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1 SUMMARY

A short document for SyrNemo presentation to 3 parties was prepared. The document is reported in Section 3 of
this document

The document reports the project targets, in qualitative and quantitative terms, the solutions that will be
implemented to achieve these targets.

During the development of the document, it became clear that a presentation could be useful to spread the
SyrNemo project concept in meetings. From the above document, a Powerpoint presentation was extracted. The
slides are also reported in Section 3.

Up to now a short Powerpoint presentation (8 slides), plus a more comprehensive Powerpoint presentation (30
slides) were generated.
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2 TARGETS

The SyrNemo documents/presentations contain information concerning
1. Project scope

2. Targets
3. Solutions adopted to achieve the targets
4. Impact

This material will be distributed to project partners to facilitate the dissemination of the SyrNemo project.

Furthermore it is aimed to extend and sharpen the more comprehensive Powerpoint presentation, as the project
progresses. The latest achievements will be included continuously to have an up to date version available for
dissemination events, such as conferences, symposiums, networking events, and the like.
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3 IMPLEMENTATION OF WORK - RESULTS

SYRNEMO SHORT PROJECT PRESENTATION

TARGET

The SyrNemo project (2013-1016) will deliver an innovative synchronous reluctance machine
(SYRM). The drivers of the project are:

1.

Avoid the use of rare earth permanent magnet (PM) in the rotor, as rare earth
market is under a monopoly regime.

Design the rotor bearing in mind that retrofitting with PMs could become a viable
option if the magnet material market changes (new materials, new providers
outside the current monopoly).

Achieve higher power density at lower cost than state of the art permanent magnet
synchronous machines (PMSM). Target: mass and volume specific power densities
increased by approximately 5%.

Achieve higher driving cycle efficiency over a wide range of speed and torque.
Target: overall driving cycle efficiency of SYRM can be improved by 5-15%
compared to PMSMs.

Minimum environmental and social impact, and hidden costs.

Emphasis in providing a machine that is easy to manufacture, dismantle, and
recycle. This way manufacturing cost can be reduced by 20% and more compared to
PM synchronous machines (PMSMs).

Simple rotor design ensures that the machine is very robust.

IMPACT
Aspect Magnitude
Mass and volume specific power densities +5%
Manufacturing cost -20%
Driving cycle efficiency improvements +5-15%

The SyrNemo project, in developing a mass- producible motor by 2015/ 2016, would be
instrumental in achieving the “Intermediate” milestone of the European Industry Roadmap for
Electrification of Road Transport of 2016, i.e., the “2 nd generation EV updated powertrain”.

D6.3 — Project presentation




D6.3

i Issue: 1.0
_7; Serem% s | | P Date: 11.04.2014

SEVENTH FRAMEWORK
ALMA MATER STUDIORUM
PROGRAMME UNIVERSITA DI BOLOGNA TOMORROW TODAY

SOLUTIONS

To achieve these targets, the following solutions will be adopted

1. Innovative magnetic reluctance rotor design with optional ferrites.

2. Smart packaging of power electronics and integrated thermal management.

3. Drive control implemented to achieve the maximum possible efficiency in each
operating point.

4. Bar windings, used to increase the slot fill factor.

5. Insulation system designed for a total lifetime of 10 years and 10,000 operating
hours under automotive conditions with regard to the typical environment in the
installation space of a vehicle.

6. Integrated liquid cooling circuit, to cool both the power electronics and the motor.

7. Ecodesign throughout the project’s duration. The ecodesign includes an eco-scan, a
full LCA of the motor and the power electronics, assessment of recyclability,
assessment of total cost performance of the motor, investigation on social impact.

TO PROBE FURTHER

It is important to stress that the design should be targeted to real world driving usage, taking the
impact of the power electronics and the energy storage into account. To achieve this, the maximum
efficiency region of the machine has to be located where the highest probability of operation and
the higher amount of energy exchange in driving situations is to be expected. Figure 1 emphasizes
how the proposed machine (SYRNEMO) is more efficient (darker red region) compared to an
induction machine (IM) in correspondence of the typical operating point loci (green dots) of a
segment A vehicle. The design will include an efficiency based control scheme that commands the
drive actuating quantities such way that, while performing high performance torque control the
overall electric drive losses are minimized.

SYRNEMO

Figure 1. Efficiency tables used for the comparison of electric machine technology for a 1,000 kg “A segment” vehicle.
Green dots depict operating points (electric drive torque and speed) for NEDC; darker red = higher efficiency. Further
driving cycles including real world usage.
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A comparison with other machine technologies is reported in Figure 2. It can be observed that the
power density of SYRM is higher than induction machines but not as high as interior permanent
magnet motor. However, its higher revving capability combined with a higher gearbox ratio can
yield to power dense integrated electric power trains. In addition to that, it can be noted that the
small increase in terms of weight in comparison with permanent magnet synchronous machines,
can be balanced by an improvement in real EV efficiency. If the power density becomes a concern
for some specific application, such as for the premium segment, the SYRM can be assisted by
permanent magnets.

Figure 2: Comparison of
Rare Earth different motor technologies

. IM = induction motor
° IPM = interior
permanent magnet

Mass Market

Biving tial M motor
Noise E\;;&?engc 2 IPM e EE = electrical excited
y —EE synchronous machine
—SRM e  SRM = switched
reluctance motor
Manufacturing, Thermal —SYRM
Dismantling Integration ® SYRM = synchronous
reluctance motor
Safety Power Density

Lifetime of the machine chosen according to the life expectancy of the vehicle (10 years and
10,000 operating hours), thus allowing minimum cost, and maximum specific machine
performance, or, minimum used space within the car.

Figure 3.1 SyrNemo document for short project presentation
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SyrNemo short Powerpoint presentation slides

S,

SyrNem

Introducing the
EU FP7 Project SyrNemo
(2013-2016)

tors for Electric Vehicles

Synchronous Reluctance Next Generation Efficien

CONSORTIUM

AIT (*) Austrian Institute of Technology GmbH Austria
AVL AVL List GmbH Austria
1.CRF Centro Ricerche Fiat SpA Italy

TEC Fundacién Tecnalia Research & Innovation  Spain
BOL  University of Bologna Italy
HAN  Leibniz University of Hannover Germany
THIEN Thien eDrives GmbH Austria
VUB  Vrije Universiteit Brussel Belgium

SyrNem®

S,

TARGETS

* The SyrNemo project will deliver an innovative synchronous
reluctance machine (SYRM). The drivers of the project are:

1. Avoid the use of rare earth permanent magnet (PM).

2. Design the rotor bearing in mind retrofitting with PMs

3. Achieve higher power density at lower cost than state of
the art permanent magnet synchronous machines

4. Achieve higher driving cycle efficiency over a wide range
of speed and torque.

5. Minimum environmental,social impact, and hidden costs.

6. Easy to manufacture, dismantle, and recycle.

7. Simple rotor design ensures that the machine is very

robust.

SyrNem®

IMPACT

+ The SyrNemo project, in developing a mass- producible motor
by 2015/ 2016, would be instrumental in achieving the
“Intermediate” milestone of the European Industry Roadmap
for Electrification of Road Transport of 2016, i.e., the “2 nd
generation EV updated powertrain”.

Mass and volume specific power densities +5%
Manufacturing cost -20%
Driving cycle efficiency improvements +5-15%

SyrNem®

SOLUTIONS

* The following solutions will be adopted

1. Innovative magnetic reluctance rotor design with optional

ferrites.

2. Smart packaging of power electronics and integrated
thermal management

3. Drive control implemented to achieve the maximum
possible efficiency in each operating point.

4. Bar windings, used to reduce the required winding space.

5. Insulation system designed for a total lifetime of 10 years
and 10,000 operating hours.

6. Integrated power electronics-motor liquid cooling circuit

7. Eco-design throughout the project’s duration

SyrNem® 4

EFFICIENCY TABLES

——

+ Efficiency tables used for the comparison of electric machine technology
for a 1,000 kg “A segment” vehicle. Green dots depict operating points

(electric drive torque and speed) for NEDC; darker red = higher efficiency.

SyrNem®

D

3
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EFFICIENCY MOTOR TECHNOLOGY COMPARI
Machine Energy consumption (kWh/100 km)
Type NEDC City I Combined o e
PMSM 15.6 135 16.9 e
SRM 14.4 11.8 | 17.7 ——SRM
M 13.9 118 16.2 [——s¥RM
SYRM 13.7 114 160
SyrNem® L | syrNem® - 4

Figure 3.2 SyrNemo short Powerpoint presentation
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SyrNemo comprehensive Powerpoint presentation slides
will be continuously extended

L.

SyrNem

* Call(part) identifier FP7-SST-2013-RTD-1
* Starting date 01102013
* Duration 36 months
*  Adivity code(s)
* GCS5T.2013-2. Next generation electricmotors
* B parnersfrom 5 European countries (Austria, Belgium, Germany, taly, Spain)

| SyrNem®
Agenda

= Introduction
* The problem
* The state-of-the-art
* The solution:
Synchronous reluctance machines, the next generation traction e-motors

= The SyrNemo project
* Project structure
* Keyroles
* Concluded and ongoing activities
* Qutlook

[ SyrNem®
Who we are and our aim in this project
* We are an i f eight than

15,000 people and we have builtinnovative electric dll\'es for years

* We are part of the automotiveindustry anuwe are acively involvedin the
R&Dc ity as well as in sta ion bodies.

= Togetherwe di ani
(SYRM) with higher power density am higher d'hrlno cycle erliclency
at lower cost than state-of-the-ar p magnet (PM)
machines for automotive traction drives.

CLNTRO
I? CED(H[

AT

TOMORROW 00 AVL

tecnalia¥ == THIEN=Drves

- SyrNem®
Problem Description

Comvanticnal read vehicles wih ICE cause
" * GHG smissions
Environmental (222% of human made GHG in EU)
Challenges * Noxicus emissons

Vehicle Drive
Technology

However..

Bpweace Daste Amee: SeIvies ¥ Am: Teame BN SRl feetien

[ SyrNem®

State-of-the-art E-drive Technologies in Automotive Traction

* Cenftraltraction machine concapt

Missubishi I-MEV Tesla Roadster Renault Zoe
(PM synchronous maching) {Induction machine)

* PM synchronous maching

* main drawback: rare earth PMs
* Induction machine

* main drawback: lower efficiency and lower specificlorque
= Electric excited (EE) synchronous machine

* main drawback: higher manufacturing cost

- e SyrNem®
E-drives for Automotive Traction: Key Features
The main e-drive key features for automotive traction are:

* Full reversibility (the machine can act both as motor and generator)
* High efficiency (largely higherthanthe ICE’s one on allthe torque-speed
map)
Zero losses in vehicleidle condition
High dynamic behaviour and precision in torque/speed control
*  Max. torque allowable also at zero speed
* High torque overioad capability (fransient/continuous torque ratio)
* Limited torque ripple (few % of the desired value) and vibration/acoustic
noise with favourable impact on the driveability
* High max speed values (up 1o tens of krpm with “conventional”
turing tec gies)witht impactonthe sizing

D6.3 — Project presentation
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[ SyrNem®
Competing E-machine Technologies

* Induction maching (IM)

magnetsync machine (IPM)

" Eledﬂc excited synchronous machine (EE)

= Switched reluctance machine (SRM)

* Synchronous reluctance machine without rare earth magnets (SYRM)
Rare Eank

]
Driving Cycle -
Effcancy EE
\ —SRM
Mamudperrng. Thermal —SYRM
Damansng Irm gration
Safwty Fower Density

- SyrNem®

Citynl Combined
PMSM 156 138 il
SRM 144 1€ 17.7
M 138 e 162
SYRM 137 1.4 16.0

Comparison of numencal simulation results obtaned for four different machne types doving 21000 kg
full glectric vehicle. Combuned cycle cons=is of 3 mix of USAFTFTS, USA Highway and NEDC, it can
be conscered 33 3 medum hgh speed combinaon

SyrNem®

Synchronous Reluctance Machine — a History Review

S
* First tioned in scientific !
* ‘Polyphase reaction reluctance machine’ - 1920 I] (]
* ‘Unexcited synchronous machine’ - 1930 ..:_
TTRM pencoe
* Long history with scientific contributions to design, stahihty and |nvertef
interaction the last century mainly fori

Lipo(1991) T A: “Synchrenous reluctance machines — a viable
alternative for AC drives,” Electr Mach Power Syst, vol. 19, pp. 659-671
Vagati (1994) A.: "The synchronous reluctance solution: a new
alternative in A.C. drives,”Proc IEEE IECON (Bologna), vol. 1, pp. 1-13.
Kamper (2013).. "Reluctarce synchronous machine drives—a viable
alternative?.” IEEE Joint IAS/PELSAES Chapter Meeting, (Graz)

- SyrNem®

Synchronous Reluctance Machine for Industrial Applications

* Successfulc ialization of synch tance machines by ABB
for pump andfan applications

[ SyrNem®

Synchronous Reluctance Machine Construction Types

Salientpole Axallyl i d

Retemnce: J KSsmasI: AroENoscs RIVGIAGH LI WERASES BCAS ARG, IR TWAM o 54 ey COMIBON 0.2 20
* Simple design * Complex * Easy manufacturing
* Lowcost manufacturing » Lowcost

» Lowsaliencyratio * Highcost *  Highsaliency ratio
* Rigid structure ’ j"ﬂ‘:?s‘sa“enw * Variable speed

* Reluctance torque only
p— * Lowspeedonly

- SyrNem®
The SyrNemo Project

‘We believe that mass marketintroduction of e-mobility can be accelerated
significantly with a

* high performance,

high efficient,

low-costand

ecologically sustainable

yne reluctance mac drive.

And we will have realized this innovative e-drive by 2016.

SyrNem@
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o - SyrNem® [ SyrNem®
Project Goals Project Structure

* Systematic development of the next generation synchronous reluctance

muhine drive for EV with:

* Applied eco-design during the whole project

Increased specific power md power density by 5 %

= Cost effectiy and recycla technologies to
reducethe manuraaunnpconby 20%

Norare earth PM utilization, possibility to retrofitferrite PMs to
increase the pedormance

Robust rotor design and cost optimi. ion system designed
fora total lifetime of 10 years and 10,000 operating hours

High efficiency over a wide range of speed and torque

Drive control to achieve the i possible efficiencyin orderto
improve the overall driving cycle efficiency by5-15%
Smartinlewauon anu reallzaucm of the dnve

= \Wide spread and

| SyrNem®

Project Consortium and Key Roles

L

Project Schedule and Expected Results

SyrNem®

Partner solicnion sloichie
AIT Austrian Institute of Technology coommnr themal motor Austria based on OEM FOSEENI S
constaints integration
GmbH designand power electonics Q12014 a 192016
AVL List GmbH lndushilpam\eﬂ_or ) Austria - 2 . =
ERGUSATISE 0 2 B SyrNemo next Testingand
Centro Ricerche Fiat SpeA Specifications, support in design, Italy generation validation
testing and validation activities maotor design Q22016
F bnTecnaliaR: ché Testing [ control Spain B
Innovation algorithm
University of Bologna Desi testingand qualiying  Ital
,[h:mu insulation system i * SyrNemo nextgeneration motor design
Leibnizl fHannover Sy design * Electromagneticand thermal design oplimization considering
Thien eDrives GmbH Prototype manufactuing Austria g syblans devloptnant
WVrije Universteit Brussel Ecodesign-LCA Beigium * Powerelectronicand optimal control developmentincl. robustness and
reliability
[ e SyrNem® - SyrNem®

Beyond the Consortium

= Material suppliers
* Componentmanufactures
* Application providers

= Dissemination activities
* EVS Barcelona
* Website www.symemo.eu
* Transport Research Arena 2014, Paris
* Publications of projectresults to the scientific community

= Networking activities on EU Level
.g. hitp:iwww.criticalrawmaterials.eu

Ongoing and Completed Activities
* Ecodesign
= Drive scalability and vehicle applications study

* Real worid usage energy efficiency targets

Vehicle (A-B) segmente-drive specifications
» Testing and validation requirements
* First machine design studies

* Dissemination in Workshop

D6.3 — Project presentation
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| SyrNem®
Ecodesign

* Ecodesignis an approach to design of a product with spacial consideration
forthe environmental impacts of the product duringits whole lifecycle.

* It helpsto identify critical environmental burdens, and improvement
paths, across the developmentcycle

g
e"’&'

- SyrNem®

What is Ecodesign? e

[EprrEp—
5 g, agreandture,
s
R revomny
™
selirens et
-
[ Froducten

- (mbtion, tramapart,
e g
. e
I

[ SyrNem@
Drive Scalability and Vehicle Applications Study

The following segments have been selected in order to confirm the SyrNemo
solution modularity in different vehicles with diverse userrequirements

»  Heavy quadricycle. Full electric

= SegmentA Full electric.

* SegmentB. Full electric

= SegmentB PHEV. Parallel hybrid

* Fuel Cell. Full electric

= LightCommercial Vehicle (LCV). Full electric
* Bus(12m).Full electric.

& -y

- SyrNem®

Drive Scalability and Vehicle Applications Study

‘b line alec " approachp aasy turing
scalahlmylordrrrererl applications and reduces cost

Baseline
electric motor

Same voltage,
double current

Double voltage,
same curmrent

[ SyrNem®

Real World Usage and NEDC System Simulations and
Optimizations

= Differentiools are combined togetherto create an appropriate overall
ti and M.

*  Multi-criterion optimization wrt costs and losses, finalresults are described
in Pareto fronts

OptiImen wei NEDC Opterzion wit Rem Wora Cyoe

| SyrNem®

Synchronous Reluctance Machine Design
Reliminary Considerations
* Highsaliencyratio (= Ly/ Ly)for
q- axis
* Hightorque Lam-p-I-I (L -L) d axis

e=-1 \
* Highpowerfactor co: B e
anp P e+l
* Lowtlorque ripple, no magnetic noise
= Mechanical robustnass athigh speed ey

* Reasonable manufacturing cost

12
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[ SyrNem®

Synchronous Reluctance Machine Design
Preliminary Considerations cont'd

»  Provide flux guides for d-axis flux
= Provide flux barriers for g-axis flux
=  Lownumberof poles(2p< 8)

*  Avoid saturation at low currenis

= Minimal width of air gap

= M I width of rotorleakag

L.

Synchronous Reluctance Machine Design
Optimization

» Elet d hanical FEM-analyss

= Variation of rotor shape
* increase saliency ratio
* minimize torque ripple
* consideruse of ferites
* considermechanical stress

= Evaluate thermal behaviourin driving cycles

* Calculate machine chzracteristics with PMOK
(lAL - software)

[ SyrNem®
Outlook

* Ahighintegration of e&-maching and inverter is targeted

* The optimization of the thermal drive willbe numerically
by using 10 as well as 30 technigues

* The control system will be developed using HiL environment

* Testing and ion will be p under of
industry requirements

* The finalized synchronous reluctance drive prototype will be presented by
endof 2016

L.

Thank you very muchl

[ SyrNem®

SyrNem®

Visit us:

AT e

- iﬂtEHE HE
W

tema"af == THIEN=Drves - N [

Figure 3.3 SyrNemo comprehensive Powerpoint presentation (that will be continuously extended)
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