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Abstract In-situ testing technology for mechanical properties of materials can be used to characterize and analyze the
microstructure evolution and damage failure mechanism during the service of materials in the process of mechanical
properties testing, and to study the inner law among material composition, process, microstructure, mechanical
properties, and service behaviors. The research of key technologies of material forming and processing to promote the
design and manufacture of advanced materials is of great significance to serve national defense and national economic
construction. In this article, we first review and summarize the development of material mechanical property testing
techniques, and then outline the in-situ testing techniques of material mechanical properties by scanning electron
microscope, transmission electron microscope, and diffraction imaging. We focus on the in-situ mechanical loading and
temperature field construction techniques. Finally, prospects for future trends in the field of in-sizu testing for mechanical
properties of materials are presented.
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Table 1 Commercial in-situ mechanical properties testing devices

Company Product type and model Picture Main technical specification
Function: three-point four-point bending;
2 kN vertical three-point compatible with SEM and OM;
Deben, UK . . lae] :
bending device maximum load: 2 kN
rate: 0. 05-5 mm/min
Function: tension and compression,
horizontal bending;
5 kN tensile compression compatible with SEM, OM;
Deben, UK i i .
and bending device " maximum load: 5 kN;
speed: 0. 005-50 mm/min;
temperature range: 253-433 K
Function: tension and compression, fatigue;
SEM compatible;
Deben, UK 5 kN in-situ fatigue device™ maximum load: 5 kN;

MICROTEST 2000E in-
Gatan, USA . . [52]
situ stretching device ™

In-situ high-temperature

[53]

Qiyue, China . .
Y fatigue device

MINI-MTS

Qiyue, China (o)

device

In-situ tensile/compression
(55)

Kammrath & Weiss,

Germany testing device

200 N in-situ bending test
(56]

Kammrath & Weiss,

Germany device

speed: 0. 005-6 mm/min;
can be equipped with heating table
Function: single-axis tension and compression;
load: max. 2 kN;
stroke: 10 mm;
speed: 0.033-0.4 mm/min

Function: high temperature creep fatigue;
SEM compatible;
maximum load: 2 kN

temperature: room temperature ~1273 K

Function: stretching and compression,
three-point bending;
compatible with SEM, EBSD;
maximum load: 10 kN;
speed: 0.001-0. 1 mm/min;
can be equipped with heating table
Function: single-axis stretching and
compression;

SEM compatible;
maximum load: 10 kN ;
rate: 0.006—1. 2 mm/min;

temperature : room temperature ~1273 K

Function: Three- or four-point bending;
SEM compatible;
speed: 0.012-1. 2 mm/min
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Fig. 12 SEM/EBSD-compatible laser heating device”™. (a) Schematic diagram of heating device;

(b) internal cross section of heating device
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Fig. 13  In-situ heating device™

thermal couple
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Fig. 14 Heating device produced by Shimadzu Corporation,

Japan™™
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Fig. 15 Hybrid heating unit””
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(®: heating wires
@: thermocouple
| g~
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e [ (®:sample  @: light pipe
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Fig. 16 Schematic diagram of heating unit""
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Fig. 17 High-temperature in-situ testing setup™™”
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Fig. 18 Schematic diagram of internal structure of

high-temperature heating module""

micro tensile stage
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Fig. 19 EBSD-compatible in-situ high-temperature

stretching device™
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Table 2 In-situ cryogenic devices

Company Product type and model Picture Main technical specification
. . Liquid nitrogen cryogenic Temperature range: 140-423 K;;
Qiyue, China Lo 5 . .
table ™" - cooling rate: =20 K/min
&
. Gatan C1 series liquid nitrogen Temperature range: 88-673 K;
Gatan,USA

cryogenic table'™”

CF302 liquid helium cryogenic

Gatan,USA [85]
table™

Enhanced low-temperature

Deben, UK o
table™

Ultra-low-temperature
Deben, UK ) (o)
cryogenic table™

cooling rate; >>20 K/min

Temperature range: 4-140 K;
cooling rate: >3 K/min

Temperature range: 248-433 K;

maximum cooling rate: =>20 K/min

Temperature range: 223-323 K

maximum cooling rate: ~>20 K/min
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Fig. 20 SEM/EBSD in-situ low-temperature stretching device'™”
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P21 TR SEM AR IR Az fib e 5 0 i =8
Fig. 21 Temperature measurement method of in-situ SEM
)

low-temperature stretching device™
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Fig. 22 In-situ variable temperature tensile loading device”!
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Fig. 23 In-situ high-temperature tensile testing of failure

mechanisms of nickel-based high-temperature alloys at

different temperatures"”
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Fig. 24 In-situ EBSD
temperature alloys!"”. (a) EBSD sampling areas; (b),
(c), and (d) are IPF, KAM, and GND density maps in
and (g) are IPF,
KAM, and GND density maps in xy plane
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Fig. 25 In-situ EBSD observation of grain growth at different

annealing temperatures!"!
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Fig. 26 SEM in-situ three-point bending different strain distribution with grain orientation superimposed"'”.

(a), (b), (c), (d) are different strain states at 0. 4-0. 8 mm tensile displacement, respectively
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27 TRIEA & AR RO SR AR () B AE 0% BN A8 R (19 EBSD B 5 (b)#E S 72 0% A8 T 19 SEM EIE ;5 (o) B i
FE 18 %6 RN 25 R 1y DIC [ 5 (d) Bf S 7E 18 %6 Wi A8 g SEM &%
Fig. 27 In-situ tensile microstructure characterization of high entropy alloy™”. (a) EBSD plot of sample at 0% tensile strain; (b) SEM

image of sample at 0% strain; (¢) DIC plot of sample at 18% tensile strain; (d) SEM image of sample at 18% strain
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Fig. 28 Physical picture of sample rod""’
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Fig. 29 TEM in-situ tensile fatigue device
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Fig. 30 Thermally actuated MEMS stretching device'"
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Fig. 31 Electrostatically driven TEM in-situ testing setup’™"”’
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Fig. 32 Schematic diagram of electrostatically driven

stretching device'™”
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Table 3 Summary of in-situ testing techniques for mechanical properties of materials

Microscopic instrument Test content

Characteristic Key technology

SEM: surface
microstructure morphology ;
SEM EBSD: lattice orientation;
EDS: elemental type and
content analysis
Internal organization and
TEM morphology and crystal
structure observation
Material internal
microstructure, crystal

Diffraction imaging .
structure, and residual stress

High spatial resolution, good

Large field of view, large depth of field,

large cavity space, good compatibility,

and low price Spatial compatibility,

functional compatibility,

vacuum compatibility,

High resolution, difficult specimen

electrical, thermal, and

preparation, small cavity space, poor

magnetic compatibility,

compatibility, and high cost

imaging distance, and angle

compatibility

compatibility, complex instrument

structure, large size, and expensive price

measurement
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