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Abnormal Observations

Diesel engine misfire with fuel,

significant blow-by. (Black
smoke in exhaust?).

Al least one flat Exhaust
cylinder and no large Exhaust
peak. Crankcase looks good.

Engine Block Layout

will 'free up’ the compression rings. If you do this, run the vehicle
hard for several hours. I that doesn't fixit, a 'ring job' might be

‘freezing’ compression rings, thus preventing adequate
compression to ignite fuel resulting in misfires.

needed.
Injector plugged or not working; misfire }M‘lh no fuel. 73% Fuel treatment to clean injectors (Oxytane) or replace injector(s).
OBDIl codes P0171 and P0174 are common when
injector is plugged.

GM 3.6L V6 VVT DI Physical Layout

Adjacent Cylinder Pairs of Head Gasket Concern
Adjacent Cylinders on Bank 1 are simultaneously in Power & Intake strokes

Adjacent Cylinders on Bank 2 are simultaneously in Compression & Intake strokes

V6-Right-Alt Cyl Layout & Firing Adjacency
Cylinder Adj1 Adj2 Bank Cyl Firing Order
1 3 1 1 a
2 4 1 3 [
3 5 1 1 5 e
4 6 2 2 2 b
5 3 2 4 d
6 4 2 6 f
Risk Level
Raised
Raised
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Issues
possibly caused by.. Confidence suggestions...
Blow-by during compression stroke from carbon T6% Suggest you try a fuel (Oxytane) or oil Carbon cleaner to see if that
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A newer version of this document mightebavailable on our websitewww.EnginePolygraph.com

Introduction

The Engine Polygraph®ww.EnginePolygraph.com s an application *“in t|
FirstLook® sensor output (signatgrdrom an engine for future referencand optionally,to

request an engineanalysisreport. A SenX signatur&if. 3 is a record of voltage from one or

more piezoelectricsensorgFLSjecording pressure changes (pulses) framexhaust sensor and

a crankcase sensand optionally additionaparts of an internal combustion engine. The value

to these signatures is that inteahcombustion engines repeat firing in the cylinders of the engine

in a regular fashion. If everything is working well in the engjireepulses repat in very regular

waveforms however, engine problems usually present variations that repeat every engite ¢

(two revolutions for 4stroke engines)

Theuser may request an analygreport) of the data in view of the engine model identified and

paraneters of the test conditions. Currently the report choices dr@page Assessment,

Assessment, Diagnostic, or norighe Engine Plygraph®reports automate many of the steps

that a user would perform manually in interpretindas i g n at u rSenX waveforqfram r  QQf
(@)
©

o
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an internal combustiorenging one from the exhaust stream and the second from the oil dipstick

tube.
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Figurel: A SenX Signature using a PicoScope PC Oscilloscope

The above signature is from the exhaust (red) and * t r i g g @ ispark plug enductibonr o m
clamp(blue) from a 6 year old/6 engine. The vertical dashed bars mark the boundaries of a 720°
full 2 rotations of the crankshaft which to@0.66ms, indicating that the engine was running at

idle of 1487.7rpm. (You might noticehat the oscilloscope indicates the rpm as 743.8Thie

lower right corner. But we know that we have as#foke engine requiring 2 rotations for all
cylinders to fire once and this is a V6, so the rpm is twice the frequency ofdtiekk frequency.)

The cylinders are very regular.

Why are the signaturamportant?

In a 4stroke engine, each cylinder of a walhning engine fireenceduring two rotations of the
crankshaft (every 720°); in astroke engine, every cylinder firesceduring one rotatiorof the
crankshaft (360°).

Inan engine withaproble of * physi cal integrity’, ®ane or
abnormal pressure, resulting in an irregular pulse thatis quite obvibies. us e t he t er m,
integrity’ tadb gagket, vadves, pistons,trifge, cylinders, fubleley, or ignition.
Depending on where the signature is taken and the nature of the abnormality, the problem can
often be identified.In this way, an engine with a mechanical problem can be diagno$ede|[

engine has tripped an OBD cod&ID the engineshows physical component compromjgbe

problem might not be correctly identified by the code. Most codes assume that the engine has

no mechanical problems (no loss of physical integrity) but might ts&vesor problems, or
ancillary control system problesnIf the engindhasmechanical problems, the codeay wellbe <
erroneous.] DE?D
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Over time, wear and tear on the engine will cause -tbss\-failure variation from cylinder to
cylinder.Mo s t engi meas kaemé ,ndtut’* many are dirty (car
out. The cylinder that is changing the most is typically the one that will fail first. That is why it is

i mportant to ‘|l ook back”’ at otiderdgify ifang (orafew)r es of
cylinders are degrading and might need attention. By looking at the rate of degradation, one can
estimate thefuture time of failurel n t hi s way, the sensor data ca

to give you the option of pventative maintenane/repair or retirement.You may want to watch
the videos on the SenX Technology websitew.senxtech.com

EnginePolygraphReports

Engine repds are produced from analysis of certain signatures. There are clyrevid reports
available for selectionThe Engine Polygraphf@ports automate many of the steps that a user
would perform manually in interpretingas i g n at u rSenX waveforgifram an interhal
combustion engingone from the exhaust stream arlde second from the oil dipstick tube

Thel-pg Assessment e p o r t i's a short, one page report
complete Assessment report for readers not needing téxdual narratives associated with the
report content.

TheAssessmenteport (and thel-pg Assessmenis an analysis of a signature with simultaneous
‘exhaust’ and 'oil tubepressuresensorreadingsthat calculates 'scores' with values from 1 (very
good) to 9 (very poor ) Theastdds mg gehdaslqfom lai t y
mat hemat i cal mod e | ‘“trained’ with examples of
experts.Thereport is availal® as a PDF, and if the Owner is a subscriber to Engine, Almgel

results are storedhn the databasd¢o showtime-series grajhics of the scores over time.

I

In addition, both versions of the Assessment report contain graphical representations of the
PicoScop data: Themodel graphicsof the exhaust and crankcase pressure changes over one
engine cycle between the red, solid barghwihe cylinders segmented by red, dashed vertical
lines. The low frequency pressure changes are displayed in green lines ocentpkete, black
waveform that includes the higher frequencies detected. pbats graphsshow key variables
from each cylindr to represent the similarity of the cylinders (inside the green is good; outside
the yellow is getting pretty bad. Therofile graphsplot the pressureover time for each cylinder.

The scores are: anverall enginescoreand score for the upper enginevalves, injectors, head
gasket, ignition), engine volumetric efficiency score, argtore forvalve seating leakagand
scores fothe lower engine (rings, pistons, cylinder waltamble (humming), and scraping (high
frequency screeching) The overallscore is indicating the current state of the engine and a
measure of risk that one of the monitored components vail soon-it is NOT a measure of the
remaining life of the vehicle although that is related.

available for download frormww.EnginePolygraph.com

TheAssessmenteport contents are describeith a separate document, EfssessmenReport, LQ
&
o
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TheDiagnosticreportisan anal ysis of the data from a * Si
enginemodé being tested, and some test condition
integrity’ of the Sygteen AMB|l ant EESpeAbnor mal

produce a list of possible causes of the Abnormal Observations along with asradithat the

indicated cause is correct and suggestions that might remedy the problem.

Currently, the system will pduce reports for signatures wittxhaustandoil tube sensors in the
specified engine runningondition old-crank, idle, or load. Optionally, a channel cabe
assigned to thérigger sensor (usually a clamp inductor to detect current in a sypéulky firing or
an injector signal for a specific cylindekYourth channel can be assigned to another ser(say.,
an intake manifold or vacuum line); howevanyadditionalwavefornswill only bedisplayedon
the report. Itisnot (currently)included in theengineanalysigor the report.

The Diagnosticeport displag information about the engine model that is being analyzed. This
includes an engine block diagna firing order, cylinder djacency and bank location, and the
cylinder offset diagram relating the stroke of each cylinder as the crankshatft rotates through the
firing cycle. In addition, distinctive engine technologies and common problems aredsteey
become knowrto PFT

Sarch and Retrieval dkeports

Previously processerkeports can be displayed from the Assessments tab, as shoviigin2,
below:

HOME SIGNATURES ASSESSMENTS ENGINE POLYGRAPH READER USERS EDIT COMPANY

LANGUAGE

Search Engine Signatures

show 100 ¥ entries

EHICLE PURPOSE SCORE ODEL ODOMETER DATE CONDITIO

> 99 Astro Single 4 GM 4.3L V6 Vortec LU3 243248 2019-04-21 Load
»

> 99 Astro Single 3 GM 4.3L V6 Vortec LU3 243248 2019-04-21 Load
»

Imnal Qinala AM 2 A1 VAT NI 191871 2100191 taad

Figure 2: Engine Polygraph Assessments screen

Areportc an ber oicne sasi‘np’ s t at report requedtinas lze@ sentw, bath at t h
not yetprocessed byhe system. Once the assessment has been received (usustlys than 2

minutes), the signature ishown with theView and Emailoptions. The View button wilktart a

‘“downl oad’ process to your wo The smakhdptiooallows or | o
easy email capability to send the PDF report as an attachmemptovidedemail address.

If the submitted signature does not have data that can gereeameaningful report, the system

wi | | produce a PDF ingth«issee@idisuggestingrcarrpativie actiod.&Ysuc i b
. TR @

will not be charged foa request that resulsin this circumstance. The most common reason for o
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inadequate data in the signate file for a meaningful report is that the PC oscilloscope settings
might not be appropriate for the engine you are working with. Please review the Appendix:
PicoScope Startup Settinglsyou want more information(This is applicable only if you do not
use the downloadable EPReader application to simplify data collection.)

Diagnosic Report

The Diagnostic report includes all of the pages from the assessment report and incogporate
several new sectiong.he new sections are the result of applying rulesoagated with various
abnormal observations detectddom this signature. Themcess considers a set of issues
(engine problems) and looks for abnormal observations detected from the signature normally
associated with a particular engine problem. At tlemclusion of the consideration of an

engine problem, the system generates a fidance measure indicating the confidence that the
engine is presenting the specific issue.

Description of Vehicle and Test conditions:

The first two pages of the Diagnostaport are the same as the first two pages from the
Assessmenteport.

Engine Polygraph Report §§ %é
hitp:/www. EnginePolygraph.com "i&ﬁg‘.—*—"

Owner VehOwner RPM 1500 (1504)
Engine 560 Engine Temperature 180 F
Serial Number Engine Polygraph name b83b168c-bbcb-4380-8503-08f02522da1c.psdata
Engine Condition Load User’s file name 182 1500.psdata
Purpose Single Engine Polygraph Report  Diagnostic
Odometer 330491 Source pfto1 WM
Date 2019-12-15 06:57:37 PM User's comments testing

Figure 3: First page of the Diagnostic Report showing vehicle, engine, engine status and test conditions data.

Thefirst page of theDiagnostic reporshows tre user inputs for the Signature that was

analyzed for this report along with the overall assessment score. The RPM value may contain
two numbers: the user input estimate when provided, and an RPM contained within
parentheses calculated from thegsiature.(See Fig3.)

The analysis program might detect some warnings about the data collected and if so, these are
warningsreported in the formatas shown in Figl.
N

()]
©
o
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Abnormal
Observations

High differences
between cycles

Low exhaust
pressure. Check
leakage

possibly caused by..

Warnings

Engine might have experienced a transition between operating phases.

Exhaust sensor might not be well placed, Sensor hose might be accidentally squeezed shut
by the clamp or cramped shut. Also possible that there is a leak in the exhaust system.

suggestions...

You might want to rerun the Signature to get a more

consistent result.

system.

You might want to rerun the Signature to get a more

consistent result.

Figure 4: Warnings that might affect the accuracy of Biagnostic eport results.

Engine scores for the six categories.

Check Exhaust sensor position and clamg location; Wrap
wet cloth around any exhaust leakage in the exhaust

The scores for the components are presented: the Upper Engine (valves, gaskets, injectors, and
ignition) with Volumetric Efficiency and Valve Seating; the Lower Engine (rings, pistons, and

cylinder walk )

wi t h

“Rumbl

e ’

(relatively

| ow

frequen

(high frequency vibrations often associated with metatmetal with inadequate lubrication).
The Upper Engine score, the Volumetric Efficiency score, andaive Seatig are obtained from
the exhaust sensor; the Lower Engine scores are derived from the oil tube sensor.

In Fig5, we list the scores along with a description of what the score suggests relative to the
condition of the engine. Below that is a table of dgstions of what the scores refer to.

The two major categories are: Upper Engine score and Lower Engine 3t@se scores show

how t he

mo d e |

eval

uat es

the dat a

obt ai

ned for

physical condition: wear or fare. The vibration frequency measures in each category relate
more to carbon buildup or adjustments (e.g. wallash adjustment affecting volumetric

efficiency.

Upper Engine
Volumetric Eff. Score
Valve Sealing
Lower Engine
Rumble

Scrape

B2 s 4+ 5 6

Upper Engine

Volumetric Eff. Score

Valve Seating

Lower Engine
Rumble

Scrape

Engine Polygraph Assessment

Version Test 6.0

. Very poor upper engine mechanical condition

1 Valve lash very good; no sign of carbon buildup

3 Good exhaust valve sealing

. Very poor lower engine mechanical condition

8 Considerable hum or 'rumble’ detected in the crankcase

8 Considerable sign of lubrication problems in the crankcase

7o [SNEEN

Upper engine mechanical condition (injectors, valves, head gasket, etc.)

Parts affecting the rate of air exchange through the engine

Parts affecting tightness of the exhaust valves closure

Lower engine mechanical condition (pistons, rings, cyl walls, PCV valve, etc.)

Hum in the crankcase

Screeching in the crankcase indicating poor lubrication

Figure 5:The Assessment scores with descriptions of conclusiortsetmd, a table of definitions of the scores
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The colorcoding scale is shown on the page to allow for vamaiio the display and printing
tones.

Issues

The next section of the diagnostic report contains the major conclusions of applying the
diagnostic ules to the data analysis results from the signature for this engine.

VehOwner 192
S60 2019-12-15 06:57:37 PM
192 1500.psdata
http:/fwww.EnginePolyaraph.com

Issues
Abnormal Observations possibly caused by.. Confidence suggestions...
At least one flat Exhaust cylinder and no large Exhaust peak.  Injector plugged or not working; misfire with no fuel. OBDII 111% Fuel treatment to clean injectors
Crankcase looks good. codes P0171 and PO174 are common when injector is (Oxylane) or replace injector(s).
plugged

Blue smoke: Emitted when the engine is burning oil, Misfire possibly due to poor/broken Oil Control ring allowing 111% Is 0il consumption high? If 'yes',
sometimes be accompanied by oil coming out of the end of the  oil in cylinder for poor (or no) combustion. Blue smoke in probably need to inspectreplace
exhaust pipe exhaust? oil control ring(s).

Excessive engine oil consumption?

Misfire with fuel; are there blue puffs of smoke in the exhaust?

CAUTION: Analysis and conclusions presented are based upon historical data backed by technician expert analysis. Because one or more faulls may be responsible for the
patterns in the signature, the list of faults, possible causes and recommended fixes are the best we can provide given our current accuracy level. These results are not
guaranteed or warranted to be completely accurate, as the system is still undergoing development, and should be considered a guide to help identify possible causes of engine
problems. PFT, Inc. is not responsible for any charges, repairs or losses as a result of a technician relying solely or in part on the EP analysis.

Figure 6: Example list ofssues (Abnormal Observations, Possible Causes, and Suggestions for action from a DD S60 diesel
engine

Predictive Fleet Technologidac. does not guaranteer warrantythe complete interpretation

of the data fromthis signature dataThe conclusions are good faith interpretations of the data

based on experience and on expert mechanic input. Predictive Fleet Technologies, Inc. presents

the good faithconclusions from the rules and the suggestions for remedy bus coe

guaranteet hat t he engine will be “SeeFg6d” by foll ow

Those issues that have a confidence greater than zero are sorted so that thekalysiskues

are first. The top three issues (assuming there are at least thsee$3 will be listed on the

issues page. Each issue will have one or more abnormal observations that were present and are
the cause indicated i nmn hteo “tploes sriibd lyt cafu stelde b*
observations”. The t déachrisdueisthe calenlatedacenBdencattmt e d wii
the system generates by considering the severity of the observations associated with this cause
relative to all of the abnormal dervations presented in the signature. The final column

associated with the causmntains one or more suggestions to remedy the isgeatified.

PagQ
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TheAbnormal Observationgre descriptive statements:

a. of sensory data interpreted with the identified emgi model specifications and user
input engine condition during data collectionRO

b. a question to the reader about observations not detected by sensors but possibly
observable by the reader.yburanswer i s ‘yes’, the confi den
Causée s correct would be increased,; i f ‘no’ ,
would be decreased.

T h probably causedby col umn contains a description of
that align with the Abnormal Observations leading to eachclusion.

TheConfidenceestimate is a percentage of the Abnormal Observatiang the severitieshat

point to this Cause compared to afithe Abnormal Observations detected by this analysis.

There is no guarantee that there is not another cause aaogiduring this test that might be

the real cause of the problem(s). As time gdwy, PFT will be fir@ining existing rules between
Observations and Causes and will increase the scope of the Causes investigated as we gain new
insights from customer feedizk.

TheSuggestios column provides our suggestion to the technician/mechanic to address the
possible cause aligned with it. Vde notwarrantthat implementation of the suggestion will
provide the solution desired, but it is a waltentioned suggestiomor consideration.

CAUTION: Analysis and conclusions presented are based upon historical data backed by
technician expert analysis. Because one or more faults may be responsible for the patterns in
the signature, the list of faults, possible causes armbnemended fixes arthe best we can

provide given our current accuracy level. These results are not guaranteed or warranted to be
completely accurate, as the system is still undergoing development, and should be considered a
guide to help identify possibleauses of engine pblems. PFT, Inc. is not responsible for any
charges, repairs or losses as a result of a technician relying solely or onghg EP analysis.
Indeed, PFT would appreciate feedback on results that you see that conflicts with thedler
conclusions. Ithis way, we can improve the usefulness of Engine Polygraph. Any improvement
implemented is immediately available to all users of the system.

Considered Causes

T h €onsidered | dzihdta@ in use in the current version of the smeétre are listed here
Only Considered Causes that have expected impacts that are consistent with the Abnormal
Observations from the signature data are displayed on the reports as Issues, describedrearlier i
this document.The Considered Causes are sepadanto two sets: oneforcold r a n&k’ ) * ¢
tests and t he -esnegci onneds ' s e(Thedpeeific Causes tlmatade )cansidered
will increase over time and the accuracy will improve fioarntner andcustomer feedback and
corresponding impreement of the rules(See Figr for some of the Causes considered

Page].O
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Possible Causes - cold-crank

Engine is turning from the starter - a cold-crank (c-c). Unknown if the fuel pump fuse has beer
removed, accelerator depressed to the floor, or other method to accomplish the c-c was used.

Compression rings not forming tight seal with cylinder liners, often due to carbon ‘caking' in th
grooves.

Cylinder sleeve scored or ruptured.

Piston out-of-round, cracked piston, or piston with detonation hole.

Exhaust valve leak - Possibilities: Carbon preventing good seal, chipped valve head, bent val

Intake valve leak - Possibilities: Carbon preventing good seal, chipped valve head, bent valvg

Gasket rupture between adjacent cylinders; compression in one can push into intake or powe
of the other.

[00]

Gasket failure between coolant and cylinder.

©

Gasket failure between coolant and oil gallery.

10|Gasket leak from cylinder to engine exterior.
11}Intake valve leak - Possibilities: Carbon preventing good seal, chipped valve head, bent valvg
Possible Causeshot engine Ignition

18 En!arged injector pintle opening allowing increased, unintended fuel in one or more Al
cylinders

19 | Fuel delivery problem for all cylinders. All
Injector weak- possibly dirty; might be injector failing. PO30R0308 indicate misfire by

20 . S . All
possible dirty injector. www.germanformula.com/taqausesof-a-cloggedfuel-injector/

21 Injector pluggeq or not yvorking; misfire with no fuel. OBfldes P0171 and P0174 are All
common when injector is plugged.

22 | No spark; gummed or cracked plug, wire short/broken, distributor or Coil on Top Spark
Misfire with fuel; Headjasket leaking between adjacent cylinders in Power and Intake

23 strokes. Raially burnt. gasses fro_m Power_stroke get pushed_into vacuum of the neighb( Al
Intake cylinder reducing O2 available for its Power stroke. Either or both can have misf
with unburnt fuel flashing in exhaust.

24 | Coolant leaking to exterior throudtead gasket. All

25 | Gasket failure: cylinder compression leak to exterior. All

26 | Compression leak to crankcase through oil gallery. All

27 Compromis_ed head gaskallowing coolant into the cylinder during Intake and heat to Al
coolant during power stroke
Head gasket failure allowing coolant into the crankcase. Damage likely more severe if

28 . . . : . All
synthetic oil due to water forming acids with the oil.

29 | Oilleak from oil gallery to outside engine through head gasket failure. All
Oil leak from digallery to outside engine through head gasket failure. Overhead Camsh

30 danger with too little oil. Al e

g
31 | Piston with detonation hole, crack, out-of-round All WQE
32 | Crankshaft bearings Al | &
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33

Intermittent Valve cam and sprocket wear

All

34

Valvecam(s) requiring lubrication (worn)

All

35

Worn cam lobe(s)

All

36

Intercooler too cold can condense humid air and provide water to the cylinders upon in{
reducing power, fuel economy, and causing corrosion.

All

37

Intercooler failure lowering bast pressure and can cause detonation in cylinders, turbo
whines.

All

38

Lubrication issuecylinder wall(s) dry

All

39

Cylinder walll(s) scored causing air to blow down into the crankcase on compression,
depleting O2 resulting in incomplete combustion.

Al

40

Large vacuum in crankcase during one cylinder intake stroke caused by crankcase gas
pulled into the Intake stroke probably around the pistons due to compression rings caks
into one position by carbon deposits keeping them in the compression/ppasition. The
slow engine speed allows more vapor to be pulled from the crankcase into the cylinder
higher speed, this big dip may disappear.

All

41

Large vacuum in crankcase during one cylindiake stroke caused by crankcase gases
pulled into thelntake stroke probably around the pistons due to compression rings cake
into one position by carbon deposits keeping them in the compression/power position.

All

44

Misfire possibly due tpoor/broken Qil Control ring allowing oil in cylinder for poor 0)
combustion. Blue smoke in exhaust?

Diesel

45

Reverse blowby during compression stroke from carbon 'freezing' compression rings
preventing adequate compression so air/fuel is tazh resulting in poor combustion and
probably black smoke.

Spark

46

Misfire possibly due to poor/broken Oil Control ring allowing oil in cylinder for poor (or n
combustion. The oil can foul the spark plug. Blue smoke in exhaust?

Spark

a7

Carbondeposit on the lip of the valve cap or valve seat in the head can alloys gaseak
under the high pressure of the Power stroke. This will result in a drop of this Exhaust st
pressure at the exhaust pipe. If the intake valve (also) has a Carbonitj¢ép@intake of the
next cylinder will get the Power stroke partially htigases, reducing the O2 content of tha
later Power stroke and so, its Exhaust stroke.

All

48

Intake valve or valve spring broken. After this intake, much compresdiost,ipushed back
to intake manifold. Power is more like another intake stroke;aet will be very weak but

might push a little fuel into exhaust for a small increased pulse.

Diesel

Figure 7: Partial list of Causesonsidered in the diagnosis of an engine. The list will grow over time

If you determine that a engine you have worked on has an issue (cause) not listed on this
report, please notify us so we might be able to include that cause for future considerktion.

you tell us the vehicle and engine, date, and the username associated with the signature, we

can analyze the signature data ourselves and hopefully generate rules that will produce your
observed result.
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Engine Model Backgrouimhta

This section is identical to the Engine Model Backgrddathsection from theAssessment

report. The information canes from the data that we have in our Engine Model database under
the Engine Model selected by the us&his page provicesome importantmformation that

might be useful for your consideration in how to take action as a result of this refSae Fig.

8.)

The first section contains Engine Featutigsition method (diesel or spark), Firing Order and
cylinderto-bank assignment which are prioled by PFT when known.

Engine Technologiese listed engine technologies identified for the indicated engine rhddeign by
the National Insurance Crime Bureau (NICB). Only those considered relevant to Signature analysis are
listed.

Common Engine Flaie an Engine Model andtimger i od are | isted for the
These are made known to PFT throughhefacturer communications or mechanic blogs.

We have not done a complete edit of this data and so cannot be held responsible for any
inaccumlcies. We believe it may be helpful in your evaluation of our diagnosis and suggestions.

Engine Model Background

Engginé Featuras
Spark ignition
Firing Crdar: 1-2-3-4-5-6

Cylindars arganized in 2 banks

Distinctive Engine Technologins
DOHC=0ouible Ovarhead Camehalt [(CAM-DOHC)
Direcl njection (Fuel Daliery-D00)
Variabla Vaka Timing - Phase & LR (VT-Baobh)

Autorraled shuloll of angine when slopped and skar when food is off e brake (AUl star=iop)

Raported ‘Common” Engine Flaws

Figure8Ex ampl e Di agnosticds report page |listing factors ab t

problem

Page:ES
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EngineBlockLayout

The next pagé€Fig.9) provides an illustration of the engine block with the cylinders numdere
according to the manufacturer’s document at
literature). In addition, there are two tdes:

1. An Adjacency Matrix that | ists for each

numbers. This is to enable the pregn to determine which cylinders belong to which
bank of the engine.

2. A Cylinder Layout and Firing Adjacency table that providesdeylincation in firing
order sequence.

If there are pairs of cylinders that are neighbors that hit are simultaneously awarmand
intake stroke, the bank of the engine that
| evel ” i saleitthedeadesotthe concerothat a gasket rupture between those two
cylinders is somewhat more likely that at that sition does not present itself. If an adjacent

set of cylinders are simultaneously in a compression and intake stroke. A simie@anstdtis

issued with a less severe warning about risk.

S60 Physical Layout

Engine Block Layout 16 Cyl Layout & Firing Adjacency
Cylinder Adji Adj2 Bank Cyl Firing Order
e 1 2 1 1 a
z 1 3 1 5 b
° 3 2 4 1 3 [
4 3 5 1 i} d
o 5 4 ] 1 2 =]
1} 5 1 4 f
(e |
Adjacent Cylinder Pairs of Head Gasket Concern Risk Level
Adjacent Cylinders an Bank 1 are simullanecusly in Power & Intake strokes Raised

Figure 9:Example Engine Block Layour, Qytier Adjacency, Bank Alignment and Firing Order
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CylinderCOffset diagram

Fig.10illustrates the stroke of each cylinder throughout one engine cycle of one or two
rotations, depending on how many strokes this engine uses. (The most typical situdkiah is
one cycle requires 720° rotation of the crankshaft for each cylinder to fice.ohhe horizontal
axis starts when cylinder oneastop dead center (TDC) after ignition has been started. The
rows represent the cylinders in firing sequence order, #lsb showing the cylinder number as

specified by the manufacturer. In the lower paf the diagramghe cylinder primarily responsible
for creating pressure in the three compartments of the engine at any instant (crankshaft rotation) is listed.

This diagam can give insight as to the source of abnormal observations, when things are
happeni ng i n a cyl i ndnesomayba helpfalineetetmanmegaocausea |

Cylinder Offset Diagram

360 10 500 540 10 720
[ 1z [ 1 3 480 600 | eal | 70

crankshaft rotation

Powser Stroke Compression Stroke

Poweer Stroke

Comp Strake

Comprassion Stroke Power Stroke

Compression Straoke Pawser Strake

Compression Stroke Powier Stroke

Compression Stroke Powear Stroke

trigger puloe +1 +] =3

Exhaust pulsas

intake vacuuen
gul.

Figure 10: Cylinder Offset table showing the relationshifcglinder identification by the manufacturer and the crankcase
angular rotation to each cylinderés stroke. Bel ow eehat, we
major locations(exhaust, crankcase, and intake manifold)..

Engne Integrity diagram(Points)

The Engine Integrity Diagrashows values of key parameters for each cylinder. The cylinders
are named alphabetically (a, b, c, etc.) in firing order sequence with unknown startingecylind
location. We call this th&ngine Itegrity diagrambecause if the points are close together, the
engine has high integrity since all cylinders have similar operating parameters. (We are making
the assumption that an engine would not haakcylindersin equallybad condition.)The green
radius is would contain the points for most engines with score of 3 or better; the yellow circle
would contain the points for most engines with scofear better. The voltage is directly
proportional to the pressurg(See Fig. 1)

Pagel D
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In the Exhaust graphithe cylinder Duration is the number of milliseconds the exhaust from the
cylinder takes to pass the exhaust sensor. (The Profile chart below might allow easier
interpretation of the number of ms.) If the difference tineeen the fastest and slowest cylinders
exceeds 4 ms, the engine is running ‘rough’
maximum voltage (pressure) observed by the sensor during the exhaust stroke for each cylinder.
As you might expect, a aytler with high exhaust output had a wesuccessful power stroke and

so the exhaust cycle should be fast due to theperatureof the power stroke. (So it will show

in the upper left of the cluster.) Similarly, low voltage implies low cylinder oytmder) and so

a slower exhaust cycle; dua cylinder would present in the lower right of the cluster.)

In the Crankcase chart, theaxis is the voltage range for each cylinder (maximum minus
minimum) whereas the vertical axis is the minimum voltage. Seierg-by exhibits as a very
large dip m the minimum voltage associated with the cylinder vacuum of the intake stroke.

Pairs of cylinders very close t Engine integrity diagram

each other indicate a very Exhaunt Crankeass
goodengine. If a cylinder or
two are higher and to the left
of the circlecenter, that is no "
problem, but one veryow or
far to the right aresigns of big
trouble. o]

1 1 1 1 1
&

Woltage Rangs
8
1
Min Yoliag
S84 -85 -TS GRS A5 -5 15 -05 -14 0h DS

Each cylinder in firing orderis -1
assigned a unique color that

can be used to -~~~ o~ oo
Figure 11: Engine Integrity diagram showing the (dis)similarity of the value

cylinder on the various graphics. of parameters for each cylinder derived from Signature data.

LI o A B L I B
T8 11 13 15 17 18 0 2 4 8 8 10 12 W

Valtage Rangz 710

CylinderProfiles

The cylinder profiles plot the pressure (voltage) from se@sorson the yaxisfor each of the
cylinders during the interval (720°/number of cylinders) of its major contribution of the cycle.
The xaxis is the time in milliseconds from the start of the stroke as determined from our
analysisSo each cylinder pfile begins at 0 and goes to the rigimtil the next cylinder takes
over back at the originSee Fig.2)

The Exhaust Profiles show each cylinder's exhiaustmo o t h e d(pressur fortitsasgction

of the cycle. The cylinders are identified innfiy order with colors; the legend shows the
cylinder letter identifier with the assigned color. In a good engine, the profile lines are very
similar. The starting point for each exhaust pitefcurve is mainly driven by the opening of the
exhaust valve fothe cylinderNot i ce t he ‘' s e vaoffigng orderimblack me  (

O
the exhaust profile of Fig2l Ny
<
o
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The Crankcase Profiles show the crankcase pressure from all cylinder actions during each
cylinder's section of the cycle. These

lines areusually arranged in pairs sinc Seoedcunes offindersonatires
the crankcase patterns repeat every Cylinder Profiles
360° sceach cylinder in the first 360°

should have a match in the second * /
360°.Cylinders with differing blovoy
will not be aligned together, or an 1
intake manifold that has significant
carbon buildup can cause the pairing

to be ruinedas the PCV valve can allor ’ :

the vacuum variation to affect the ) )

Figure 12: The Profiles graphics for thexhaust and crankcase fo
crankcase pressure. each cylinder.

Usi ng a di frépert weillistrate thg use o thescolors for matching specific
cylinders across the graphidSee Fig.3)

Exaanar

Craskzase

b 24
c | Ll
@

Figure 13: Illlustration of using colors to relate data from differing graphics by cylinder.

Pagé.?
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PolygraptModel

The models are the oscilloscope outputs (black lines) for the exhaust and crankcase (oil tube)
sensors. (Additional sensors might have been collected that will be displayed below the Exhaust

and Crankcase cha). The green lines are the base curves withhigh frequencies removed

we call themt he ‘ pres.suTlé c«cwlilriveder assignments are
curves in the exhaust signature and from that, the duratifinsnillisecondsgre obtainel. High
frequencies in the exhaust are usedpmvide the Volumetric Efficiency score and Valve Seating
scores.

The solid vertical lines mark the start and end of engine cycles: 720° fsiraké engine and
360° for a 2stroke engineThe blue numbersdiow the signatures are the times milliseconds
for each of the ‘cyl (SeaFgd) a’ strokes for each

In the Exhaust model, we mark cylinder boundaries with vertical dashed lines by analyzing
properties of the curve. (&ylinder misfire might cause that calculation to be inrer.) If the
engine is running properly, each cylinder's sectstiuld be the same duration. The cylinders
are identified in the Exhaust Model by lowease letter in firingprder.

The Crankcase model is displayéaiidtaneously with the Exhaust modddut recall that the
blow-by comes from the previous power stroke to the exhaust and reverse-bjoivom its
intake stroke.

. . Vertical lines mark cylinder intervals
The table below displays the channel assignments

input by the user when the signature was oiiad. 1, AL L, 5.1

Channel A B c D

B I
Sensor exhaust oil tube none none le.l l’(ﬁ“ My
2

i b i
1 ¥ | 1012 i

Hot Engine Model i

The engie model on the rights a 6cylinder engine
running at about 1500 rpm (2 revolutions take abo
80 ms at 1500 rpm for a -gtroke engine.
(Fig. 14)

s Crannkcase .

Figure 14: The Polygraph Model of the Pressure vs.
vibration in the EPSignature for the subject engine.

Page].8
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Cold Crank {c) Model

I f the engine i scrabk’i ngo rt ceisttiean ,i nt hme ‘emdidne
by an external engine, probably the starter motor. In this case, there is no ignition nor
combuston confounding the airflow as the pistgnalves and PCV & (if present) ERG valves
control the airflowwith possible ring and gasket leaks.

The Polygraph Model shown in
figure 15 is from a-4troke, V6

enginein coldcrank. On the -1 4,8 ®wle d /e f/ja o g 4] e
Exhaust Model, we setbat the o |
two banks of cylinders have very E;;
repeatable pressure and vacuum Eg‘
profiles. The difference betwee = |
the two banks is a result of the | S H . il

206 10T 243.9

design of the crossover allowing |
one bank to dominate over the
other. For this reason, our analysi ..
first looks at ariation of cylinders
in each bank before normalizing
the results and comparing all
cylinders together.

Crankcase
-01 IZIiIJ EII‘I

-0.2

In the Craikcase Modelywe see
the cylinder pairing as the second =
rotation (cylinders ee-f) repeat

the pattern of ab-c). But the Fig. 15 Model graphic from a V6,-dtroke coldcrank Engine Polygraph report
details of the pairing will depend

on the firing order of the cylinders. Also, when we look at the higher frequency acthatg is
a noticeable dference between cylinderahen the crankcase pressure is increasing vs. the
much less intense when pressure is decreasing.

Hot Engine Model with a Trigger Cylinder

The EP Signatuad a hot enginewith a trigger channel assigneshdthe trigger cylinder
identified includesthe graph o the inductor current aml higHightsthe time of thepeakcurrent
as the ignitionn the trigger cylinderspecified The selected current peamplitude (positive or
negative) locatethe vertical bludine across all channel grapHsollowing the ignition at TDC
the power strokestartsand completes 180later.Then the trigger cylinder cdmeginits
exhaust.By knowing the trigger cylder number and time on thgraphig all cylindersf the
engine block can be aligned with the firing order
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An additionakensomay beassigned to the #h channelto get nore insight into the engine
operation, but the current version of our software will not include the data in the analysis; it
will be displayed for visuahterpretation.

The table below is shown on theport
that contains the cylinder numbers
according to the Engine Block table
associatedwith the firing order The trigger
cylinder and itspeak in the exhaist
graphicare highlighted in red.

Exhaust|
a b c e f

Segmen
Cylinder 6 1 2 4 5

Fig. 17 Tableof enginecylinderfiring order with
cylinder number from thEngine Block Diagram.

o TAELEL

o

Crangrase
oG ity g

a9 o

Fig. 16 Model graphic from a V6,-4trokehot
Enginewith a triggerchannel and cylinder
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Exception Reports

As mentioned earlienf the analysis program is unable toliedly provide a useful report from
the submitted data, you will eive an Exception report on the Assessments screen. The

Exception reports are highlighted as a yellow box. The PDF report is downloaded when you click
on the yellow button.

The nature of lhe problem and corrective action you might be able to take is peaviin the
report. See Figl7 for an example Exception report as it presents on the Assessments page.
Fig 18 has theException report for the situation of Figj7.

ER  VEHICLE MANUFACTURER MODEL COMFIG DISP LOCATION DATE ODOMETER RPM TEMP CONDITION CHANNELA CHANME
GarberTest FordPowerStroke Ford 7L Ve 670  Versailles 2015- 69238 1500 170 Load exhaust olltube
Power 07-18
Stroke
Scorpion
Dieselva
EB3eEm o~ KU Buick V6 GM 3800 v 376 1309 2015 56000 1500 160  Load exhaust oil tube
Buick V6 Evamar 06-29
[ view [f =mai [ 25 0D SE014L 1400 eeef 2015- 123456 1500 132 Load exhaust oll tube
06-23

Figure 15: Assessments page showing a signature that cotlldenimterpreted enough to generate a useful Assessment report.

Engine Polygrap

Signature file (acc8427a-bfc4-40¢f-916b-dd95059fd705) did not produce a Report.

It appears that your Voltage scales are too small. Too many readings exceed the limits of your display
for us to estimate the peaks. Change the channel Voltage settings for the channel(s) going off the
display and upload a new signature.

Date Saturday, July 18, 2015 10:43:20 AM

Owner GarberTest

Vehicle ID FordPowerStroke

File Name acc8427a-bfc4-40cf-916b-dd95059fd705 psdata

Figure 16: Example message presented on the Assessments page when the software is unable to process a submitted signal‘ﬂ'rd
for analysis.

Pag
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Warranty and Disaimers

Predictive Fleet Technologiethc. PF) warrans the software will work as described. The
warranty does not cover any problems with the Internet connection or your combrowser
(Internet Explorer, Chrome, or FireFox) compliant workstation (egsKaptop, or tablet). We

will store your signatures, u 10 meg (typical values are under 200 KB), and maintain them in

a searchable and retrievable manner as described in the accompanying document. We use
standard security, data and application backéprestore methods to protect your data
investments frommost natural and criminal events. If data are deleted or changed by people
whom you have authorized, we cannot guarantee recovery.

The Engine Polygraph®ssessment report automates many of the stapat a user would

perform manually in interpreting a SenMaveform from an internal combustion engine. It
requires a waveform of adequate strength and
oscilloscope such that meaningful information can be detédm the signal. Meaningful

results can be expected onif the testing procedure is correctly followed; e.g., the connections

of the cables are reliable, the equipment (oscilloscope, cables, sensors, etc.) work satisfactorily,
and the oscilloscope paragters are set to reasonable values of duration (aboubtations of

the engine crankcase), sampling at abd0kHz per channel).

It is also required that certain inputs to tHenginePolygraplAssessment request be accurate:
the engine manufacturer and medl must at least have the correct engine configuration &
strokes per cycle and the approximate RPM input toEnginePolygraphpplication is assumed
to be within +£ 10% of the actual value.

The Engine Angel Assessment is NOT designed to measure rdiséitesconditions such as poor
fuel or irregular ignitio. The Engine Angel software |edkr defects that araneasurablewith
each enginengines of eithecycle (2 or 4-stroke).

The Assessment report uses advanced mathematical methods to classifylitheer features
extracted from the signatures: one frothe exhaust and the other from the crankcase, usually
via the oil dipstick tube. It is required that the oscilloscope channels are assigned correctly, in
alignment with the connections and placemesftthe FirstLook® sensors. If the exhaust system
has hoés allowing exhaust to prematurely escape before reaching the sensor, or if particulate

filters reduce or ‘average’ the preé@basulte at t
will not be achieved. Upon receiving a meaningful signature fiie, Assessment report will

di splay the results of a ‘supervised | earning
‘“upper’ and ‘Il ower’ components bdmendasureaofobser

volumetric efficiencyand valve seating ondition are based on other methods. These N
classifications will likely improve over time and newer versions (as displayed on the report) W%
provide those improved results when available to you, ¢thetomer. S
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It is up to you to decide what action you shduake based on the Assessment report. The
recommendations we make ar e bas ePTlisoaotliaflear d b a ¢ k
damages resulting from the implementations of such recomméinda; we provide them to you

for your judgment in deciens on what to do.

THERE IS NO WARRANTY OF MERCHANTABILITY. THERE ARE NO WARRANTIES WHICH EXTEND BE
THE DESCRIPTION HEREIN. THERE ARE NO WARRANTIES EXPRESSED OR IMPLIED OR ANY AFFIRM
OF FACDR REPRESENTATION EXCEPT AS SET FORTH HEREIN.

REMEDY

If you suspect that there has been an error in the storage, indexing, assessment or retrieval of
your data, please contact us immediatelysatpport@ PrediciveFleetTechnologies.coand/or
contact us by phonet-833-364-2645.We will work with you to understand what happened and
what recovery plan we can put in place.

In no event shalPFTbe liable for damages of any nature, including incidental or consedlen
damages, including but not limited to any damagesulting from norconformity, defect in
design or workmanship.

Neither PFTnor its affiliates shall be liable to the subscriber of this product or third parties for
damages, losses, costs, or expensesirred by the subscriber or third parties as a fesi:

accident, misuse, or abuse of this product or unauthorized modifications, repairs, or alterations

to this product, or failure to strictly comply witAFT s oper ati ng and mai nt en

ContactUs

Learn more about us atww.PredictiveFleetTechnologies.comww.EnginePolygraphom,
www.EhgineAngel.com andwww.SnXTech.com

For specific questions abotlte Engine Polygraphf@nctionality, please email us at
support@PredictiveFleetTechnologies.cancall us at 8833-364-2645.

1SenX is a trademark of SenX Technology, Inc., Midland. Ml
2PFT Engine AngeErgine Polygrapland ErginePolygraplare trademarks oPredictive Fleet Technologies, Ineic., Midland,
Ml

No part of this publication may be reproduced or transmitted in any form or by any means, electronic, mechanical,
photocopying, recording, or otheiise, to parties outside your organization as a customer or customer prospect without the
prior written permision ofPFT

PagQS

© Predictive Fleet Technologies, Inc., 2020; All rights reseRa@nt numberst)S10253716 and US10818107
info@PredictiveFleetTechnologies.coRhone: 1833ENGANGL (362645) Diagnostic Report, ver 6.50



mailto:info@PredictiveFleetTechnologies.com
mailto:support@engineangel.com
http://www.predictivefleettechnologies.com/
http://www.senxsm.com/
http://www.engineangel.com/
http://www.senxtech.com/
mailto:support@engineangel.com

Appendix 1: Glossary

Abnormal
Observations

Administrator

Predictive Fdet
Technologies

Assessmenteport

CHANNEK

COMMENTS

Company

CONDITION

Confidence

CONFI@r Engine
Confguration

Cylinder Adjacency

table

Cylinder Offset
Diagram

DATE

Engine Polygraph®lossary

Abnormal Observations are values obtained in the asialgf the datdhat are outside

the ‘very good’ Il i mi ts detoenditiohsnWhen olutside
the | i mit, a value is ‘“binned’ within

Possi ble Causes’)

An adminigrator is an employee of a company (customeEoiyinePolygraphwvho has
authority to pay forEnginePolygrapbubscriptions, add new users BhginePolygrapfor
the company, and to change the authorizations of the useBngfinePolygraph

Predictive Fleet Technologiesthe name of the company that developed, supports, ar
operates theEngine Polygraphsdftware .

Assessment is the analysis of a 'Load' condition signature with simultaredssist' and
'oil tube' sensor recordings that calculates 'scores' with values from 1 (very good) to
(very poor). The information is available as a PDF, and if the Owner is a subscriber 1
Engine Angel, in the database for time series graphics of thresower time

The channel identifier tells vith of several SenX FirstLodensors is attached to which
channel on the oscilloscope. The options for where to place the SenX first look sens
provided in a putdown.

Comments are free text eries on a signature index to help retrieve them in the future

A company is the paying customerasfPredictive Fleet Technologisabscription. It
typically is a vehicle maintenance/repair facility. It may have one or more locations, |
multiple locations sbuld each have their own subscription unless their customerclesi
are serviced at multiple locations.

The condition of an engine describes the state of the engine during a single signatur,
The values are obtained from a pdibwn, including idle, load, and cold crank¢y. Idle is
typically under 000 RPM, load is about 1500 RRidId crank occurs when the engine i
turning over under the power of the starter.

Confidence (that a specific Cause is present in thignenmat the time of the signature) is
assigned based on thmumber and severity of the Abnormal Observations attributed tq
Cause compared to the total number and severity of all Abnormal Observations iden
from this signature.

Config is short for configuration. The configuoatiof an engine describes the number o
cylinders in the orientation of the cylinders with respect to each other. Its value is
obtained from the EngineAngel database for the selected engine mEl&., V6 or 14)

Cylinder Adjaceny table shows which cylinders are adjacent according to the Engine
Block Layout

A graphical representation of the stroke each cylinder is in at any angle of rotatiomgd
its engine cycle.

Date is short formeasurement date The measurement date is the date when the
associated s i g nfike tvas created usingneEngine Polygrapsensor.
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Diagnostic report

DISPRor
Displacement

Distributor

Engine Angel

Engine Angel
Assessment?

Engine Angel
Subscriber

Engine Block
Layout

Engine Features

Engine Flaws

Engine Poly
Purpose

Engine Polygraph

Engine
Technologies

EP Reader
FILE

FirstLook

The Diagnostic report is an analysis of the data fram&i g n a t waatagdata &bout

the engine model being tested, and some test conditions data. The report evaluates
‘“physical integrity’ of the engine AN
Observations’ detect ed sesoftheAmdrmabservatiorls
along with a confidence that the indicated cause is correct and suggestions that mig
remedy the problem.

Disp is short for displacement. The displacement of an engine is the volume swept g
the pistons move up andaivn one time for each cylinder. It is provided by the system
from the Engine Model databagend reported in liters.

A company that typically sells SenX Firsti®e&nsors and kits who have an agreemer
with Predictive FleeTechnologies o of f er t IPricéKey c uwit Dimes
pricing and terms for the customer and with commission terms Bradictive Fleet
Technologiepromises to pay the distributor.

Engine Ang@is the name of the software proded byPFTto analyze theSgnaturesand
other vehicle déa. Seevww.EngineAngel.com.

The Engine Angel Assessment is a question asking if the system should generate at
Assessment. There is the normal chargetfie Fleet Engine Angel account if the Owne
an Engine Angel subscriber, or tBaginePolygrapbubscriber's account will be chuped if
the Owner is not an Engine Angel subscriber to SenX Assessments.

Engine Angel Subscriberigheckbox filled by the system when it recognizes the Own
you have input as the same as the Fleet ID in Engine Angel. This wewsadds (when
the Vehicle ID is known as belonging to the Fleet ID) to analyzed by Engine Angel a
Assessment dateest to the Fleet ID database of Engine Angel.

An Engine Block Layout is a diagram of the specified Engine Mibldelylinder
numbering as known to PFT.

Ignition method, Firing Order and cylinder-bank assignment angrovided by PFT when
known.

Common Engine Flaws for an Engine Model and-pneer i od ar e | i st ¢
consideration when made know to PFT through manufacturer communications or
mechanic blogs.

Engine Poly Purpess a selection from a pedlown to indicde the purpose of this

signatureSinglei f it -oif Befogei f one i s preliminary
After if it follows a procedure;oBasei f i t-new’ aBsi gaature f ¢
deterioration.

Engine Plygraph® is a trademark for the use of EnginePolygraph.com to compare th
‘“before repair/treatment’ with an af
effectiveness of the work done. URlwigw.EnginePolygragh.com

Distinctive Engine Technologiae listed engine technologies identified for the indicate
engine model design by the National Insurance Crime Bureau (NICB). Only those
considered radvant to Sighature analysis are listed.

EP Reader is a PC software to aid in the relialllection of engine signatures for analys
and reports provided by the Engine Polygraph and Engine Angel Internet application

File is the name dhe file created by the oscilloscope. It contains the details of the
waveform generated by the FirstLook® sensor.

FirstLook® is the registered trade name of the sensor product produced byCHesX.
referred to as ‘FLS’
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Fleet ID

Fleet ID ishe identifier of the Fleet that owns the Vehicle being tested as known in th
Engine Angel application.

Identified as Valid

A ‘yes or no’ assignment faltheAdmeonal Pos
Observations assigned to avgn Cause aredetextd f or t hi s si gna
Confidence is assigned based on the number and severity of the Abnormal Observa|
attributed to this Cause compared to the total number and severity of all Abnormal
Observations identified from thisignature.

LOCADN

Location is a description for the shop or garage where the signatures are collected.

MANUFACTURER

Manufacturer is the namiacronymof the enginemanufacturer. It isselected froma pull
down list. Although most of the engine manufacturers can be determined from the
vehicle brand/manufacturer, buyouts and joint ventures can ‘cloud the waters’. In
rare cases, you may need to search the internet to pin down unusual situations.

MODEL

Model is an iderifier of the enginemodel manufactured by the selecteshgine
manufacturer. It iselected froma pull-down list of the models previously made by the
Engine Manufacturer

ODOMETER

On the vehicle odometer at the time of the visit when gignatures are taken. It is quitg
important that either kilometers or niés are consistently used for all vehicles maintain
by the company.

oscilloscope

An oscilloscope is an instrument that converts the analog signals to a voltage from tl
FirstLook® sensor to a digital value that is recorded in the file.

OWNER

The ownerOwneridentifies the vehicle owner or Fleet name. NOTE: If the name you
in the Owner field is the name for a Fleet that has a subscriptioErtgine AngefFleet
Management software and has requested thatugya@ompany provide reports, the Fle
name will appear in the Fleet field and thegire Angel Subscriber box will be checked

Polygraph

Engine Polygraph® is a trademark for the use of EnginePolygraph.com to compare {
‘“before repairhafteat mepti rwittreaament’
effectiveness of the work done.

Possible Cause

Predictive Fleet
Tednologies

Report Selection

RPM

RPM Source

A Possible Cause is text describing a defect in an engine component that manifests
by a set of Abnormal Observations. An engine might have multiple defeats so
Confidence is calculated estimating the relative likelihood that eachkilesCause
detected is actually present. Each Possible Cause may be related to multiple Sugge

A Company that assembles hardwéits andmanufacurer data and provides access to
associatedgsoftware to Assess and Diagnose ¢€ajines and Manage Fleets\édhicles.
www.PredictiveFleetTechnologies.com

Parameter selected from a ptdown list to specify the repo desired from the signature
AssessmentDiagnosti¢ ornone(when storageof the signature is all that is desired for
the submitted signature.

RPM is the number of revolutions per minute of the engine while the signature is bei
recorded in the fe.

1. Some engines (many diesel engines) have an electronic speed control by mea
computer attached to the Electronic Control Module (ECM). If you use sy
capability, enter the rpm that you had set as the controlled engine speed iRRh
val ue AND chooseRPMSwmcpuRiéM. from t he

2. If you have more than two channels on your PicoScope and an induction cla
encl ose a spark plug wire or COT (de
to leave theRPMvalue blankorO AND sel ect ‘S pRPM ISouttce
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Rumble

Scrape

Send Assesnent
to:

SenX

Serial Number

Sgnature

Signature index

Suggestion

TEMPor Engine
Temperature

Trigger Cylinder

USER

Upload File

pull down. Then chose a channel (usu
i nduction clamp cable and set the v
such a case, the signal will bealyzed to achieve an accurate RPM.

3. If you have an accurate tachometer, you may input BieMvalue you will run the
engine at while the data is being collected. It will be important that the value
provide will be within 15% of the actual value or yoay get an erroneous analysis.
this case, selRPEMGourcgiidem.s’ from t he

4. If you do not have an accuraRPMvalue, leave the value field blank or 0 AND se
‘“None’' RPMG&aurcepulidewn. In this case, an estimate will be providesm
the Condition option you select [Load, Idle-cc (Colacrank)] and the number o
cylinders in the engine. Often this estimate is accurate enough to give a good an
but this is the least reliable of the options.

The EP score assigned ke trelative intensity ofibrations ina low frequency range in
the crankcase when engine speed is 1500 RPM

The EP score assigned to the relative intensityilmfations ofhigh frequencies in the
crankcase when engine speéis 1500 RPM

This box allows the user to specify an email address as the destination of the PDF
Assessment report.

SenX®is the registered trade name of the company that manufactures the FirstLook@®
Sensors.

Serial Numberistheenginemad act urer’ s serial numbe
Engine table IF the Owner is an Engine Angel subscriber and thaedshiegistered in
that Engine Angel Engine table.

A signature is the name of one or more waveforms taken simultaneatsiy-irstLook®
sensors from a specific engine under given operating conditions in one file.

Thesignature index is a set of attributes describing the vehicle, owner, operating
condition with date and location to allow easy retrieval lie future.

Each Possible Cause may be assigned multiple Suggested Remedies. A Suggested
may correct or influence more than one Possible Cause and hence, multiple Abnorm
Observations.

Temp is short for the t@perature of the engineoolantat the time the signature is
taken. It is important that the temperature always be reported in either degrees Cels
or degrees Fahrenheit in a given one shop.

The cylinder number ndne ldoclolayaut) of theylinder youh e
have placed a trigger to identify that cylinder on the EP graphics and the firing sequ
of the test engine. You must also identify the channel that contains the trigger signa
the PicoScope.

User is thadentifier of a person autbrized to access thEnginePolygraphystem. Users
are added and authorizations given by a specific group of users called Administrato

The Choose File button prompts a window for the search of the User termatiaithed
storage devices to identify the signature recorded by the oscilloscope. The result is {

store the selected file in thEnginePolygraptlatabase for later reference.
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VEHICLE

Vehicle is the identifier of the chassis containing the engine thatirglserviced and
whose signature is being recorded. In the case of a fleet vehicle, is commonly the
identifier painted on the vendor or door of the vehicle; in the case of peabko
automobiles or pickups, it might be the license plate number or otheruaidentifier.
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