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CUSTOMERS AND THEIR BIG DATA iR AX#iE

Connected Vehicle Technologies
OpenXC

android Apple CarPlay @ SYNC" AppLink™
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Embedded Modem

SYNC Connected
Vehicle
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Ford is a leader in the

PID Data Logger connected vehicle space
Number of technologies and

methods are currently used to

obtain data from vehicles
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Embedded Modem technology
 Event based data collected

Vehicle Environment Customer Accessible Environment

Cloud- 1
(Filtered Data) )

- : d Datais anonymized and
. : B BB stored in secure servers
' : P B\ internally at Ford
Restricted access to any
personally identifiable
information such as VINs,

Cloud- 2
(Filtered Data) h

GPS coordinates etc.
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A NOTE ON DATA PRIVACY

Globally, Ford subscribes to the Alliance of Automobile Manufacturers Consumer Privacy Protection

Principles. AUTO ALLIANCE
w DRIVING INNOVATION

« Agreement governing the collection, use, and sharing of certain vehicle data.

There are specific considerations for the data collected in the China market specifically focused on —
GPS/Mapping

» Foreign entities are completely forbidden from mapping activities, which includes any measuring,
collecting, and presentation of shape / size / spatial position or properties of natural geographic
elements.

Cyber Security Law

» Focused on protecting customer data and having explicit customer consent for any use of this data,
including overseas data storage, marketing, and analytics.

Banking / Financial Data

This report only contains analysis done on non-China data only on an aggregate basis.
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BIG DATA ANALYTICS: TOOLS & WORKFLOW

KEFELH: TERIDE

= Sle' -l'P + O QIikViewevaB|G DATA
hadaap VE _‘{»‘l_v : & ANALYTI CS

Electrified Powertrain Engineering

Ford Motor Company

Data Exploratory o . Dgta :
Storage Data Analysis Pig Statistical Data Visualization Provide Insights On Customer
Analysis Usage
Distributed
Computing

It takes more than a hammer to build a house
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Why use Big Data? Jg{al{s FA K EUE ?

Gaining understanding of how customers will use electrified

vehicle is invaluable in designing.
» How many Wide Open Pedal operations per 100 mi exist? Is it
different for a performance product?

New technologies with very little quality history drive need for

data to develop effective KLTs.
» How often and how much power is derived from the high voltage
battery?

Electrified components are generally expensive and right-sizing -
them can provide best value to the customer as well as the

OEM.
» Right size the battery for electric drive.

Big Data can be used to benefit designing products, adding value, and improving quality.
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Examples of Big Data Projects RK##EIR H 341

1. Battery Charge Power Limit
2. Charger Sizing
3. WOP Occurrence

4. Powertrain Efficiency
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Brake Coach

Example 1. Battery Charge Power Limit F

#l—: EB it ST Th R R(E

Design:
» Set battery charge power limit to collect not only most of the regen from regulatory cycles, but also real world

customer drives
* Opportunity to increase regen power limit comes with e-AWD systems

147.5mi

20,987 10Hz 1.02 million 765 million
trips frequency  miles rows of data

Hybrid Requested Brake Torque Energy

2
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Wheel Torque (Nm)

Up to 27% increase in available
energy capture with increased regen
braking power limit.
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Wheel Speed (rad/s)
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Fraction of Days

Example 2: Charger Sizing

Bl — . et 2R Th

Design:

» Determine on-board AC charger size for a 300 mi electric vehicle
Traditional Method: Size charger to fully charge battery regardless of next day’s driving distance
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Available Overnight Charging Time
(Hours)

95% of the nights have at least 8 hours of
available charging time.

Overnight Charging

Remaining range at start of charge: 0 miles
Miles to be added: 300 miles

Charge time required: 13 hrs (assumes a 7kW charger)

To charge in 8 hours, a ~11kW charger would be needed

NB/~-50%MTRERT, RRERLSMNIIHTIR. HERAUERIEREATIRNFEHTHS.

Only ~50% of the nights have 13 hours or more available for charging.
This will likely result in opting for a bigger charger.
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Example 2: Charger Sizing

Bl — . et 2R Th

Design:
» Determine on-board AC charger size for electric vehicles such that next day’s distance is fully charged overnight

Data Driven Method: Size charger so as to cover the next day’s distance

1. Night ‘ﬁ" 2. Day
= > 7 2 Start of Charge: 33 miles \/i Start of Drive: 217 miles
Charge Duration: 8" hrs m lﬁ—l A Long Drive: 200* miles
Miles added: 184 miles (with 7kW charger) B T
* 95% of nights have at least 8 hours available for charging * 95 Percentile US Customer drives < 200 miles

3. Night 7E R SRR ThERIEF W] LLUA B RS IR A 3 A
<y HESUMAEER. HENEREREKNHR
Pt Al s End of Trip: 17 miles AILLUEE ERRTE R E -

) : Charge Duration: 8 hrs
Miles added: 184 miles (with 7KW charger) Charger can be cost-gffectively sized‘to cover the
95th percentile of the scenarios.
Remaining scenarios can be enabled through DC
Fast Charging.

End of Charge: 201 miles
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Example 3: WOP Occurrence

%= :£;hIvEA

» Determine WOP occurrence rate and duration for BEV battery and thermal requiremets ]

WOT Mustang

5 - SHI TSR I EE 90% A _E Bl g &5 T
g - HEEERFI00KESHIT 2.77 8251
n
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3 - WOP event is one where the pedal position
& goes to greater than 90%.

Performance vehicles experience 2.77
3:43 PN 3:51PM 3:53PM 3:55 PN Tlmﬂl:mj[:‘yarzmsj 3:59 PM 4.01 PM 4.03 PM 405 PM WOP events per 100 mIIeS
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Example 3: WOP Occurrence

%= :£;hIvEA

Design:
» Duration of WOP events have direct implications on thermal requirements

=
fa

5 events > 12 seconds

=
h

I
.

From connected vehicle data
analysis, the typical duration of
WOT events is generally less than 5
seconds.

=
=]

% of WOP Events

g 3 10

Event Duration (seconds)
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Example 3: WOP Occurrence

%= :£;hIvEA

Design:
» For power consideration, the duration and speed of a WOP events is considered.

Size of bubble is WOT Duration

4 nd o~ s » SILS.
: Y LI TR ENNERBRE—METEE
\ MIEE — FRRET AR
g 0
Speed at which WOT event occurs
. N is another design factor — also
£ 8§ 8 ... each point is an individual vehicle enabled through big data.
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Example 4. Powertrain Efficiency

Il : 5] h R GRIUE

Value:
» Study of the relative efficiencies of a electrified powertrain vs. a conventional powertrain for different average trip
velocity.

Battery Electric Vehicle
WM N ARGHELE RN N RS, IBEHE
REARER. FHERBROER, WHE,

ERERSRERERE.

Relative Efficiency

Conventional IC Vehicle

BEV powertrains have peak efficiencies at low speeds
compared to conventional powertrains. Low speed
markets, like China, can benefit more from BEVS.

0 10 20 30 40 50 60
Average Trip Speed
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Example 4. Powertrain Efficiency

Il : 5] h R GRIUE

Value:
» Study of the relative efficiencies of a electrified powertrain vs. a conventional powertrain for different average trip
velocity.
.0
>
2  Battery Electric Vehicle
3 o tesh, ShEEIENSIRRE FHERMSNG,
= o~ FALLAEGEEN 1 R SR
3 o
N o®
TEG o®
5 o~ .
z Conventional IC Vehicle _ »
Moreover, BEV powertrains are less sensitive to average
trip speed compared to conventional powertrains.
0 10 20 30 40 50 60

Average Trip Speed
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USING BIG DATA

A Z 4 r 43 A

Appropriately sizing the powertrain for a PHEV or BEV is a delicate
balance between regulation, cost, and customer wants.

+ Data collected from vehicles can help OEMs set the right balance for
designing the vehicle.

There is a growing need in the automotive industry to standardize the
analysis of this data.

« SAE can take the initiative for this globally by setting up data analysis
standards and procedures.
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CONCLUSIONS

&t

Insights learnt from data collected from connected vehicles can be
used to -

* Appropriately design the next EV
» Develop effective test methodologies for robust quality
* Right sizing components for best value to customer

Common, agreed-upon methodologies to analyze the data will become necessary.
« SAE can play a vital role in developing data analysis standards.

BANERZFERITSFEABENET!

We should all listen carefully to what the vehicles are telling us!
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