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Abstract 

Portable hardness testing originated from the need of employing practical tools fully integrated into the production 
process and in-life servicing. Initially, they were based on the traditional indentation methods such as Rockwell, 
Vickers and Brinell, with modifications to make them (semi-) portable. However, during the past four decades, 
especially usage of the Leeb rebound and the Ultrasonic Contact Impedance (UCI) techniques exploded. In this 
paper, an advancement of the UCI technology is described. By usage of an integrated load sensor, hardness 
monitoring at selected loads and even during continuous load increase is facilitated. We are exploring this 
principle both for real-time user guidance to reduce user dependence and increase accuracy, and also to observe 
the indentation vs. load behavior of the material during the UCI indenter penetration. Results of this study are 
presented, and the benefits to users are illustrated. 

Keywords: UCI, Ultrasonic contact impedance, Portable hardness testing, Adjustable test load, Case 

hardening depth 

1  Introduction 

Ultrasonic contact impedance (UCI) hardness testing is one of the most commonly used portable 

hardness testing methods. It was invented by Claus Kleesattel in 1968 [1] and is widely established 

today. It is popular due to its high portability, and the fast and simple measurements. In addition, it can 

be easily positioned on uneven surfaces such as welds, providing widely unmatched accessibility to 

difficult- to-test object spots. These are a just a few of the reasons why inspectors from a variety of 

industries prefer UCI over other hardness testing solutions. 

The latest technological achievements have brought new innovations to this testing method, which 

enhance the UCI method and make it capable to gather more information about the test process and the 

measured object. These improvements will be explained and discussed in this paper. 

2  UCI hardness test method 

2.1 The UCI measuring principle 

As the name ‘ultrasonic contact impedance’ suggests, the principle is based on the use of ultrasound 

excitation to determine the hardness of the test piece. A resonating rod is set into a longitudinal 

oscillation by multiple piezo elements, mounted to the upper end of the rod. On the lower end of the 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

22
26

2

mailto:christoph.frehner@proceq.com


15th Asia Pacific Conference for Non-Destructive Testing (APCNDT2017), Singapore. 

 [ID272/3961]  2 

same, a Vickers indenter is mounted. To determine the hardness, this indenter is forced into the test 

piece by the applied test load. This test load is usually applied manually by the user over a spring. To 

evaluate the hardness value, the difference between the frequency when the indenter is in the air 

(unloaded) and the frequency under test load is compared. This frequency shift depends on the hardness 

and the elastic properties of the material under test. Indentations on soft materials are larger than on 

hard materials, and cause a higher frequency shift. A lower elastic modulus attenuates the resonance 

less and leads to lower shifts in frequency. A schematic illustration of a typical UCI probe is shown in 

Figure 1. 

 

Figure 1: On the left side, a schematic cross section of an UCI probe is shown, the right side illustrates the key 
components (indenter, resonating rod, piezo elements and bearing point). 

For the correlation of the frequency shift to the hardness in the Vickers scale, a conversion curve is 

required. This curve is specific for each probe, but depends also on the material under test, respectively 

the material’s elastic properties. As the UCI principle uses ultrasonic vibrations to determine the 

indentation size, it is not a pure static principle and the influence of the elastic properties are relatively 

strong. Different materials require an adaptation of the conversion curve, or even a completely different 

curve, respectively. 

2.2 International standardization 

There are two standards available which describe and specify the UCI method in detail, provide key 

parameters, and requirements on the test pieces. These standards are ASTM A1038 [2] and DIN 50159 

[3]. Both standards require the usage of a diamond indenter which has the same tip shape as as used in 

the stationary Vickers method as per ISO 6507 [4] and ASTM E92 [5]. The evaluated frequency shift 

is considered as an indirect measure of the indentation size, which is the parameter that is directly 

measured in the Vickers test. Therefore, the hardness scale that is commonly used for UCI is HV. To 

indicate that results are based on the UCI method rather than the native HV test as per ISO 6507 [4] and 

ASTM E92 [5], a (UCI) suffix shall be added, such as in “570 HV(UCI)”. 
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2.3 Advantages of UCI 

The UCI hardness test method is a very fast. On first sight, it is very simple to use as the user only needs 

to press down the probe and remove it from the test piece after 1-2 seconds. For these reasons, it is 

highly appreciated by different industries to determine the hardness of different objects. Especially 

beneficial is also the exact positioning of the nozzle, which makes UCI particularly suitable for testing 

of heat affected zones (HAZ) of welds, as shown in Figure 2. Due to the good accessibility, other 

applications are testing of gear teeth, bearings and many more components. 

 

Figure 2: Wireless UCI probe used for testing the heat affected zone of a weld. The good accessibility, angle 
independence and fast measuring time makes UCI the preferred portable hardness tester for this application. 

2.4 Requirements on the test piece 

To prevent oscillations and ultrasonic wave reflections, the test object shall fulfil certain minimum 

requirements regarding the sample thickness and mass. A thickness of 5 mm and a sample mass of 300 

g are usually required for proper hardness readings with the UCI method. If these requirements are not 

fulfilled, one has the option to ‘couple’ the test piece to a bigger and heavier support plate by means of 

adhesive forces. 

As with other hardness testing method, requirements for UCI measurements regarding surface 

preparation and roughness are specified. Whilst these requirements depend on the hardness and the 

applied test load, the average roughness depth should not typically exceed 5 µm. 

2.5 Limitations of the UCI technique 

The method can become more user dependent when it is not kept in a stable position orthogonal to the 

test surface. A deviation from the 90° angle leads to biased hardness readings. In addition, in the case 
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of small indentations, any slight probe movement during the test can be critical to the reading. This 

becomes particularly relevant in cases of high test loads. 

3  Adjustable test load probes and range of applications 

Multiple test loads are available which can be used for different applications. Usually, an end switch is 

used to detect when the target load is reached. Hence, each probe is adjusted to one pre-defined test 

load. Different test loads traditionally required using different probes.  

Compared to stationary hardness testing methods, portable instruments use lower loads, as the user 

needs to apply the load manually. Typical test loads for portable handheld UCI tests are in the range of 

HV1 and HV10, which corresponds to 1…10 kgf. Table 1 gives an overview of the most popular test 

loads and their typical applications. 

Test load Typical applications 

HV10 Cast material, forgings, weld inspection 

HV5 General UCI applications, machine parts, shafts, weld 
inspection, etc. 

HV1 Thin walled parts, coatings, bearings, tooth flanks, etc. 

Table 1: Overview of typical applications for the different test loads available. A rule of thumb is to select a 
higher test load for large test pieces and inhomogeneous materials. Thin and delicate surfaces are typically 

tested with lower test loads. 

The latest generation of UCI probes, since 2016, are equipped with an adjustable test load feature. This 

type of probe comes with an integrated load sensor instead of the end switch to trigger the measurement 

at a pre-set load. This makes them much more flexible in their application, as one can use one probe 

hardware for all the applications listed in Table 1. The test load is simply set before the first reading of 

the series is done. 

This does not only allow to address all portable UCI applications with one probe, but also allows to test 

one sample with different test loads. This can be beneficial both to find the optimal combination of test 

surface and load, and to characterize the sample more precisely. 

4  Additional advantages of integrated load sensor 

4.1 User guidance 

One disadvantage of traditional manual UCI probes is some user dependency. Depending on how the 

load is applied, the measurement results can be influenced. Here not only the speed of applying the 

load, but also the load curve has an influence on the result. To achieve stable, reliable and repeatable 
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results, a constant and continuous load application is essential. With regular probes, this cannot be 

measured or recorded for further analysis. 

Another influence is the measurement angle. UCI readings are affected by the measurement angle, a 

limit of ± 5° vs. the surface normal is allowed according to the ASTM A1038 [2] and DIN 50159 [3] 

standards. 

The existence of a load sensor in the UCI probe allows to gather more information about the 

measurement process itself by monitoring the test load and frequency shift. Based on this set of data, 

the user can be guided through the process with step-by-step information to achieve proper 

measurement. In the case of any deviations from the required measurement process, warning and error 

messages inform the user. The quality of the measurement can be judged and the set of data can be 

stored for later reference. Figure 3 shows a screenshot from an UCI measurement device with user 

guidance activated. 

This gives the user also better control over the test process, and in real time gives direct feedback of the 

test load. 

 

Figure 3: Load-time chart of UCI measurement with upper and lower limits for the load application. The target 
load for a HV5 measurement is marked with the horizontal dashed line. As soon as the actual load hits that 

level, the measurement is triggered. The load curve shall be monotonically increasing and as linear as possible 
to achieve reliable values and a high repeatability. 

4.2 Additional information about the tested material 

With the integrated load sensor, the complete indentation process can be monitored and logged. Beside 

the load vs. time chart, also the frequency shift vs. load chart can be plotted. With this information, 

additional material characteristics can be evaluated. For example, information relevant to the case 
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hardening depth can be extracted. When there are hardness changes in the top layer, these become 

visible in the frequency shift vs. load chart. 

5  Research 

5.1 User guidance 

To validate that the user guidance is beneficial to improve the accuracy of UCI measurements as 

explained above, a test series was carried out. Users were assigned to perform measurements first 

without user guidance activated, and afterwards with that feature activated. The six users participated, 

all with no or only little UCI testing experience. 

The comparison tests were performed on a calibrated test block, using the HV5 test load. Each person 

collected 12 readings. After the removal of two outliers, the standard deviation was calculated as a 

measure for the repeatability. 

The results show significant improvements between measurements done with vs. without user guidance 

feature. Figure 4 shows the standard deviations achieved on the test block. Most of these users also 

expressed a preference to measure with the user guidance feature activated, as this direct feedback 

provided more confidence during and after the measurement. 

 

Figure 4: Standard deviation on the most common hardness level for UCI test blocks. In every case, the standard 
deviation could be significantly reduced when the user guidance was activated. 
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5.2 Instrumented indentation hardness test with a portable UCI probe 

To evaluate the full possibilities of these UCI probes, tests were performed on different materials. In a 

first round, commonly available UCI test blocks with different hardness levels, but otherwise same 

characteristics were tested. 

During each of these tests, the frequency and the test load was logged. Figure 5 shows the resulting 

curves. These tests were made manually, therefore the load application is not perfectly smooth and the 

reached maximum load is not always the same. 

 

Figure 5: Test load vs. resonating frequency chart measured on test blocks with different hardness levels. The 
left increasing flank of each curve shows the indentation process which is noisier as the load is applied 

manually. The right flank shows the load release process. On the softest test block, the resonating frequency is 
highest, and the curve width increases. 

The left flank of each curve represents the indentation process of increasing test load. When the hardness 

of the test block is high, the frequency changes less when applying the full test load than for a softer 

test block. 

The right flank of the curve shows the release of the probe. As the indentation has a plastic and elastic 

deformation, this curve follows a different slope. The bigger the width between the starting point and 

end point of the load-release curve, the higher the plastic deformation. 
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6  Summary and Outlook 

In this paper, a new generation of UCI probes is introduced. The advantage of these devices is an 

integrated load sensor to monitor the test load used for the measurement. This capability allows to easily 

adjust the test load to any application, and in addition the complete measurement process can also be 

precisely analysed. 

This makes it possible to guide the user through a proper test process with clear user instructions and 

warnings. The signal can be analyzed during the measurement process and stored with each reading for 

later reference. A test series with inexperienced users proves the real advantage of this feature: a 

significantly improved repeatability. This feature will be further finetuned and implemented in the series 

product. 

With the test load vs. frequency shift plots, a new dimension of portable UCI testing has been 

introduced, which can support the extraction of further object parameters. Tests will have to be carried 

out on additional specially-prepared samples. Multilayer samples and hardness gradients shall be 

analysed. The gained information about the plastic and elastic deformation can be used to characterize 

the material under test, similar to instrumented indentation tests. 
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