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1. Introduction

m Hybrid vehicle development history of Hino Motors
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m Purpose of heavy-duty hybrid truck development
COP21(21st Conference of the Parties)

The Japanese government submitted to the UN a proposal to
reduce annual CO2 emissions by 26% by 2030 from those of 2013

CO2 total emissions e
225 mill t
of Japan(2013) e

1.408 million tons

m Commercial 167 million tons ( A26.0%)
vehicles :

Transport sector

A27.6%

/| ‘?5 m;l(l)l(;n Commercial CO2 emission
ons(40%) vehicles 62.9 .
o Reduction Target
million tons )
Transport for all commercial
sector vehicles
16% .
A 22.1 million tons

¥ Transport sector Transport sector

Source: Japanese ministry of the Environment CO2 emissions COP21 target emissions

In Japan, it is necessary to reduce 22.1 million tons of CO2 emissions

for all commercial vehicles
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m Purpose of heavy-duty hybrid truck development

Fuel consumption of commercial vehicle in Japan(2013)
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Estimated condition (Market data of Hino Motors collected)

Sightseeing
5 ( 1% ) number of Annual Fuel
bus vehicle type owned vehicles mileage consumption
[x10,000 cars] [x10000 km] [km/L]
City Sightseeing b 3.6 6.0 4.0
bus 5 ( 1% ) 1ghtseeing bus . . .
City bus 4.0 4.0 3.0
Light-duty Medium-duty
Light-duty 184.9 3.0 6.0
Medium-duty 94 (21%) 74.6 12.0 3.5
truck
Heavy-duty 260 (59%)
truck , . ,
>
0 50 100 150 200 250 300

fuel consumption in japan
[100 million liter /year]

Measures are required for heavy-duty truck

that account for about 60% of fuel consumption
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6-cylinder inline(8.866L.)

Automated Manual
Transmission (12speed)

11,540%2,490%3,010

25,000kg

Synchronous e-Motor (90kW)

Vector control
Inverter(180kVA)

m Vehicle Specifications —
Transmission
Vehicle Size
i (LxW~H mm)
Llmigh Gross Vehicle
I- e-Motor | T/M %“ Weight
e-Motor
Inverter .
Hybrid Inverter
. i N System
m Basic function of HEV Battery

Li-ion battery (11kWh)

\W : Accelerator off \Kﬁ : Accelerator on (Low)
j o

<5

Engine H

Inverter Inverter

Clutch-off regeneration E-Motor running

% . Accelerator on (High)
i

Inverter BATT

Assist engine power
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m Characteristic of heavy-duty truck

Light duty
truck 90
14% = 33 The frequency of acceleration
E and deceleration is very high
Urban road Fg?g :2
86% o
“0 10 20

Load percentage (Distance ratio)
. Source: Hino Motors, Ltd.

Heavy
duty truck

Urban road
43%
57%

Load percentage (Distance ratio)
Source: Hino Motors, Ltd.

Time [min]

I1sy
L=

Speed [km/h]
2888828

e B

Time [min]

Heavy-duty trucks have a hlgh frequency
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m Energy regeneration on highway

Running resistance Vehicle GVW/Cd/CdA Ba'aggegkf; ;:ie”t
\ Passenger car 1,500kg/0.4/0.83 -3.22%
Light-duty truck 7,000kg/0.57/3.44 -2.38%
Heavy-duty truck 25,000kg/0.75/6.62 -1.18%

. , , , Boundary where regeneration from
eHighway gradient (Chuo-highway in Japan) gravitational potential energy is possible

) 6
Uphill deceleration

2 M NMM | ./ﬁwh
dp H\W/hf f i

I
M

<:| Gradient[%] E>
o

-4
Downhill _ acceleration

0 50 100 150 200 250
Distance[km]

Regeneration 1s possible using gravitational potential energy at down hill
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m [.ocator function

“ Identify its present location from the GPS antenna, the gyro sensor,
and vehicle speed pulse.
 Generate geographic information contained memory in locator ECU.

fgg
L0 Locator ECU
4 ) Predictive
/ Road map database \ geographic information
GPS signal R X CAN HV
ECU
. Altitude, slope,
Veh1cle.speed . curvature,
reverse information road type
on predicted route
LGyro sensor

By combining predictive geographic information and vehicle status / specification,

It 1s possible to predict when and how much change of gravitational potential energy.
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2. Development task

mCharacteristic of gravitational potential energy regeneration
Change of gravitational potential energy(time derivative)

400 (@Heavy-duty truck driving on highway
‘/\/M Huge energy flows in with one regeneration

> Regenerative time:~1000sec

MJ
o
o

dEp/dt[kW]
g o

1N
o
S

0 1000 1500 2000 2500 3000
Time[sec]

Cf.) Change of kinetic energy (time derivative)

40 (@Light-duty truck driving on urban road
— Acceleration
= 20
& |
= ' k| | .
o O | ‘l . | | i \ [ | l‘ L i | | | | |
= | ! . Al | I "1} A
V) \ \ ' i
w -20 ‘ ‘
= €> Regenerative time:~10sec |

-40

0 500 1000 1500 2000 2500 3000

Time[sec]

gravitational Potential energy regeneration continues for a long time



2. Development task

mCharacteristic of gravitational potential energy regeneration
Change of gravitational potential energy(time derivative)

dEp/dt[kW]

400

MJ
o
o

@Heavy-duty truck driving on highway

_/\/M Huge energy flows in with one regeneration

v

\/

1500 i 2000 2500

Sec@

By the time of regeneration :
Not fully discharged

SOC
Upper

13,77 T S

> Distance

Regeneration lossed due to SOC(state of charge) upper limit

3000

10/20
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mCharacteristic of gravitational potential energy regeneration

Change of gravitational potential energy(time derivative)
400 @Heavy-duty truck driving on highway

/\/M Huge energy get with one regeneration

MJ
o
o

2500 3000

dEp/dt[kW]

i
I MJ
o o
o o

Does not _knOW where Discharge
regeneration starts at full power
soc 1

Upper e . .............................. ......................

% Slope of SOC
oc Current (Power)

lower .. - A TN T

To avoid loss
due to lack
of discharge

Distance

Heat loss increase due to large current discharge
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m Heat loss during actively discharge

Driving conditions )
Route : Japanese highway (Tomei highway) Joule heat loss (o< I)

Load : Full load
— ‘ Shaft
drive

Set Speed : 80 km/h
" e-Motor

eEnergy flow

e Discharge energy consumption breakdown
Actively discharge in preparation

i) _ Battery loss : 6.9%
) for regeneration Cable loss : 1.5%
a : 1.
3 y :
1 y— Inverter loss : 3.8%
ower
discharge /—— ¢-Motor loss : 5.7%
: : G
E 1 U
= .
3 | 18% 1s thrown away
charge as heat and does not

0 30 60 S0 120 150
Distance[km]

contribute to drive

Trade-off between recovery rate and heat generation
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m Relationship between current and heat generation

average of squared current square of average current Current standard deviation squared
oc Joule heat oc Energy supplied to drive (Current variation)

(Iz)ave (Iave) 2 —I_ (16)2

stationary components  fluctuation components
When the interval time and the required

amount of discharge electricity are known

Possible
reduction

A T=100sec @ Heat generation due to
SOC < > : & 12 i 1
<« fluctuation is zero when
£ 10 Possible . discharge time and
£ o reduction interval time are equal
-
(]
& 6
5
©
(]
& 2
)
<0 (Tave)
0 20 40 60 80 100

Discharge Time [sec]

Heat generation can be reduce by current smoothing

fluctuation component elimination



4. Effect estimation
Route : Japanese highway (Tomei1 highway)

Heat loss
17.9%

600

Altitude[m]

400
200
0

Upper

SOC[%]

Lower

—~—
Fuel consumption ratio ‘

Discharge

Current[A]

Charge
u 30 60 [0 120

Distance[km]

150
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5717A2 1067A2 4650A2
(19%) (81%)
(Iz)ave — (Iave)2 + (10)2
3.4%
14.5%
Reduced and

replaceable to drive

50%reduction=Drive energy8.8%up
100%reduction=Drive energy17.6%up

AN

6250%reduction
=2.4% down

[62100%reduction
1.000 | N =4.9% down

1.088 1.176
Drive energy ratio

0.000



5. Predictive control design

m System architecture

Predictive load information

Driver
Request
torque

Locator coordination

Prediction I

Scenario
construction
I Feedback I
¢ Limit output

Driving control

-----
e ~
-

-
‘‘‘‘‘‘‘

Map information

gim EmLmER
ol Mo e A R
AZE -
A
Ll B

Map data ©2019 Google y

State of charge
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e-Motor

BATT

(SOC)
/M ]—¢

Inverter

Command
torque
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m Charge and discharge behavior prediction
A

Altitude
(Height)
A Di o
istance
Gravitational Ep=mgh
potential
energy
(Ep)
—>
istance —_
lelale pnower P_dEp/dt
Predict A Engine power offset) _ dE / dX
power Charge limit i \4 p
®) I —
>
Distance
BATT power
___________________________ : — —————_ Charge limit
: Brake power




5. Predictive control design 16/20
mSCngprodiotistmuction (Target SOC derivation)

the interval time and the required amount
: of discharge electricity are known
Battery Smoothing

P - g .
o i_Predictive battery power
E Distance
Integration
i Reach ilpper Reach uppel’:
soc 4 i i Upper

| det SOC

i i Lower

: >
Reach lower i i Reach lower Distance

= e e e el

1
1
Over discharged | Over charged Over discharged ! Over charged
(Reach lower) ' (Reach upper) (Reach lower) 1 (Reach upper)
Section Section Section Section
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m Evaluation condition

"Route : Japanese highway (tomei1 highway)
"Distance : 140km
- Set speed : 80km/h

Over discharged section Over charged section

m Result s ] e :

1 1 1

= 600 | i i

o | = |

5 400 : |

2 i i i

S S ! :

1 1 1

< o | . i

i i

Upper i Discharge Use P by : . i

i limitation regeneration section i

e =

o 1

S ! i

] : .......... Locator off :

! Locatoron |

Lower 1 = i

i i i

Discharge | ) i

— it L d ol Current smoothing d

< tlih opmmi ol BT N "

z\ t‘ : JI‘ . S J ' | E i B 1| E H ‘ | i . é: -C.JL Eh :

L = (e e et Pk g 1 A . T R e S S

R ! i i1t | ' 1 <KL R L L

o] t: 1 - I E iff L% | ke wo 1

m s j 1 N | I G EERER [RA i B

O : iy :'--’- i o | T ' y I :

1 1 1

Charge | 1 i
0

30 60 90 120 150
Distance[km)]



6. Effect confirmation 18/20
m Result

e Locator ON/OFF comparison Discharge section
2
ane 53% Reduction 82% Reduction
(Total heat)
Io? . : . :
, 66% Reduction 92.5% Reduction
(fluctuation component)
Fuel economy 2.7% Up —
System efficiency 11.1% Up 17.4% Up
Total loss 54% Reduction 75% Reduction

e Discharge section; energy consumption breakdown
[Total] [Discharge section]

&0 ¢
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 Focus on the trade-off between regenerative
recovery rate and heat generation loss in HEV heavy-
duty truck potential energy regeneration.

 Development of control logic to reduce unnecessary
heat generation by utilizing locator and smoothing
discharge current.

*In the vehicle evaluation, the heat loss due to the
current fluctuation 1s reduced by 66%, and the Fuel
economy 1s improved by 2.7%.



Thank you for your attention!



