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2.2 FPEV-2 Kanon

Future Personal Electric Vehicle

Hori & Fujimoto Lab_~"

2.2 Principle of Driving Force Estimation o

Motion Equation of Wheel

Radius of wheel

J d—a):T—r{Td

? dt <
Motor torqu;\b F, :Drive.Forc

—Measured by
Inertia of wheel Angular Accel.
Current
—Constant —Measured by
Sensors

Driving Force F, can be estimated by this equation. In our system, it is
calculated realtime with 0.1ms sampling.

Driving force observer [Hori, TIA 98]
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2.2 Active Front/Rear Steering System

Hori & Fujimoto Laboratory, The University of Tokyo

—Steer—by-wire

17
Lateral
Force
Sensors |

+

-
s, ay,7 |
Sensors |

o

- 2 DC Motors (Maxon 250W) for Steering

- Front steering shaft is removable.
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3.1 Driving and braking force model o J

Wheel Velocity Vehicle Velocity
- \ /
Slip ratio
Vo —V
\ pu—
: R w max (V.. V. €)
e

Driving Force

Fg=p(AN

FEE [accelerating]
friction normal

coefficient reaction

force
. N . —Hip
elastic deformation o e -Lown|
5 0.
E"_' ...........
3 o
This function p(2) is assumed to be g 1 [
unknown in our research. g
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Slip Ratio &
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3.3 Slip-ratio control @ 4

Wheel speed command from slip-ratio command

T Vehi
x TN ehicle
@ 1 - cls) Plant ®
_v_|V Q,}_ slip Ratio |,_|
Slip-ratio 1-1%) e Estimator

command

i
g
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Vehicle speed estimation
through estimated slip-ratio

Clowp C o ohip ‘1

Slip Ratio &

Wheel,Vehicle Speed[misec]
=y ]

B 5 6
Timel[sec] Time(sec]

Slip-ratio Vehicle & wheel speed
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3.2 Slip-ratio estimation on braking without detection of vehicle speed &

v
[Suzuki, Fujimoto, AMC2010] . -—
dr

Vehicle Velocity:

Slip‘ratio o _@ 4~ cannot be measured directly
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Slip-ratio estimator
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3.5 EViEEBSISIAEADMATLAB/SimulinkdER =~

Simulink EV + dSPACE
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4.1 Comfortable braking by regenerative torque of in-wheel motor

[Sato, Fujimoto IECON’08]

Vibration suppression control of pitching movement

Without control
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Motor torque

With control .

Soft stop by pitching control using
driving and braking torque of IWMs

Mechanical Brake

o 4

"**-'—/r Pitch angle 6

15741

Your question:
OK, I understood IWM can enhance safety. But I heard that
heavier unsprung mass worsens driving comfort. Is it true?

m=32kg

My answer:
This is not the problem anymore.
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4.2 Pitching control results

9*{&# 2 F

Feedforward input /

(Ideal control input
to Nominal Plant)
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Signal A: Swept Sine

Signal B: Schroeder Multisine

N
u(t) = Asin((at +b)t), 0<t<T u(t) =3 Ay cos(2mfit + i)

[—Crst=1.11

Amplitude [-]
La S
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ER g
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60 ) ’ ! 0
= Frequency [Hz] i Frequency [He]
Analytical — no memory Optimized — memory necessary
Servo Analyzer Proposed Analyzer

IDENTIFICATION
i R.Pintelon and J.Schoukens,
“System Identification: a frequency domain approarch”

IEEE Press: Piscataway, New Jersey (second edition), 2012.
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6.1 Range Extension Control System (RECS) e

« RECS: Extends cruising range by motion control of vehicle.

Input eniargy W, (KWs)

%% % = —a %
= ‘Whee velocity fkm'h] Wreal velocity fumh]
Test Bench Front motor Rear motor efficiency

(Ono sokki and NTSEL)

Optimal front and rear driving force distribution

[Fujimoto and Harada TIE 2015] etc.

1500y 0.255
\ \ S Z ] _ _
i = *V=15 [km/h], R=8 [m]
‘,,m % 0.24f -
MT . .T " m"z peni™™ = o szx g
l, Input power of inveter  Front Steering Angle

Conventional Proposed N R )
Utilizing right and left torque distribution on curving road

— Reduction of cornering resistance
[H. Sumiya and H. Fujimoto: EVTeC, 2011] etc.
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o J 6.2 Range Extension Autonomous Driving (READ) o J
Contents " Present Navigating System ]
» System gets some route leading to destination
and traffic congestion information
» System proposes us optimal route
1. Introduction , ’
Traffic Ja |
2. Development and Control of Original EV FPEV2-Kanon N
Range Extension Autonomous Driving
3. Braking Control by Regenerative Torque * System divides a route into some segments
4 Driving Comfort Improvement » System generates optimal velocity profile for
each segment to minimize consumption energy
5. Development of wireless In-wheel motor J
6. Range Extension Autonomous Driving Assumption
 Forward state (stop point, distance to point ...)
7. Conclusion @ @ -%' Xo can be gotten by ITS, map, and/or camera
aa O
min. %, [ ©
w ] > Senarios
[ Time 1: Down slope road, 2: Trafic signal, 3: Curve
32 /41 Hori & Fujimoto Laboratory, The University of Tokyo 34 /41
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6.3 Range Extension Autonomous Driving @Slope Road  “#
[Yoshida & Fujimoto, IECON'15]

Start -11deg -10deg 0.0deg 0.0deg
T Goal
I“ Xf=103m

30 knvh | 0.0 kny/h
I
] 1 1 f 1
! Start
Test road at NTSEL R a EXTE I ¢
. Distance traveled [m]
Aim:

» Minimize total energy consumption (maximize regenerative energy)
considering road gradient information.

Assumptions:
» The vehicle starts with a speed of 30 km/h and stops at the goal.
» Road gradient information is available from GPS, ITS spot and so on.
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6.5 Experimental Results @Slope Road i e
3 Start Goal
— 2 =—Conv. 1 30.0 km/h 0.0 km/t
B 27N\ g == Conv. 2 3 ; | xf=103n
<2 \\.\\)" : ,\\ E 1 ===Prop. 1 — ' '
é 20 Nt '\ Yy 8 £ 6
£ 5. \ \‘ En 1] P i =
3 —Conv. | ».\\ = % 5,
° - 3\ S | ©
= 10f- Conv. 2 S £
sh.f===Prop. 1 \ E 2
== Prop. 2 ] ‘ | | ‘
0 | | h | |
0 20 40 60 80 100. 0 20 40 60 80 100 0
Distance traveled [m] \ Distance traveled [m] 0 D2I(S) tangg traszlede[om] 100

Velocity Total driving force
\ t=0s,14,=24.72s

=
=)

g 6 * In proposed methods, vehicle accelerates by smaller
éec regenerative brake at slope. Potential energy converts to
;‘j 5 kinetic energy.

'%_: 50 » Regenerates in flat road with smaller copper loss.

w0 » Proposed method 2 (with optimal front-rear distribution)

Conv.1 Conv.2 Prop.1 Prop.2 X X
Trajectory improves regenerative energy by 23.5 %.

Consumption energy
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6.4 READ model and velocity trajectory optimization o 4

Objective function and constraint conditions:

tp
min. Wi, = f Pin(z(t), u(t))dt
s.t. &(t) = f(nm(t), u(t))
7 {Fan —sgn(V) Fpr (V. 0)
= —Mgsin @}
V(t)

x(@(to)) = @(to) —@o =0
U(x(ty)) = =(ty) —x; =0

Driving resistance model

For(V,0) = poMgeost + b|V| + %pCdAV?

_| V@
0= x@
_ Fau(t)
u(t) [ k(1) :I p
Equivalent circuit of PMSM

» F, (1 is optimized by using gradient method to satisfy Euler Lagrange equation
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7. Conclusion e 4

1. Control technologies of IWM-EV are introduced to enhance safety,
driving comfort, and cruising range.

2. Wireless IWM are developed to eliminate all cables of motors.

3. Developed technologies are applicable not only to Battery EVs but
also to (Plug-in) hybrid vehicles and FCEVs.
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