
1. Technical Principles:

1.1 Introduction to Instrumented Indentation Test:

The Instrumented Indentation Test (IIT) is a material property testing method based on the
force-displacement curve during the contact between the indenter and the sample.

An indenter (such as a diamond Vickers indenter or a spherical indenter) is pressed into the
material surface at a controlled rate using a loading system; simultaneously, the load (P) and
indentation depth (h) data are recorded in real time; a complete P-h curve is obtained throughout
the loading-hold-unloading process; by analyzing the characteristic sections of the curve, a series
of mechanical parameters of the material can be obtained.

Compared with traditional hardness testers, the instrumented indentation test can not only provide
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a single indicator of "hardness," but also quantitatively evaluate various mechanical properties,
such as tensile properties and fracture toughness.

1.2 Applied Standards:

International Standard ISO/TR 29381 Metallic materials - Measurement of mechanical properties
by an instrumented indentation test - Indentation tensile properties

Korean Standard KSB 0950 Metallic materials - Instrumented indentation test - Indentation tensile
properties

Chinese Standard GB/T 39635 Metallic materials - Instrumented indentation test - Determination of
indentation tensile properties and residual stress

2. Structural Principle:

2.1 Motion Loading Mechanism: The loading system uses an electric actuator to drive a ball screw,
converting rotational motion into highly linear displacement. The screw nut is fixed to the indenter
and, through a connecting structure, drives the force sensor above to move synchronously,
achieving synchronous transmission of force and displacement. To ensure the straightness and
smoothness of the loading path, the entire mechanism is mounted on a high-precision linear guide
system, and pre-tightening eliminates guide clearance, improving motion stiffness and
repeatability.

2.2 Measurement Feedback Mechanism: The displacement of the indenter is precisely fed back to
the displacement sensor through a patented structure independent of the loading mechanism,
measuring only the actual displacement of the indenter into the sample. The displacement sensor
is mounted in a rigid structure, avoiding interference from the elastic deformation of other
components (such as the screw and force sensor) during loading. This structure effectively
eliminates the influence of structural elastic deviations during loading on the measurement results,
significantly improving the system's measurement stiffness and stability, thereby achieving higher
consistency and repeatability.

2.3 Force-Displacement Decoupling Design

This system achieves decoupling of force transmission and displacement detection paths: force is
transmitted from the actuator to the indenter via a lead screw and force sensor, while displacement
is obtained through an independent measurement channel to measure the indentation depth of the
indenter. This design significantly reduces the impact of structural coupling errors on measurement
accuracy and is one of the key technologies for improving the reliability of results in macroscopic
indentation testing.

3. Main Technical Parameters:

 Maximum Load: 200 kgf;

 Load Resolution: 2 gf;
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 Indenter Stroke: 23 mm;

 Displacement Resolution: 0.1 μm;

 Loading Speed: 0.1 μm/s～2000 μm/s;

 Functions: Rockwell hardness, yield strength, tensile strength;

 Rockwell Indenter: 250 μm radius tungsten carbide spherical indenter, 500 μm radius tungsten
carbide spherical indenter;

 Main Unit Dimensions: 350*250*160 mm.

4. Electrical Design

This system adopts a modular electrical architecture, integrating control, drive, and signal
acquisition into one unit, possessing high anti-interference capability and measurement stability.

4.1 Control System: An embedded controller is used, integrating motion control and data
acquisition functions. A real-time operating system enables precise control of processes such as
loading, displacement acquisition, and data processing. It supports multiple USB communication
interfaces for easy integration with host computers or external systems.

4.2 Drive System: A stepper motor, in conjunction with a high-precision reducer, drives the lead
screw to achieve pressure head loading. The driver supports microstepping control and
closed-loop feedback to ensure displacement accuracy and motion smoothness. The motor drive
signal and sensor acquisition channels use independent shielded wiring to reduce electromagnetic
interference.

4.3 Signal Acquisition and Processing: Displacement and force values ​ ​ are acquired through
high-precision analog sensors, using a 24-bit high-resolution ADC for data acquisition. The system
has a built-in signal conditioning module with low-drift amplification, filtering, and temperature drift
compensation functions to ensure stable and reliable measurement data.

4.4 Power Management: This system adopts a dual-mode power supply architecture, compatible
with both external control box power supply and internal lithium battery power supply. It features
automatic switching and system stability assurance mechanisms, enhancing the equipment's
portability and field adaptability. The system supports power supply via the control box's internal
switching power supply or independent power supply from the device's built-in high-performance
lithium battery. When an external power source is detected, the system will automatically switch to
external power supply mode, prioritizing the switching power supply to extend battery life. Upon
power failure, it automatically switches back to the lithium battery without manual intervention.

5. Unique Technologies:
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5.1 Main Unit: A unique idle-travel contact indenter structure enables automatic deceleration of the
indenter during approach, significantly shortening the approach time before contact.

5.2 Software: One-click testing software utilizes an innovative [sample-project] two-level data
management structure, enabling quick management of experimental data through a database.
Testers can pre-set parameters and start the test with a single click. The test automatically
analyzes the data and saves the results upon completion. It features a convenient and quick results
browsing interface, allowing for rapid comparison of multiple experimental data, including
numerous statistical indicators, raw data curve comparison, a complete data analysis process and
intermediate parameters, and multi-indicator 3D thermogram visualization, greatly facilitating the
evaluation of the mechanical properties of the tested object.
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5.3 Customizable Experimental Process: The testing platform software, based on innovative ATS
scripts, enables fully customizable experimental processes. Users can freely combine various
action types (such as open-loop, closed-loop, stop, etc.) and waveforms (dozens of waveforms,
such as ramp arrival, sine, cosine, etc.) provided by the platform, and obtain their desired unique
experimental process by setting parameters. During the experiment, users can monitor various
custom operating parameters in real time, gaining a detailed understanding of every aspect of the
experiment. The software includes pre-written ATS scripts based on various testing standards such
as tensile properties and residual stress. Users can modify these scripts, such as fine-tuning
parameters, to observe their impact on curves or experimental results, making it very convenient
and fast.

1) Customizable Analysis Process and AI Assistance: The experimental platform software also
features a fully customizable analysis script function. Users can write Python scripts for analyzing
any data according to specifications, performing fully customized analysis. The software has
built-in analysis schemes defined in several mainstream standards, which users can directly modify,
such as fine-tuning parameters, for research. Considering the certain learning curve of Python, the
software's custom analysis module has integrated the latest DeepSeek V3.1. Users do not need
in-depth Python knowledge to have AI help write scripts or analyze or modify existing scripts
through dialogue.
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KASON is established in 2003,owns more than 8000
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