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Introduction 

 

RF wireless systems are gaining in interest for industrial control. The most 

important advantage of using wireless technology is eliminating cables, external 

connectors and wires from the system. Other important benefits of wireless 

technology are much lower installation costs and easier installation than other 

types of online monitoring equipment in an existing architecture. As we 

demonstrated in [1], the combination of standard RFID equipment’s and a small 

mechanical device allow us to monitor circuit breakers in electrical switchboard 

without using auxiliary modules and without any modification in the switchboard 

architecture. Because customers want systems as robust as possible, we have to 

master harsh environment effects over the RFID reader antenna. 

 

The environment 

 

Most of plants have been equipped one or two decades ago. At this time, there 

was no need of monitoring or only in few applications. Now demand for services 

like supervision is growing faster than ever, particularly for low voltage (LV) 

electrical distribution boards. Factory managers do not want that production stops 

due to the fact that one circuit breaker tripped and maintenance employees do not 

find this faulty equipment.  A solution exists: to introduce a wired auxiliary into 

the existing architecture, but it is not always possible because of a lack of place. 

In order to find a better solution, the use of a standard technology is 

recommended and the monitoring solution must not introduce modifications into 

the existing architecture.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The LV switchboard used for evaluation 



 

There is no typical LV switchboard architecture but we decided to realize one 

which is quite common, Fig. 1. We have chosen a 600x800 millimeter Prisma 

metallic switchboard equipped of 36 circuit breakers mounted on 3 DIN rails. 

As most of the parts of the environment are in metal, one can easily understand 

that the main constraint is the environment itself. 

 

The HF way of working 

 

First, we validated that it is possible to make tags readable in the area of the 

actuator lever. It was done by using a two loops planar rectangular antenna. Due 

to the size of the antenna, 44.7 x 2 cm the H-field is quite the same as the field 

produced by a current carrying wire. 

We take advantage of Physics: there are concentric magnetic flux lines around the 

current-carrying wire [2] as shown in Fig. 4. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Lines of magnetic flux around a current-carrying conductor 

Then if the tag is well placed, perpendicularly to magnetic flux lines, it could be 

power supplied and then answer to the reader but practical way of working is very 

different from theory. 

The presence of metallic objects such as the front plate or the door of the 

switchboard changes the shape of magnetic flux lines. 

 

Power constraints and Metal effects 

 

As we are using ISO 15693 RFID tags, we need an H-field higher than 0.15 A/m 

to power each tag, [3 - 4]. 

To be sure that this H-field level is achieved we will only take into account the 

normal component of the field.   

In order to give our customers products as robust as possible we decided to study 

the effects of many parameters on the power supplied to the tags by the reader 

antenna. Parameters are distance between front plate and reader antenna (d 

parameter on Fig. 3), size of the reader antenna (L parameter on Fig. 3), thickness 

of the front plate, side and door effects… 



   

Figure 3: Equipments positions and tunable parameters 

First, we decided to have a look at the variation of the inductance of the antenna 

for many size of the loop (variation of the L parameter). 

 
L (mm) 10 12 14 16 18 20 22 24 26 28 30 

Inductance 

(µH) 
1.207 1.255 1.296 1.328 1.357 1.377 1.421 1.412 1.441 1.447 1.441 

Capacitor 

to work at 
13.56 

MHz (pF) 

114.1 109.7 106.3 103.7 101.5 100.0 96.9 97.5 95.6 95.2 95.6 

Figure 4: Effects of variation of the L parameter on the inductance of the reader antenna  

For a variation of 50% of the L parameter around 20 mm, we only have a 14% 

shifting of the inductance, Fig. 4. This is a good result in terms of robustness. 

Second, using the correct capacitor, we are going to evaluate the impact of L on 

the field available in the area of the tag. 
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Figure 5: Effects of variation of the L parameter on the normal component of the H-Field  
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For a variation of 50% of the L parameter around 20 mm, we approximately have 

a 60% shifting of the power available for the tag, Fig. 5. This big variation is not a 

good result in terms of robustness but the lower value for the normal component 

of the H-Field is 0.25 A/m compared to the 0.15 A/m 
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Figure 6: Effects of variation of the d parameter on the normal component of the H-Field  

We can see on Fig. 6 that the d parameter is the most important one because by 

moving from 1 to 9 mm the H-Field is approximately five times higher, Fig. 6. 

Nevertheless, as demonstrated before the H-Field is always higher than the 

minimum value. 

  

Conclusion 

 

We demonstrated that it is possible of using HF RFID equipments in harsh 

environments such as electrical switchboards. We master metal effects by well 

defining antenna position and size. Many parameters have been taken into account 

to obtain a solution as robust as possible. 

Demonstrators confirmed all these results and we are now working at optimizing 

the shape of the tag antenna to receive as much power as possible. 
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