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Course Motivation & Objective

v Most Truck EV systems are decades old technology
having multiple non-automotive applications as well

(E.g. electric motors, power electronics, batteries, etc.).

v Most of the courses offered currently are focused
towards Automotive applications.

v  But as an employee of Truck industry, the systems
engineering of EV’s is also of great importance.

v With virtual model-based systems engineering, a lot of
development & integration activities can be front
loaded. This provides ample course correction
opportunities during development without having to
build costly.

Course Objective

To provide an overview of Electric Truck
Integration. We will introduce the concepts and
terminology, the global best practices in virtual

model-based development, EV sub-system
working principles, systems engineering and
basics of control systems.

Upon completion of this course, trainees should be
able to follow the literature on these subjects and
perform independent design, research and
development work in this field applying systems
engineering approach using virtual models.
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Trucks: Emissions and Range

Range (km): Range of typical 9m Non-AC bus — Diesel, CNG, Electric
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Source: Euro Norms Source: pManifold

Emission norms are successively getting
so stringent norms ICE vehicles will soon
become impractical

e-Truck range is lower than equivalent ICE truck
However, the energy efficiency is significantly higher

]
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Trucks: All set to have CAFE soon!

Indian Fuel Consumption Regulations for Trucks

40 kph constant 60 kph constant > Currently, it is estimated that most trucks are over these limits

speed speed
Truck Segment

» The cost of technology to make ICEs efficient will decrease disparity
between ICE & e-Trucks

A B A B

12TsGVW<=16.2T4x2 0.362 10.327  0.788 9.003

16.2T<GVW<25T6x2 0.603 6.415 0.755 9.546

16.2T<GVW<<25T6x4 0.723 4.482 1.151 3.122 Fuel Consumption = (A x GVW) + B
ST<GVW<31T8x2  0.527 8.333 0.65 iPBI:§| Fuel Economy =100 / Fuel Consumption
25T<GVW<31T8x4 0.928 0.658 0.968 7.692

GVW =31 T 10x2 0.96 5.1 0.65 12.16
Source: Ministry of Road Transport and Highways
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Source: pManifold Analysis
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Trucks: Propulsion System Layout Comparison
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Sub-System Sizing Using Modeling
|

Motor Specifications
v Peak Power - Boost
v Peak Power - Continuous _— o
v Energy Efficiency Maps g E"“—'E_
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Vehicle Requirements...

v Peak Power

v’ Charging & Regeneration

v Range -
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Battery Pack Specifications
v Power Capacity

v Energy Capacity

v Pack Voltage

File Tools Edit 7

B RART V| O

Wheel Force

Virtual models enable capturing of requirements much early in the development

| |
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E-Truck Use-case and Feasibility Case Study — Approach

Fleet { Chargers [ { Power Demand 1 { Costing & Business 1
[ I I | Case |
e-Truck Model Use-Case Fleet scheduling and Charging Infrastructure I | :
‘ # .. .. Power and Ener: .
(load, battery, wheels, etc.) (route, speed, layover, etc.) sizing sizing Total Cost of Ownership ||

Current Fleet Composition and Vehicle Technical Specifications

Parameters Tata 4923s BS-IV e-Truck®
Fleet Analysis by Number of Trucks Fleet Analysis by Loading Capacity Gross Vehicle Weight [kg] 51900
20 S— 100% 1000 Gmimm 100% e

I I

: 0% 0 0% Kerb Weight [kg] 11180
% 200 | 20% 7 8000 80%
S ol 7000 | 70% 3

1 0% £ 8 £ ;
“: 150 | o Percent Fleet Numbers 0% ':’ > 000 4 m Percent Fleet Numbers 0% E Load Capacity [kg] ey
= 1 T T 1 =
= , ~—e—Cumulative Percent W% ¢ § 5000 | ~—e— Cumulative Percent s0% ¢ Maximum Power [kW] 170 kW @ 2500 rpm 255 kW @ 2500 rpm
= S s
£ 000 0% é w4000 | : 0% 3
o | 0% E © 3000 ! . 0% E Max Torque [Nm] 850 Nm @ 1300-1800 rpm 1000 Nm @ 1250-2000 rpm
2 50 - 20% g 2 2000 - | 20% g
E | $ 1
3 1 Gearbox Manual 9 Forward / 1 Reverse Manual 2 Forward
= : 1 3 1 5 2 a a W% L : | 196 121 35 163 3 124 112 0%

o2 - - = == 0% o2 | - - - - %
W15 55, 49 402 385 325 NS N 28 455 %5 ) 4 a02 35 RS NS N B Tyre 10R2016 PR 10R20 16 PR
- _# - Capacity [Metric Tons] ES Capacity [Metric Tons]

E C i 400 L Tank 256 kWh Li-Ph hate Batt
TATA LPS 4018—455T nergy Capacity Diesel i-Phosphate Battery

TATA SIGNA 4923 -55T

Cost [lakh INR] ~ 40 ~90

1Assumptions based on information available for an actual e-Truck model

Source: pManifold
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E-Truck Use-case and Feasibility Case Study for Coal Handling
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Use Case Generation & Fleet Optimization

GPS Data Mine 2 Vehicle Speed Profiles Mine 2

1l Vehicle Simulation Model

“
239 T
. 3 N
g )
238 is '
237 i il
22.36 |
# 40-50 kph 30-40 kph |
] [ el
w2235 20-30 k ® 010k Zh
3 Poh CI e : SeG Eve
Tan OO0k T 1 = I
2 / It
§ 2 _‘/ " m ‘ Driver
3 j- o
2.2 .
o8 o i w0
nn 3
n3 . fu
) 3
¢ fu ]
: | i
2.8
82.71 82.72 82.73 82.74 82.75 82.76 82.77 82.78 20000 15000

EEVACGdemy

Longitude [deg.]

Energy Required [kWh] Energy Efficiency [kWh/km)]

® pManifold EVSysSim and RouteVisualizer
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Captive Fleet:

Total cost of ownership & comparison with ICE fleet

Truck Purchase

e-Truck Cost

Charger  Total CapEx
6
Fleet Nut':::::i:c’f Cost Ncuhn:e;r:f Purchase Cost Extra
g [Crore INR] ©
[Crore INR] [Crore INR] [Crore INR]
ICE 364 145.6 NA NA 145.6
e-Truck 342 307.8 43 5.59 313.39 167.79
FueIZCost/ Mamtenanc3e Insu:rance Driver Cost® OpEx/year e-Tr.uck OpEx
Fleet year® [Crore Cost/year’ Cost” [Crore [Crore INR] [Crore INR] Savings/year
INR] [Crore INR] INR] [Crore INR]
ICE 20.16 4.37 2.18 8.736 35.45
e-Truck 2.45 2.05 4.62 8.21 17.33 18.12
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Financial Performance

: : \ 4
Financial performance
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Benefits of Systems Engineering Using Virtual System Models

Systems Engineering

Focused on the usage of product by the
end user

Prioritizes optimized system over great
individual sub-system

Trade-offs are more robust as well as all
inclusive

Traceability, failure mode effect, and root
cause analysis are much easier

Helps drive standardization by enabling
precise sub-system requirements

Virtual System Model

Provides end user perspective very early in
product development

Enables sub-system selection as well as
system optimization studies

Helps generate all scenarios for well
informed trade-offs

Helps catch failures much early in the
program

Helps explore the performance bandwidth
of standard systems using control’s tuning
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Who will Benefit?

~ ~
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Program Schedule & Structure

Module Module Title

Module 1 EIectrlc.Truck
Basics
Electric Truck
ek Modelling

Module 3 Cost Modeling

Hydrogen

idae Technology

Evaluations

EEVACGdemy

pManifold Group

Day Session No. Session Title Topics coverd Duration [hr]

gTuesda §Session 1 Course Introduction & Truck Course structure, Tools used, Truck classifications based on GVW across US, 1

T yoessen s Classifications  Europeand India Markets, Fuels used, Alesused I
Week 1 ;Thursdayfsession ) :Ba5|cs of e-Truck M & HD Applications urck Applications and Use-cases, Regulatory Requirements on Truck Axles andA 1

T T Dimensions, Axle & Tyre Selection ]

iSaturday Practlcal 1 Introduct|on to Modeling Tools ruck Axle & Tyre load related calculations : 2

%Tuesday Session 3 ;Batterles for e-trucks éBattery working principle, Battery sub chemsitries, Battery types, Battery serles 1

o o oo @andParallel combinations, Battery Sizing, Battery specifications . T |
Week 2 ThursdaySession 4 Motors Motor woking principle, Motor specification review, Motor selection for PTOs 1

%Saturday%PracticaI 5 %Battery Pack Sizing & Modelling E(Sec:(lsz)exerase (Battery functional model), Battery sizing for desired Range 5

%Tuesday %Session 5 %Truck Power Requirements éPropuIsion energy, PTOs, Steering power, Auxiliary powers 1

: . 3 Product Development process, Evolving design criteria, Gradeability effect,
Week 3 gThursday:Sesil?'r‘mme.‘im : Range effect, battery & Motor sizing

‘SaturdayPractical 3 Motor & Vehicle Modelling ‘Excel Modelling for Vehicle Level calculations including PTOs for a duty cycle 2

%Tuesday %Session 7 %Battery Management System Z?CC & SoH estimation, Corrections & Compensations, Regeneration Controller, 1
Week4  ThursdaySession 8 Charger Selection & Sizing ég?carglng Strategy, Opportunity Charging, Charger Sizing, Charging Duration 1

§Saturday§PracticaI 4 ;BMS and Charging Modeling gModeillng Regen & Current Control, CCCV Charge Control and charging 5

z z z duration

%Tuesday ESession 7 gCharging Infrastructure %Charging systems- classifications, Charging modes, Charging standards, 1

oo HighwayPublicchargingInfrastructure T
Week 5 ThursdayéSessmn 3 Cap|tal & Operational Expenditures, éPur.chase cost comparlson{ Drive Train cost comparison, Fuel Cost ocmparison, 1

FERS o Maintenancecostcomparison T

: : . : . ‘Capital expenses, Operating expenses, sensitivity to subsidies, cost

‘SaturdayPractical4  TCO Modeling : . 2

z z z :assumptions and trends, etc.

%Tuesday Session 9 Fuel Cells for e-trucks gFueI Cgll worklpg ErlnC|pal, Fuel Cell Types, BOP components 1

... Overview,Polarizationcurve,
Week 6 %Thursday ession 10 ydrogen Infrastructure H2 ICE working principles, St0|ch|omet'r|c rétlo, Challenges, using H2 1

: Technology as Range extender, H2 estimation

%Saturday ractical 5 ternal Project Reviews
ThursdaySession 14  Online Exam
Saturday Practical 7  Project Evaluations
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Primary Trainers

Mr. Rahul Bagdia
Managing Director and Partner, pManifold

20+ years global experience and leading e-
Mobility and Utilities Practice at pManifold.
Have worked with National and City
Governments in India and other developing
countries supporting e-Mobility strategic road
maps, regulations, policies, standards, charging
infrastructure  development, new business
models, and pilots, including EV fleet
assessment with multiple operators.

pManifold Group

Mr. Vikrant Vaidya

Partner and VP — EV Systems Engineering,
pManifold

20+ years experience in global automotive
design and product development on multiple
EVs and Hybrid vehicle platforms, specialising
in model-based design, calibration, testing and
system integration; a Six-Sigma Green Belt and
a Master Trainer for EVs model-based
development and systems engineering.
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Mr. Soma Sekhar P

Senior Consultant — EV Systems
Engineering, pManifold

15+ years experience in global automotive
design and product development on multiple
commercial and special purpose vehicles
specializing in  powertrain  design and
integration; a Six-Sigma Green Belt and a
Master  Trainer for EVs model-based
development and systems engineering.
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Calculation Tool — MS Excel (pmanifold EVFieetPlanner® is based on Excel)

AutoSave @ A SimpleVehicleModelxlsx - Saved ~

L=

File Home Insert Page Layout Data Review View Help
fl‘: Z @ @ @ Define Name E‘g Trace Precedents W‘:’ Show Formulas F‘.@a Calculate Now
o B o T - <h .

q‘,ﬂ Trace Dependents ,{?‘/ Error Checking

Insert  AutoSum Recently Financial Logical Text Date & Lockup & Math &  More Name Watch Calculation E':Calculate Sheet
Function N Used ~ T N ~  Time ~ Reference ¥ Trig ¥ Functions ¥ | Manager ET'& Create from Selection P_;< Remove Arrows ~ @ Evaluate Formula | Window | Options >
Function Library Defined Names Formula Auditing Calculation
Q12 - J+ FormulaBar
A B [ C [ D | E G [ H [ I [ J [ K [ L M [ N [
2_ Veh_mass [ke] Wheelbase .
3_ Veh_F0 -] ________ CG Height = = $——85-—-- _:::::::==:::===--- F|Xed InputS \\\\
4 Veh F2 [N_,"kphz] Wheel Drive (-1 for FWD or 1 for RWD) Coeff ofAdhesion
E | Tyre_drr [m] Mt driven axle 0.8
Time (1) Initial Vehicle PT_Torque Brake_force Grade (8) Tractive  Aero Drag Grade Wheel Force Adhesion Limit Vehicle Final Vehicle Final Vehicle

ime rade
7| Speed (u) (Tq) (Fu) Effort (TE) ] Resistance (Fgq) (Fw) (Faan) Acceleration (a) Speed (v) Speed (v)
8 [s] [kph] [Nm] [N] [deg.] [N] [N] [N] [N] [N] [m/s’] [m/s] [kph]

: TE- Fp- Faeo- Veh 5] i

Input Oorlast time Input Input Input Tq/ Tyre_drr Veh F2xu® V:?h_ma?sxgx e Hxveh_massx g x cos 6 x m: Min(FyFaen) / u+(ax At) VX 3.6
9 | stepwv - sin(8+pi/180) Veh_FO-Fgg | drvenane X WB—ax hyg) / WB Veh_mass
11 0.0 0.0 900 0 0) 3000.0 0.0 0.0 3000.0 3000.0 3.0 1.5 5.4
12 0.5 5.4 ,,’7 900 o - 0  3000.0 1.2 0.0 2898.8 3444.0 2.9 2.9 10.6

7
13 1.0 1,&‘6’ 900 /a’ 0 | 3000.0 4.5 0.0 2895.5 3460.2 2.9 4.4 15.8
— td
14 1.5 ,,/' 15.8 900 //' 0 0 \ 3000.0 10.0 0.0 2890.0 3460.7 2.9 5.8 21.0 }
[ Initial Conditions ] [ Operating Conditions ] V

[ Calculations ]

]
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Simulation Tool — Scilab + XcosS (pManifold EVSysSim®© is developed in Xcos)

. File Browser | Palette browser - Xcos — O e | VehicleModel (CA\Users\vikra\OneDrive\Documents\Work\TrainingModels\Ve... — O e
File 7 Palettes View File Edit View Simulation Format Tools ?
= P = P——
> De© Ble®aa (@ | SRR L R T L
DT » 2 x scia D — > | VehicleModel (C:Wserswikra\OneDrive\DocumentsWork\Traininghodels\VehicleModel xcos) - Xcos >
|C:VJsers\vikra\OneDriveDommmis\Wu’k\Tra‘rimModels\ ~ | > l Palettes pe ”
- Y W ecently Used Blocks d N
N
sme — Sta ® Continuous time systems PT_Torque XC O S
: T’:"mde's 1{ .. @ Discontinuities )
. ® Discrete time systems P ractvetttort | M d I i
) Ref .| & Lookup Tables GAIN_f GAINBLK oaelin g
v oo o e
8 Ini model.sce . . .
—VEn __ ® Mathematical Operations T |
EoZ=™ File Browser | o ' 00
§ e e Xcos
simplevehideModel.xdsx . ® In Brake_Force J\a\._.
{8 vehideModel. xcoe ~=>| - ® Port&Subsystem St d d " Veh_FZ= R
# Zero crossing detection an ar - Aero Drag
_— . . L Adhesion Limit
L= Init_batt_model.sce (C\Users\vikra\OneDrive\Documents\Work\TrainingModels\l... — ] = B | k - -
File Edit Format Options Window Execute ? O C S Rolling Loss . —
: o
CER @S e X000 @BE(>D & X O — L s e[
ABSVAWE  powaR ¢
Init_veh_model.sce [3€| PostProcess.sce 3¢/ Init_batt model.sce [x Grade_rad
1 ~ J—L Wheel Force Balance ot
> . . ent|  » Delay ot Sy < >
3 SciNotes S t
: . CINOtleSs ocripter DAY F TIME_DELAY oy = .
5 | = 3*n_p*n_s; A-hr :--10%15/72000
& - =-0.57 i 1-100%15/7200
7 |init_cap = batt_cap * init_SoC: ! _‘-batt cap = 3*n o*n s: !
g |max_curr = 3*n_p; » COs s z
1 Mews feed ? A X
l1o|Curr_dem x = [070.1;0.27150071500. COSBLEK_f MAXMIN | é I Internet Of Things with Scilab 6.1 I é
11|Curr_dem vy = [ 7207 - 007
1olcn cure x = (0701702515005 1500, 1730007 5 Internet Of Things with Scilab 6.1
14|Ch_curr_y = [0;0;0;0;0;0]; [0:0:;0:0:0:;0]-[0:15:15;15:15:15] » MIN
15 Bus creator Find out about exciting new applications enabled by Scilab &. 1, thanks to the
16|Vol_SolC_x [0710;20 D;80; 0017 brand new web tools:

MIn_f NRMSOM_f

17 VDC_S DC_Y

[ ~ 1 ‘::;:u“’x - :| xl_I r;mm%ﬁmou parh'iers_ByteCf:de, and read the tutorial. to
[ o sensve [ Reuersoressn | https://www.scilab.org/download/6.1.0 |

]
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https://www.scilab.org/download/6.1.0

Charging Your EV Journeys

MANIFOLD

BUSINESS SOLUTIONS

Pilots
Outlook Management

dEevAcademy

bpManifold Group

Rahul Bagdia Vikrant Vaidya Ankit Agrawal
Co-Founder and Director Lead — EV Systems Engineering Principal Consultant, EV Practice
+91 95610 94490 +91 99002 43650 +91 98811 35712

rahul.bagdia@pManifold.com

vikrant.vaidya@pManifold.com

ankit.agrawal@pManifold.com

Kunjan Bagdia

Principal Consultant, Energy & Utilities
+91 98231 33447
kunjan.bagdia@pManifold.com

New Delhi

303 B, Enkay Town Plaza,
I-Block, Palam Vihar
Gurgaon-122017

Swapnil Jiwtode

Analyst, EV Training

+91 72496 85682
evtraining@pManifold.com

Nagpur (HQ)
Plot-20, Purohit Layout
2nd Floor, North Ambazari Road

Nagpur - 440033
Maharashtra, INDIA

Dipankar Das

Lead, New Opportunities
+91 98904 11607
engage@pManifold.com

Raipur

Shree Shakti Shara
Samta Colony
Raipur-492001

http://www.pmanifold.com
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Greenhouse Gas pollution challenges

Greenhouse Gas Pollution (Light duty vehicles only)
(Billion/ tonnes CO2-equivalent/year)
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