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Overwew of Hybrid Vehicle

&7

Hybrid comes from the Latin and means:

- “mixed, having two origins”
= Hybrid vehicles use two types of energy to achieve optimal propulsion.

Hydraulic Hybrids: @M’S technology Strate@ Electric Hybrids:

= Use hydraulic pumps / motors = Use electric generator / motors
= Store energy in hydraulic = Store energy in batteries and /
accumulators ultra-capacitors
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\ t r -
. i : J4I3
. . > o AT
oy -
‘e > B
-3 S -] 1113333 < v
WS 10 3T ~ i i
:
2 5

Electric domain: Pass.
Cars, Light Comm. Veh.
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Source: INNAS Ltd., Niederland
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[j Parallel Hydraulic Hybrid Vehicle

Source: Howstuffworks, How Hydraulic Hybrid Work
http://auto.howstuffworks.com/hydraulic-hybrid2.htm
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Bosch Mercedes-Benz / &8 KR ERE/\E] — Atego 1524(KEEH)
Rexroth
Eaton Crane carrier — hydraulic hybrid(EZJE#)

Peterbilt Motors — Model 320 Hybrid HLACKEE)
Autocar — Xpeditor E3(KEHK)

Parker Altair ProductDesign — LCO-140H(/ANEE)

Hannifin Daimler / Freightliner Custom Chassis Corporation — WALK-IN VAN(F &I JEEA%

- PRI T E)
Lightning GM -~ Ford ~ FreightlinerBZlsuzuz 2008 I FE Y P ERIEEHR » FREBUE
Hybrids °
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HRB % st(Hydrostatic
Regenerative Braking system)

e A Xw ”hjﬁ;‘ﬁ\._l_iapj\z
B FI0B T Z K200 2 £

BB R R

Bosch Rexroth

Parallel Hybrid Applications

Medium to heavy vehicles

Periodic (i.e., start/stop) drive
cycles

Regenerative braking
Avg. 25% reduction in fuel use
4-8x increase in brake life

Series Hybrid Applications

Light to medium vehicles

Transmission replacement

High efficiency pumps & motors

Multiple configurations possible

10% on highway reduction in fuel consumption
50%+ start stop reduction in fuel consumption
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 HRB,x *t(Hydrostatic Regenerative Braking system)

Bosch Rexroth(2)

c HENRRRFISE(; FLAEBE) TRE 3

2R R
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CHEBEREE TS




RS
RN RS 233 kW
i AR 1,113 Nm
FREER, > 321%2

;JE:Z‘%% El'ai‘j( . 325 bar
FE4G © 120 bar
0.15 kWh
EER IR ARERERE T | (LA A K fa BB AERF #H30km /h
™
HRBZ A4 e 500 kg
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Bosch Rexroth(4)

/
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g
e

| &

(&3
Bosch Rexroth Unloaded weight [kg] 3000 4100 6350
Load [kg] 2000 2500 4500
3z % ’55 » B OBRINR @ P é‘. Ll ,:‘f BL  Diesel power (kW] 29 45 54
Traction force [kN] 16 20 30
Variable displacement pump [ccm] 28 40 56
Variable displacement mator [ccm] 55 80 140
Axle ration 14 14 14
Q.. [Ltr/min] 60 85 120
Nominal manifold size [mm] 16 16 16
Accumulator volume [Ltr] 6 10 12
Accumulator size @xH [mm] 168 x 550 221 x 565 221 x 664

HD

4

4
Q\IXI
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;'n EPA — Full Series HHV in a UPS Delivery A
y
<

B Vehicle

e Real world testing in 2006 and 2007
e 60-70% Improvement in fuel economy

%»W»
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Hybrid Air.mp4
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Vehicle Speed
N

Operation Commands

Engine Speed

> <
Mechanical Brake Central >
Controller [
Y 5 L
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o
X4 Acc
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N I
o o
\

o[ Twe I T
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[ ] Mechanical connection

—— Signals
K ) Hydraulic connections
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Drive Cycle
T e Throttle —»<_ Throttle |

Scopes
[ VehSpd >————{spd P1.Ds —#<__ P1 D |
Pressure o T
[Eng_5pd ~>—p[engine speed  Mec Brk—<_ Mec Brk |

Throttle

Engine

Controller

~f

o

Hydraulic A2
Valves

System Dynamic Simulation and Confrol Lab

P2_Dis S
Vehicle Model

A1

23




e

(o4
>
%
%

&)

A%
-
v

g

i‘Je/

i R

a“4P U,

w48 BBCEBRARR

-

System Dynamic Simulation and Control Lalo

Vehicle Pump P1
Mass (Gross Weight) m 3490 kg Max. displacement D1 max 55 cm®/rev
Equivalent Rotation Mass s 115 Volumetric efficiency N 0.92
Ratio , Total efficiency Mt 0.90
Front Ar_ea_l Ar 25m Nominal Pressure 250 bar
Drag Coefficient Cq 0.3 . .

Air Density B 1.2 kg/m® Nominal Angular Velocity 3000 rpm
Differential Ratio igf 4.875 ) Pump/Motor P2 )
Rolling Resistance f, 0.008 Max. displacement D2 max 75 cmirev

Tire 195/75R16 Nominal Pressure 350 bar
Engine Nominal Angular Velocity 2500 rpm

Model AMA2-4AT2 High pressure accumulator Al

Piston Displacement 2977cc Capacitor 32x2 litter

Max. Output Pe max! @e pmax 92 kW /3200rpm Air-Charge Pressure 100 bar

Max. Torque T o @ e 294 Nm/1700 rpm Engine ON Threshold Eng ON 120 bar

Max. Speed Do 3700 rpm Engine OFF Threshold Eng_OFF 150 bar

Cylinders In-line 4 Cylinder/4 Low pressure accumulator A2 _
Stroke Volume 100 litter
Compression ratio 17:1 Initial pressure 2 bar
Fuel System Common Rail Initial volume 60 litter
24
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Backward Model of the SHHV with the Power Split Factor Concept

\_ System Dynamic Simulation and Control Lab 20




/
(o4

2
%
heR * ¥

-

BSFC % 51 #FPowerv &

220 r T L X [
Minimum BSFC Line Max. Torque [N.m]
200 - -
— P e SR
180 -~

\

160~

g 140 / (
(]
Jul g
S |
100 -
S A
o —— AT e
40 — N
= T ‘ T
T 500 10 ——
201~ 7 Power [kW]/ I
BSFC [g/kWh]
0 r r r [ r L
1000 1500 2000 2500 3000 3500
Engine Speed (rpm)
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Engine Torque

——— Reference
Power Demand | - s\ Speed
>@J§\\ A\
r’&&
Engine
Engine Speed Map
Reference
Torque

Engine

PID1

Normalized
Throttle

Opening

PID2

K System Dynamic Simulation and Control Lalo

e

Pump P1
—» Normalized

Displacement
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e Thermostatic

i & 12SOC(State of Charge) 7 5 34| % ¥k » &4 4 &
Vsl RV A B LN 4 F F(steady state load demand)

e Optimal-Thermostatic

¥ Thermostatic e +: 2 SOC 1% 5 #- 4| % #ic > 1 fi
m

ie #SOCH !
4.}3'-\:l 9ﬁ\p9&?m;ﬂat”'$§#}if’tlj —

5 &

—

—\-‘i -rﬂ

EBEZE >~ State-Of-Charge(SOC) &% 5
SOC = (pacc o pmin) / ( pmax o pmin) (8)
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i DP Problem Formulation

.

The discretized model of the SHHV system can be summarized as:

X = T (XU ), k=01..,N-1 (1)
The optimal control sequence, u(t) is found by minimizing the cost function:
J () _UKmm ng (X, Uy, k) (2)

The algorithm proceeds backward from N-1 to O which the end cost calculation step is:

‘]N(XN):gN (XN) (3)

and the intermediate calculation step is:
Jk(xk):min{gk(xk,uk)+Jk+1(fk(xk,uk))} (4)
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i DP Problem Formulation(2)

.

g

/
(o4
|
*

&)

The cost function of the system at each stage and at final state are

0, (Xk’uk):Amf

0 x=X,
gN(X):
0 X<X,

Physical constraints of the system are
0<x <1

a)E_min < a)E,k = a)E_max
F)E,k = I:)E_max

_DPZ,max < DPZ,k <D

0<D,,, <D

The control variable u and the state variable x are discretized both in time and value
x [0, 0.02, 0.04, ..., 0.98, 1]
u [0, 0.02, 0.04, ..., 0.98, 1]

P 2,max

P1,max

\_ System Dynamic Simulafion and Control Lab
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i DP Optimization Result
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i DP Optimization Result(2)
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° Estimation
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Fuel Economy, Km/L

18

0 0.1

The Relationship between Fuel Economy and Final
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SOC Final Constraint

Constraint on System SOC
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¢ Fuel Economy Improvement
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Fuel Economy

Fuel Used (L) _|—> 02956 >
[ Vehspd »|Kph Total Fuel Used (L)
T 3208
EngSpd ™~ > Z| Fuel Km/Liter —L (M PG)
1 e I Fow gis 14.02
den(s) - Liter/L00Km -
Filter Con::rilption L (km/L)
ookupTable T ion 7132,
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i Fuel Economy Improvement(2)

g

‘Iz

Od

e The Fuel Economy(FE) of a vehicle is evaluated by the traveling
distance in Km per liter of fuel [Km/L].

e The FEI (Fuel Economy Improvement) of SHHV system is defined
as:

FESHHV - FE
FE

FE| = Criterion x100% (9)

Criterion

FE ¢ eterion: Value of FE used as a standard
- Criterion 1: The FE of the system used Hydrostatic control strategy
- Criterion 2: The FE extracted from MYs(Model Years) 2012-2016
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t B ¢ Fuel Economy Improvement(3)
&~
No. Name Fuel Economy Fuel Economy
[Km/L] Improvement [%o]
Criterion I  Criterion 2

1 Hydrostatic 10.15 - -
2 Thermostatic
2.1 Acceleration 12.01 18.33 5.17
2.2 Pure 2.71 25.22 11.30
2.3 With-Idle 13.28 30.84 16.29
3 Optimal-Thermostatic
3.1 Acceleration 16.36 61.18 43.26
3.2 Pure 17.79 75.27 55.78
3.3 With-Idle 18.13 78.64 58.76
4 DP 21.5 112 88
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