N 26 O INCOSE
!/'-.\.'/ Edinburgh, UK
\\ [ ’l// July 18 - 21, 2016

Learning Systems Engineering Lessons
from an Electric Vehicle Development

Gerhard Swart
0

UL alphadot

HIGH IMPACT INNOVATION



s

vinae
Yo

]

— INCOSE
B inburgh, UK
. |18 - 21, 2016

4

h o

www.incose.org/symp2016






Context — 2005 start-up s
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Disruptive opportunity for SA: o6 A
« Peak Oil, global warming, energy awareness

* Li-ion Battery technology becoming mature

« Automotive incumbents slow to adapt

« Strong SA automotive manufacturing (7 OEMs)

« Strong Systems Engineering community (mostly defence)

“To establish and lead the Electric Vehicle industry in
South Africa and then expand globally.”

www.incose.org/symp2016



Context — very modest funding %

4 founders growing to 105 2@ ' INCOSE
« Business control diluted by government agency investors roiraw ke
2005 2012

« Company closed June 2012 after investors decided business risk too high
 See Innovation Lessons learned from the Joule EV Development
(paper presented IAMOT conference, June 2015)

www.incose.org/symp2016
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The Joule BV =,

5-seater C-segment city vehicle
= & 0-60km/h in less than 5s

Max Speed 135km/h

Designed for NCAP 5-star
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The Joule EV o

Luxurious interior
EV-specific Telematics
Normal comfort features

Airbags

www.incose.org/symp2016



New core technologies oy
s
75kW 7
peak STM motor 2@ ' 'INCOSE
Large luggage compartment o ' Edinburgh, UK
Optional PV panel roof | ' e
On-board charger

Integrated SW control '3
Infotainment and telematics y Li-ion battery with convection cooling
Internet-enabled apps ; 380V, 36kWh capacity

User customisation Swappable from below
Range ~230km (NEDC)

www.incose.org/symp2016
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Academic freedom

Limited control
Freely creative
Research partners
IP - focussed

Formal processes
Project control
Targeted outcomes
Industry Partners
Product-focussed

Business processes
Product control
Industry processes
Supply chain
Customer focussed




This paper

* Are Electric Vehicles different?
— Cost & pricing models
— Mechanical and Electrical architecture

* How are cars traditionally developed?
« Joule Development processes

— Joule initial tailored SA process
— Hybridised SA/Automotive process

« Conclusion

www.incose.org/symp2016
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Are EV's different? oy
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Automotive Engineer: Electronics 26Edmburgh'UK
is added to a car to make it safer and 18- 21,201
more convenient

O
Elon Musk: Model S is not a car but a .

'sophisticated computer on wheels'

www.incose.org/symp2016 12



EV Pricing is different g,\w
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* New business models
« Different cost drivers

: |

=>Clean sheet preferred
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Vehicl
Purcha

Conventional Electric Electric
Vehicle Vehicle Vehicle
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Battery is central component @
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Initial top-down process s
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Operational research Edinburgh, UK
Core technologies TECHNOLOGY DEVELOPMENT y 18 - 21 1
Technological opportunities Technology research and demonstration (Drive System, Battery System, Infotainment, EV unique features) I

Competitiveness

= e o il i il 5
PLANNING ' PHASE 0 (PT2) ' PHASE 1 (PEV) ! PHASE 2 (P50K) PHASE 3 ' PHASE 4
New productbuild | Formulate , Demonstrate , Engineering and Man. Production , Product support
Market research preparation y product y concepts, test , Development, until risk is 1
Market rtuniti | requirements | userreq.in 1 low and data pack ready 1
arket opportunities X ; market and ; for production, establish .
Product strategies 1 1 expand them 1 Production, establish 1
1 1 into detail 1 support, establish sales 1
1 I requirements I & business 1
Risk funding ! Concept ! Integrate new i Product "Product
o i _ approval : exploration and : technologies : “C-samples” improvement : improvement
Initial market filtering . analysis , . “ D-samples” .
1
PRODUCT DEVELOPMENT 1 PRODUCT IMPROVEMENT
1
' I
Bld/No-BId FUNCTIONAL ALLOCATED PRODUCT 4 MANUF. 4 Product
Decision Meeting BASELINE BASELINE BASELINE BASELINE accepted
Concept High-level Production Product Support
selected design data pack process established
established established validated

www.incose.org/symp2016



Operational research
Core technologies TECHNOLOGY DEVELOPMENT

Technological opportunities Technology research and demonstration (Drive System, Battery System, Infotain

Competitiveness <
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PLANNING I PHASE 0((PT2)) ' PHASE 1 (PEV)| ' PHASE 2 (P50K)
New productbuild | Formulate\—" | Demonstr , Engineering and Man.
Market research preparation  product , concepts, test , Development, until risk is
. 1 requirements 1 userreq.in 1 low and data pack ready
Market opportunities : | market and , for production, establish
Product strategies | 1 expand them y Production, establish
1 1 into detail 1 support, establish sales
! I requirements I & business i
Risk funding ! Concept ! Integrate new !
o - approval : exploration and : technologies : “C-samples”
Initial market fllterlng : ana|ysis : : “ D_samples"
T .
PRODUCTDEVELOPMENT 1
I
' I
Bld/No-BId FUNCTIONAL ALLOCATED PRODUCT 4 MANUF. {
Decision Meeting BASELINE BASELINE BASELINE BASELINE
Concept High-level Production Product
selected design data pack process

established established validated
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Evolutionary process s
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MPT ~ Key Milestones: . J
INCOSE
Edinburgh, UK
Program Management July 18 - 21, 2016
Product Specification
Concept Development Product Design
S-FMEA D-FMEA D-FMEA Rgvlom
Design Verification Plan & Reporting (DVP&R)

Virtual Model Simulation / DMU / Validation
j. Prototypes / Mules 2. Prototypes / Pre-Production
Functional- / Fatigue- / Vehicle Tuﬂnq

Product validation |
Production Concept Manufacturing Engineering Logistics Concept
P-FMEA P-FMEA Reviews
Supplier Development Prod. Equipment Procurement

Launch Management

Product Definition Product Creation Industrialization

Ref: Magna Steyr, 2015, https.//www.ecs.steyr.com/Product-Development-Process. 1329.0.html?&L=1

www.incose.org/symp2016



Parts-centric process Tﬁ
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Phase: > Engineering development >> Design Validation >> Production Validation >

Parts: > A-Sample >> B-Samples >> C-Samples >> D-Samples >

Vehicles: > Mule vehicles >> DV vehicles >> PV vehicles >

www.incose.org/symp2016 22



Top-down and bottom-up

New Technology Development

EV-unique systems
NeV\;_Ei')mponé;f‘/System Dev
Systems & EV-unique systems |
parts
Development Carry-over Dev & Test
processes Standard vehicle parts
Loosely - 1
integrate
Vehicle Development
Phases Oand 1
Vehicl
enicie Vehicle level and
Development . A .
vehicle integrating
Process

parts (body and
interior)

—/A

B
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*CER *PDR *CDR *FDR

*sop

*sop +3

W Confirrh & Update ‘
W Confirm & Update ‘ Confirm & Update ‘
‘A’ Virtual ‘o \ /i . ‘C’ Virtual Vehicle — Confirm & Update C Vehicles Engineering Qualification
. B’ Virtual Vehicle . . .
Vehicle Component Detail build testing
@
3 3 *_.4 1st Car Pre Prod Cars II:rod
2= S o Prodcution  |P1,P28& P3 [ Ramp-l
s = e g C-MRD ——
© s 2 Production ‘
o Quallification testing
| | D-MRD
| I
A|—> | C» | D» :l
1
§TS Confirm & Update
“ I/ 0 0 - v
g £ eg & Tesl Systems Build and validate final design
& & parts
wn 0. - -
> _ Confirm & Confirm &
7 DMU\ CTS Manufacture C-parts Update Make D-Parts Update
Lab & mdle '
testing of parts '
2'g
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R
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E E A4 A4 Assy plant design/build Commission plant
» o
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Baseline maturity

- Book1 _lBook2 _

Purchasing and Logistics Strategy

Aftersales Strategy

Quality Strateg

Budget (project & vehicle cost
Plant concepts

Plant technical Specs (PTS
Concept & detailed design
Vehicle technical Specs (VTS)

Program Master Schedule (PMS)

User Requirements (URS)

www.incose.org/symp2016
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Conclusion s
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Many lessons, only a few discussed 26 - incos:
EV’s are different to conventional cars |
A clean-sheet approach has advantages

It also:
— Could increase cost from less parts re-use
— Hampers communication with suppliers

A hybrid “top-down, bottom-up” model was
Implemented, but not proven

www.incose.org/symp2016
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