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spacecraft engineers calculated some thrust
forces in pound-force (lbf), whereas the team
who built the thrusters were expecting a value in
newton (N), according to specifications. One so-
lution to these problems is to continue waiting 
decades until all humans become familiar with
using SI units. Another solution would be to force
all machines to communicate with each other us-
ing only SI units. The latter has been proposed
in the SmartCom project [2] with the participation
of several major National Metrology Institutes, 
universities and industrial companies, headed by
Germany’s PTB (Physikalisch-Technische Bun-
desanstalt). Machines use only SI units for ma-
chine-to-machine communication, while humans 
may still refer at the user interface level to non-
SI units. The SmartCom Project started on 01 
June 2018 and produced a Guide for the ex-
change of machine-readable data of digital
measurement values in a given metadata-for-
mat. The fundamental goal of this development 
is machine communication using only the seven
SI base units. A unit that only requires to inter-
pret SI base units has the greatest importance
for a highly machine-readable data representa-
tion. We have recently proposed to include at the
BIPM website the conversion factors to the 
seven SI base units of most of the non SI units
used worldwide for machine-to-machine com-
munication [3]. Here we address additional con-
siderations in this regard.

Stop ignoring units outside the SI
The global collaboration CODATA (Committee 
on Data of the International Science Council) 
formed also in 2018 the Task Group on Digital 
Representation of Units of Measurement 
(DRUM). The title of this contribution is inspired
by that of a comment article appeared in Nature
in 2022: “Stop squandering data: make units of
measurement machine-readable” [4]. It was pub-
lished by DRUM and other scientists participat-
ing in a Forum on Metrology and Digitalization,
reporting to the CIPM. The document addresses
a set of shortcomings related to a consistent, 
machine-readable description of units in data, 
such as the lack of broadly agreed technical
specifications for representing quantities and
their associated units without confusing ma-
chines. The technical requirements for detecting
the origin of the data, the units associated with 
the incoming data, conversion and validation 
modules, their language and format, so as auto-
mation of the workflow, may improve over time. 

However, the uniqueness of unit conversions
with reference to the SI requires that a database 
of conversion factors be internationally agreed 
between States and then periodically updated
with international agreement. In this regard, the 
information provided by the NIST Guide for the 
Use of the SI and the ISO/IEC 80000 series of 
standards would gain internationally authorita-
tive status if it were approved by the CGPM and
made official on the BIPM website. There is al-
ready formal cooperation between BIPM/CIPM 
with CODATA and its Task group DRUM. It
seems then very feasible that scientific efforts
will continue, aiming at the inclusion of a conver-
sion factors database in a possible international
agreement between States participating in the
decision-making bodies of the Metre Conven-
tion. It should also be noted that ISO and IEC are
independent, non-governmental organizations
made up of members from the national standard-
ization bodies, which can be either public or pri-
vate. Within the framework of the Metre Conven-
tion, there are already historical precedents of
collaboration involving both organizations. They 
participate together with the BIPM in the Joint 
Committee for Guides in Metrology. They are
also signatory of a Joint statement of intent on
the digital transformation.

The new message of universal unification
emerging from those adhering to the Metre Con-
vention could be: This is the SI, and these are 
the conversion factors to be used so that any
other customary unit in use is discarded by using
only SI units.
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Summary:

The long-term performance of permanent magnets is critical, as even small variations in field or temper-
ature can cause irreversible demagnetization. In this paper, a test framework is presented with three 
different setups that enable comprehensive magnetization analysis and monitoring of commercial mag-
nets, capturing both direct and time-dependent losses, while bridging the gap between material testing 
and application requirements.
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Introduction
Permanent magnets play a crucial role in actua-
tors, sensors, and measurement technology. 
Preventing irreversible magnetization losses is a 
key challenge, as demagnetization occurs due to 
field or temperature changes and time-depend-
ent effects [1]. Integral methods like hysteresis-
graphs, vibrating sample magnetometers (VSM)
[2], and Helmholtz coils assess overall magneti-
zation [3]. Hysteresisgraphs suffer from fluxme-
ter drifting, making them unsuitable for long-term 
studies. VSMs are limited by sample size [4],
while larger moment measurement coils, typi-
cally in a Helmholtz coil arrangement, lack exter-
nal field and temperature control. Local methods, 
such as field mappers, map the sample's field 
using a moving Hall probe, allowing the detection 
of field inhomogeneities but also lacking active 
field and temperature control. This highlights the 
necessity of a comprehensive framework that 
bridges material characterization with applica-
tion requirements. To address this, three testing 
concepts are developed and tested. This study 
focuses on measuring and monitoring direct 
magnetization losses, time-dependent viscosity 
𝑆𝑆, and the magnetic viscosity parameter 𝑆𝑆𝑣𝑣. 𝑆𝑆𝑣𝑣 al-
lows for the prediction of magnetization losses, 
by defining an effective fluctuation field: 𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒 =
𝑆𝑆𝑣𝑣 ∗ ln (∆𝑡𝑡) [1]. This enables the extrapolation of 
results over the entire lifetime of a component. 
Furthermore, the testing arrangement enable in-
situ field scans for visualization of the demagnet-
ization process.

Testbench Framework
Concept 1

Fig. 1. General overview of concept 1.

The first concept, based on a classical Helmholtz 
coil with fluxmeter measurement, is enhanced by 
a stepper motor [5] for sample rotation (Fig. 1).
Additionally, a heating unit capable of reaching 
temperatures up to 250 °C was integrated. The 
fluxmeter converts the induced voltage into mag-
netic flux. Fluxmeter drifting is minimized by ro-
tating the sample within the Helmholtz coil, ena-
bling long-term measurements (magnetic vis-
cosity 𝑆𝑆) at various temperatures.

Concept 2
The second concept combines classical Helm-
holtz measurements with the functionality of a 
field mapper under varying field and temperature 
conditions (in situ) (Fig. 2) [6]. The sample, 
mounted on a rotating sample disc, can be 
heated up to 200 °C. During one rotation, it is 
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exposed to an external field within the yoke's air 
gap (𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒 = 1800 kA/m), measured integrally via 
the Helmholtz coil with a fluxmeter, and locally 
analyzed by a scanning Hall probe. This enables 
both the integral measurement of the entire de-
magnetization curve (hysteresis curve) and de-
tailed local field mapping. 

Fig. 2. General overview of concept 2. 

Concept 3 

Fig. 3. General overview of concept 3. 

The third concept enables both rapid field 
changes and constant fields. It is based on a 
yoke made of electrical steel sheet, with excita-
tion coils generating external field strengths of up 
to 1500 kA/m (Fig. 3). The sample can be heated 
up to 250 °C and is measured using Hall probes 
in the air gap between the sample and the yoke. 
This setup is designed for measuring demagne-
tization curves as well as time-dependent beha-
vior over short time frames. It enables the routine 
determination of the magnetic viscosity parame-
ter 𝑆𝑆𝑣𝑣 for full-size samples. 

Data acquisition 

Fig. 4. General overview of the DAQ system 
with concept-specific components indicated in 
parentheses. 

Measurement acquisition and process control 
are managed by an ATmega 2560 microcontrol-
ler. Each setup includes a microcontroller with an 
ADC (Analog-to-Digital Converter) for acquiring 
measurement signals, such as Hall probe read-
ings and/or the magnetic moment from the flux-
meter (Fig. 4). This enables discrete data acqui-
sition and precise control of process parameters 
(Tab. 1), including driving the current source via 
a DAC (Digital-to-Analog Converter) and control-
ling the motor drive. Additionally, Concept 2 in-
cludes a field mapping unit alongside the main 
acquisition and process control unit, synchroniz-
ing its stepper motor with the sample's rotation 
for field mapping. 
Tab. 1: Summary of measurement methods, process 
parameters, and key results for all concepts. 

Conclusions 
The proposed testing framework enables a de-
tailed analysis of demagnetization effects in per-
manent magnets by combining integral and local 
measurement techniques. Concept 1 allows 
long-term monitoring of magnetic viscosity, con-
cept 2 provides in-situ field mapping, and con-
cept 3 determines viscosity parameters. These 
approaches bridge the gap between material 
testing and applications, improving the reliability 
of magnet stability assessments. 
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