Field Guide

Caterpillar - Cummins - Detroit - Mack - Mercedes
Identification Guide to Engines with Recoverable Data

June 2009



FieldGuide

f,Zt 7 ‘fe—Fe—e

Field GUIAE INFOMMATION .eeieieiee e ottt e e e e e e e e e e e e e e e e e e s a2 2
2

=T o] [To) A @da T 11T 01 £ PPTRTPRRPPRID I
(IS o) B 1= o] LT 3.
[ ol o U =2 PO P PP PU R PPPPPPRTPUPRI 3.
[a] (oo [V o3 i o] o A OO OO P PP PR PR
ENgineCoverage 1dentifiCAtION...........cuuriiiiiiiiii et orre et e e mmmm e e 5

(Do o101 4 a1=T 0 1= 14 (o] o DT PP PUT PP PPPPPPPUPPN G..
PrESEIVINGDALAL ... .t ——————— e 7..

YU o] oo gr=Te =gl |1 =2 TP PU PP UTTR 8..
ENGINEIAE@NTIICATION. ....eiiieeeee ettt e e e e e ettt e et e e e e e e s e mmmen e e e e e e e e annbnbeeeee nanbnnneeas 9.
POTENTIAIDALALOSS. ...ttt e ettt e et e e et e e et mmn e ek e n e e e 10
CUMMMINS ettt s £ 5555555555555 5 55555555 e £ 555555555555 555000000000 0n 11...
Y o1 10 L @ 10 11 R 11
YU o] oo gr=T0 =g T |1 1= 2T OO PPURTPP PP 11
=y aTo T pT= (o =T U] {Tor= Vo] o TP PRUPP PR TPPN 12
DEtrOit DIESEI ... et et e e e e e L
ADOUEDELIOIE DIESEL. ...ttt e ettt ettt e e e h et e s mmmen e e s st b et e e e anbbeeeeeeeenae 14
10 o] ool (=T0 = oo [T o TSI PSPPSR PTT PP 14
ENGINEIAENTIICALION. ....eeiiii ittt e e e e e e ettt et e e e e e e e s mmmmmeeeeeaaeeeaaannnnen seannnnes 15
POLENTIAIDALALOSS. ....eeeeeeeiiiiittete ettt oottt ettt e e e e e e e e e s e bb et bt et e e e e e e e e s mmmmneeeaeeeeeaaannnbenee s nnnneees 17
IVTECK ..ttt £+ £ 44444444ttt ettt ettt ¢ — 111112211 e e e e e e e e e e e e e aeaas 18
AN oo U1 1Y = o PP 18.
10 o] ool (=T0 = gTo [T o TSI PSPPSR PRI 18
ENGINEIAE@NTIICALION. ....ceiiiiee it ettt ettt e e e e e ettt e e e e e e e s mmmmmeeeeeaaeeeaaannnnen seannnes 19
MEICEAES BENZ......coeiiiiiiieeeiiiiieeeeeiitttee e s 444ttt e et et e eeeeesesssnssesss s s o s e e e e e e e e eeeeeees 200,
ADOULMEICEUERSBENZ. ... .eeiii ettt emmn e e ettt e e ettt e e ettt e e s be et e e mmmnn e e e s s be et e e s nbaeee eeeenn 20
YU o] oJo T (=T0 = oo [T LIS TSR RR P 20
= g o1 o= (o [T L] o= 11 (o] o PP PPPPRPPPP 21



(o — ‘7 fﬂZj:.

Field Guide Information
Tablel — EngmesUsngCMsCapabIa)f StormgCoII|S|onData

(@2 11T o] ]| =T SO TR PTPPPPPPPPPRRP 8....
Table2 —1994and 1995 CaterpillarEnginesviodelsWithout Internal Batteries. ...........ococceevviieeeiiiieeeene 10

Detroit Diesel.. T PURSTR I
Table3 - DDECModeIsInstalledBetween1993and 2009 ......................................................................... 14

(= T 18
Table4 —VMACModelsInstalledBetween1998and2009...........ooiiiiiiiiiieiiie e e e s mmee e e e e s eaa e eees 18

(._ (e (%O—Hi.

Field Guide Information ............ ettt — 11111ttt £ £ 424214441t ts  1111 D
Figurel — SampIeEng|neldent|f|cat|onTag .............................................................................................. 5
Figure2 — SampleSpicerTransmissiondentifiCatioNTaG ... ...ueeiiuiriieiiiiiie e mmre e 6.
Figure3 —MeasuriNgROITNGRAGIUS. .........viiiiiiiiiie ettt e et e et e e et e mmnn e e e e aae 6

(@22 11T o] ]| =T SO PO OTPPPPPPPPPRPP 8....
Figured — 1994 Caterpillar3176 EngineldentifiCatioNTag: .. ....uvvrreiiiiiieeiiiiiie et eemem e 9.
Figure5 — SampleCaterpillarECIMLOCALION...........uuiiiiiiieee ettt e e e e e mmeme et e e e e e e e e e aibebeeeeeaaaeesaaanneeeemnn 9
Figure6 — Caterpillar3176 ENgiNEANA ECMLOCALION ........oceuiiiiiiiiiee et mmmmm e e e e e 10

CUMIMINS ettt oo oo i £ £ 442424444421t £ 1 & i 5555544442424 4 2 b 11..
Figure7 —2001Cummind SXENgINeldentifiCatioNTag:.........oooueriiiieiieee e mmme e 12
Figure8 —ECMLocationon CUmMmMINGSXENQGINE...........ooviiiiiiiieieeeeeieieieieeeeeaee s eeeen s aeaeaee s 12
Figure9 — CelectECMon 1994CuUmMMINIVILL ENQINE.......coiiiiiiiiiiiiieeeieeeeiie e ememe s e e e e e 13

Detroit Diesel.. ST ORTRPPPRPRPPRPRR £
Figurel0— 2001Detr0|t D|eseISer|e560 Eng|neldent|f|cat|onDecal ........................................................ 15
Figurell— Detroit DieseDDEQCII and IV Locationand IdentificationLabel............ccccccveiiiiiiiiiiiiiiieniinae 15
Figurel2 - DDEG/ Locationand ldentificationLabel..............oooiiiiiiiiiiiiii e 16
Figurel3—DDEG/IMCMANACRPC ... ...oiiiiiiiie ettt mmmn ettt e et e e e mnee e e 16
Figureld — SampleDDEQI IdeNtifiCatiON............eeeiiiieaiiiiiie e eeree e e e e eeeemmee 17

IVTACK ..ttt o 22222222222ttt t ettt ettt ettt ettt ¢ — 11111222111 a e e e aaaaaaeaaaaes 18....
Figurel5—Sample2000MackE71dentifiCatiONTaG: ... .ueeeeeeaeeiiiiiieiie e e e e ettt ee e e e e e e e ennnees 19
Figurel6 —MackVehicleElectronicControlUNit (VECU)........c.ooiiiiiiiiiiiiaaei i 19

Mercedes &enz.. e s s 20
Figurel7— Samplel\/lBE4000Identlflcat|onDecaI ................................................................................... 21
Figurel8— SampleMercedesBenzVehicleControlUNit (VCU).......ccevvviiiiiiiiiiieiiiiics s mmmmm e 21



SEEEE AT

ThisFieldGuidehasbeenpreparedby the WisconsinStatePatrol TechnicaReconstructiorJnit
(TRUYasedon training andtestingcompletedasof June2009. Becausef the dynamicnature
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At the presenttime, five engine manufacturersuse ElectronicControl Modules (ECMs)hat

record data of interest to collision investigators. In many cases,this information concerns
suddendecelerationdata for giventime periodsboth before and after the event. Tablel lists
theseenginesand the yearsfor which coverageis presentlyavailable. It shouldbe noted that

not all enginesmanufacturedfor the yearslisted below are accessible. Furthermore,some
enginesmanufacturedduring these model yearswill only provide ECMconfigurationdata. For
detailedcoverageanformation, it is necessaryo reviewthe manufacturerpagespresentediater

in this FieldGuide. Of the engineslisted in Table1, Mack only allows public accesdo general
programmingparametersand fault code information. Mack crashinformation, if available,is

onlyrecoverableby individualsspecifiedby the manufacturer.

Table 1 - Engines Using ECMs Capable of Storing Clidion Data

When examiningan engine for possibledata extraction, it is important to note the engine
model and year of manufacture. Thisinformationis found on the identificationtag, which can
be an actual metal plate or a decal. In most caseshis tag is affixed to either the top of the
valve coveror to the left side of the engine. In Figurel, the engineidentification tag from a
Cummingengineis shownwith leaderarrowsshowingthe model (ISB)andbuild date (1998).
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Transmissionnformation

When calculating speed, the ECM uses the rear axle ratio as part of its programming.
Therefore,it is necessanyto verify this number. In most casesthis canbe done by examining
the transmissiondentificationtag locatedon the differential housing. Anylegibleinformation,
includingthe ratio and serial number, should be documentedand photographed. A sample
identificationtag is shownbelowin Figure2.

Rolling Radius

In additionto the rear axleratio, the ECMalso
considersthe size of the drive tires when
determining the vehicle’sspeed. Therefore,
tire data such as manufacturer, model, and
size should be recorded. In addition, the
rolling radius of the drive wheels must be
measured. This measurement should be
takenon a flat surfacewith the vehiclein the
sameweighted configurationit wasin when
the incidentoccured.

To measurethe rolling radius, use a level to
projectthe center of the axlehub beyondthe
rim and tire. Then, using a ruler or tape
measure, document the distance from the
hubto the groundasshownin Figure3.
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After determiningthat an engineand ECMare supportedby availablesoftware asindicatedin
this FieldGuide,stepsshouldbe takento preserveanyinformation containedin the ECM.

Respondingfficersshould:

X Turn off the truck’s ignition and secure the vehicle keys. This should be done
immediatelyuponarrivingat the incidentscene.

x Determine if the ECMshould be downloadedat the scene,or if the truck will be
towed to a secondarylocation. Thisdecisionshouldbe basedon anticipatedroadway
closuretime, availabilityof a trainied technicianto perform the data extraction,and
the needto obtain consentor searchwarrantauthorization.

xIf the vehicle must be moved, ensure that the key is in the “off” position, and
disconnectthe vehicle’sbattery as a precaution. However,note that the battery
shouldnot be disconnectedf the ECMis a Detroit DieseIDDEQII, or if the engineis a
1994—1995Caterpillar31760r 3406.

xIf there is a danger of power being lost on a Detroit DDECIII or a 1994 — 1995
Caterpillar31760r 3406engine,ensurethat a supplementall2 Molt systemis applied
to the batteries.

x Calibrationdata shouldalwaysbe obtainedin additionto incidentdata. Thishelpsto
verify the accuracyof recordedspeedsandincidenttimings.



Caterpillar

S ot ZZf

Using the software program Electronic Technician calibration information, trip data, fault
codes,and critical event snapshotscan be recoveredfrom CaterpillarECMs.When a critical
fault suchaslow enginecoolantor low oil pressureis detected,the ECMwill documentdata
surroundingthe event. In addition, the driver can trigger a snapshotby toggling the cruise
control set/resumeswitch. Snapshotsre only availablewith ECMdhavingsoftwareinstalledor
upgradedafter Novemberof 2005.

In additionto critical events,a snapshotcanbe createdwhenthe wheel speedslowsat a user
specifiedrate. If the rate is set at zero, the feature will not be activated. In most casesthe
quickstop parameterwasgenerallynot enabledunlessspecificallyrequestedby the customer.
Beginningin 2007,the parameterwas automaticallyset at the factory. When a quick stop is
triggered,the ECMwill documentup to 44 secondsprior to the decelerationthreshold being
met, and 15 secondsafter.

Thereis a knownissueconcerningl999and newer ECMswith softwarerevisionsprior to 2009.
In these situations, the reported snapshottimeframesmay be incorrect. While the readouts
show 1.0 secondintervals for quick stops and .48 secondintervals for critical events, the
time may actually be half of the shown duration. Therefore, displayedtimes may need to
be reducedwhencomparingthe informationto the actualincident.

_”‘”_:I:‘l' o%o(o_'_l:o

Most Caterpillar heavy and medium duty engines manufactured since 1994 will contain
accessibledata. However,some engines,such as the 3126, are are limited to storing ECM
configurationdataandgeneralparametersconcerningengineprogramming.
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All Caterpillarengineswill likely be yellow in color, regardlessof the sizeor model. Thebest
method to identify the particular productis to look at the identification tag locatedon top of
the valve cover. Thislabel will showthe model and year of manufacture. Figure4 showsa
1994 Caterpillar3176engineidentificationtag with the yearand modelentriesnoted. Figure5
showsa sampleCaterpillarenginewith the ECMlocationnoted.

D >
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TheECMsnstalledon 1994— 1995 enginesdo not haveaninternal battery. If powerislostor
not maintainedto these engines,snapshotdata may be erased. Beginningn 1996,the ECMs
havean internal battery, and datawill not be lost if poweris removedfrom it. Affectedengine

modelsandserialnumbersare shownin Table2, andthe ECMlocationon a Capterpillar3176is
shownin Figure6.

Table 2 — 1994 and 1995 Caterpillar Engine Models Wout Internal Batteries




Cummins
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Two separate software programs are used to accessCumminsECMs. The first of these
programs,Insite is usedby techniciango programthe modules,retrieve trip data,andto read
fault codeinformation. With respectto faults, the ECMsdocumentsnapshotsat the first and
lasttimesafault codeistriggered. Codeghat occurin betweenare overwritten and therefore
not stored. Faultcodesnapshotsare for a singlemomentin time, and surroundinginformation
isnot captured.

Powerspegcthe secondCumminssoftware program,alsorecoversconfiguration,trip, and fault
codedata. In addition, Powerspe@xtractssuddendecelerationinformation from the ECMfor
59 secondsprior to the event and 15 secondsafter the event. With Cummins,a sudden
decelerationis defined as a wheel speed changeof 9 mph/sec. The ability to save such
information was not programmeduntil late 2005 or 2006, and the suddendecelerationdata
will only be availablein specificECMswith initial programmingor software updatessincethat
time.
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All Cumminsheavy and medium duty on highway enginesbuilt in 1994 or later will contain
configurationand fault code data. However,only the 2002 and newer ISM and ISXengines
havethe ability to store suddendecelerationinformation. Celectenginesare only accessible
usinglnsiteand are thus limited in their data storageability. Datacanbe extractedfrom Celect
PlusenginesusingPowerspechoweverthese data are limited to trip, configuration,and fault
information.
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Cumminsengineswill likely be blackor red in color, regardlessof the sizeor model. For
Seriesengines(ISB,ISL,ISM, ISX) the best method of identifying the motor is to look at the

identificationtag locatedeither on top of the valvecoveror on the left sideof the engine. This
tag will showthe modeland yearof manufacture. Figure7 showsa 2001 CumminsSXengine
identificationtag with the yearand modelentriesnoted. Figure8 identifiesa sampleCummins
ISXenginewith the ECMlocationnoted.

- —




If the engineis not an “I” Seriesmotor, it will be necessaryto look at the ECMitself to
determinewhichtype of moduleit is. Locatedon the left side,the Celectand CelectPlusECMs
will generallybe blackin color and havethe model nameprinted on the face. Figure9 shows

the typicallocationof a CelecteCM.
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Two separatesoftware programsare usedto accessDetroit DieselECMs. Thefirst of these
programs Detroit DieselElectronicControlsReports alsoknownasDDE@Reportsrecoversdata
concerningengineoperationfor the previousthree months. Thisincludestrip informationsuch
asdaily milestraveled,time of operation,averagespeed,and fuel economy. In addition, data
surroundingthe last three fault codesare shown. Referredto as DiagnosticRecords this
information contains55 secondf dataconcerningvehicleoperationand engineperformance.

In additionto trip dataand fault codeinformation, Detroit DieselECMsalsodocumentthe last
two suddendecelerationevents, as well as the last time the vehiclecameto a stop. With
Detroit Dieselengines the suddendecelerationeventis defined asa wheel speedchangeof 7
mph/sec. Datastored in these eventfiles include vehiclespeedand enginespeed,aswell as
brake, throttle, and cruise control usagefor up to 104 secondsbefore the event, and 15
secondsafter the event. The secondprogramusedto accessDetroit ECMsis Detroit Diesel
Diagnostid_ink(DDDL).DDDLretrievescalibrationdataandadditionalfault codedata.

_”‘”_'_'t‘l" o%o(o'_to

Detroit Dieselengineswith Detroit DieselElectronicControls (DDEC])II or higher ECMswill
contain information. The DDECIII will only store trip and configuration data, while the
subsequentmodelswill store the last stop, quick stop, and diagnosticrecords. Table3 shows
the DDEQGnodelsinstalledbetween1993and 2009.

Table 3 — DDEC Models Installed
Between 1993 and 2009
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Detroit enginesare typicallygreenin color, with the identification decallocatedon the top left
sideof the engine. Thiswill showthe yearand enginemodel. Figurel0 showsa typical Series
60 engineidentificationdecal.

After noting the engineyear,the ECMitself shouldbe identified. All Detroit ECMsare located
on the left sideof the motor. TheDDEQGII and DDEQV systemsare similarin appearancewith
a labelon the top surfaceidentifyingthe exactunit. Figurell showsthe DDEQII/ 1V location
andidentificationlabel.




The DDECY exterior wasredesignedrom its predecessoraind hastwo largeplugson its face.
ThisECMwill likely alsohave an identification label affixedto its surface. Figure12 showsthe

DDEG/ locationandidentificationlabel.

TheDDEG/I ECMconsistsof two componentsthe Motor ControlMount (MCM)on the engine
andthe CommonPowertrainController(CPClocatedin the cab. Thesecomponentsare shown
in Figurel3. If the ECMsystemmust be removedfrom the vehiclefor data extraction, both
the MCMandthe CPQOnust be taken. The CPds commonlylocatedunder the dashor behind
the “B” pillar, while the MCMislocatedon the left sideof the engine.
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TheDDEGII ECMdoesnot havean internal battery. If power isinterrupted or not maintained
to theseengines datamaybe lost. After identifyinga unit asa DDEGII, precautionsshouldbe
taken to ensurethat the vehicle’sbattery systemis maintained. Figure14 showsthe decal,
whichistypicallyaffixedto the top of the unit, identifyingit asa DDEGII.



Mack
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TheECMusedby Mackis knownasthe VehicleManagementControlSystem(V MAC). In 1998,
the VMAC Ill began documentingquick stop eventsin addition to fault codes. Although
configurationand fault codeinformation is retrievableby the public, quick stop eventsare not.
Rather this informationis only accessibléy individualsspecificallydesignatedoy Mack. When
an extraction is performed to recover incident information, approximately 32 secondsis
documented. Availabledata may include wheel speed,engine speed,clutch use, and cruise
control status.

Publicly available software, which is known as Vehicle ComputerAided DiagnosticSoftware
(VCADS)will allow the user to retrieve general programming information. Fault code
snapshotsare for a single moment in time, and surroundinginformation is not captured.
Therefore,given the limitations of VCADSIt is recommendedthat precautionsbe taken to
preservethe ECMdatafor preparationto shipthe mudule(s)directlyto Mackor the company’s
designee.

_”‘”_iT '%0(°¢°

Mackenginesbuilt in 1998and later that useV MACIII andV MACIV ECMshavethe ability to
store quick stop events(Table4). It is possiblethat some 1997 enginesthat were soldin the
latter portion of 1997mayusethe V MACIII andthus mayalsocontainaccessiblelata.

Table 4 — VMAC Models Installed
Between 1998 and 2009
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Mack enginesare typically grey,
black, or red in color. The
identification tag is generally
found on the top left side of the
engine. Thiswill show the year
and engine model. Figure 15
showsa sampleidentificationtag
from a 2007 Mack E7engine. In
this example the tag wasaffixed
to the top of the valvecover.

Mack ECM<onsistof two componentsthe EngineElectronicControlUnit (EECUdn the motor
and the VehicleElectronicControlUnit (VECU)ocatedin the cab. A sampleVECUs shownin
Figurel6. Whenforwardingthe Mack componentsto the manufacturerfor data extraction, it
is necessaryto remove both units from the vehicle. VECUsdnstalledprior to 2004 are located
behindthe kickpanelon the right (passengeryide. Beginningn 2005,the VECUWvasmounted
nearthe centerof the dashdoard pehind other electroniccomponents. Thesenewer modules
are somewhatdifficult to removedueto their position.




MercedesBenz
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The MercedesBenzengine (MBE)usesDetroit DieselECMsoftware. Fordata extraction,two

separateprogramsare required. Thefirst of these programs,Detroit DieselElectronicControls
Reports also known as DDECReports recoversdata concerningengine operation for the

previousthree months. Thisincludestrip information such as daily miles traveled, time of

operation,averagespeed,and fuel economy. In addition, data surroundingthe lastthree fault

codesare shown. Referredto as DiagnosticRecordsthis information containsapproximately
55 second=f dataconcerningvehicleoperationand engineperformance. Thesecondprogram
usedto accessMercedesBenzECMsis Detroit DieselDiagnosticLink (DDDL). DDDLretrieves
calibrationdataandadditionalfault codedata.

In addition to trip data and fault code information, MercedesBenzECMswill also document
the lasttwo suddendecelerationevents,aswell asthe lasttime the vehiclecameto a stop. In
theseenginesthe suddendecelerationeventis definedasa wheel speedchangeof 7 mph/sec.
Data stored in these event files include vehicle speed and engine speed, as well as brake,
throttle, and cruisecontrol usagefor up to 104 secondsbefore the event,and 15 secondsafter
the event.
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Data can be extracted from all 2000 and newer 900 Seriesand 4000 SeriesMercedesBenz
enginesprovidedthat the ECMis usingsoftwareversion12.09or higher. Becauseéhe internal

softwareversioncannotbe determinedwithout actuallyaccessinghe ECM,|t isrecommended
that the presenceof internal information be assumedo existand that stepsbe taken toward

its preservation.
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MercedesBenzenginesare typically silver in
color, with the identification decallocated on
the top left side of the engine. This decal
includesthe year, make, and engine model.
Figurel6 showsa typical engineidentification
decal. In this example,a 2004 MBE 4000
engineis shown.

Similarto the DDECV/I, a MercedesBenzECM
is made up of two components. However,
only the VehicleControl Unit (VCU)located in
the cab is neededfor an off truck download. Thismodule is typically positioned under the
dashboardand is oftentimes accessiblevithout havingto remove any trim piecesor panels.
Figurel7 showsa VCUocatedunderthe dashboardjust belowthe ignition keyswitch.







