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Requirements Key factors
Generic (architecture-wise) Generic system model
> :
Model-based Generic control structure
Automatically parameterized Dedicated testing tool
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Objectives - Generic control structure —
Generic optimization structure: HOT / ECMS
Offline optimization: based on Pontryagin MP
Online supervisory control: real-time implementation, plus
dynamic constraints
Driving cycle Generic system model
mmmmml /
: Hamiltonian Min
Driver's input
Optimal
Supervisory control o Control
inputs Backward Quasistatic Theory
Models
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Objectives - Dedicated testing tool

Hybrid testing facility: HyHIL

Powertrain Control &

Bench controller + Engine Components Control

Driver model
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Modeling levels and causalities in HEVs
Modular modeling
 Non-causal connectors
e Causal connectors >
e Quasistatic
 Backward
e Forward )
e Dynamic

Simulation Control
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Automated model generation —

Real-time Dynamic Models

PARAMETERS |

Performance
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Driver's input >
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Summary and procedure = T——— " -
Automated QM generation for internal
combustion engines FDM equations
Naturally-aspirated engines
Turbocharged engines v
Simulation results ( SIS limit )
Automated QM generation for HEV v
Electric motors Static equations
Batteries
v v
@irect simulatioD ( Causality )
v
FQM / BQM

Advantage: Not to launch a
simulation campaign

Advances in Hybrid Powertrains — 25-26 November 208

£l
© IFP



© IFP

N

—
-3 F

Naturally-aspirated engines -
Static equations extracted from FDM Conrol
Throttle valve Ambient | Po | Throttle | Pin | Intake

StoCoy 1o Po . air T valve T, manifold
= VT Cm(PO) 0 Pl T,
Intake Manifold Ambient [.Pa :

air Cylinders

Dep,a(Tin —To) = AinHin(Ta,in — Tin) s
Cylinders
D = R, Tznnv(P’LnaN) ed

__ 4w D
Mair — N,

Torque generation

Ce = < (nznd (mazra e) Qsz'nj o
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Naturally-aspirated engines -
FQM generation

Y
\

Inputs variables: Ne, Stv
Internal variables: D, mair, Tin, Pin >
Output variable: Trq

FQM: Torque curbs as a function of the throttle valve command [null]

Sonic hylpothesis —— P = P (3
D (1) P
l D (1)
T(2 |
.
Pin(3) Tn ()

!

Check hypothesis —
I

false
Torque [N.m]

true v
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mair (5), Ce (4) Engine speed [rpm]
Resolution procedure
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Naturally-aspirated engines -
BQM generation

Inputs variables: Ne, Trq R
Internal variables: D, mair, Tin, Pin
Output variable: Stv

A

A

v

BQM: injected mass flow rate map [kg/s]

Pin = I:)in (4) N
Ty D ((f) & (3)) i
mai1(5) g
S, (1)
RESOIUthn prOCEdure 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Engine speed [rpm]
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Turbocharged engines

Static equ
Compressor

ations (1/2)

Pc :PO Hc(DaNtc)

TC:T0(1+

M. (D,N¢e)e—1
nc(DaNtc)

th — NAtc Cp,a(Tc - TO)

Heat exchanger
D = BSV (She.eq, Cq.he,eqs Pey Pe,T¢)
Te = Teoot(Ne, Ce)

Throttle, intake, cylinders
D = BSV (S, Cy.tv, Pe, Pin, T¢)

J— Pin
D o RaTin T]U

Ce — NLQ (nind(mairaNe)QfDinj — % ed(Peasm —

— Te) — AinHz’n(Ta,z’n

(PinaNe)iV_; ed

Qea:m — nexm(mai’r’a Ne)QfDinj
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Turbocharged engines

/ Dexhcp,ea:h+Aeth

Static equations (2/2)
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Turbocharged engines
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FQM and BQM generation
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FQM of a turbocharged engine: torque curbs as a function of the commands
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Swg — Swg,maa: if Stv 7& Stv,maa:

BQM of a turbocharged engine: fuel mass flow rate [kg/s]
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Simulation results

Forward solving: absolute error on torque
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Simulation results

x 10 Backward solving: absolute error on consumption
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Accuracy of the proposed model generation is _
guite satisfactory (difference below 5%) i
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Automated QM generation for HEV ?]?

Electric motors — Permanent Magnet Synchronous Motor
WLl
Steady State Equivalent circuit lg |

Ui = Rslg —pwLlslyy = Relg+ Ri(Iqg — Iat)
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Perspectives
Electric motors

Modeling of iron losses is a key factor to obtain simple but
realistic motor maps
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Perspectives
Batteries

Purely ohmic representation is simple but not realistic: diffusion
effects very important

More accurate battery "maps" with electrochemical models (see
IFP presentation this morning)
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Conclusions

We have shown the principles of a procedure aimed at
generating automatically the BQ models needed by HEV controls
and optimizers from their respective FDM used in simulation

We have shown parametric static maps generated for engines
and electric motors. Changing a parameter does not imply re-
running time-consuming simulation campaigns

The automated generation process is well suited for a chain of
engineering tools that are using the same fundamental blocks

The software implementation of the procedure has been tested
and validated for the platforms AMESim (models) and
Matlab/Simulink (controllers)
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Thank you for your attention

Don’t hesitate to see the HIL demonstration
of the Hy-Hil project !!!
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