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A Cost-Effective Solution
For A Petroleum and Carbon Constrained World

HYDRAULIC HYBRID VEHICLES

John J. Kargul @
Director of Technology Transfer

Office of Transportation and Air Quality
U.S. Environmental Protection Agency

Clean Automotive Technology
www.epa.gov/otag/technology



HYDRAULIC HYBRID VEHICLES

1. Technology’s move to production
2. How the technology works

3. Latest test results from EPA
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HYDRAULIC HYBRID VEHICLES

World’s Liquid Fuels Supply
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A hybrid powertrain includes 2 or more
power sources, one which is reversible:

HYDRAULIC HYBRID VEHICLES

A hybrid vehicle, in addition to its main engine,
has a drivetrain that contains:
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Moving to Main Street!

Hydraulic Hybrids

Technaolagy Is Fast Coming Into Its Own,
Especially for Refuse ana Package Trucks
The hydraulic has moved well bevond its status as a i rmm, R
hybrid vehicle oddity, with large companies and small Parker hydraulic drive
embracing the technology. Hydraulic hybrid designs
ofter a battery-free alterative to electrics, with tremen-
dous =fficiency potential, especially for the start-stop
duty cvcles of refuse and packagze deliverv trucks.

2009 HTUF Fleets & Fuels — November 2, 2009

Crain Carrier with Bosch-
Rexroth hydraulic drive

Navistar truck with EPA-
Eaton hydraulic drive

Freightliner truck with
Parker hydraulic drive

Peterbile chassis, Heil body
with Eaton hydraulic drive
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Moving to Full Production

HYDRAULIC HYBRID VEHICLES
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>Q)&B€s which have been announced as of early 2010
(specific deployment dates are not known)

Please note that there are also other companies that are
developing original equipment and retrofit HHV systems
x4 o *% for on-road, non-road, and military applications.
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Benefits

Fuel savings
Reduced emissions

Reduced brake and
engine wear
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Benefits

60-70% mpg improvement in city driving

2-3 year payback has attracted attention from
fleets

Potential for net lifetime savings over $50,000
with $2.75/gal fuel costs
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Highest possible fuel economy

Lowest incremental cost
Shortest payback to owner
Highest lifetime-savings

Enables unique high -efficiency engines

Ultra-low emissions
Greater reductions in greenhouse gases
Greater reductions in imported oll
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High Pressure
Accumulator

(97 %)

Captured Braking
Erergy Is Stored

Stored Enery is Used to
Accelerate the Vehicle

76

Friction Breaking &

Drag and Driveline Losses
-14

Hydraulic
Fump/Motor in i
Pump Mode T Breaking Event
(93%) 35-0 mph, 0.1g
aﬂ Vehicle
-(— 4 100 neric
Energy

Hydraulic
Regenerative Braking

Hydraulic
Acceleration

o

—+ “ J Energy

Returned
to Wheels
Hydraulic .
Pump/Motor in Acceleration Event
Motor Mode 0-35mph, 0.1g
(92%0)
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Series HHVs do not need
the engine to respond to
transient road-load changes

Engine is de-coupled from the
wheels, enabling it to be
operated at “best efficiency”

Very high “diesel-like” driving
torque characteristics are
delivered by the series hybrid
drivetrain, not the engine

Buffering by the HHV
accumulator system eliminates
the need for quick engine
transients

Use of advanced engines is
possible (e.g., gasoline HCCI)
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Pumping or motoring power increases
as yoke angle increases.

110cc pump-motor assembly

300HP @
5000 psi
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In this type of Nitrogen Bladder ? >U>1>0>>p>06 :
accumulatoradding ~™SEEEEE @092 >07???° . 7212250
hydraulic fluid to
the accumulator
compresses the
nitrogen filled
bladder.

Nitrogen Bladder
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High pressure accumulators operate between 2000 and 7000 psi.
Low pressure accumulators typically operate between 50 and 200 psi.
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In this type of
accumulator the
nitrogen is

Piston

2 SU>i>6>1>p>6>N>0%"

compressed in a >0? 2?2 ? ?2%>i? 2 >1? 2 " >0
thin-walled cylinder
by the hydraulic fluid
pushing on a piston
to create pressure.

j . Piston .
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Initial MPG Testing of EPA's UDV1

% Improvement over Vehicle's Baseline MPG
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This system achieved 45-5G7/mmg gniprone@erEniviveren fielie [tk ststboh ireedalonvorldl
package delivery with UPS.
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Initial MPG Testing of EPA's UDV1 & Pilot UDV

O UDV1 @ 19,994 Ibs

B Pilot @ 20,000 Ibs

% Improvement over Vehicle's Baseline MPG
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% Improvement over Vehicle's Baseline MPG

. 150%+

Initial MPG Testing of EPA's UDV 1, Pilot UDV, and S huttle Bus

175%-
151%

O UDV1 @ 19,994 Ibs
@ Pilot @ 20,000 Ibs
O Shuttle @ 18,500 Ibs

O
Drive Cycle A}
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% Improvement over Vehicle's Baseline MPG

Initial MPG Testing of EPA's UDV 1, Pilot UDV, and S huttle Bus
Comparing to HEV Results from NREL

151% O UDV1 @ 19,994 Ibs \
T ————— BEHEV@ 17,500 Ibs

B Pilot @ 20,000 Ibs |
| ——— 0O Shuttle @ 18,500 Ibs
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