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SUMMARY OF DESIGNS  
 
With a majority of my experience working with minimal sample system offers, the designs 
presented in the information package quickly appear to be high-end systems.  That is, not the 
systems a typical LSTK bid would support due to cost and end user specific design issues.  This 
comment is not implying that the designs are flawed, but rather that the designs represent a 
design standard generally higher than common designs. 
 
In this light, the question of viability may be skewed by accurate representations of the number of 
systems we as suppliers can expect to offer.  Systems of this type are generally not the form 
applied to LSTK projects, but typically associated with onesy / twosy purchases directly between 
an end user and analyzer supplier and integrator.  These are low volume systems that usually 
offer higher margins to the suppliers than the large-scale grass roots or upgrade projects.  The 
LSTK projects represent the potential for volume supply of systems and volume supports 
standardization that supports cost to manufacture / sell price. 
 
Conversely, the designs represented in the information package represent the high potential for 
smart sample systems.  In all designs, the replacement of the typical indicators and manual 
regulation devices by active output devices and controllers is represented. 
 
DISCUSSION OF VIABILITY 
 
A large part of the intent of the NeSSI is to drive costs down.  The intent is that cost savings 
would be realized by placing all current competitors on an even platform.  This limits the cost to 
benefit potential available between different suppliers.  A possible result is one or two large-scale 
suppliers competing for a finite volume of business with like componentry.  The smaller and 
perhaps more flexible and innovative suppliers would be forced out of the market.  Component 
availability within the remaining large companies would be driven heavily by the end users 
forecasts of volume.  If high volumes of a component are not projected, standardization of the 
component will not occur.  Variants of standard components would also be costly coming from the 
high volume houses. 
 
Current experiences with process analyzers such as Gas Chromatographs define an underlying 
principle, each one is specifically designed for the application it services.  Nuances derive from 
slight variations in sample composition, whether the analysis is for control or monitoring, skill level 
of the technicians at site, initial capital investment budgets, etc.  The cost of an analyzer system 
might warrant simultaneous detectors if analysis speed is critical.  The same analysis could be 
requested with higher precision defining a longer cycle time.  Sample system design complexity 
would vary greatly for the two systems described.  Porting a common sample inlet to two or more 
sample feeds to the analyzer sample valves does not represent a linear flow path relationship 
between conditioning components.  This leads us to the general conclusion that a linear / singular 
substrate module is not feasible. 
 
Recent experience with modular sample systems has proved successful by the use of 
programmed substrates.  Special drilling profiles to support complex flow paths between different 
sample inlets (streams) for common vents, bypasses, and stream switching purposes supports 
the goals of reducing size and utilizing common hardware components.  Costs for the assemblies 
are not expected to be lower than conventional systems since detailed engineering, skills, and 
intricate machining and welding operations replace conventional component layout, mounting and 
tube bending skills.  Conventional systems also require much lower levels of engineering support 
for system designs.  Essentially, you are trading labor to build for labor to engineer. 
 
An additional note of interest is that programmed substrates require very detailed front-end 
engineering to define the design completely.  The flexibility offered by conventional tubing  
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methods is significantly reduced.  When the manufacturer starts cutting metal, change orders 
become increasingly costly. 
 
Viable?  Yes the basic flow components of conventional sample systems are available.  
Practical?  Depends on the complexity of the system and the physical and fiscal barriers applied. 
 
ADDITIONAL COMPONENT DEVELOPMENT 
 
Intrinsic Safety: There are numerous components needed to support smart technology in the form 
of sensors and controllers.  Unfortunately, the modular sizing does not support conventional types 
of hazardous location protection used in the US, particularly explosionproof conduit.  The use of 
intrinsically safe I/O wiring to/from sensors may allow a standard interface to be developed that is 
both maintainable and functional.   
 
IS protection techniques support energy release issues associated with simple sensors such as 
strain type pressure sensors and proximity flow switch sensors.  Pressure controllers and flow 
controllers where higher energy levels are used will need to be developed for hazardous locations 
that support small and simple wiring interconnect standards.  Mechanical protection for the wire 
and specialized sealing systems are not supported by current NEC standards. 
 
Intrinsically safe sensors will require similar but less stringent types of mechanical protection for 
the wiring since the energy levels in the wiring will be non-incendive.  Flexible low diameter 
braided sheath type of wire would be desirable for interface wiring to electronic modules.  
Electronic modules would need to be installed in safe areas. 
 
An interpretation of the code that has been adopted within ABB Automation is that the interior of 
all sample system enclosures where hazardous samples are applied is considered a Class I, 
Division 1 or Zone 1 area.  The use of Division 2 or Zone 2 components is not appropriate inside 
most typical sample system enclosures.  This adds a degree of difficulty to the design of active 
modular sensors with respect to electrical interface.  The current practices of installing sample 
systems in outdoor locations rather than inside shelters leads to a majority of systems installed in 
enclosures.  Future progress towards online analytical systems being mounted at the tap would 
also emphasize the need for Division 1 / Zone 1hardware due to increased use of sample system 
enclosures. 
 
Pneumatics:  Easier to support from a safety standpoint but still a physical orientation problem is 
the treatment of pneumatic inputs for switching components in modular systems.  The classic two 
way valve used in semiconductor systems with top mounted actuator and tube connection on the 
actuator body presents problems when the matrix is changed from a 1x to a 2x, 3x, or higher 
matrix.  Flexible or plastic tubing is typically not supported by plant standards due the inherent 
safety issues.  Rigid tubing adds another external connection point that inhibits the ability of a 
quick component change for maintenance.  Components using pneumatic inputs need to be 
designed that support the supply of signal air to the unit by way of the base substrate.   
 
 
AREAS FOR FURTHER STANDARDIZATION 
 
IS protection techniques support energy release issues associated with simple sensors such as 
strain type pressure sensors and proximity flow sensors.  Still to be addressed would be the 
mechanical protection of the IS wiring.  NEC has yet to recognize the use of wire braid sheaths as 
mechanical protection for wiring in hazardous locations.  MI or metal sheathed cables are 
supported by the code, but bending radii and relatively large gland connectors do not support the 
close-coupled nature of modular sample systems. 
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A standardized and approved wire interface system for the support of non-IS components is also 
a requirement to support active components such as electronic pressure and flow controllers.  
There are physical limitations associated with interface techniques currently available.  If much 
thought is put into this issue associated with the modular concept, one can almost imagine an 
inversion of the current interface standard being proposed.  That is, the modular substrate would 
be an electrical interface which would offer channels for support of IS and conventional power 
and signal levels while the flow path associated with the individual modules would be dealt with in 
a more conventional manner, such as with tubing and tube fittings.   
 
Note:  Electrical codes define special separation requirements between IS and other types of 
electrical circuits. 
 
Pneumatic interface systems to “clean-up” the potential myriad of tubing associated with the top 
mounted actuators on air operated valves is an area of refinement needing standardization. 
 
 
VENDORS 
 
Autoflow – Has provided support for a past At-Line system, is currently working with Rajko Puzic 
regarding a new system, and will be working with ABB again on an upcoming project.  Autoflow 
offers the flexibility and ingenuity of a small custom engineered shop combined with a moderate 
sized production capability as demonstrated with their Autoplex valve line.   
 
Parker / Veriflow – Has been pursuing this area of expertise since inception by CPAC/ISA.  By 
retaining the expertise offered by consultants Ruiz and Associates, some hybrid components 
have been developed and are under evaluation at this time.   
 
Swagelok – Although not as visible (to me) regarding NeSSI, their wealth of experience in the 
semiconductor business and the availability of many components in their current product line 
support the feasibility of producing beta hardware in the short term. 
 
A+ Corporation – Another smallish company with an inventive slant, programmed substrates in a 
standardized platform has been proposed by A+.  Their ingenuity could prove very beneficial in 
the development of specialized components for this initiative. 
 
MTL Corporation – Leaders in the business of intrinsic safety, a representative of MTL could 
support issues to be discussed with the electrical interface issue and work with specification of 
barriers for passive sensors. 
 
Turck – Interconnect and field I/O devices that by way of Profibus or Foundation Fieldbus may 
support “plug and play” communications and configurable sensors.  
 
ABB Automation – Various divisions of ABB offer hardware and services in support of the 
electronic sensor interface devices currently available.  Please see comments below regarding 
past and current work for the At-Line product development underway at Lewisburg. 
 
Tescom Regulators – Offering a new line of pressure controllers in relatively small packages, 
Tescom may be willing to look into pressure control devices in support of the ISA SP76 platform 
and meeting the hazardous area classifications. 
 
A big hole in the vendor line is the supplier that can support explosionproof-wiring interfaces for 
active sensor/controller circuits.  A 1.5” platform for flow components is not compatible with any 
cable or conduit system currently available on the market.  Innovators in the Exd, Exe, and 
explosionproof arena to look at may be Stahl, Bartec and Killark. 
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CURRENT EXPERIENCE – AT-LINE 
 
ABB is currently developing a group to support a new initiative dubbed At-Line. Although the 
concept is not new, past efforts have not been supported entirely as commercial ventures but 
rather as internal engineering ventures.  At-Line is an effort to provide end users with snapshot 
analytical information about their chemical processes and products more efficiently than typical 
internal lab standard techniques.   
 
As a hybrid between on-line process analysis and lab analysis, automation of lab standard 
preparation techniques and introduction of the samples to appropriate analysis methods is 
required.  Automation offers the chemical operator or technician a simplified method of obtaining 
a representative analysis in a timely fashion.  A man-machine interface, MMI, provides the 
technician a window into the analysis techniques to be used.  The MMI also offers instructions on 
where to place samples for analysis in the At-Line system, provides system operational status 
information, and supplies a guide for troubleshooting the system. 
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The concept of At-Line supports the NeSSI initiative in many ways.  Typical samples for lab 
analysis are collected in finite volumes.  Consequently, disposal of these samples becomes an 
issue.  The limited volumes available for analysis and the need to limit volumes of samples to be 
disposed supports low volume or small systems.   
 
Additionally, the response time of such a system, that is, the time from sample introduction to 
analysis result is generally not limited as it may be in an online analysis supporting a control loop.  
Therefore, sample flowrate within the preparation system supporting the analyzer can be lowered 
allowing the use of smaller orifices within conditioning components.  The need for high capacities 
in hardware such as filters is reduced since the sample systems do not support the continuous 
loading typical of online systems.  Additionally, if a specific At-Line analysis technique requires 
special preparation for the samples, such as ultrafiltration, conditioning devices are more likely to 
fit in the modular concept.  The same conditioning requirements would be difficult to support in a 
typical online system either due to frequency of maintenance or negative impact on system 
operation. 
 
Smart sensor technology plays an important part in At-Line system applications.  Validation that a 
sample has been collected correctly and that the analysis system is properly purged out before 
injection is critical to the continuous operation of the system.  Both passive sensors and active 
sensor / controller components are applied.  On a multiplex gas At-Line system, the capabilities 
for analysis of both high pressure and low-pressure samples is needed.  In addition, the hardware 
to flush the system with nitrogen and to introduce calibration fluids is a part of the At-Line sample 
system.   
 
Sensor inputs for pressure are utilized to assure the cylinders have sample present.  Mass flow 
controllers are utilized on gas systems to provide input for flow and to adjust flow during different 
operations within the cycle.  The use of a differential pressure sensor for liquid systems provides 
high integrity low maintenance indication of flow.  Pressure control is still accomplished by way of 
pressure regulators and flow restriction valves and orifices.  Incorporating pressure control is a 
matter of defining suppliers of pressure control equipment that could fit within the platform.  A 
supplier of hazardous location liquid mass flow control (with reasonable cost) is not known.  But, 
the lower flow requirements for a small modular sample system would support the low flows 
typical for liquid systems.   
 
In current experience with modular sample systems, only passive sensors have been 
incorporated in the modular assemblies.  Gas flow controllers, due to the need for hazardous 
location operation, have been remote from the modular assembly.  Brooks Instruments, a Fisher 
Porter Company, offers a relatively cost effective gas mass flow controller suitable for Division 2 
hazardous locations.  It is expected this unit could be adjusted to plug onto a modular manifold, 
but the implications of hazardous location wiring to the active controller and the height may pose 
a problem for true incorporation onto the ISA SP76 standard module design.  The flow controller 
requires 24 VDC power on the order of 500mA which is well above the limits of I.S. design.   
 
The vapor At-Line system also requires the use of a vacuum pump to draw the sample from the 
low pressure sampling vessels through the analyzer loop.  As the pump is an end-of-line 
application, incorporation into a modular system is not critical.   
 
AT-LINE – Programmed Substrates 
 
An interesting feature and benefit of the use of modular technology for the At-Line was the 
reduction in size of the assembly.  It must be realized that a conventional assembly is not sized 
only by the component layout itself, but also by the interconnecting tubing and fittings.  The need 
to tube a common vent system from a panel full of components adds size and complexity to a 
system.  A programmed substrate block can in many cases offer the functionality and 
convenience of a single point of connection for system vents with little increase in size. 
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The size of the conventional built multiplex gas At-Line System would normally be between 24” x 
48” and the size we built of 36” x 60”.  The 60” housing supported not only the stream and 
selection components, but also the pump we chose for the system.  Excluded from this assembly 
were the atmospheric reference valves (block vent to atmosphere) and the mass flow controller. 
The modular version of the At-Line system, in contrast, reduced the mounting footprint of the 
system less the pump and the mass flow controller to a mere 12” x 7.5”.  When peripheral wiring 
and tubing is applied, the system comfortably fits in a 20” x 20” housing.  This represents a 5x 
reduction in overall size. 
 

The At-Line system currently defined is essentially made up of 4 substrate blocks.  The first three 
blocks represent the streams entering the system and support a fairly linear flow path with 
respect to sample.  The fourth module, call it the selection module, supports the interconnection 
of the three stream modules, calibration valving and all vent requirements.  Since the system was 
based on double block and bleed stream switch modules and also supported internally ported 
relief capability for the high pressure sample module, the common vent connection capability for 
the system made the stream selection substrate quite complex.   
 
Autoflow, the supplier of the hardware to ABB, likened the substrate blocks to Swiss cheese in 
discussions during the manufacturing process.  Also notable in the design was the use of multi 
layer substrates in the assembly.  
 
The sketch following details the high pressure sample module.  This module is comprised of a 
vent valve (cylinder depressurization to vent), glass microfiber filter assembly, internally ported 
relief valve, normally closed air operated valve, Division 2 pressure transducer, normally closed 
air operated valve, and connection to the 2nd layer substrate.  Additionally, though not directly 
linked to the components in this stream stick, the side view of the Autoflow Autoplex valves used 
on the assembly is shown. 

OVERHEAD VIEW OF MULTIPLEX
GAS PHASE AT-LINE MSS



ABB  NeSSI 

Kelley Bell Page 7 5/16/01 

 
Note the lack of tube connections on the module presented in the photo that follows.  Designed 
for a show unit, the module was designed with all tube connections, except those on the two-way 
air operated valves, to be through the bottom or back of the module allowing clean panel 
mounting.  Many of the modules presented are “standard” semiconductor components, but 
special design considerations applied to internally porting the relief valve and the double block 
and bleed selection valves. 

 

HP
SAMPLE

VENT

SIDE VIEW OF HP STICK IN
MULTIPLEX GAS AT-LINE SYSTEM
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The flow diagram applicable to the multiplex gas At-Line sample system follows.  It illustrates the 
potential to allow fairly complex flow systems to reside in very compact assemblies.  Since most 
of the stream flow modules are relatively linear in nature, the modular concept fits nicely.  
 

 
Where the individual stream modules conjoin, the modular concept allows the interconnection to 
be made with minimal dead volume.  Considering the complexity of the system, it stands to 
reason the need for the large enclosure to contain the system if built of standard components.   

AV1-AV5 2 WAY AIR OPERATED NORMALLY CLOSED VALVE
V1-V5 2 WAY ISOLATION VALVE, MANUAL  (3 EA.)
PT1-PT3 PRESSURE TRANSMITTER,CLASS I, GROUP BCD, DIVISION 2, 24VDC,4-20mA OUTPUT,RANGE ON SKETCH
F1 BYPASS FILTER, PARTICULATE REMOVAL, 2 MICRON
F2,F3 INLINE FILTER, PARTICULATE REMOVAL, 5-10 MICRON
PR1-PR2 REGULATOR, PRESSURE, RANGES ON SKETCH
PI1-PI2 GAUGE, PRESSURE, RANGES ON SKETCH
RV1 VALVE RELIEF, SET AT 140 PSIG

-AUTOPLEX VALVES WILL PROVIDE STREAM SWITCHING BETWEEN THE COMMON STREAM FROM TRAIN 1,2,3 AND A
CALIBRATION STREAM.
-VENT CONNECTIONS FROM THE BYPASS FILTER BLOCK VALVE, RELIEF VALVE, AND AUTOPLEX COMMON VENT
SHOULD BE SWAGELOK TUBE OR EQUAL.
-SIX MODULES FORM STREAM 1, FOUR MODULES FORM STREAM 2, FOUR MODULES FORM N2 INLET, AND SEVEN
MODULES FORM THE COMMON PART OF THE SYSTEM AS FEED TO THE GC.  THE JUNCTION MODULE MAY MAKE THE
COMMON ASSEMBLY EIGHT MODULES TOTAL.
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The modular design optimizes the above flow design with respect to overall size, improved ease 
of maintenance and low internal volume.  The down side of the assembly is related to the relative 
difficulty associated with the pneumatic interface to 5 air operated valves and the electrical 
interface to three pressure sensors. 
 
The electrical interface has been installed with a simple wire braid applied over a standard twisted 
pair cable.  For the purposes of installation in a Division 2 area, this means of protection for the 
wire meets our interpretation of the code for non-incendive level services under normal operation.  
However, increased safety or compliance with Division 1 hazardous location requirements would 
require the use of intrinsically safe barrier for the sensors adding complexity and cost to the 
assembly.  To maintain wire integrity for the IS circuits, the cable for the sensors would need to 
be wire braided (armored) and sheathed in blue to identify IS circuitry. 
 
AT-LINE – Making It Smart 
 
The At-Line system has been designed to be an automated analysis sample system using a 
simplified man machine interface (MMI) to allow system operators to obtain results quickly and in 
a user friendly manner.   
 
A hazardous location PC provides the brains of the MMI.  Touch screen driven diagrams and 
menus allow the operator to select the analysis required from a list of canned applications defined 
for the system.  If the operator or the analyzer technicians suspect problems with the system, a 
maintenance screen is available which allows the tech to trigger any component on the system 
manually.  This same screen is visible during automatic operation to allow the technician to 
visualize the operation of the cycle and determine where the system fails to complete required 
tasks.   
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The cycle for the At-Line is relatively simple with the MMI controlling and monitoring the sample 
system active components and sensors.  A brief summary of a cycle for pressurized sample 
follows: 
 
After bottle is connected and stream is selected: 
 
1. Open all valves except those at the selected sample container 
2. Open nitrogen purge 
3. Check for nitrogen pressure at transmitter PT-2 
4. Set flow on controller for nitrogen purge 
5. Close nitrogen valve 
6. Start vacuum pump and evacuate system 
7. Monitor sample flow for low flow condition (vacuum reached) 
8. Close secondary sample chamber valve 
9. Open cylinder selection valve 
10.  Verify pressure available in cylinder via PT-1 
11.  If acceptable, open secondary transmitter valve 
12.  Verify pressure available in PT-2 
13.  Set flow to purge sample loop 
14.  Reduce flow once purge time is reached 
15.  Initiate analysis – start GC 
16.  Isolate cylinder 
17.  Open nitrogen valve – flush system 
18.  Close nitrogen valve – evacuate system 
19.  Monitor flow to vacuum endpoint 
20.  Shutdown pump 
 
The above steps take place by way of the MMI and the actuation of each valve, the pump, the 
pressure sensor outputs, the flow controller input and output signals are displayed on the screen 
in graphical or numerical form.   
 
Existing interfaces to the At-line system consist of numerous software packages and ABB 
VistaNET capabilities.  RS-485 protocol is used for the MMI to exchange information with an ABB 
ModCell electronic interface module.  In turn, all sensor I/O is connected to the ModCell hardware 
from the At-Line Sample system.  ModCell also monitors and controls the pump starter and the 
mass flow controller.  The ModCell hardware, like the PC, is suitable for Division 2 hazardous 
locations and therefore is housed without purge adjacent to the sample system location.  
Solenoids to control the sample system pneumatic valves are actuated by digital I/O from the 
ModCell hardware.  Solenoids, by definition of the code, meet Division 2 requirements. 
 
The software interface, however, is not as seamless as one would like.  True plug and play the 
system is not and extensive software engineering and data entry is needed to set the system up. 
 
Please refer to the following schematic for a hypothetical At-Line system.  Utilizing other ABB 
hardware as the I/O interface, Profibus serves as the protocol between the I/O and the MMI.  As a 
relatively standard communication platform for multi channel I/O, Profibus may be able to serve 
as a communication link between an operator control system and the smart sample systems of 
the future.  Profibus communication meets the IEC 1158-2 directive and is based on the FISCO 
model.  (FISCO – Fieldbus Intrinsically Safe Concept). 
 
 
 
 
 



ABB  NeSSI 

Kelley Bell Page 11 5/16/01 

 
 



ABB  NeSSI 

Kelley Bell Page 12 5/16/01 

 
AT-LINE – in Summary 
 
The At-Line concept, although only scratching the surface, is a first attempt at smarter sample 
handling and integration with a data system.  Additional work will be performed as interest builds 
in this analytical concept.   
 
A current physical example of a self-diagnostic and compact system has been produced for the 
ABB At-Line initiative.  Further development will lead to more seamless interfaces approaching 
plug and play capabilities.   
 
NeSSI – In summary 
 
Viable?   The answer is yes for simple components and sensors within physical limitations related 
to the fluid media.  Many samples simply require larger internal orifice sizes particularly in liquid 
phase systems.  
 
Practical?  Not applicable to all samples handled by process analyzers, but for common gas 
analysis, applications, there is great potential.  For analytical techniques such as process mass 
spectrometer where individual streams may be presented to the analyzer stream switching 
system in a linear manner and where the samples to be analyzer must be gas phase, the 
technology offers a lot of potential.  The speed of mass spectrometer normally leads the user 
towards applying numerous streams to the analyzer.   
 
There is a strong need to look at electrical interconnection requirements for hazardous locations 
for both active sensor/controllers and passive sensors.  Association of the NeSSI with the ISA or 
other agencies regarding Fieldbus or Profibus interfaces is recommended. 


