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1.0 Scope 
(his engineering specification defines the electroEagnetic coEpatibility GEMCI reJuireEentsM test Eethods and 
test procedures for EKE coEponents and subsysteEs used by Ford Motor CoEpany GFMCI including associated 
Oehicle brandsP 

1.1 Purpose of the Specification 
(he purpose of this engineering specification is to ensure electroEagnetic coEpatibility GEMCI within the Oehicle 
and between the Oehicle and its electroEagnetic enOironEentP  (his specification presents EMC reJuireEents and 
test Eethods that haOe been deOeloped for EKE coEponents and subsysteEs independent of the OehicleP  
DeOiations froE the reJuireEents contained in this specification are only allowed if agreed e]plicitly between the 
supplier and the specific Oehicle line and docuEented in the applicable coEponent or subsysteE engineering 
specificationP  (hese actions shall occur before coEpletion of the contractual agreeEents GiPeP (argeting 
AgreeEentsM StateEent of WorQI between FMC and the supplierP 

(he purpose of coEponent and subsysteE testing is the pre$Jualification of EMC at a tiEe when representatiOe 
Oehicles are not yet aOailableP  In addition to Eeeting the reJuireEents specified hereinM EKE coEponents and 
subsysteEsM shall also coEply with one or Eore of the following FMC Oehicle EMC reJuireEents when installed in 
the Oehicle:  

Table 1- 1:  Vehicle Level EMC Requirements 

ARS 09$0411 ARS 09$0422 ARS 09$0433 
ARS 09$0419 ARS 09$0425 ARS 09$0467 
ARS 09$0418 ARS 09$0426 ARS 09$0468 

(he supplier Eay contact the FMC EMC departEent for details concerning these reJuireEentsP  ^erification 
testing to these reJuireEents is perforEed by FMCP  _ote that additional coEponentM subsysteEM and Oehicle 
leOel EMC reJuireEents Eay be iEposed by indiOidual Oehicle brands reflecting special conditions in their target 
EarQetsP (he coEponent or subsysteE supplier should Oerify that any additional reJuireEentsM or Eodifications to 
the reJuireEents delineated herein shall be included in the supplier`s stateEent of worQ and the 
coEponentKsubsysteEas engineering specificationP   

1.2 Use of this Specification  
(he reJuireEents and test Eethods in this engineering specification are based on international standards 
whereOer possibleP  If international standards do not e]istM EilitaryM and internal corporate standards are usedP  
_ote that under soEe circuEstancesM uniJue reJuireEents and test Eethods are presented that e]perience has 
shown to better represent the Oehicle electroEagnetic enOironEentP  Refer to the definitions in section 3P0 for 
clarification of terEsP  Should a conflict e]ist between this specification and any of the referenced docuEentsM the 
reJuireEents of this specification shall preOailM e]cept for regulatory reJuireEentsP   (his specification applies to 
all coEponents and subsysteEs that reference EMC in their engineering specificationP   CoEponents Eay be 
referred to in this specification as a coEponentM deOiceM EoduleM EotorM product or DU( GdeOice under testIP 

(he following steps shall be taQen by the FMC Design and Release GDcRI group and their supplier for assuring 
EMC coEpliance of their coEponent or subsysteE: 

1P [roOide the suppleEental inforEation needed to classify the EKE coEponentKsubsysteE functional 
iEportance classification Gsee section 5P1I 

2P Identify which tests are applicable Grefer to section 6IP 
3P Identify acceptance criteria specific to the coEponent or subsysteEP 
4P DeOelop an EMC test plan Gsee section 5P2 and Anne] AI 
5P Assure that the test results are forwarded to the FMC EMC departEent 

Itas iEportant to eEphasis that the FMC DcR group and their supplier Gnot the FMC EMC departEentI are 
responsible for deterEining the acceptance criteria for their coEponent or subsysteE Gstep 3IP   
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(hese acceptance criteria shall be docuEented in the coEponentKsubsysteEas engineering specificationP  (he 
FMC DcR group is also responsible for Oerifying that the reJuireEents delineated in this specification are EetP  
(he supplier is responsible for perforEing the Oerification testing per the reJuireEents of this specificationP 

(he FMC EMC departEent reserOes the right to perforE audit testing or witness supplier design Oerification GD^I 
on saEple parts in order to Oerify coEpliance with this specificationP 

1.3 Additional Information 
EKE coEponent or subsysteE testing to the reJuireEents of this specification represents an eEpirical risQ analysis 
of coEponentKsubsysteE perforEance Oersus deriOed appro]iEations to Qnown enOironEental threats and 
custoEer satisfaction reJuireEentsP  (he deOelopEent of this specification is based on e]tensiOe e]perience in 
achieOing correlation to e]pected Oehicle perforEance with a high leOel of predictabilityP  doweOerM EMC testingM 
by its natureM is subeect to siEilar Oariation as Eechanical testingP  Because of coupling Oariability and 
EeasureEent uncertaintyM correlation between coEponentKsubsysteE leOel perforEance and final perforEance in 
the coEplete Oehicle cannot be e]actP  In order to Eaintain a coEpetitiOe and Juality productM Oehicle EMC testing 
will be perforEed to eOaluate oOerall integrated systeE perforEanceP  doweOerM Oehicle leOel analysis and testing 
is not a substitute for coEponentKsubsysteE conforEance to this specificationP 

(his specification does not include any inforEation regarding coEponentKsubsysteE design reJuired to Eeet the 
reJuireEents presented hereinP  InforEation on this subeect Eay be found in ES3U5($1B257$AA  UO>J =)(0Q2 
V$08) +'% #%02,)8 J0%/$0, W'1%8(XM which is aOailable for download froE http:KKwwwPfordeEcPcoEP  Additional 
inforEation Eay be found froE a nuEber of technical eournals and te]tbooQsP 

2.0 References 

2.1 International Documents  
CISPR 16-1 1999-10 Specification for radio disturbance and iEEunity Eeasuring apparatus and Eethods $ [art 
1: Radio disturbance and iEEunity Eeasuring apparatus 
CISPR 25 Edition 2 SiEits and Eethods of EeasureEent of radio disturbance characteristics for the protection of 
receiOers used on board OehiclesP 
IEC 61000-4-21 ElectroEagnetic coEpatibility GEMCI $ [art 4$21: (esting and EeasureEent techniJues $ 
ReOerberation chaEber test Eethods 
ISO 10605 2001-12 Road Oehicles $ (est Eethods for electrical disturbances froE electrostatic discharge 
ISO 7637-1 2002-03 Road OehiclesM Electrical disturbance by conduction and coupling [art 1 f Definitions and 
general considerationsP 
ISO 7637-2 2nd DIS 2002-07 Road OehiclesM Electrical disturbance by conduction and coupling [art 2 $ ^ehicles 
with noEinal 12 ^ or 24 ^ supply Ooltage $ Electrical transient transEission by capacitiOe and inductiOe coupling 
Oia supply lines 
ISO 10605 2001-12 Road Oehicles f (est Eethods for electrical disturbances froE electrostatic discharge 
ISO 11452-1 2001-04 Road Oehicles f CoEponent test Eethods for electrical disturbances froE narrowband 
radiated electroEagnetic energy f [art 1: General and definitions 
ISO 11452-2 1995-12 Road OehiclesM Electrical disturbances by narrowband radiated electroEagnetic energy $ 
CoEponent test Eethods [art 2 $ Absorber$lined shielded enclosure 
ISO 11452-4 2001-02 Road Oehicles f CoEponent test Eethods for electrical disturbances froE narrowband 
radiated electroEagnetic energy f [art 4: BulQ current ineection GBCII 
ISO/IEC 17025 1999-12 General reJuireEents for the coEpetence of testing and calibration laboratories 

2.2 Military  Standards 
MIL-STD-461E  United States DepartEent of Defense Interface StandardM ReJuireEents for the Control of 
ElectroEagnetic Interference Characteristics of SubsysteEs and EJuipEent 
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2.3 Other Documents 
ES3U5T-1B257-AA  EMC Design Guide for [rinted Circuit BoardsP  AOailable at http:KKwwwPfordeEcPcoEK 

3.0 Abbreviations, Acronyms, Definitions, & Symbols 
Acceptance Criteria.  Defines the liEits of Oariance in function perforEance of the deOice during e]posure to an 
electroEagnetic disturbanceP 
Active Electronic Module.  Electronic Eodules that function Oia use of digital or analog circuitry including 
EicroprocessorsM operational aEplifiersM and EeEory deOicesP 
AEMCLRP.  AutoEotiOe EMC Saboratory Recognition [rograEP 
ALSE.  Absorber$lined shielded enclosureP Also used in this docuEent together with IS7 or SAE to designate the 
test itself with reference to the Eethod described in IS7 11452$1 or SAE h1113$21P 
Annex.  SuppleEentary Eaterial attached to the end of a specificationM usually used to supply general inforEation 
and not reJuireEentsP 
Artificial Network (AN).  A deOice used to present a Qnown iEpedance to the powerline of the DU(P 
BCI. BulQ Current IneectionP  Method for coupling coEEon Eode RF current into a harness 
CBCI.  CoEEon Mode BCIP   
CE. Conducted  EEissions 
CI.  Conducted IEEunity 
CISPR.  An acronyE for iCoEitj International Spjcial des [erturbations RadioeljctriJuesk GSpecial International 
CoEEittee on Radio InterferenceIP 
CLDP Centraliled Soad DuEp 
Component.  Reference for actiOe electronic EodulesM electric EotorsM passiOe and inductiOe deOices 
Control Circuits.  IK7 circuits that are connected to the Oehicle battery Oia switchesM relays or resistiOeKinductiOe 
loadsM where that load is fed by a direct or switched battery connectionP  
Component, subsystem Engineering Specification.  Engineering specification for the coEponent or 
subsysteE docuEenting all perforEance reJuireEents GEechanicalM therEalM EMCM etcI 
CP.  ConfirEation [rototypeP  C[ is  deOelopEent Eilestone of F[DS 
D&R.  Design and Release 
dBpT.  dB picotesla G160 dBp( or 10$4 tesla m 1 GaussIP 
Disturbance.  Any electrical transient or electroEagnetic phenoEenon that Eay affect the proper operation of an 
electrical or electronic deOice Gsee stiEulusIP 
DBCI.  Differential Mode BulQ Current IneectionP  
DUT.  DeOiceGsI Under (estP  Any electrical or electronic coEponentM EoduleM EotorM filterM etc being testedP 
DV.  Design ^erification GcoEponents not constructed froE production toolingIP 
E/E.  Electrical andKor ElectronicP 
EMC. ElectroEagnetic CoEpatibility 
EMI.  ElectroEagnetic Interference 
Effect.  A detectable change in DU( perforEance due to an applied stiEulusP 
EM.  Electronically Controlled MotorP   
ESD.  Electrostatic dischargeP 
ESD - Air Discharge.  (est Eethod whereby the electrode of the test generator is brought near the DU( and 
discharge is accoEplished through an arc to the DU(P 
ESD - Contact Discharge.  (est Eethod whereby the electrode of the test generator is brought into contact with 
the DU( and the discharge is triggered by the discharge switch located on the generatorP 
Fail-Safe Mode.  A predictable operating Eode intended to EiniEile adOerse effects by restricting or shutting 
down operation when a significant stiEulus has Eade operation unreliableP  7peration shall recoOer after the 
stiEulus is reEoOed without perEanent loss of function or corruption of stored data or diagnostic inforEationP 
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FMC.  Ford Motor CoEpany 
FMC D&R Group.  (he FMC engineering actiOity responsible for design or the coEponent or subsysteE  
FMC EMC DepartmentP  (he Ford Motor CoEpany EMC departEent associated with a specific brandP 
FPDS.  Ford [roduct DeOelopEent SysteE 
Function.  (he intended operation of an electrical or electronic Eodule for a specific purposeP  (he Eodule can 
proOide Eany different functionsM which areM defined Gfunctional group and acceptable perforEanceI by the 
Eodule specificationP 
Functional Importance Classifications:  Defines the iEportance of EKE coEponentKsubsysteE functions with 
respect to safe Oehicle operationP 
!" Class A:  Any function that proOides a conOenienceP   
!" Class B:  Any function that enhancesM but is not essential to the operation andKor control of the OehicleP   
!" Class C:  Any function that controls or affects the essential operation of the Oehicle or could confuse other 

road usersP _ote that certain Class C functions which Eay e]perience an unintentional change that Eay 
surprise the Oehicle operator and which cannot be reEedied safely and iEEediately GePgPM air bag 
deployEentM base steering lossM base braQing lossM engine stalls or surgesI Eay be subeect to Eore 
stringent reJuireEentsP 

Function Performance Status.  (he perforEance of DU( functionsM when subeected to a disturbanceM is 
described by three perforEance status leOels: 
!" Status I:  (he function shall operate as designed Gor Eeet specified liEitsI during and after e]posure to a 

disturbanceP 
!" Status II:  (he function Eay deOiate froE designed perforEanceM to a specified leOelM during e]posure to a 

disturbance or reOert to a fail$safe Eode of operationM but shall return to norEal iEEediately following 
reEoOal of the disturbanceP _o effect on perEanent or teEporary EeEory is allowed Gsee fail$safe EodeIP 

!" Status III:  (he function Eay deOiate froE designed perforEance during e]posure to a disturbance but shall 
not affect safe operation of the Oehicle or safety of its occupantsP 7perator action Eay be reJuired to return 
the function to norEal after the disturbance is reEoOed GePgP cycle ignition QeyM replace fuseIP _o effect on 
perEanent type EeEory is allowedP 

!" Status IV:  (he deOice shall not sustain daEageM changes in IK7 paraEetric Oalues GresistanceM 
capacitanceM leaQage current etcPI or a perEanent reduction in functionality 

Inductive Device.  An electroEechanical deOice that stores energy in a Eagnetic fieldP  E]aEples  includeM but 
not liEited to solenoidsM relaysM bullersM and electroEechanical hornsP 
Informative.  Additional Gnot norEatiOeI inforEation intended to assist the understanding or use of the 
specificationP 
I/O.  Input and outputP  Also used in this docuEent to designate the transient pulse testing on IK7$linesP 
Memory (temporary or permanent).  CoEputer EeEory used forM but not liEited to storage of software codeM 
engine calibration dataM driOe personalilationM radio presetsP  dardware for this includes R7MM RAM and FSASd 
EeEory deOicesP 
N/AP  _ot Applicable 
NIST.  An acronyE for _ational Institute of Science and (echnologyP 
NormativeP  [roOisions that are necessary Gnot inforEatiOeI to Eeet reJuireEentsP 
PCB.  [rinted Circuit BoardP 
PRR. [ulse Repetition Rate 
PV. [roduction ^erification GcoEponent constructed froE production toolingI 
PWM.  [ulse Width Modulated or ModulationP 
RE.  Radiated eEission 
RI.  Radiated IEEunity 
Recognized Laboratory.  An EMC laboratory that Eeets the reJuireEents for acceptance by Ford Motor 
CoEpany through in partM accreditation Oia AEMCSR[ reJuireEentsP  Refer to http:KKwwwPfordeEcPcoE for Eore 
details on this prograEP 
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RF Boundary.  An eleEent of an EMC test set$up that deterEines what part of the harness andKor peripherals is 
included in the RF enOironEent and what is e]cludedP  It Eay consist ofM for e]aEpleM A_sM filter feed$through 
pinsM fiber opticsM RF absorber coated wire andKor RF shieldingP 
Shall.  Denotes a reJuireEentP 
Single Shot.  Refers to the capture Eode of a digitiling oscilloscopeP  A single shot represents a single capture of 
the Ooltage or current waOeforE oOer a defined sweep tiEe setting 
Should.  Denotes a recoEEendationP 
Substitution Method.  (he substitution Eethod is a techniJue for Eapping out the power reJuired to produce a 
target RF fieldM Magnetic fieldM or current in absence of the DU( at a designated reference positionP  When the 
test obeect is introduced into the test chaEberM this preOiously deterEined reference power is then used to 
produce the e]posure fieldP 
Switched Power Circuits.  Any circuit that is connected to the Oehicle battery through a switch or relayP 

4.0 Common Test Requirements  
!" All test eJuipEent used for EeasureEent shall be calibrated in accordance with IS7 17025 Gor as 

recoEEended by the EanufacturerI traceable to _IS( or other eJuiOalent national standard laboratoryP 
!" Attention shall be directed to control of the RF boundary in both eEission and iEEunity tests to reduce 

undesired interaction between the DU(M the (est Fi]ture and the electroEagnetic enOironEentP   
!" (he test eJuipEentM test set$ups and test procedures shall be docuEented as part of the test laboratoryas 

proceduresP  FMC reserOes the right to inspect the lab proceduresP     
!" Although testing generally inOolOes only one physical coEponentM subsysteE testing inOolOing Eultiple 

coEponents GePgP distributed audio coEponentsI is perEissibleP   
!" InforEation regarding typical test eJuipEent used for testing Eay be found at http:KKwwwPfordeEcPcoE 
!" All D^ testing reJuires a EMC test plan in accordance with the reJuireEents of Anne] AP  See section 5P2 

for additional detailsP 

4.1 Test Fixture 
DU( operation shall be facilitated by use of a (est Fi]ture that is constructed to siEulate the Oehicle systeE GiPeP 
load siEulatorIP  (he (est Fi]tureM illustrated in Figure 4$1M is a shielded enclosure that contains all e]ternal 
electrical interfaces GsensorsM loads etcPI norEally seen by the DU(P   

[roduction intent coEponents should be used for the loads whereOer possibleP  (his is particularly critical for 
inductiOe and pulse width Eodulated G[WMI circuitsP  If actual loads are not aOailableM siEulated loads shall 
accurately represent the resistanceM capacitance and inductance that is e]pected in a production OehicleP  SiEple 
resistiOe loads shall not be used unless proOen to e]ist in the actual Oehicle installationP 

If the DU( is powered froE another electronic Eodule GePgP sensorsIM the current liEitation of the Eoduleas power 
supply shall be accurately reflectedP ActiOe deOices Eay be contained within the (est Fi]tureM but appropriate 
steps shall be taQen to preOent potential influences on the support eJuipEent during iEEunity testing and 
influence on test results for radiated eEissionsP  Any electrical loads that are norEally connected to the Oehicle 
body shall be referenced to the (est Fi]ture case Gsee Figure 4$1I 

(he (est Fi]ture also serOes both as an RF Boundary for the DU( and an interface to test support eJuipEent 
reJuired to facilitate operation of the DU( and Eonitoring of its critical functions during iEEunity testingP  In 
generalM all inputs and outputs shall be referenced to power ground established at one point within the (est 
Fi]ture and connected to the (est Fi]ture case Gsee Figure 4$1IP  E]ceptions to this reJuireEent include 
conditions where pacQaging reJuireEents dictate local grounding of the DU(. 

Fiber optic Eedia should be used whereOer possible to connect DU( inputs and outputs to reEotely located test 
support instruEentation Gsee Figure 4$1IP  (he freJuency bandwidth of the fiber optic Eedia shall be selected to 
aOoid unintentional signals froE coupling toM and potentially affecting the test support instruEentationP  Shielded 
cablesM although not recoEEendedM Eay also be used in lieu of fiber optic Eedia but should be as short as 
possible between the (est Fi]ture and the wall of the test chaEberP  _ote that great care should be giOen to EaQe 
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sure these cables do not influence the test resultsP  Configuration of these cables GiPeP routingM shield grounding 
etcPI shall be docuEented in the EMC test planP 

RF filtering should be used to preOent stray RF energy froE causing EonitoringKsupport instruEentation to 
EalfunctionP  If RF filtering is used it shall be selected so that it does not affect the operation of the coEponent 
andKor influence the coEponent`s perforEance during EMC testingP  RF filter capacitance shall not e]ceed what is 
norEally seen by the coEponentP  RF filter capacitance shall be docuEented in the EMC (est [lanP 

4.2 Artificial Networks 
SeOeral tests in this specification reJuire the use of Artificial _etworQsP  Unless otherwise stated in this 
specification the use and connection of Artificial _etworQs shall be in accordance to the set$up shown in Figure 4$
1P  Artificial _etworQ design and perforEance characteristics shall conforE to CIS[R 25M Edition 2P 

Figure 4- 1:  Standard Configuration using Test Fixture 
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Key: 
1 [ower Supply 4 Insulated support G#r$ 1P4I 
2 Artificial _etworQ 5 DU( 
3 (est Fi]ture 6 Ground [lane 
3a DU( Soad Greferenced to power supplyI 7 Fiber 7ptic 
3b DU( Soad Greferenced to (e]t Fi]ture caseI 8 Fiber 7ptic Interface 
3c Fiber 7ptic Interface GoptionalM Eay be 

located outside of (est Fi]tureI 9 SupportKMonitoring EJuipEent 
 

4.3 Interconnections 
(he electrical interconnections between the DU( and (est Fi]ture shall be facilitated using a standard test 
harnessP   (he length of this harness shall be 1700 EE n300K$ 0 EE unless otherwise stated within this 
specificationP  (he harness shall contain wiring that represents what is use in the actual Oehicle installationP 

4.4 Test Conditions 

4.4.1 Dimensions 
All diEensions in this docuEent are in EilliEeters unless otherwise specifiedP 
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4.4.2 Tolerances.  
 Unless indicated otherwiseM the tolerances specified in (able 4P1 are perEissibleP 

Table 4- 1:  Permissible Tolerances 

Supply Ooltage and current  o 5 p 

(iEe interOalM length o 10 p 

ResistanceM capacitanceM inductanceM iEpedance o 10 p 
(est paraEeters for RF field strengthM Electrical or Eagnetic field 
strengthM ineected currentM powerM energyM transient Ooltage 
aEplitude Gif adeustableI 

n10p 
$ 0p 

 

4.4.3 Environmental Test Conditions 

Unless indicated otherwiseM the cliEatic test conditions are defined in (able 4$2P 

Table 4- 2:  Environmental Test Conditions 

(eEperature 23 % 5P0 degrees C 

duEidity 20 to 80p relatiOe huEidity GRdI 

 

4.4.4 Power Supply 
(he power supply Ooltage shall be between 13 Gn 0P5K$1P0I Oolts unless otherwise stated within this specificationP  
For soEe testsM only an autoEotiOe battery Eay be usedP  Under those conditionsM the battery Ooltage shall not fall 
below 12 Oolts during testingP   (he battery Eay be charged during testingM but only with a linear power supply is 
usedP  For soEe testing GePgP radiated eEissionsM iEEunityI this Eay reJuire that that linear power supply be 
located outside of the shielded enclosureP  A bulQhead RF filter Eay be used to preOent stray RF signals froE 
entering or leaOing the shielded enclosureP  

5.0 Additional Requirements 

5.1 Functional Importance Classification/ Performance Requirements 
(his specification reJuires that all coEponent and subsysteE functions be classified according to their criticality in 
the oOerall operation of the Oehicle GiPeP Functional IEportance ClassificationIP  Classification of all coEponent 
functions shall occur prior to prograE approOalP  In Eany cases coEEon functions haOe been preOiously 
classifiedP doweOerM for a specific Oehicle brand these classifications Eay be differentP  Contact the FMC EMC 
departEent for clarification of these e]isting classificationsP  If new functions are introducedM the FMC DcR group 
shall worQ with the FMC EMC departEent to deOelop and agree to the appropriate classificationsP 

7nce these functional classifications are establishedM the associated perforEance reJuireEents shall be 
deOeloped and docuEented in the coEponent or subsysteEas engineering specificationP  (hese perforEance 
reJuireEents serOe as the basis for the coEponentKsubsysteE acceptance criteria used during EMC testingP  (he 
FMC DcR group and their supplierGsI shall be responsible for deOeloping these perforEance reJuireEentsP  

5.2 EMC test plans 
A EMC test plan shall be prepared and subEitted to the FMC EMC departEent 20 days prior to coEEenceEent 
of EMC testing unless otherwise specified in EMC SDS reJuireEents associated with the specific Oehicle brandP  
(he purpose of this test plan is to deOelop and docuEent well though out procedures to Oerify that the coEponent 
is robust to the anticipated electroEagnetic enOironEent that it Eust operate withinP   
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(he EMC test plan also proOides a EechanisE for ongoing enhanceEents and iEproOeEent to the test set$upM 
which better correlates with Oehicle leOel testingP   

(he EMC test plan shall be prepared in accordance with the outline shown in Anne] AP  FMC reserOes the right to 
reOiew and challenge specific detail of the EMC test plan including specific acceptance criteria for iEEunity 
testingP  Acceptance of the EMC test plan by FMC does not relinJuish the supplier froE responsibility if latter 
reOiew shows deficiencies in the test set$up andKor the acceptance criteriaP (he supplier shall worQ with the FMC 
EMC departEent to correct any deficiency and repeat testing if reJuired by FMCP 

5.3 Sample Size      
A EiniEuE of two saEples shall be testedP  All applicable tests are perforEed on each of the saEplesP 

5.4 Sequence of Testing 
ESD handling tests Gsee section 19P2P1I shall be perforEed prior to any other testingP  All other tests Eay be 
perforEed in any orderP  _ote that e]tra test saEples are recoEEended in the eOent of daEage due to ESDP  
doweOerM any correctiOe design actions reJuired to Eitigate ESD issues will reJuire retestingP  (he FMC EMC 
departEent shall be contacted iEEediately in the eOent that ESD issues are encounteredP 

5.5 Revalidation 
(o assure that EMC reJuireEents are continually EetM additional EMC testing shall be reJuired if there are any 
circuit or [CB design changes GePgP die shrinQsM new [CB layoutIP  (he criteria presented in Anne] B shall be 
used to deterEine what additional testing will be reJuiredP (he FMC EMC departEent and the FMC DcR group 
shall be notified if any of the design changes outlined in Anne] B are plannedP  (he FMC EMC departEent shall 
concur on any proposal to reduce the e]tent of repeat testing as outlined in Anne] BP  

5.6 Test Laboratory Requirements 
All testing shall be perforEed in a recogniled EMC test facility regardless whether it is owned by the coEponent 
supplier or is part of an independent testing serOiceP  Saboratories seeQing recognition by FMC shall do so Oia the 
AutoEotiOe EMC Saboratory Recognition [rograE GAEMCSR[IP  Details on this prograE and steps for laboratory 
recognition Eay be found at http:KKwwwPfordeEcPcoEP 

_ote that FMC reserOes the right to arrange for follow$up correlation tests andKor on site Oisits to eOaluate the test 
Eethods presented hereinP  A laboratory which refuses such follow$up actiOitiesM or for which significant 
discrepancies are found is subeect to haOing its recognition withdrawnP   

5.7 Data Reporting 
A suEEary of the D^ EMC test results shall be reported by the EKE coEponent or subsysteE supplier directly to 
the FMC EMC departEent within 5 business days following coEpletion of testingP  (he supplier shall also forward 
a copy of the detailed test report to the FMC EMC departEent within 30 business days following testingP  All test 
reports shall include the reference test plan tracQing nuEber GSee Anne] AI and sign$off by the laboratory 
Oerifying the test resultsP  Specific reporting reJuireEents for each reJuireEent delineated hereinP  (he report 
shall be presented using either MS Word or Adobe [DF forEatsP  (hese reporting reJuireEents do not apply to 
deOelopEental test dataP  

For Oehicle brands being designed under F[DSM D^ EMC test data shall be reported to the FMC EMC 
departEent no later than 30 days before the C[ EilestoneP 
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6.0 Requirement Applicability 
(able 6$1 lists all of the EMC reJuireEents delineated in this specification along with their applicability to EKE 
coEponentsP  _ote that although test ID references haOe been carried oOer froE the preOious Oersion of this 
specification GES$%W7($1A278$ABIM reJuireEents and Oerification Eethods are not necessarily the saEeP 

Table 6- 1:  Requirement Selection Matrix 

Component Category 
[assiOe G2I 

Modules 
InductiOe
DeOices Electric Motors ActiOe Electronic Modules  Requirement 

Type Test ID (1) 

[ R BM EM A AS AM A% AY 
EEissions 

Radiated RF RE 310   ! ! ! ! ! ! ! 
Conducted RF CE 420   ! ! ! ! ! ! ! 
Conducted 
(ransient CE 410  ! ! !    ! ! 

Radiated IEEunity 

RF IEEunity RI 112 
RI 114    ! ! ! ! ! ! 

Magnetic Field RI 140       !   
Coupled (ransients 

InductiOe RI 130    ! ! ! ! ! ! 
Charging SysteE RI 150    ! ! ! ! ! ! 

Conducted IEEunity 
Continuous CI 210    ! !  ! ! ! 
(ransient CI 220 !   ! !  ! ! ! 
[ower Cycle CI 230    ! !  ! ! ! 
Ground 7ffset CI 250    ! !  ! ! ! 
^oltage Dropout CI 260    ! ! ! ! ! ! 
^oltage 
7Oerstress CI 270 ! !  ! !  ! ! ! 

 
R

eJ
ui

re
E

en
t A

pp
lie

s 
G!

I 

ESD CI 280 !   ! ! ! ! ! ! 
1 ReJuireEents and tests delineated in this specification are not necessarily identical to forEer Oersions 

referenced in ES$%W7($1A278$AB 
2 Applies only to deOices connected to the Oehicle power supply Gdirect or switched connectionsI  

[assiOe Modules: 
[:  A passiOe electrical Eodule consisting of only passiOe coEponentsP  E]aEples: resistorM capacitorM inductorM 

blocQing or claEping diodeM Sight EEitting Diode GSEDIM therEistor 
InductiOe DeOices: 

R: RelaysM solenoids and horns 
Electric Motors: 

BM:  A brush coEEutated dc electric EotorP 
EM:  An electronically controlled electric EotorP 

ActiOe Electronic Modules: 
A:  A coEponent that contains actiOe electronic deOicesP  E]aEples include analog op aEp circuitsM switching power 

suppliesM Eicroprocessor based controllers and displaysP 
AS:  An electronic coEponent or Eodule operated froE a regulated power supplier located in another EoduleP 

(his is usually a sensor proOiding input to a controllerP 
AM:  An electronic coEponent or Eodule that contains Eagnetically sensitiOe eleEents or is connected to an 

e]ternal Eagnetically sensitiOe eleEentP  
A%:  An electronic Eodule that contains an electric or electronically controlled Eotor within its pacQage or controls 

an e]ternal inductiOe deOice including electric or electronically controlled EotorGsIP 
AY:  An electronic Eodule that contains a Eagnetically controlled  relay within its pacQageP 
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7.0 Radiated RF Emissions: RE 310 
(hese reJuireEentsM delineated in (able 7$1 and 7$2 are applicable to the following coEponent categories: 

Electronic Modules: AM ASM AM 
Shall Eeet SiEit B for bands EU1 and G1P  For the reEaining bandsM these deOices shall Eeet SiEit AP  
Electronic Modules:  A%M AYM EM 
Shall Eeet SiEit A and SiEit BP   
Electric Motors: BM  
Shall Eeet SiEit BP (hese reJuireEents do not apply to deOices that operate with interEittent duration A_D 
with direct operator control Gboth conditions Eust applyIP 

7.1 Requirement 
!" Radiated eEissions reJuireEents coOer the freJuency range froE 0P15 to 2500 MdlP  ReJuireEents are 

linQed directly to specific RF serOice bandsM which are segregated into SeOel 1 and SeOel 2 reJuireEentsP  
SeOel 1 reJuireEents are applicable for all FMC Oehicle brands and EarQets worldwideP  

!" SeOel 2 reJuireEents are based on specific brand or EarQet deEandsP  SeOel 2 reJuireEents are applicable 
to all Oehicle prograEs unless specific e]clusions are granted in writing by the Oehicle prograE chief 
engineer or their designate prior to prograE approOalP (hese e]clusions shall be docuEented in the 
coEponent or subsysteEas engineering specificationP  

!" _ote that for soEe Oehicle applicationsM additional radiated eEissions reJuireEents Eay be iEposed by a 
specific Oehicle brand G()) 722)E JIP  (hese reJuireEents shall be identified and signed off by the 
prograE`s chief engineer prior to prograE approOal to be applicableP   

!" SeOel 1 and SeOel 2 reJuireEents are delineated in (ables 7$1 and 7$2P  _ote that for each leOelM the 
applicability of the liEits GiPeP SiEit AM SiEit BI is based on the coEponent being tested Gsee section 7P0IP  
Also note that the liEits are dependent on the EeasureEent systeE bandwidth and detection scheEe as 
delineated in section 7P2P2P   

Table 7-1:  Level 1 Requirements 

GMandatory reJuireEents for all FMC brands worldwideI 
 

Band 
# 

Frequency Range 
(MHz) 

 Limit A  
Peak (dBuV/m) (1) 

Limit B  
Quasi Peak (dBuV/m) (1) 

M1 30 $ 75 52 $ 25P13rSogGf K30I 62 $ 25P13rSogGf K30I 

M2 75 f 400 42 n 15P13rSogG+ L75I 52 n 15P13rSogG+ L75I 

M3 400 $ 1000 53 63 

1 f m MeasureEent FreJuency GMdlI 
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Table 7- 2:  Level 2 Requirements 

Gsee paragraph 7P1 for description of these reJuireEentsI 

Band  
# Region RF Service 

(User Band in MHz) 
Frequency Range

(MHz) 
Limit A (2) 

Peak (dBuV/m) 
Limit B 

Quasi Peak (dBuV/m)

EU1 Europe Song WaOe 0P15 $ 0P28 nKa 41 

G1 Global MediuE WaOe GAMI 0P53 $ 1P7 nKa 30 

_A1 _orth AEerica D7( 1 
G45P68 $ 47P34I 45P2 f 47P8 G1I 12 24 

G2 Global 4 Meter 
G66 f 87P2I 65P2 f 88P1 G1I 12 24 

hA1 hapan FM 1 
G76 f 90I 75P2 f 90P9 G1I 12 24 

G3 Global FM 2 
G87P5 f 108I 86P6 f 109P1 G1I 12 24 

G4 Global 2 Meter 
G142 f 175I 140P6 f 176P3 G1I 12 24 

EU2 Europe (^M DAB 1 
G174P1 f 240I 172P4 f 242P4 G1I 12 24 

G5 Global RsEM ([MS 1 310 $ 320 20 30 

G6 Global RsE M ([MS 2 429 $439 25 30 

G7 Global (^ 470 $ 890 24 32 

1567 $ 1574 
50 $ 20664rlogG+ L1567I 

G3M4Y 
nKa 

1574 $ 1576 10 G3M4I nKa G8 Global G[S 

1576 $ 1583 10 n 20782rlogG+ L1576I 
G3M4I 

nKa 

_A2 _orth AEerica SDARS 2320 $ 2345 25 nKa 

G9 Global Bluetooth 2400 $ 2500 25 nKa 

1 User Band with 1p guard bandP  Applicable only for bands _A1M G2M hA1M G3M G4M EU2 
2 ^alues listed for SiEit A Ge]cept band G8I are based on use of peaQ detectionP  doweOerM for electronic Eodule 

categories A%M AYM and EMM aOerage detection Eay be usedP  If aOerage detection is usedM the Oalues for SiEit A are 
reduced by 6 dbP  OE1;&9)Z W128 G7![ S0;0, 7\ !4 8T$]L;"  :+ 1R)%1Q) 8),)/,0'2 0( $()8[ S0;0, 7 0( %)8$/)8 ,' 3 
8T$]L;Y" 

3  f m MeasureEent FreJuency GMdlI 
4 ^alues listed for SiEit AM band G8 are based on use of aOeraged detectionP 

  

7.2 Test Verification and Test Set-up 
(he reJuireEents of CIS[R 25 Edition2M ASSE Eethod shall be used for Oerification of the DU( perforEance 
e]cept where noted in this specificationP  CoEponent operation during testing shall be docuEented in an EMC 
test plan prepared by the coEponentKsubsysteE supplier and EMC test laboratory Gsee section 5P2IP   

!" (he DU( and any electronic hardware in the (est Fi]ture shall be powered froE an autoEotiOe battery Gsee 
paragraph 4P4P4 for reJuireEentsIP  (he battery negatiOe terEinal shall be connected to the ground plane 
benchP  (he battery Eay be located onM or under the test benchP  (he standard test set$up shown in Figure 
4$1 shall be used for the (est Fi]tureM battery and Artificial _etworQsP 

!" (he total harness length shall be 1700 EE Gn300 K$0 EEIP Socation of the DU( and (est Fi]ture reJuires 
that the harness be bentP  (he harness bend radius shall be between 90 and 135 degrees as illustrated in 
Figure 7$1P  (he harness shall lie on an insulated support 50 EE aboOe the ground planeP 
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!" If the outer case of the DU( is Eetal and can be grounded when installed in the OehicleM the DU( shall be 
Eounted and electrically connected to the ground plane during the testP If the DU( case is not grounded in 
the OehicleM the DU( shall be placed on an insulated support 50EE aboOe the ground planeP If there is 
uncertainly about thisM the DU( shall be tested in both configurationsP  (he DU( positionKorientation shall be 
docuEented in the EMC test plan and test reportP  

Figure 7- 1:  Test Harness Bend Radius Requirements 
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1500 nK$ 75 EE
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7.2.1 Test Set-up for Measurements above 1000 MHz 
When tests are perforEed aboOe 1000 MdlM the receiOing antenna shall be relocated such that its center is 
aligned with the center of the DU( as illustrated in Figure 7$2P  (he rest of the test set$up will reEain unchangedP 

7.2.2 Measurement System Requirements 
(ables 7$3 and 7$4 list the EeasureEent systeE reJuireEents when using either a swept GiPeP spectruE analylerI 
or stepped EMI receiOerP  SiEit A reJuireEents are based on use of peaQ detection using a 9 $ 10 Qdl 
EeasureEent bandwidthP  For electronic Eodule categories A%M AYM and EMM aOerage detection Eay be used as 
an alternatiOe for all bands e]cept EU1 and G1P  If aOerage detection is usedM the Oalues for SiEit A are reduced 
by 6 dbP  E]aEple: Band _A1M SiEit Am 12 dbu^KEP  If aOerage detection is usedM SiEit A is reduced to 6 dbu^KEIP  
SiEit B reJuireEents are based on Juasi$peaQ detection using a 9$10Qdl or 120Qdl EeasureEent bandwidth 
GfreJuency dependentIP 

MeasureEent tiEes listed in (ables 7$3 and 7$4 Eay be increased depending on DU( operationP  (his is 
particularly critical for low repetition rate signalsP  For Bands EU1 and G1M it is recoEEended that the 
EeasureEent tiEe Gstepped receiOersI be eJual to 1/fM where f is the signal repletion rateP  Swept receiOers need 
to be adeusted accordinglyP  MeasureEent tiEes  used shall be docuEented in the EMC test planP 
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Figure 7- 2:  Test Configuration for Testing above 1000 MHz 
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Key:  
1 DU(  
2 (est harness 
3  (est Fi]ture  
4 AutoEotiOe Battery 
5 Ground plane Gbonded to shielded 

enclosureI 
6 Insulated support G#r$ 1P4I 
7 Artificial _etworQ GA_I 

 

8 ReceiOing Antenna 
9 Support EJuipEent 
10 digh Juality double$shielded coa]ial cable 

GePgP RG 223I 
11 BulQhead connector 
12 Measuring instruEent 
13 RF absorber Eaterial  
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Table 7- 3:  Measurement Instrumentation Set-up Requirements (Bands EU1, G1) 

 Swept Receivers  Stepped Receiver 

Detection Method Xuasi [eaQ Xuasi [eaQ 

Measurement Bandwidth (MBW) (1) 9 f 10 Qdl 9 f 10 Qdl 

Video bandwidth 100 Qdl  

Maximum sweep rate (2)  20 sec K Mdl  

Maximum Frequency Step Size   50 Qdl 

Minimum Measurement Time per 
Frequency Step G2I  1 sec 

1 (o allow for the use of Oarious receiOer typesM any bandwidth in this range Eay be usedP 
2 Sweep rate and EeasureEent tiEe Eay be increased for low repetition rate signalsP  See 

section 7P2P2 for detailsP 
 

 

Table 7- 4:  Measurement Instrumentation Set-up Requirements (All Bands except EU1, G1) 

 Swept Receivers Stepped Receivers 

 Limit A Limit B Limit A Limit B 

Detection Method [eaQ  Xuasi$[eaQ [eaQ  Xuasi$[eaQ 

Measurement 
Bandwidth (MBW) (1) 9 f 10Qdl 120 Qdl 9 f 10Qdl 120 Qdl 

Video bandwidth 100 Qdl 1 Mdl   

Frequency sweep rate 1 sec K Mdl 1 sec K Mdl   

Maximum Frequency 
Step Size   0P5rMBW 1 Mdl 

Minimum Measurement 
Time per Frequency 
Step 

  5 Esec 1 sec 

1 For peaQ detectionM any bandwidth in the range Eay be usedP 

7.3 Test Procedure 
1Y [rior to EeasureEent of DU( radiated eEissionsM test set$up aEbient leOels GiPeP all eJuipEent energiled 

e]cept DU(I shall be Oerified to be 6 db or Eore below the specified reJuireEents listed in (ables 7$1 and 
7$2P  If this reJuireEent is not EetM testing shall not proceed until the associated test set$up issues are 
resolOedP   

G',) ,-1, (';) 91T'%1,'%0)( $() 9'H 2'0() &%)1;&90+0)%( ,' ;)), ,-) 1;T0)2, %)N$0%);)2,("  C-0( 1&&%'1/- 0( 
2', %)/';;)28)8 T)/1$() '+ ,-) &',)2,019 '+ 'R)%9'18"  :+ 1 &%)1;&90+0)% 0( $()8[ 0,( Q102 (-199 T) 2' Q%)1,)% 
,-12 6F 8T"  C-) 91T'%1,'%? (-199 19(' ,1I) (,)&( ,' R)%0+? ,-1, ,-) ;)1($%);)2,( (?(,); 0( 2', ($T_)/, ,' 
'R)%9'18 1, ,-) ;)1($%);)2, +%)N$)2/0)( H-)%) ,-) &%)1;&90+0)% 0( $()8" 
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bI MeasureEent of DU( radiated eEissions shall be perforEed oOer all freJuency bands listed in (ables 7$1 
and 7$2P  At EeasureEent freJuencies ' 30 MdlM EeasureEents shall be perforEed in both Oertical and 
horilontal antenna polarilations 

cI (ests shall be repeated for all DU( operating EodeGsI delineated in the coEponent EMC test planP 
dI When assessing DU( perforEance to SiEit BM the use of peaQ detection with the saEe EeasureEent 

bandwidth is perEitted as a JuicQ pre$scan in all applicable bands to increase testing efficiencyP If the peaQ 
eEissions are below SiEit BM the test data Eay be subEitted as the final resultP If the peaQ eEissions are 
aboOe any of the indiOidual band reJuireEentsM it will be necessary to re$sweep indiOidual freJuency points 
which e]ceeded the liEit for the band of interest using Xuasi$peaQ detectionP  [eaQ and Juasi$peaQ data 
shall be subEitted in the test reportP 

7.4 Data Reporting  
(he test data shall be suEEariled in single page for each DU( operating Eode and antenna polarilationP  (he 
data sheet shall include the following inforEation: 
!" DU( operating Eode 
!" SiEit reference GiPeP SiEit AM SiEit BI 
!" Antenna polarilation 
!" MeasureEent systeE bandwidth GMBWI 
!" Detection scheEe GiPeP [eaQM Xuasi [eaQM AOerageI 
!" [lotted eEissions data oOer each freJuency bandP 
!" (abulariled suEEary for DU( eEissions in each freJuency bandP  (he table shall include the band uM 

Ea]iEuE DU( eEission leOel Eeasured for the bandM and associated band liEitP  _on$coEpliance to any 
band reJuireEent shall be clearly notedP   

Additional inforEation reJuired includes: 
!" [lots of the test set$up aEbient data associated with each band liEit and polarilationP  (hese plots shall 

also include the MBW and the detection scheEe usedP 
!" Any deOiations in the test procedureM as delineated in the EMC test planM shall be notedP 
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8.0 Conducted RF Emissions: CE420 
(hese reJuireEents are applicable to the following coEponent categories: 

Electronic Modules: AM ASM AMM A%M AY 
Electric Motors: BMM EM 
For electric Eotors that operate with interEittent duration A_D with direct operator controlM this 
reJuireEent Eay be rela]ed or waiOed with written approOal froE the Oehicle prograE chief engineer or 
their designate prior to prograE approOalP  

8.1 Requirement 
Conducted RF Ooltage eEissions on the coEponent power and power return circuits shall not e]ceed the 
reJuireEents listed in (able 8$1P  ReJuireEents are liEited to Song WaOe GSWIM MediuE WaOe GiPeP AMI and FM 
broadcast serOicesP  (hese reJuireEents are applicable to all Oehicle prograEs unless specific e]clusions are 
granted in writing by the Oehicle prograE chief engineer or their designate prior to prograE approOalP (hese 
e]clusions shall be docuEented in the coEponent engineering specificationP 

_ote that for soEe Oehicle applicationsM additional conducted eEissions reJuireEents Eay be iEposed by a 
specific Oehicle brand G()) 722)E JIP  (hese reJuireEents shall be identified and signed off by the prograE`s 
chief engineer or their designate prior to prograE approOal to be applicableP   

Table 8- 1:  Conducted Emissions Requirements 

Band 
# RF Service Frequency Range 

(MHz) 
Limit  

Quasi-Peak (dbuV) 
EU1 Song WaOe GSWI 0P15 $ 0P28 80  
G1 MediuE WaOe GAMI 0P53 $ 1P7 66  
hA1 FM 1 76 $90 36 
G3 FM 2 87P5 $ 108 36 

 

8.2 Test Verification and Test Set-up 
!" (he reJuireEents of CIS[R 25 GEdition 2IM Ooltage Eethod shall be used for Oerification of the coEponent 

perforEance e]cept where noted in this specificationP   
!" (he DU( and any electronic hardware in the (est Fi]ture shall be powered froE an autoEotiOe battery Gsee 

paragraph 4P4P4 for reJuireEentsIP  (he battery negatiOe terEinal shall be connected to the ground planeP   
!" (he powerKpower return wiring between the DU( and the Artificial _etworQ shall be 200 nK$50 EE in lengthP   
!" If the outer case of the DU( is Eetal and can be grounded when installed in the OehicleM the DU( shall be 

Eounted and electrically connected to the ground plane during the testP If the DU( case is not grounded in 
the OehicleM the DU( shall be placed on an insulated support 50EE aboOe the ground planeP If there is 
uncertainly about thisM the DU( shall be tested in both configurationsP   

!" If the DU(as power return is locally grounded in the Oehicle Gt 200 EEIM the power return shall be 
connected directly to the ground planeP  Under these conditionsM the Artificial _etworQ connected to the 
DU(as power return Eay be oEittedP 

8.2.1 Measurement System Requirements 
(ables 8$2 and 8$3 list the EeasureEent systeE reJuireEents when using either a swept GiPeP spectruE analylerI 
or stepped EMI receiOer"  _ote that RF FF( analylers Eay be used as an alternatiOe with approOal froE the FMC 
EMC departEentP  For Bands EU1 and G1M it is recoEEended that the EeasureEent tiEe Gstepped receiOersI be 
eJual to 1/fM where f is the signal repletion rateP  Swept receiOers need to be adeusted accordinglyP  MeasureEent 
tiEes used shall be docuEented in the EMC test planP 
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Table 8- 2:  Measurement Instrumentation Set-up Requirements (Bands EU1, G1) 

 Swept Receivers  Stepped Receiver 

Detection Method Xuasi$[eaQ Xuasi$[eaQ 

Measurement Bandwidth (MBW) (1) 9 f 10 Qdl 9 f 10 Qdl 

Video bandwidth 100 Qdl  

Maximum sweep rate 20 sec K Mdl  

Maximum Frequency Step Size  50 Qdl 

Minimum Measurement Time per Frequency 
Step  1 sec 

1 (o allow for the use of Oarious receiOer typesM any bandwidth in this range Eay be usedP 
 

 

Table 8- 3:  Measurement Instrumentation Set-up Requirements (Band JA1, G3) 

 Swept Receivers Stepped Receivers 

Detection Method Xuasi$[eaQ Xuasi$[eaQ 

Measurement Bandwidth (MBW) 120 Qdl 120 Qdl 

Video bandwidth 1 Mdl  

Frequency sweep rate 1 sec K Mdl  

Maximum Frequency Step Size  1 Mdl 

Minimum Measurement Time per Frequency 
Step  1 sec 

 

8.3 Test Procedure 
aI [rior to EeasureEent of DU( conducted eEissionsM test set$up aEbient leOels GiPeP all eJuipEent energiled 

e]cept DU(I shall be Oerified to be 6 db or Eore below the specified reJuireEents listed in (able 8$1P  If 
aEbient leOels are less than 6 db below the specified liEitsM testing shall not proceed until the associated 
test set$up issues are resolOedP   

bI MeasureEent of DU( conducted eEissions shall be perforEed oOer each freJuency band listed in (able 8$
1P  

cI (ests shall be repeated for all DU( operating EodeGsI delineated in the coEponent EMC test planP 
dI When assessing DU( perforEance the use of peaQ detection with the saEe EeasureEent bandwidth is 

perEitted as a JuicQ pre$screen to increase testing efficiencyP If the peaQ eEissions are below the liEitM the 
test data Eay be subEitted as the final resultP If the peaQ eEissions e]ceed the band reJuireEentsM it will 
be necessary to re$sweep indiOidual freJuencies where the liEit was e]ceeded using Xuasi$peaQ detectionP 
[eaQ and Juasi$peaQ data shall be subEitted in the test reportP 
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8.4 Data Reporting 
!" (he test data shall be suEEariled in single page showing a plot of the Eeasured DU( eEissions with a 

plot of the applicable liEitsP  (he forEat for this shall be siEilar to that use for radiated eEissionsP  _on$
coEpliance to any band reJuireEent shall be clearly notedP  (he test report shall also include a plot of the 
test set$up aEbient dataP   

!" Any deOiations in the test procedureM as delineated in the EMC test planM shall also be notedP 
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9.0 Conducted Transient Emissions: CE 410 
(hese reJuireEents are applicable to the following coEponent categories: 

Electronic Modules: A%M AY  
Electric Motors and InductiOe DeOices: BMM EMM R 

9.1 Requirement 
(he coEponent shall not produce positiOe transient Ooltages e]ceeding n100 Oolts or negatiOe transient Ooltages 
e]ceeding f150 Oolts on its power supply circuitsP  

9.2 Test Verification and Test Set-up 
(he DU( shall be tested in accordance with IS7 7637$2M e]cept where noted in this specificationM using the test 
set$up illustrated in Figure 9$1P   

!" (he DU( power circuitGsI connects directly to the Artificial _etworQ through either Eechanical or 
electroEechanical switch with a single set of contactsP  (he switch shall haOe the following characteristics: 

- contact rating: : ' 30 AM continuousM resistiOe load v 
- high purity silOer contact Eaterial v 
- no suppression across relay contactv  
- singleKdouble position contact electrically insulated froE the coil circuit v 
- coil with transient suppressionP 

  (he actual switch used for testing shall be specified in the EMC test reportP 
!" (he wiring between the DU( and the Artificial _etworQ shall be 200 nK$50 EE in lengthP  _o other 

connections shall be Eade between the switch and the DU(P  
!" An autoEotiOe battery shall be used as the power source Gsee paragraph 4P4P4 for reJuireEentsIP  (he 

battery negatiOe terEinal shall be connected to the ground planeP   
!" A digital saEpling scope shall be used for the Ooltage EeasureEents using a capable saEpling rate of 1 

Giga$saEples per second Gsingle shot capabilityI 
!" If the outer case of the DU( is Eetal and can be grounded when installed in the OehicleM the DU( shall be 

Eounted and electrically connected to the ground plane during the testP If the DU( case is not grounded in 
the OehicleM the DU( shall be placed on an insulated support 50EE aboOe the ground planeP If there is 
uncertainly about thisM the DU( shall be tested in both configurationsP   

!" If the DU( is an electric Eotor or actuatorM it shall be Eechanically loaded to siEulate 80p of its specified 
Ea]iEuE loadingP  Motors and actuators that Eay stall during norEal operation shall be tested in the istallk 
conditionv howeOerM the stall should not be held longer than one secondP  (his is to preOent actiOation of in$
line protection deOices that would liEit or interrupt current to the DU(P 

9.3 Test Procedures 
aI Close the e]ternal switch contacts Gsee Figure 9$1I and power up the DU(P  ^erify the DU( is functioning 

properlyP 
bI Set the trigger leOel of the digital saEpling scope to n80 Oolts  
cI Set the tiEe base to 1 EsecKdiOP  
dI Adeust the oscilloscope saEpling rate to the highest leOel aOailable for the tiEe base selectedP  
eI If the DU( is of coEponent categories A%M AYM Eeasure and record the peaQ transient Ooltages while 

e]ercising the DU( functions in operating Eodes identified in the EMC test planP  G',) ,-1, ,-0( (,)& ;1? T) 
';0,,)8 +'% /';&'2)2, /1,)Q'%0)( W> 128 M" 

fI For all coEponent categories with switched power circuitsM Eeasure and record peaQ transient Ooltages 
while by turning the DU( off and on ten tiEes G10 EeasureEents for each conditionI Oia the e]ternal switch 
shown in Figure 9$1P 
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eI Repeat step dI through fI for each of the following tiEe base Oalues: 
!" 100 usecKdiOv  
!" 1 usecKdiO 
!" 0P5 usecKdiO 

fI Re$adeust the trigger leOel of the digital saEpling scope to $120 OoltsP Repeat steps cI through eI e]cept 
record the peaQ negatiOe transient OoltagesP 

Figure 9- 1:  Transient Emissions Test Set-up 
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Key:  
1 AutoEotiOe Battery 
2 Artificial _etworQ GA_I 
3 Mechanical KElectroEechanical Switch  
4 Digitiling 7scilloscope 
5 digh IEpedance [robe Gw1 Meg ohEM C t 4 pfI 

6 DU( 
7 Insulated support G#r$ 1P4I 
8 (est Fi]ture 
9 Ground [lane 

 

9.4 Data Reporting 
Report the peaQ positiOe and negatiOe transient Ooltages e]ceeding the trigger leOel for each tiEe baseP 
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10.0 RF Immunity:  RI 112, RI 114 
Radiated iEEunity reJuireEents coOer the freJuency range froE 1 to 3100 MdlP  ReJuireEents are based on 
anticipated ioff$Oehiclek RF electroEagnetic sources in addition to ion$Oehiclek RF sources GePgP aEateur radioM 
cellular phonesIP  (hese reJuireEents are applicable to the following coEponent categories: 
 

Electronic Modules: AM ASM AMM A%M AY  
Electronic Motors: EM 

10.1 Generic Requirements 
CoEponent functional perforEance shall Eeet the acceptance criteria delineated in (able 10$1P  Due to the wide 
freJuency coOerageM Eultiple test Eethods are needed for perforEance OerificationP  SeOel 1 and SeOel 2 
reJuireEents are dependent on those test EethodsP  _ote that for soEe Oehicle applicationsM Eore stringent RF 
iEEunity reJuireEents Eay be iEposed by a specific Oehicle brand G()) 7&&)280E JIP  doweOerM these 
reJuireEents shall be identified and signed off by the prograE`s chief engineer or their designate prior to prograE 
approOal to be applicableP   

Table 10- 1: RF Immunity Acceptance Criteria 

Functional Performance Status Requirement 
Level Class A Class B  Class C 

1 I G1I I I 
2 II G1M2I II I 

1 For audioM Oideo and RF functionsM soEe degradation in perforEance GePgP distortionI is 
perEittedM but shall be defined and Juantified in the coEponentKsubsysteE`s engineering 
specificationP 

2 For audio coEponentsM OoluEe leOel GEeasured at speaQer terEinalsI shall not increase by 
Eore than 50pP 

3  

 

10.2 Generic Test Procedures 
!" RF IEEunity testing shall be perforEed with linear freJuency step siles no greater than those listed in 

(able 10$2P 
!" CW and Eodulation GAM c [ulsedI dwell tiEes shall be a EiniEuE of 2 secondP _ote that longer dwell 

tiEes Eay be necessary if DU( function response tiEes are e]pected to be longerP (his inforEation shall 
be docuEented in the EMC test planP 

!" (he AM Eodulation freJuency shall be 1 Qdl at a leOel of 80pP 

Table 10- 2:  Test Frequency Steps 

Frequency Range  
(MHz) 

Minimum Frequency Step Size 
(MHz) 

1 $ 30 0P5 
30 $ 200 2 
200 $ 400 5 

400 $ 1000 10 
1000 $ 2000 20 
2700 $ 3100 40 
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10.3 Requirements 1 – 400 MHz:  RI 112 
(he deOice shall operate as reJuired when e]posed to the RF current leOels and Eodulation listed and illustrated 
in Figure 10$1P  (he currents are produced using the BCI test EethodP 

 

Figure 10- 1:  Requirements using Bulk Current Injection (BCI) 

Band Frequency Range 
(MHz) 

Level 1 
(dBuA) 

Level 2 
(dBuA) Modulation  

1 1 $ 15 64 $ 100  70 $ 106 CWM AM 80p 

2 15 $ 30 100 106 CWM AM 80p 

3 30 $ 400 100 $ 89 106 $ 95 CWM AM 80p 

60

70

80

90

100

110

120

1P0 10P0 100P0 1000P0

MHz

dB
uA

 SeOel 2 Gin dBuAI m 70 n 30P61rlogGfI
 SeOel 1 Gin dBuAI m 64 n 30P61rlogGfI

 SeOel 2 Gin dBuAI m 106 $ 9P78rlogGfK30I 
SeOel 1 Gin dBuAI m 100 $ 9P78logGfK30I          

 SeOel 2 Gin dBuAI m 106
 SeOel 1 Gin dBuAI m 100

f m freJuency in Mdl

 

7ctober 10M 2003  [age 27 of 88 
[rinted copies are uncontrolled 



FORD MOTOR COMPANY  ES-XW7T-1A278-AC 

10.3.1 Test Verification and Test Set-up 
^erification of coEponent perforEance shall be in accordance with the BCI Eethod GIS7 11452$4I e]cept where 
delineated in this specificationP  

!" (he DU( shall be powered froE an autoEotiOe battery Gsee paragraph 4P4P4 for reJuireEentsIP  (he battery 
negatiOe terEinal shall be connected to the ground planeP  (he battery Eay be located onM or under the test 
benchP (he standard test set$up shown in Figure 4$1 shall be used for the (est Fi]tureM battery and Artificial 
_etworQsP 

!" (he test harness shall be 1700 EE Gn 300K$ 0 EEI long and routed 50 EE aboOe the ground plane on an 
insulated support G#r  $ 1P4I oOer the entire length between the DU( and the (est Fi]tureP  G',) ,-1, ,-0( 
-1%2)(( /12 19(' T) $()8 +'% J:.#M 4K M1801,)8 O;0((0'2 ,)(,02Q" 

!" (he test bench shall include a sufficiently large ground planeM such that the plane e]tends beyond the test 
set$up by at least 100 EE on all sidesP 

!" (he distance between the test set$up and all other conductiOe structures Gsuch as the walls of the shielded 
enclosureI with the e]ception of the ground plane shall be ' 500 EEP 

!" If the outer case of the DU( is Eetal and can be grounded when installed in the OehicleM the DU( shall be 
Eounted and electrically connected to the ground plane during the bench testP If the DU( case is not 
grounded in the OehicleM the DU( shall be placed on an insulated support 50 EE aboOe the ground planeP  
If there is uncertainly about thisM the DU( shall be tested in both configurations 

!" In the freJuency range froE 1 Mdl $ 30 Mdl all power return GiPeP groundI wires of the DU( wiring harness 
shall be routed outside of the ineection probe GDBCII as illustrated in Figure 10$2a.  _ote that if the DU( is a 
sensor with dedicated power returns to another EoduleM all of its associated wiring shall be routed inside 
the ineection probeP 

!" In the freJuency range 30 MdlP$ 400 Mdl all wires of the DU( wiring harness shall be routed inside of the 
ineection probe GCBCII as illustrated in Figure 10$2bP 

!" (he ineection probe shall be insulated froE the ground planeP 

!" An appropriate current Eonitoring probeM which does not affect the deOiation profileM Eay be placed 50 EE 
froE the DU( GoptionalIP 

10.3.2 Test Procedure 
Use the calibrated ineection probe Eethod Gsubstitution EethodI according to IS7 11452$4P 

aI Forward power shall be used as reference paraEeter for calibration and during the actual test of the DU(P 
bI Use step freJuencies listed in (able 10$2 and the Eodulation as specified in Figure 10$2P   
cI In the freJuency range froE 1 to 30 MdlM testing shall be perforEed at two fi]ed ineection probe positions 

G150 mm, 450 mmI 
dI In the freJuency range froE 30 Mdl to 400 MdlM testing shall be perforEed at two fi]ed ineection probe 

positions G450 mm, 750 mmI 
eI If deOiations are obserOedM the induced current shall be reduced until the DU( functions norEallyP (hen the 

induced current shall be increased until the deOiation occursP (his leOel shall be reported as the deOiation 
thresholdP 

fI (he DU( operating EodeGsI e]ercised during testing shall conforE to that delineated in the EMC test planP   

gI If a Eonitor probe is sued it Eay not be used to adeust the RF current delineated in (able 10$1P  (he 
Eeasured Oalues are used for inforEation only and Eay be included in the test reportP 
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Figure 10- 2:  BCI Test Harness Configuration 
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10.3.3 Data Reporting 
(he following eleEents shall be included in the test report: 
!" (abular data and plots froE the two probe positionsP 
!" CoEbined tabular data and plots to forE a single worst$case data set for each deOiation obserOedP  _ote 

that at each freJuencyM the probe position with the lowest deOiation threshold is chosen for the coEbined 
data setP Separate plots are reJuired for each deOiationP 

!" IEEunity threshold plot Gcalculated current in dBxA OsP freJuencyI 
!" Measured currents froE current Eonitor probe if used GoptionalIP  See section 10P3P1 and 10P3P2 for detailsP 
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10.4 Requirements:  400 – 3100 MHz:  RI 114 
(he deOice shall operate as reJuired when e]posed to RF electroEagnetic fields as delineated in (able 10$3P  

Table 10- 3:  Requirements  400 – 3100 MHz 

Band Frequency Range  
(MHz) 

Level 1 
(V/m) 

Level 2 
(V/m) Modulation 

4 400 $ 800 50 100 CWM AM 80p 

5 800 $ 2000 50 70 CWM [ulsed [RRm 217 dlM [Dm0P57 Esec 

6 1200 $ 1400  nKa 600 

7 2700 f 3100 nKa 600 

[ulsed [RRm 300 dlM [D m 3 usecM with 
only 50 pulses output eOery 1 secP G1M2I 

1 [D shall be e]tended to 6 usec when testing using the reOerberation GEode tunedI EethodP  See 10P4P2P2 for 
additional detailP 

2 [ulsed field strength reJuireEents are peaQ ^KE GEa]iEuE RMSI leOelsP 

10.4.1 Test Verification and Test Set-up 
^erification of deOice perforEance shall be in accordance with either  the following Eethods: 

1P ASSE Method GIS7 11452$2I e]cept where noted in this specificationP  _ote the that test set$up  is siEilar 
to that used for radiated eEissions testing Gsee section 7P2IP   

2P ReOerberationM GMode (unnedI Method GIEC 61000$4$21I e]cept where noted in this specificationP    

10.4.1.1 ALSE Method  
!" (he DU( and any electronic hardware in the (est Fi]ture shall be powered froE a autoEotiOe battery Gsee 

paragraph 4P4P4 for reJuireEentsIP  (he battery negatiOe terEinal shall be connected to the ground plane 
benchP  (he battery Eay be located onM or under the test benchP  (he standard test set$up shown in Figure 
4$1 shall be used for the (est Fi]tureM battery and Artificial _etworQsP 

!" For freJuencies $ 1000 MdlM the field$generating antenna shall be positioned in front of the Eiddle of the 
harness Grefer to IS7 11452$2IP  For freJuencies aboOe 1000 MdlM the antenna shall be EoOed 750 EE 
parallel to the front edge of the ground plane towards the DU(P  (he center of the antenna shall be pointed 
directly at the DU( instead of the center of the wiring harness GSee Figure 10$3IP  Refer to Anne] D for the 
test calibration proceduresP  

!" (he total harness length shall be 1700 EE Gn300 K$0 EEIP Socation of the DU( and (est Fi]ture reJuires 
that the harness be bentP  (he harness bend radius shall be between 90 and 135 degrees as illustrated in 
Figure 7$1P  (he harness shall lie on an insulated support 50 EE aboOe the ground planeP 

!" If the outer case of the DU( is Eetal and can be grounded when installed in the OehicleM the DU( shall be 
Eounted and electrically connected to the ground plane during the bench testP If the DU( case is not 
grounded in the OehicleM the DU( shall be placed on an insulated support 50 EE aboOe the ground planeP If 
there is uncertainly about thisM the DU( shall be tested in both configurationsP  (he DU( positionKorientation 
shall be docuEented in the EMC test plan and test reportP  
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Figure 10- 3:  ALSE Test Set-up (1000 – 3100 MHz) 
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(he figure is adapted froE IS7KCD 11452$2P  _ote: dorn antenna has been EoOed to sight on the DU(P 

Key: 
1 DU( 
2 (est harness 
3  (est Fi]ture  
4 AutoEotiOe Battery 
5 Ground plane Gbonded to shielded enclosureI 
6 Insulated support G#r$ 1P4I 
7 Artificial _etworQ 
 

8 (ransEitting Antenna 
9 Support KMonitoring EJuipEent 
10 digh Juality double$shielded coa]ial cable 

G50(I 
11 BulQhead connector 
12 RF Generation EJuipEent 
13 RF absorber Eaterial  
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10.4.1.2 Reverberation Method  
!" (he test set$up is illustrated in Figure E$1 of Anne] E 
!" (he reOerberation chaEber shall be siled large enough to test a DU( within the chaEberas worQing OoluEeP 
!" Ground plane shall not be used for this testP   
!" (he Eechanical tuner shall be as large as possible with respect to oOerall chaEber sile Gat least three$

Juarters of the sEallest chaEber diEensionI and worQing OoluEe considerationsP Each tuner should be 
shaped such that a non$repetitiOe field pattern is obtained oOer one reOolution of the tunerP 

!" (he electric field probes shall be capable of reading and reporting three orthogonal a]esP 
!" (he RF signal generator shall be capable of coOering the freJuency bands and Eodulations specifiedP 
!" (he transEit antenna shall be linearly polariled and capable of satisfying the freJuency coOerage 

reJuireEentsP (he transEit antenna shall not directly illuEinate the test OoluEeP 
!" (he receiOe antenna shall be linearly polariled and capable of satisfying the freJuency coOerage 

reJuireEentsP (he receiOe antenna shall not be directed into the test OoluEeP 
!" (he power aEplifiers shall be capable of aEplifying the RF signal to produce the reJuired field strengthsP 
!" Associated eJuipEent shall be present to record the power leOels necessary for the reJuired field strengthP 
!" (he DU( shall be at least 250 EE froE the chaEber wallsM tunerM transEit antennaM and receiOe antennaP 
!" (he total harness length shall be 1700 EE Gn300 K$0 EEIP (he harnessM along with the DU( and (est 

Fi]ture shall lie on an insulated support within the Eiddle of the test OoluEeP  (he dielectric constant of the 
insulated support shall be less than 1P4P 

!" Artificial _etworQs shall not be usedP 
!" (he power returns froE the DU( shall be connected directly to the battery negatiOe terEinal 
!" If the outer case of the DU( is Eetal and shall be grounded when installed in the OehicleM a braided copper 

ground strap shall be used to connect the DU( case to the battery negatiOe terEinalP  (he strap shall be 
1700 EE Gn300K$ 0 EEI with a width no greater than 13 EEP  (his Eethod shall also be used if the DU( 
power returns are locally groundedP 

10.4.2 Test Procedures  
(he DU( operating EodeGsI e]ercised during testing shall conforE to that delineated in the EMC test planP   

10.4.2.1 ALSE Method 
aI (esting shall be perforEed using the substitution EethodP  Refer to IS7 11452$2 for calibration procedures 

for testing below 1000 MdlP  Refer to Anne] D for calibration procedures aboOe 1000 MdlP 
bI Forward power shall be used as reference paraEeter for field characterilation and the actual test of the 

DU(P 
cI Use the step freJuencies listed in (able 10$2P  Use the Eodulation as specified in (able 10$3P  
dI All Eodulation dwell tiEe GiPePM tiEe that RF is applied for per Eodulation typeI shall be at least 2 secP 
eI (he test shall be perforEed using both horilontal and Oertical antenna polarilationP 
fI At test freJuencies ' 1000 MdlM the DU( shall be tested in a EiniEuE of three G3I orthogonal orientationsP 
gI If deOiations are obserOedM the field shall be reduced until the DU( functions norEallyP (he field shall then 

be increased until the deOiation occursP (his leOel shall be reported as deOiation thresholdP   

10.4.2.2 Reverberation Method 
aI Use test freJuencies according to (able 10$2P Use the Eodulation specified in (able 10$3 e]cept for bands 

6 and 7P  For bands 6 and 7M increase the pulse duration G[DI to 6 usecP 

bI All Eodulation dwell tiEe GiPePM tiEe that RF is applied for per Eodulation typeI shall be at least 2 sP 

cI Electric field probes shall not be used during the testP 
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dI (he test chaEber shall be calibrated according to Anne] EM section EP1P1 GField UniforEity ^alidationIP 

eI [rior to collecting dataM the procedures of Anne] EM section EP2 GCalibration and DU( loading checQI shall 
be perforEedP 

fI (he transEit antenna shall be in the saEe location as used for calibration according to Anne] EP 

gI (he DU( shall be e]posed to each field leOel and freJuency at each Eode tuner positionP 

hI (he chaEber input power for the electric field leOels is deterEined Oia the eJuation: 

)
)
)

*

+

,
,
,

-

.

/
0

)f(CLFE
EPower_Input_Test
9or24

test!  

where: 
O,)(, m ReJuired field strength in ^KE Gsee (able 8P3I 

JSD^+Y m ChaEber loading factor froE Anne] EM section EP2M step7P 

924or
E
!

 m _orEaliled electric field froE the eEpty chaEber calibration froE Anne] EM section EP1P It 

Eay be necessary to linearly interpolate GJSD and norEaliled electric field OaluesI between the 
calibration freJuency pointsP 

iI If deOiations are obserOedM the field shall be reduced until the DU( functions norEallyP (hen the field shall 
be increased until the deOiation occursP (his leOel shall be reported as deOiation thresholdP   

 

10.4.3 Data Reporting 
(he following eleEents shall be included in the test report:   
!" Description of the functions EonitoredP 
!" Modulation status 
!" Any perforEance deOiationsP 
!" Monitoring instruEentation and techniJue 
!" MiniEuE RF field strength at each freJuency where deOiations occurP  Include Eodulation and polarilation 

GASSE Method onlyI 
!" [hotos of the three DU( positions GASSE Method 7nlyI 
!" _uEber of tuner steps at each freJuency GReOerberation Method onlyIP 
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11.0 Magnetic Field Immunity:  RI 140  
Magnetic field iEEunity reJuireEents coOer the freJuency range froE 50 to 10M000 dlP  ReJuireEents are based 
on anticipated ioff$Oehiclek electroEagnetic sources GePgP AC power linesI in addition to ion$Oehiclek sources GePgP 
charging systeEM [WM sourcesIP  (hese reJuireEents are applicable to the following coEponent categories: 

Electronic Modules: AM 

11.1 Requirements 
(he coEponent including any attached Eagnetic sensors Gif applicableI shall operated without deOiation when 
e]posed to the Eagnetic field leOels delineated in (able 11$1 
 

Table 11- 1:  Magnetic Field Immunity Requirements 

Requirement Functional Performance Status 
Frequency  (Hz) Level (dBpT RMS) Class A Class B Class C 

50 f 340 S m 163 f 39P64rlogG+ L50I G1I I I I 

340 f 10M000 S m 130 n 20P43rlogG+ L50I G1I I I I 

600 f 10M000 122 G2I I $ $ 
1 f m freJuency in dl 
2 ReJuireEent applicable only to audible distortion froE EultiEedia subsysteE 

 

11.2 Test Verification and Test Set-up 
!" ^erification of coEponent perforEance shall be Oerified using the test Eethod delineated in MIS$S(D$461EM 

RS101 e]cept where noted in this specificationP  (he test set$up shall be configured to facilitate direct 
e]posure of the DU( to the fields listed in (able 11$1 in addition to Eagnetic field e]posure to any Eagnetic 
sensors that Eay be connected to the DU(P  (his Eay be accoEplished using either a 120 EE diaEeter 
Eagnetic radiating loop or a delEholtl coilP  (hese test set$up configurations are illustrated in Figure 11$1 
and 11$2P  (esting shall be perforEed a the freJuencies listed in (able 11$2 

Table 11- 2:  Test Frequency Requirements 

Test Frequency Range (Hz) Frequency Step (Hz) 
50 $ 100 10 

100 f 1M000 20 
1000 f 10M000 500 

 
!" (he DU( shall be placed on a wooden table or insulated table for either test EethodP  (he (est Fi]ture and 

other support eJuipEent shall be Eounted to a ground planeM howeOer no portion of the (est Fi]ture or 
ground plan shall be closer than 200 EE to the radiating loop or delEholtl coilsP 

!" (he DU( and any electronic hardware in the (est Fi]ture shall be powered froE a autoEotiOe battery or a 
linear power supply Gsee paragraph 4P4P4 for reJuireEentsIP  (he battery or power supply negatiOe terEinal 
shall be connected to the ground plane benchP  (he batteryKpower supply shall be placed on the floor below 
or adeacent to the test benchP 
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Figure 11- 1:  Magnetic Immunity Test Set-up: Radiating Loop 
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Configuration for Testing DUT only Configuration for Testing DUT with attached 

Magnetic Sensors 
Key:  
1 Radiating Soop   
2 Signal Source 
3 Current [robe 
4 MeasureEent ReceiOer  
5 DU( 

6 (est Fi]ture 
7 Artificial _etworQ 
8 Ground [lane 
9 Magnetic Sensor 

  
 
 

11.3 Test Procedures 
(he DU( operating EodeGsI e]ercised during testing shall conforE to that delineated in the EMC test planP   

11.3.1 Radiating Loop Method 
1Y [rior to perforEing testing of the DU(M calibrate the radiation loop using procedures delineated in >:S`.C=`

B3!O[ M.!F! 
bI [artition each face of the DU( into 100 ] 100 EE sJuare areas and position the radiating loop face to the 

center of each of these areasP  If the DU( face is less than 100 ] 100 EEM place the radiating loop in the 
center of the DU( faceP  Separation between the face of the radiating loop and DU( surface shall be 50 
EEP  7rient the plane of the loop sensor parallel to the DU( faces and parallel to the a]is of any connectorP 

cI At each positionM supply the loop with sufficient current to produce the corresponding Eagnetic field leOels 
delineated in (able 11$1 at each test freJuency step listed in (able 11$2P 

dI Dwell tiEe shall be at least 2 secondsP  _ote that a longer dwell tiEe Eay be necessary if DU( function 
response tiEes are e]pected to be longerP  (his inforEation shall be docuEented in the EMC test planP  

eI If deOiations are obserOedM the field shall be reduced until the DU( functions norEallyP (hen the field shall 
be increased until the deOiation occursP (his leOel shall be reported as deOiation thresholdP  

fI If the DU( has Eagnetic sensors attached to itM separate tests shall be perforEed e]posing only the sensor 
while Oerifying correct operation of the DU( Gsee Figure 11$1IP 
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Figure 11- 2:  Magnetic Immunity Test Set-ups for Helmholtz Coil 
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Configuration for Testing DUT only Configuration for Testing DUT with attached 
Magnetic Sensors 

Key:  
1 Radiating Soop A  
2 Signal Source 
3 Current [robe 
4 MeasureEent ReceiOer 
5 DU( 

 

6 (est Fi]ture  
7 Radiating Soop B 
8 Artificial _etworQ 
9 Ground [lane 
10 Magnetic Sensor 

  
  

11.3.2 Helmholtz Coil Method 
aI [rior to perforEing testing of the DU(M characterile the delEholtl Coil using procedures delineated in >:S`

.C=`B3!O[ M.!F!"  Select coil spacing based on the physical diEensions of the DU(P 
!" For a DU( with diEensions less than one coil radiusM the coils shall be separated by one coil radiusP  

Separation between each surface of the DU( and either coil shall be at least 50 EE 
!" For a DU( with diEensions greater than one coil radiusM the coils shall be separated such that the plane 

of the DU( face is at least 50 EE froE the plane of either coil and the separation between the two coils 
does not e]ceed 1P5 radiiP  

bI Supply the delEholtl Coil with sufficient current to produce the corresponding Eagnetic field leOels 
delineated in (able 11$1 at each test freJuency listed in (able 11$2P 

cI Dwell tiEe shall be at least 2 secondsP  _ote that a longer dwell tiEe Eay be necessary if DU( function 
response tiEes are e]pected to be longerP  (his inforEation shall be docuEented in the EMC test planP  

dI Reposition the DU( or delEholtl coils successiOely such that the two coils are parallel to each face of the 
DU( and parallel to the a]is of any connectorP 

eI If deOiations are obserOedM the field shall be reduced until the DU( functions norEallyP (hen the field shall 
be increased until the deOiation occursP (his leOel shall be reported as deOiation thresholdP  

fI If the DU( has Eagnetic sensors attached to itM separate tests shall be perforEed e]posing only the sensor 
while Oerifying correct operation of the DU( Gsee Figure 11$2IP 
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11.4 Data Reporting 
(he following eleEents shall be included in the test report:  
!" Details of the test set$up including locationsKorientations tested and delEholtl coil separation. 
!" Description of the functions EonitoredP   
!" Any perforEance deOiationsP   
!" Ma]iEuE e]posure field at each freJuency where deOiations occurP 
!" (abular data showing Oerification of the calibration of the radiating loop  
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12.0 Coupled  Immunity: RI 130, RI 150 
(hese reJuireEents are related to coEponent iEEunity froE parasitic coupling of unintended continuous and 
transient disturbancesP  (hese disturbances originate froE the Oehicleas charging and ignition systeE in addition 
to switching of inductiOe loads including solenoids and EotorsP  (hese reJuireEents are applicable to the 
following coEponent categories: 

Electronic Modules: AM ASM AMM A%M AY 
Electric Motors: EM 

12.1 Requirements 
(he deOice shall operate without deOiation when e]posed to electroEagnetic disturbances delineated in (able 12$
1P 

Table 12- 1:  Coupled Immunity Requirements 

Functional Performance 
Status Requirement Frequency  

(Hz) Level  
Class A Class B Class C 

IEEunity froE InductiOe (ransients 
RI 130 nKa n100 K $280 ^ G1I I I I 

IEEunity froE Charging SysteE 
RI 150 

600 f 10M000 
GsinewaOeI 0P5 AEpers Gp$pI I I I 

1 ^alues listed are appro]iEate Oalues and are based on the test set$upP  Actual Eeasured Oalues Eay be 20 f50p 
higherP 

12.2 Test Verification and Test Set-up 
^erification shall be perforEed using the test set$ups shown in Figures 12$1 and 12$2P  

!" For RI 130M see Anne] d for specifications of the relay usedP 
!" [osition the DU(M harnessM (est Fi]tureM and transient generation hardware on the ground plane as shown 

in Figures 12$1 and 12$2P  (he test harness is supported by a insulated support G#r$ 1P4I 50 EE aboOe the 
ground planeP  If the DU( norEally includes shielded andKor twisted wiringM this shall be included as part of 
the test harnessP  doweOerM if this wiring is usedM a section shall be included in the Eiddle of the test 
harness where the shielding is reEoOed and the wiring is untwistedP  (his is illustrated in Figure 12$3P  G',) 
,-1, 02/9$(0'2 '+ ,-0( ()/,0'2 %)&%)()2,( ,?&0/19 R)-0/9) 1&&90/1,0'2( H-)%) 12 02`902) /'22)/,'% 0( $()8" 

!" If the outer case of the DU( is Eetal and can be grounded when installed in the OehicleM the DU( shall be 
Eounted and electrically connected to the ground plane during testingP If the DU( case is not grounded in 
the OehicleM the DU( shall be placed on an insulated support 50 EE aboOe the ground planeP If there is 
uncertainly about thisM the DU( shall be tested in both configurationsP   

!" (he DU( and any electronic hardware in the (est Fi]ture shall be powered froE a Oehicle battery or a linear 
power supply Gsee paragraph 4P4P4 for reJuireEentsIP  (he battery or power supply negatiOe terEinal shall 
be connected to the ground plane benchP  (he batteryKpower supply shall be placed on the floor below or 
adeacent to the test benchP 

!" (he DU( and all parts of the test set$up shall be a EiniEuE of 100 EE froE the edge of the ground planeP   
!" A digital saEpling scope shall be used for test Ooltage Oerification using a capable saEpling rate of 1 Giga$

saEples per second Gsingle shot capabilityIP  [hysical connection of the oscilloscope to the test fi]ture shall 
be facilitated with a high iEpedance probeP  (he probe capacitance shall be less than 4 pico$faradsP 
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Figure 12- 1:  Test Set-up for Immunity from Inductive Transients 
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Figure 12- 2:  Test Set-up for Immunity from Charging System Noise 
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Figure 12- 3:  Test Set-up Requirements for use of Shielded/Twisted Wiring 
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12.3 Test Procedures 
(esting shall be repeated for all DU( operating Eodes listed in the EMC test planP 

12.3.1 Immunity from Inductive Transients 
aI ^erify Ooltage Eeasured at the test point Gsee Figure 12$1I is greater than n100 K $280 Oolts GnegatiOe 

pulseKpositiOe pulseI 
bI ActiOate the DU( and Oerify that it is functioning correctlyP 
cI E]pose each DU( wire for EiniEuE of 5 secP 

12.3.2 Immunity from Charging System 
aI ActiOate the DU( and Oerify that it is functioning correctlyP 
bI Adeust the signal source to 600 dl and the signal leOel to attain peaQ$peaQ current listed in (able 12$1P  
cI While Eaintaining this leOelM e]pose each DU( wire to the disturbance for a EiniEuE of 2 secondsP 
dI Repeat aI through cI oOer the freJuency range listed in (able 12$1 using a Ea]iEuE freJuency step of 500 

dlP 

12.4 Data Reporting 
(he following eleEents shall be included in the test report:   
!" Description of the functions EonitoredP   
!" Any obserOed perforEance deOiationsP   
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13.0 Immunity from Continuous Disturbances:  CI 210 
(hese reJuireEents are applicable to the following coEponent categories: 

Electronic Modules: AM AMM A%M AY 
Electric Motors: EM 

13.1 Requirements 
(he deOice shall be iEEune to continuous disturbances on its power and control circuits produced by Oehicleas 
charging systeEP  (he deOice`s functional perforEance shall Eeet the acceptance criteria delineated in Figure 13$
1P 

13.2 Test Verification and Test Set-up 
(esting shall be perforEed using the test set$up shown in Figure 13$2P 

!" (he test harness connecting the DU( to the (est Fi]ture and transient pulse generator shall be t 2000 EE 
in lengthP 

!" (he DU( and wire harness shall be placed on an insulated support 50 EE aboOe the ground planeP  If the 
outer case of the DU( is Eetal and can be grounded when installed in the OehicleM the DU( shall be 
Eounted and electrically connected to the ground planeP  

Figure 13- 1:  Requirements Continuous Disturbances 

0

U[ US

 
Functional Performance Status Requirement 

Level 
Frequency 
Range (Hz) US ( Vp-p ) 

Class A Class B Class C 
50 f  600 dl 0P2 I I I 

1 
600 f 10M000 0P2 n 1P47rlogG+ L600I I I I 

50 f  600 2 III II II 

600 f 3M000 2 n 14P31rlogG+ L600I III II II 
2 

3000 f 10M000 12 III II II 

UP = 13.5 Volts 

f m freJuency in dl 
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Figure 13- 2:  Test Set-up for Continuous Disturbances 
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R
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r Use 10% high iEpedance probe 
G1 M ohEM C t 4pfI 

r Use 10% high iEpedance probe G1 M 
ohEM C t 4pfI 

 

Rm 0 ohEs GSeOel 1I 
R m 0P25 ohEs GSeOel 2I 

 

13.3 Test Procedures 
aI Adeust DC offset of the signal generatorKaudio aEplifier to 13P5 Oolts with the DU( disconnected Gopen 

circuitI 
bI At each test freJuency set and record the signal generator output to the specified Ooltage leOel with the DU( 

disconnected Gopen circuitIP  Use the freJuency steps listed in (able 13$1P 
cI Without the test signal presentM connect the DU( and Oerify that it is functioning correctlyP 
dI Apply the test signal to the DU( and the (est Fi]ture such that all power and control circuits are e]posed to 

the disturbanceP  All power and control circuits are tested siEultaneouslyP 
eI Repeat testing for all DU( operating Eodes listed in the EMC test planP  

Table 13- 1: Test Frequency Requirements 

Test Frequency Range Frequency Step (Hz) 
50 $ 100 10 

100 $ 1000 20 
1000 f 10000 500 

 

13.4 Data Reporting 
!" Description of the functions EonitoredP   
!" Any perforEance deOiationsP   
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14.0 Immunity from Transient Disturbances:  CI 220 
(hese reJuireEents are related to iEEunity froE conducted transients on power and control circuits connected to 
the switched and direct connections to Oehicle batteryP (hese reJuireEents are applicable to the following 
coEponent categories: 

Electronic Modules: AM AMM A%M AY 
Electric Motors: EM 
[assiOe DeOices: [ 

14.1 Requirements 
(he coEponent shall be iEEune to Ooltage transients present on its power supply and control circuits GiPeP IK7 
circuits that are connected directly or indirectly Oia electrical loads to switched powerIP  Specific applicability of 
these transients and coEponent perforEance reJuireEents are listed in (able 14$1P  

 

Table 14- 1:  Supply Voltage Transients - Immunity Requirements 

Functional Performance 
Status Transient 

Pulse Application Transient 
Characteristics Duration 

Class A Class B  Class C 

[ulse A1 
Switched power 
circuits 
Control circuits 

120 sec II G3I II G3I II G3I 

[ulse A2 
Switched power 
circuits 
Control circuits 

Mode 1 G1M 2I 
[RRm 0P2 dlM  
10p duty cycle 

120 sec II G3I II G3I II G3I 

[ulse B1 Control Circuits 120 sec I I I 

[ulse B2 Control Circuits 

Mode 1 G1M 2I 
[RRm 0P2 dlM  
10p duty cycle 120 sec I I I 

[ulse C 

Switched power 
circuits 
[ower K control circuits 
with direct battery 
connections 

Mode 2 G1M 2I 
RandoE 30 sec I I I 

[ulse D 
Switched power 
circuits 
Control circuits 

See Figure 14$1 120 
pulses II G3I II G3I II G3I 

[ulse E 
Switched power 
circuits 
Control circuits 

See Figure 14$2 24 pulses II G3I II G3I II G3I 

[ulse F 

Switched power 
circuits 
[ower K control circuits 
with direct battery 
connectionP 

See Figure 14$3 120 
pulses II G3I II G3I II G3I 

[ulse G 
GSoad DuEpI 

[ower Kcontrol circuits 
with switched or direct 
connection to batteryP 

See Figure 14$4 3 pulses III III II 

1 See Anne] F for description of (ransient [ulses AM B and C 
2 See Anne] G for description of test circuit and Eode descriptionP 
3 Control Circuits are Status IP  For power supply inputsM the DU( Eay resetM but shall recoOer norEal operation at 

the end of the testP 
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Figure 14- 1:  Waveform for Test Pulse D 
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(est [ulse D siEulates the switch$off 
of a supply Ooltage to an inductiOe 
load switched parallel to the DU(P  
7nly switched power supply and 
control circuits shall be e]posed to 
this test pulseP   

 
Test Pulse D - Parameters 

Up 13P5 ^ 
Us $300 ^ 
tr 1 us 
td 50 us 
t1 5 sec 
t2 200 f500 Es 
Ri 4 ohEs 

Waveform voltage begins and 
ends at Up 

 

Figure 14- 2:  Test Pulse E 
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t d
U

90 p
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0 ^

U
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t 3
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(est pulse E siEulates the switch$off 
of a supply Ooltage to an inductiOe 
load switched parallel to the DU(P  
7nly switched power supply and 
control circuits shall be e]posed to 
this test pulseP  (he test pulse is 
eJuiOalent to (est [ulse 1 delineated 
in IS7 7637$2P 

 
Test Pulse 1 - Parameters 
5p 13P5 ^ 
5s $100 ^ 
,r 1 us 
,d 2 Es 
,1 5 s 
,2 200 Es 
,3 $ 100 us 
Mi 10 ohEs 

WaOeforE Ooltage begins and ends 
at &p 
 

 
 

7ctober 10M 2003  [age 45 of 88 
[rinted copies are uncontrolled 



FORD MOTOR COMPANY  ES-XW7T-1A278-AC 

Figure 14- 3:  Test Pulse F 

 

 
(est pulse F siEulates the 
interruption of a current through an 
inductance switched in series with 
the DU(P  7nly power supply and 
control circuits with direct connection 
to battery shall be e]posed to this 
test pulseP  (he test pulse is 
eJuiOalent to (est [ulse 2 delineated 
in IS7 7637$2P 

 
Test pulse 2 - Parameters 
5p 13P5 ^ 
5s 150 ^ 
,r 1 us 
,d 50 us 
,1 200 f500 Es 
Mi 4 ohEs 

WaOeforE Ooltage begins and ends 
at &p 
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t
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Figure 14- 4:  Test Pulse G 

t r

90 p

10 p

0 ^
t d

U[

US

t 1

t rt r

90 p

10 p

0 ^
t dt d

U[U[

USUS

t 1t 1

 
(est pulse G siEulates the transient 
produced due to sudden 
disconnection of the electrical load 
froE the alternatorP  (he pulse shall 
be applied to all power supply and 
control circuits with switched or direct 
connection to batteryP  (he test pulse 
is eJuiOalent to (est [ulse 5 
delineated in IS7 7637$2P 

 
Test pulse 5 - Parameters 
Up 13P5 ^ 
Us 60 ^ 
tr 1 f 10 Es 
td 150 Es f0Kn20p 
t1 30 s 
Ri 0P5 

WaOeforE Ooltage begins and ends 
at &p 
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14.2 Test Verification and Test Set-up 
^erification of coEponent perforEance shall be in accordance with IS7 7637$2 e]cept where noted in this 
specificationP 

!" (est pulses DM EM FM and G shall be generated using any standard transient generator capable of producing 
standard test pulses per IS7 7637$2P 

!" (est pulses AM BM and C shall be generated using the test circuit shown in Anne] GP 
!" (he DU( and any electronic hardware in the (est Fi]ture shall be powered froE a Oehicle battery Gsee 

paragraph 4P4P4 for reJuireEentsIP   
!" (he test harness connecting the DU( to the (est Fi]ture and transient pulse generator shall be t 2000 EE 

in lengthP _ote that the indiOidual ground circuits Eay be part of the cable harness or split out as illustrated 
in the figureP  If the DU( has Eulitple power and control circuitsM they shall be test separatedly   

!" (he DU( and test harness shall be placed on an insulated support 50 EE aboOe the ground planeP  If in the 
DU( has a local ground Gwire length t 200 EEI the DU( ground shall be connected directly to the ground 
plane at the DU( locationP  

!" A deOice powered froE an e]ternal supply located in another Eodule GCategory ASI shall be tested as a 
systeE with the sourcing Eodule or an eJuiOalent power supplyP Details of this set$up shall be docuEented 
in the EMC test planP 

Figure 14$5 illustrates the generic test set$up for testing of a single DU( power supply circuit with a reEote ground 
connectionP  

Figure 14- 5:  Test Set-up for Devices with a Single Power Supply Circuit 
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Figure 14$6 illustrates the test set$up for deOices with two supply circuitsP  In this configurationM the untested power 
supply circuit GU1I is connected directly to the batteryP  If the deOice has additional power supply circuits operating 
at the saEe OoltageM those circuits should also be connected directly to the batteryP  
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Figure 14- 6:  Test Set-up for Devices with Two Power Supply Connections 
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Figure 14$7 illustrates the set$up used for testing of control circuitsP  _ote that control circuits Eay be directly or 
indirectly connected to batteryP  Figure 14$8 illustrates the special case where the control circuit is connected to 
the battery indirectly using a pull$up resistorP 

Figure 14- 7:  Test Set-up for Devices with Control Circuits 
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When applying [ulse 5M the test set$ups show aboOe shall be Eodified to include a 0P7 ohE resistor connected 
across the (est [ulse Generator unless otherwise specified in EMC SDS reJuireEents associated with a specific 
Oehicle brandP  (his Eodification is shown in Figure 14$9P    

_ote that for soEe Oehicle applications that EaQe use of Central Soad DuEp GCSDI protectionM a lener diode shall 
also be connected across the (est [ulse GeneratorP  Details specifications for this diode Eay be found in SDS 
reJuireEents for the affected Oehicle applicationsP  (he supplier shall contact the FMC EMC departEent for 
clarification on use of  the lener diode before coEEenceEent of testingP 
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Figure 14- 8:  Test Set-up Detail for Control Circuits using Pull-Up Resistors 
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Figure 14- 9:  Test Set-up Modification for Application of Pulse 5 
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14.3 Test Procedures 

aI [rior to testing: 
!" For [ulses DM EM F and G adeust the transient generator to Ooltage leOels listed in Figures 14$1 through 

14$4 with the DU( disconnected Gopen circuit conditionIP   
!" For [ulses AM BM CM and D Oerify that the output of the transient test circuit Gopen circuit conditionsI 

produces waOeforEs typical of those illustrated in Anne] FP 
bI Connect and actiOate the DU(P  ^erify that it is functioning correctlyP 
cI E]cept for [ulse 5M apply each test pulse listed in (able 14$1 to each DU( power and control circuit one at a 

tiEe unless analysis deEonstrates that testing each circuit indiOidually is unnecessaryP  (he analysis shall 
be docuEented in the EMC test plan and approOed by the FMC EMC deparEent prior to coEEenceEent of 
testingP   

dI [rior to application of [ulse 5M connect the 0P7ohE resistor across the (ransient [ulse Generator as 
illustrated in Figure 14$9P  Connect the optional diode for CSD applications only Gthe default condition 
e]cludes the diodeIP  [ulse 5 shall be applied siEultaneously to all power and control circuitsP 

eI Monitor DU( functions beforeM duringM and after application of each series of test pulses for the tiEe stated 
in (able 14$1P 

14.4 Data Reporting 
!" Description of the functions EonitoredP   
!" Any perforEance deOiationsP  
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15.0 Immunity to Power Cycling:  CI 230 
(hese reJuireEents are applicable to the following coEponent categories: 

Electronic Modules: AM AMM A%M AY 
Electric Motors: EM 

15.1 Requirements 
(he coEponent shall be iEEune to Ooltage fluctuationsM which occur when the Oehicleas engine is startedP  (he 
Ooltage waOeforEs representing these fluctuations are illustrated in Figure 15$1P  Specific application of these 
waOeforEs is dependent on the Eethod used to connect the coEponentas power supply and control circuitsP  
Application reJuireEents for each waOeforE are listed in (able 15$1 along with the perforEance reJuireEents for 
the coEponentP  
 

Table 15- 1:  Power Cycling Requirements 

Functional Performance Status (2) Waveform (1) Application Duration 
Class A Class B Class C 

A 
[ower c control circuits connected to 
battery Oia the IG_ 1 GRU_I contact of 
the ignition switchP GiPeP circuits actiOe in 
RU_ but not S(AR(IP 

II II II 

B 

[ower c control circuits connected to 
battery Oia the IG_ 2 GRU_KS(AR(I 
contact of the ignition switch GiPeP 
circuits actiOe during RU_ and S(AR(IP  
Also includes connections to battery 
through a relay switchP 

II II II G3I 

C 
[ower c control circuits connected to 
battery Oia the S(AR( contact of the 
ignition switchP GiPeP circuits actiOe only 
during engine S(AR(IP 

II II II 

D [ower c control circuits connected 
directly to Battery 

2 cycles 
separated 
by 30 Ein 

II II II 
1 WaOeforEs applied siEultaneously to all power supply and control circuitsP 
2 Any degradation in perforEance shall not inhibit the ability of the Oehicle to start 
3 Class C functions reJuired for starting the engine are Status I 

 

15.2 Test Verification and Test Set-up 
(esting shall be perforEed using the test set$up shown in Figure 15$2P 

!" (he test harness connecting the DU( to the (est Fi]ture and transient pulse generator shall be t 2000 EE in 
lengthP 

!" (esting shall be perforEed at $40 n0 K $ 5 degrees C or the coldest teEperature specified in coEponent`s 
engineering specificationP  (he teEperature shall be docuEented in the EMC test planP 

!" (he DU( shall be placed on a dielectric support 50 EE aboOe the Eetal floor of the therEal chaEberP 
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Figure 15- 1:  Power Cycling Waveforms and Timing Sequence 
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Key 
(1 m 100 Esec (8 m 11 sec 
(2 m 5 Esec (9 m 325 Esec 
(3 m 185 Esec U1 m 5 ^ 
(4 m15 Esec U2 m 9 ^ 
(5 m 50 Esec U3 m 12P5 ^ 
(6 m 10 sec U4 m 13P5 ^ 
(7 m 500 Esec U5 m 2 ^p$p Z  4 dl 
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Figure 15- 2:  Power Cycling Test Set-up 
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15.3 Test Procedures 
All waOeforEs shall be applied siEultaneously to all power supply and control circuits per the tiEing seJuence 
shown in Figure 15$1P   ^erify waOeforEs prior to application to the DU(P 

aI ^erify the waOeforEs prior to application to the DU( 
bI SoaQ the DU( GunpoweredI at the coldest operating teEperature specified in coEponent`s engineering 

specification or at $40 n0 K $ 5 degrees C for one hour prior to testing unless otherwise stated in the EMC 
test planP See section 15P2 for detailsP  

cI Apply the test seJuence illustrated in Figure 15$1P  Monitor DU( functions beforeM during and after the testP 
G',) ,-1, H-09) 0, 0( %)/';;)28)8 ,' 1&&9? ,-) ,)(, ()N$)2/) H0,- ,-) =5C 9'/1,)8 02 ,-) ,-)%;19 
/-1;T)% ^()) D0Q$%) !K`4Y ,-) ,)(, ;1? T) &)%+'%;)8 H0,- ,-) =5C 9'/1,)8 '$,(08) '+ ,-) ,-)%;19 
/-1;T)% &%'R08)8 ,-1, ,-) ,)(, ()N$)2/) 0( 1&&90)8 H0,-02 ,)2 ^!FY ;02$,)( '+ ,-) =5C T)02Q %);'R)8 
+%'; ,-) ,-)%;19 /-1;T)% +'99'H02Q ,-) -'$% 9'2Q ('1I &)%0'8 ^(,)& TY"  :+ ,-0( 1&&%'1/- 0( ,1I)2[ ,-) ('1I 
,);&)%1,$%) (-199 T) 9'H)%)8 12 1880,0'219 !F 8)Q%))( J"  =)R01,0'2( ,' ,-0( 1&&%'1/- 1%) '29? 
&)%;0((0T9) 0+ 1Q%))8 ,' 02 H%0,02Q T? ,-) D>J O>J 8)&1%,;)2," 

dI SoaQ the DU( at the saEe teEperature froE step bI for 30 Einutes and repeat cIP  _ote that if the DU( was 
tested outside of the therEal chaEberM it shall be returned to that chaEber within 10 EinutesP 

15.4 Data Reporting 
!" Description of the DU( functions EonitoredP   
!" Any perforEance deOiationsP   
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16.0 Immunity to Voltage Offset:  CI 250 
(hese reJuireEents are applicable to the following coEponent categories: 

Electronic Modules: AM AMM A%M AY 
Electronic Controlled Electric Motors: EM 

(his reJuireEennt is not applicable to coEponents with a dedicated power return bacQ to another Eodule GePgP 
sensorsIP 

16.1 Requirements 
(he coEponent shall be iEEune to AC ground Ooltage offsetP   Circuits affected include all power and signal 
returns that Eay be spliced to other subsysteE coEponentsP ReJuireEents are delineated in (able 16$1P 

Table 16 1:  Ground Voltage Offset Requirements 

Functional Performance Status 
Waveform Frequency Amplitude Duration 

Class A Class B Class C 

SinewaOe 50 f 1000 dl 200 E^[$[ 60 sec at each freJuency I I I 
 

16.2 Test Verification and Test Set-up 
(esting shall be perforEed using the standard test set$up shown in Figure 16$1P Figure 16$2 illustrates the test 
set$up to be used if the DU( is connected to another EoduleM sensor or electrical load that has a separate ground 
connection to the OehicleP  Application of the offset waOeforEs is not reJuired only if the Eodule or sensor has a 
dedicated return bacQ to the DU(P 

!" (he test harness connection between the DU( to the (est Fi]ture shall be t 2000 EEP  _ote that the 
indiOidual ground circuits Eay be part of the cable harness or split out as illustrated in the figureP  If the DU( 
has Eulitple ground circuitsM they shall be test separatelyP   

!" Ground circuits not being testing shall be connected  directly to the ground planeP   
!" (he DU( and any electronic hardware in the (est Fi]ture shall be powered froE an autoEotiOe battery or 

linear DC power supply Gsee paragraph 4P4P4 for reJuireEentsIP  [ower circuits to the DU( shall be 
connected to the power supplyP (he power supply negatiOe terEinal shall be connected to the ground 
planeP  

!" (he DU( and wire harness shall be placed on an insulated support 50 EE aboOe the ground planeP   

16.3 Test Procedures 
(he waOeforE shall be applied to one ground circuit at a tiEe unless analysis deEonstrates that testing each 
circuit indiOidually is unnecessaryP  (he analysis shall be docuEented in the EMC test plan and approOed by the 
FMC EMC departEent prior to coEEenceEent of testingP  

aI At each test freJuency set and record the signal generator output to the specified Ooltage leOel with the 
DU( disconnected Gopen circuitIP  Use the freJuency steps listed in (able 16$2P 

bI Connect the DU( and Oerify that it is functioning correctlyP 
cI Apply the waOeforE to each ground circuit separatelyP  Monitor DU( functions beforeM duringM and after 

application of waOeforE for the tiEe stated in (able 16$1P 
dI Repeat testing for all DU( operating Eodes listed in the EMC test planP 
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Figure 16- 1:  Test Set-up for Ground Offset of DUT 
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Figure 16- 2:  Test Set-up for Ground Offset of DUT 
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Table 16 2:  Test Frequency Requirements 

Test Frequency Range (Hz) Frequency Step (Hz) 
50 $ 100 10 

100 $ 1000 300 
 

16.4 Data Reporting 
!" Description of the functions EonitoredP   
!" Any perforEance deOiationsP   
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17.0 Immunity to Voltage Dropout:  CI 260 
(hese reJuireEents are applicable to the following coEponent categories: 

Electronic Modules: AM ASM AMM A%M AY 
Electronic Controlled Electric Motors: EM 

17.1 Requirements 
(he coEponent shall be iEEune to EoEentary Ooltage dropoutsM which Eay occur oOer the life of the OehicleP  
Circuits affected include all power supply and control circuitsP  (hese reJuireEents also apply to coEponents that 
are connected to a regulated power proOided by another Eodule GePgP sensorsIP  ReJuireEents are listed in (able 
17$1P (he purpose of this test is the Oerification of controlled recoOery of hardware and software froE power 
interruptionsP    

Table 17- 1:  Voltage Dropout Requirements 

Functional Performance 
Status G2I Waveform Application Level Duration 

Class A Class B Class C
A 

^oltage Dropout: 
digh 

All [ower Supply and 
Control Circuits 

See Figure 
17$1 

3 cycles 
separated by 20 s II II II 

B 
^oltage Dropout: 

Sow 

All [ower Supply and 
Control Circuits 

See Figure 
17$2 

3 cycles 
separated by 20 s II II II 

C 
Single ^oltage 

Dropout 

All [ower Supply and 
Control Circuits 

See Figure 
17$3 

3 cycles 
separated by 20 s I I I 

D 
^oltage Dip 

All [ower Supply and 
Control Circuits 

See Figure 
17$4 

10 cycles 
separated by 20 s II II II 

E G1I 

Battery RecoOery 

SiEited to [ower 
Supply Circuits with 
direct connection to 
batteryP 

See Figure 
17$5 II II II 

F 

RandoE Bounce 
All [ower Supply and 
Control Circuits 

See Figures 
17$6M 17$7 60 s II II II 

2 cycles 
separated by 20 s

1 Applicable only to direct battery connections 
2 [erforEance Status checQed after each waOeforE cycle 
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17.2 Test Verification and Test Set-up 
(esting shall be perforEed using the test set$ups shown in Figure 17$8 through 17$10P  (he test harness 
connecting the DU( to the (est Fi]ture and transient pulse generator shall be t 2000 EE in lengthP 

Figure 17- 1:  Waveform A (Voltage Dropout: High) 
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Figure 17- 2:  Waveform B (Voltage Dropout: Low) 
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Key: 
 Power from Vehicle Battery Regulated Power from another Module 
U[ 13P5 ^DC _oEinal Supply ^oltage GePgP 5 ^dcM 3 ^dcI 

100us 300 us 500us 1Es 3Es 100us 300 us 500us 1Es 3Es ( 5 Es 10 Es 30 Es 50 Es  5 Es 10 Es 30 Es 50 Es  
WaOeforE transition tiEes are appro]iEately 10 us 

 
Figure 17- 3:  Waveform C (Single Voltage Dropout) 
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Key: 

 Power from Vehicle Battery Regulated Power from another Module 
U[ 13P5 ^DC _oEinal Supply ^oltage GePgP 5 ^DCM 3 ^DCI 
( 100us 200 us 400us 100us 200 us 400us 

WaOeforE transition tiEes are appro]iEately 10 us 

7ctober 10M 2003  [age 56 of 88 
[rinted copies are uncontrolled 



FORD MOTOR COMPANY  ES-XW7T-1A278-AC 

 
Figure 17- 4:  Waveform D (Voltage Dip) 
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Key: 
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WaOeforE transition tiEes are appro]iEately 10 us 

 
 

Figure 17- 5:  Waveform E (Battery Recovery) 
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Figure 17- 6:  Waveform F (Random Bounce) 
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Figure 17- 7:  Waveform F (Expanded) 

$5

0

5

10

15

20

24 25 25 26 26 27 27 28 28

msec

Vo
lts

7ctober 10M 2003  [age 58 of 88 
[rinted copies are uncontrolled 



FORD MOTOR COMPANY  ES-XW7T-1A278-AC 

Figure 17- 8:  Test Set-up Detail for Waveforms A , B and C 
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Figure 17- 9:  Test Set-up Detail for Waveforms D and E 
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Figure 17- 10:  Test Set-up for Waveform F 

 

_C

_C
Relay

+

_

DU(Signal
Source 2

Signal
Source 1

+

_

Signal Source 1  Detail

Signal Source 2  Detail

[rograEEable
[ower Supply

[rograEEable
[ower Supply

(1 (1

(2 (2

(3 (4

Up

Up

 
Key: 
Up m 13P5 Oolts 
(1 m 5 sec 
(2 m 100 Esec 
(3 m 2P5 sec 
(4 m 7P4 sec 

Relayr:  
12 Oolt AC relay: [otter c BruEfield sU[$
14A15$12P  _o substitutions perEitted without 
written authorilation froE the FMC EMC 
departEentP  See Anne] d for relay 
specificationsP 

r _ote that the [cB relay contacts are liEted to 10 aEperesP  When testing reJuires higher 
operating currentsM alternatiOe relays Eay be used with written approOal froE  the FMC EMC 
departEentP 
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17.3 Test Procedures 
aI Adeust DC offset of the signal generatorKaudio aEplifier to 13P5 Oolts with the DU( disconnected Gopen 

circuitI 

bI [rior to testingM Eeasure and Oerify that the test waOeforEs A M BM CM D and E Eatch those waOeforEs 
illustrated in section 17P2P   For waOeforE FM Eeasure and Oerify that the test waOeforE Ooltages are siEilar 
to that illustrated in Figure 17$6 and 17$7P  All EeasureEents shall be Eade with the DU( disconnected 
froE the waOeforE generatorP 

cI Connect and actiOate the DU(P  ^erify that it is functioning correctlyP 

dI E]cept for waOeforE EM apply each waOeforE into each power supply and control circuit separatelyP  Apply 
waOeforE E siEultaneously to all power circuits with direct battery connectionsP 

eI Application of the waOeforEs shall be in accordance with the reJuireEents delineated in (able 17$1P  
Monitor DU( functions beforeM duringM and after application of each test waOeforEP 

fI Repeat testing for all DU( operating Eodes listed in the testP  

17.4 Data Reporting 
!" Description of the functions EonitoredP   
!" Any perforEance deOiationsP   
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18.0 Immunity to Voltage Overstress:  CI 270 
(hese reJuireEents are applicable to the following coEponent categories: 

Electronic Modules: AM ASM AMM A%M AY 
Electronic Controlled Electric Motors: EM 
[assiOe Modules and InductiOe DeOices: [M R 

18.1 Requirements 
(he coEponent shall be iEEune to potential Ooltage oOerstressP  (his reJuireEent is applicable to all power 
supply or control circuitsM either switched toM or directly connected to batteryP  (he reJuireEent is also applicable 
to control circuits directly connected to switched battery connections or through an e]ternal pull$up resistorP  
ReJuireEents are delineated in (able 18$1P  _ote that this reJuireEent Eay be waiOed if analysis shows that the 
coEponent will Eeet the reJuireEents in (able 18$1P  doweOerM the FMC EMC departEent shall reOiew and 
concur on this analysis to aOoid this testingP 

Table 18- 1:  Requirements for Voltage Overstress 

Requirement Functional Performance Status 
Amplitude Duration Class A Class B and C 

$14 ^ 60 sec III III 
19 ^ 60 Ein III II 
24 ^ 60 secr

 III II 
r Applicable to deOices connected directly to battery or Oia the ignition switchP  For deOices 
connected only to the start circuitM the duration tiEe Eay be reduced to 15 secP 

18.2 Test Set-up and Verification 
(he DU( and any electronic hardware in the (est Fi]ture shall be powered froE a linear DC power supply Gsee 
paragraph 4P4P4 for reJuireEentsIP  _ote that for these testsM the power supply shall haOe EiniEuE short circuit 
capacity of 200 aEperesP   

A deOice that is reOerse battery protected Oia use of a fused power circuit and a reOerse biased diode in parallel 
with the deOice shall be tested in a configuration representatiOe of the OehicleP  E]aEple: If a Oehicle fuse is used 
to protect the deOiceM testing shall be perforEed using the saEe type GiPeP style and fuse ratingI as used in the 
OehicleP  (he fuse type shall be docuEented in the coEponent engineering specification and the EMC test plan 

18.3 Test Procedures 
aI Apply f14 Oolts only to power circuits with direct battery connectionsP  After 60 secondsM the saEe potential 

shall then be applied to the reEaining switched power and control circuits for 60 seconds while Eaintaining 
the saEe potential on the direct battery connectionsP   After coEpletion of this testM apply norEal n13P5 Oolts 
and Oerify that the DU( powers up and functions properlyP 

bI Repeat step aI with 24 OoltsP 

cI Apply n19 Oolts to all power and control circuitsP  All circuits shall be tested siEultaneouslyP  ^erify 
functionality per (able 18$1P 

18.4 Data Reporting 
!" Description of the functions EonitoredP   
!" Any perforEance deOiationsP  
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19.0 Electro Static Discharge:  CI 280 
(he coEponent shall be iEEune to oOerstress due to Electrostatic Discharge GESDIP  (hese reJuireEents are 
applicable to the following coEponent categories: 

Electronic Modules: AM ASM AMM A%M AY 

Electric Motors: Categories EM 

[assiOe Modules: [ 

19.1 Requirements 
!" (he coEponent shall be iEEune to ESD eOents that occur during norEal handling and asseEblyP (hese 

reJuireEents are listed in (able 19$1P     

!" (he coEponent shall be iEEune to ESD eOents that can occur during norEal operation GiPeP poweredIP  
(hese reJuireEents are listed in (able 19$2P  (his includes coEponents with direct access froE within the 
passenger coEpartEentM or by direct access through an open window froE a person outside the Oehicle 
GePgP door locQsM turn signal stalQIP 

!" After e]posure to ESD eOents listed in (ables 19$1 and 19$2M coEponent IK7 paraEetric Oalues GePgPM 
resistanceM capacitanceM leaQage currentM etcPI shall reEain within their specified tolerancesP 

19.2 Test Verification and Test Set-up 
(esting shall be perforEed in accordance with IS7 10605 e]cept were noted in this specificationP  (he test facility 
shall be Eaintained at an aEbient teEperature at G23 o3I yC and a relatiOe huEidity froE 20 p to 40 p G20 yC 
and 30 p relatiOe huEidity preferredIP  

(he ESD siEulator waOeforE Oerification shall coEply with IS7 10605 with the following e]ceptions: 
!" Contact discharge rise tiEe $ 1 ns 
!" Air discharge rise tiEe $ 20 ns 

(he RC tiEe constant shall be Oerified by calculation using the e]ponentially decaying portion of the waOeforE 
after the leading edge andKor ringingP 

Table 19- 1:  ESD Requirements:  Handling  (unpowered) 

Functional Performance 
Status Type of Discharge Test Voltage 

Level 

Minimum 
Number of 

Discharges at 
each polarity Class A Class B Class C

Contact discharge 
C m 150 pFM R m 2Q! o 4 Q^ 3 

Contact discharge 
C m 150 pFM R m 2Q! o 6 Q^ 3 

Air discharge 
C m 150 pFM R m 2Q! o 8 Q^ 3 

I^r 

r (he coEponentas paraEetric Oalues GePgPM resistanceM capacitanceM leaQage currentM etcPI shall be 
within their specified liEitsP 
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Table 19- 2:  ESD Requirements: Powered 

Functional Performance 
Status Discharge 

Sequence Type of Discharge Test Voltage 
Level 

Minimum 
Number of 

Discharges at 
each polarity Class A Class B Class C

1 Air discharge 
C m 330 pFM R m 2Q! o 4 Q^ 3 

2 Contact discharge 
C m 330 pFM R m 2Q! o 4 Q^ 3 

3 Air discharge 
C m 330 pFM R m 2Q! o 6 Q^ 3 

I 

4 Contact discharge 
C m 330 pFM R m 2Q! o 6 Q^ 3 

5 Air discharge 
C m 330 pFM R m 2Q! o 8 Q^ 3 

6 Contact discharge 
C m 330 pFM R m 2Q! o 8 Q^ 3 

7 Air discharge 
C m 330 pFM R m 2Q! o 15 Q^ 3 

81 Air discharge 
C m 150 pFM R m 2Q! o 25 Q^1 3 

II 

1 ReJuireEent liEited to deOices in the passenger coEpartEent that are directly accessible froE outside the Oehicle 
without touching any portion of the OehicleP  GePgP door locQ switchesM head laEp switchM clusterI 

  

19.2.1 Handling Tests  
ESD handling tests shall be perforEed before any other EMC testingP  See section 5P4 for detailsP 

(he standard test set$up for handling tests is illustrated in Figure 19$1P  (he DU(M which is unpowered with all 
leads disconnectedM shall be placed on a cleanM non$hygroscopic insulator that is 50 EE thicQP (he insulator lies 
directly on the ground planeP (he ground plane shall be attached to the facility groundP 
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Figure 19- 1:  ESD Handling Test Set-up 
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19.2.2 Powered Tests 
Figure 19$2 illustrates the standard set$up used when the DU( is powered and functioningP  (he DU( and any 
electronic hardware in the (est Fi]ture shall be powered froE an autoEotiOe battery Gsee paragraph 4P4P4 for 
reJuireEentsIP   

(he DU( and its attached test harness shall be placed on a cleanM non$hygroscopic insulating support that is 
50EE thicQP  (he insulator lies directly on the ground planP  (he test harness connecting the DU( and (est 
Fi]ture shall be 1700 EE Gn300 K $0 EEI in lengthP  (he (est Fi]ture shall be connected directly to the ground 
planP  If the outer case of the DU( is Eetal and can be grounded when installed in the OehicleM the DU( it shall be 
placed directly on the ground planeP If there is uncertainly about how the DU( is installed in the OehicleM the DU( 
shall be tested in both configurationsP (he ground plane shall be attached to the negatiOe terEinal of the battery 
and to test facility groundP  G',) ,-1, 1( 12 19,)%21,0R)[ ,-) T1,,)%? ;1? T) &91/) '2 ,-) +9''% '+ ,-) +1/090,?"  

If the DU( has reEote inputs that are accessible by the operator GePgP switchesM coEEunications bus circuits 
accessible Oia diagnostic connectorsI the associated wiring shall be split out of the Eain harness and attached to 
conductiOe pins GSee Figure 19$2IP  (hese pins will facilitate direct discharge froE the ESD gunP   _ote that for 
reEote inputs that norEally connect to a custoEer accessible switchM a representatiOe switch Eay be useM but 
shall be approOed by the FMC EMC departEent in writing prior to coEEenceEent of testingP  If approOedM details 
of this switch shall be included in the EMC test planP 
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Figure 19- 2:  ESD Powered Test Set-up 
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19.3 Test Procedures 
(esting shall be perforEed seJuentially starting with handling tests followed by powered and direct access tests 
GDischarges 1 f 7IP 

!" Between indiOidual dischargesM the reEaining charge shall be bled off using the bleed$off resistor 
Gappro]iEately 1M ohE resistanceI by touching the discharge point and the ground planeP  

!" Charge dissipation between discharges of soEe Eodules GinstruEent panelsM large plastic Eodules etcPI 
Eay reJuire use of an ionilerP If usedM the air ioniler shall be turned off and reEoOed before each discharge 
is appliedP 

19.3.1 Handling (Unpowered) Tests 
Before testing coEEencesM the discharge Ooltage of the ESD siEulator shall be Oerified at the leOels listed in 
(able 19$1P   

aI [erforE air discharge tests at o 8 s^ on all DU( surfaces  Ge]cluding the connector pinsI that can be 
touched by the user during pacQagingM installation or disEantlingP  All discharge surfaces shall be specified 
in the EMC test planP 

bI If one or Eore discharges are obserOed during this testingM repeat two G2I additional discharges Gboth 
polaritiesI to those surfacesM for a total of three G3I dischargesP 
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cI Repeat step aI at all DU( connectorsP  AtteEpt discharge to one or Eore DU( pinsP   
dI If one or Eore discharges are obserOedM perforE three nK$4 s^ contact discharges at each connector pin 

Gthree of each polarityIP  If connector body is non$Eetallic and the connector pins are recessedM an 
e]tension contact Gt 25 EEI shall be installed to facilitate testingP   

eI Repeat step dI using three nK$ 6 s^ contact discharges Gthree of each polarityI 
fI After all discharges haOe been carried outM a functional perforEance and paraEetric tests shall be 

perforEed to Oerify that the DU( Eeets the reJuireEents delineated in (able 19$1P  

19.3.2 Powered Tests 
All tests shall be perforEed while the DU( is in operation using the Ooltage leOels and ESD networQ Oalues listed 
in (able 19$2P Before testing coEEencesM the discharge Ooltage of the ESD siEulator shall be OerifiedP  (esting 
shall be liEited to one DU( operating EodeP  (hat operating Eode shall be specified in the EMC test planP  
Measuring instruEentsM which Eay be attached to the DU(M can interfere with the test andKor be daEaged during 
testingP As a result the use of such attachEents is not recoEEended during testingP   

aI ^erify that the DU( is fully operationalP  If the DU( contains networQ functions GePgP h1850M CA_M SI_IM 
norEal networQ traffic shall be siEulated to represent that typical in the Oehicle applicationP 

bI [erforE contact and air discharge tests on all DU( surfaces including shaftM actuator linQagesM and wiring in 
addition to surfaces that are directly accessible by the Oehicle occupant GePgP reEote switch inputsM displaysM 
clocQsM radio presets etcIP  If the DU( has reEote inputs that are accessible by the operator GePgP switch 
inputsM coEEunications bus circuits accessible Oia diagnostic connectorsIM apply contact and air discharges 
directly to the connector pins as illustrated in (able 19$2P  For reEote inputs that norEally connect to a 
custoEer accessible switchM a representatiOe switch Eay be useM but shall be approOed by the FMC EMC 
departEent in writing prior to coEEenceEent of testingP 

cI For each of the reJuired discharge OoltagesM 3 discharges of positiOe and 3 discharges of negatiOe polarity 
shall be applied at each of the specified discharge pointsP  Discharges shall be applied according to the 
discharge seJuence shown in (able 19$2P (he indiOidual discharge points shall be specified in the EMC test 
planP  (esting using % 25 s^ shall be liEited only to: 
!"CoEponents pacQaged in the passenger coEpartEent and that are directly accessible froE outside the 

Oehicle GePgP turn signal stalQ switchI 
!"CoEponents directly or reEotely accessible froE the outside of the Oehicle GePgP Qeyless entryI 

(esting using % 25 s^ shall not be applied to reEote circuits accessible at diagnostic connectorsP 

gI After all discharges haOe been carried outM a functional perforEance and paraEetric tests shall be 
perforEed to Oerify that the DU( Eeets the reJuireEents delineated in section 13P1P 

19.4 Data Reporting 
!" Description of the functions EonitoredP   
!" Any discharge eOents 
!" Any perforEance deOiationsP   
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Annex A (normative):  Component EMC Test Plan 
 

(he EMC (est [lan shall be prepared and subEitted to the Oehicle line EMC departEent 20 days prior to 
coEEenceEent of EMC testingP  (he purpose for this test plan is to deOelop and docuEent a well thought out 
procedure to Oerify that the coEponent is robust to the anticipated electroEagnetic enOironEent that it Eust 
operate withinP  (he EMC test plan also proOides a EechanisE for ongoing enhanceEents and iEproOeEents to 
the test set$upM which better correlates with Oehicle leOel testingP 
 
(he coEponent EMC test plan shall be prepared in accordance to the outline shown in Figure A$1P  (he test plan 
reJuires collaborations between the supplier and the EMC testing organilationP   Acceptance of the EMC test plan 
by the FMC EMC departEent reJuires prior sign$off by the supplierM the FMC DcR groupM and the test laboratoryP 
(hese signatures shall appear on the test plan title pageP  A copy of the title page is shown in Figure A$2P  (his 
title page shall be used for all EMC test plansP 

When the EMC test plan is coEpleted with the reJuired signaturesM it shall be subEitted to the FMC EMC 
departEent for assignEent of a test plan tracQing nuEberP  (his tracQing nuEber shall be staEped on all test data 
when subEitted to FMCP  _ote that the FMC EMC departEent reserOes the right to reOiew and challenge specific 
details of the planM which Eay reJuire Eodification by the supplier prior to testP  Also note that for soEe Oehicle 
brandsM the FMC EMC departEent Eay reJuire pre$approOal of the EMC test plan before testing Eay coEEenceP 

 

Figure A- 1: EMC test plan Outline 

 
(itle [age Gsee Figure A$2I 
 
1P0 Introduction          

1P1 [roduct Description 
1P2 (heory of 7peration 
1P3 [hysical Construction 
1P4 EMC Specification Release 
1P5 ApproOed (est Facility 
1P6 CoEponent [art _uEberGsI 
1P7 CoEponent ManufacturerGsI 
1P8 CoEponent Usage 

 
2P0 EMC ReJuireEents Analysis 

2P1 Critical Interface Signals 
2P2 [otential Sources of EEissions  
2P3 CoEponent Surrogate selection 
 

3P0 (est Design and ReJuireEents          
3P1 CoEponent 7perating ModesKFunctional Classifications 
3P2 (est ReJuireEents 
3P3 Input ReJuireEents 
3P4 7utput ReJuireEents 
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Figure A- 2: Component / Subsystem EMC Test Plan Title Page 
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Annex B (Normative):  Process for Repeat EMC Testing 
Changes to the coEponentas original production design Eay often iEpact its EMC characteristicsP  7ften soEe 
additional EMC testing needs to be repeated to Oerify there is no negatiOe iEpactP  InforEation proOided in this 
anne] presents a process for assessing what EMC testing shall be reJuired when specific coEponent design 
changes are being consideredP 
 
InforEation proOided in (ables B1 through B5 shall be used by the supplier to deterEine what EMC tests shall be 
reJuired to Oalidate the design changesP  (he supplier shall notify the FMC DcR group for the coEponent and the 
FMC EMC departEent prior to coEEenceEent of testingP  (he coEponentas original EMC test plan shall be used 
to facilitate the testingP  DeOiations froE this process shall be pre$approOed by the FMC EMC departEentP 
 
 

Table B- 1:  Electrical interconnect changes on Printed Circuit Boards, 

hybrid boards, or flat wire interconnects. 

Interconnect Planned Changes Required Test(s) Section 

IK7 to e]ternal connectors Socation change ' 0P152 EE 
Width  ' 0P152 EE 

RE 
RI 

ESD 

7P0 
10P0 
19P0 

Mu] Sines GePgP SC[M 
CA_I 

Socation change ' 0P152 EE 
Sength ' 0P152 EE RE 7P0 

Reset Sines Socation change ' 0P152 EE 
Sength ' 0P152 EE 

RI 
Coupled IEEunity 

10P0 
12P0 

Sow SeOel Analog Socation change ' 0P152 EE 
Sength ' 0P152 EE 

RI 
Coupled IEEunity 

10P0 
12P0 

Ground [lane Any Change  

RE 
RI 

Coupled IEEunity 
ESD 

7P0 
10P0 
12P0 
19P0 

General 
Socation change ' 0P152 EE 
(hicQnessKwidth change ' 0P152 
EE 

RE 7P0 

Supply SinesK digh 
Current 

Socation change ' 0P152 EE 
Width  ' 0P152 EE 

RE 
RI 

7P0 
10P0 

 

Table B- 2:  Software Changes 

Attribute Change Required Test(s) Section 

[SS FreJuency RE 
RI 

7P0 
10P0 

7K[ Slew Rate Increase or Decrease RE 
CE 

7P0 
8P0 

WatchdogM ResetM 
Interrupt Any RI 

[ower Dropout 
10P0 
17 

General Any RE 7P0 
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Table B- 3:  E/E Component changes on PCBs, hybrid boards, or flat wire interconnects. 

Component Change Required Test(sI Section 

IK7 Capacitor ^alue Change G10%I 
RE 
RI 

ESD 

7P0 
10P0 
19P0 

Regulator Capacitor GIK[I ^alue Change G10%I 

RE 
RI 

Continuous Disturbances 
(ransient Disturbances 

[ower Cycle 

7P0 
10P0 
13P0 
14P0 
15P0 

IC Decoupling Capacitor ^alue Change G10%I RE 7P0 

Slew Rate Capacitors ^alue Change G10%I RE 
RI 

7P0 
10P0 

7p AEp Input Capacitors ^alue Change Gw10pI RI 10P0 

IK7 Series Resistor ^alue Change Gw10pI 
RE 
RI 

ESD 

7P0 
10P0 
19P0 

Slew Rate Resistors ^alue Change Gw5pI RE 
RI 

7P0 
10P0 

{ener or M7^ on Battery ^oltage rating (ransients Disturbances 
^oltage 7Oerstress 

14P0 
18P0 

Microprocessor 7([ to R7M RE 
RI 

7P0 
10P0 

7scillator FreJuency RE 
[ower Dropout 

7P0 
17P0 

[WM Controller Slew Rate or Current RE 
CE GRFI 

7P0 
8P0 

 

Table B- 4:  Packaging or Mechanical changes 

Attribute Change Required Test(s) Section 

[acQaging Eaterial ConductiOity 
RE 
RI 

ESD 

7P0 
10P0 
19P0 

Grounding IEpedance or location 
RE 
RI 

ESD 

7P0 
10P0 
19P0 

deatsinQ SileM locationM Grounding RE Ggrounding onlyI 
ESD 

7P0 
19P0 

Apertures Sile or Socation ESD 19P0 
 

Table B- 5:  Loading changes 

Attribute Change Required Test(s) Section 
SolenoidsM EotorsM 
Relays IEpedance CE G(ransientI 7P0 

ActiOe Sensors Sensor IEpedance RI 
^oltage 7ffset 

10P0 
17P0 
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Annex C (informative):  RF Service Bands 
RF eEissions and iEEunity reJuireEents are based on freJuency spectruE used for radio entertainEent GePgP 
MWM FMI in addition to spectruE used for coEEon Eobile coEEunication applicationsP  _ote that while these 
reJuireEents coOer the Eaeority of anticipated applicationsM other freJuency bands should also be considered 
during the coEponent designP  (able C$1 lists seOeral of these RF serOicesP  _ote that while this EMC 
specification does not iEpose coEponent reJuireEents for all of these RF serOice bandsM specific brand 
applications Eay iEpose addition reJuireEents that Eay include these and other RF serOice bandsP 

Table C- 1:  Typical RF Service Bands 

 
1.7 - 10 MHz 

AEateur G1P8 $ 2P0M 160 
EetersI 

AEateur G3P5 $ 4P0M 75K80 
EetersI 
AEateur G7P0 $ 7P3M 40 EetersI 

 
 

10 - 30 MHz 
AEateur G10P10 $ 10P15M 30 
EetersI 
AEateur G14P00 $ 14P35M 20 
EetersI 
AEateur G18P068 $ 18P168M 
17 EetersI 
AEateur G21P00 $ 21P45M 15 
EetersI 
AEateur G24P89 $ 24P99M 12 
EetersI 
Citilens Band |CB} G26P965 $ 
27P405I 
CB G26P965 $ 27P405I 
AEateur G28P0 $ 29P7M 10 
EetersI 
AEateur G28P0 $ 29P7M 10 
EetersI 

 
 
 

 
30 - 55 MHz 

AEateur G51 $ 54M 6 EetersI 
DoEestic [ublic Sand Mobile 
Business 
[etroleuE 
[ower 
Socal GoOernEent 
[olice 
Special Industrial 
Special EEergency 
Fire 
dighway Maintainance 
Forestry ConserOation 

 
 

143 - 177 MHz 
AEateur G144 $ 148M 2 EetersI 
Business 
[etroleuE 
[ower 
Socal GoOernEent 
[olice 
Special Industrial 
Special EEergency 

 
 

 
218 - 228 MHz 

AEateur G222 $ 225I 
Business 
[etroleuE 
[ower 
Socal GoOernEent 

 
 

428 - 515 MHz 
AEateur G440 $ 450I 

 
 

1.7 - 2.0 GHz 
GSM 1800 
~1710$1785v 1805$1880� 

 
[CSv GSM 1900 
~1850$1910v 1930 $1990� 
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Annex D (normative):  Field Calibration for ALSE Method above 1000 MHz 
 
[rior to the actual testing of the DU(M the forward power reJuired to produce the specific field strength GEeasured 
with a field probeI shall be deterEined for each test freJuencyP 

aI (his calibration shall be perforEed with an unEodulated test signalP 

bI Calibration shall be perforEed oOer the test freJuency range froE 1000 to 2000 Mdl and 2700 to 3100 MdlP  
(he field probe shall be positioned so that its phase center is at the end point of where the 1500 EE part of 
the test harness would be located and 200 GnK$ 10I EE froE the front edge of the ground planeP  (his is 
where the forward edge of the DU( would be locatedP   (he field probe shall be positioned 150 GnK$ 10I EE 
aboOe the ground planeP  Figure D$1 illustrates the location of the field probe 

cI (he field strength shall be calibrated for Oertical and horilontal polarilationsP 

dI Calibration is based on forward powerP 

eI Measured Oalues of forward power shall be recorded in the calibration fileP   (he calibration file data and a 
precise description of the associated position of the field probe shall be included in the test report if reJuired 
in the EMC test planP 

Figure D- 1:  Calibration for 1000 to 3100 MHz 
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Annex E (normative):  Mode Tuning Chamber Calibration  
GBased on Draft 61000f4f21 IEC 2000I 
 

E.1 Chamber Calibration and Loading Validation. 
(he eEpty chaEber calibration shall be perforEed prior to the use of the chaEber for testing using the 
procedures of this Appendi]P [rior to each DU( testM a loading Oalidation shall be perforEed according to the 
procedures of section EP2P 
 
All calibrations are antenna specificP Changing antennas prior to a test shall reJuire a new calibrationP 7ne 
loading Oalidation Goutlined in section EP2I is sufficient at the start of a test with Eultiple saEplesP Multiple loading 
Oalidations are not reJuired in between tests if the DU( being tested has not been significantly Eodified to affect 
its sile and shape GiPeP circuit board alterationsIP  
 
E.1.1 Field Uniformity Validation. 

1I ReEoOe all non$essential eJuipEent froE the test chaEber including DU(sM siEulatorsM caEerasM etcP 
 

2I [lace the transEitting antenna as indicated in the notes of Figure EP1 directing it into a cornerP (he 
transEitting antenna shall not be EoOed during the field uniforEity OalidationP (he transEit antenna shall 
be linearly polariled and rated for the freJuencies being testedP (he transEit antenna shall reEain in a 
fi]ed location for all calibrations and testingP  

 
3I [lace the receiOe antenna within the worQing OoluEe of the chaEber defined in the notes of Figure EP1P 

(he receiOe antennaM probeM or chaEber worQing OoluEe shall not be in the direct path of the transEit 
antennaP (he receiOe antenna shall be linearly polariled and rated for the freJuencies being testedP (he 
receiOe antenna shall also be cross polariled with respect to the transEit antennaP  

 
4I [lace an electric field probe Gcapable of reading three orthogonal a]esI on the periEeter of the chaEber 

worQing OoluEe as shown in Figure EP1P  
 

5I At the lowest test freJuency Gfs m 400 MdlIM ineect an appropriate aEount of RF powerM into the transEit 
antennaP RF power shall be applied for an adeJuate dwell tiEe to ensure that the aEplitude Eeasuring 
deOice and the electric field probes haOe tiEe to respond properlyP darEonics of the RF input to the 
chaEber shall be at least 15 dB below the carrier freJuencyP  

 
6I Step the tuner through 360y in discrete steps GEode$tuningI so that the aEplitude Eeasuring deOice 

connected to the receiOe antenna GePgPM spectruE analylerM power EeterM etcPI and electric field probes 
captures the EiniEuE nuEber of saEples reJuired as indicated in (able EP1P  

 
Note: An appropriate aEount of input power is dependent on the sile and Eaterial of the test chaEber as 
well as the noise floor of the electric field probe and aEplitude Eeasuring eJuipEentP  

 
7I For each tuner position, record the receiOed powerM the field strength for each a]is of the electric field 

probeM and the input powerP FroE these Oalues coEpute the Ea]iEuE receiOed power G[Ea]RecIM aOerage 
receiOed power G[AOeRecIM the Ea]iEuE field strength for each a]is of the electric field probe GEMa] ]M 
EMa] yM EMa] lIM and the aOerage input power G[InputI oOer one tuner rotationP All calculated Oalues shall be 
in linear units GiPeP WattsM not dBE and ^KEM not dB^KEIP Ensure that the power EeasureEent instruEents 
haOe an eJuipEent noise floor at least 20 dB below the Ea]iEuE receiOed power G[Ma]RecI for proper 
aOerage data collectionP  

 
Note: [Input is the forward power aOeraged oOer one tuner rotationP (he nuEber of saEples used to 
deterEine [Input should be at least the saEe nuEber of saEples used for chaEber calibrationP All power 
EeasureEents are relatiOe to the antenna terEinals Gboth forward and receiOedIP  
 
8I Repeat steps 5I through 7I in log spaced freJuency steps as indicated in (able EP1 until the freJuency is 

at least 4000 Mdl G10 fsIP  
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9I Repeat steps 5I through 7I for each of the eight probe locations shown in Figure EP1 and for eight 
antenna locations until 4000 Mdl G10 fsIP If the receiOe antenna will be in a specific position during routine 
testingM the antenna shall be in one of these positions during the eight runsP  

 
Note: (he order of steps 6I and 8I Eay be interchangedM iPeP step through all the freJuencies at each step of 
the tunerP  

 
10I AboOe 4000 Mdl G10/fsIM only three antenna locations and electric field probe positions shall be 

eOaluatedP Repeat steps 5I through 8I for the reEainder of the calibration freJuencies as indicated in 
(able EP1P 7ne of the probe locations shall be the center of the worQing OoluEe and one of the antenna 
positions shall be the typical receiOe antenna position as described in step i]P  

 
Note: (he receiOe antenna shall be EoOed to a new location within the worQing OoluEe of the chaEber for 
each change in probe locationP (he receiOe antenna shall be oriented in a different direction for each position 
Ga change in angle of 20y or greater is recoEEendedIP (he electric field probes do not haOe to be oriented 
along the chaEber a]is during calibration as long as the electric field probe a]es reEain consistent with each 
probe positionP A proper separation distance shall be Eaintained between the antenna and probe at each 
probe locationP It is recoEEended that each probe location be at least 1 E GEiniEuE distance 0P25 EI froE 
any preOious locationP  

 
11I _orEalile each of the Ea]iEuE electric field probe EeasureEents Geach of the 24 rectangular 

coEponents below 10 fsM and 9 rectangular coEponents aboOe 10 fsI to the sJuare$root of the aOerage 
input power using the data froE step OiiP: 

Input

zMax
z

Input

yMax
y

Input

xMax
x

P

E
E

P

E
E

P

E
E

0

0

0

!

!

!

 

 
where  

zyxMaxE
,,

!
 m Ea]iEuE EeasureEent froE each probe a]is G24 or 9 EeasureEentsI  

zyxE ,, m norEaliled Ea]iEuE EeasureEent froE each probe a]is  
[input m aOerage input power to transEit antenna during the tuner rotation at which EMa] ]MyMl was recorded  

 
12I For each calibration freJuency below 10 fs G4000 MdlIM calculate the aOerage of the norEaliled Ea]iEuE 

of each probe a]is of the electric field probe EeasureEents:  
 

1 2
1 2
1 2 8EE

8EE

8EE

zz

yy

xx

30

30

30

!!

!!

!!

 

 
13I For each calibration freJuency below 10 fs G4000 MdlIM calculate the aOerage of the norEaliled Ea]iEuE 

of all the electric field probe EeasureEents:  
 

1 2 24EEEE iziyix24
3 440

!!!!
 

 
i m 1M2M PPP 8 GnuEber of probe locationsI  
_ote: t w indicates arithEetic EeanM iPePM  
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1 2 24EEEE iziyix24
3 440

!!!!
 

 
represents the suE of the 24 rectangular electric field norEaliled Ea]iEuEs diOided by the nuEber of 
EeasureEentsP 

 
14I Repeat step 12I for each freJuency aboOe 10 fs G4000 MdlIM replacing 8 with 3P  

 
15I Repeat step 13I for each freJuency aboOe 10 fs G4000 MdlIM replacing 24 with 9P  

 
16I For each freJuency below 10 fsM Oerify that the chaEber Eeets the field uniforEity reJuireEents by the 

following procedure: 
 

aI Field uniforEity is indicated by the standard deOiation froE the Eean Oalue of the Ea]iEuE electric 
field Oalues obtained at each of the probe location during one coEplete rotation of the tunerP (his 
standard deOiation is calculated froE data for each probe a]is independently and the total data 
collectedP 
(he standard deOiation is the following: 

1n

EE

!"

2

i

5

3 6
6
7

8

9
9
:

;
5

<0

!!

 

where  
i m 1M2M PPP 8 GnuEber of probe locationsI  
n m nuEber of EeasureEents  
!

iE  m Ea]iEuE norEaliled electric field probe EeasureEent  
!
E  m arithEetic Eean of the norEaliled electric field EeasureEents  

="m 1P06 for n $"20 and 1 for n w 20  
>"m standard deOiation for a giOen a]is G]M yM or lI  
 
E]aEple for the ]$a]is  

1 2
18

EE
06.1"

2
xix

x 5

3 5
<0

!!

 

where  
i m 1M2M PPP 8  
!

ixE  m Ea]iEuE norEaliled electric field probe EeasureEent of ] a]is  
!

xE  m arithEetic Eean of norEaliled a]es froE all eight EeasureEent locations  

E]aEple for all a]es:  

124

EE
1"

2

24z,y,ix
24 5

3 6
7
89

:
; 5

<0

!!

 

where i m 1M2M PPP 8  !
zyixE ,,  m Ea]iEuE norEaliled electric field probe EeasureEents of all a]es G]M yM and lI  

!

24
E  m arithEetic Eean of norEaliled EEa] ]MyMl a]es froE all 24 EeasureEents  

>24 m standard deOiation of all a]es G]M yM and lI  
(he standard deOiation is e]pressed in terEs of dB relatiOe to the Eean: 
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1 2
z,y,x

z,y,x

E

E"
log20dB" !

!
4

<0  

 
bI (he chaEber Eeets the field uniforEity reJuireEents if the standard deOiation froE the indiOidual 

a]es G]M yM and lIM and the total data set Gall a]esI are less than 3 dB Ga Ea]iEuE of three 
freJuencies per octaOe Eay e]ceed the allowed standard deOiation by no greater than 1dBIP  

 
E.1.2 Receive antenna calibration.  
(he receiOe antenna calibration factor GACFI for an eEpty chaEber is established to proOide a coEparison with a 
loaded chaEberP (he ACF for each freJuency is:  
 

sf10for3,sf10for8Input

cReAve
P

P
ACF

'$

0  

where  
[Input is the aOerage input power froE EP1P1M step 7I for the location at which the aOerage receiOed power [AOeRec 
froE EP1P1M step 7I was EeasuredP 
 
E.1.3 Chamber Insertion Loss.  
(he chaEber insertion loss GISI for the chaEber is giOen by the following:  
 

sf10for3,sf10for8Input

cReMax
P

P
IL

'$

0  

where  
[Input is the aOerage input power froE EP1P1M step 7I for the location at which the Ea]iEuE receiOed power [Ma]Rec 
froE EP1P1POiiP was EeasuredP  
 
E.1.4 Maximum Chamber Loading Verification. 
(he following procedure is used to deterEine if the chaEber is affected by a DU( which loads Gabsorbs a 
significant aEount of energyI the chaEberP (his procedure should be perforEed once in the life of the chaEber or 
wheneOer the chaEber has undergone Eaeor structural EodificationsP [rior to each testM a chaEber calibration 
shall be perforEed according to section EP2P  
 

1I Install a significant aEount of absorbing Eaterial GePgPM foaE absorberI in the chaEber to load the 
chaEber to the aEount e]pected during norEal testing Ga factor of si]teen or 12dB is typicalIP  

 
2I Repeat the calibration procedure froE section EP1P1 using eight or three locations of the field probes 

according to the freJuency Geight t 10 fsM three w 10 fsIP (he electric field probes and receiOe antenna 
should be a EiniEuE of 0P25 E away froE any absorbing EaterialP DeterEine the chaEber loading by 
coEparing the ACF of an unloaded chaEber with the ACF of a loading chaEber as follows:  

 

ChamberLoaded

ChamberEmpty

ACF
ACF

Loading 0  

 
3I Repeat the field uniforEity calculations as described in section EP1P1M step 16IP  

 
4I If either the field uniforEity of the indiOidual rectangular coEponents or the field uniforEity for all a]es G]M 

yM and lI is greater than the allowed standard deOiation indicated in section EP1P1M step 4M then the 
chaEber has been loaded to the point where field uniforEity is unacceptableP Reduce the aEount of 
loading and repeat the loading effects eOaluationP  
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E.2 Calibration and DUT Loading Check.  
(he following procedure shall be perforEed prior to each test of the DU(P (he DU( and any necessary supporting 
eJuipEent shall be installed into the chaEberP  
 

1I [lace the receiOe antenna within the worQing OoluEe Gsee EP1P1P]PI at least 0P25 E froE the DU( and 
supporting eJuipEentP  

 
2I At the lowest test freJuency Gfs m 400 MdlIM ineect an appropriate aEount of RF powerM into the transEit 

antennaP darEonics of the RF input to the chaEber shall be at least 15 dB below the carrier freJuencyP  
 

3I 7perate the chaEber and the tuner for the desired nuEber of steps as indicated in (able EP1 
GalternatiOelyM Eode stirring is allowed with a Ea]iEuE stir speed of 16P5 seconds per tuner reOolutionIP 
RF power shall be applied for an appropriate aEount of dwell tiEe to ensure that the aEplitude$
Eeasuring deOice has tiEe to respond properlyP  

 
4I Calculate the Ea]iEuE receiOed powerM aOerage receiOed power G[Ma]RecM [AOeRecIM and the aOerage 

input power G[InputI oOer one tuner rotationP All calculated Oalues shall be in linear units GiPeP WM not dBEv 
^KEM not dB^KEIP Ensure that the power EeasureEent instruEents haOe an eJuipEent noise floor at least 
20 dB below the Ea]iEuE receiOed power G[Ma]RecI for proper aOerage data collectionP  

 
5I Repeat step 4I for each freJuency defined in (able 8$2P  

 
6I (he chaEber calibration factor GCCFI for each freJuency is as follows:  

 

nInput

cReAve
P

PCCF 0  

where  
CCF m the norEaliled aOerage receiOed power oOer one tuner rotation with the DU( and support 
eJuipEent in the chaEber  
[AOeRecm aOerage receiOed power oOer one tuner rotation froE step 7IP  
[Inputm forward power aOeraged oOer one tuner rotation froE step 7IP  
n m nuEber of antenna locations the CCF is eOaluated oOerP 7nly one is reJuiredM howeOer Eultiple 
antenna positions Eay be used and the CCF aOeraged oOer the nuEber of locationsP  

 
7I DeterEine the chaEber loading factor GCSFI for each freJuency as follows:  

 

ACF
CCFCLF 0  

where  
!" CCF m the ratio of the aOerage receiOed power to the input power obtained froE step 6IP  
!" ACF m the ratio of the aOerage receiOed power to input power obtained in the antenna calibration of 

section EP1P2P Use linear interpolation to obtain the ACFP  
 
If the Eagnitude of the chaEber$loading factor is larger than that Eeasured in section EP1P4 for Eore than 
10 p of the freJuenciesM the chaEber is loaded and the field uniforEity is affectedP If this happensM the field 
uniforEity EeasureEents of section EP1P1 shall be repeated with the DU( in the test chaEberP  
 
Note: If the [AOeRec Eeasured in EP2M step 4I is within GiPePM not greater than or less thanI the Oalues recorded 
for all eight locations in section EP1P1 step 7IM the CSF calculation is not necessary and the Oalue of CSF is 
one G1IP  
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E.3 Q and Time Constant Calibration.  
(hese EeasureEents are conducted to ensure that the chaEber can support the pulse waOeforEs outlined in 
Section 8P4M (able 8$3P 
 

1I Calculate the Juality factorM XM of the chaEber using the CCF of section EP2M step 6IM for each freJuency: 
 

1 2CCF
#$$

V%16Q 3
RxTx

2

6
6
7

8
9
9
:

;
0  

where  
!" ?(]M ?R] m the antenna efficiency factors for the transEit and receiOe antenna which can be 

assuEed to be 0P75 for a log periodic antenna and 0P9 for a horn antennaP  
!" ^ m the chaEber OoluEe GE3I  
!" @"m waOelength at the specific freJuency  
!" CCF m chaEber calibration factor  
 

Note: If the CSF was assuEed to be one G1I froE step EP2M step 7IM the ACF froE section EP1P2 shall be used 
in place of the CCF when coEputing chaEber XP  

 
2I DeterEine the chaEber tiEe constantM tM for eOery freJuency using the following: 

 

f%2
Q& 0  

where  
!" X m the Oalue calculated in step iM aboOe  
!" f m the test freJuency GdlI  

 
iIf A"w 0P4 r [D ^&$9() 8$%1,0'2Y giOen in Section 8P4M (able 8$3 for Eore than 10 p of the test freJuenciesM 
absorber Eaterial shall be added and the X EeasureEent shall be repeatedP (he CSF calculations shall be 
repeated if absorber Eaterial is to be addedP  

 

Table E- 1: Independent samples and frequencies 

Frequency range (MHz) 
Number of samples (i.e. 

independent tuner positions or 
intervals) recommended for 

calibration and test 

Number of frequencies 
(logarithmically spaced) 
required for calibration 

400 PPP 1000 12 20 

1000 PPP 4000 6 15 

w 4000 6 20 K decade 
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Figure E- 1: Reverberation Test Configuration (Mode Tuning) 

 
 
 
Notes:  
aP Calibration shall consist of eight probe locations below 10 fs G4000 MdlI and three locations aboOe 10 fs G4000 

MdlIP 
 
bP (he locations selected shall enclose the �worQing OoluEe� as shown aboOeP (he worQing OoluEe should be 

located at least 1 Eeter froE the chaEber wallsM Eode$tuning deOiceM and transEitting antennaP  
 
cP (he receiOe antenna shall be located in the worQing OoluEe for calibration purposes as described in EP1P1M step 

3IP (he transEit antenna shall be pointed into a corner at least 0P25 E away froE the chaEber surfaceP (he 
transEit antenna shall reEain in a fi]ed location for all calibrations and testingP  

 
dP (he worQing OoluEe Eay be siled to suit the sile of the DU(as to be testedP  
eP (he EiniEuE separation distance Eay be reduced less than 1 E proOided that the separation distance is 

always at least 0P25 EP  
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Annex F (Informative):  Transient Waveform Description (A, B, C) 
Conducted transient iEEunity testing consists of both standard pulses as delineated in IS7 7637$2 in addition to 
pulses produced by switching an inductiOe loadP  (his later approach is taQen to produce pulse waOeforEs that 
Eore accurately siEulate actual Ooltage transients produced on the Oehicleas electrical systeEP  _ote that 
switching an inductiOe load using a Eechanical switch results in contact arcingM which contributes toward the 
generation of the transient waOeforEs depicted belowP  (ransients produced in this Eanner are not necessarily 
repeatable as coEpared to standard IS7 test pulsesP  doweOerM e]perience has shown that this approach can 
produce anoEalies that are often Eissed when using only the standard IS7 pulsesP  (he waOeforEs depicted 
represent typical transients produced by the transient generator circuit illustrated in Anne] GP  _ote that the actual 
waOeforEs will Oary froE pulse to pulse because of the Eechanical switchingP  (he waOeforEs shown serOe as 
guidance of what to e]pect froE the transient generatorP  _ote that all waOeforEs shown are Eeasured under 
open circuit conditionsP  

Test Pulse A1 
(est pulse A1 siEulates the Ooltage transient produced during switch$off of the power supply Ooltage to a high 
current Gw 1 aEpereI inductiOe load connected in parallel to the DU(P (he circuit illustrated in Anne] G is used to 
generate this pulseP  (his pulse is applied to the following circuits: 

1P CoEponent power supply circuits that are connected to the Oehicle battery Oia Eechanical switches GePgP 
ignition switchI and electroEagnetic or solid state relaysP 

2P Control circuits that are connected directly or indirectly GePgP pull$up resistorI to the Oehicle battery Oia 
Eechanical switches GePgP ignition switchI and electroEagnetic or solid state relaysP 

[ulse A1 is coEposed of two basic coEponentsP  (he first is the long duration portion of the pulse as noted in 
Figure F$1P  (his is produced by the initial arc discharge across the switch contactsP  (he pulse duration Eay Oary 
between 4 to 5 EsecP  (he second coEponent is a Euch shorter duration pulse G20 f 50 usecPIM which is due to 
the inductiOe fly bacQ due to the reEaining store energy in the inductorP  (he pulse coEponentM illustrated in 
Figure F$2M Eay haOe peaQ Ooltage leOels between f280 to f500 OoltsP   

(he waOeforEs shown in Figures F$1 and F$2 are produced froE the test circuitM presented in Anne] GM using a 
pulse repetition rate of 0P2 dlM 10 p duty cycle GMode 1IP 

Test Pulse A2 
(est pulse A2 siEulates the Ooltage transient produced during switch$off of a supply Ooltage to a low current Gt 
0P4 aEperesI inductiOe load switched in parallel to the DU(P  (he circuit illustrated in Anne] G is used to generate 
this pulseP  (his pulse is applied to the following circuits: 

1P CoEponent power supply circuits that are connected to the Oehicle battery Oia Eechanical switches GePgP 
ignition switchI and electroEagnetic relaysP 

2P Control circuits that are connected directly or indirectly GePgP pull$up resistorI to the Oehicle battery Oia 
Eechanical switches GePgP ignition switchI and electroEagnetic relaysP 

[ulse A2M illustrated in Figure F$3 is produced by a secondary arc G�showing arc�I discharge across the switch 
contactsP  (he total disturbance tiEe Eay Oary significantly froE 20 to 400 usecP  Duration of indiOidual pulses 
Gsee Figure F$4I Eay Oary between 100 nsec to 10 usecP  [eaQ positiOe Ooltages leOels for this pulse Eay be 
between n100 to n200 OoltsP  [eaQ negatiOe Ooltage leOels are between f280 to f500 OoltsP   

(he waOeforEs shown in Figures F$3 and F$4 are produced froE the test circuitM presented in Anne] GM using a 
pulse repetition rate of 0P2 dlM 10 p duty cycle GMode 1IP 

7ctober 10M 2003  [age 81 of 88 
[rinted copies are uncontrolled 



FORD MOTOR COMPANY  ES-XW7T-1A278-AC 

Test Pulse B1 
(est pulse B1 siEulates the Ooltage transient produced due to low$side switch$off of a high current Gw 1 aEpereI 
inductiOe loadP  (his pulse is applied only to control circuits that are connected directly or indirectly GePgP pull$up 
resistorI to the Oehicle battery Oia Eechanical switches GePgP ignition switchI and electroEagnetic relaysP  [ulse 
B1M shown in Figure F$5 is has siEilar characteristics as [ulse A1 e]cept with opposite polarityP   

[ulse B1 is produced froE the test circuitM presented in Anne] GM using a pulse repetition rate of 0P2 dlM 10 p 
duty cycle GMode 1IP 

Test Pulse B2 
(est pulse B1 siEulates the Ooltage transient produced due to low$side switch$off of a high current Gt 0P4 aEpereI 
inductiOe loadP 7nly control circuits are e]posed to this test pulseP  [ulse B2M has siEilar characteristics as [ulse 
A2 e]cept with opposite polarityP   

[ulse B2 is produced froE the test circuitM presented in Anne] GM using a pulse repetition rate of 0P2 dlM 10 p 
duty cycle GMode 1IP 

Test Pulse C 
(est pulse C siEulates the Ooltage transient produced during switching of low current Gt 0P4 aEperesI inductiOe 
loads that share a coEEon Oehicle battery connection as the DU(P  (he circuit illustrated in Anne] G shall be 
used to generate this pulseP  (his test pulse is applied to the following circuits: 

1P CoEponent power supply circuits that are directly connected to the Oehicle battery GiPeP no switchesI 
2P CoEponent power supply circuits when connected to the Oehicle battery Oia Eechanical switches GePgP 

ignition switchI and electroEagnetic relaysP  
3P Control circuits when connected directly or indirectly GePgP pull$up resistorI to the Oehicle battery Oia 

Eechanical switches GePgP ignition switchI and electroEagnetic relaysP 
(ypical waOeforEs for [ulse C are depicted in Figures F$6 and F$7P _ote that the waOeforEs Eay change 
significantly at each application to the DU(P [ulse C is produced froE the test circuitM presented in Anne] G using 
pseudo$randoE pulses GMode 2IP 

Figure F- 1:  Pulse A1 Composite Waveform (Mode 1) 
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Figure F- 2:  Pulse A1 Short Duration Pulse Component (Mode 1) 
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Figure F- 3:  Pulse A2 
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Figure F- 4:  Pulse A2 (Detail) 
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Figure F- 5:  Test Pulse B1 
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Figure F- 6:  Typical Waveform for Test Pulse C 
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Figure F- 7:  Typical Waveform for Test Pulse C 
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Annex G (Normative):  Transient Test Circuit 
(ransient pulses AM BM and C Gsee section 14 and Anne] FI shall be generated using the test circuit illustrated in 
Figures G$1 through G$4P  (he circuits contain a few critical coEponents that Eay not be substituted without 
perEission froE the FMC EMC departEentP  (hese coEponents are highlighted in the figuresP  Specific details 
about these test circuits including contact locations for critical coEponents Eay be found at http:KKfordeEcPcoEP  

(he circuit facilitates generation of Mode 1 and Mode 2 transientsP  Mode 1 consists of repetitiOe pulses with a 
[RR at either 0P1 dlM 10p duty cycleP  (he sub$circuit illustrated in G3 facilitates Mode 1 pulsesP  Mode 2 consists 
of pseudo$randoE pulses that are generated by the sub$circuit illustrated in G4P 

 

Figure G- 1:  Transient Generator Circuit for Pulses A1, A2 and C 
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Figure G- 2:  Transient Generator Circuit for Pulses B1, B2 
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Key GFigures G$1M G$2I 
1 ^ehicle Battery G12 ^DCI 5 Resistor: 6 ohEs nK$ 5 p 
2 5 ud Inductor G50 aEpIr 

^@(T'%2 C%12(+'%;)% #1%, G$;T)% A<BKY 6 Resistor: 100 ohEs nK$ 5p 

3 Relay Sub$circuit Gsee Figure G3 for detailI 7 Switch: S[S( G1 aEpIP  Switch closed for 
[ulses A1 and CP 

4P Inductor: 100 Ed Z 1aEpr 
^@(T'%2 C%12(+'%;)% #1%, G$;T)% 64B!3Y  

*  J%0,0/19 J';&'2)2,[ 2' ($T(,0,$,0'2( &)%;0,,)8 H0,-'$, H%0,,)2 1$,-'%0P1,0'2 +%'; ,-) D>J 
O>J 8)&1%,;)2," 
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Figure G- 3:  Detail for Relay Circuit used for Mode 1 Transients 

 
 

3a

3b

3c

3d
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B

1$2 ^p$p

_C

1

3e

_7

3f

(1

(2

(1m 500 Esec
(2m 5 sec
Duty Cyclem (1K(2m 10p

 
Key: 

1 ^ehicle Battery Connection 
3a Function Generator G0P1 c 20 dl sJuare waOeI 
3b Resistor: 51 ohEs P25 watt 
3c 12 Oolt AC Relay: [otter c BruEfield sU[$14A15$12 G1I 
3e _[_ (ransistor: (I[ 41 
3e {ener Diode: 39^M 5W G1_5366AI 
3f (est Switch: S[S( Switch 

! J%0,0/19 J';&'2)2,Z  G' ($T(,0,$,0'2( &)%;0,,)8 H0,-'$, H%0,,)2 
1$,-'%0P1,0'2 +%'; ,-) D>J O>J 8)&1%,;)2,"  .)) 722)E c"  M)91? (-'$98 
T) %)&91/) 1+,)% !FF -'$%( '+ $(1Q) 

 
 

Figure G- 4:  Detail for Relay Circuit used for Mode 2 Transients 
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Annex H (informative):  P&B Relay Specifications 
 
SeOeral tests in this specification EaQe use of a [otter and BruEfield G[cBI relayP  While the relay is readily 
aOailable in _orth AEericaM it Eay be difficult to locate in other parts of the worldP  Specifications for this relay are 
listed in (able d$1 belowP  E]perience shows that Eost any 12 AC relay can be used for this perforEing testing 
per this specificationP  Before using alternatiOe relaysM Ooltage EeasureEents shall be perforEed and coEpared to 
those waOeforEs illustrated in Anne] DP  (he results of these EeasureEents shall be reOiewed and approOed by 
the FMC EMC departEent prior to using these alternatiOe relaysP 
 
_ote that when using these relays for the purposes delineated in this specificationM it is recoEEended that the 
relay be replace after 100 hours of usageP 
 

Table H- 1:  P&B Relay Specifications 

Contact Arrangement:! 3 ForE CM 3[D(M 3 CK7!
Contact Current Rating (Amps.):! 10!
Coil Magnetic System:! Monostable!
Coil Selection Criteria:! _oEinal ^oltage!
Actuating System:! AC!
Input Voltage (VAC):! 12!
Coil Suppression Diode:! Without!
Coil Resistance (!):! 18!
Coil Power, Nominal (VA):! 2P70!
Mounting Options:! [lain Case!

Termination Type:! P187 ] P020 XuicQ Connect 
(erEinals!

Enclosure:! Enclosed!
Contact Material:! SilOer CadEiuE 7]ide!
Approved Standards:! US RecogniledM CSA Certified!
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