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Results

Based on the experiences over the past several years we can provide the financial
benefit from a routine, scheduled Engine Polygraph Signailaeagement
Assessmenprogram for a fleet of 100 class 8 setmactor/trailers that travel about
100,000 mi per year. The benefit is only calculated based on fuel savings, but there
are additional benefits such as increased asset life, more driver hours, fewer

roadside service calls.

The calculation will assume an average Drive Fuel Economy of 7.8 mpg at $2.30 pe
gal. The data collected was basedasmnAssessmergvery 25,000 mi at oil changes.
The assumption is thattihe Assessmergcore is 6 or higher, the vehicle will not be
dispatched again until a repair service is provided. The assumptions also state that
the repair duration and cost will not be changed by this process, since it would

have been delayed a relatively short while (3 or 4 months). But it is believed that
the delay increases the likelihood of additional cost from occasionally needed
roadside service calls and additional stress on the engine, shortening its useful life.



Results (continued)

The total Drive Fuel bill for 100 vehicles travelling 100,000 miles per year at 7.8 mpg of
$2.30/ gal i$ 2,948,718.

The examBIeS that we have studied showed a DFE drop from between 24% to 8% with an
average about 16%; that indicates a DFE_of 6,55 mpg ollowing a EP, scofe of 6 orl\?rea_lter. )
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In outr sample, we observed 23% of the EP assessments resulted in the score of 6 or
greater.

Thus the Fleet average DFE is calculated as 9,425,000 miles at 7.8 mpg and 575,000 mi at
$35253r151£g = (1,208,333 gal plus 87,786 gal) at $2.30/gal = $2,981,074#oremse of

A The cost to implement the program is 15 minutes of technician time for every oil change
olr .25 [15 mln]p* 400 [oil changes] * $85 [Absorbed technician cost per hour] = $8,500
plus

A $40 per Assessment = $16,000 plus

A Onetime charge of $3,600 for the Engine Polygraph Diesel kit

A For a total cost 0$27,100and a return of32,356for first year.

A Following year cost/benefit = $24,500 / $32,356 based on DFE only.



Background on these observations

From 2010 through most of 2014, Predictive Fleet Technologies (PFT) has been collecting data with
the cooperation of a lindaul carrier in mieMichigan with 100 class 8 seiniicks hauling goods
from coastto-coast. All of these vehicles are Freightliners with Detroit® engines.
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FirstLoo® sensors with a PC oscilloscope. Our objective changed during this study to include
developing software to perform an analysis of the engithe Assessmet providing a score for
recommending remedial action before dispatching the vehicle further.
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shop conductinghe assessment
Much of the collected data was used for developing the overall methodology and was not used in a

timely fashion for the WDS operations. We are showing the data and conclusions in retrospect to
highlight the cosssavings opportunities missed by not having the analysis capability earlier.



Study background, continued

During the data collection and process design phases, we ended with useful data for 39
vehicles, a number with more than one signature, taken at oil changes. (Many more
signatures were collected and analyzed in this interval, but not with our final procedure.)

Of these, 11 were assigned a score of 3 or better (good to very good) and 9 were assigned
a value of 6 or larger (engine physical integrity problem causing performance degradation).

In this report, we describe the fuel savings benefit potential identified by this

methodology. Additional value is realized because the planning for the repair can be better
coordinated with dispatch and the drivers. The forward visibility also allows earlier action,
reducing the chances of a roadside service call and remote repairs.

On the following pages, we describe some of the situations observed with comments we
think might be useful for your consideration. We show the Assessment output of the
Engine Polygraptwivw.EnginePolygraph.conand the ECM data from Detroit Diesel
engines as presented by the Engine Angel softwaren.engineangel.com



http://www.senxsm.com/
http://www.engineangel.com/

Process

The process was done after oil change with a short wapnperiod. An Engine
Polygraph kit was connected taPacoScop®C oscilloscope with one sensor

Inserted into the oll dipstick tube to measure pressures in the crankcase and the
other was attachedto 8 KSLIKSNRQa K221 @SNIavaable SEI
through Predictive Fleet Technologies.

The engine was set to run at 1500 rpm and allowed to stabilize in a few seconds.
Thesimultaneoussignature waveforms from the exhaust and crankcase readings
were captured on the PC for a duration of 508.The recommended PC

oscilloscope settings are described in the EP Users Manual, available for download
from the EnginePolygraph.com website.

The technician then accessed the wedsedwww.Engine Polygraph.costreen to

add the new signature and an assessment was requested. The Assessment report
was sent to the email address of the technician and sent to Engine Angel for
automatic integration into the vehicle data.



http://www.senxsm.com/

Process (continued)

Before the oil was changed, the technician extracted the DDEC ECM data from the
engine computer to the PC. Now, the PC has an Engine Angel component,
ECMDataSyncinstalled on the extract PC to automatically send the ECM trip data
to the welrbased Engine Angel application for integration to the vehicle data in
Engine Angel. (Back when the process was being developed, the DDEC data was
manually carried on thumb drives to Engine Angel.)

The time to run the Engine Polygraph data collection and get the information back
IS 10- 15 minutes.

The report results shown are standard reports in Engine Angel.



#192

Potential savings of $ 805

Predictive Fleet Technologies ©



Background for #192

Class 8 Sentiiactor came In for an oil change on Jan 27, 2014. Normal
practice of running a Engine Polygragtgine assessmeghowed poor
engine condition with Overall score of 9 out of 10, with 1 being best.
There was no noticeable exhaust coming from one cylinder.

ECM reports did not show a significant problem, although Drive Fuel
Economy had been lower for the past year than the year before.
(Winter of 2014 was much worse than winter of 2013.)

The tripfollowing the poor Engind’olygraph Assessmesihowed
significant loss of Drive Fuel Economy.

$ 805 could have been saved.
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Engine Polygraph Assessment: 2014-01-27
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ECM Report: 2014-02-10

Export CSV PDF
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New Injectors

Aln Feb 2014, the injectors were replaced in 192. The loss of Drive Fuel
Economy from 7.80 mpg to 5.97 mpg represents an extra 201.3 gal
fuel on that 5,122.4 mi trig$805 morg. You might notice that the
average speed for that last trip before the injector replacement was
slower than normal, suggesting the engine power was not where It

should be.

AThe next trip report shows the Drive Fuel Economy returned to more
normal rates and the next Engim®lygraph Assessmesihowed an
engine in good condition.



ECM Report after injectors replaced
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S Engine DD S60 Upper Engine
e n Serial # 06RE126237 Lower Engine
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#175

Potential savings of $ 1,484.

Predictive Fleet Technologies ©
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Background

On Jan 19, 2014, Vehicle 175 came in for an oil change and Engine
Polygraph Assessmewith odometer reading near 465,000 miles. The
engine scored a 6 and just completed a trip at 7.2 mpg after a history of
7.8 mpg. (Actually, if there had been a Endtodygraph Assessmeat

the previous olil change, It appears that it would have seen a coming
problem and potentially saved about the same amount again.)

The repair did not occur for another 10,000 miles indicating a potential
savings of $ 424. Tlharlier Assessmentould have shown the

growing problem another 25,000 sooner fopatential savings of
$1,484.
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ECM Performance Report Export G5V FOF
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#193

$638 might have been saved.

Predictive Fleet Technologies ©
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Background

On 201312-28, Vehicle 193 was tested using the Enddog/graph
Assessmenprocedure when its oil was changed. It was given a score of 4. It
was showing signs of a problem. Over the next 25,000 mi the DFE went from
near 8.5 mpg down to 7.51 when the next oil change occurred.

On 201503-07, it was tested again and given a score of 6. Clearly problems
were obvious, but the response time of analysis was too late to stop the next
dispatch and so the problem was not corrected until 7,500 mi later where

the fuel economy averaged 6.95 mpg.

Taking the average DFE to be 8.0 mpg from the first sigpblem until it
was obvious as a base for the 7,500 mi after, using $4.00 per gal at that time,

results in arunnecessary expense of $638




2013-12-28 Engine Polygraph Assessment
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2013-12-28 Engine Polygraph Assessment of #193

Export CSV PDF
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#193: Showing the low DFE at time of score =6

Export CSV PDF

ECM Performance Report
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#179

$780savings potential.
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Background #179

Drive Fuel Economy dropped fairly steady from Oct 2013 until-RA14
12. On the 18 of Jan, the EnginBolygraph Assessmewas
requested and delivered a score of 8.

Over the next two trips, the DFE was 5.67 mpg compared with 7.00 for
the preceding months. So over the next 5,813 miles, that represents
830.4 gal vs. 1025.2; at $4.00 for fubkt is a $779.20 increase in

cost



#179 on 2014-01-13
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#179 Drive Fuel Economy and Average Speed from 532,500 mi
to 570,000 miles

ECM Performance Report Export [V POF
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Conclusions

These few examples show the benefits of the Engine Angel methodology for
Fleet operators. Notice that the main value identified here comes from the
EP Assessment reports and responding to the high scores quickly to reduce
fuel cost (and risk of roadside service).

Value obtained from other uses/processes employing Engine Polygraph
Signhature Manager and Engine Angel are covered separately. These include:
A Triage for engine problem diagnosis (repair shop)
A Assessments for buying and selling used vehicles
A Evaluation of Aftermarket technologies
A Keep vs. Cull decisions

For more information, watch the videos on tBagineAngel
(engineangel.com) and Engine Polygrégmginepolygraph.coinvebsites.



