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% BH ¢ Parallel Hydraulic Hybrid Vehicle
[~y
Source: Howstuffworks, How Hydraulic Hybrid Work
http://auto.howstuffworks.com/hydraulic-hybrid2.htm
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{E;; Overview of Hybrid Vehicle

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

Electric domain: Pass.
Cars, Light Comm. Veh.
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NP System Configuration and Modeling
oY
e Anonlinear model of the SHHV is in the form:
x=f(x,u,t
=g(x,u,t
where y=9(
x=[a, p, V]
.
y = [V ph a)e Te]
u=[ux x ]T
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Diagram of the SHHV Control System
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EnSpd_Dem |——>() (PID1 " 9
— - u | SHHV -
[ EnTrq_Dem }— -
EnTrg_Dem M PID 2 Plant :
fem uz
VehSpd_Dem - PID 3
Outputs
EnSpd Dem |— o
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Trer
EnTr§ Dem pe | SHHV . T
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h% = W2 A
Past | =
* MPC is online optimize controller !
and better deal with constraints of ol _:_ 0 %0%0 4
the system Co° ® Mewured
Xe o ® +
e The future control voltage to | Prediction HorizonN,
optimize the position tracking is Loy
respect to following cost function Ud— _|__ ______
(k)= 2 xe (k) =Rk + )] U@y |1 O Ommm
-
| @ Past Cont g
N1 O Planned Control Voltage
+Z lj(k"'i)H;(i) Unin— — 4 e ——=== = -
i=0 I Control Horizon
e The control signal is limited by I N, \
o N T O O Y A
Upin SU(K+T) U 3 2 1 Kk 41 42 43 +4 45 +6 +7 48
where (j and g are prediction terms Interpretation of MPC
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MPC Design: Linearization

* In order to apply linear model predictive control
framework, the nonlinear model of the SHHV must be
linearized. The linear model is in the form:

X=Ax+Bu+F

y=Cx+Du+G
where:
ai a2 0 bl O b2
A:(gj =la, a, & BZ(?) =|b, b, O
Xm0 8 a Woow |0 b 0
100 000
c, 00 00 d
C= D= ;
010 000
001 000
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% B & Simulation Results
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* MPC vs PID

e Integrating with Supervisory Controller
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 To evaluate the capability of constraint handling of the
control systems, the SHHV was demand to work under two
conditions, the low and the high target vehicle speeds.

» The engine was demanded to work at a desired operating
point, at which the angular speed is 2500 rpm and the
torque is 150 Nm.

 The target speed of the vehicle was 50 and 90 Km/h.
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Schematic of the Speed-base Control Strategy
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Lookup-Table Engine Map

Schematic of the Thermostatic Control Strategy
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E‘; Fuel Economy

Control Scheme

Japan 1015
Thermostatic 8.98
Speed-based 7.64
Thermostatic 16.84
Speed-based 14.03
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HWEFET

8.83

9.21

10.76

12.35

Average Fuel Economy (km/L)
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t Bosch Rexroth
Jot'

Ny

HRB + t(Hydrostatic

Regenerative Braking system) Parallel Hybrid Applications
Medium to heavy vehicles

P L“-’-% ]_ﬁ N *F] ’f# N ]_*_\_1 *F N 7 :;:’lztsiic(i.e.,s!artlstop)drive

v B E10BS —lr %*"26“";‘ bl Regenerative braking

B &g R Avg. 25% reduction in fuel use
4-8x increase in brake life
R s EE T

0,
25% Series Hybrid Applications

BOEiN kA O JET A MR TR T Light to medium vehicles

55 PR Transmission replacement
0%kl 5 B dede &\ oie b B

- ﬁ ];pA) 1 ’ f";i" 'E“' L EE? High efficiency pumps & motors

{7 & 450% = + ehisp - Multiple configurations possible

10% on highway reduction in fuel consumption
50%+ start stop reduction in fuel consumption
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Bosch Rexroth(3)

RSk
[nfanpm) B 233 kW
BT R 1,113 Nm
FrEER > 321x2
EERES A 1 325 bar
F#E4E © 120 bar
e 0.15 kWh
BEENBAEEAETT | 1) ot A AL 30k /)
HRBZ 444 B 500 kg
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Bosch Rexroth (4)

¢ Hydrostatic Regenerative Braking

n 3 , i

Calculated fuel savings for a refuse truck (empty weight 16 t)

during operation (2.25 liter of fuel saving per hour)
Annual operating hours 1,300 1,820 2,340
Fuel savings (liters per year) 2,925 4,095 5,265

CO, reduction (kg per year) 7760 10,850 13,950

U U U U /UL U UGN U S N U UG WU i
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Bosch Rexroth(5)

Bosch Rexroth
BEWBBARBREARS A

45

K System Dynamic Simulation and Control Cal

; . . . N
£§ « EPA-Full Series HHV in a UPS Delivery

L W Vehicle

o Y

 Real world testing in 2006 and 2007
e 60-70% improvement in fuel economy
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Parker Hannifin

PP
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® ParkerZ itk Z ANILA SRR TE B LBt B 500 R BREE R ARG BRI RunWise iy
BROR B DRI - AT AR AIBRBO T AT M

Low-speed cycle (N OFEZAIEE - BF2E 32 km/h 2LT)

Fuel econ. (mpg) CO, (g/mi) CO (g/mi) kNOx (g/mi) THC (g/mi)
Diesel 0.88 11,007 14.01 3.80 0
Diesel Hybrid 1.31 7,800 7.25 2.29 0.13
CNG 0.61 12,733 61.23 3.25 30.06
CNG hybrid 0.94 8,025 18.6 1.00 3.7

High-speed cycle GATEARUCEE IR R 4R > B3 32 km/h U\J:)

Fuel econ. (mpg)|  CO, (g/mi) CO (g/mi) kNOx (g/mi) THC (g/mi)
Diesel 3.78 2,689 1.16 2.13 0.06
Diesel Hybrid 4.32 2,352 1.6 2.29 0.01
CNG 3.8 2,035 27.75 0.29 4.27
CNG hybrid 4.06 1,928 8.33 0.82 0.11
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Valve manifold
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Lightning Hybrids

LY

Low pressure
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. Power transfer
module

Reservoir

Hydraulic
pump / motor

High pressure  conti
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Valve manifold
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) Lightning Hybrids
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Steelhead Composites & FRzs

o KL HSmEAVE SRS RS - LIRS 414bar - & —A%ZEZE ] 350barE BAgs

ASSEMBLED ACCUMULATOR
WEIGHT COMPARISON
== 658 Ibs
1000 245 e 2
@ 800 il = ;
5 = 328 Ibs Z 2
::—:; 600 Less g é 2
N - J J > 7
200 J é é é
. 5 10 15 20 25 30 A
VOLUME (GALLONS)
[l Steelhead Composttes Accumulator [l Steel Accumutator [ Steel Accumulator (Hypothetical Engineered Weight)
and Confrol Lab
FH S Steelhead £ BE 244X
® & [S== Dynla;
e W2
INY
Nominal Operating [Overall Length|  Outside Weiaht
Volume Pressure A Diameter B Ibs (E 5)
Gal (L) psi (Bar) in. (mm) in. (mm) -9
5(19) 6,000 (414) 26 (660) 12 (305) 72 (33)
10 (38) 6,000 (414) 42 (1067) 12 (305) 120 (54)
15 (57) 6,000 (414) 56 (1422) 12 (305) 150 (68)
20 (76) 6,000 (414) 71(1803) 12 (305) 175 (79)
25 (95) 6,000 (414) 86 (2184) 12 (305) 220 (100)
30 (113) 6,000 (414) | 100 (2540) 12 (305) 250 (113)
\___ System Dynamic Simulafion and Control Lab )
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T’g H g ELightning Hybrids Z4% 1Y R S
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.

® Ford: E-350 and E-450 all wheelbases; F-350XT, F-450XT, F-550XT 164-inch
wheelbase and greater; F-59 all wheelbases; Transit van/wagon 148-inch
wheelbase; Transit Cab Chassis 156-inch wheelbase and greater

® Mercedes-Benz: Sprinter 170-inch wheelbase cab chassis; Sprinter 170-inch
wheelbase van; Atego all wheelbases (Europe); Vario all wheelbases (Europe);
Actros all wheelbases (Europe)

® Freightliner: MT-45; MT-55; MB-65; M2 106; Thomas Built Saf-T-Liner C2

® Chevrolet Express / Savana: Express/Savana — 2500, 3500 series full body 155-
inch wheelbase; Express/Savana — 4500 series cutaway 159-inch wheelbase or
greater

® Ashok-Leyland: Transit Bus (India)

® DAF: LF55 (UK)

® \olvo: FL (15 tonne) (UK)

G7 System Dynamic Simulation and Confrol Lab
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§1 Yeoshe Hydraulics

Q‘*sr"‘

L&~

® MPV Hydraulic pump/motor 34fE

cylinder for

JK

)
ﬁ Origin point return mechanism

¥R pERA 350/420 bar
e g 63 cm3/rev
b 113.4 LPM(1800RPM)
£ 60 kg
B B S i 300/2100 RPM b

2015/12/3

29



~

‘»3‘\\’
o (>3
am
&,

R

PT1 PF1/4 PF1/4 PF1/4  PT1
ACC Gl G2 G3 P2
I o
g | T T
Q
o =Y P—
e ﬂmm
I e L
‘

T DR
PT3/4  PT3R

N )
(o "
2 | ~
I LI,

[P |Emeze]

)

2015/12/3

30



b
g g '\l H H V ,‘4 ] 2
‘“& a’ r’ ,J ~ w"b 70
(IN‘J
e, speed control __|
777777777777777 o
| displacement control_~| ~ Comtroller | electiormotorspged _ _ _____ ‘
V
,,,,,,, Hydraulic [ fmm— Operation
‘r > Valves pressure CS::)TIISI <~ ~ Commands
[ — Controller |- — —'— — —
on/off

flywheel
speed

Hydraulic System

JHAE

— 2 T
\____ System Dynamic Simulation and Control Lab
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BEh B 1740 rpm
5 30HP

RBR S 65cc/rev

\___ System Dynamic Simulafion and Control Lab
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Input 0~10VF B3
\____ System Dynamic Simulation and Control Lab 65 /
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%" 't%) Ii’ ,‘ga % Szt @
“&Ej E]

R g

Model SB330-20
T 20 liter
T ORE 18.4 liter
Bt 1 IR 330 bar
T 15 liter/s
€ 50.5 kg

-

System Dynamic Simulation and Control Lab
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CH Y R . " .
LRIAMKAE - RBERF/E S

|

e HAWMBAP LT Rl HERTZ LB HES &
PeE s FA it e b B

Rf R AEE 80 cc/rev
BiEb A g 70 cclrev
Bk RS 350 bar
BB i 2000 rpm
GRS 2] 300
£ 60 kg

\____ System Dynamic Simulation and Control Lab 67/
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K System Dynamic Simulation and Confrol Lab

FHY RBED ¥ R
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%‘ f—?f’ ﬁ«?\“ l«éb i I:E ° = time (sec)
5wl f \ f P
R AT RER RS EML S | [
Hjt -E; g’;#l] = g il 9’;’#‘ 7}% VB 0 10 20 ‘imea(osec) 0 E) 60
Bl g
RBAGE T RESTFIE BN R S
-f;ﬁ 59‘:‘—; = %11‘ ;;iﬁﬁ: > ¥ j;——}i r—g = 5 ’ * ” timezgsec) “ ? ®
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< o 10 20 timezfsec) 40 50 60

71 /

Hydraulic High Pressure
Pump/Motor  Hydraulic Energy Storage Accumulator

Low Pressur Second Hydraulic
Hydraulic Fluid Reservoir Pump/Motor
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