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Production plants in the chemical industry are shrinking. Com-
panies are increasingly relying on smart scale units: modular 
in construction and extremely flexible, and therefore cost and 

resource efficient.
The future lies in a container, a standard 20-foot shipping con-

tainer. More space than this is not required for chemical production. 
That has been emphatically proven by the INVITE research centre − a 
cooperation between TU Dortmund University and Bayer Technology 
Services – within the scope of their ‘F³ Factory’ project. Fitted within 
the floorplan and height of such a container, INVITE developed a 
production plant for a two-stage synthesis process. This plant consists 

‘Smart scale’ applies 
to process instruments
By J Pichura, WIKA

The trend towards miniaturisation must be followed by manufacturers of process instrumentation - with instruments in the smallest format 

possible, without any sacrifice in their performance spectrum.

of a number of equally sized modules with different components, 
which can be interchanged and combined as required.

The F³ production container epitomises an ideal ‘smart scale’ 
plant: All modules can be combined, with comparatively low instal-
lation expenses, to make new production lines. Customer-specific 
batches can thus be manufactured efficiently, and not even fixed to 
one location due to the size of the plant. By combining two or more 
production units, the capacity can be increased correspondingly.

Flexibility is the major advantage of such highly automated modu-
lar systems over ‘world scale’ plants, which operate continuously 
and whose competitiveness is achieved through a steady increase 

Modular F³ Factory production 
container. Image courtesy 

INVITE GmbH.
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Abbreviations/Acronyms

EMC – Electromagnetic Compatibility

in the size of the plant (scaling effect). In some chemical companies, 
already more than 80% of their plants carry the label ‘smart scale’. 
In them, customer-specific, highly complex innovation products with 
high added value are manufactured, which ensures the competitive-
ness of a business.

A basic requirement for the success of smart scale is the ap-
propriate process instrumentation. With reduction in size and the 
modularisation of a plant, then the size of the process instruments 
must also shrink. Ultimately, the available space for mounting a 
temperature measuring point, for example, is much more restricted 
than in a ‘mega plant’, in which traditional thermocouple designs with 
connection heads or field cases are generally used. The smart-scale 
experts in TU Dortmund University see the development potential 
not only in terms of miniaturisation and robustness of sensors and 
actuators, but rather also in the explosion protection within the fast, 
fully automated production processes.

Figures 1a and b: Size compari-
son of a traditional resistance 
thermometer with DIN form B 
connection head and a built-in 
transmitter versus a miniature 
resistance thermometer with 
an integrated transmitter within 
its case.

Against this background, the 
design of the new range of 
miniature electrical resist-
ance thermometers from 
WIKA should be considered. 
Each of these instruments 
has a case with a diameter 
of only 19 mm, in which, 
depending on the version, a 
transmitter with a 4 … 20 mA 
output signal is integrated. 
The newly developed digital 
electronics of this transmit-
ter fulfil the 2014/30/EU EMC 
directive, which is applicable 

from 20 April 2016, and the increased EMC requirements in accord-
ance with NAMUR NE 21.

The miniature resistance thermometers, which are screwed directly 
into the process, protrude a maximum of 68 mm, depending on the 
height of the selected connection. An additional neck tube is only re-
quired for a medium temperature of more than 150°C, though even this 
variant is suitable for the limited space available in a smart scale plant.

The thermometers have been designed for harsh environments. 
They feature a high vibration resistance of up to 20 g. All electrical 
components are protected against humidity (IP67 and IP69K ingress 
protection). Through an improved design of the electrical connection, 
the plastic connector insert is enclosed within a metallic sealing face. 

With an electrical connection through an IP69Kcertified M12 connec-
tion cable, this surface seals securely with the seal found in the mating 
connector. With this, the penetration of moisture to the plug contacts 
via the connection cable is reliably prevented. This instrument design 
defies the most adverse conditions in operation of the plant, as well 
as during its cleaning.

Figure 2: Standard M12 connector with exposed plastic connector insert 
versus M12 connector with integrated plastic connector insert and metallic 
sealing face.

The benefit of modularity with the manufacture of customer-specific 
batches or quickly changing products can only be fully realised with 
smart scale plants if, in addition to all other instruments, the meas-
urement technology built in is suitable for the required flexibility in 
operation. This also includes explosion protection, especially for 
applications in the chemical industry. In smart scale plants too, for 
example, various substances with, to some extent, highly explosive 
properties are pushed and transported through pumps. Depending 
on the plant, compressors are used for the compression of gases in 
order to increase the energy balance for a subsequent reaction. Due 
to the compact nature of the plants and the chemical explosiveness 
of the substances used, temperature measuring points on ancillary 
equipment such as pumps and compressors must feature explosion 
protection, even if they are only measuring the seemingly harmless 
temperature of a cooling circuit. A spark with sufficient temperature 
and energy density could lead to ignition of any gas leaking into the 
environment or increased dust concentration. WIKA therefore offers 
its miniature resistance thermometers in an intrinsically safe version. 
The measuring instruments have a ‘very high’ protection level (EPL Ga 
and Da) in accordance with IEC 60079-0 and can thus be used in zone 
0 (for gases) and zone 20 (for dusts): In hazardous areas there is no 
ignition risk in normal operation, foreseeable or rare failures or mal-
functions. With applications that require EPL Gb or Db, instruments 
designated as ‘ia’ can naturally also be used in type ‘ib’ measuring 
circuits, with the same connection parameters.

Production plants in the chemical industry are 
becoming modular, flexible, cost and resource 

efficient smart scale units.
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Figure 3: Application example in the chemical industry. (Image courtesy 
©werbefoto-burger.ch).

The WIKA miniature thermometers together form a complete product 

portfolio. The TR21 model series is designed for sanitary applications, 

while for traditional machine-building applications there are the mod-

els TR31 and TR34, which are screwed directly into the process. Both 

series have the same unique feature: the combination of a transmitter 

integrated into a miniaturised case and ATEX/IECEx certification for 

ignition protection type Ex i.

Conclusion

In electrical temperature measurement, the new generation of 
thermometers is the result of a consistent pursuit of the smart scale 
approach. The development spectrum with process instrumentation 
is far from exhausted. Various prototypes of modularised production 
plant from research institutions and chemical industry businesses are 
indicating a trend to even-more compact models; for example, plants 
which enable a seamless transition from the process development 
to production, or continuous production rather than batches. ‘Mini’ 
remains a challenge for the future.


