear reducer, and servomotor. The stretching
mechanism mainly ensures the stability of tensile force and
alignment of neutron channel.

3.1. Standard Components of the Equipment. The servomotor
with 750 W power and 2.37 Nm torque provides controllable
stretching force and self-locking function by power-oft
brake. The gear reducer with a reduction speed ratio of 25
realizes speed reduction, torque increasing, and self-locking
function by a stop brake. The force sensor provides the input
power measurement, with the maximum measurement
value of 50 kN. The sample rod is built-in with a screw-rod
with diameter 32 mm and lead 5mm. To sum up, 63kN
tension force was provided by the stretching mechanism.
Compared to 30 kN tension force of the design objectives, 2
times spare coeflicient was set up.

3.2. Nonstandard Components Manufactured. As a non-
standard component, the sample rod was made as an in-
dependent replaceable part. There are two interfaces of the
sample rod: the interface at the vacuum chamber and the
interface at the stretching mechanism. The sample fixture is a
nut simplifying the sample holding mode. The stretching
mechanism is shown in Figure 2.

Another important nonstandard component is the
vacuum mechanism composed of inner and outer vac-
uum cylinders, connecting valves, corrugated pipes, and
vacuum pumps. Metal seals are used for the interface, as
shown in Figure 3. In order to reduce the absorption of
neutrons by air during flight, the tube cavity is usually
kept in a good vacuum state [10]. So, the sample envi-
ronment should be kept close to the vacuum state after
receiving the neutron from the tube.
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FIGURE 1: The structure of the in situ stretching sample environment.
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FIGURE 2: Prototype of the stretching mechanism.

4. Tests and Analyses

To evaluate the performance of the developed prototype
device, a sample was prepared for the test. The sample was
made with length 30 mm and M10 thick tooth screw. The
material of the sample is stainless steel with strength of 8.8
grade. The theoretical maximum tensile force is 36 KN. The
vacuum pump was started first. The stretching force holding
test, sample breaking test, and vacuum pressure maintaining
test were carried out, respectively.

4.1. Stretching Force Holding Test and Analysis. Generally
speaking, the scanning time of the neutron scattering
experiment is long. Several fixed stretching forces should
be provided by the stretching mechanism for a long time
for obtaining the microscopic state of the sample under
different tensile forces. Therefore, the stretching force
holding test was carried out with the stretching force at
1.495 KN. The test was maintained for no less than 5h by
motor power-off brake. The test result is shown in
Figure 4.



FiGURE 3: Metal seal in the interface.
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FIGURE 4: Result of the tensile pressure holding test.

As shown in the figure, while the stretching force was
loaded to 1.495 kN and stopped for 0.5 h, the stretching force
was reduced to 1.485kN. In the forthcoming 5h, the
stretching force loss is almost zero (the values focus on a
straight line of y=1.485kN). It fully shows that the self-
locking effect is good, and the stretching mechanism can
provide a stable tension. This indicates that the stretching
force holding has met the design objective.

4.2. Breaking Test and Analysis. According to the afore-
mentioned design objectives, stretching mechanism should
be required to reach at least 30kN stretching force and to
stably keep at about 30 kN after stopping the load. Finally,
stretching force was continued to increase until the sample
was broken. The experiment result is shown in Figure 5.

The stretch force was increased to 30kN after the 4™
loading. The sample was broken in the 16" loading (the
stretching force was 34 kN). This was close to the theoretical
maximum stretching force of the sample (i.e., 36 kN). This
was in line with the expected design objective. The broken
sample is shown in Figure 6.

Science and Technology of Nuclear Installations

x10%
3.5

25 ¢t R

Force (N)

15F b

0.5} i

0 . . .
0 5 10 15

No. of loading

FIGURE 5: Values in the breaking test.

FiGURE 6: The broken sample.
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FIGURE 7: Values in vacuum pressure maintaining test.

4.3. Vacuum Pressure Maintaining Test and Analysis.
Before the vacuum pressure maintaining test, the vacuum
condition inside the sample environment was pumped to
1Pa (lower than the design objective 10Pa) as the initial
state. After stopping the vacuum pump and keeping the
sample environment be airtight, vacuum values was
recorded in the coming 5h, and the experiment values are
shown in Figure 7.
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From the analysis of values, the curve formed is close to a
straight line, indicating that the leakage rate is close to a
constant value of 35 Pa/h. This is far lower than the pumping
rate of the vacuum pump. Therefore, the sealing perfor-
mance of the vacuum mechanism has met the design ob-
jective (less than 10 Pa).

5. Conclusions

Conclusions can be drawn from the test results and analyses
as follows:

(1) During the stretching force test, the stretching force
was loaded to 1.495kN and gradually stabilized to
1.485kN. This almost does not weaken in the fol-
lowing 5h. It proves that the self-locking effect is
good, and the sample environment can meet the
design objective.

(2) During the breaking test, the sample was broken at a
stretching force of 34 kN. It is close to the theoretical
maximum tensile force of 36 kN, achieving the ex-
pected design objective.

(3) During the vacuum pressure maintaining test, the
curve formed is close to a straight line, with the
leakage rate at the constant value of 35Pa/h. It is
lower than the pumping rate of the vacuum pump,
indicating that the sealing performance of vacuum
mechanism meets the design objective.
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