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PROBLEM STATEMENT 

 
Navy ships and submarines require ongoing maintenance to ensure operational readiness. To 

reduce costs associated with these maintenance activities, there has been an ongoing trend 

towards the application of Condition-Based Maintenance (CBM) principles onboard Navy 

vessels. In particular, CBM maintenance of shipboard lubricants has been shown to offer 

significant cost savings.  

 

CBM of lubricants is a process that incorporates sampling, analysis and trending of degradation 

and contaminants in lubricating oils and hydraulic fluids. This process, in turn, imposes 

requirements on manpower and requires specialized equipment to perform the analysis. 

Therefore, there is a need for new technologies to automate CBM processes, which offers the 

benefit of reduced maintenance costs along with reduced headcount.  

 

Periodic sampling and testing of lubricant condition, while effective in some cases, can also miss 

important or emergent conditions in critical machinery. Therefore, despite a well-run sampling 

program (in which samples might be pulled daily, weekly or monthly, then analyzed on shore), 

the potential exists for personnel to fail to identify impending lubricant failures in time to 

counteract them, due to a lack of timely information. Several recent cases exist in which 

catastrophic equipment failures were directly traced to lubricant failures that could have been 

identified early using automated CBM technology.  

 

Relevant conditions such as varnish buildup and moisture contamination in hydraulic systems can 

lead to, for example, sticking hydraulic valves. Anomalies in gearboxes can lead to rapid 

breakdown of lubricants, which if undetected can produce costly undesired and unintended 

consequences. Fuel and water contamination in diesel engines can lead to equally undesired 

consequences and costly repairs. These entire conditions can, however, be detected automatically, 

in real-time using our Micro-ESR lubricant condition sensor.  
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The Micro-ESR sensor developed under this SBIR is intended to interrogate and discriminate 

anomalous conditions in diesel engine oil, hydraulic oil (contamination, varnish buildup, etc) and 

main reduction gear oil (thermal coking, additive package depletion, etc.).  This is done by 

quantitative, in-situ chemical analysis. The instrument measures the growth of free radicals 

associated with oxidative breakdown. This is in contrast to most current oil health systems that 

function on the basis of inferred or deduced values established by characterizing physical 

properties of oil and deriving an algorithmic result, which can be confounded by changes to the 

established baseline. 

 

WHO CAN BENEFIT? 

 

All branches of the DoD incur substantial costs associated with maintaining operational 

readiness of mission-critical equipment. Condition-based maintenance has already 

delivered major cost-savings, and automation of existing CBM programs holds the 

potential to significantly augment the DoD’s success in this area.  As a direct analysis 

method, that provides absolute values that correlate to oxidative state of lubricants, and 

given the sensor package size, virtually any application using oils as a lubricant could 

benefit.  As example, ships to trucks to trains to aircraft, etc. both military and 

commercial.  The underlying physics used for detection in aforementioned type 

applications, enable the technology to readily transition to other applications as well –  

 food industry to measure oxidative state of beer, wine, solid foods for shelf life 

 asphaltene and vanadium to determine quality of  crude oil 

 bio-medical detection of reactive nitrogen and oxygen species  

 

BASELINE TECHNOLOGY 

 

DoD currently uses several methods of testing the condition of oils, to include 

atomic emission spectroscopy, viscosity, flash point, total base number, acid number and, 

occasionally, offline Fourier Transform Infrared Spectroscopy (FTIR) analysis. In the 

case of the Navy, this technique has offered some benefits but is typically thwarted in 

practice by virtue of the fact that lubricants from different vendors are often mixed. This 

mixing confuses the FTIR technique as well as other algorithmically derived outputs, 

often   yielding unreliable results. For example, 2190 gearbox oils are supplied by 

different vendors and each vendor uses a different additive package. Blends of oils cannot 

be accurately analyzed by FTIR since the technique is oil-dependent (i.e. you must have a 

sample of ‘new’ oil to compare against). So while the Navy would like to automate their 

CBM processes, it cannot be done with current technologies. 

 

In the case of the Army, referenced from reports available in the public sector, the 

application of FTIR-based CBM technology saves the Army approximately $122M per 

year. According to the US Army TARDEC, over 92% of oil samples tested require no 

further action, inferring the test was unnecessary. Furthermore, FTIR spectroscopy has 

not proved to be applicable to all branches of the service. In the case of Army vehicles 

there is relatively little ‘topping-up’ that results in blending of oils (the oil is just 

changed). Also for applications where soot accumulation is a concern, soot is much easier 

to measure than oxidation which is of concern in hydraulic and gearbox oils.  
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Another example: FTIR can be used in analyzing hydraulic oils but it has found to 

be essentially useless because of the need to have an accurate sample of new oil being 

tested for comparison. Since hydraulic oils from different vendors are frequently blended 

together by maintenance personnel, FTIR analysis is very often inaccurate and is not 

widely used. In another case that is of substantial interest now, the relatively sudden onset 

of a dangerous condition such as thermal coking can lead to accelerated degradation of 

machinery lubricants. Without an on-line, automatic sensor that will detect the onset of 

these conditions, there is no way for maintenance personnel to react quickly enough to an 

imminent failure. 

 

Benchtop and handheld FTIR spectrometers for used oil analysis are available 

from several companies and are priced in the $25,000-$35,000 range. Options for 

automated high-throughput sample handling can add a further $5,000 to the system price.  

As these systems are alogorithm based, the test result values are essentially derived as 

opposed to being an absolute value based on chemical analysis of free-radicals. 

 

TECHNOLOGY DESCRIPTION 

 

The technology underlying Micro-ESR is electron spin resonance spectroscopy, a well-

established analytical technique that has been widely used since the 1950s. Active 

Spectrum is the first to implement the technology in a small form factor that can be 

deployed on-line for lube oil analysis, at reasonable cost. The output from our Micro-

ESR sensor is an oil type and temperature-independent, direct chemical measurement of 

oxidation and soot levels in the oil. In the case of oxidation, this can range from simple 

thermal oxidation over time to more extreme circumstances such as thermal coking.  

 

The key differentiator for this technology is the ability to directly measure changes in 

chemical composition of the lubricating oil as it degrades. This is in contrast to other 

proposed on-line oil analysis technologies that rely on measurement of physical or 

electrical properties of the oil, from which the underlying chemical changes are inferred 

using a computer model that must be programmed for each case.  

 

The ESR data that the system generates internally is distilled down into a GO/NO-GO 

indicator light (or relay switch) which tells the user that either the lubricant in the 

machinery requires attention, or that the system is operating within normal parameters. 

Once the user is alerted to an impending maintenance requirement, normal maintenance 

procedures (e.g. oil change) are followed to correct the condition. 

 

To interface to our system, the end-user will require two things: 

 

- A flow of pressurized oil to be tested. To test a representative sample of the 

oil contained in the sump or reservoir of the equipment, some amount of the 

oil must circulate through the instrument. The oil can circulate continuously or 

the instrument can operate in ‘sample and hold’ mode. 

- Either an electrical data interface (such as CANBUS), which interfaces to a 

shipboard computer system, or an operator must periodically observe the  
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- status indicator light (green / yellow / red) which indicates the sensor’s 

assessment of oil condition. A yellow or red indicator would require 

maintenance personnel to perform further analysis or maintenance to rectify 

the root cause of the error condition. 

 

Features, Advantages and Benefits 

 

As summarized in Table 1 below, Micro-ESR has many benefits compared to FTIR 

analysis. The three most important advantages are: 

 

1. Automated, real-time analysis of oil condition. 

2. Lower acquisition cost and no fixed costs to implement CBM program 

with Micro-ESR. 

3. No need for a baseline sample of new oil. 

 

Feature Advantage Benefit 

Automated, real time 

analysis 

Manual sampling not 

required 

Automated CBM, reduced 

manpower, improved safety 

In-line device Manual sampling not 

required 

Easy to use, reduced cost 

Compact, integrated design Easy to integrate to existing 

machinery 

Low cost of ownership 

Direct Measurement Measurement is 

independent of oil type. 

Can be used to analyze 

blends as are typically 

found in the field. 

Temperature Stable Can be used in a wide range 

of machinery and operating 

temperatures 

Temperature drift produces 

significant errors in 

competing technologies; we 

don’t have that problem. 

 

To illustrate how the Active Spectrum innovation compares to the existing 

solutions in use today, a brief comparison is provided table 1. 

 

Table 1: Comparison of Micro-ESR, FTIR and Lubrigard Oil Condition Sensor 

Feature X-band 

Micro-ESR 

FTIR Lubrigard Oil 

Condition Sensor 

Underlying Technology Electron Spin 

Resonance 

Spectroscopy 

Infrared 

Spectroscopy 

Dielectric 

permittivity 

Temperature Stability 

of quantity measured 

Yes Yes No 

Direct Chemical 

Measurement of Oil 

Condition 

Yes Yes No 

Requires new sample 

for comparison 

No Yes Yes 
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On-line, / Automated 

Operation 

Yes No Yes 

Unit Price $15k-$20k $25k-$35k Sub-$1k 

 

 

 

 

 

 

CURRENT STATE OF DEVELOPMENT 

 

The major accomplishments to date are implementation of a prototype online X-band 

Micro-ESR sensor, and successful measurement of thermally coked gearbox oil samples 

using the instrument at our facility in California. These tasks were completed in 

September 2010. 

 

The next milestone is a set of tests to be performed at Pax River Naval Air Station 

(Patuxent River, MD), who maintain a lab equipped to generate oxidized and thermally 

coked lube oil samples appropriate for on-line testing with this technology. These tests 

are scheduled to occur in January 2011. Pending successful test results, we anticipate 

further testing, moving to a small-scale field trial in Q3 2011. 

 

REFERENCES 

 

Ken Scandell, SBIR TPOC, NAVSEA, (757) 312-0542 Ext. 230. 

kenneth.scandell@navy.mil 

 

WHEN THE TECHNOLOGY WILL BE READY FOR USE 

 

Summary: 

 

 Currently at TRL 4 as of 10/4/2010. 

 Prototypes are being built for initial testing at Pax River in late January 2011. 

 Based on successful test results, additional design and build round anticipated 

before preliminary field trials in Q3 2011. 

 

The underlying Micro-ESR technology is fairly mature since it is based on an existing 

commercial product that is being modified and enhanced for this SBIR effort. However, 

for full-scale deployment, engineering effort will have to be devoted to the following 

three major tasks: 

 

1. Proving long-term reliability, through extended field trials. This effort is estimated to 

cost $350k and take 12 months. 

 

2. A technical development task that is unfunded within the SBIR effort is the embedded 

firmware and data analysis software required to correlate ESR signals to  accepted off-

mailto:kenneth.scandell@navy.mil
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line measurement of oxidative breakdown of oil. In addition, once the Navy has 

designated a data interface standard to be used, we will require approximately 12 weeks 

to implement it on our sensor. Once the underlying data have been collected, this 

programming effort (data interface and automated correlations) is expected to cost $150k 

and take six to nine months. This development can run concurrently with tasks 1 and 3. 

 

3. Before full-scale manufacturing can be attempted, manufacturing process 

developments are required to ensure that every sensor unit manufactured gives repeatable 

and reproducible results. Furthermore, identification of and adherence to applicable MIL 

standards must be demonstrated. Manufacturing ramp-up is estimated at 12-months and 

$500k of additional investment beyond the Phase II effort.  

 

4. Testing and characterization of different oil types. The current scope of work is largely 

restricted to 2190 lube oil, diesel engine oil, and hydraulic oils of interest to NAVSEA. 

However, turbine oil, engine lube oil and many other lubricants (including synthetics) can 

be measured by Micro-ESR. Significant time and effort will be required to prove out this 

sensor technology in all these different environments, including significant expense in 

generating and testing used oil samples. We project this will require $500k investment 

over 24 months to complete. 

 

The overall scope and duration of Phase II.5 efforts is approximately 24 months after the 

end of the Phase II SBIR, and $1.5M in further investment prior to Phase III which would 

result in full-scale deployment within the fleet. 

 

ABOUT THE COMPANY 

 

Active Spectrum Inc., founded 2005, designs and manufactures Condition-Based 

Maintenance equipment to measure degradation of lubricants, hydraulic and gearbox oils.  

 

We are the inventors of the Micro-ESR technology and have been working on industrial 

applications of ESR since 2004. We have had substantial experience and success in 

commercializing Micro-ESR technology. Our patent portfolio extends to six US and one 

European patent covering the basic technology and its application to lubricants analysis. 

We currently sell to many industries outside of the DoD, particularly the petrochemical 

and related industries. Our customers there include most of the large domestic oil 

companies, several large industrial companies and many specialty chemical and additive 

manufacturers. This strengthens our position as an equipment supplier because we have 

several sources of revenue beyond the DoD. 
 


