Model Based Design approach for E-Drive
development using MATHWORKS
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ABOUT THE GROUP

Established in

1938

Several firsts in introduction of new
technologies & processes

Over 500 people in R&D,
Engineering

$2.5b

Group Turnover

Diversified Verticals
OEM, Parts, Plantations, Retail

Over 15,000 members
Multi-location state-of-the-art $250m

R&D Centres Component Division Turnover
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members

AMALGAMATIONS
COMPONENT DIVISION 2



ABOUT THE GROUP

Total Companies

I

MANUFACTURING - 18

njkrh TRADE & DISTRIBUTION - 11

W

PLANTATIONS - 3

= SERVICES - 6

Simpsons & Co Limited (founded 1840)
Diesel Engines

] IP Rings Limited

India Pistons Limited

Steel Piston Rings, Orbital Forming,
Crank Pins & Special M/Cing Tools

1940s Pistons, Pins, Rings & Liners 1990s (NPR, Japan)
Addison & Co Limited (founded 1873) Amalgamations Valeo Clutch Ltd
Cutting Tools, M/C Tool Accessories Clutch Assemblies
Bimetal Bearings Limited (Valeo, France)
Thinwall Bearings BBL Daido
Amalgamations Repco Limited 2010s Automotive Engine Bearings
1950 Clutch Parts, Flywheel Ring Gear (IP Repco) (Daido, Japan)
50s Shardlow India Limited
Crankshaft & Forging
AMCO Batteries Limited
Lead Acid Batteries
1960s Tractors & Farm Equipment Ltd (TAFE)

Tractors

AMALGAMATIONS
COMPONENT DIVISION

Services & Retail

Distribution Services
George Oaks Ltd.
Speed-a-way

TAFE Access
Higginbothams
Plantations & Retail
T.Stanes & Co.

United Nilgiris Tea
Logistics

SRVS

Corporate

Madras Advertising Co




Typical EV architecture
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Design Metrics
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Product development Approach

v

PROGRAM MILESTONES

RFQ Gate review Gate review SOP

Pre RFQ o Conceptualization o Detailed design o Development Integrated Testing Validation o Post launch

m—— ‘ Vehicle performance &
architecture definition

System analysis &
components sizing

Vehicle performance ’
testing & validation

Model based
engineering

{Motor - Controller -
Vehicle} calibration
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4 Motorand || Mechanical | ™
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High Valtage Bus Detailed design . ’
- indluding safety ’ ‘ System Integration test
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The “Why ?”

Design is not just what it looks like
and feels like. Design is how it works.

— Steve Jobs —
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Model Based design

Regen braking optimization

Vehicle acceleration performance
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The “How” & The “Details”

The details are not
the details. They make

the design.”
r b

CHARLES EAMES
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MODELLING TECHNIQUES

ANALAGOUS MODELLING

ACAUSAL MODELS

* Represent system by elemental equations » System represented and connected physically

inertia, J (units are kg m”)

(1) :
/A
(1) — I, . -
it = :

d
JE o(r) = (r)
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MODELLING ALGORITHM (IMPLICIT/EXPLICIT)

<l eobemTimemagituce |

1 year 10s 1s 0.1s 0.01s 0.001s 0.0001s « Euler

* Runge Kutta

Creep Static/Dynamic Quasi-Static Drop/  Ballistics DetonationHypervelocity « Dormand Prince
impact & Blast Impact
H* - q H g « Backward Euler
ODE 14x

IMPLICIT METHODS

( EXPLICIT METHODS )
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MATLAB & Simulink Blocksets

- MATLAB T D
. Simulink ' ) aon) - TATEFLOW
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VEHICLE MODELLING APPROACH

o N
Acceleration h( Torque ]
demand 'L demand J |
e ”
Discharge
Motor Current
[ h ' e
Vehicle Speed Torque [
target
. g9 ) (Output)
. o
Driver g = 4 =
- ¥ - [ Axle/Wheels Transmission Battery
Vehicle Speed AN
Actual 1
e w
Torque ]
[ h Input
Brake torque (Input) J h 4
(Hydraulic)
\ J Generator gﬂ?r';egni
1
4 ™)
.| Deceleration rRegen Torque]
demand L request J Energy Out
. »
EnergyIN

Confidential Internal Document — NOT TO BE SHARED




The “Story”

Every great design begins

with an even better story.

Lorinda Mamo, designer
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System Requirements

Road Loads Drive Cycle Analysis

. . IDC Battery
Gradient resistance 45 Internal loss
< 40 o Controller
E 35 Switching loss
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£ 30 L Motor }
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Road load impact on typical 3W @700 kg
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VEHICLE PERFORMANCE

VEHICLE TRACTION DIAGRAM (ICE) VEHICLE TRACTION PERFORMANCE (ICE)

; + With the derived ICE characteristics, the
Traction Performance - (ICE) @ GVW N ’ . Y PR :
- e [ = current vehicle can achieve a gradeability Climbing Performance JJJllcE) @ cvw Acceleration Performance [JIN(CE) @ GVW
e -
== of omfortably in first gear
Gradeability Yy g To: Il Nm Tg: Torque reqd to
N . N climb gradient
+ The vehicle is expected to have a starting P
Starting Torque: I radeabilit cfh g
£ Starting Gradeability : ISENL g i £ d
:?_.' il —a T + The Vehicle achieves top speed of [l H §
2 . Max Continuous torque: [JIll Nm km/h at 0 deg gradient in 4" gear. 3 Tg: Nm 4
Gradeability: 0% & s
T + To achieve a gradeability of <
Yoo the vehicle requires a torque of
. I - The peak torque availability is limited ,
Vehicie Speed, km/h between vehicle speeds of 10 and 12 v.h.c|= Speed (km/h) Vehicle Speed (kmih)
0% 4eg) [ km/h
Astgear 2ndguer 3nd gear —1stgear —2ndgear —3rd gear —4thgear —1stgear —32ndgear —3rd gear ——d4thgear
Athgear — —— Vehicle Traction Parabola
GEAR 1 GEAR 2 GEAR 3 GEAR 4
MAXIMUM GRADABILITY Il 10 km/h 2 15 kmh G 25 km/h @ 30 kmv/h
mMAXIMUM ACCELERATION [l mis2 @ 10 kmn Ml sz @ 15 kmh Il sz @ 25 kmvh B sz @ 30 kmvh
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VEHICLE TRACTION DIAGRAM (E-DRIVE) ACCELERATION PERFORMANCE - EDRIVE

Racrionerrormance- R @ ° Climbing Performance [l W Acceleration Performance - [N @ GVW Acceleration Performance - [N (EV) @ GVW

""" starting, Peak Torque: Nm
Starting Gradeability :

g
]

z Max Continuous torque: 7l E z 0-60km/h
£ Nm £ § H inllll s
1 Gradeabiiity: [N £ H — bt
H 3 3 i
" = 8 20-40km/hin [l s

] H 2

< 21 0-30km/h in
E
0
Vehicle Speed (Nm) © 0-10km/h i
o Vehicle Speed (km/h) Vehicle Speed (km/h) / mihin [l s
----- 0% 0 deg) ===--3%5 deg) --18% (10 deg) 2T% (15 deg) o
—— 1stgear ——2nd gear ——3rd gear ——1stgear 2nd gear —3rd gear =
,,,,, 34% (10 deg) —— Peak Torque. —— Continuous Tergue = - ~Vehicte Traction Parabola —4thgear — E-Drive (Peak) - ——E-Drive (Continuous) ——dth gear —— E-Drive (Peak) -==--E-Drive (Cantinuous) Time (s)
The shade represents operating peints where e-drive has superior or equal terque than ICE drive train
The shade represents operating points where e-drive has superior or equal torque than ICE drive train
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1D model — Simulink
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1D model — Vehicle Supervisory Controller
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VEHICLE PERFORMANCE - Drive Cycle Analysis

Cy_cle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
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Optimisation
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MOTOR OPERATING POINTS

Motor Operating Points (MIDC)
T T T

T T T 100
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Motor Speed (rpm)

* More than 65% of the time, the motor operates under 4000 rpm for this gear ratio of 1.2

« 750 rpm to 5000 rpm mid load conditions are ideal operating points for motor
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Summary
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Thank you
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