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Error behaviour
> nput X—> _
External Failure = {Error X}
External fault = {Input X, Input Y} ‘_‘
B‘_‘"PUQ Y—> Internal fault = {Internal failure} Error X—>>|

Process fault = {}
Failure logic = {Error X = Input X [logical op.] Input Y
[logical op.] internal failure}

L Type = {} |

|
I

Internal failure
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Requirement: The fault value of sensor signal X should be
detected in any situation with plausibility check of signal Y.

_——

Signal X

Not fullfilled, because
Signal Y Signal X !=Signal Y
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Requirements Hazard analysis &
model risk assessment

Error model Error simulation

Safety
analysis
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E_Machine ="

New

FeatureFlaw
Speed monitoring

Uncontrolled vehicle movement
because of faulty torque

)

- HazEvent
Loss of traction in boundry dynamic
OperationalSituation situation

Curve driving on the country road

Environment |Controliability=C3

Severity=53
Exposure=E4
SiL=D
Safet)
No faulty torque in boundry dynamic situation
SIL=D
Safe State=Torque free electric machine, free rolling of vehicle
FunctionalSafetyConcept [ TechnicalSafetyConcept \
Speed monitoring Speed monitoring
) Kind: Safety QReq
Requirement1_7 | Requirement 1_7_1
Required ASIL: D Kind: Timing QReg|
ctual ASIL: A ****************** Requirement 1_7_2
Kind: Safety QReq
******************* Requirement 1_7_3
Required ASIL: D
kcmal ASIL:

K13 TA4X_XVEECIYTFLETIL - T —F LA Ol

PRBERY - By e ZRE X, BIFE T A NOBEEIRCIFEINE T, ZNOoDT —F 77 F ¥ &
F~OE Y MU, Satsfy i 2T 220 cEBEI TS, ZDHA. 14 1IR3 &9 ke [
Speed monitoring | (FAA)IC X Y R HENEHINE T,
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Kind: Safety GReq
Requirement1_7_1

[The safety function should
icheck whether the speed
sensor value of the electric
machine does not exceed a
[defined dewiation in relation to
the wheel speeds.

ASIL D
Deiwe
- Y
Kind: Safety Gfeg =
Requirement 1_7_3 Requirement 1_7
3
|The safety function should | Derive_______. Faulty speed sensor value of S - it
detect the electrical faults of ’the e?rec::,-ec machine shall be = Speed monitoring
the speed sensor and CAN detected. ASIL.D
signal faults (wheel speeds).
ASIL: D ASIL: D
Refine
Kind: Timing GReg)

Requirement 1_7_2

If the deviation is greater than
X 1/min, the safe state shall
be reached after at the latest
'Y ms_

ASIL: D

K14 HEfETFL — X7 —F L A4 VO]

X 15 ICRIFAFINZZA 7 Y TP RFERL T, T4 v XY T4 ET AL HFET A2 O AR
- BN K e v e 7 HEIRIC/ERT & 9,
|7 Generator Qutput: Multicore: RequirementsModel

File Edit Wiew Help

=N ARl

Functional and Technical Safety Concept

Safety Goal: SafetyGoal-1

Functional Safety Requirement: Requirement 1_7
ASIL of Reguirement 1_7 (Safety-Requirement): D
Technical Safety Requirement: Reguirement 1_7_1
ASIL of Requirement 1_7_1 (Requirement_Model): D
Technical Safety Requirement - Reguirement 1 7 2
ASIL of Reguirement 1_7_2 (Requirement_Model): D
Technical Safety Requirement: Reguirement 1_7_3
ASIL of Reguirement 1_7_3 (Requirement_Model): D

15 BERERY - Bl aLea vy 7 b — XU —F L A4 Ol

16 ICFDAET AV ZRLE T, KEEMAER, —HMEL L —9 VT4 D0F =y 7 ZAIREICT 57
DICK BN TR & 7z FDA €740 FABEREN TRES T4,
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EM_Speed_Out

Speedsensor_HWFen HWFen Speedsensor_I0. C0O Speedsensor_LDM S& ( SpeedMonitonng Sgeedvion )
«HardwareFunctcn» «BascSonwarsFunction» <LocaDeviceManagers Desgnfuncton e
@‘ﬂ Speed_in Speed_Pus [Br]——{Br] Speed_Fuls Speed [B]-—{B] Ssaed speed_out [} EM_Speed_n EM_Speed_out 0-*&

Speed_n
[E..__,*{pl VhSpeed HL

'N" ’_4,{5 WhSpeed_HR

16 HEREXREIET L — N7 —F LA VOl

ANF—FDLTF7—FT N FDA TTA2LHBMICERINE T, 20Kk, TV AT LDT T —
Yy sk, 27 -OEEEEELT, FXONBMERKLE &b ICHMCHALEST, 27 -0y
it R17ICRT o1, WA= Fy 2 7, NEY 7 o = T, B X CATIE5iE IR
LT, ¥ 7V a—AZNENTRET IO D 2 T T hERET TV E T,

Omission_EM_Drehzahl_Aus ErrorBehavior
lexternalFailure:= {EM_Drehzahl_Aus}

lexternalFault:= {EM_Drehzahl_Ein, Raddrehzahl HL, Raddrehzahl HR}
internalFault= {}

processFault= {InternalHardwareFailure}
=TT T 1 [failureLogic:= { -
|

(0-EM_Drehzahl Aus = O-EM_Drehzahl_Ein OR O-Raddrehzahl_HL OR Errar
(0-Raddrehzahl_HR OR InternalHardwareFailure; } EM Drehzahl Aus
type:= HIP_HOPS - -

T
|
W
/

Comission_EM_Drehzahl_Aus ErrorBehavior

lexternalFailure:= {EM_Drehzahl_Aus}
lexternalFault:= {EM_Drehzahl_Ein, Raddrehzahl HL, Raddrehzahl HR}
internalFault:= {InternalSoftwareFailure}

processFault= {} i
" [failureLogic:= { T
Raddrehzahl HR C-EM_Drehzahl_Aus = C-EM_Drehzah|_Ein OR C-Raddrehzahl_HL OR
- C-Raddrehzahl_HR OR InternalSoftwareFailure; }
type:= HIP_HOPS

|
|
|
|
|
|
|
|
|
|
InternalHardwareFailure: :
|
|
|
|
|
|
|
|
|
|

T
|
W
y

1
InternalSoftwareFailure:

K17 =o—%FFr0udyv s — X7 —FL A VO

JBhNY —n HiP-HOPS %32 &, BMEDO LTI —ET A0 5ET A= ZADLEIT % HEIIC
FEITTEELT, COV—niF, Ay by b, EY )~ (FTA), #EE — F & 2T (FMEA)
ZHERTE T3, X 18 1% Top Event [Faulty torque ( b+ 27 [EE) | ioxf L CTAEK S L7z FTA 2R L T
WEd, 20 EMESR (TopEvent) 2748 % & v H —iESLHE Y 7 b v = THEE, N~ —FY =
THER EORKA D FTA IK—BERREINTwET, COBAERNAREINAFERINE T8,
ZOY—LVTEERMEETT LI TEET,

15



FaultTrees | FMEA | Warnings

Top Event (Effect) Faulty torque
Description N/A

System Unavailability [ o
Severity 0

Fault Trees Cut Sets.

EY) FaultTrees
=0y Faulty torque {293)
O DrehzahlUeberwachung.InternalHardwareFailure (2)
O Raddrehzahlen.Errorvalue (68)
O Drehzahlsensor_LDM_SignalAufbereitung.InternalHardwareFailure (54)
O Drehzahlisensor_IO_CDD.InternalHardwareFailure (39)
O Drehzahlsensor_HWFcn.InternalHardwareFailure (24)
O sensor.0ffsets (76)
O sensor.openCircuit (77)
O Sensor.OutOfRange (75)
O Sensor.ShortCircuitBetweenNeighbouringPins (78)
O sensor.ShortCircuitToGround (79)
O sensor.shortCircuitTovbat (80)
O Sensor.StuckInRange (74)
O DrehzahlUeberwachung.InternalSoftwareFailure (1)
O Drehzahlsensor_LDM_SignalAufbereitung.InternalSoftwareFailure (53)
O Drehzahlsensor_I0_CDD.InternalSoftwareFailure (38)

O Drehzahlsensor_HWFcn.InternalSoftwareFailure (23)

K18 HiP-HOPSIC X 2 E T W R—ZADREIHT — X7 — b L A v Dl

f%ic, HARA W CTRATICER I Nz v 27 2305 (MHER) 2@ 27201, =7 —v a2l
— v aVAETINET, 20D, YIial—vaviEEY ) —ricBT s s K (EAE
FINTHFEINE T, N DEAERII EMERICORNEZ1ET T, vIalb—vavik, MRS
HARA ofiettiIng 4, mMFEAFELCEE. ERINAAYF - FEREIELVWDDOT, 2D X5
BEEEINE S, 272 L, HliOEEIER S N2 HRUN DL AL, HARA 2R T 24803 H Y 9,
I I N2y AT L~DEZ AT 272010, BREWIKIGL TH LW LR2HELZER L 2T E
) FHA, ZOHITIE, BAR R Y — FER(E-Machine OFE £ v+ —DgfEIc X 3 b v 7 [EE)1X
NI avORRICORNRY Bl ALERIKREICH Y £3, RATOBERRILTIZ, FlAEH—7
FM25EE N TA N3 D FIPHBmERIBETE R AY T, SNEFBGNARERICORB20D L
nNEgA, K19 i3, B ReE2 oG RE 27 —v Iab—v a vIClT 2 ZeEEO Z 4
MERDOM T Z R L TWE T,
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B84 H D

Verification and Validation

Safety Goal: SafetyGoal-1
Validated: yes

Functional Safety Requirement: Reguirement 1_7
Verified: yes

Technical Safety Requirement: Requirement 1_7_1
Technical Safety Requirement: Requirement 1_7_2
Technical Safety Requirement: Requirement 1_7_3
Verified: yes

ASIL of FDA SpeedMonitoring : D
ASIL of FAA SpeedMonitoring : D
Verified: yes

ASIL of FDA Speedsensor HWFcn: D
ASIL of FAA FD: Speedsensor: D
Verified: yes

ASIL of FDA Speedsensor_lO: D
ASIL of FAA FD: Speedsensor : D
Verified: yes

ASIL of FDA Speedsensor_LDM: D
ASIL of FAA FD: Speedsensor: D

P19 MREE & Y HERERE - X7 — P LA v OBl

4. FEh

RELEZT 7 o —Fd, HREVSEFAR—ZDI AT L, V7 727, BLXOE/E VAT LD
BT —FT 0 F X RERTEI L2 IR LET, BE, TNITNEEOMAESTCITITAY —
ABMERHE W TwES, 2OT7 78 —FoFELAIVR—F Y FTHET7T—F7 27 F vl 53 EAST-
ADL 3, Y AT LELZET —F7 7 F % OfiFELeA% EAST-ADL N CTEETZ 3 L5ic, ZhnoDy
— AV EEEfEZET, RET Fu—FIicid, FuP 2 b ORRVIMBRE R EL T v 7 & Hf
Rhayve 7P #REAECE, HEINEY 12 —2a VEBEBNOAF—FOE VR 72T R2A XV
BRUMMERTE D L WORERH Y 5,

COFRDORARDOHFRIE, BRI N TA 77 VEREHFEINTLRAZ ) T rOBT2EY T, %
SERHRFIEE BEFEREYO P L —F L) T4 %AAT 22 L TT, 2—F =D FKIEN
2. T—F77F v 2fPEBELLITC D ET, K201k, SEIEARLAMOBEFREEHR L, 2
BRBATYTDIL—HEY T4 ERLTET,

ZDOT 7R —=FILEY, TATLDYATLRY 7 72T, 2 LTCRET —F77F v %2IEF A
MICHfEcER ET, CoT7 7u—F %I 554, EAST-ADLOEFET L, T4 RVELEY T4 %
TN, FLTI4 77 ) EEISREEEE (Bfho ASIL 087R L) AChiEI <, LEAEEZFO®
— 7T 42 VT4 ANEEGEEETMMETE BN - Bl AR ea v T R IR 2 ) T
FCHBIMICERCTE, VAT LERET —F7 7 F v 2 llafbe s enTcEEd, LMo T2
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Hazard analysis & risk
assessment/ Safety goals /
Safety concepts

= |
Feature
==

o model
E=—= =t —

W System T o
FT] BN  architecture -

{'}

Safety
requirements

Hardware design

Functional desngn
architecture % 3

architecture

! ki

Error model

<>

S S
Safety
architecture analysis
@ Types
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