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in it, as released by AUTOSAR, is for the purpose of information only. AUTOSAR and
the companies that have contributed to it shall not be liable for any use of the work.
The material contained in this work is protected by copyright and other types of intel-
lectual property rights. The commercial exploitation of the material contained in this
work requires a license to such intellectual property rights.

This work may be utilized or reproduced without any modification, in any form or by
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in writing from the publisher.
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The word AUTOSAR and the AUTOSAR logo are registered trademarks.
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1 Purpose of this Document

This document explains design decisions that lead to the standardized applications
interfaces relevant to the Powertrain Domain.

The sensor actuator pattern described in this document is not specific to the power-
train domain but can be applied to other domains too, e.g. the chassis domain.

NOTE: If any information in diagrams or text (or conclusions drawn from them) con-

flict with the information in [3] or [3b] and this is not explicitly mentioned the infor-
mation in [3] or [3b], resp., should be regarded as definitive.
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2 References

[1] SW-C and System Modeling Guide
AUTOSAR_TR_SW-CModelingGuide

[3] XML Specification of Application Interfaces
AUTOSAR_MOD_AISpecification

[3b] Application Interfaces Examples
AUTOSAR_MOD_AlSpecificationExamples

[4] Explanation of Application Interfaces of the Chassis Domain
AUTOSAR_EXP_AlChassisExplanation

[5] Unigue Names for Documentation, Measurement and Calibration: Modeling and
Naming Aspects including Automatic Generation
AUTOSAR_TR_AIMeasurementCalibrationDiagnostics

[6] Software Component Template
AUTOSAR_TPS_SoftwareComponentTemplate

[7] Standardization Template
AUTOSAR_TPS_StandardizationTemplate

[8] ANTLR parser generator V3
http://www.antlr.org

[9] Virtual Function Bus
AUTOSAR_EXP_VFB

[10] Glossary
AUTOSAR_TR_Glossary

[11] AIDesignPatternCatalogue
AUTOSAR_TR_AlDesignPatternCatalogue
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3 Description of Terms and Concepts

3.1 Abbreviations

For abbreviations used in this document please refer to the keyword list in [3] (as
.arxml).

Additionally, please also refer to [10] for explanation of commonly used terms and
abbreviations within AUTOSAR.

3.2 Terminology — Torque within the Powertrain Domain

Powertrain Torque Terminology CE EM TRSM

Electric |

|
Transmission Differential;
. i |
Torque REEHing j Drive-offelement and
Combustion at crank- I (Double-)Clutch Gearbox Reduction  Transfer i Wheel
engine  Ancillaries shaft I or Converter core gearbox case |
Torque reduced i Trans- Reduction i
Indicated at by Torque I Transmission mission gearbox i : Torque
Torque crank- ancilary : input output output i at
shaft losses clutch torque torque torque . wheel
= N == |:(> |:|‘> = 3 ! Brake
] torque
:Brakel I @
Engine  Electic | _. _ . _— . . .. [ Driving
clutch  machine g @ force
Combgstlon Anculary torque R J T
stdie forgus Transmission Gearbox
internal losses ol @ plorin Road
Itg;ggz pump Transmission  torque
torque torque losses
losses losses
Torque at wheel FR Powertrain Torque Terminology CE EM TRSM Wheels Loryeinhes KR
Wheel Transmission Wheel
Front Right e TR = Rear Right
Engine  Torque : Gearbox Reduction Transfer
at gearbox case
Brake clutch ; output Brake

Torque at Powertrain ! torque Torque at Powertrain

wheel FR ﬁ Torque at =) — wheel RR ﬁ Torque at

wheel FR t wheel RR
PP N | || (B o ) LL' e . 5 [ .
1 ' 1
i i i
| Differential ! Differential |
i Front Rear i
! i
: !
: ;
st et S e A i

Brake Powertrain Powertrain

Torque at Torque at T Brake . ﬂ Torque at

wheel FL wheel FL orque a wheel RL

wheel RL

Wheel ,Engine“, , Transmission®, ,Gearbox", ,Transfer Case" are Wheel
Front Left simplified in this second figure and do not reflect Rear Left
standardized compositions. Details see upper figure.
Torque at wheel FL Torque at wheel RL
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Sign definition for torque at clutch / torque at wheels:

Positive value means that torque is transmitted from the engine to the drivetrain /
from the powertrain to the wheels.

Negative value means that torque is transmitted from the drivetrain to the engine /
from the wheels to the powertrain.

Zero means that no torque is transmitted between engine and drivetrain / between
wheels and powertrain.

Ancillary torque losses:

Ancillary torque losses are losses with influence on “torque at crankshaft reduced by
ancillary losses” and “Torque at clutch” caused by e.g. alternator, airconditioning,
power steering.

Consideration of the inertia in torque signals:

Torque influence of inertia is not considered, viz.

Torque effect caused by the inertia is not permitted to be considered additionally on
engine side, viz.

e for an increasing engine speed, the indicated torque is not permitted to be in-
creased by the torque which is necessary for the positive speed gradient,
respectively

e for a decreasing engine speed, the indicated torque is not permitted to be de-
creased by the torque which is necessary for the negative speed gradient.

Engine Clutch:
For Hybrid Systems an additional clutch can be present between combustion engine
and electric machine.

3.3 Terminology — Fast and Slow Torque Requests

Many torque request interfaces have the additional descriptors “Fast” or “Slow”.
These descriptors are relevant to gasoline spark ignition engines, whose torque out-
put can be modified by means of throttle angle (and hence air mass) and ignition tim-
ing. In general, the torque output responds slowly to changes in throttle angle due to
fluid dynamics in the manifold and cylinder head. The reaction to ignition timing
changes is almost instantaneous, especially at higher engine speeds.

“Fast” refers to the “immediate” / “instant” torque request, typically achieved by igni-
tion timing.

“Slow” refers to the longer term or “torque reserve” request, usually the input to throt-
tle control.

Note that a gasoline engine running at optimum ignition timing cannot increase
torque quickly as the throttle is the only means for the increase. However, pre-
emptively opening the throttle and running with retarded ignition to maintain the the
original (lower) torque allows the torque to be increased quickly by ignition a short
time in the future. This operation is usually achieved by setting the “Slow” torque re-
quest to be greater than the “Fast” torque request to provide this “torque reserve”,
allowing the torque to be rapidly increased by increasing the “Fast” request.
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Torque Reserve concept with Fast and Slow torque requests

Torque request
Slow Tgrque request

Torque “Reserve” Requested

Fast Torque request

Air Mass
Requested Air Charge

[ e —————————

i — . " S———

Ignition

Base Ignition

e oo

Torque “Reserve” Available

Actualilgnition

Torque Realized

Torque Reserve concept with Fast and Slow torque requests

For conventional diesel engines only the fast torque interfaces are relevant. However,

future diesel engines could have the possibility to use both fast and slow torque inter-
faces.
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3.4 Typical combinations of signals for transmission shift interven-
tion

Basically, there are two different possibilities to transmit a transmission torque at
clutch request:

A) Torque request via one torque signal, which can transmit increasing and reducing
torgue requests Transmission: Request for Torque at Clutch for Shift Intervention

in combination with a Request for implementation type, which defines if the request
on the torque signal is an increasing or a reducing one, an absolute or a relative one
Transmission: Implementation Type of Request for Torque at Clutch for Shift Inter-
vention

or

B) Request via two torgque signals and one signal for implementation type:
One torque signal defines the “maximum torque”, which reflects the upper
limit of the allowed torque. This is used to request a reducing torque inter-
vention, Transmission: Request for Maximum Torque at Clutch for Shift In-
tervention on Fast Path,

- The other torque signal defines the “minimum torque”, which reflects the
lower limit of the requested torque. This is used to request an increasing
torque intervention, Transmission: Request for Minimum Torque at Clutch
for Shift Intervention on Fast Path,

- The signal for implementation type defines, if the request is an absolute
one (request to decrease/increase torque TO ....Nm) or a relative one (re-
quest to decrease/increase torque BY ....Nm), Transmission: Implementa-
tion Type of Request for Maximum and Minimum Torque at Clutch for Shift
Intervention on Fast and Slow Path.

Both possibilities may be accompanied project specific by extended or more detailed
requirements as, for example,
- Intervention mode, which requests that the intervention has to be imple-
mented by ignition angle and/or air and/or cylinder cut off.
- Atorque reserve (which has no influence to “torque at clutch”) and its re-
quest for implementation type. These two signals prepare the possibility for
an upcoming fast increasing torque intervention on gasoline engines.
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Request for shift intervention concerning possibility A:

Transmission: Request for
Torque at Clutch for Shift Inter-
vention

Transmission: Implementation
Type of Request for Torque at
Clutch for Shift Intervention

Transmission: Intervention
Mode Request for Torque at
Clutch for Shift Intervention

Request for an increasing or reducing intervention

Request for implementation type:
absolute minimum / absolute maximum / absolute exact /
relative
Definition of ,,absolute”:
'Reduce / increase torque to ....Nm.
Definition of “relative”:
Reduce / increase torque by ....Nm.

Request for intervention mode: ignition angle and cylinder
cut-off / ignition angle / ignition angle and air / air / cylinder
cut-off / cylinder cut-off and air

Request for shift intervention concerning possibility B:

Transmission: Request for
Maximum Torque at Clutch for
Shift Intervention on Fast Path

Transmission: Intervention
Mode Request for Maximum
Torque at Clutch for Shift Inter-
vention on Fast Path

Transmission: Request for
Minimum Torque at Clutch for
Shift Intervention on Fast Path

Transmission: Implementation
Type of Request for Maximum
and Minimum Torque at Clutch
for Shift Intervention on Fast
and Slow Path

Transmission: Request for
Maximum Torque at Clutch for
Shift Intervention on Slow Path

Transmission: Request for
Minimum Torque at Clutch for
Shift Intervention on Slow Path

Request for a torque reserve as add on for possibilities A and B:

Transmission: Request for
Torque Reserve at Clutch

Transmission: Implementation
Type of Request for Torque
Reserve at Clutch

Request for a fast reducing intervention

Request for intervention mode of the
“Request for a fast reducing intervention”:
ignition angle and cylinder cut-off / ignition
angle / cylinder cut-off.

Request for a fast increasing intervention

Request for implementation type:
absolute / relative

Definition of ,absolute”:

Reduce / increase torque to ....Nm.
Definition of “relative”:

Reduce / increase torque by ....Nm.

3 Request for a slow reducing intervention

Request for a slow increasing intervention

Predicted non-binding information
about an upcoming fast increasing
engine intervention. Initiates a

| torgue reserve.

Request for implementation type of the torque
reserve:

13 of 34

- Signals initiate a real torque modification

- Signals initiate a real torque modification

Signals must not initiate a real torque

| modification! Consideration has to be

neutral for torque at clutch!

Document ID 269: AUTOSAR_EXP_AIPowertrain



AUTO SAR Explanation of Application Interfaces of the

Powertrain Engine Domain
AUTOSAR CP R22-11

3.5 Overview of AUTOSAR torque application interfaces

Legend:

<shortName of Port>

<longName of Port>

Arrows represent the direction of the requirement (increase/ decrease of torque).
Horizontal lines represent the target level of the requirement.
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Crankshafttorque

4

b Upper limit of data type

EngTqCrksftMaxOptmCdn/EngTqCrksftMaxEngNCur (max. sirmsass)
Maximum Engine Torgue at Crankshaftat Optimum Conditions
Engine: Maximum Torque at Crankshaftat Current Engine Speed

EngTqCrksftMax (acfuslzir mass)
Maximum Engine Torque at Crankshaft

EngTqCrksfiMaxFast
Maximum Engine Torque at Crankshaft Fast Path

Current parameters
EngTqCrksft (spark retard. lambds efc.)

Engine: Torque at Crankshaft

EngTqCrksftRedByAncliryLoss
Engine: Torque at Crankshaft Reduced by Ancillary Losses

EngTqCrksfiMinFast
Engine: Minimum Torque at Crankshaft Fast Path

Msximum
spark retard

EngTqCrksftMinBasc
Minimum Engine Torque at Crankshaft for Powertrain Realized by Slow Path

EngTqCrksftMinWoCutOff
Minimum Engine Torque at Crankshaft for Powertrain Realized by Slow and Fast Path

Maximum

spark retard
y

EngTqCrksftMin
Engine; Minimum Engine Torque at Crankshaft Considering Engine Internal Torque Losses

EngTqCrksftRedByAncliryLossMin
Engine: Minimum Torgue at Crankshaft Reduced by Ancillary Losses

Lower limit of data type

Explanation of Application Interfaces of the Powertrain Engine Domain

Msaximum airmsss
&t current speed

sk

AUTOSAR CP R22-11

Overview of crankshaft torque interfaces

EngTqCrksftMaxProtn
Maximum Allowed Torque at Crankshaft for Engine Protection

PtTqCrksftReqSlow
Crankshaft Torque Reguest to Be Realized by the Slow Path of Powertrain

__Setpoint_ _ _._

PiTqCrksftReqFast
Crankshaft Torque Request to Be Realized by the Fast Path of Powertrain

Current airmass
> and speed ..

-

|..-="" Setpoint

Minimum air mass
&t current speed

Overview of crankshaft torque interfaces

Document ID 269: AUTOSAR_EXP_AIPowertrain



AN

Torque at clutch

4

UTOe SAR

b Upper limit ofdata type
PtTqCluMaxCluNCurLongTerm

Powertrain: Maximum Torgue at Clutch at Current Cluich Speed Long Term Attainable

Explanation of Application Interfaces of the Powertrain Engine Domain
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Overview oftorque at clutch interfaces

PtTqCluMaxCluNCurShoTerm

Powertrain: Maximum Torque at Clutch at Current Clutch Speed Short Term Attainable

PiTqCluMaxDrv
Powertrain: Maximum Available Torgue at Clutch for Driver

Transmission: Maximum Torque at Clutch Requested
L] L
Shift Intervention on Slow Path

PtEmTgMaxCluNCur
Powertrain: Electric Machine Maximum Torque at Current Clutch Speed

PtTqClu/EngTqActAtClu
Powertrain: Torque at Clutch / Engine Torque Actualat Clutch

« .. Setpoint

EngTqJCrksft

Engine: Engine Torque ofInertia at
y Crankshaft

PtEmTgJRotorShaft

PtTqJClu Y Powertrain: Electric Machine Torque

PtTgCluMinFast
Powertrain: Minimum  Torque at Clutch FastPath

PtTqCluMinDrv
Powertrain: Minimum Available Torque at Clutch for Driver

l TrsmTqCluMaxProtnReq
1
by Transmission for Gearbox Protection

TrsmTgCluMaxSlowRegForShiftinty

Transmission: Request for Maximum Torque at Clutch for
TrsmTqCluMaxFastReqForShiftintv

Transmission: Request for Maximum Torque at Clutch for
Shift Intervention on Fast Path

PtDrvrReqTqClu
Powertrain: Driver Request of Torque at Clutch

L}

1
EscTqCluPtMaxSlow/EngTqDecAtCluReqByEscSlow l
Maximum Powertrain Clutch Torque Requested by Electronic :
Stability Control (ESC) Slow Path (also EscTqWhiPiMaxSlow exists) |

EscTqCluPtMaxFast/EngTqDecAtCluRegByEscFast
1 Maximum Powerirain Clutch Torque Requested by Electronic
Stability Control (ESC) Fast Path (also EscTgWhiPiMaxFast exists)

TrsmTqCluReqgForShifinty

Transmission: Request for Torque at Cluich for Shift PtEmTqResvReq

Powertrain: Torque of Inertia at Clutch ,qf inertia at Rotor Shaft Ftervention Powertrain: Torque Reserve Electric
PtEmTq ~Moment of inertia of engine : (TrsmNrTypOfTgCluRegForShiftinty defines the direction of ' Machine Requested by Powertrain
Powertrain: Electric Machine Torque external components (no signal) the request) 0

TrsmTqgCluResvReq
Transmission: Request for

TrsmTqCluStand StillPredTrsmTqCluGbxCnsNidieCtrir

Transmission: Predicted Transmission Torque at Clutch in Torque Reserve at
Standstill

P ) : Clutch
Transmission: Gearbox Torque Consumption at Clutch for
EscTqCluPtMin/EngTqincAtCluReqByEsc

Minimum Powertrain Clutch Torque Requested by
Electronic Stability Control (ESC) (aisc EscTgWhiPtMinFast/Siow exist)

Possible range
for driver request

A 4 !

PtEmTgMinCluNCur
Powertrain: Electric Machine Minimum Torque at Current Clutch Speed

TrsmTqCluMin SlowReqgForShiftintv
T Transmission: Request for Minimum Torque at Clutch for Shift
' Intervention on Slow Path
L]

Lower limit of data type

16 of 34

o o = ———————

TrsmTqCluMinFastRegForShiftinty
l Transmission: Request for Minimum Torque at Clutch for Shift
i intervention on Fast Path

: TrsmTqCluMinProtnReq
T Transmission: Minimum Torque at Clutch Requested
by Transmission for Gearbox Protection

-------------------------------- T T - ——— ——

Overview of torque at clutch interfaces
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Example fortorque at clutch interfaces

1 Upper limit ofdata type
PtTqCluTarGear/PtDrvrReqTqCluPredEngN
Powertrain: Predicted Torque at Clutch at Target Gear
Powertrain: Virtual Driver Request of Torque at Clutch at Target Speed
PtDrvrReqTqClu
Powertrain: Driver Request of Torque at Clutch PtTqCluReqWoT rsminty
% Powertrain: Requested Torque at Clutch without Transmission intervention
e.g. delsy
@ X PtTqCIuWoTrsmintv
: Powertrain: Torque at Clutch without Transmission Intervention
: l TrsmTqCluMaxSlowReqgForShiftinty
PtTClu Transmission: Request for Maximum Torque at Clutch for Shift
Pierbiali ToaN i Intervention on Slow Path Siow and fast
—_— = e ] forque reduction
Setpoint TrsmTqCluMaxFastReqgforShifinty are requested by
Transmission: Request for Maximum Torque at Clutch for Shift transmission
Intervention on Fast Path
S
Lower limit of data type

17 of 34

Example for torque at clutch interfaces
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Torque at wheel

1 Upper limit ofdata type

AltTq

Ailternator Mechanical Torque (Load)
AltTqReq

PtTqMaxAlt

Engine Crank Shaft.

Lower limit of data type

Requested Mechanical Torque for Atternator (Generator) atEngine Crank Shaft

Powertrain: Maximum Allowed Mechanical Load for Alternator (Generator) at

Explanation of Application Interfaces of the Powertrain Engine Domain
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Overview of torque loss interfaces

AcTq
Mechanical Torque for A/C Compressor
AcTqReq

PtTgMaxAc

\ 4

SteerTq/ SteerLoadHyd

Actual Hydraulic Power Steering Load at Engine Crank Shaft/
Steering Load Hydraulic

SteerTqReq/ SteerLoadHydReq

Requested Hydraulic Power Steering Load at Engine Crank Shafl/
Steering Load Hydraulic Request

PtTgMaxSteer

Powertrain: Maximum Allowed Mechanical Load for Steering at
Engine Crank Shaft

Overview of torque loss interfaces
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Requested Mechanical Torque for A/C Compressor

Powertrain: Maximum Allowed Torque for A/C Compressor

v
TrsmTglLoss
v Transmission: Transmission Torque Losses
TrsmTqOilPmp
Transmission: Transmission Oil Pump Load
TremTgOilPmpReq

Requested Transmission Oil Pump Load
PtTgMaxTrsmOilPmp
Powertrain: Maximum Allowed Transmission Qil Pump Load
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Torque:stwhiod) Overview oftorque at wheel interfaces
1 Upper limit of data type
PtTqWhiMaxDi :
q axDrv
Maximum Possible Total Torque at Wheels at Optimum Conditions Delivered by Powertrain for Driver ! l VehTqWhiMaxSftyLimn
PtTqWhiMax / PtTqTotAviMaxAtWhis Safety Torque Limit Calculated fromthe Vehicle's #laximum Speed

Powertrain: Maximum Possible Total Torque at Wheels

EscTqWhIPtMaxSlow / PtTgDecAtWhisRegByEscSlow
Powertrain Torque Total Available Maximum at Wheels ' Maximum Powertrain Wheel Torque Requested by Electronic Stability
B R 7'y : v Control (ESC) Slow Path (also EscTqQuPiMaxSlow exists)/
(maximum air mass at current speed) : | Powertrsin Torque Decrease st Wheels Request by Stability Control Siow
i EscTqWhIPtMaxFast / PtTqDecAtWhisReqgByEscFast
Maximum Powertrain Wheel Torque Requested by Electronic Stability
VlCTthlPtMax ! p,thTOMXAMhISReqCByVIC . Control (ESC) Fast Path (also EscTqQuPiMaxFast exists)/
Maximum Torque at Wheel by Vehicle Longitudinal Control (VLC)  eouertrsin Torqus Decrease at Whesis Request by Stabity Control Fast
Maximum Torque at Wheel by Vehicle Longitudinal Control (VLC
PtTqWhi I
Total Wheel Torgue Provided by Powertrain DrvReqTqWhiSlow
Driver Request ofWheel Torque (Slow Torque Path) PtTqWhiReqDrvVic / PITqTotReqdAfWhisForVic
PtTqWhiind ¥y,

Powertrain: Total Requested Propulsion Wheel Torque by the Driver or Vehicle
Torque Delivered by the Powertrain to the Individual Wheels™- ~. DrvReqTqWhIFast Longitudinal Control (VLC)/

Setpoint “~-|._Driver Request of Wheel Torque (Fast Torgue Path) Powertrain Torque Total Requested at Wheels for Vehicle Longitudinal Control (VLC)
PtTqWhIReq/PtTqTotReqdAfWhis

Possible range Powertrain: Total Requested Propulsion Wheel Torque (Driver, VLC, ESP)/
<0 U — for driver request Powertrain Torque Total Requested at Wheels
PtTqQWhIMinDrv
Minimum Possible Total Torque at Wheels Delivered by Powertrain for Driver (with or without fuel cut-off)
PtTqQWhIMinWoCutOff/ PITqTotAviMinAfWWhis
Minimum Possibie Total Powertrain Torque at Wheels Without Complete Fuel Cut Off/
Powertrain Total Torque Available Minimum at Wheels
PtTqWhIMin ,
Minimum Available Total Powertrain Torque at Wheels (with fuei cut-off) —1 'E’?nﬁ;g::h;;’t.‘l".;:; g:ﬁlﬁ F;gg(l;::ﬁ:\ggsuliees?;yggimnIC ki
VicTqWhIPtMin / PtTqTotMinAtWhisReqdByVic ' Controf (ESC) Slow Path (slso EscTqQuPiMin 2xists)
Minimum Torque at Wheel by Vehicle Longitudinal Control (VLC) ' Fowertrain Torque Increase 3t Wheels Request by Stabity Control Siow
i Minimum Torque at Wheel by Vehicle Longtudinal Control (WVLC) ———— EscTqWhIPtMinFast/ PtTqincAtWhisReqByEscFast
' 1 Minimum Powertrain Wheel Torque Requested by Electronic Stability
' Control (ESC) Fast Path (aiso EscTqGuPtMin exists)/
' Fowertrain Torque Increase 3t Whesls Request by Stability Control Fast
Lower limit of data type
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The following figures give an overview of the domain or functional architecture. They
not necessarily give a complete picture but show the most relevant interconnections
and components.

Functional Architecture Diagram

Drive Train State; other “activity” info; etc.

¢ Maximum Available Total Powertrain Torque At Wheels:

Minimum Available Total Powertrain Torque At Wheels;
Actual Total Powertrain Torque At Wheels; etc.

Details specific for

Agreed domain model
component
1 Agreed place-holder
domain model component |

i Further i . & g combustion engine
! . e 1] Powertrain Torque Distribution to Wheels | i .
P o E . requestedby AWD *|  «gngine bomain Domain Model
| ...Exp_AlChassis ! Architecture” Combustion
[Ea S e i T — A
Acceleration Pedal DeE;]s‘Eilr"rgure
»‘ “Engine Domain
Driver Request Architecture”
Vehicle Domain Model 1
Longitudinal > i
c%ntrm ... requested by VLC Power‘Traln
Coordinator
I Min / Max Total Powertrain torque at wheels I D inMode
i Major tasks: omain Viode
Eéetcg'?'mc - requested by ESC Prioritisation, I Electric
ability Optimisation, Machine
Control Distribution,
Coordination of
Safety Vehicle Torques, Modes,
...Speed Limitation Speeds, Ratio.
Domain Model ) 3
Typical Output:
A'Torq(:'Jt'e gonsumers Torque requests Domain Model
Ir conditioning compressor, ksh: ﬁ‘ . .
Compressor/Booster/Alternator, (Z:la,:c;"a') — Transmission
. Auxiliary Drives (working machines) | Gear Request | Diﬁca-Grz:{iZ‘l))libck
Braraieyaiem = Torque Vectoring Tc:sm.
% Protection functions — TEEEITERE
CHASSIS POWERTRAIN
Functional Architecture Diagram
Engine Domain Architecture Diagram
PowerTrain Combustion Engine Combustion
Coordinator
(extract)
Glow system
Engine Torque EXhaUSt syStem
Requests -
PT Torque ‘ Air system
Coordinator . ; o
Engine Engine position
Engine Speed
PT Speed s g torc;ue and speed
Coordinator Fuel system _
- mode Engine
. ngine Mode ; 5
PT Operation Request(s) management i Lubrication
nition
Mode sg e
ys Engine
Temperature
water pump Thermal
Air conditioning compressor man ag em ent
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5 Description of Exemplary Software Components

For being able to use and understand the standardized application interfaces a typi-
cal domain architecture was used as basis for demonstrating the signal flow. The
components of this example domain architecture are described in the following.

5.1 Powertrain Coordinator — PTC (PtCoorr)

This composition includes all functions that coordinate the operation of the Power-
train, including:

Powertrain operation mode — management of states of all actuators (e.g. combus-
tion engine, clutch(es), transmission, electric motors, etc.), including engine start /
stop management (conventional & hybrid Powertrains).

Powertrain torque coordination — Torque coordination at Powertrain (PT) level,
torque prioritisation, torque distribution for realization at at PT level, torque reserve
request for the PTC, pre-coordination of driveability functions for hybrids, Powertrain
driveability filters, determination of total Powertrain losses for torque calculation,
wheel torque calculation (min, max, consolidated), torque at clutch calculation (min,
max, consolidated), transformation of torque set point from wheel torque to torque at
clutch, transformation of torque set point from torque at clutch to torque at crankshatft,
control/coordination of auxiliary drivers/actuators.

Powertrain speed coordination — Maximum speed limitation coordination (for pro-
tection of all PT components from damage from over speed) and coordination of idle
speed / engine speed set point requests from all sources, e.g. transmission.
Powertrain ratio coordination — all transmission ratio set point logic. Note that real-
ization of ratio set point is carried out by transmission system, not PTC.

5.2 Transmission System (Trsm)

This composition includes all functions of the transmission system, including:
Transmission system coordination — Determines the torque and speed ratio over
transmission, converter and differential, including the calculation of torque losses in
the transmission system. Coordinates mechanical protection of the Drivetrain (gear-
box, driveshafts, etc.), including calculation of torque limitation.

For manual transmission, this function includes the determination of the current gear
and clutch status.

Transmission — Management of particular states in the transmission, including shift
transition, driving off situation, creeping mode etc.. In case of shift transition, this
functionality calculates torque requests to optimise the transition.

Control of transmission actuators to adjust the gear to the target gear (or to adjust the
gear ratio to the target gear ratio in case of CVT). Gear ratio means the theoretical /
physical ratio belonging to each gear and not any actual measured value. Control of
gearbox countershaft (low/higher range) actuators is not included.

Calculates the torque gain of a hydrodynamic converter and the torque required to
the converter input side in idle, etc. and controls clutch or converter actuators.

All functionality related to the protection of the transmission, including calculation of
torque limitation, measurement or calculation of gearbox oil temperature, etc., and
calculation of requests to other systems.
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Gear signals during a single upshift or downshift Example

Upshift: /—\ ; e

TrsmGearSt : PtEngNInclgStrtStop
Transmission: Transmission Gear State Powertrain: Engine Speed
e.g. gear 2 Including Start Stop

TrsmFIgShiftProgs

Transmission: Gear Shift in Progress

Time till target gear is
engaged

Downshift:

TrsmGearSt

Transmission: Transmission Gear State PtEngN_InchS_mStop
Powertrain: Engine Speed

e.g. gear 3 Including Start Stop

gear 2

TrsmFIgShiftProgs A e : .

Transmission: Gear Shift in Progress l [—

Gear signals during a single upshift or downshift Example

Drivetrain Torque Distribution (DtTqDibtn) Differential Lock — All functionality
related to the differential(s), which manage the torque distribution between left and
right wheels, for example locking of the differential. Does not include the calculation
of the distribution set point.

Drivetrain Torque Distribution (DtTgDibtn) Transfer Case — All functionality relat-
ed to the transfer case, which manages the torque distribution between front and rear
wheels. Does not include the calculation of the distribution set point.

Drivetrain Torque Distribution (DtTqgDibtn) Torque vectoring axle transmission
— All functionality related to active distribution of powertrain torque to all four wheels
individually. Does not include the calculation of the distribution set point.

For additional information on Drivetrain Torque Distribution (DtTgDibtn) please also
refer to [4].

5.3 Combustion Engine (CmbENQ)

This composition includes all functions directly related to the operation and control of
the vehicle’s combustion engine. The following sections, 5.3.1 to 5.3.3 inclusive, de-
fine the components as a result of Combustion Engine functionality decomposition
agreed to date.

5.3.1 Engine Speed and Position (EngSpdAndPosn)

Functions that provide all parameters linked to engine shaft position and speed, in-
cluding the synchronisation on between crankshaft and camshatft.
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Crankshaft and camshaft signal acquisition.

Calculation of the engine position.

Calculation of the relative camshaft position for systems with variable valve timing
and/or lift.

Related diagnosis and plausibility checks.

5.3.2 Engine Torque Mode Management (EngTgModMngt)

Includes calculation of engine torque set point, realization of that set point (coordina-
tion of air / fuel / ignition, etc.), determination of consolidated engine torque, control of
engine speed (idle / off-idle / limitation), and management of engine modes (including
overall mode, modes for realization of engine start & stop, and combustion modes).

5.3.3 Combustion Engine: Miscellaneous (CmbEngMisc)

Combustion Engine Misc gathers together miscellaneous engine interfaces. In gen-
eral, these are common data required for correct operation of the engine (engine
temperature, ambient air pressure and battery voltage) or required for fail-safe ac-
tions (crash status). The way in which these interfaces are used is not standardized.
In future AUTOSAR releases, it is likely that these interfaces may be moved to differ-
ent (more appropriate) provider or receiver components / compositions.
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5.3.4 Combustion Engine: Timing- and Accuracy requirements on the signal
“Powertrain: Engine Speed Including Start Stop”, necessary for trans-
mission.

Timing- and Accuracy requirements to signal
“Powertrain: Engine Speed Including Start Stop”, PtEngNInclgStrtStop

(these requirements apply accordingly to signal “Powertrain: Clutch Speed”, PtCIluN)

Engine Speed dlinders
A permissible offset +/- 6 rpm, n signal “Powertrain: Engine Speed Including Start
permissiblespread+/- 10rpm Stop”, PtEngNincigStrtStop
Accuracy signal “Powertrain: Engine Speed
S0 N L — JH—— Including Start Stop”, PtEngNIncigStrtStop
atmax. engine speed: permissible offset+/- 6 rpm,
n permissblespread+/- 10 rpm
permissibie offset at800rpm: permissibie offset +/- 6 rpm,
n T permissble spread+/- 3 rpm
permissblespread
+/-2rpm /A/ 800 rpm
J A
Idle Speed Delay of signal “Powertrain: EngineSpeed atenginespeed< 800 rpm: permissible offset+/- 6 rpm,
Inciuding Start Stop”, PtEngNIncigStrtStop<40 ms permissblespread+/- 2 rpm
throughout the entire operating range
0 >
Time

All the accuracy and response time requirements mentioned in this graphics are ,goals”.
Project specific requirements have to be defined in close cooperation of transmission and engine engineering.

Engine Speed Including Start Stop Accuracy Requirements
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Additional requirements for timing and accuracy on the signal “Powertrain: Engine
Speed Including Start Stop” during engine start and shut down:

Engine Speed Including Start Stop Composition
(these requirements apply accordingly to signal “Powertrain: Clutch Speed”, PtCIuN)

Engine Speed
N
Idle -~
Speed
n n u Enginespeed, physical behaviou
Delay<40ms Delay<40ms “Powertrain: Engine Speed Inciuding
StartStop”, PtEngNincigStrtStop
When
rises above When
calculationof falls below
is fading from calculationof
to is fading from
to
are calibration labels on engine side.
Calibration value to be defined in
close cooperation of transmission and
engine engineering.
<40ms E
. =4 gt
" B rd
All the accuracy and response time requirements mentioned in this graphics are ,goals”.
Project specific requirements have to be defined in close cooperation of transmission and engine engineering.
Engine Speed Including Start Stop Composition
Legend:
Calculation of “Powertrain: Engine Speed Including Start Stop” on the engine
side:

Combination of

“‘Engine speed based on last segment calculated every 10 ms”

and

“‘Engine speed based on last tooth calculated every 10 ms”.

For a high engine speed, greater than the upper hysteresis limit “a”, signal
“Powertrain: Engine Speed Including Start Stop” is “Engine speed based on last
segment calculated every 10 ms”.

For a low engine speed, less than the lower hysteresis limit “b”, the signal
“Powertrain: Engine Speed Including Start Stop” is “Engine speed based on last
tooth calculated every 10 ms”.

The transition between a high engine speed and a low engine speed is defined
by a hysteresis with an upper threshold “a” and a lower threshold “b”.
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If the engine speed increases to a value greater than above “a”, then the num-
ber of teeth used for the speed calculation is incremented up to segment length
using a defined step width.

The incrementation is done depending on the time after crossing “a”.

If the engine speed decreases to a value less than “b”, then the number of teeth
used for the speed calculation is decremented down to one using a defined step
width.

The incrementation is done depending on the time after crossing “b”.

The input for the hysteresis is “Engine speed based on last tooth calculated
every 10 ms”.

At a negative engine speed “Powertrain: Engine Speed Including Start Stop” is
calculated based on one tooth.

Additional requirements on “Powertrain: Engine Speed Including Start Stop” in
the range of O rpm up to an idle speed are necessary to ensure comfortable en-
gine starts:

Requirements on engine start:

The first speed information must be available at the latest after 40 ms after the
first crankshaft motion. This is necessary to be able to detect when the engine
starts to rotate.

Requirements on engine stop:
- When switching off the engine,

- “Powertrain: Engine Speed Including Start Stop” must deliver physically cor
rect values down to O rpm.

- there is a permissible max. delay time “c” between engine standstill and
when the signal “Powertrain: Engine Speed Including Start Stop” is equal to 0
rpm.

- The engineis not permitted to switch off bus communication before “Powetrain:
Engine Speed Including Start Stop” = 0 rpm.

Vehicle Motion relevant for Powertrain (VehMtnForPt)

This composition includes Powertrain functions related to vehicle motion. The follow-
ing sections, 5.4.1 to 5.4.3 inclusive, define the components that have so far been
agreed as part of this composition.

5.4.1 Driver Request (DrvReq)

Driver-specific conversion of accelerator pedal position to requested torque: deter-
mines the driver request related to the motion of the vehicle. For longitudinal motion,
this functionality interprets the driver request as a torque request.
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5.4.2 Accelerator Pedal Position (AccrPedlIPosn)

The component calculates a percentage from the acquired position of the sensor and
contains plausibility checks to ensure the information. Kick-down detection is in-
cluded in this component.

5.4.3 Safety Vehicle Speed Limitation (VehSpdLimnForSfty)

Hard limitation of vehicle speed by engine torque reduction, without any comfort func-
tionality.

5.4.4 Vehicle Motion (Powertrain): Miscellaneous (VehMtnForPtMisc)

VehMtnForPtMisc gathers together miscellaneous interfaces in the context of vehicle
motion powertrain. The way in which these interfaces are used is not standardised. In
future AUTOSAR releases, it is likely that these interfaces may be moved to different
(more appropriate) provider or receiver components / compositions. It is even not
excluded that they are moved to components that already exist.

VehMtnForPtMisc e.g. is used to close open interfaces in the case that it is commit-
ted that some component within vehicle motion powertrain will request or provide it
but it is not yet decided which component or the component is missing.

5.5 Powertrain: Miscellaneous (PtMisc)

PtMisc gathers together miscellaneous powertrain interfaces. The way in which these
interfaces are used is not standardised. In future AUTOSAR releases, it is likely that
these interfaces may be moved to different (more appropriate) provider or receiver
components / compositions. It is even not excluded that they are moved to compo-
nents that already exist.

PtMisc e.g. is used to close open interfaces in the case that it is committed that some
component within powertrain will request or provide it but it is not yet decided which
component or the component is missing.
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6 Additional Information

6.1 Differences between SW-Cs and ECUs

The SW components defined in chapter 4 are not to be confused with an ECU’s func-
tionalities.

For example, a combustion engine control ECU may contain the Combustion Engine
SW-C plus other SW-Cs.

6.2 Functional safety

Many Powertrain signals are safety-relevant, therefore
The AUTOSAR RTE will provide reliable communication for these signals at the
low level, and

Diagnostics and safety concepts for these signals must be applied at the higher,
functional level.

AUTOSAR does not provide a Safety Concept for Powertrain systems. This must be
done at the project level. This means that the specified interfaces must be checked to
fulfill the safety requirements on each specific project.

6.3 Powertrain Application Interfaces - Decisions / Assumptions

6.3.1 Scope

In this document only passenger cars are considered.

6.3.2 PTC Composition (PtCoorr)

The PTC is not an atomic AUTOSAR SW-Component. In fact, its functionalities
should be separated, into several sub-components. These sub-components will
communicate with each other and with AUTOSAR SW-Components outside the PTC.
The interfaces between the sub-components are not in the current scope, which is
restricted to the definition of main interfaces between the non-PTC components and
the PTC sub-components.

6.3.3 Definition of overboost

Overboost is a state in which the maximum torque which the combustion engine can
deliver is increased for a limited period of time. Depending on the engine type, this
could be realised, for example, as an increase in boost pressure on a turbocharged
engine.
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Coordination of vehicle energy (mechanical / electrical / thermal), vehicle operation
modes, vehicle personalisation, etc., should be done at the vehicle level. This is not
in the scope of the Powertrain Application Interfaces.

The composition VehMtnForPtMisc was added as an interim solution for some vehi-
cle level issues relevant to the powertrain domain.

6.3.5 PTC Arbitration between Driver and Chassis torque requests

The two figures below show how the VLC and Stability Control torques requests
could be arbitrated with the Driver Request. This is just an example to illustrate the
concept behind the powertrain torque request interfaces, it is not intended to stand-

ardise the arbitration behavior in the PTC.

PtFIgDrvOvrdVic
Driver Request Overrides VLC

(=1if both values are equal)

PtTqWhIReq

by the driver or VLC

Powertrain: Total requested propulsion wheel torque

Driver request of wheel torque

VicTqWhIPtMin N

DrvReqTgWhIFast

A
(fast torque path) 4"'—’!_‘_’~7

Minimum torque at wheel by VLC

Max

VIcTqWhIPtMax

Maximum torque at wheel by VLC

EscTqWhIPtMinSlow
Minimum powertrain wheel torque

requested by ESC slow path

(MSR)
EscTqWhIPtMaxSlow
Maximum powertrain wheel torque

requested by ESC slow path

EngTqCrksftMinWoCutOff

Minimum powertrain wheel torque

requested by ESC fast path
(MSR)
EscTqWhIPtMaxFast
Maximum powertrain wheel torque
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(ASR)

Slow Path
Min >
Max
Ny | Slow
’_' | Min setpoint
—>
1st Level 2nd Level
Fast Path
|
Max ——»
. Fast
B Min [ Setpoint

requested by ESC fast path
(ASR)

Powertrain coordinator

Tq
provi

PtTqwhl
tal\wheel torque
ded by powertrain

»

v2.02

VLC and ESP Arbitration in PTC
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PtFIgDrvOvrdVic
Driver Request Overrides VLC
(=1if both values are equal)

PtTgWhIReqDrvVic
Powertrain: Total requested propulsion
whee}‘torque by the driver or VLC

A
DrvReqTqWhlFast =
Driver request of wheel torque
(fast torque path)

EscTqCluPtMaxSlow

requested by ESC slow path
(ASR)

EscTqCluPtMin

Maximum powertrain clutch torque——————————»|

VICTGWhIPtMin Max
> Min
Mini t t wheel by VLC
inimum torque at wheel by )
VIcTgWhIPtMax
Maximum torque at wheel by VLC
1st Level

Conversionto| |
wheel TQ

Conversion to

————Minimum powertrain clutch torque requested by ESC————| —

(MSR)

EscTqCluPtMaxFast

——+——Maximum powertrain clutch torque—————»|

requested by ESC fast path
(ASR)

wheel TQ

Slow Path
Max |——»
. Slow
™ Min | setpoint
2nd Level
-
Fast Path
|
Max >
. Fast
> Min [ Setpoint

Conversion to

o

t

PtTqwhl
al wheel torque
provided by
powertrain

»

wheel TQ

Powertrain coordinator

v2.02

VLC and ESP Arbitration in PTC based on TQ at clutch

6.3.6 Assumptions on modeling style and naming aspects specific for power-

train domain

AUTOSAR provides a guideline for modeling and naming of model elements ([1]).

There are architectural design patterns like the sensor actuator design pattern de-
scribed in [11] that also include modeling and naming aspects.

In this section only additional patterns and modeling styles followed are explained to
get an overall understanding of the signals standardized for the powertrain domain.

Please note: Here standardized ports or port interfaces mean standardized port pro-
totype blueprints or port interface blueprints [7].

Kind of Modeling in general applied within powertrain domain, especially if the sys-

tem modeling guideline [1] gives some freedom.

Kind of modeling or as-
sumptions

Rationale

All SenderReceiverinterfaces
standardized are assumed to
be measurable.

In earlier versions the standard did not contain in-
formation about calibration and measurement.

Since R4.0.3 all data types allow measurement by
default (see generated .arxml [3]). So our implicit
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Kind of Modeling in general applied within powertrain domain, especially if the sys-
tem modeling guideline [1] gives some freedom.

Kind of modeling or as-
sumptions

Rationale

assumption that all signals are measurable is ful-
filled.

All ports are assumed to be
optional.

Within our example components all ports are as-
sumed to be optional. The ports are derived from the
port prototype blueprints with the same name. It is
optional per default that port prototype blueprints are
allowed to be used but not necessarily used in every
project.

In previous releases without blueprints this assump-
tion was very important because there was no vari-
ant handling done. So within the powertrain domain
it was assumed that all ports are optional.

Since only ports but no components are standard-
ized this was even more important: it means that a
supplier or OEM may create a single SW-C (Soft-
ware Component) and use only the standardized
ports that are relevant for this SW-C in his sw archi-
tecture.

Port interfaces are not de-
signed to be reused: there is
a 1:1 relationship between
port and port interface. The
port interface has the same
name as the port + an addi-
tional index as required by the
System Modeling Guideline
[1]. _

Exception:

If powertrain is not the provid-
er then the rules of other do-
mains are respected.

Ports are attached to SW-C. Since SW-C are not
standardized only port interfaces were really subject
of usage in projects up to Release 3.1.

With Release 4.0 the standardization of ports is sup-
ported by using so-called PortPrototypeBlueprints in
the meta model.

However, in practice older versions of the
AUTOSAR meta model are still in use and the exist-
ing tools do not yet fully support PortPrototypeBlue-
prints.

To be backward compatible and to enable the easy
introduction of the standardized application interfac-
es within the powertrain domain not all features of
the meta model (like e.g. connectiong of compatible
interfaces with different port interface short names)
therefore were yet fully exploited.

Connecting of compatible interfaces with different
port interface short names is not supported.

If a port interface contains
exactly one data prototype its
name is identical to the port
interface excluding the trailing
index.

There were only two alternatives:

- using full name

- using name “Val” for Value

Disadvantage of solution 2) would have been that
many ports would have been assumed to be com-
patible by tools because identical data prototype
names (with compatible interfaces) allow an auto-
matic connection.

Within specification tools like e.g. ASCET-SD or
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Kind of Modeling in general applied within powertrain domain, especially if the sys-
tem modeling guideline [1] gives some freedom.

Kind of modeling or as-
sumptions

Rationale

MATLAB/Simulink it might be possible to only show
the data prototype name and to not display the port
interface or port name.

The reuse of data types was
explicit goal within the power-
train domain.

Within the powertrain domain it was an important
design goal to use as few data types as possible.

Computation methods were
not subject to reuse yet.

The reuse of computation methods is not supported,
but only re-use of data types. But reuse of computa-
tion methods should be considered for the next re-
lease.

In most cases only one data
prototype was defined per
port interface.

This kind of modeling allows the biggest flexibility in
implementing the standard.

On assembly level e.g. it is not allowed that the r-
port has more data prototypes than the p-ports ([6],
figure 6.3). Therefore in such cases, when several
data prototypes are part of one r-port the data proto-
types themselves cannot be assumed to be optional,
only the complete r-port.

In older versions of the AUTOSAR standard is was
not allowed that a sub-component provides only part
of the port, i.e. if several data prototypes were part of
a port interface it was implicitly standardized that
there is one SW-C providing it. When splitting the
information on several port interfaces each data pro-
totype might be provided by a different SW-C.

In most cases no records
were used to define port inter-
faces.

The rationale is similar to the one stated for the as-
sumption to only define one DataPrototype per Port-
Interface.

Since within the powertrain domain Portinterfaces
with multiple DataPrototypes are seldomly used,
there is no necessity to use records and it is as-
sumed that timing related aspects of the data proto-
types are to be handled separately, that there are
other more flexible possibilities to do so.

Specific Naming Assumptions for Powertrain Domain

Assumption

Rationale

The names were chosen such
that automatic generation of
display names is possible.

In Powertrain ECUs there are thousands of calibra-
tion relevant data. So it is important to apply the
System Modeling Guideline [1] in a way that auto-
matic generation of display names is possible.

See [5] for details.

In general the keyword abbre-
viation “Consold” for “Consoli-

Reason for doing so is to have short names when-
ever possible (see [TR_MCM 70020] in [5])
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Specific Naming Assumptions for Powertrain Domain

Assumption

Rationale

dated” as well as the abbrevia-
tion “Act” for “Actual” was sup-
pressed.

Example:
PtTqClu for “Torque at Clutch “

In case a port is only for Fast
Path or Slow Path “Fast” and
“Slow” is added. In the other
cases “SlowFast” is suppres-
sed.

Reason for doing so is to have short names when-
ever possible (see [TR_MCM_70020] in [5])
Example:

PtTqWhIMinWoCutOff affects Slow and Fast path
EscTgWhIPtMaxSlow or EscTqWhIPtMaxFast is for
a specific path

For more details on fast and slow paths see chap-
ter 3.3

“State” is used as abbreviation
“St” for “State” and “Status”.

In most cases it is very difficult to explain the differ-
ence between State and Status. So for sake of
simplicity and consistency within the powertrain
domain only “St” is used.

TgWhl means sum of Torque
Wheels whereas Tqwhlind
means the torque of an indi-
vidual wheel.

Within Powertrain the sum of torque wheels is more
often used. So information (“Ind”) is added in the
case that individual wheel torques are meant.
Example:

PtTgwhl for “Total Wheel Torque Provided by
Powertrain”

PtTgwhlind for “Torque Delivered by the Power-
train to the Individual Wheels”

Prepositions are only used in
the short name if it really helps
understanding.

In most cases the preposition does not really add
information and makes short names unnecessarily
long (see [TR_MCM_70020] in [5]).

Examples:

PtTqWhIMinWoCutOff for Minimum Possible Total
Powertrain Torque at Wheels Without Complete
Fuel Cut Off

using the preposition ‘Wo’ (without)

PtTgWhIReqgDrvVIc for Powertrain: Total Request-
ed Propulsion Wheel Torque by the Driver or Vehi-
cle Longitudinal Control (VLC)

instead of

PtTgAtWhIReqByDrvForVic as recommended by
the system modeling guideline [1].

Special rules for engine-
transmission interfaces

- Each Long Name starts with the provider and co-
lon “”.
Only if the provider cannot be defined, the provider

and the colon are omitted.

- If the reference object and the reference level for
the speed are not explicitly stated, then the refer-
ence object and the reference level for the speed
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Specific Naming Assumptions for Powertrain Domain

Assumption Rationale

are the object itself.

Example:

a) “Engine: Torque at Crankshaft” is the torque at
the current crankshaft speed, not at idle speed,
max. speed, ... .

b) “Engine: Torque at Crankshaft” is the torque at
the crankshatt level, not at wheel level.
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