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COMPANY INTRODUCTION

Valeo in China ZATFERAEFE TOday
o Valeo

15,000 Employees

26 Production sites
13 R&D centers
1 Distribution center

All Product Groups
24 % of Valeo's total order intake

end 2013

Tomorrow

® By 2014: 1st country in
terms of number of
employees

® Between 2011 & 2015:
sales will double

® By 2016: 1st country in
terms of sales

5 20 November 2017 CONFIDENTIAL



NEEIT

COMPANY INTRODUCTION

Valeo World-wide Ranking =% 1

Comfort &
Driving
Assistance
Systems

Thermal
Systems \ 7

Incl. Driving
Assistance
Systems
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COMPANY INTRODUCTION

Powertrain Electrical Systems (PES) HBSZ%%:

konventional Systems IMiId! Full Hybrids
alternators generators: i-StARS generator: CMG

Hybrid 4%l

Reinforced

High efficiency  gtarters L Drivetrain Motor
alternator Belt Starter Generator: DMG
Generator: IBSG Gearbox Motor

Generator: GMG

7 20 November 2017 CONFIDENTIAL Valeo
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COMPANY INTRODUCTION

Our Customers ZE AR @ 423 SUBARU
'l' &7rmy Great Wall ™= DAI MLER
JAGUAR TATA s FOVER 4 K R e
€ (man @) $ =
PSA PEUGEOT cnnoié?l FAW IA suzu m
&> BYN

oY)
D B
9 “M DAFE @@ ﬁ

AN

RENAULT NISSAN

For 90 years the
automobile has been
Inspiring us
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COMPANY INTRODUCTION

PES Worldwide
NRT

Alternators Starters Advanced R&D
Etaples France Isle d’Abeau France Creteil France

o R g e 1] . P, C
Alternators Alternators/Starters Starters Aftermarket

Bursa Turkey Kyongju Korea Czechowice Poland Czechowice Poland

Alternators/Starters Alternators/Starters Alternators Alternators/Starters
Shanghai China Campinas Brazil San Luis Potosi Mexico Pune India
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COMPANY INTRODUCTION

Shanghai Valeo Electrical System & ERSERERGEETIRAS

» #1in China, 25% passenger vehicle market share

> Shareholding: 50% VALEO Yale0 5004 Huayu (SAIC Group)

R

» Headcount: 2,007 (Dec. 2016)

In MIn units Yr 2012 Yr 2013 Yr 2014 Yr 2015
Alternator Production 51 6.0 6.9 7.3
Starter Production 4.2 4.6 4.3 8

/ _J

+ 1,3 MIn + 0,6 MIn + 0,12 MIn + 2.1 MIn

Valeo’s biggest plant worldwide with a constructive area of > 53,000sgm
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COMPANY INTRODUCTION

Shanghai Valeo Event X ERELRE

» 2016 Decision to localize 48V Beltless E-machine
> 2014 Decision to localize 48V Mild Hybrid i-BSG
5 2013 New Plant in Pudong Jingiao
Localization RSM14, NRG11
> 2012 Localization ESW?22, ESW24
> 2011 Localization FGt, Mechatronics , ESM14, FS18, FG20+, FG23
» 2009 Localization VALEO Products FG
» 2007 Localization VALEO Products D7R

» Mar. 2005 Localization VALEO Products TG/TS

» Dec. 2003 VALEO increased share to 50%

> Aug. 2001 Localization VALEO Products SG

> Mar. 1998 New Plant in Pudong Zhangjiang Hi-Tech Park

> Jan. 1997 Localization VALEO Products VI/D6RA

> Feb. 1995 Setup of JV
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COMPANY INTRODUCTION

Strong Growth FEf{HEZN

596 M Eur

Sales x4.53 since 2006 43.43 2t

jilii"”“

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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INTRODUCTION OF STARTER MOTOR

Company introduction A& &/

@ @

Introduction of starter motor  FEEhH 142

@

Calculation of brushed PM-type starter k4B 2 shHLEITHE

@

Computation of brushed wound-type starter & Rhii RN AT E

. Conclusion Z5ip
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INTRODUCTION OF STARTER MOTOR

Starter for ICE BAHNLFE SN

Clutch ring gear 9
Slow speed "
High torque (lever arm)

High speed

Low torque

-The Starter is used to start the combustion engine to run at spec. speed at which

the combustion engine can autonomous run

- B R AR RAE SR AES ZER A B EBITRRERN®E
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INTRODUCTION OF STARTER MOTOR

Starter in Hybrid Vehicle Ezh5ZE A BESIL

PO/ P1 P4
E-Machine

E-Machine Stielils decoupled from
) decoupled from
always linked to : ICE and located
ICE and rotating )
ICE on rear axle drive
at ICE speed )
\ . or in wheels
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INTRODUCTION OF STARTER MOTOR

Configuration of Starter EIIHHIHIE

M agn ots

Starter has two kind of
magnetic field excitation
system: by magnets or
by wound coil.

IR EESE S i Y]
\: HRREEE F
s Ik
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INTRODUCTION OF STARTER MOTOR

%A FNEQ B

Winding and Circuit

Wave winding & 5%¢R

h

Armature

#

-
|

[r——

Wound-field type circuit

|| IS |
[ ey |
| S |
[ e |
———
1
| S
Field coll

M ol
%

PM type circuit

—o + !

Armature
AKX
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INTRODUCTION OF STARTER MOTOR

Typical Performance BiBYpYi4gERLZ%

A

Current Current

PM type performance curve Wound-field type performance curve

- PM type motor = Passenger car kRN FTERTRAAE

- Wound-field motor = Heavy duty vehicle Se&k it EEZ R TFEER
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CALCULATION OF BRUSHED PM -TYPE STARTER

Calculation of brushed PM-type starter kBRI E

19 20 November 2017 CONFIDENTIAL
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CALCULATION OF BRUSHED PM -TYPE STARTER

Overhang Structure of Starter Motor

c

= PP

Cross-section of PM-type starter

4

sl RS EN

Yoke
Magnet
—>)
Shaft Rotor core
_____ |

1D 55

20 20 November 2017
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CALCULATION OF BRUSHED PM -TYPE STARTER

Restriction of 3D FEA 3D{FEHIIREI

B
R LA
SENiE

5

I
&

A 6-pole/25-slot motor

Elements No. = 1 million

20 November 2017
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KHABERIAITTE
CALCULATION OF BRUSHED PM -TYPE STARTER

Equivalent Method Considering Overhang Effect  EEEKMRMNFNS X

22 20 November 2017 CONFIDENTIAL



KHABERIAITTE
CALCULATION OF BRUSHED PM -TYPE STARTER

Simple 2D Model and FEA & B RI2DIREFIF RT3 47 |

'-I flux m_ ']

|

\

\ 1\

///’4’/ N\R

3D field distribution in yoke
FEREER SRR 3DMEIA 7Y 7R

Keep the same yoke volume, an unreal one-
pole model is built with the same stack length
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KHABERIAITTE
CALCULATION OF BRUSHED PM -TYPE STARTER

Parametric 3D Model in Jmag Designer  #EJmag Designersf {121k 3DE &

YHoN 23X BRKEoe OGN GA-
BEREBRL T 3 @i FAAAN
@ 2 uv[uvdv.*‘ 1,9'?* e E
4" Assembly|
¥ XV_PLANE
¥ YZ_PLANE -
& 7Y PLANE Variable I T?pe
4 @ Rotor Lo .
A X(PLANE| |, op, Wal
¥ YZ_PLAME
¥ DX PLANE| |3 IDs Val
4 o Extrude
b m Sketch 4 ODshaft Value
4 0 Yoke 5 P Val
## XY_PLANME
& YZPLANE[ |6 IDm Expression
¥ X _PLANE
4 W Extrude 7 lm Val
s ﬁSke{(h & L Value
4 @ Magnet
¥ XY_PLANE 9  Airgap YValue
¥ YZ_PLAME
% ZX_PLANE 10 Ly Value
4 o Extrude i - | [
b @ Sketch [ Add... ] | Modify... | | Remove |
4 @ Coil
% XY _PLANE
& YZ_PLANE
¥ ZX_PLAME
4 @ Extrude
b @B Sketchd
&y Coil Template
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CALCULATION OF BRUSHED PM -TYPE STARTER

DOE and ‘Case Control’ Application

'CASE ControlZEDOE® RN F

# Unit: mm Setting the dimension as the ‘CAD Parameters’
4 Azzembl . .
“ a e to get different 3D model automatically.
@ Rax 3D Modeling and pre-process time is saved!
[ - Yoke
' Magnet
¥ @ Coil<1>
o I i Bl 0.0025 o1
&9 untitled 1 0.002 -
% o 0.0015 = —PoR2
4 Coordinate System .
|/, Global Rectangular —DOE3
24 Cylindrical 5 0001
Y = DOE4
k_ Local Rectangular (Y-Z-X) E 0.0005
I{_ Local Rectangular (Z-X-Y) gj) == DOES5
4 [[F Study:<Magnetic» < Transient> e 0 ——DOE6
EEE Case Control E
4 |_m CAD Parameters § -0.0005 e DOE 7
% Airgap@Variables T _0.001
= Lm@Variables ~———DOE8
T Lr@Variables -0.0015 —DOE9
= ODr@Variables
= P -0.002 —DOE10
b [ Rotor <SECC> .
b (@ Yoke: <SECC> 0002 Electric Position (degree) DOE11
€0 Maanet: <0385T>
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CALCULATION OF BRUSHED PM -TYPE STARTER

Difference between 3D and 2D 3D52DS 45 R BIRTEL

0.002

0.0015

0.001

0.0005

Flux linkage
o

-0.0005

-0.001

-0.0015

-0.002

“ —3D —2D

/

N\

V4

o

\ ./
) &0 \< 150 7 300 360
\S

Electric Position (degree)

0.0018

0.0015 -

Amplitude (Wb)
o o
o o
o o
) g
(o] N

m3D m2D

0.0006 -

0.0003 -

26
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KHABERIAITTE
CALCULATION OF BRUSHED PM -TYPE STARTER

3D/2D Relationship 3D52DHYXZE

Contour Plot of Ratio vs Dr/Lr, Lmag/Lr 0.5

Dr/Lr

1.115
.070
T
. 1

1.764 1.\085 1.145 1.175 —| ——Br_ORG // 0.45
1.68 —] Br_COMP / 0.4
1.60- S 0.35
1.52 // 0.3
] // 0.25
0.2
1.361 //
0.15
1.281 //
1.055 1.160 0.1
1.20
1 1.130 0.05
1.124 | 1.100 | 0
1 1.2 3 1.4 | ' ' ' ' '

L L5 -300000 -250000 -200000 -150000 -100000 -50000 0
H (A/m)

Lmag/Lr

According to the obtained ratio, make compensation on the magnet BH curve

(W) 19
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CALCULATION OF BRUSHED PM -TYPE STARTER

Circuit Model EBJR{ERI

i
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|

Motor Circuit Wave-winding model

FEL AL EE % KR ARE
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CALCULATION OF BRUSHED PM -TYPE STARTER

Measurement vs. Simulation SCUS{5E{ERIXTEL

4000 20
3500 r 18
\ speed / - 16
3000 AN )
B& - 14 E
=3
2500 L 2
g g
- (o]
~ [ ]
3 2000 10 &
] S
Q. ()
“ 1500 8 g
8
S -6 9
1000
-
torque
500 / )
0 T T T T T 0

0 100 200 300 400 500 600
Current (A)

=&~ Simulated Speed

Simulated Voltage

—& Simulated Torque
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REmHENENAITTE
COMPUTATION OF BRUSHED WOUND-TYPE STARTER

Computation of brushed wound-type starter kiR EITE

30 20 November 2017 CONFIDENTIAL



S MEIVESNRTTE
COMPUTATION OF BRUSHED WOUND-TYPE STARTER

Typical Structure of Wound-Field Starter B BIpYELE R E SN AL
Rotor
core

Because of the similar magnetic permeability in rotor core and pole core, there is no

End-winding
_—

\

Shaft

Pole core
Yoke

overhang structure like PM starter. But the end-winding overhang effect cannot be ignored.
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S MEIVESNRTTE
COMPUTATION OF BRUSHED WOUND-TYPE STARTER

Leakage Flux on the Field Coil  [lifi#% B BY w4

The leakage flux around the end-winding of field coil is in 3D distribution and
severe. It highly influences the field and cannot be considered in any 2D
simulation including the mentioned equivalent method in this presentation.
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S MEIVESNRTTE
COMPUTATION OF BRUSHED WOUND-TYPE STARTER

Leakage Flux Effect m#kRISZ00

0.009
/
0.008

0.007

< 0.006 // -
'@ 0.005
(L]

£ oo L]
% 0.004 3p |
0.002 A
0.001
0 1 I I T 1
0 200 400 600 800 1000

Current (A)

Higher current =» Stronger leakage field =

Larger difference between 3D and 2D simulation
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REmHENENAITTE
COMPUTATION OF BRUSHED WOUND-TYPE STARTER

Extruded Mesh Application A Extruded Mesh

Normal mesh = 460000 Extruded mesh =~ 260000
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COMPUTATION OF BRUSHED WOUND-TYPE STARTER

Circuit Model EBJR{ERI

1.11 =rv(1'n_._r
e '
2 < 1
iz ;fm._—t
i 4 i VeV A I
B ;".\QLV.\—'——I
oL o
s * » -)-‘\'\—'—I
rpe .
B "'_)"" I
| gt =rv_'~'f,n_._r
e ras -
. g O 1
o . *
'_T' T P o' WP |
. *h et . B
A g .
Coeamas - - .
- ng(LY\_._I.
o RN 1
TRtT v
T ={Y<1“_.—_—I
" 14 — Y g 1
o ey
T =N—V)“—0—I-
19 "'_—)"‘ 1
o =Nx>\f\_.___r
3 050y 1

Motor Circuit (series connected field coil)

FEHLFE B (B ATV)
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S MEIVESNRTTE
COMPUTATION OF BRUSHED WOUND-TYPE STARTER

Computation Time 3+EHAT(g]

Normal Mesh Extruded Mesh

CPU Frequency 3.5G Hz
CPU Core No. 16 Cores
RAM 48G
Time step 8.33333e-05
Step No. 46
SMP 8 parallelisms
Computation Time ~ 40 Min ~ 18 Min
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SREM I EDINAITTE
COMPUTATION OF BRUSHED WOUND-TYPE STARTER

Measurement vs. Simulation SCUS{5E{ERIXTEL

3000 120
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2000 80 T
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€ ©
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= 1500 60 2
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Current (A)
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CONCLUSION

- Starter motor is mandatory for ICE engine even in most hybrid topologies

» The compact size and low cost will be main research direction

- IMAG Designer provides the very convenient and pow  erful functions
for the both PM -type and Wound-type starter motors

» The PM-type starter motor could be calculated with a calib rated 2D model.
» With DOE method, this calibration factor could be fo und

» The parametric modeling and case control could be u sed to save the 3D
modeling and pre-process time.

» It is mandatory to use 3D computation for the wound -type starter due to the
severe leakage flux of field coil.
» With ‘Extruded Mesh’ function, the mesh no. Is much reduced and the

computation time is reduced by more than 50% of the normal mesh.
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_t,Iﬁm and Process Transformation Icsc 20]7

Thank You!
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