
1. Executive Summary 

A lack of immediate knowledge about oil 

quality leads to heavy costs when oil is changed 

either too soon or too late. Changing oil at the 

right time can only be done if the physicochemi-

cal properties can be determined accurately and 

precisely at the time the condition merits it. This 

requires onsite real-time testing to be most 

effective. 

There has been a long standing need, reflected 

in Office of the Secretary of Defense (OSD) 

Office of Condition-Based Maintenance+ 

(CBM+) Guidelines, and vision from the Joint 

Oil Analysis Program (JOAP), which sets policy 

for oil analysis within the Department of 

Defense (DoD), to establish portable and online 

tools so that the burden of performing the 

analysis can be reduced and effectiveness of 

carrying out mandated oil analysis on all DoD 

assets, across aviation, ground and sea, can be 

significantly enhanced. Currently all samples 

must be evaluated at an established, fixed-

location laboratory with few exceptions. These 

laboratories may reside hundreds or thousands 

of miles from the location of the equipment at 

the time of mandated sampling. The samples 

must be packaged and couriered to the labora-

tory facility in these cases. On the order of 2M 

oil samples per year are analyzed across the 

DoD using fixed-location laboratories. 

Portable/handheld oil assessment devices 

simplify oil analysis testing and support DoD 

efforts to reduce maintenance costs by effec-

tively monitoring the oil condition in real-time 

and changing it at the time of testing. This 

eliminates any waste associated with centralized 

laboratory testing based on a mileage or fixed 

time interval cycle. These devices also eliminate 

the need for sample containers as a part of 

routine testing. Filling and shipping sample 

containers is a cumbersome and time consuming 

process. 

The original JOAP call to industry for such 

devices with requirements (JOAP Document 

#JOAP-TSC-PD-U-05-04) was released to 

industry on September 22, 2005. 

The 3FAST (Fast Field Fluid Assessment 

Support Tools) project was jointly funded by the 

OSD, the National Center for Manufacturing 

Sciences (NCMS) Commercial Technologies for 

Maintenance Activities (CTMA) Program, in 

partnership with industry participants Spectro, 

Inc. and Sengenuity, Inc. 

The joint collaborative project was established 

in order to supply specifically a handheld 

infrared spectrometer with an integrated 

viscometer reporting kinematic viscosity at a 

fixed temperature. The 3FAST project repre-

sents the implementation phase of the original 

Portable/Handheld Oil Assessment Devices 

project during which multiple technologies 

underwent initial evaluation for their suitability 

and promise for enabling CBM+ guidelines and 

JOAP requirements to be realized for oil 

analysis.  

The overall objective of the 3FAST project was 

to transition a tool which could fully meet JOAP 

requirements into a product that was ready for 

DoD acquisition through a spiral development 

and field evaluation process. The approach was 

to cull particular technologies and transition 

those into a unified, field-ready product offering 

to be proven over the course of multiple 

technology/product evaluations.  

1.1 Results 

Having tools such as have been produced in this 

3FAST project enable asset maintainers to 

obtain a near-instant read of oil status, without 

the need for a trained operator or laboratory  
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apparatus. This allows an entire set of actions, 

including the indication maintenance in real-

time, or the forestalling of mandated oil 

changes, all of which enable CBM+ objectives 

to be realized. Further, such handheld tools are 

simple to carry (3-4 pounds with included 

handstraps), and are battery-operated, enabling 

them to be deployed into almost any circum-

stance where knowing the status of an asset 

before embarking or during a mission is simply 

not possible with existing laboratory protocols. 

The project resulted in the successful 

deployment for the DoD and government of  

two handheld products for the analysis of  

fluid condition and contamination properties  

of lubricants and some fuels. Such tools have 

demonstrated that they provide significant 

readiness, cost savings, and environmental 

impact advantages relative to the way in which 

oil has been traditionally analyzed.  

Over 400 of the units have been sold and are 

currently in service across the world. Installa-

tions for the DoD and government includes U.S. 

Navy shipyards for the inspection of the various 

oil-wetted components in their facilities, the 

new Fast Response Cutter (FRC) Class Ship  

for the U.S. Coast Guard, and various U.S. 

embassies across the world. 

As such, these 3FAST tools have proven to be 

enabling technologies for the realization of 

CBM+, as well as the JOAP vision of the 

migration of oil analysis to the point of use. 

The entire project was spurred by the initial call 

to industry for such devices and the knowledge 

of issues with HMMWV components that were 

spurring this call. This was the driving force 

behind the project.  

As the project developed these technologies 

underwent significant development and fielding 

efforts in the project. Many other calls from the 

field for handheld/portable devices have come 

to Spectro from all corners of DoD and the 

government. Three such examples of these calls 

are as follows: 

1. A call from various shipyards (and 

subsequent purchase of units) in the 

Navy for handheld tools to carry out oil 

analysis on equipment spread out over 

the shipyards. This need for handheld oil 

analysis was spurred by the increase in 

productivity and effectiveness of moni-

toring a diverse set of assets such as 

encountered in a shipyard by making the 

analysis on-the-spot. 

2. A call from the U.S. Coast Guard 

(USCG) for the combination handheld 

infrared spectrometer and portable 

viscometer to use aboard their ships  

for real-time oil analysis information 

without the use of chemicals or solvents. 

This allows the ships to be self-sufficient 

when underway for the routine oil 

analysis performed. 

3. A call from U.S. embassies across the 

globe (and subsequent purchase of  

units) for handheld tools to monitor their 

vehicle pools. With the difficulty of 

obtaining analysis at various embassies, 

handheld tools which require essentially 

no maintenance trial (no solvents, 

chemicals, only a shop rag) to screen 

their vehicle assets for go/no-go analysis 

provides them with analysis that may 

otherwise be impractical to obtain. 

Team members participated in monthly 

teleconferences from across the DoD and 

included over 40 individuals. More than 15 

formal evaluations of various technologies took 

place across DoD. 

Work on this project has been completed with 

the end-result being that two commercially 

released end-items (FluidScan and Q3000) 

which have been extensively tested and spiral 

developed with the 3FAST team are currently 

being purchased by the DoD and other 



government agencies to address the need for 

handheld, battery-operated tools to provide on-

the-spot assessment of lubricant quality.  

1.2 Benefits 

As a result of the project, two programs serve to 

illustrate benefits that can be realized in the 

utilization of the 3FAST technology:   

1. Military Sealift Command (MSC) which 

performs approximately 100,000 tests aboard 

ship each year, the 3FAST technology has 

been proven both in performance and 

benefits. For these samples, the current cost 

is $12.40 per full test slate (cost of chemi-

cals, preparation materials, etc.) compared to 

$0.88 for the 3FAST system. Based on the 

frequency of testing, this results in a cost 

savings of over $250K/year to the MSC for 

chemical consumables. Further, the full test 

slate currently requires 18 minutes per 

sample vs. 5 minutes for the 3FAST system 

as documented by USNS Watson personnel. 

Finally, the 3FAST technology represents a 

savings of over 5,500 gallons/year to the 

MSC in hazardous waste and associated 

disposal costs. 

2. Specific enumeration of cost benefits came 

from the evaluation of a motor vehicle pool 

at Langley Air Force Base. Over the course 

of a 1-year evaluation, greater than 250 

vehicles were tested at their scheduled oil 

and filter change interval to see if they 

actually needed to be changed. 3FAST 

equipment was used to determine whether 

such a change was necessary or not. It was 

found that in over 30% of the cases that no 

such change was necessary. While the return 

on investment (ROI) did not suit the needs of 

this particular vehicle pool, substantial 

savings were demonstrated on a per-vehicle 

basis. Extrapolated to the 250,000 ground 

vehicles serviced by the Army Oil Analysis 

Program (AOAP), for example, would show 

actual savings of $2M/annum for this vehicle 

fleet alone with the process used “as-is” and 

a potential savings of $10M/annum using 

more optimized testing protocols that were 

identified during the project. These savings 

include substantial savings in gallons of 

hazardous waste (the oil itself), and oil filter 

disposal, in addition to cost savings in labor 

and materials. 

Such examples serve to anchor the long-

anticipated benefits enumerated by the OSD 

CBM+ office as well as JOAP for the utilization 

of such equipment. As an example, previous 

reports estimated that the Army could realize an 

annual cost savings of $4M by performing such 

protocols as carried out in the Langley test. The 

actual test results show this number to be justi-

fied, and represents a milestone in proving the 

effectiveness of the 3FAST approach. 

Moreover, the low cost and effort associated 

with these handheld devices permits additional 

platforms, especially ground equipment, to be 

tested that might otherwise have been dropped 

from an oil assessment program due to the low 

ROI. For both ground equipment and aircraft, 

these devices would allow on-demand spot 

checks to be made at the discretion of the user 

when operational or environmental conditions 

suggest oil degradation is likely, empowering 

the user to validate the quality of the fluid in 

his/her equipment. 

Wrong fluid events incidences alone have the 

following impact: 

 50-80 aircraft per incident 

 Approximately 6 incidents per year 

 About 40 quarts of oil per aircraft 

 About 3 hours of labor to drain/flush/fill. 

The annual cost-avoidance potential from 

changing the outcome of wrong fluid events 

alone are: 

 21 labor years 

 $1M in labor (loaded rates) 

 $240K in fluid replacement 

 $400K in disposal. 
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It is anticipated that the warfighter’s equipment 

longevity has also been increased. Today, due to 

operational needs, equipment must be kept 

operational while waiting for laboratory test 

results. Running equipment with poor quality oil 

leads to reduced component performance in the 

short-term and reduces overall lifetime. 

1.3 Successes of the FluidScan and 
Q3000 

Measurement and Assessment 

 Ability to quantitatively analyze oil for 

selected properties and/or constituents to 

generate number outputs for standard 

quantities (with generally accepted units) 

defined by ASTM, NIST, or other third 

party organizations (e.g., 0, mPa s; water 

concentration, :g/g) with referee methods 

and Technical Support Center (TSC) 

validation; no arbitrary numeric outputs. 

 Ability to reduce outputs to a single 

summary decision, e.g., red/green, yes/no, 

change/ok. 

 Straightforward applicability to 

commercial oils made by a variety of 

manufacturers. 

 Capability to assess oils that are mixtures 

of different products. 

 Capability to assess oils without 

comparison/contrast with a fresh reference 

sample of the oil. 

 Capability to analyze all oils presently of 

interest to the Army, such as, but not 

limited to, L-23699, L-2104, H-5606,  

H-83282. 

 Ruggedness in the matrix; invariance to 

formulation (i.e., unaffected by changes in 

corrosion inhibitor or antiwear agent, for 

example). 

 Self-test upon start-up (with internal 

calibration as needed). 

 External calibration on demand and 

performance check protocol for all 

functionalities on demand. 

Connectivity/Electronic 

 Built-in RS-232 (EIA/TIA-232-E) and 

USB connections. 

 Ability for data logging (minimum 500 

samples) and subsequent plug and play for 

upload to laptop/PC via USB connection. 

 Ability to upload to OASIS via RS-232 

direct link (csv file) and via laptop/PC 

offline data management software. 

 Self-contained operation, i.e., laptop or PC 

not required for routine use. 

 Intuitive user interface with keyboard and 

USB ports for input. 

Portability, Usability, and Durability 

 External calibration and checks not 

required for routine use; no consumables 

required for routine use.  

 Automatic power shut-off to conserve 

battery; constant-on switch when plugged 

in. 

 Rechargeable battery. 

 Able to sustain 6-foot drop in the supplied 

carrying case to a hard surface (e.g., 

concrete) without damage. 

 Light and small enough to be easily carried 

and set up by one person. 

 Small sample volume (e.g., < 2mL) and 

requiring minimal effort to obtain (e.g., 

dipstick residuum) if consumed; if 

measurement can be made in situ, then 

requirement is to avoid depleting oil from 

the sump (e.g., < 2mL loss); insertion of 

device or collection of sample must require 

minimal time (e.g., 90 sec). 

 Minimal training requirements; essentially 

usable out of the box within 30 minutes. 



Final List of Properties 

Six properties were selected for these devices:  

kinematic viscosity, total acid number, total 

base number, water concentration, ethylene 

glycol concentration, and soot content. Proposed 

limits for parameters to be measured and 

requirements for data quality are provided 

below: 

1. Kinematic Viscosity 

Expressed in mm2 s-1 

Range:  50-250 mm2 s-1 

Report also 0 > 250 mm2 s-1 

Error:  ±10%, 50 < 0 #75 mm2 s-1 

±5%, 75 < 0 #180 mm2 s-1 

±20%, 0 > 180 mm2 s-1 

Trigger:  0 < 105 mm2 s-1 at ambient 

  temperature (20-25°C) 

2. Total Acid Number 

Expressed as mg KOH consumed/g oil 

Range:  0.0-5.0; report also TAN > 5.0 

Error:  ±0.5, 0.0 < TAN #2.0 

±1, TAN > 2.0 

Trigger:  TAN > 1.0 

3. Total Base Number 

Expressed as mg KOH present/g oil 

Range:  0-16; report also TBN > 16.0 

Error:  ±0.5, TBN #4.5 

±1, 4.5 < TBN #12.0 

±2, 12.0 < TBN #16.0 

Trigger:  TBN < 4.0 

4. Water Concentration 

Expressed in ppm 

Range:  0-5000 ppm 

Report also [H2O] > 5000 ppm 

Error:  ±20 ppm, 0 < [H2O] #200 ppm 

Greater of ±50 ppm or ±10%, 200 < [H2O] 

  #1000 ppm 

±20%, [H2O] > 1000 ppm 

Trigger:  [H2O] > 1200 ppm 

5. Ethylene Glycol 

All antifreeze/coolant to be expressed as 

  ppm ethylene glycol 

Range:  0-2500 ppm 

Report also [EG] > 2500 ppm 

Error:  ±20 ppm, 0 < [EG] #200 ppm 

±100 ppm, 200 < [EG] #1000 ppm 

±10%, 1000 < [EG] #2500 ppm 

Trigger:  {EG] > 900 ppm 

6. Soot  

Expressed in ppm 

Range: 0-5000 ppm 

Report also [soot] > 5000 ppm 

Error:  ±100 ppm, 0 < [soot] #500 ppm 

±200 ppm, 500 < [soot] #1000 ppm 

±20%, 1000 < [soot] #5000 ppm 

Trigger:  [soot] > 800 ppm 

The field tests described in this report display 

time and again that the FluidScan is able to 

provide very stable, traceable data across a range 

of use cases with good quantitative and very 

good quantitative trending correlation to 

laboratory data across the range of military oils, 

from hydraulics, to turbines, to diesels. Every 

single test described in the report shows 

consistently repeatable FluidScan data and 

traceable correlation to lab results at either the 

go/no-go or full quantitative level depending on 

the examination. All tests show that the 

FluidScan developed for field use is able to 

obtain these results with minimal care, needing 

no solvents or chemicals of any sort and only 

rags (either paper towels or shop rags) to wipe 

the unit clean. All tests report an easy-to-use 

device. We have shown that a 3-lb. battery-

operated, completely self-contained device, can 

ascertain all condition parameters. It is able to 

report simultaneously in a matter of minutes. It 

can provide data which can be quantitatively 

traced to full oil analysis laboratories employing 

a range of chemistry apparatus that report these 

same parameters one at a time. The results 

clearly show that for many of these test cases the 

device is immediately appropriate, when the 

Q3000 is included. 

In examining the original project goals, it is 

clear to see that the FluidScan and Q3000 have 
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addressed each and every criteria that 7 years 

ago was a wish list. 

1.4 Technology Transition 

Both the FluidScan and Q3000 viscometer have 

been transitioned to commercial products and 

are actively being purchased by the DoD and 

government agencies. Transition of the 

technologies into the core JOAP is anticipated 

to occur once the OSD releases Joint 

Requirements and seeks sources for like 

technology. This is an active effort within OSD. 

1.5 Future Work 

With the successful launch of products which 

enable JOAP and CBM+ goals to be achieved, 

future work has turned to two focuses:   

1. Ensuring that these products are suitable 

for the detailed use-cases being 

developed for DoD requirements for 

such handheld/portable devices. This 

entails industry being at the ready to 

supply these devices with needed 

configurations when such requirements 

are released.  

2. Concentration on providing such 

portable/handheld capability for the 

entire suite of mandated tests that are 

performed under JOAP guidance.  

The development and deployment of such 

devices would completely redefine the meaning 

of a JOAP laboratory and provide full coverage 

in enabling a CBM+ architecture for oil analysis 

across the DoD.  

Such devices are actively under development 

and test under separate joint DoD and industry 

efforts. 

1.6 Project Partners  

DoD and U.S. Government Participation: 

 DoD, Office of the Secretary of Defense  

 Headquarters, Installations and Logistics, 

U.S. Marine Corps 

 PM AAA, U.S. Marine Corps 

 U.S. Air Force – Oklahoma City Air 

Logistics Center GBEA 

 U.S. Air Force Oil Analysis Program 

Office 

 U.S. Navy Air Command (NAVAIR) 

 U.S. Navy Sea Command (NAVSEA) 

 U.S. Navy Oil Analysis Program (NOAP) 

 U.S. Army Oil Analysis Program (AOAP) 

 U.S. Army Tank Automotive Command 

(TACOM) 

 U.S. Army Fuels and Lubricants 

Technology Team 

 U.S. Army Aviation and Engineering 

Directorate (AED) 

 U.S. Army Aviation Ground Support 

Equipment (AGSE) 

 U.S. Army PEO Aviation 

 U.S. Army Aviation and Missile Command 

 Headquarters, Military Sealift Command 

 U.S. Coast Guard 

 Joint Oil Analysis Program (JOAP) –  

Phase I only 

Industry Participation: 

 Sengenuity, Inc.  

 Spectro, Inc. 

 Decagon Devices, Inc. – Phase I only 

 Smiths Detection – Phase I only 

 National Center for Manufacturing 

Sciences (NCMS) 

 


