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Introduction 
This report summarizes work funded in part by the State of Texas, through a grant from 
the Texas Commission on Environmental Quality.  The activities and results discussed in 
the report include the design, hardware procurement, prototype assembly, component 
testing, and system dynamometer testing completed as a part of the Eaton Hydraulic 
Launch Assist™ (HLA®) system development as required by the aforementioned grant. 
  

Background 
An Eaton Hydraulic Launch Assist (HLA) system comprised of concept hardware has 
been previously installed in a class 8 refuse truck and tested.  The concept hardware was 
not originally designed for use on heavy-duty trucks and therefore was not a 
commercially viable design.  This report covers the upgrades made to the HLA system to 
make it more suitable for a refuse truck application. 
 
The HLA system accomplishes its function by utilizing hydraulic components.  Because 
of the high power density of hydraulic machines, they are well suited for application on 
heavy-duty vehicles.  The frequent start and stop nature of refuse truck drive cycle makes 
it an ideal application for the HLA system. 
 

HLA system concept and design intent  
The HLA system can be used to improve the fuel economy, emissions, and/or 
performance of vehicles. The HLA system performs a process known as regenerative 
braking. The HLA system stores energy captured during braking and returns, or 
regenerates, that energy to assist in vehicle acceleration. 
 
A vehicle in motion has a certain level of kinetic energy because of its mass (weight) and 
it's velocity. It may also have significant potential energy due to its elevation, e.g. after 
having climbed a high hill. Whenever a vehicle is brought to a stop, or descends a long 
hill, it is necessary to diminish its kinetic and potential energy in some way. The vehicle 
service brake performs that function. Typically, as the main braking system on a vehicle, 
the service brake consists of a number of friction pads that rub on a metallic drum or 
rotor at each wheel. When the service brake is applied, these brake pads are pushed 
against the drums or rotors with very high force. The resulting rubbing action, or friction, 
converts the vehicle's kinetic energy into heat. Hence, typical vehicle service brakes are 
only capable of “wasting” energy. The HLA system offers an energy efficient alternative. 
 
The HLA system is designed to work in parallel with a vehicle's normal service brakes, 
not to replace them. Rather than wasting all a vehicle's kinetic and potential energy 
during a stop, the HLA system allows a portion of a vehicle's energy to be converted and 
stored as pressurized gas. During acceleration, the HLA system returns that stored energy 
to the vehicle by providing torque to the driveline to accelerate the vehicle. This process 
of temporarily storing braking energy and then returning it to the vehicle is commonly 
referred to as regenerative braking. 
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Through regenerative braking, the HLA system reduces the load on the vehicle's engine 
during acceleration. Engines have high fuel consumption and emissions generation 
during heavy acceleration. Reducing the engine’s load during this mode significantly 
reduces fuel consumption and emissions. Consequently, the HLA system can provide a 
dramatic improvement in fuel economy and reduce exhaust emissions, especially when 
used in stop-and-go driving conditions. If used to improve vehicle performance, the HLA 
system adds torque to the driveline without significantly modifying engine operation.  An 
additional benefit of the HLA system is increased brake life.  

 

Previous design 
The HLA system concept hardware consisted of a 250 cc/rev pump/motor connected to 
the vehicle driveline through a transfer case with a gear ratio that increased the 
pump/motor torque output.  The pump/motor and transfer case were mounted to the truck 
separately.  They were connected with an intermediate shaft containing a universal joint.  
The transfer case contained a dog clutch that could be engaged with the vehicle at a slow 
creep or disengaged at any speed.   
 
The pump/motor had two fluid ports: one for low-pressure and the other for high-
pressure.  From the low-pressure connection, a hose assembly branched out to a pair of 
40-liter low-pressure accumulators.  Filter manifold assemblies were plumbed in line in 
each branch from the pump/motor to the low-pressure accumulators.  Likewise, from the 
high pressure connection on the pump/motor a hose assembly branched out to a pair of 
40-liter high-pressure accumulators (no filter manifold assemblies).  This system 
architecture was a closed system, meaning that the hydraulic fluid was never at 
atmospheric pressure. 
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Figure 1: Concept prototype system before design improvements. 

 

Updated Design 
The design of the HLA system was updated to improve the system performance, 
manufacturability, serviceability, and vehicle packaging.  Changes were made at the 
component, system, and vehicle level. 

End User Data Collection 
Vehicle driving behavior has a large influence on a vehicle’s fuel consumption and 
emissions, and the ability of the HLA system to improve those metrics.  In order to make 
the appropriate design decisions, information on real vehicle driving was needed.   
 
Data acquisition equipment was placed on refuse trucks at a number of locations.  Duty 
cycle data was recorded on a variety of routes and truck types during actual trash 
collection.  This data was analyzed and the results used to help determine the optimum 
values for system parameters such as accumulator size, pressure ranges, and transfer case 
ratio. 
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Figure 2: Example of end user drive cycle data. 

System Sizing 
An optimization procedure was created that uses the “real world” drive cycle data, 
knowledge of HLA system operation, and assumptions on the HLA system value to end-
users.  This procedure indicated that one 52-liter high-pressure accumulator was better 
than two 40-liter accumulators; there were slight improvements in performance with the 
second accumulator, but the benefits were not justified by the cost.  The optimization also 
showed that in general, a lower transfer case ratio was better than a higher one; therefore, 
the transfer case ratio was changed.   
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Figure 3: HLA system / vehicle model used to optimize the HLA system. 

Packaging 
Significant improvements were made to the packaging of the HLA system in the vehicle.  
The improvements can be summarized in the following points: 

• The transfer case housing was redesigned to allow the pump/motor to mount 
directly to it, thereby eliminating the separate mounting brackets, extra shaft, 
alignment issues, and reducing the overall assembly length. 

• The transfer case / pump/motor assembly was oriented vertically above the 
driveline placing the pump/motor between the truck frame rails.  This leaves more 
external frame rail area available for the mounting of other necessary equipment, 
such as the refuse body and associated apparatus.  It also puts the pump/motor in a 
protected position and more effectively blocks noise coming from the 
pump/motor. 

• The fluid conveyance was reduced from 24 ft. of hose and dozens of connections 
on the concept prototype, to 9 feet of hose and 6 connection points.  This 
improvement was possible because of the reduced number of accumulators and 
improved placement of components. 

• The system oil filter was reduced from two separately mounted filters to one filter 
manifold integrated with the pump. 

• The high-pressure accumulator was moved to a position behind the fuel tank, 
thereby sharing that space on the frame rail.   
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Figure 4: Updated HLA system design installed in a truck. 

 

Open System 
The HLA system targeted for refuse trucks was changed to an “open system” design, 
which includes an oil reservoir open to atmospheric pressure.  An open system allows the 
system to be serviced safely without the need for special tools.  The open system also 
reduces cost and space requirements by eliminating the need for low-pressure 
accumulators. 
 

Charge Pump 
The open system design requires an additional component called a charge pump to 
supercharge the main pump/motor.  An impeller style pump concept was chosen for the 
charge pump design because its pressure and flow characteristics matched the fill 
requirements of the piston pump in an acceptable size envelope.   
 
Since Eaton has limited expertise in centrifugal pump design, this design was outsourced 
to a company specializing in turbo machinery design.  The vendor designed impeller and 
volute geometry to meet Eaton’s requirements for the HLA system.  Eaton subsequently 
designed this geometry into the HLA system so that the charge pump became an integral 
part of the pump/motor.  This integration improves the efficiency and packaging space 
requirements of the HLA system.   
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Reservoir 
Another component that was added as part of the open system design is the reservoir.  
The reservoir has rigid design constraints, primarily small size and high flow rates.  
Computer modeling and lab testing was performed to verify the design of internal 
reservoir parts would meet the flow requirements. 
 

Pump/Motor 
The pump/motor design was improved in several ways.  The new pump housing made of 
aluminum was designed to replace the concept cast iron housing.  The new housing is 
lower cost and about 70 lbs lighter.  The designs of several internal parts, such as shift 
pistons, barrel, and a sensor connection were changed to increase their performance and 
reliability and reduce manufacturing costs.   
 

Transfer Case 
The main upgrade to the transfer case was the addition of direct pump mounting 
capability.  This eliminates the need for the expensive and space-consuming separate 
mounting that was used on the concept prototype.  As was already mentioned, the transfer 
case gear ratio was changed as part of the overall system optimization. 
 
The transfer case contains an internal clutch.  The clutch design was improved so that 
clutch engagements and disengagements are repeatable and robust.  The transfer case 
bearings were also upgraded to provide longer life and reliability.  
 

Filter Manifold 
The concept filter manifolds were mounted in-line with the hoses.  This created the need 
for extra hose assemblies, space and leak points.  A new filter manifold was designed, 
which is integrated with the pump. This design eliminates the need for an entire hose 
assembly.  The new filter manifold includes a pressure regulating valve which was 
specifically tuned to balance the trade off of pressure drop and filtration capability. 
 

Sensors 
There are multiple sensors used in the HLA system.  Most of the sensors were upgraded 
to models with lower costs or higher reliability.  A few new sensors were added to 
improve system fault diagnosis. 
 

Noise 
The current US EPA drive-by noise regulation requires that a truck’s overall noise level 
does not exceed 80 dBA at a distance of 50 ft.  In order to help a vehicle meet that 
requirement, the HLA system needs to emit much less noise than the truck so that the 
product is a ‘non-contributor’.   
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The main sources of noise in the HLA system come from the pump/motor and transfer 
case.  Significant analysis and design work went into reducing noise emissions coming 
from the pump/motor.  Stiffening the new aluminum housing in key areas and modifying 
internal pumping parts have helped to control the noise produced by the pump. 
 
Design improvements were also included in the transfer case design.  Proper gear profile 
tolerances were chosen that are expected to keep the transfer case noise within acceptable 
limits. 
 

Software 
Numerous improvements were made to the diagnostic and control functionality of the 
system software.  The most significant changes are listed below. 

• The overall structure of the software was simplified and streamlined.  Redundant 
tests were removed while making sure all the known causes of faults are 
addressed and each fault is unique. More test conditions were added, but the 
overall size and complexity went down.  

• The transfer case control logic was modified to improve fault detection and 
safety. 

• Auto-calibration and temperature compensation algorithms were added to 
maximize the HLA system’s performance across varied operating conditions. 

• Electronic and controls integration with the vehicle has been improved resulting 
in smoother operation and better braking feel. 

• A retarder function was added to the braking function. 

User Interface 
HLA system specific switches and displays were designed and integrated into the control 
system.  This interface will be located on the dashboard and will work on the vehicle’s 
existing data bus.  They allow user control and configuration of the HLA system’s 
operating modes.  Depending on end user feedback, this interface may or may not be 
included in production vehicles. 

 
Figure 5: HLA user interface 
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Product Assurance 
The HLA team has performed many activities that fall under the category of “product 
assurance.”  Product assurance is any activity that works to the goal of demonstrating the 
confidence the product will perform as expected in the field.  Tools used for the HLA 
system include: 

• System function failure mode and effects analysis (FMEA) 
• Use/misuse FMEA  
• Hazard analysis  
• Component design failure mode and effects analysis (DFMEA). 

 
The system function FMEA is a systematic tool for analyzing how each of the system 
functions of the HLA system could potentially fail.  A risk priority is assigned to every 
failure mode.  One of the primary functions of the HLA system is to provide torque when 
the driver commands vehicle acceleration.  The system function FMEA asks the question 
“how can this function fail.”  One failure mode for this case is that the HLA system 
would be unable to provide torque.  All the possible root causes for this failure would be 
listed.  Each failure is rated on severity, occurrence and detection scales.  These rates are 
combined mathematically to determine risk. Actions are taken for any items that may be 
safety related or have been identified as high risk.  In actuality, any failure mode that can 
be reasonably avoided or mitigated is addressed.   
 
The use/misuse FMEA is similar to the system function FMEA.  This FMEA focuses on 
the everyday uses and misuses of the product by the end-user.  Examples would be 
driving habits, typical maintenance procedures, end-of-life procedures, vandalism, acts of 
nature, etc.  This analysis forces the designers to consider everyday events.  This analysis 
brings a new perspective to the design requirements. 
 
The hazard analysis reviews the design to determine what hazards that the HLA system 
may present given an outside trigger event.  For example, in a collision, what hazards 
could the HLA system create?  The hazard analysis focuses on safety related items.  All 
safety items are reviewed to determine how they can be avoided or mitigated. 
 
Finally, component DFMEAs have been performed on all the subsystems of the HLA 
system.  This is the very common design tool.   At this level, every part is examined for 
function and how it can fail.  From this analysis actions are identified to eliminate the 
failure modes if possible.  Also, this analysis gives insight to the tests that should be 
performed to validate the design.  Because failure modes are identified, the test for 
stressing those failure modes can be created. 
 
The HLA program team has been very rigorous in the application product assurance 
activities.    
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Design Summary 
The HLA system has been redesigned and optimized for application in heavy-duty refuse 
collection vehicles.  The new design includes many improvements over the concept 
design.  These improvements include: 

• Better packaging in the vehicle resulting in easier installation and more efficient 
use of space. 

• Increased reliability and safety. 
• Improved vehicle performance and driving feel. 
• Better serviceability. 

Hardware Procurement 
To build an HLA system, more than 220 parts had to be ordered.  The parts were supplied 
by a combination of Eaton manufacturing plan and Eaton vendors.  The vendors were 
evaluated with respect to their manufacturing capabilities for the particular parts they 
were to supply in order to insure that the parts would be made properly.   

 
Many of the parts have parameters that are critical to the part’s function.  These critical 
parameters were inspected to verify they were correct.  Part manufacturers inspected 
most of the critical parameters prior to shipment.  Eaton measured any critical dimensions 
after receiving the parts that were not measured by the manufacturers. 

Assembly 
The first step of the assembly process was to assemble subcomponents.  These included 
valves, accumulator, pumps and fluid reservoir.  After testing of the subcomponents, they 
were assembled into the main system.  

Testing 
Each subcomponent was tested separately to verify proper function and performance 
before assembling and testing the complete system.  This process enabled more accurate 
measurements and easy adjustments than if the whole assembly would have been tested 
for the first time together.  The picture below shows the HLA pump/motor being tested 
on a pump test stand. 

 

 
Figure 6: HLA Performance Test Setup 
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The tests verified that all the components functioned properly.  The performance results 
compared favorably with analysis predictions. 

 
The complete system was tested on a test stand that simulates many aspects of a vehicle.  
The HLA system was tested on this stand in all major operating modes.  During the 
system test, the sensors were calibrated and the system software was tuned and improved.  
The picture below shows the HLA system being tested on the system stand. 

 

 
Figure 7: HLA System Test Setup 

 

Hardware Procurement, Assembly and Test Summary 
All the parts necessary to build the updated HLA system were ordered and received.  
These parts were properly assembled and tested on test stands at both the component and 
system level.  The testing was successful by verifying the proper function and 
performance of the HLA system. 
 

System Testing on Chassis Dynamometer 
The vehicle was taken to the Southwest Research Institute (SwRI) in San Antonio, Texas 
for emissions and performance testing on a chassis dynamometer.  Coast down tests were 
conducted to verify that the dynamometer properly simulated the dynamics of the test 
vehicle loaded to 45,000 lb.  Figure 8 shows the test truck on the chassis dynamometer.  
The test vehicle is a Peterbilt 320 truck equipped with the Eaton HLA® system. 
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Figure 8: Dynamometer Test Setup at Southwest Research Institute 

 
To better understand the performance of the HLA system, three driving cycles and three 
operating modes were tested.  The driving cycles represent different operating conditions 
that an HLA equipped vehicle may encounter.  The three operating modes are different 
ways that HLA can be used: baseline (without HLA active), economy, and performance.  
The economy mode of operation is intended to produce the best fuel economy 
improvements; the performance mode of operation is intended to produce the highest 
productivity.  The following 25 tests listed in Table 1 were completed between January 
10, 2007 and January 19, 2007.   
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Test Number Mode of operation Route Date

1 Baseline Urban 1/10/2007
2 Baseline Urban 1/10/2007
3 Baseline Urban 1/10/2007
1 Baseline Suburban 1/10/2007
2 Baseline Suburban 1/10/2007
3 Baseline Suburban 1/10/2007
1 Economy Urban 1/11/2007
2 Economy Urban 1/11/2007
3 Economy Urban 1/11/2007
1 Economy Suburban 1/11/2007
2 Economy Suburban 1/11/2007
3 Economy Suburban 1/11/2007
1 Performance Suburban 1/11/2007
2 Performance Suburban 1/11/2007
3 Performance Suburban 1/11/2007
1 Baseline EPA 1/18/2007
2 Baseline EPA 1/18/2007
3 Baseline EPA 1/18/2007
1 Economy EPA 1/18/2007
2 Economy EPA 1/18/2007
3 Economy EPA 1/18/2007
4 Economy EPA 1/18/2007
1 Performance EPA 1/19/2007
2 Performance EPA 1/19/2007
3 Performance EPA 1/19/2007  

Table 1: Testing Completed at SwRI 
 
Emissions data was taken from a constant velocity dilution sampling system.  The total 
particulate matter (PM), total hydrocarbon (HC), oxides of nitrogen (NOx), carbon 
dioxide (CO2), carbon monoxide (CO), fuel usage, and overall distance were measured 
and recorded.  The fuel economy is calculated from the fuel usage and the distance 
traveled.  Once the data was recorded, SwRI prepared the data and reported the results to 
Eaton.
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Emissions and Performance Results 
The tests were analyzed and have been compiled into Table 2 showing the baseline 
measurements and improvements.  The tests have been averaged into one set of readings 
per route and mode of operation.  The percentage values in Table 2 show reductions in 
emissions and improvements in fuel economy in black, an increase in emissions and 
reduction in distance is shown in red.  The values in Table 3 are the standard deviation 
for each data point normalized respective to each specific mean data value, otherwise 
known as the coefficient of variance. 
 

Summary 

   PM HC NOx CO CO2 Fuel 
Fuel 

Economy Distance
   mg/mi g/mi g/mi g/mi g/mi kg MPG miles 

Baseline 1806.4 6.19 83.7 16.4 10710.1 2.49 0.96 0.73 

HLA-Economy 0.2% 2.0% 0.2% 5.6% 8.8% 8.4% 9.7% 0.5% 

U
rb

an
 

HLA-Performance N/A N/A N/A N/A N/A N/A N/A N/A 
Baseline 901.7 2.78 32.2 6.4 5516.5 3.42 1.87 1.96 
HLA-Economy 8.8% 1.2% 0.7% 6.2% 3.9% 4.7% 4.1% 0.9% 

S
ub

ur
b 

HLA-Performance 13.7% 3.8% 0.8% 6.8% 4.5% 5.3% 4.6% 0.9% 
Baseline 426.3 1.57 17.8 3.7 3642.9 6.58 2.83 5.71 

HLA-Economy 3.9% 0.2% 4.2% 11.9% 8.2% 7.9% 9.0% 0.3% EP
A 

HLA-Performance N/A 1.3% 5.1% 17.2% 7.3% 6.5% 8.5% 0.8% 
Table 2: Emissions Results from Dynamometer Testing 

 
 

Coefficient of Variance in Measurements 

   PM HC NOx CO CO2 Fuel 
Fuel 

Economy Distance
Baseline 5.2% 5.1% 1.8% 7.8% 1.2% 0.8% 1.0% 1.6% 
HLA-Economy 2.4% 1.9% 0.7% 2.3% 0.5% 0.6% 0.5% 0.8% 

U
rb

an
 

HLA-Performance N/A N/A N/A N/A N/A N/A N/A N/A 
Baseline 11.1% 4.0% 2.1% 3.7% 2.6% 1.4% 2.7% 1.3% 
HLA-Economy 2.4% 0.4% 2.3% 3.6% 1.8% 2.0% 1.9% 0.3% 

S
ub

ur
b 

HLA-Performance 2.7% 1.2% 1.1% 3.5% 0.5% 0.4% 0.3% 0.3% 
Baseline 3.0% 1.1% 0.6% 2.1% 0.4% 0.7% 0.4% 0.3% 
HLA-Economy 4.4% 1.3% 2.4% 3.8% 1.6% 1.0% 1.7% 0.6% EP

A 

HLA-Performance N/A 2.3% 0.7% 2.4% 0.8% 0.9% 0.9% 0.7% 
Table 3: COV from Emissions Testing 
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NOx

NOx emissions show negligible improvement in the urban and suburban cycles, but 
considerable improvement in the EPA cycle.  The HLA system shows definite 
improvements over the EPA cycle in regards to the NOx emissions.  The NOx emissions 
reduction in economy mode suggests considerable improvement, but the data variation is 
significant with respect to the magnitude of improvement.  The results from performance 
mode are more positive with the magnitude of improvement considerably higher than the 
data variance.  The NOx emissions are greatly reduced for the EPA cycle. 

Fuel Economy 
Table 2 shows a high fuel economy improvement in the urban cycle for the economy 
mode of operation.  This level of performance and low level of variation is shown 
throughout the testing.  The suburban cycle fuel economy shows the lowest improvement, 
only half of the EPA and urban cycles.  The results show that the HLA system produces 
an increase in fuel economy (MPG) over the EPA cycle in economy mode of operation 
that is slightly less than the urban cycle.  The fuel economy improvement in performance 
mode is slightly less than in economy mode.  Eaton is continuing research to produce 
further improvements.  These results show that the fuel economy is affected by the 
driving cycle, but the consistently positive results verify the benefit of the HLA system.   

CO2

The CO2 emissions are closely tied to the fuel economy performance, the relationship is 
linearly proportional.  As the CO2 emissions are decreased, the fuel economy increases at 
a similar rate.  The suburban cycle shows the lowest improvement in CO2 emissions.  The 
improvement is only approximately half as large as the reduction for the urban cycle and 
the EPA cycle.   
 
In the urban cycle, the HLA system produced a high CO2 emissions improvement, with 
an extremely low variance.  The CO2 emissions improvement for the EPA cycle is of the 
same magnitude as the urban cycle.  Table 2 shows an improvement of 8.2% for 
economy mode and 7.3% for performance mode over the EPA cycle.  The HLA system 
shows consistent improvements to the CO2 emissions.  The improvements are affected by 
the cycle, but the similarity of the results between the urban cycle and the EPA cycle 
suggest that the CO2 emissions are less sensitive to the cycle than other emissions. 

CO 
The HLA system has a positive impact on the CO emissions in all modes of operation 
and in all cycles.  The urban cycle shows the smallest improvement.  The suburban cycle 
shows higher improvements.  The EPA cycle shows the highest improvements for CO 
emissions.  Table 2 shows a large improvement in economy mode over the EPA cycle.  
The results for the performance mode over the EPA cycle are the best, showing a high 
reduction with a respectively low data variance.  These results show that the HLA system 
has a considerable impact on the level of CO emissions. 
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PM 
Particulate matter emissions show reductions in nearly all cases.  Table 2 shows a slight 
increase in the PM emissions for the urban cycle in economy mode, but Table 3 indicates 
that the measured increase is well within the range of error.   
 
The particulate matter emissions reading for the EPA cycle in performance mode in 
Table 2 was not recorded in two of the three test runs, therefore it is impossible to verify 
the accuracy of the reading under those conditions.  Examination of the suburban cycle 
shows definite PM emissions improvement from the HLA system.   

HC 
Hydrocarbon emissions show reductions in nearly all cases, similar to the PM emissions.  
There are two instances where there is a potential increase in the HC emissions.  In the 
urban cycle for the economy-operating mode, there is a very slight increase shown in 
Table 2, but the magnitude is almost the same as the variance in the data.  The other 
instance is in the EPA cycle in economy mode, a small increase with a large variances 
shown.  The EPA cycle for the HLA system performance mode shows no measurable 
reduction.   
 
The suburban cycle shows a definite improvement in HC emissions due to the HLA 
system.  The economy mode of operation shows a reduction with a magnitude 
considerably higher than the data variance.  In performance mode, the HC emissions are 
reduced at a higher magnitude.  These results provide verification that the HLA system 
has a positive effect on HC emissions in the suburban cycle.   

Fuel 
The data in Table 2 shows the fuel usage improves in all cases, with data variation shown 
in Table 3.  The fuel economy figures incorporate the fuel usage measurements, so the 
improvements due to the HLA system are discussed in the fuel economy section. 

Distance Traveled 
The mileage variation from baseline shown in Table 2 is generally very small as would 
be expected.  In some cases the HLA test produced a slightly shorter distance, but Table 3 
generally shows that there is no measurable difference between the baseline and HLA 
system tests.  
 

Chassis Dynamometer Test Summary 
Inspection of Table 2 shows one important trend that is only suggested by the above 
discussion.  The baseline values for each emission species vary considerably between the 
drive cycles.  The impact of the HLA system varies some depending on the cycle, but not 
on the order of magnitude that the raw values vary between drive cycles.  The EPA cycle 
consistently shows the lowest levels of baseline emissions, with the suburban and urban 
cycles being orders of magnitude larger at times.  This shows how the levels of emissions 
are affected by the cycle.  It is significant to note that the HLA system impact can vary 
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considerably depending on the driving cycle; the driving cycle is the largest factor 
affecting overall emissions.   
 
The emission testing was completed in January in coordination with SwRI.  The results 
show that the HLA system has positive effects on emissions and fuel economy.  The 
magnitude of improvement for the NOx and the fuel economy was lower than expected, 
but this initial testing has proven extremely valuable.  The data gathered by the initial 
chassis tests is being used to develop improved HLA system performance.  This testing 
positively fulfills part 4 of the Scope of Work funded in part, by the State of Texas 
through a grant from the Texas Commission of Environmental Quality.  The testing 
verifies the HLA system has practical potential for emissions and fuel economy 
improvements. 
  

Conclusion 
The Eaton Hydraulic Launch Assist (HLA) system has been redesigned for effective 
performance on heavy-duty truck applications.  This work was completed in part through 
a grant from the Texas Commission on Environmental Quality.  The HLA system has 
made significant progress toward commercial application in the refuse industry and its 
use will enable improved fuel economy, reduced emissions, and improved productivity of 
refuse vehicles.  Eaton has continued engineering work to improve the HLA system’s 
benefit in regenerating braking energy as measured through initial emission testing on a 
chassis dynamometer at SwRI.  These efforts will further improve system performance to 
provide an optimum benefit in energy savings to refuse vehicles. 
 
Future plans for the HLA system include validation of an updated design to achieve 
improved fuel efficiency and further reductions in vehicle emissions.  The updated design 
will then be validated through laboratory testing, and a controlled vehicle fleet with on-
board data logging equipment.  The success of this fleet testing will be one of the last 
milestones toward a production launch. 
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