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Issues Concerning Modular Sampling System Designs 
A response to inquiry from CPAC NeSSI 
February 5, 2001 
 
 
In the field of process analyzers, sample conditioning systems are rarely, if ever, supplied by any company 
as an exclusive product.  There are several analyzer manufacturers that supply sampling systems for their 
particular analyzers.  Additionally, some of these as well as various other companies supply analytical 
systems inclusive of sampling systems for specific applications.   But in almost all cases, these companies 
supply sampling systems as an adjunct to other products.  Furthermore, in the industry, there is generally 
little development of the technology required to perform the necessary sample conditioning functions that 
are required for proper operation of process analyzers. 
   
 In current practice, sampling systems generally consist of an assemblage of individual parts in a design for 
a specific application.  This approach allows for maximum flexibility but does not provide any benefits of a 
defined product such as consistency and controlled cost.  In addition, although the individual components 
that comprise the “system” have individual performance specifications, in general, the assemblage does 
not.  (Note, most analyzer and analyzer system suppliers will guarantee performance of a complete system.  
This note pertains solely to the sampling system itself.)  Overall performance of the sample system is 
limited to the proper selection and integration of the parts.  Limits in the availability and cost of proper 
components, as well as the expertise in proper assembly, affect the performance of the system.  The lack of 
performance requirements for the system also contributes to the lack of product and supplier 
differentiation: anyone can and does supply process analyzer sample systems.  This lack of performance 
standards for sample systems can often lead to diminished performance of complete process analyzer 
systems. 
  
 It is generally believed that an approach that defines the sample system as a dis tinct functional product 
could have both a production cost and performance advantage over the current practice.  One significant 
issue currently under consideration in the process analyzer industry is the design concept and potential 
development of the Modular Sample System. 
 
To achieve the benefits of modern, modular techniques in the design of sampling systems for use with 
process analyzers, several characteristics need to be implemented.  These characteristics are determined by 
the need of users to be able to apply any new technology in a large portion of their actual installations.  Key 
areas of concern and related features or functional requirements are listed below. 
 
 
Basic capabilities and functions 
The Modular Sampling System should apply to process samples in both gas and liquid state.  This may 
require that there be two separate versions, one for gas and another for liquid.  In addition, because 
different analyzers have different sample consumption requirements, there may need to be two capacity 
versions for each phase capable of supplying sample to “small sample” analyzers (example: 
chromatographs) as well has “large sample” analyzers (example: continuous analyzers and spectrometers.) 
 
The Modular Sampling System must perform the basic functions of monitoring and control of the sample 
physical properties of temperature, pressure, flow and filtration.  This includes, but is not limited to, the 
capability to receive sample from sources with a wide range of temperatures and pressures while filtering 
and delivering sample at a constant pressure or flow and temperature to the analyzer without altering the 
physical state or chemical composition of the sample.  Filtration and sample clean up involves the removal 
of particulates, liquids, semi-liquids and other contaminants. 
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The Modular Sampling System must be capable of handling multiple streams and provide for remote 
selection of streams.  This also includes the capability of calibration sample introduction including 
multiple-sample calibrations.  
 
Materials used in construction must be suitable so as to provide minimal sample interaction and protection 
from corrosion or other damage in the presence of a wide range of chemicals as found in processes and 
internal volumes shall be minimized with zero internal dead space.  All system internal volumes should be 
minimized in order to reduce sampling lag times and minimize cross-contamination between streams.  
Likewise, it is vital that zero internal dead space be designed into the system, again for the purpose of 
reducing sampling lag times and minimizing cross-contamination between streams. 
 
Flow paths and surfaces should be designed to allow for minimal contamination between streams or from 
the actual components. Surfaces should be inert and not react with stream components. 
 
The Modular Sampling System should also allow interfacing and control via industry-standard methods.  
The design should optionally allow interfacing via discrete analog and digital channels or via serial control 
busses as appropriate. 
 
 
Physical Characteristics 
Aside from its functional characteristics, a Modular Sampling System should have certain physical 
characteristics as well.  For one thing, its system design should minimize space requirements, allowing 
compact, yet functional and repairable access. 
 
Factory assembly time should be considered as well as the ability for a system to have the flexibility to 
accommodate different mounting methods and locations.  Mounting orientation should not affect operation 
or operability of the system. 
 
The design must be suitable for Class 1, Group ABCD, Division 1 or CENELEC Zone 1 installations in 
order to accommodate as wide applicability as possible.  Lower cost options should be available for 
Division 2 or less stringent hazardous installations. 
 
 
Maintainability 
 
One of the key benefits that seems to be apparent to modularity is improved maintainability.  This is 
usually considered so for two reasons.  One, it is assumed that small, modular components will be held in 
place with some kind of easily disassembled connection system and, because they are smaller, are more 
easily interchanged in service than larger components which are attached in a system through several 
discrete connectors.  (“Connectors” here refers to all physical, electrical and gas connection points.)  Two, 
it is also usually assumed that modular components will, for some reason, have improved diagnostic tools 
integrated into them in some way. 
 
However, the “modularity” and “maintainability’ are not synonymous.  Several features need to be 
included in basic system and component design to achieve improvements in maintainability beyond what is 
present today.  In fact, it is easily imagined that a modular system could be built in such a way physically 
that would make it less maintainable than a current-technology component system. 
 
Other aspects are also important in considering maintainability. 
 
Self-diagnosis of flows, pressures and temperatures should be implemented to indicate failed components.  
Any new components designed for analytical sampling systems should allow for integrated sensors to 
observe flow, pressure and / or temperature where those values can usefully diagnose a failed or blocked 
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component.  All such signals should be capable of being digitized locally so they can be provided to a 
controller capable of producing human-machine interface including diagnostic tools and alarms. 
 
All electronic components should include allowance for in situ self-diagnosis.  Such components should 
provide necessary signals that an external controller can be used for human-machine interface for this 
purpose. 
 
Individual components must be easily field replaceable.  This means they should be able to be disassembled 
from a system without need to remove other components.  This must be able to be done in situ in field 
service.  It is desirable that it would be possible to configure systems with bypasses or parallel paths to 
allow for individual component replacement without shutting down the entire system. 
 
All seals to be zero-leakage.  It should be automatic that when a component is installed, any gas seals in its 
construction are inherently leak free. 
 
There is a desire among users for modules or major components interchangeability between suppliers.  The 
users needs may be fulfilled, however, if interchangeability is accomplished at a connection and interface 
level only. 
 
 
 


