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Front End Module Design
Introduction
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Whatisa frontend module?

A frontend module is necessarytoremove heat from engine,cabin...tothe
ambient air.

All components interact with each other and with the vehicle to define local
working conditions (temperature, pressure, air velocity)

Air flow resistances

CONDENSER

N : : :
Q 3 main axis make up a cooling
module (on air side):

Air flow resistance

RADIATOR 3. Environment (Inlet grld)

CAC

Front End Module Example
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Front End Module Design Overview & Target o

TARGET

OB et

Bwla mdprhiand v
L sl

e |
o |

Architectures [1 to 30] et pamion

Packaging Constraints

Heat Performance criteria for
several boundary conditions
[~10 to 20 Operating Points]

ANSWER

Acceptable rrontEnd
Module Solutions but not

TOOLS &
_|_ METHODOLOGY

Acoustic criteria/ Reliability

Lot Selection & Optimization

of each component

TARGET

Answertime

Optimal

Cost

Simulation Test

Re-use / Diversity limitation
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Frontend moduledesign current Methodology

— TN

Axis 1: AXis 2 Axis 3 : Final Check

Initialization Heat Exchanger Fan System Environment

Numerical model Heat Exchangers Fan System Environment

creation with fixed Selection Optimization assumption update Check thattargetare

assumption for all With fixed assumptionon:  With heat exchangers due to Axis 1 and Axis reached.

architectures Axis 2 : Fan system (taken  defined in previous 2 modification If not Additional
from a previous project) step iteration

Axis 3 : environment
(assumption given as

input)
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Frontend moduledesign current Methodology
Conclusion on current process

e Sequential process:
o Nota global optimal approach
o Acceptable solutions are found with difficult consideration of
all criteria together(Reuse, variant, cost, etc.)
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MDO Methodology

Introduction
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MDO (Multi-Disciplinary Optimization) methodology

« Facilitate the decision-making in Multi-Disciplinary problem : optimization of several criterion

simultaneously using a GLOBAL criterion
* Implicate the right personnelin orderto :

VALEO RESERVED

Determine the design variables, scenarios and objectives, etc.

Adapt the way to trade-off.

OIA Ontology

N

=1 Observation

/|

N\
Interpretation

/|

Aggregation>—

r Optimization
L Algorithm

J
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Aggregation

MDO Methodology Introduction: — - <0
OIA: Observation (i le——— GG

1) Observation Scenarios
I.I[x} Oprting Pt § o 1 1

(X) EXChangel‘S Behavior Model| . wakacls e :-m“m
+ Fan QD  (Y)Targets: (X)+ e
. _ (Go  Temperature st e o L
ponent @ g Operational g Bmbbrd bty [4] 8
@ | Scenarios |w o Pressure drOp
+
: o  Simulation =\k o Cost B v .
O Y models B Packagi Simulation
P o ackaging,
Component model
@ NVH, ...
+ | - Select... Run Simul Simulations Flﬂllhbdl-
L] KULl Comp Component -
Design Observation 1 1RAD EntryTempiM "

variables variables - Z
z LCAC ExitTemplM c
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MDO Methodology Introduction: =
OlA: Interpretation T &Y

Z
1) Observation 2)Interpretation 1 )
p(x) B(y) Threshold
Behavior Model (1 parameter)
?: — O=—O D1 ameten | & ,
( )_>(: ) - 0 . > Yi
Compone"t@EOperational g [O,ll - *V
@ o Scenarios P4 o _ — - - )
: © A SlmuJIratlon g Dfiilcrzglr:gy - o [0.1]
O Y models ) O 1 °
Component £ O — O Li
® @ Inear
2 parameters
o1 ©P :
Design Observation Interpretation
variables variables variables

Soft
(4 parameters)
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MDO Methodology Introduction: oo SRy —
OIA: Aggregation e &

1) Observation 2)Interpretation 3) Aggregation Minimum
p(x) (y) .(z)
Behavior Model
WO— DOV,

.|® ;% O—® 0
COmFlc))nent@goperatiqnal Z1 Zy9 Z3 24

~>
o Scenarios P
P fo) + =k o TDesirability o Aggregation
. A Simulation | functions function [ DOI = min (Z:
O§mode|s__\> © ° --_———> (’)

Component O — O

"D o o Weighted Product

Design Observation Interpretation OEeeS::?iCe
variables variables variables J Preferenc
Indexes
ghts

Z1 Zy Z3 Zy

DOI = ﬂ(z ")
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Observation JInterpretation YAggregation

M DO Methodology Introduction:

OIA: Optimization Algorithm (B ] °

Behavior ) _ ; Decision
Model Observation Inferpretation Aggregation model
(objective) | (subjective)

Q=4 og_——=CD L4
Z=Operational (o) 0,1
@ 1 scenarios } @ — o [0.1]
@ 7 + 3 Aggregation| &
o _AObserv ation| o 1Aggregation® (o] function [~
o Xy Model \A o _Desirabilit* o | functions |
o Z nd v functions \'\b
@ j § O} —+—> O 7 ,1]|
— WFET— @ |
De_sigln o] sgrv?ton : Interp_retialtion : Olgjeescl?ir\]/e : De(s;ilf;bé}llity
variables ariablgs | variables v Indexes | Index
L o ARER :
ail fla
”’
o ’l Optimization Algorithm
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POC : Application to FEM
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Aggregation

POC: Applicationto Front End Module Design:
Observation model

Optimization
Algorithm

Observation Model

lnputs e Outputs
e Heat Exchanger (i)
e Charged Air Cooler ()
e Fan (k)
e Position (z)

e Performance : Temperature, Pressure drop
e Packaging
e Cost

architecture and
operation points.

!
1
I
1
1
I
1
1
I
1
1
I

1
1
1
1
I
i y Y
porents|  LRAD | Cost[g] LEAC costfe]|  LnFam  |costg)] , ;
wdl_lpbaifad| wx  |etac_100moxs 51 wx  |leaLekPMFd e | | Run Kuli for Receive
rad2_lpbalifad | xx  |acac 100wnaxs 54 wx  |fasdkulRPMFA  ax : Calculatlon Performanc
rad3_1p osiRad e fand. ulilPMFd  ux 1
radd Ip baliRad o Tasd bubRPMFA  xx : data
radS_lp sk ad wx 1 \4
Lists radi 1p boafiRad i :
red? IpbaiRad | ! ;
e = Components ;\ |KULI Kuli
s tphired| o || database in Excel '
rad1l0 1p. kubRad i N _’
Example of -
architecture : . _
o 1 e
Ll Tois ynderhond »
gl
= 0
T BT
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POC: Applicationto Front End Module Design
Interpretation model i —

Function Name:

1. [Oor1] 7
Eg 2. Linear \_
A 3. Harrington \\
l T - -
(EntryTempi 1 2 11500 4 4. Sigmoid
Scenario 1 ExitTempM 1 2 : 4
- EntryTempiM 2 4 11500 4 )
Scenario 2 ExitTerpM2 5 6500 PR =% % Function parameters
6 | 105,00 105,00 115,50 4 :
7| es00 65,00 71,50 4
8| 10500 105,00 115,50 4
9| 6500 65,00 71,50 4 075}
10| 115,00 115,00 126,50 a =
11, 6500 65,00 71,50 4 B 05
12| 115,00 115,00 126,50 4 £
13| 6500 65,00 71,50 4 028 boeob N |
18| 105,00 105,00 115,50 4 : : :
15 65,00 65,00 71,50 4 EntryTempIM [°C] |:
16 105,78 105,78 116,36 4 %% —ry 20 e 730
g 00 e Lo $ Limit_1 Limit_2
18| 105,00 105,00 115,50 4
19| 6500 65,00 71,50 a
Cost 20| 118,00 118,00 129,80 4
Packaging 22| 4% 54,00 59,40 4
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POC: Application to Front End Module Design )
Aggregation model: GDl calculation (Eimmeje———— o

Two options to calculate the GDI :
1. Weighted product: ranking of objectives to find the weights (W)

2. Use Max-of-Min: Noneedforweights

Desirability of :

[ EntryTempIM 1
ExitTempIM 1
EntryTempIM 2
ExitTempIM 2 —_—

Example used in ~_| _ Min GDI / solution
this POC

Cost

L Packaging
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Observation JInterpretation YAggregation

POC: Applicationto Front End Module Design:

Optimization method for FEM (s Je—— °

Design variables (X) Observation variables (Y) Aggregation 1
— architecture 1
i N
e Heat Exchanger (1,]) e Performance : Temperatures, Pressure drops

e Charged Air Cooler (1,)) o Packadi _
e Fan (1,k) ackaging _ Aggregation 2
e Position (1,z) )

\ 4

architecture 2

: A\
° cH:ﬁ::gE;(gg?rnggt)(li’rl)(z D e Performance : Temperatures, Pressure drops
o .
) GDI*
| e Fan @) e Packaging
e Position (2,2) J
°
°
°
Combined Min
Objectives e Diversity W .
e Cost J B

Improvement of X {Genetic Algorithmﬁjf
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POC Results °
332 856

2 Architectures

10 Scenarios Possible solutions

2 LocalTa rget (temperature coolant & charged air) 8 y ‘

VIV

e 2 Global Ta rget (cost and diversity) ’ K
5 hours* 149 Solutions
using laptop selected & evaluated

e Radiators (23 ref))
9 Charged Air Cooler (2 ref.)
Fan (4 ref.)
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POC Synthesis o

e Organization ofthe problem:

o Definition of design variables and criteria (objectives)
o Ranking of criteria (Importance)
o Implication of differentactors (expert, marketing, customer...)

e A globaloptimizationis possible:
o Coupling of all subcomponents (Fan,exchangers,...) for one architecture in
order to optimizethe defined objectives
o Couplingof all architecturesin order to maximizethere-use of old
components and minimize the diversity of components

e Theoptimizationtimeis highlyreduced comparingto the current methodology

e Butdifficult to evaluate accuracy when optimization modify air side architecture
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Excel GUIl developed during POC
Model & Calibration

File input

Definition of operating points

Run calibration

Target definition/Calibration results

Definition of calibration parameters

Expert options (solver properties)
Solver results
VALEO RESERVED \Va('eQ May 2021 | 54



Excel GUIl developed during POC
Simulation
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