MOO - START/STOP SOLENOID

MULTI OBJECTIVE OPTIMIZATION OF START STOP SYSTEM
SOLENOID

SAKTHIVADIVEL D

Robert Bosch Engineering and Business
Solutions Limited (RBEI)
TR

RBEI
Smart solutions
for the globe.

BOSCH

1 Confidential | RBENENBL1 | 9/2/2013 | © Robert Bosch Engineering and Business Solutions Limited 2013. All rights reserved, also regarding any
disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.



MOO - START/STOP SOLENOID
START STOP SYSTEM

The best solution -
for customers and the

environment

Starter motors
Our extensive range comprises inno-
vative, sturdy starter motors for all

passenger cars with gasoline and die-

sel engines. In addition to high start-
ing reliability, Bosch starter motors,
with their compact, light construc-
tion, allow simple application for ve-
hicle manufacturers. As well as con-
ventional starter motors, we offer a
broad range of tried-and-proven
Start/Stop Starter Motors for eco-
nomical and comfortable start/stop
solutions in vehicles.

Robert Bosch GmbH
Starter Motors and Generators

Postfach 30 02 40
70442 Stuttgart
Germany

‘www.bosch-automotivetechnology.com

Printad In Germary
232000PO0K6-C/CCA-201008-En

Generators

Bosch offers a broad range of com-
pact, quiet-running generators for a
wide variety of requirements and all
types of passenger car. They feature
high performance and efficiency. Our
generators thus allow a reliable sup-
ply of energy to every vehicle electri-
cal system and contribute towards an
appreciable reduction in fuel con-
sumption and CO, output.

Solutions for commercial vehicles
Our product range for commercial
vehicles comprises sturdy, powerful
starter motors and efficient genera-
tors. High quality products with a

service life of some 800,000 km, suit-

able for demanding applications and
the toughest working conditions in
on- and off-highway operation.
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Starter Motors and Generato
Start/Stop technology reduces
CO, emissions and saves fuel
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Invented for life
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MOO - START/STOP SOLENOID

START STOP SYSTEM

2 | Start/Stop Starter Motors

Start/Stop Starter Motors:
Drive normally -
save as never before

Start/Stop Starter Motors | 3

Economical driving
and clean stops

The operating principle of the start/
stop system is as simple as it is effi-
cient: when the vehicle comes toa
stop, the engine is automatically
switched off. To drive off again, all
you need to do is to activate the
clutch or, in the case of vehicles with
automatic transmission, take your
foot off the brake pedal to restart
the engine. A warm start only con-
sumes as much fuel as 0.7 seconds
idling time. So each stop saves mon-
ey and benefits the environment
from the first second on.

Comventional
sotution

Our system saves money and
preserves the environment

Vehicle with manual transmission

Vehicle with automatic transmission

When the vehicle comes to a stop the
engine Is Immediately switched off
when the gear iever Is In neutral and
the clutch pedal is released

Actiating the clutch pedal once again
restarts the englne automatically

Aner the brake pedal has been
depressed, the engine Is switched off
s s00n as the vehicle comes to a stop

When the brake pedal Is released, the
engine restarts - rapidiy and reably
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An investment that quickly
pays for itself

The relatively low extra cost for ac-
quiring such a system is more than
outweighed by its enormous savings
potential: in the ECE15 measuring
cycle, the urban section of the

New European Driving Cycle (NEDC),
reductions in fuel consumption and
emissions of around 8% were meas-
ured. This cycle comprises a trip of

7 km with 12 stops of 15 seconds
each. In actual urban traffic, stop-
ping times can be considerably longer
and savings - both in terms of fuel
consumption and CO, output - can
be as much as 15%. The employment
of our system is thus a cost-saving
and extremely effective way of ad-
hering to both present and future
emission limits.

Simple operation
of the ztart/ztop function

| OSCH
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NORMAL STARTER’S SOLENOID

SOLENOID  PLUNGER RETURN

e A\ e o Main Functions of Solenoid is for,
d : G 1. Moving pinion towards ring gear
5 y 2. Switch to supply power to the motor
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CHANGE OF MIND FUNCTION

Demands new solenoid with functionalities

r separated (Moving Ring Gear and Switching Motor)
5 2
o Need to Start Engine, while
8— Engine Running down
]
= Arm1l Arm2
o0
S
é N| Time Chal.lenges .
Watting e " > Different Magnetic paths for flux
8 > Different Situations of coil Energizing
> Two different moving plungers
> Different combination of Spring forces
Optimized magnetic circuit is J
mandatory
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DIFFERENT USE CASES

Arrpature 1 alone moves UCi
Coil 1 excited
Armature 2 Stays at place

Armature 1 & Armature 2 moves together uc?2
Both Coils excited
Armature 1 Stays on Armature 2

Armature 1 Stays at place uc3
Coil 2 excited
Armature 2 Stays at place

Armature 2 already moved

i
Both Coils excited uc
Armature 1 alone moves

..Iﬂ

HETF

Arm?2
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OBJECTIVE FOR OPTIMIZATION

N

4 Objective Functions per Use Case:
Objective 1 - Min (Spring Force - Magnetic force)

Objective 2 - Min (Slope Spring Force - Slope Magnetic Force )|

N\

Target Magnetic Force

4 uses cases

=~ H H l
= ~ . _Objective 1

~J

\ o 8 objective functions

Magnetic Force

Spring Force . . . .. .
Multi Objective Optimization
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TOOL CHAIN - FLOW CHART

Hypermesh Edyson
Geometry variations as Magnetic Simulation Setup
Design variables for different use cases
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff Initialization
OPTISLANG
Designs lterations
Generation and
Optimization Control
Scripting _Edyson
Change Design » Simulation for
Variables different use cases
8 Confidential | RBENENBL1 | 9/2/2013 | © Robert Bosch Engineering and Business Solutions Limited 2013. All rights reserved, also regarding any B osc H

disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.



MOO - START/STOP SOLENOID

SINGLE AND MULTI OBJECTIVE OPTIMIZATIONS

(6

radient-based methods
NLPQL (Nonlinear Programming by
Single-Objective Quadratic Lagrangian)
Optimization ‘ Response surface based methods
Adaptive Response Surface Method
Evolutionary algorithms
Particle Swarm Optimization /

Multi-Objective ‘ [P i T J
Optimization areto optimization

C

BOSCH

9 Confidential | RBENENBL1 | 9/2/2013 | © Robert Bosch Engineering and Business Solutions Limited 2013. All rights reserved, also regarding any
disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.



MOO - START/STOP SOLENOID

OPTISLANG SETUP
Output files

Magnetic force vector
Solver Settings
Scripts and Edyson run commands

Ry

& Evolutionary algorithm
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RESULTS AND POST PROCESSING
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POST PROCESSING CHALLENGES
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POST PROCESSING OPTIONS
5 Dimensional Plot 3 Dimensional Plot
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OPTISLANG ©

 Simple Ul (Drop down Template, Modules) A
 Easy Integration of Scripting, i/p and o/p files
ZEITEETES « |nclusion of start designs and etc )
) N
* More Parallel solvers possible
« Useful Scripting (more number of simulations (ex. Use cases) per design iteration )
 Design directories are well organized and etc )
. . h
3 or 4 dimensional plots
* Viewing response vectors values, Objectives and Constraints simultaneously
JEIEREESIEY « Exporting design to Excel sheets and etc )

OPTISLANG ®

« Ul Stability
 Restarting MOO capabilities
» Post Processing tool limitation design number and objective combined
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