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INTRODUCTION
One of the most important elements of powertrain 
maintenance is the fault prediction time. The prediction 
time of faults in the powertrain has a considerable 
influence on the efficiency of the maintenance plan. 
The use of appropriate and up-to-date sensors to 
detect possible machine faults in an optimal time frame 
facilitates maintenance planning and significantly reduces 
maintenance costs.
The paper will describe some possible maintenance 
procedures depending on the type of sensor and their 
failure prediction times, as well as a rough presentation 
of the application of FMEA (Failure Modes and Effects 
Analysis) in relation to the intelligent bearing sensor at 
AMHO for the improvement of maintenance procedures 
to have a positive impact on the production and resource 
planning of their drive trains. Due to the large number of 
failures and their causes in the powertrain. After that, we 
will have a description of the maintenance procedure as it 
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The drive train is a central part of the production process in any production. Its contribution is so important that its 
malfunction or failure can cause many problems, such as insufficient or poor production quality or, in the worst case, 
production downtime. All these problems lead to high additional costs and in some cases contribute to the deterioration 
of the company's image. To avoid these issues, an innovative drive train condition monitoring sensor was integrated into 
the maintenance process in a steel mill plant of Arcelor Mittal Hochfeld (AMHO), to improve the warning time for possible 
anomalies or failures in the drive trains and to reduce the associated additional costs. 
The aim of this paper is to describe some possible maintenance procedures depending on the sensors used with their 
failure prediction times for the condition monitoring of the drive train in a steel mill, to show their advantages and 
disadvantages and to present the limitations of these maintenance procedures, especially about the prediction time of 
possible anomalies. Subsequently, the current maintenance procedure in the steel plant is presented with its potential for 
improvement. For this purpose, a performance index (KPI) is introduced to evaluate the effectiveness of the maintenance 
procedure in the steel plant and to validate the effectiveness of the procedure improvement by integrating the new 
sensor. Finally, the main relevant points are highlighted in the conclusion of this paper.
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is at AMHO and the improved maintenance procedure to 
show the improvement and its advantages. Finally, we will 
present the benefits of this improvement in production 
and resource planning using the key performance index 
(KPI).

MAINTENANCE PROCEDURES ACCORDING TO THE 
PREDICTION TIME OF THE SENSOR 
Table 1 gives an overview of the efficiency, flexibility, 
and popularity of some of the methods of fault detection 
on engines currently in use or under development. 
Properties such as prediction time, efficiency, and the 
ability to be equipped with intelligence are of particular 
importance as they have a direct impact on maintenance 
planning and consequently on maintenance costs. As 

can be seen from the table, the most used sensors are 
not necessarily the most appropriate and efficient ones, 
such as temperature, noise, or vibration sensors [1] [3] 
[5]. In the case of lubricant analysis, although effective, 
the waiting time for laboratory results means that the 
prediction time is practically ineffective. The method 
using stator currents [4] and electrical signals [1] [2], on 
the other hand, has great potential due to its intelligence 
and the detection method, which considerably increases 
the prediction time for anomalies [5]. In this article we will 
present the integration of a smart bearing sensor (SBS) 
[1] [7] at AMHO steel plant based on the use of electrical 
signals injected into the machine and whose return signal 
gives an idea of the health of the motor or drive train.

Sensor’s method

Properties Grease check Vibration Noise Temperature Stator current Electrical 
signals

Use high high moderate high low low

Warning time no moderate low low high high

reliability high moderate low low high high

Smart no Moderate low low high high

Tab.1 - Sensor’s method properties used for drive trains maintenance procedures in steel plant.

PRELIMINARY FAILURE MODE AND EFFECT ANALYSIS
The FMEA applied at AMHO is the functional or system 
FMEA particularly for the drive train and its components. 
Starting from the measurement with the smart bearing 
sensor through the structure of the FMEA at AMHO 
with the 3 FMEA-steps (Failure’s analysis, Risk analysis, 
optimisation analysis) as shown in Figure 1. Theses 3 steps 
enable the optimisation of the risk management of the 
drive train components. Table 2 gives an overview with 
some examples about the illustration of the application of 
FMEA at AMHO. As shown in Table 2, the first important 
part of this illustration is the accuracy of the sensor and 
the efficiency of the anomaly’s detection methods. First, 
drive train component functions and potential function 
failures must be evaluated and with the outcome of this 

evaluation the failures severity will be classified. Then, 
the potential effects and reliable causes will be illustrated. 
The measurement and analysis of potential functions 
allows the detection of failures and risks. The results of 
the measurement analysis can be used to optimise the 
system, propose solutions, and prevent failures.
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Fig.1 - Functional FMEA structure at AMHO.

Tab.2 - Illustrative example of the application of a functional FMEA at AMHO.

IMPROVED MAINTENANCE PROCEDURES AT AMHO
Figure 2 and Figure 3 show the maintenance procedures 
at AMHO before and after the planned improvement with 
the smart bearing sensor and its additional expandable 
sensors for many purposes such as system monitoring in 
correlation with product quality. 
Figure 2  shows the maintenance procedure with the 
vibration sensor as main sensor for anomalies detection. 
The procedure starts with a new or refurbished motor 
or other drive train component, which be installed in a 
drive train. Only after all drive train components have 
been completely installed can monitoring of the drive 
train begin. In the procedure, this is monitoring level 2, 
because monitoring begins first after the drive train has 
been assembled. After the vibration analysis with the 
vibration sensor, there are only three possible results. In 
case of a good or tolerable result, the drive unit is allowed 

to remain in operation. In case of a bad or non-tolerable 
result, the powertrain will be sent for reconditioning. 
Figure 3 shows the maintenance procedure with the smart 
bearing sensor concept. Differently from the maintenance 
procedure with the vibration sensor only, the procedure 
with the smart sensor has 2 monitoring levels. Monitoring 
level 1 for the new or reconditioned engine or other drive 
train components. Monitoring level 2 for the assembled 
drive train, also with 3 possible results (good, tolerable, 
not tolerable, bad), with the major difference that the 
function of the new component as a stand-alone element 
can already be proven before it is assembled in the drive 
train. In addition, the intelligent bearing sensor allows the 
extension of other detection methods, even with high 
accuracy requirements.
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Fig.2 - Maintenance procedures before the improvement at AMHO.

Fig.3 - Maintenance procedures after the improvement at AMHO.

IMPROVEMENTS IN ICT LANDSCAPE 
Figure 4 shows the IT landscape at Arcelor Mittal Hochfeld. 
The part marked in green shows the upgrade of the IT 
landscape at AMHO to integrate the new SBS sensor to 
improve the warning time by detecting faults or anomalies 

by installing the 2 most important components (Central 
Processing Unit, sensor contact) of the new sensor and 
their connection to the current IT landscape.
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Fig.4 - Improved ICT landscape at AMHO.

KEY OF PERFORMANCE INDICATOR AT AMHO
Key Performance Indicator (KPI) Equation (1) is used 
to evaluate the robustness and improvement of the 
prediction time and the efficiency of the method. Thus, 
for a significant increase in the prediction time of an 
anomaly, we will have the prediction period Ppred greater 

than the maintenance period Pmaint, so the KPIsensor will be 
greater than 1 (2) and there will be an improvement of the 
prediction time and a confirmation of the efficiency for the 
event observed. Otherwise, we will speak of a restriction 
or no effectiveness for the event examined (3). 

[1]

[2]

[3]

Improvement of prediction time

 No improvement or no effectiveness

CONCLUSIONS
The implementation of the smart bearing sensor offers 
new possibilities such as the monitoring of stand-alone 
drive train components, the monitoring of the complete 
system or the flexibility for more area monitoring with 

additional sensor also with high accuracy requirements. 
The 2 levels monitoring enable deeper analysis thanks the 
high precision data and earlier detection method, starting 
from the components up to the assembled drive train. All 
these features could contribute to a better planning of the 
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maintenance and production at AMHO. Furthermore, the 
advantageous warning time enable to detect anomalies 
in the components already in the first use before the 
assembling in the drive train, all this enable a better 
preventive monitoring and reduce the maintenance 
costs. This efficient preventive monitoring contributes 
significantly to optimize the resource scheduling.
Concerning the KPIsensor (1), the fact that the detection 
can be done as soon as it leaves the factory gives Ppred a 
maximum value which will always be higher than Pmaint and 
consequently KPIsensor is much higher than 1 for a Pmaint of 
2 weeks (maintenance period), which confirms a strong 
improvement in the prediction time of the anomalies by 

this new method.

ACKNOWLEDGMENTS
The work described in the present paper was developed 
within the project entitled "Cyber-Physical System-
based approach for intelligent data-driven maintenance 
operations applied to the rolling area" (CyberMan4.0 GA 
800657) co-funded by the European Union through the 
Research Fund for Coal and Steel, which is gratefully 
acknowledged. The sole responsibility of the issues treat-
ed in the present paper lies with the authors; the Union is 
not responsible for any use that may be made of the in-
formation contained therein

REFERENCES

[1] Achille Fabien Nkwitchoua Djangang, Using an Innovative Smart Sensor for Early Detection of Anomalies to Improve Drive Train 
Monitoring, Volume 55, Issue 2, 2022, Pages 343-347, IFAC-PapersOnLine, ISSN 2405-8963

[2]  Nkwitchoua D. A. F., J.P. (2017). Device for determining the state of a mechanical component, use of a measuring appliance, system, 
and method for determining the state of a mechanical component. URL patents.google.com/patent/DE102017212666A1/en.

[3]  Li, B., Zhang, P.l., Liu, D.s., Mi, S.s., Ren, G.q., and Tian, H. (2011). Feature extraction for rolling element bearing fault diagnosis 
utilizing generalized s transform and two dimensional non-negative matrix factorization. Journal of Sound and Vibration, 330(10), 
2388–2399.

[4]  Mbo’o, C.P. and Hameyer, K. (2016). Fault diagnosis of bearing damage by means of the linear discriminant analysis of stator current 
features from the frequency selection. IEEE Transactions on Industry Applications, 52(5), 3861–3868.

[5]  Elforjani, M. and Shanbr, S. (2017). Prognosis of bearing acoustic emission signals using supervised machine learning. IEEE Tran-
sactions on industrial electronics, 65(7), 5864–5871.

[6]  Huang, Z. (2008). Research for the bearing grinding temperature on-line monitoring system based on the infrared technology. In 
2008 International Workshop on Modelling, Simulation and Optimization, 129–132. IEEE.

[7]  VALENTINA COLLA ET.AL., Cyber-Physical System-based approach for intelligent data-driven maintenance operations in the rolling 
area, AIM Conference, September 2022



La Metallurgia Italiana - March 2023 pagina 73

 Industry news - Attualità industriale

T O R N A  A L L ' I N D I C E  >

La catena cinematica è una parte centrale del processo produttivo in qualsiasi produzione. Il suo contributo è così 
importante che un suo malfunzionamento o guasto può causare molti problemi, come una qualità di produzione 
insufficiente o scarsa o, nel peggiore dei casi, un fermo di produzione. Tutti questi problemi comportano costi aggiuntivi 
elevati e, in alcuni casi, contribuiscono al deterioramento dell'immagine dell'azienda. Per evitare questi problemi, un 
innovativo sensore per il monitoraggio delle condizioni delle trasmissioni è stato integrato nel processo di manutenzione 
di un'acciaieria di Arcelor Mittal Hochfeld (AMHO), al fine di migliorare il tempo di preavviso di possibili anomalie o guasti 
nelle trasmissioni e ridurre i costi aggiuntivi associati. 
L'obiettivo di questo articolo è fornire una descrizione di alcune procedure di manutenzione standard per il monitoraggio 
delle condizioni della catena cinematica in un impianto siderurgico, mostrarne i vantaggi e gli svantaggi e presentare 
i limiti di queste procedure di manutenzione, soprattutto per quanto riguarda il tempo di previsione di possibili 
anomalie. Successivamente, viene presentata l'attuale procedura di manutenzione nell'acciaieria con il suo potenziale 
di miglioramento. A tal fine, viene introdotto un indice di prestazione (KPI) per valutare l'efficacia della procedura di 
manutenzione così com'è nell'acciaieria e per convalidare l'efficacia del miglioramento della procedura con l'integrazione 
del nuovo sensore. Infine, nelle conclusioni del presente lavoro vengono evidenziati i principali punti rilevanti.

Integrazione di un nuovo sensore 
intelligente in un impianto siderurgico 

per migliorare il tempo di preavviso delle 
anomalie nella catena cinematica
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