Optimus®

2014 World Conference

Multi-Objective Design
Optimization of a Hybrid
Electric Vehicle

Christine Schwarz, ISKO engineers
Dr. Johannes Friebe, MapleSoft
Dr. Sam Dao, MapleSoft

( | Optimus World Conference, Paris
N )’ | p 14. - 15. Oktober 2014
S



Multi-Objective Design Optimization
of a Hybrid Electric Vehicle

1. Setup and HEV Model

2. Automation and Process
Integration

3. Selection of Parameters
4, Optimization Strategy
5. Conclusion and Results

@ I Ségrs 2 gﬂl Enfgaif



Process Integration and Optimization
of a Mathematics-based HEV

1. Setup and HEV Model

2. Automation and Process
Integration

3. Selection of Parameters
4., Optimization Strategy
5. Conclusion and Results

@ I &6@1&9 3 g&u Emii



1. HEV Challenges

Many new components

i Power-split HEV
Less experience .

More interaction of more

& ““ ‘:” o
components a7

New thermal effects

More need for sharing

= More need for optimization
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1. Hybrid and E-Vehicle
Components
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‘ genera tor
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1. Variable Parameters

Parameter

MinSoCThreshold
ncell
Vmanifold
Bore

Apos

apos

|<%
Q

Description [unit]

Minimum SOC Threshold
Number of battery cells

Engine manifold volume [m3]

Engine bore [m]

Engine stroke [m]

Area of battery pos.electrode [cm?]

Area of battery neg.electrode [cm?]

Specific surface of Apos [cm2/cm?3]

Specific surface of Aneg [cm2/cm?3]

Nominal voltage of e-motor [V]

Nominal current of e-motor [mA]

Vas

Range

L. Ub
100 - 200
Uos - 0 Uy
HROSES-=e0l
Ut = 13
=500
100 - 500
3000 - 5000
2000 - 4000
400 - 1000
2 100

Phase voltage of e-motor [V]

50 - 150
-

QISKQ..

Phase current of e-motor [mA]
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1. Setup and HEV Model

Copyright 2012, Maplesoft, a Division of Waterloo Maple Inc
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1. Setup and HEV Model

Goal: the optimization goal is to
minimize fuel consumption, while
simultaneously keeping the
maximum torque at a maximum

- Two objective functions have to
be considered

- Multi-objective optimization
strategies have to be applied
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1. Setup and HEV Model

Constraints: Two target requirements
have to be considered during the
optimization process

« Maximum temperature < 315 K
« Battery current < 500 A

- Violation of these constraints leads
to a non feasibledesign and it will
pe marked as a failed experiment
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1. Output Parameters

Parameter

Objective

Fuel
consumption
Engine torque Maximization

Minimization

Constraint

Battery Smaller than 315 K, because higher values can
temperature damage the durability of the battery (< 315)

Smaller than 500 A, because higher values can
damage the durability of the battery (< 500)

O ISKQ. Optimus”

Battery current
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2. Automation and Process
Integration

METHOD-LEVEL =) Integration

O ] f ext I
| ot of externa
4 “ﬁ === methods
T WORKFLOW-LEVEL
—) HPC and
I z\i - L ) m = Queuing
. ' g r- \ | a‘ {——= Systems
U

INTERFACES —
Integration of

H énJ 4 m .. {<&== software-tools
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2. Automation and Process

Integration

Process Integration for Optimization

connector
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2. Automation and Process
Integration

Workflow in OPTIMUS

MinSoCThreshold

Starting MapleSim
and Extraction of

n
g Results 4
@]
© 3
5 o
g - s =
serie.mpl ol O
- o
L ~+
o)

Modified Input for
MapleSim
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3. Selection of Parameters

—_— i Y -
o
: Minimum State of Charge
MinSoCThreshold 9 0238 =06
Threshold
= ncell Number of battery cells 100 - 200 .I
- - - '
Vmanifold Engine manifold volume [m3] 0.003 - 0.005
Bore Engine bore [m] 0.0855 - 0.1 S
Stroke Engine stroke [m] 0.0814 - 0.19
% Apos Area of battery positive electrode [cm?] 100 - 500 ;’
Aneg Area of battery negative electrode [cm?] 100 - 500
( Specific surface area of battery positive electrode
apos [cm2/cm?3] 3000 - 5000
aneg Spetzziﬁc surface area of battery negative electrode 2000 - 4000 SUZ__ ::;
[cm2/cm?3]
d Va Nominal voltage of electric motor [V] 400 - 1000 gizs:siotﬂos
Ia Nominal current of electric motor [V] 50 - 100 0.0814 - 0.19
Vas Nominal voltage of electric motor [V] 50 - 150 100 - 500
las Nominal current of electric motor [V] 50 - 150 ;:20'75::;0

QI1SKQ.
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3. Selection of Parameters

Linear Correlation Factors

o
-
i 3
Pearson e 2 o
é o] U o 9
(Spearman) g i = »
2 g
B
=
b 0.013 0.023 0.029 -0.521 -0.015 -0.021 0.014 0.017 -0.406
(-0.006) (0.002) (0.011) (-0.611) (0.010) (-0.020) (0.017) )
. : 0.009 0.046 0.001 0.013 0.011
e i) (0.022) (0.012) (0.002) (0.013) D)
e 0.027 -0.010 0.000 -0.044 0.005 0.047 0.065
L (0.087) (-0.010) (0.019) (-0.010) (0.001) (0.001) (0.043)
obparn -0.127 -0.027 0.482 0.003 -0.032 0.016 0.006 -0.453
(-0.165) (-0.035) (0.563) (0.003) (-0.022) (0.006) (0.013) (-0.458)
obiteny 0.011 -0.017 0.019 0.017 -0.028 0.012 0.046 -0.698 0.047
Lttt (0.070) (0.003) (0.046) (0.016) (0.008) (0.026) (0.024) (-0.797) (0.033)
. -0.232 -0.025 -0.029 0.015 0.009 0.521 -0.015
BAIER (-0.224) | (-0.027) 555 (-0.032) (0.014) (0.013) (0533) | (-0.018)
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4, Optimization Strategy

1. Decide for an optimization
strategy

CISKQ. : Qenmus,



4, Optimization Strategy

STEP1 Design of Experiments .

Exploration of the design space Al e
Latin Hypercube Sampling with n experiments

N

STEP2 Respon
Describing the sy
mathematical

QUALITY

NS
STEP3 Multiobjective Optimization

y

e Surface Model
em behavior using
odels (Kriging)

() VERIFY

I ISKQ.

Determine an optimal parameter combination on
the model using evolution strategies
(NSEA+/mPSO algorithm)
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4, Optimization Strategy

2. Study: Investigate the behavior of
the system and the Pareto points
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4, Optimization Strategy

max_torque Algorithm: mPSO All experiments during the
500 optimization process

e P

ominal experiment

2.200 evaluations

| |
10 20 30 40 50

objfuel
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4, Optimization Strategy

max_torque Algorithm: mPSO All feasible experiments during
00 the optimization process

400

200

100

2.200 evaluations

0 | |
0 10 20 30 40 50

< objfuel
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4, Optimization Strategy

max_torque Algorithm: mPSO All feasible experiments during
the optimization process

400

300

DeH P
> .~°-

5%4 Nominal experiment

9.500 evaluations

[ |
20 30 40 50

objfuel
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4, Optimization Strategy

max_torque
5

Algorithm: NSEA+

All feasible experiments during
the optimization process

400

300

Nominal experiment

10.000 evaluations

\ |

10 20 30

objfuel

40 50
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4, Optimization Strategy

max_torque Algorithm - NSEA+ All feasible experiments during
the optimization process

400

riment

50.000 evaluations

| \
20 30 40 50

objfuel
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4, Optimization Strategy

max_torque

Algorithm: mPSO

Pare
A

to Poi
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4. Optimization Strategy

max_torque,, NSEA+ (10.000 exp.)
e RO
‘ Pareto Front

mASO (9|500 exp.)

SEA+|(50.000 exg.)

; Nominal experiment

I

|

b mPSO (2.200 exp.)

1

l ob]‘fii’él

- ®
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4, Optimization Strategy

- 3. Study: Investigate the influence
of swarm size on mPSO

J
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rque
300

- 4. Optimization Strategy

,,—"'"__—__—_— Pareto Front
» °
L~/
! Swarm: 50 > exp: 2500
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4, Optimization Strategy

Best objfuel value

4,8 2

Swarm: 5 Swarm: 20 Swarm: 35
. . . . . 1,2
2,8 High values in the first iteration
1 ‘\ 1 \
OI8 ||||||||||||||||||||||||| 0,8 TTTTTTITTTITTTITITITITTTITITTITITTIITIrrIrIrrIn 0,8 TTTTTTTTTIT T TTITTITTITTTITTITTIITrIrrIrq@I-=1n11
1 4 7 101316192225283134 1 4 7 101316192225283134 1 4 7 101316192225283134
Swarm: 10 Swarm: 25 Swarm: 40
1,2 1,2 1,2
RAN 1 N 1 C
0,8 TTTTTTTTTTTTITT T T I T T T T I T I T T ITTITITITITIT1 0,8 TTTTTTTITTITTTTIT T I T I T TTITITITITTITITITITITITITIT 0,8 TTTTTTTTTITTITTI T T T T T T T T T TITITTITTITITITITTITN
1 4 7 101316192225283134 1 4 7 101316192225283134 1 4 7 101316192225283134
Swarm: 15 Swarm: 30 Swarm: 50

11 Already good values in the first iteration ﬁ(
- N 3

0,8 TTTTTTTTTTTTTTTITTTITTITTITTITTITITITITITTIT N 0’8 TTTTTTTTTTTTTITTTITTITTITITITTITTITTITITITITITT 0’8 TTTTTTTTTTTTTTTTITTITTITTITTITTITTITITITTITT

1 4 7101316192225283134 1 4 7101316192225283134 1 4 7101316192225283134
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4, Optimization Strategy

Best max_torque value

Swarm: 5 Swarm: 20 Swarm: 35
500 500 500
400 400 400
300 300 ad 300 /
R Y
200 TTTTTTTTT I T I I I I I I T I I I I I I I T I I I rrrrrTTT Tl 200 = 200 =
15 913172125293337414549 15 913172125293337414549 15 913172125293337414549
Swarm:10 Swarm: 25 Swarm: 40
500 High values in the last iteration
400 ZUU auu
300 { 300 - 300
200 drmmr 200 - 200 -

1 5 913172125293337414549 5 913172125293337414549

Small swarm can lead to local
Swarn| behavior

500 500 500

400 00 400

300 ( 300 _,’ 300
e |’

200 I T T T T T A T T I T T T T T T T T 200 R R RN R RN RN NN R RN RN RN RN RN 200 I

1 5 913172125293337414549 1 5 913172125293337414549 1 5 913172125293337414549
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4, Optimization Strategy

250
200
150
100

50

500
400
300
200
100

0

Swarm: 5

15 9 13172125293337414549

Swarm: 10

>

S

-

_—

e

1 5 913172125293337414549

500
/ 250

Lower number of valid points in the last iteration

# valid points
Swarm: 20 Swarm: 35
e ——

Swarm: 25
1250
o —
500 s
250 ﬁ/

15 913172125293337414549

2000
1500
1000

500

Swarm: 40

et

Bt

High number of valid points in the last iteration

750
500
250

0

Swarm: 15

_—

e

1 5 913172125293337414549
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s
o
1 —
500 —
258 :;;

1 5 913172125293337414549

2500
2000
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500

0 A

=

1 5 913172125293337414549

Swarm: 50
—0)
/
_—

1 5 913172125293337414549
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4, Optimization Strategy

# better points (compared to nominal)

250
200
150
100

50

500
400
300
200
100

750
500
250

Swarm: 5

e

:m

1 5 913172125293337414549

Swarm: 10

—

"\'I'I'I'I'I'ﬁ'r/rrrrrrrrrrrrrrrrrrrrrrrrm

1000
750
500
250

Swarm: 20

—

O 7l TTTTTTTTTT I I T I I I I T I I T I T I I I oI T T oo T

15 913172125293337414549

1500
1000

Swarm: 35

-

O .

1 5 913172125293337414549

Increasing number of better points with
increasing interation number (>10)

1250
1000
750
500
250

O-ﬁm

1 C_ 0 12917979190 C2009292977A1AC A0

2000
1500
1000

500

B,

-

o—m

1 5 9131721252933374%4c40

Many better points in the last iteration

1——0-12172125293337414549

Swarm: 15

e

1 5 913172125293337414549
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R

S T T T T

1 5 913172125293337414549

2500
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4, Optimization Strategy

200
150
100

50

200
150
100

50

200
150
100

50

Swarm: 5

1 5 913172125293337414549

Swarm: 10

TTTTrTrrrrerrrT TTTTTTTTITIT I T I I I I I I T II I TITIorITITITIrT

1 5 913172125293337414549

# Pareto points

Swarm: 20

200
150
100

50

0 TTTTrTTrrrreT TTTTTTTTTIT T T I I T I I I I I IoITIToIorTITITIoIT

1 C 0. 1217231 2C 2302090 207 A1 AL _AQ

Swarm: 35

200
150
100

50

O TTTTTIT T I T T I I AT T T TrTrIrrIrrIm

C__ QA _Aana a7 a4 ACc AN A AT A4

.00| Of evaluations

Low total number of Pareto points found
BUT: High number compared to number

150 150

100 100

50 50 +——
O TTVITTT T I AT T I A T T T T T T ITrIrrIrrIm O o

1 5 913172125293337414549

1 5 913172125293337414549

Swarm: 15 Swarm: 30 Swarm: 50
High total number of Pareto points found
BUT: Low number compared to number of >©
e @Valuations
15 91317214~ —r—— = T —r—s = =117 2125293337414549
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5. Conclusion and Results

« Optimus offers the user a lot of
flexibility by allowing the selection
of many options for the algorithm

- For inexperienced users good
default values are predefined

- Advanced users have the
possibility to change the settings to
improve the optimization behavior

QISKQ. o Qetimus.



5. Conclusion and Results

« In case of expensive simulations
or a small amount of time, the
user can afford less evaluations
than suggested

= The user can decrease the
swarm size and therefore perform

more iterations

QISKQ. " Qetimus.



5. Conclusion and Results

v Easy-to-use procedure to set up and
handle a complex vehicle
model in MapleSim

v Efficient automation
possibility using OPTIMUS

< 4 2 g
11110

v Application of advanced
optimization algorithms
without additional effort

®
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