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Summary 
 
 
 This report describes the technical work that was adapted from recent DOE supported advances in 
automated on-site machine fluid technology for use in the manufacturing industry.  This work was 
conducted by Pacific Northwest National Laboratory with industrial contributions by Package 
Corporation of America and subcontracted work by Belhaven Applied Technologies.   
 
 The development of the machine fluid analysis systems began in fiscal year 1999 at the Pacific 
Northwest National Laboratory (PNNL) under the DOE OIT Mining Industry of the Future program.  It 
was anticipated that the program would last 36 months; however it was extended at no additional cost 
until the end of fiscal year 2004.  Filtration and lubricant suppliers to the pulp and paper industry had 
noted the recent accomplishments by PNNL and its industrial partners in the DOE OIT Mining Industry 
of the Future Program, and asked for assistance in adapting this DOE-funded technology to the pulp and 
paper industry.  A new project was started in fiscal year 2002 to support this request.  This project was 
titled “Adaptation of Machine Fluid Analysis for Manufacturing”.   
 
Technology developed during this project was selected for use in the pulp and paper industry.  Building 
on technology developed for the mining industry, new control and user interface software for an on-site 
system has been re-written to run in the National Instrument Lab View environment.  The software has 
been tested and rigorous quality assurance checks have been applied.  Other advances in technology 
include a miniature XRF sensor that is smaller and more sensitive than the earlier version, and a close-
coupled infrared sensor which has 22 channels and can be configured to meet specific equipment 
requirements. 
 
Original deliverables for the project included an on-site machine fluid analysis system tailored to 
requirements of a large paper mill and a final report of the system’s on-site performance including a cost 
benefit proposal.  It was anticipated that a demonstration of the system would be performed at the 
Packaging Corporation of America (PCA) paper mill in Counce, Tennessee pending management 
approval.  However, the current stand-alone system is at the Pall Corporation site in New York awaiting 
deployment at the PCA Valdosta, GA. facility. 
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1.0 Introduction 
 
 
 The development of the machine fluid analysis systems began in fiscal year 1999 at the Pacific 
Northwest National Laboratory (PNNL) under the DOE OIT Mining Industry of the Future program.  It 
was anticipated that the program would last 36 months; however it was extended at no additional cost 
until the end of fiscal year 2004.  Filtration and lubricant suppliers to the pulp and paper industry had 
noted the recent accomplishments by PNNL and its industrial partners in the DOE OIT Mining Industry 
of the Future Program, and asked for assistance in adapting this DOE-funded technology to the pulp and 
paper industry.  A new project was started in fiscal year 2002 to support this request.  This project was 
titled “Adaptation of Machine Fluid Analysis for Manufacturing”. 
 
 Paper manufacture involves the operation of extensive and complex high-speed process lines that 
utilize hydraulic systems and rely heavily on proper lubrication. Failure of bearings anywhere in the line 
can lead quickly to failure of major components resulting in shut-down of the entire line at great expense 
to the owners and operators. Successful adaptation of this DOE-funded technology could result in 
substantial reductions in operating costs as well as reduced use of lubricants and extended equipment life.  
Owners and operators of high-end manufacturing equipment and process equipment will be among the 
early adopters of automated in-line multi-parameter analytical equipment for monitoring of lubrication 
and power fluids.   
 
 

2.0 Project Objective 
 
 The objective of this project was to adapt automated on-site lubrications power fluid analysis 
capability developed under the DOE OIT Mining Industry of the Future program for use in the pulp and 
paper industry. Under this proposal PNNL, Belhaven Applied Technologies, Oil Analysis Laboratory, 
and Pall Corporation would design, fabricate, install and demonstrate a tailored automated on-site oil 
analysis system.  The system would provide near real-time diagnostic/prognostic information on 
equipment health. 
 
 Among the needed adaptations to the DOE-funded technology for use on pulp and paper 
manufacturing process lines include development of automated particle counting that can be related to the 
new ISO 111701 particle fluid cleanliness standards, development of on-site waste oil as fuel analysis 
protocols, development of tailored software for control data acquisition equipment health status 
monitoring and revised on-condition maintenance protocols.  Development of ergonomically sound user 
software and sample handling methods will also be required, as will integration of the data into the 
maintenance practices and procedures of the plant.   It was anticipated that a demonstration of the system 
would be performed at the Packaging Corporation of America (PCA) paper mill in Counce, Tennessee 
pending management approval.  However, the current stand-alone system is at the Pall Corporation site in 
New York awaiting deployment at the PCA Valdosta, GA. facility. 
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3.0 Project Statement of Work and Status 
 
 Each of the tasks below describes the work that was to be accomplished and the status as of this 
report writing.            
 
3.1 Task 1: Pulp and paper industry needs assessment 
Specific machine fluid requirements relevant to the pulp and paper industry will be determined. This task 
will include review and listing of all power fluids, lubrication products and fuels utilized in the PCA 
operation.  Review of present machine fluid analysis operations and alert alarm protocols will be carried 
out. 
Current Status:  This work has been completed.  A needs assessment was performed during fiscal year 
2002 which provided the necessary requirements relative to the pulp and paper industry to allow PNNL 
to development the system parameters. 
 
3.2 Task 2: On-site system specification and cost benefit analysis 
 
3.2.1 Review present machine fluid analysis schedules and determine the analytical modules required to 
support present and anticipated upgraded maintenance procedures.  
Current Status:  This work has been completed. Reference Attachment 1. 
 
3.2.2 Perform sensitivity analysis to determine most effective use of onsite capability and specific 
capabilities required. 
Current Status:  This work has been completed.  Reference Attachment 1. 
 
3.2.3 Perform cost benefit analysis for on-site system by hardware module and software module. 
Current Status:  This work has been completed.  Reference Attachment 1. 
 
3.3 Task 3: System design 
Based on needs assessment and cost benefit trade studies outcome, design system hardware and software 
to provide needed capabilities at the lowest cost.  Design tasks include development of tailored user 
interface software, development of controller software, development of suitable data base structure.  
Current Status:  This work has been completed.  Reference Attachment 2. 
 
 
3.4 Task 4: Procurement 
PNNL will procure hardware and software components required as determined by preliminary design 
specifications. 
Current Status:  This work has been completed. 
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3.5 Task 5: Assembly, software modification and bench testing 
3.5.1 Assemble the system as designed, install software and bench test system at Belhaven Applied 
Technologies.  
Current Status:  This work has been completed.  Reference Attachment 3. 
 
3.5.2 Modify software as required based on specifications developed under Task 3.3. 
Current Status:  This work has been completed.  Reference Attachment 3. 
 
3.5.2 Demonstrate suitable completion of test protocols and suitable performance based on tests of 
standards and machine fluid samples provided by Oil Analysis Laboratory (OAL) in Spokane, 
Washington. 
Current Status:  This work has been completed.  Reference Attachment 3.  
 
 
3.6 Task 6: Installation and field-testing PCA site in Counce TN 
Upon completion of bench testing and pending management approval, PNNL and PCA staff will install 
the stand-alone system at the PCA plant for evaluation. Work under this task includes partial disassembly, 
packing shipping and re-assembly and functional testing on-site. Power and compressed air or nitrogen 
required for system operation will be provided by PCA. 
Current Status:  The stand-alone system is currently at the Pall Corporation site in New York awaiting 
deployment at the Valdosta, GA. facility.  The completion of this work is to be determined. 
 
 
3.7 Task 7: On-Site Demonstration 
PCA and PNNL will conduct an on-site demonstration of the technology at the PCA paper mill in Counce 
TN in accordance with the schedule shown in Section 5. Work under this task includes comparison of 
data obtained with the on-site equipment to that obtained from commercial laboratories on aliquots of the 
same samples, and documentation of the direct and indirect cost and energy savings accrued from use of 
the technology. 
Current Status:  The completion of this work is to be determined. 
 
 
3.8 Task 8: Evaluation and Final Report 
PNNL and PCA will review analytical data developed by the onsite system and evaluate the benefit to 
operations at the Counce plant. A final report describing the technology and the cost benefit performance 
will be provided to DOE EE. If such benefits warrant, PCA plans to adopt this automated on-site analysis 
technology in other paper mill facilities. 
Current Status:  The completion of this work is to be determined. However, this document serves as the 
final report that will be submitted to DOE EE. 
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4.0 Project Schedule of Activities 
 
 
 
Planned Milestones    
 

• Onsite System Specification    
 May 2002 

 
• Perform System Design 
 June 2002 

 
• Assembly, Software Modification and Bench Testing 
 August 2002 

 
• On-site Demonstration  

  September 2002 
 
 
 
 
 

5.0 Project Financial Summary 
 
 
 Total for projects 44213  Adaptation of Machine Fluid Analysis for Manufacturing and 46125 
Adaptation of Machine Fluid Analysis for Manufacturing II is $198K.   
 
Project 44213 costs were:  $139K 
 
Project 46125 costs were:  $59K 
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6.0 Project Highlights and System Components 
 
 
 Technology developed during this project was selected for use in the pulp and paper industry.  
Building on technology developed for the mining industry, new control and user interface software for an 
on-site system has been re-written to run in the National Instrument Lab View environment.  The 
software has been tested and rigorous quality assurance checks have been applied.  Other advances in 
technology include a miniature XRF sensor that is smaller and more sensitive than the earlier version, and 
a close-coupled infrared sensor which has 22 channels and can be configured to meet specific equipment 
requirements. 
 
 
 Equipment that has been adapted to provide on-site characterization of fluids includes: 
 
 
 
 
 
 
XRF Spectrometer  

Figure 1  X-Ray Fluorescence Spectrometer 

Energy dispersive x-ray spectrometer 
comprising a 109Cd source, and x-ray 
detector with 256 or 512 channel multi-
channel analyzer for quantitative 
determination of wear or additive metals 
including Fe, Cr, Ni, Mo, Cu, Pb, Zn, 
Ag, Sn, V, Co, and Ti. (EDAX CT 5000). 
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NDIR Infrared Analyzer 

Figure 2  Multi-Channel Infrared Analyzer 

Non-dispersive multi-channel infrared 
system for determination of water, 
oxidation, ester breakdown, nitration, 
sulfation, and fuel dilution in crankcase 
and gear lube oils as well as hydraulic 
fluids. (FIRM 57  upgraded to ARAS-
48). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Electromechanical Viscometer 

Figure 3  Miniature In-Line Viscometer 

Miniature viscometer for 
determination of temperature 
compensated dynamic viscosity to 
better than 1.4% at 0.8% precision. 
(CASI STL 570 upgraded to ViscoPro 
1500). 
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Figure 4  Laser Extinction Particle Counter 

Laser Extinction Particle Counter 
Determination of particles counts in 
eight size channels adjustable from 5 
microns to 100+ microns. (ARTI PODS 
Derivative). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5  Oil Debris Monitor 

Debris monitor.  Monitors Ferrous and 
Non-ferrous wear particles.  Minimum 
Ferrous particle size is 70 microns, 
minimum Non-ferrous particle size is 
280 microns. 
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Multi-Sample Introduction System 

Figure 6  Sample Bottle Handling/Routing/and Flow Control Module 

Battelle / Belhaven / OAL System for 
on-site introduction of oil samples for 
analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
System Command and Control Module 
Advantix 586 computer system with Battelle OASCCM software providing TCP/IP compatibility with 
the Internet and local user interface. 
 
Sample Acquisition and Management System 
BAT SAS 200 system for sample conditioning prior to analytical module analysis. 
 
Software: 
Bulk XRF (EDAX fundamental parameters software for “Lab-in-a-Box”. 
OASCCM (Battelle NT-based operating system for “Lab-in-a-Box”. 
Battelle “Lab-in-a-Box” User Interface 
Data base software to be selected (Dingo is recommended). 
 
AC Power Supply and Controller, System Case and Hardware 
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7.0 Project Recognition 
 
 
 The development of the machine fluid analysis system has produced considerable recognition for the 
laboratory.  Papers written and presented include: 
 
Wilson, B.W. and Silvernail, G: “Automated In-Line Machine Fluid Analysis  for Marine Diesel 
and Gas Turbine Engines,” Proceedings: Technology  Showcase 2002, JOAP International 
Condition Monitoring Conference, Mobile AL, April 7-11 2002. 
 
Wilson, B.W., NH Hansen, G, Silvernail, B.Cross:  “Modular System for Multi-Parameter In-Line 
Machine Fluid Analysis.”  Proceedings: Technology Showcase 2000, JOAP International 
Condition Monitoring Conference, Mobile, AL.  April 3-6 2000. Joint Oil Analysis Program 
Technology Center Pensacola. 
 
Wilson, BW and Price LS:On-Board X-Ray Fluorescence Analysis System. Lubrication and 
Fluid Power, Vol. 1 pp 36-38 (2000). 
 
Wilson, B. W., N. H. Hansen, C. L. Shepard, T. J. Peters, and F. L. Greitzer:  “Development of a 
Modular In-Situ Oil Analysis Prognostic System.”  Proceedings, SOLE '99 Symposium, Las 
Vegas, NV. 1999. 
 
 
Intellectual Property that has been generated in the area of In-line Fluid Analysis include: 

Apparatus and Method for Fluid Analysis 
Battelle No. 12220-E 
Patent No. 6,561,010 

An Apparatus for Machine Fluid Analysis 
Battelle No. 12092-B 
Patents pending in Australia and Europe. Application nos. 16200/01 (Australia) and 00978775.5 
(EPC) 

Method and Apparatus to Predict the Remaining Service Life of an Operating System 
Battelle No. 12241-E 
Patent Pending. Application nos. PCT/US00/23389 & 10/362,717 

Diagnostics/Prognostics Using Wireless Links 
Battelle No. 12898-B 
Patent No. 6,662,091 
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Compact X-Ray Fluorescence Spectrometer and Method for Fluid Analysis 
Battelle No. 13093-B 
Patent No. 6,668,039 

Dual X-Ray Fluorescence Spectrometer and Method for Fluid Analysis 
Battelle No. 13610-E 
Patent Pending. Application no. 10/420,460 
 
 

8.0 Project Commercialization Outlook 
 

• A non-exclusive license for manufacture, sale and use of the technology developed under this 
program has been granted to Belhaven Applied Technologies in Kennewick, WA. 

 
• US Patent Number 6,561,010 for an Apparatus and method for fluid analysis was granted on May 

13, 2003. 
 

• ARTI, a small company in Grants Pass Oregon is negotiating for rights to manufacture a 
combined IR/particle counter system based on the technology developed under this program. 

 
• DOE OIT project industrial partners have first-in-line rights to license background intellectual 

property. 
 
 
 

9.0 Project Documentation 
 

The attachments to this document provide the project documentation for the final report.   
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Attachment 1 
 
 
 

Reference Task 2: On-site system specification 
and cost benefit analysis  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attach 1  



 

 
 
To accomplish the on-site analysis required in the Counce plant, we anticipate that the analytical and 
software modules listed in Table 1 will need to be developed and incorporated into the system.  
 
Table 1 Analytical hardware and software modules required for on-site system to be used in the 
pulp and paper industry. 
 
Module Function 
XRF Elemental Analyzer 
(Dual Source 109Cd and 55Fe) 

Determine presence and concentration of wear metals and 
contaminants in machine fluids, and sulfur content in waste 
oil boiler fuels.  

Infrared Analyzer  
(22 Channel NDIR) 

Determine water, total acid number (TAN), total base number 
(TBN), additive, soot, glycol, oxidation, nitration and 
sulfation 

Laser Extinction Particle Counter 
(1 to 100 + microns) 

Determination of particle counts in specific size ranges in 
accordance with ISO 11171. 

Viscometer Determine kinematic viscosity at 40 or 100 degrees C 
System Controller Computer to control system and support user interface 

software 
Sample Bottle Handler / 
Conditioning Auto Sampler 

New device to receive samples and to maintain in agitated 
(particle-dispersed) and warm condition until aliquoted and 
routed to the analytical modules required. 

Embedded Software Modules All analytical modules will require embedded software 
User Interface Software Provide for on-site and remote operation of the system 
Communications Software Provides for data transfer and remote operation of the system 
System Controller Software Controls analytical modules and autosampler 
 
 
 
 

Portable Lubricating Oil and Hydraulic Fluid Analysis System Specifications 
 
The AutOLab™ oil analysis system uses multiple field-hardened instruments to make laboratory quality 
measurements of oil or hydraulic fluid condition on a near real time basis.  The modular approach taken 
with the AutOLab™ system allows the customer to choose the right combination of instruments for their 
needs.  This approach also allows for the easy integration of new instruments as they become available.  
The instruments that have been used to date include: 
 

1. Non-dispersive Infrared Analysis (NDIR), 
2. X-ray Fluorescence Spectrography (XRF), 
3. Electromechanical Viscometer, 
4. Laser Extinction Particle Counter, and 
5. In-line Debris Monitor. 
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Some of the parameters that can be measured with these instruments include: 
 

1. Water content (NDIR), 
2. TAN/TBN (NDIR), 
3. Additive condition (NDIR), 
4. Oxidation/Sulfation (NDIR), 
5. Contamination (NDIR, particle counter and XRF), 
6. Elemental wear and contamination analysis (XRF), 
7. Viscosity, 
8. Solid particle contamination, and 
9. Ferrous and non-ferrous debris particles. 

 
The specifications for each component are listed below along with a comparison with the Joint Oil 
Analysis Program (JOAP) requirements for the Army.  Where possible, comparisons of AutOLab™ 
instruments with standard oil analysis lab measurements are included. 
 
Non-dispersive infrared analysis.  Can measure infrared absorption for up to 32 channels in the 2.5 to 
12 micron range (other ranges can be requested).  Typical precision per band is given in Table 1 below. 
 
Wavelength (microns) 0.8 2.9 5.7 6-9 
Precision (average percent 
error) 

0.4 0.013 0.23 0.62 

Table 1.  Typical precision per band for non-dispersive infrared analyzer. 
 
 
 
 
 
A comparison of NDIR results with standard laboratory measurements for water and TAN are given in 
Table 2 below.  The NDIR is capable of measuring water content to 50 ppm or less. 
 
System/Laboratory 
Parameter 

NDIR Spectroscopy Oil Analysis Lab* Navy Lab** 

Water Sample #1 410 ppm 430 ppm 370 ppm 
Water Sample #2 440 ppm 450 ppm 380 ppm 
TAN Sample #1 0.70 mg KOH/g 0.70 mg KOH/g 0.64 mg KOH/g 
TAN Sample #2 0.77 mg KOH/g 0.70 mg KOH/g 0.64 mg KOH/g 
* Data provided by Oil Analysis Lab, Spokane, Wa 
* Water by Karl Fischer, ASTM D1744, TAN by ASTM D664 
**Water by Karl Fischer, ASTM D6304, TAN by ASTM D974 
Table 2.  Comparison of NDIR results with laboratory measurements. 
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X-ray fluorescence spectroscopy.  The standard source configuration for the XRF is 109Cadnium.  There 
is no limit on the particle size for x-ray fluorescence spectroscopy measurements.  Table 3 below lists the 
elemental detection limits at 10 percent precision for the standard configuration for the AutOLab™ 
compared with the calibration requirements for AOAP. 
 
Element Detection 

Limit (ppm) 
AOAP 
Calibration 
(ppm) 

Element Detection 
Limit (ppm) 

AOAP 
Calibration 
(ppm) 

Aluminum ns* 10 Nickel 5-10 10 
Boron ns 100 Silicon ns 10 
Chromium 1-3 10 Silver** 1-3 10 
Copper 5-10 10 Sodium ns 10 
Iron 1-3 10 Tin 10 10 
Lead 1-3 10 Titanium 3-5 10 
Magnesium ns 10 Zinc 1-3 100 
Molybdenum 3-5 100    
* ns = Not in standard configuration of XRF. 
** Requires 241Americium source. 
 
Electromechanical viscometer.  The standard ranges for the viscometer are viscosities from 2.5 to 50 cP 
and from 25 to 500 cP (other ranges available) with a repeatability of 0.1 percent.  The AOAP calibration 
requirement is 6.75 to 430 cP. 
 
Laser extinction particle counter.  Can monitor particle size in up to 8 ranges between 4 and 100 
microns.  Is calibrated to ISO 11171:2000 standards (4, 6 and 14 microns). 
 
Debris monitor.  Monitors Ferrous and Non-ferrous wear particles.  Minimum Ferrous particle size is 70 
microns, minimum Non-ferrous particle size is 280 microns.  
 
Notes: 
 

1. It is important to keep in mind that this system was not designed to completely replace laboratory 
oil analysis.  Its main purpose is to allow the user to determine several key parameters in the field 
in order to assess the condition of the oil on a near real time basis. This may provide adequate 
analysis in itself or serve as a screening mechanism to determine which samples, if any, require 
more detailed study. 

 
2.   AutOLab is a trademark of Belhaven Applied Technologies, Inc. 
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Reference Task 5: Assembly, software modification and bench testing 
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Factory Acceptance Testing Requirements for Belhaven 
Lab-in-a-Box Prototype Unit 2. 

 
The purpose of this document is to specify the Factory Acceptance Test (FAT) that the second prototype 
Lab-in-a-Box (LIAB) must pass in order to fulfill the FAT requirements of  Task 4 of  PO 4016 issued by 
Battelle to Belhaven Applied Technologies.  The FAT will 1) demonstrate the functionality of the 
hardware, 2) demonstrate that the instruments installed in the system operate and 3) insure that any 
changes made to the system between completion of 1 and 2 above and delivery do not affect the results of 
1 and 2 above.  The specifics of each of these requirements are spelled out below. 
 

1. Functionality.  Fulfillment of this requirement will demonstrate that the mechanical hardware of 
the AutoSampler is functional.  The requirement is that at least 8 sample bottles run through the 
AutoSampler test cycle uninterrupted.  These samples can be any samples that Belhaven wishes 
to use for this test.  The system must load, register the bar code, condition the sample to a 
specified temperature (a hold at room temperature while the sample stirs is acceptable), run the 
sample through a test cycle, write test results in a spreadsheet readable format and clean itself 
between specimens using a clean cycle specified by Belhaven.  There are no requirements on the 
values of the results written to the spreadsheet file for this test.  If the system fails to complete the 
required tests, changes can be made to the system and the test may be repeated as many times as 
it takes to meet this requirement. 

 
Operation of Instruments.  Fulfillment of this requirement will demonstrate that the instruments 
in the LIAB operate.  The requirement is that 5 oil samples supplied by Shell be run through the 
LIAB and that the results of these tests be within the ranges outlined below.  These samples 
consist of 5 fluids of different viscosities.   
 
The results from this sample testing must fall within the following ranges: 

a. Viscosity:  the temperature adjusted viscosity must fall within -10 percent of the low 
value of the sample’s known viscosity range and + 10 percent of the high value. 

b. Particle counter:  the result of the particle must fall within ± 20 percent of the known 
values for the calibrated specimen. 

c. XRF:  the concentration of the zinc measured by the XRF must be within ± 10 
percent of the known concentration. 

d. NDIR:  the results must demonstrate that there is a relative agreement between the IR 
spectra provided by Shell for the oils being used in this test and the NDIR at the 
wavenumbers of the filters used in the NDIR. 

The results will be considered acceptable if they fulfill one of the following requirements:  1) The 
absolute value of the results for the instrument fall within the ranges specified above or 2) it can 
be demonstrated that there is a repeatable bias in the test results and if this bias is taken into 
account the results fall within the ranges specified above.  If the first of the options stated above 
is used, only 1 specimen needs to be run for the specified instrument.  If the second option is 
used, a minimum of 3 specimens needs to be run for the specified instrument to demonstrate the 
repeatability of the results. 
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2. Change Requirements.  This requirement is to insure that any changes made to major 
components to the system between FAT and delivery does not affect the ability of the system to 
fulfill requirements 1 and 2 above.  Major changes are considered to consist of replacement of 
any of the instruments, changes to the AutoSampler hardware, and changes in computer hardware 
and/or software.  If any changes are made to these systems than it must be demonstrated that the 
affected systems still meet requirements 1 and 2 above. 

 
Battelle will consider the FAT to be completed when it has received written notification from Belhaven 
that the testing is completed and documentation of the results.  This documentation of results will consist 
of a brief description of the test procedures plus printed and electronic copies of the files generated by the 
LIAB during the testing.  Battelle would like the option of observing any portion of this testing at 
Belhaven. 
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PCA Unit Acceptance Testing Summary 
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4/19/2004 2:19 PM 4/19/2004 3:03 PM
TELLUS-PLUS-150 4/20/2004 3:56 PM 4/20/2004 5:16 PM 936759 0.854613078 0.6 0.666400248 0.32 72.5 415113 0.84549083 0.66 0.657277999 0.38 72.535 23519 0.18821283 0.28 0 0 72.609 33232 0.340349526 0.32 0.152136696 0.04 72.712 -34182 72.831
TELLUS-PLUS-150 4/21/2004 3:05 PM 4/21/2004 4:40 PM 961394 0.865999013 0.6 71.86 433650 0.854138298 0.66 71.9 20532 0.172898141 0.28 71.973 38226 0.364058299 0.32 72.082 -30914 72.201
TELLUS-PLUS-150 4/22/2004 9:30 AM 4/22/2004 11:01 AM 976299 0.869986246 0.6 71.729 451863 0.855792627 0.66 71.769 22726 0.179354431 0.28 71.844 41844 0.383628583 0.32 71.95 -29474 72.069

DELIMA-EP-220 4/19/2004 2:23 PM 4/19/2004 3:49 PM
DELIMA-EP-220 4/20/2004 3:56 PM 4/20/2004 6:03 PM 940790 0.858290593 0.62 0.809322767 0.42 72.548 415762 0.846812695 0.72 0.797844869 0.52 72.583 6119 0.048967826 0.2 0 0 72.662 31470 0.322303791 0.3 0.273335965 0.1 72.766 -34627 72.888
DELIMA-EP-220 4/21/2004 3:06 PM 4/21/2004 5:27 PM 962004 0.866548485 0.62 72.194 433884 0.854599196 0.72 72.244 3106 0.026155349 0.2 72.324 38439 0.366086876 0.3 72.433 -31692 72.549
DELIMA-EP-220 4/22/2004 9:31 AM 4/22/2004 11:48 AM 976232 0.869926542 0.62 72.344 451531 0.855163845 0.72 72.383 5570 0.043958646 0.2 72.457 40935 0.375294811 0.3 72.564 -30262 72.684

 0
 
 
 
 
 
 

Bar code Date in Time in Date out Time out Ch 6 meas act Ch 1 temp Ch 17 meas act Ch 2 temp Ch 18 meas act Ch 5 temp Ch 23 meas act Ch 8 temp Ch 25 Ch 12 temp

3663 F 1745 F 1164 F 1025 F 862 F

TELLUS-PLUS-46 4/19/2004 2:36 PM 4/19/2004 5:20 PM
TELLUS-PLUS-46 4/20/2004 8:09 AM 4/20/2004 8:10 AM
TELLUS-PLUS-46 4/20/2004 3:41 PM 4/20/2004 3:42 PM 936704 0.854562901 0.59 0.655202468 0.36 71.699 416410 0.848132524 0.63 0.648772091 0.4 71.742 24912 0.199360433 0.23 0 0 71.823 35515 0.363731145 0.3 0.164370712 0.07 71.93 -31756 72.051
TELLUS-PLUS-46 4/21/2004 3:04 PM 4/21/2004 3:05 PM 971492 0.875095032 0.59 68.545 436844 0.860429357 0.63 68.589 22727 0.19138204 0.23 68.668 42587 0.405591764 0.3 68.776 -30060 68.903
TELLUS-PLUS-46 4/22/2004 9:25 AM 4/22/2004 9:26 AM 979954 0.87324324 0.59 70.186 452555 0.85710322 0.63 70.229 25791 0.203543525 0.23 70.307 41831 0.383509398 0.3 70.418 -28959 70.538

TURBO-T-68 4/19/2004 2:31 PM 4/19/2004 4:34 PM
TURBO-T-68 4/20/2004 8:13 AM 4/20/2004 8:56 AM
TURBO-T-68 4/20/2004 3:49 PM 4/20/2004 4:29 PM 936174 0.854079378 0.64 0.64734056 0.41 72.404 410965 0.837042296 0.63 0.630303478 0.4 72.442 25834 0.206738818 0.23 0 0 72.516 39886 0.408497268 0.39 0.20175845 0.16 72.623 -32896 72.74
TURBO-T-68 4/21/2004 3:04 PM 4/21/2004 3:52 PM 965379 0.869588598 0.64 70.777 431213 0.849338264 0.63 70.819 20874 0.175778092 0.23 70.897 45583 0.434125188 0.39 71.013 -30960 71.136
TURBO-T-68 4/22/2004 9:25 AM 4/22/2004 10:13 AM 979293 0.872654218 0.64 71.1 449036 0.850438514 0.63 71.137 23782 0.187688422 0.23 71.213 48616 0.445714731 0.39 71.323 -29355 71.446

TELLUS-PLUS-15

 
 
 



 

 
 
 
 

 
 
 

 
 

 
 
 

 
 
 
 

 
 
 

Bar code Date in Time in Date out Time out Titanium Vandium Chromium Iron Nickel Copper Zinc Zinc act Lead Molybeden
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ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

TELLUS-PLUS-46 4/19/2004 2:36 PM 4/19/2004 5:20 PM 0 56 0 0 0 0 368 394 0 0
TELLUS-PLUS-46 4/20/2004 8:09 AM 4/20/2004 8:10 AM 0 70 0 0 0 0 368 0 0
TELLUS-PLUS-46 4/20/2004 3:41 PM 4/20/2004 3:42 PM 0 38 0 0 0 0 321 0 0
TELLUS-PLUS-46 4/21/2004 3:04 PM 4/21/2004 3:05 PM 0 1 0 0 0 0 362 0 0
TELLUS-PLUS-46 4/22/2004 9:25 AM 4/22/2004 9:26 AM 0 3 0 0 0 0 360 0 0

URBO-T-68 4/19/2004 2:31 PM 4/19/2004 4:34 PM 0 0 0 0 0 0 0 2 0 0
TURBO-T-68 4/20/2004 8:13 AM 4/20/2004 8:56 AM 0 0 0 0 0 0 12 2 1
TURBO-T-68 4/20/2004 3:49 PM 4/20/2004 4:29 PM 0 0 0 0 0 0 0 0 0
TURBO-T-68 4/21/2004 3:04 PM 4/21/2004 3:52 PM 0 0 0 0 0 0 0 2 0
TURBO-T-68 4/22/2004 9:25 AM 4/22/2004 10:13 AM 0 6 0 0 0 0 0 2 1

ELLUS-PLUS-150 4/19/2004 2:19 PM 4/19/2004 3:03 PM 0 30 0 0 0 0 323 318 0 1
TELLUS-PLUS-150 4/20/2004 3:56 PM 4/20/2004 5:16 PM 0 9 0 0 0 0 323 0 1
TELLUS-PLUS-150 4/21/2004 3:05 PM 4/21/2004 4:40 PM 0 37 0 0 0 0 318 0 0
TELLUS-PLUS-150 4/22/2004 9:30 AM 4/22/2004 11:01 AM 0 19 0 0 0 0 314 0 1

ELIMA-EP-220 4/19/2004 2:23 PM 4/19/2004 3:49 PM 0 0 0 0 0 0 0 3 0 1
DELIMA-EP-220 4/20/2004 3:56 PM 4/20/2004 6:03 PM 0 0 0 0 0 0 0 0 1
DELIMA-EP-220 4/21/2004 3:06 PM 4/21/2004 5:27 PM 0 0 0 0 0 0 0 0 1
DELIMA-EP-220 4/22/2004 9:31 AM 4/22/2004 11:48 AM 0 0 0 0 0 0 0 0 0

MALA-320 4/19/2004 2:17 PM 4/19/2004 2:18 PM 0 0 3 0 0 0 0 2 0 1
OMALA-320 4/20/2004 3:57 PM 4/20/2004 6:50 PM 0 6 0 0 0 0 0 0 1
OMALA-320 4/21/2004 3:06 PM 4/21/2004 6:14 PM 0 0 0 0 0 0 0 0 0
OMALA-320 4/22/2004 9:32 AM 4/22/2004 12:35 PM 0 0 0 0 0 0 0 0 0

ELLUS-PLUS-150 4/27/2004 2:32 PM 4/27/2004 2:33 PM 0 64 0 0 0 0 319 318 1 0
TELLUS-PLUS-150 4/27/2004 2:32 PM 4/27/2004 3:20 PM 0 28 0 0 0 0 320 1 1
TELLUS-PLUS-150 4/27/2004 2:33 PM 4/27/2004 4:07 PM 0 48 0 0 0 0 317 0 1
OMALA-320 4/27/2004 2:35 PM 4/27/2004 4:54 PM 0 0 0 0 0 0 0 2 1 1
OMALA-320 4/27/2004 2:41 PM 4/27/2004 5:41 PM 0 0 0 0 0 0 0 0 0
OMALA-320 4/27/2004 3:14 PM 4/27/2004 6:29 PM 0 0 0 0 0 0 0 0 1

ELLUS-PLUS-150 4/28/2004 2:21 PM 4/28/2004 2:22 PM 0 14 0 0 0 0 315 318 0 1
TELLUS-PLUS-150 4/28/2004 2:22 PM 4/28/2004 3:12 PM 0 26 0 0 0 0 326 318 1 0
OMALA-320 4/28/2004 2:24 PM 4/28/2004 3:59 PM 0 22 0 0 0 0 0 2 0 1
OMALA-320 4/28/2004 2:29 PM 4/28/2004 4:46 PM 0 0 0 0 0 0 0 2 0 0
DELIMA-EP-220 4/28/2004 2:29 PM 4/28/2004 5:33 PM 0 6 0 0 0 0 0 3 0 1
DELIMA-EP-220 4/28/2004 2:38 PM 4/28/2004 6:20 PM 0 0 0 0 0 0 0 3 0 1
TURBO-T-68 4/28/2004 2:42 PM 4/28/2004 7:08 PM 0 0 0 0 0 0 0 2 0 1
TURBO-T-68 4/28/2004 2:43 PM 4/28/2004 7:55 PM 0 11 0 0 0 0 0 2 0 0
TELLUS-PLUS-46 4/28/2004 2:44 PM 4/28/2004 8:42 PM 0 14 0 0 0 0 367 394 0 0
TELLUS-PLUS-46 4/28/2004 3:12 PM 4/28/2004 9:29 PM 0 57 0 0 0 0 374 394 0 0
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Bar code D Temp Visco
cP

TELLUS-PLUS-46 /19/2004 2:36 PM 4/19/2004 5:20 PM 91.37 32.98333 61.209 68.77416 -0.00610 52.29948 47.80000 39.626
TELLUS-PLUS-46 /20/2004 8:09 AM 4/20/2004 8:10 AM 90.651 32.58389 67.122 75.41798 -0.00610 56.25441 42.15
TELLUS-PLUS-46 /20/2004 3:41 PM 4/20/2004 3:42 PM 1926 1075 363 62 36 21 0 0 48200 2100 16/12 14/10 81.09 27.27222 230.31 258.7753 -0.00610 143.83960 91.3
TELLUS-PLUS-46 /21/2004 3:04 PM 4/21/2004 3:05 PM 2046 1286 432 69 25 5 0 0 53100 500 16/10 14/10 77.049 25.02722 69.841 78.47303 -0.00610 43.84882 28.094
TELLUS-PLUS-46 /22/2004 9:25 AM 4/22/2004 9:26 AM 3690 2306 716 113 15 5 0 0 84900 500 17/10 14/10 78.16 25.64444 68.915 77.43258 -0.00610 44.32177 28.758

TURBO-T-68 19/2004 2:31 PM 4/19/2004 4:34 PM 93.361 34.08944 93.019 104.5157 -0.00615 81.53643 69.30000 62.834
TURBO-T-68 4/20/2004 8:13 AM 4/20/2004 8:56 AM 3057 1241 123 15 15 10 0 0 16300 1000 15/10 13/10 91.401 33.00056 91.855 103.2079 -0.00615 77.03221 57.915
TURBO-T-68 4/20/2004 3:49 PM 4/20/2004 4:29 PM 5000 2404 402 44 25 10 0 0 48100 1000 16/10 13/10 85.787 29.88167 92.371 103.7876 -0.00615 68.24781 47.879
TURBO-T-68 4/21/2004 3:04 PM 4/21/2004 3:52 PM 3994 1899 260 29 0 0 0 0 28900 0 15/1 13/10 79.124 26.18 89.354 100.3978 -0.00615 57.15061 37.171
TURBO-T-68 4/22/2004 9:25 AM 4/22/2004 10:13 AM 4813 2318 398 59 10 0 0 0 46700 0 16/1 13/10 79.174 26.20778 79.782 89.6427 -0.00615 51.55691 33.732

TELLUS-PLUS-150 19/2004 2:19 PM 4/19/2004 3:03 PM 84.387 29.10389 184.098 206.8517 -0.00631 124.52383 142.00000 84.719
TELLUS-PLUS-150 4/20/2004 3:56 PM 4/20/2004 5:16 PM 4009 2341 633 88 20 15 5 0 76100 2000 17/11 16/11 84.84 29.35556 190.96 214.5618 -0.00631 130.32702 89.054
TELLUS-PLUS-150 4/21/2004 3:05 PM 4/21/2004 4:40 PM 3656 2154 579 93 20 5 5 0 70200 1000 17/11 16/11 79.885 26.60278 186.996 210.1079 -0.00631 112.97882 72.71
TELLUS-PLUS-150 4/22/2004 9:30 AM 4/22/2004 11:01 AM 3891 2341 765 128 49 10 0 0 95200 1000 17/11 16/11 79.811 26.56167 153.01 171.9213 -0.00631 93.79459 60.85

DELIMA-EP-220 /19/2004 2:23 PM 4/19/2004 3:49 PM 90.49 32.49444 261.831 294.1921 -0.00636 202.72529 211.00000 148.21
DELIMA-EP-220 /20/2004 3:56 PM 4/20/2004 6:03 PM 707 368 93 25 10 5 5 0 13800 1000 14/10 19/14 85.82 29.9 283.205 318.2079 -0.00636 192.63538 131.97
DELIMA-EP-220 /21/2004 3:06 PM 4/21/2004 5:27 PM 731 358 88 5 5 5 0 0 10300 500 14/10 19/14 80.181 26.76722 250.399 281.3472 -0.00636 148.17353 94.925
DELIMA-EP-220 /22/2004 9:31 AM 4/22/2004 11:48 AM 2341 1349 358 49 10 0 0 0 41700 0 16/1 19/14 80.436 26.90889 230.29 258.7528 -0.00636 138.09473 89.067

OMALA-320 19/2004 2:17 PM 4/19/2004 2:18 PM 82.649 28.13833 372.738 418.8067 -0.00639 227.73544 302.00000 148.569
OMALA-320 4/20/2004 3:57 PM 4/20/2004 6:50 PM 2777 1570 471 88 29 10 0 0 59800 1000 16/10 16/12 84.224 29.01333 351.215 394.6236 -0.00639 225.00482 150.197
OMALA-320 4/21/2004 3:06 PM 4/21/2004 6:14 PM 1590 942 250 54 34 10 0 0 34800 1000 16/11 16/12 80.378 26.87667 331.053 371.9697 -0.00639 191.90711 122.179
OMALA-320 4/22/2004 9:32 AM 4/22/2004 12:35 PM 2203 1344 491 88 39 29 0 0 64700 2900 17/12 16/12 80.812 27.11778 299.829 336.8865 -0.00639 177.22928 113.928

TELLUS-PLUS-150 27/2004 2:32 PM 4/27/2004 2:33 PM off line 79.451 26.36167 189.133 212.509 -0.00631 112.94874 142.00000 72.277
TELLUS-PLUS-150 4/27/2004 2:32 PM 4/27/2004 3:20 PM off line 83.065 28.36944 181.096 203.4787 -0.00631 118.65874 142.00000 79.468
TELLUS-PLUS-150 4/27/2004 2:33 PM 4/27/2004 4:07 PM off line 85.306 29.61444 180.931 203.2933 -0.00631 125.36813 142.00000 86.332
OMALA-320 4/27/2004 2:35 PM 4/27/2004 4:54 PM off line 88.115 31.175 319.14 358.5843 -0.00639 228.84609 302.00000 161.438
OMALA-320 4/27/2004 2:41 PM 4/27/2004 5:41 PM off line 89.269 31.81611 323.701 363.709 -0.00639 239.43847 302.00000 171.519
OMALA-320 4/27/2004 3:14 PM 4/27/2004 6:29 PM off line 85.571 29.76167 321.081 360.7652 -0.00639 214.67566 302.00000 146.338

TELLUS-PLUS-150 28/2004 2:21 PM 4/28/2004 2:22 PM 1580 834 137 10 10 0 0 0 15700 0 14/1 16/11 81.08 27.26667 128.86 144.7865 -0.00631 82.52696 142.00000 54.737
TELLUS-PLUS-150 4/28/2004 2:22 PM 4/28/2004 3:12 PM 4279 2532 775 98 15 0 0 0 88800 0 17/1 16/11 85.461 29.70056 154.733 173.8573 -0.00631 108.69713 142.00000 75.41
OMALA-320 4/28/2004 2:24 PM 4/28/2004 3:59 PM 525 339 103 15 10 0 0 0 12800 0 14/1 16/12 86.89 30.49444 293.597 329.8843 -0.00639 204.57913 302.00000 142.335
OMALA-320 4/28/2004 2:29 PM 4/28/2004 4:46 PM 348 226 83 20 5 0 0 0 10800 0 14/1 16/12 88.374 31.31889 328.817 369.4573 -0.00639 237.08751 302.00000 167.695
DELIMA-EP-220 /28/2004 2:29 PM 4/28/2004 5:33 PM 530 294 49 0 0 0 0 0 4900 0 13/1 19/14 89.074 31.70778 220.766 248.0517 -0.00636 166.00393 211.00000 119.629
DELIMA-EP-220 /28/2004 2:38 PM 4/28/2004 6:20 PM 422 167 20 0 0 0 0 0 2000 0 12/1 19/14 88.578 31.43222 225.235 253.073 -0.00636 167.00161 211.00000 119.493
TURBO-T-68 4/28/2004 2:42 PM 4/28/2004 7:08 PM 3582 1379 191 5 5 0 0 0 20100 0 15/1 13/10 89.704 32.05778 76.191 85.60787 -0.00615 62.03672 69.30000 45.906
TURBO-T-68 4/28/2004 2:43 PM 4/28/2004 7:55 PM 3415 1418 113 0 0 0 0 0 11300 0 14/1 13/10 89.626 32.01444 74.173 83.34045 -0.00615 60.36781 69.30000 44.664
TELLUS-PLUS-46 /28/2004 2:44 PM 4/28/2004 8:42 PM 64 39 15 5 5 0 0 0 2500 0 12/1 14/10 89.889 32.16056 48.969 55.02135 -0.00610 40.97459 47.80000 30.697
TELLUS-PLUS-46 /28/2004 3:12 PM 4/28/2004 9:29 PM 123 79 39 0 0 0 0 0 3900 0 12/1 14/10 89.981 32.21167 49.26 55.34831 -0.00610 41.28414 47.80000 30.957

30 second particle count Temp comp Measured
ate in Time in Date out Time out Part. cnt. Part. cnt. Part. cnt. Part. cnt. Part. cnt. Part. cnt. Part. cnt. Part. cnt. Part. cnt. Part. cnt. ISO 5/15 count Actual ISO 5/15 Temp Temp Viscosity Viscosity Viscosity Viscosity

4.0 micron 4.6 micron 6.0 micron 9.8 micron 14.0 micron 21.2 micron 40.0 micron 73.0 micron >5 micron/100ml >15 micron/100ml F C cP cSt cSt
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Lab-in-a-Box Software Operating Manual   

PNNL-14821 

Introduction 
The Lab-in-a-Box (LIAB) consists of four instruments commonly used in machine fluid analysis.  These 
instruments are a viscometer, a particle counter, a XRF elemental analyzer and a Non-dispersive infrared 
analyzer.  These four instruments are linked through a common flow path with an automatic sampling 
unit that holds up to 9 test specimens, including the sample being tested.  The instruments and the 
sampling unit are controlled using a LabView software master program.  All control is through serial port 
commands.  The remainder of this manual summarizes the use of this master program.  Information and 
specifications for the different instruments can be found of the Appendices of this manual. 
 
All samples introduced into the LIAB must have a barcode.  If the sample does not have a barcode, the 
LIAB will not accept the sample. 
 
The normal operating procedure for a sample run is as follows: 
 

1. If there are any changes to the settings for the particular run they must be made before starting the 
LabView program.  The functions of the different settings in the master program are described 
later in this manual.  These settings will be in effect until the program is stopped and restarted.  
The program will then revert to the default settings.  If there are a particular set of operations 
settings that are used on a routine basis, it is recommended that they be written down for future 
reference.  The current version of LabView used to make the executable version of the Master 
Program does not allow changes to the default settings. 

2. The program is started by clicking on the arrow in the upper left corner of the program screen.  
Once the master program is started, the sample is placed in the sample door and slowly rotated 
until the barcode is read.  The unit will beep when it has read the barcode.  The door will open 
and the sample will be accepted.  If the unit is busy with other operations, it may take a few 
moments before the sample is taken into the unit. 

3. Continue loading the samples into the unit until it is full or until the desired number of samples 
has been introduced.  The front panel will indicate the sample status.  This is described more fully 
below. 

4. When the testing of a sample is complete, it will exit through the door in the bottom of the unit. 
5. When all of the desired samples have been tested, the program should be stopped and the data can 

be retrieved from the C:\autosampler\data directory.  The program can be stopped by pressing the 
stop button in the lower right hand corner of the Monitor Screen. 

Data Files 
The data files that result from an analysis can be found in the directory C:\autosampler\data.  The naming 
convention for the data files is as follows: 
 User provided name-Dmonth_day_year-Thour_min_sec.csv 
Where the date and time are the date and time that the file was created.  All data until the program is 
stopped is written to this file.  The naming convention prevents data from being overwritten and allows 
the files to be tracked by when they were created.  The data files are flat text files with tab separators.  A 
file utility has been provided with the master program to convert these files into comma separated files so 

1 



 

that they can be imported directly into Excel.  The files can be introduced into most other software using 
the import function.  The setup of the headers is described in the section on the File Configuration Screen 
described below.  In addition to the data provided below, the file setup uses the data in the NDIR 
configuration file (C:\autosampler\configuration\default.ndi) to create the headers for the NDIR channels.  
The wavenumbers for these channels have been pre entered in the File Configuration Screen. 
 
File Configuration Screen 
Figure 1 shows the file configuration screen.  This screen is used to set the directory for data files, set the 
initial part of the data file name, to add comments to a data file and set the data file headers.  Each 
function is described in more detail below. 

 
Figure 1.  File configuration screen. 
 
Data file path (no backslash).  This sets the path where the data file will be written.  The default is 
C:\autosampler\data.  If this default directory is changed it is important to insure that the directory exists 
or the program will give an error message. 
 
Data file name (no delimiter).  This sets the initial part of the data file name.  The naming convention 
for data files is Data file name-Dmonth_day_year-Thour_minutes_sec.csv. An example of a data file 
name using the default value in the Data file name (no delimiter) field might be test-D04_14_2004-
T03_45_28.csv.  Where the date 04/14/2004 is the date when the file was created and 03:45:28 is the 
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hour, minute and second when the file was created.  This convention is used to prevent the accidental 
overwriting of data files.  A new file is created every time the program is restarted. 
 
Comment header.  This field allows comments to be placed into the first row of the data file. 
 
Column header and Units header.  This sets the headers for the data file.  Under normal circumstances, 
these values will not be changed. 
Note.  The NDIR channels are contained in a separate file in the C:\autosampler\configuration directory.  
The file is default.ndi and is preset to the customer selected NDIR channels.  The wave numbers for these 
channels are preset in the units header column. 
 
Configuration Screen 
Figure 2 shows the configuration screen.  This is the screen that you will see when the program first starts 
so that the operator can set the operating conditions before initiating a sample run.  The screen is used to 
set the operating conditions for the instruments and the auto sampling unit.  The default values on this 
screen are set to allow the unit to test the most viscous fluids that will be encountered in the customer’s 
facility.  These high viscosity fluids will take more time to draw from the sample bottle and be distributed 
to the instruments.  If a batch of fluids with a lower viscosity is to be run, these values can be changed to 
decrease run time.  The parameters are described below. 
 

 
Figure 2.  Configuration screen. 
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Serial Port Settings.  The left hand portion of this screen contains the serial port settings for each of the 
devices attached to the computer.  These settings should not require changing.  Settings for some of the 
instruments can be adjusted through these ports using HyperTerminal communication software and the 
serial commands in the attached manuals. 
 
Timeout (sec).  This sets the time that the program waits before reissuing commands in the event that 
there is a temporary break in communication.  Generally this setting does not need to be changed. 
 
Min conditioning time (sec) and Min conditioning temp (F).  This sets the minimum time and 
temperature of the sample before it is allowed to leave the conditioning chamber.  The best option in the 
event that the fluid is very cold is to adjust the conditioning time upward.  The temperature in the 
conditioning chamber is maintained between 100-110 F. 
 
Pump configuration.  Using the proper pump configuration settings is extremely important to the proper 
operation of the instruments in the LIAB.  There are 5 settings for configuring the pump.  They are the fill 
rate of the pump (ml/sec), empty rate of the pump (ml/sec), sample volume (ml), prefill (ml), and delay 
after fill (sec).  The fill rate and delay after fill insure that the sample to be tested is completely in the 
sample pump before dispensing the sample to the instruments.  The default settings insure that the most 
viscous fluids can be properly sampled.  If a series of fluids with lower viscosity are to be tested, the fill 
rate can be increased.  The maximum allowable value for the fill rate is 15 ml/sec.  The empty rate is the 
rate at which the sample is dispensed to the instruments.  The default setting allows the most viscous 
fluids to be dispensed to the instruments without stalling the pump.  It is critical that the pump does not 
stall as this will affect the particle count and may result in fluid remaining in the chamber after the test.  
The optimal empty rate for the particle counter is between .33 and .83 ml/sec.  The sample volume and 
prefill are set to insure that there is enough fluid for a complete test and that the particle counter is filled 
with fluid before starting a test.  There should be no need to change these settings. 
 
Arti Sampling Period (sec).  This sets the sample period for the Arti Particle Counter.  The sample 
period should be less than (fill volume-15)/empty rate.  Normally there should be no need to change this 
setting. 
 
XRF sample period (min).  This sets the sample period for the XRF.  Increasing the setting increases the 
accuracy of the metal contamination count.  It may also need to be adjusted as the source in the XRF 
becomes depleted to obtain accurate measurements. 
 
NDIR power setting.   This sets the power for the NDIR.  The setting should not be changed without 
consulting with the manufacturer of the NDIR as it is possible to damage the IR source if the setting is too 
high. 
 
Clean cycle selection.  This setting is used to select the cleaning cycle.  If any cleaning cycle other than 
the default is going to be used, this must be set before running the program and the desired clean cycle 
selected from the list on the right.  Clean cycles should have a cln extension to show up on the list.  These 
files can be found in the directory C:\autosampler\configuration.   Each row in the clean cycle file sets the 
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port that is used for filling the chamber, the port that the chamber is emptied into and the rate for the fill 
and empty.  The default file has been designed to clean out every section of the instrument and may be 
used as an example creating a new file.  Ports 3 and 4 are used for cleaning fluids.  Port 5 is reserved for 
drawing air into the system to flush out any remaining fluid in the system.  It is important that port 5 be 
kept clean as it can result in contamination of the samples if it is not.  Figure 3 shows the fluid paths in 
the system and can be used to design a new clean cycle with the default clean cycle as a template.  A 
normal clean cycle would draw air in through port 5 and send it through ports 0, 1 and 2 to clean out 
residual fluid in the system.  This would be followed by drawing cleaning fluid through either ports 3 or 4 
and sent through ports 0, 1 and 2.  Finally there should be at least one other air cycle to clean the cleaning 
fluid out of the system.  The input file would look like the one shown below: 
 
5 0 15 100 
5 1 15 100 
5 2 15 100 
3 0 15 100 
3 1 15 100 
3 2 15 100 
5 0 15 100 
5 1 15 100 
5 2 15 100 
 
The fill rate is 15 ml/sec and the volume is 100 ml in each of the cycles. 
 
Blowout on (msec) and Blowout port.  These settings are used to complete the clean cycle by blowing 
pressurized gas through the instruments.  The blowout on sets the time period for the blowout and the port 
setting makes sure that the air port 5 remains clean of residue.  The on setting can be adjusted but the port 
setting should not be changed. 
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Figure 3.  Tubing drawing of LIAB showing fill and empty ports. 
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Monitor  Screen 
The monitor screen gives the status of the samples in the unit and the status of the instruments.  In 
addition, it contains settings to unload the turret before starting a sample run and the option of turning off 
the clean cycle.  Figure 4 shows the Monitor Screen. 
 

 
Figure 4.  Monitor Screen. 
 
Bottle temperature.  This function is not implemented in this version of the software. 
 
Sample available for testing, Sample testing and Cleaning.  The first light indicates whether a sample 
has been conditioned long enough to be available for testing.  The second light indicates whether a sample 
is being tested and the final light indicates if the sample is being cleaned.  A sample cannot be testing 
while the clean indicator is on. 
 
Available hole indicates the next available hole in the top turret that can accept a sample.  Samples are 
tested on a first in first out basis. 
 
Test specimen barcode tells the barcode of the sample that is being tested. 
 
Turret full indicates that all 8 slots in the top turret have samples in them. 
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Turret status indicates how many holes are full in the top turret of the sampler and gives the barcode of 
these samples. 
 
Particle count, XRF data, Viscosity data and NDIR data show the last results of the last complete test.  
If the instrument does not produce data, the corresponding output will indicate that the instrument is off 
line. 
 
Unload turret before start.  If the unit crashes and the operator is uncertain whether there are still 
samples bottles in the unit, this can be set yes and the unit will unload all bottle holes in the top and 
bottom turrets before starting the normal sample cycle.  This setting must be set before launching the 
program. 
 
Run clean cycle?  Normally this should be left to yes to insure that the machine is properly cleaned 
between samples.  If multiple samples of the same specimen are to be run, this can be set to no to reduce 
the sample run time.  This setting must be set before launching the program. 
 
Stop.  This button is used for the normal shutdown of the Master Program.  It causes the orderly 
shutdown of the unit and is the preferred method of stopping the program.  If this fails then the program 
can be aborted by pressing the stop sign in the upper left corner of the screen.  This is not the 
recommended method of stopping the program as it does not result in an orderly shutdown of the unit.  If 
the program is aborted, then it is necessary to cycle the power to the LIAB to insure that all of the 
subunits have been properly shutdown and restarted.  Failure to do this can result in the LIAB in acting 
unpredictably since the microprocessors in the unit are not shut down when the abort is pressed.  
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Appendix A 

Instrument Specifications/Calibration Sheets 
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Arti Particle Counter 
 

Specifications 
Light Extinction Sensor 

 
Sensitivity:   2 μm (ISOMTD in oil) 
 
Dynamic range:  2 ~ 100 μm (ISOMTD in oil) 
 
Flow Rate:  20-50 mL/min 
 
Max. Operating Pressure: 6000 psi 
 
Calibration:  Calibrated by PSL in water and ISOMTD in oil 
 
Resolution:  ≤ 10% @ 10 μm with PSL calibration 
 
Counting Efficiency:  30-70% @ 2 μm, 90-110% @ 3 μm (JIS) 
 
Coincidence Loss: 10% @ 30,000 particles/mL (PSL in water) 
 
Wetted Materials:  Sapphire and stainless steel 
 
Light Source:  Laser diode 
 
Light Detector:  PIN photo diode 
 
Input Voltage:  +5 VDC 
 
Dimensions:  2” diameter X 7” long 
 
Environment: 
 Operating: 40 to 105 °F (4 to 41 °C) (environment specs) 
   55 to 105 °F (12 to 41 °C) (fluid specs) 
   20 to 80% relative humidity, non-condensing 
 
 Storage:  -40 to 160 °F (-40 to 70 °C) 

Up to 98% relative humidity, non-condensing 
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Non-dispersive Infrared Analysis 
 
The Non-dispersive infrared analysis (NDIR) is manufactured by Belhaven Applied Technologies.  NDIR 
can measure infrared absorption for up to 32 channels in the 2.5 to 12 micron range (other ranges can be 
requested).  Typical precision per band is given in Table 1 below. 
 
Wavelength (microns) 0.8 2.9 5.7 6-9 
Precision (average percent 
error) 

0.4 0.013 0.23 0.62 

Table 1.  Typical precision per band for non-dispersive infrared analyzer. 
 
A comparison of NDIR results with standard laboratory measurements for water and TAN are given in 
Table 2 below.  The NDIR is capable of measuring water content to 50 ppm or less. 
 
System/Laboratory 
Parameter 

NDIR Spectroscopy Oil Analysis Lab* Navy Lab** 

Water Sample #1 410 ppm 430 ppm 370 ppm 
Water Sample #2 440 ppm 450 ppm 380 ppm 
TAN Sample #1 0.70 mg KOH/g 0.70 mg KOH/g 0.64 mg KOH/g 
TAN Sample #2 0.77 mg KOH/g 0.70 mg KOH/g 0.64 mg KOH/g 
* Data provided by Oil Analysis Lab, Spokane, Wa 
* Water by Karl Fischer, ASTM D1744, TAN by ASTM D664 
**Water by Karl Fischer, ASTM D6304, TAN by ASTM D974 
Table 2.  Comparison of NDIR results with laboratory measurements. 
 
This unit is shipped with the following 5 filters as specified by Pall Corporation: 
 
Item Number Wavelength Wavenumber Additive Additive 

Wavenumber 
NB-2730-022 2730 nm 3663 cm-1 phenolic antioxidant 3648 cm-1 
NB-5730-080 5730 nm 1745 cm-1 oxidation by-products 1750 cm-1 
BP-8590-115 8590 nm 1164 cm-1 sulfonate detergent 1169 cm-1 
BP-9750-280 9750 nm 1025 cm-1 ZDDP (P-O-C) 

additive 
978 cm-1 
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ViscoPro 1500 
 
   General Specifications 
Sensors 
Piston Range    See Certificate of Calibration 
Dynamic Range    20 to 1 
Maximum Temperature   190°C (374°F) 
Maximum Recommended Pressure 1000 psi 
Wetted Metals    316L and 430 Stainless Steel 

 
Electronics 
Temperature Units   Fahrenheit or Celsius 
Operating Temperature   10°C-65°C (50°F - 150°F) 
Relative Humidity   10-95%, non-condensing. 
Primary Power    18-36 VDC 
 
 
System 
Viscosity Accuracy   ± 1.0% Full Scale 
Viscosity Repeatability   ± 0.8% Reading (±0.5% Typical) 
Temperature Accuracy    ± 0.2°C within 20°C of Calibration Point(s) 
Temperature Repeatability  ± 0.1°C 
Measurement Period   13 seconds (typical) 
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X-ray Fluorescence Spectroscopy 
The standard source configuration for the XRF is 109Cadnium.  There is no limit on the particle size for x-
ray fluorescence spectroscopy measurements.  Table 3 below lists the elemental detection limits at 10 
percent precision for the standard configuration for the LIAB. 
 
Element Detection 

Limit (ppm) 
AOAP 
Calibration 
(ppm) 

Element Detection 
Limit (ppm) 

AOAP 
Calibration 
(ppm) 

Aluminum ns* 10 Nickel 5-10 10 
Boron ns 100 Silicon ns 10 
Chromium 1-3 10 Silver** 1-3 10 
Copper 5-10 10 Sodium ns 10 
Iron 1-3 10 Tin 10 10 
Lead 1-3 10 Titanium 3-5 10 
Magnesium ns 10 Zinc 1-3 100 
Molybdenum 3-5 100    
* ns = Not in standard configuration of XRF. 
** Requires 241Americium source. 
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