
lorogen 
Transportation Electronics 3576 Empleo St Unit 1 

San Luis Obispo, CA 93401 
(805) 781-8461 (Voice & FAX) 
loragen@concentric.net 

January 26,1999 

Dr. David Crouch 
Energy-Related Inventions Program 
U.S. Department of Energy 
Washington, DC 20585 

Technical Progress Report for Perioc October 
Technique for Diesel Fuel Quantity Control", ERI 
94CE15583 

1998 - December 31, 1998. "An Indirect Sensing 
Project 583, Assistance Instrument Number DE-FGO1- 

Dear Dr. Crouch, 

This letter is to report upon progress made on this project during the second period of the no-cost time 
extension effective April 1 1998 through December 31, 1998. 

In parallel with this progress report, we are submitting our Federal Cash Transaction Report for this period 
with supporting detailed spreadsheets and the Request for Advance or Reimbursement for the month of 
October. These items are being submitted directly to DOE Accounts Payable Division, CR-54, with copies 
to you under separate cover. 

Accomplishments and Lessons Learned, October 1,1998 - December 31,1998 

Work has proceeded intensely with the objective of completing the commercial prototype system prior to 
the end of the contract period. At the time of this report, testing and refinement of the commercial version 
of the system has not been completed, and we have requested a no-cost extension to permit completion 
of the project. Thank you for informing us verbally that the requested extension will be granted. We have 
not yet received contractual extension documents, but have continued work based upon this assurance. 

During this reporting period, we have reached several major milestones and learned many significant 
lessons. These are described below. We are happy to report that the experimental retrofit system has 
achieved all performance objectives in our engine dynamometer tests. The prototype commercial version 
of the system will begin demonstration service on the first of several Santa Maria Area Transit (SMAT) 
transit buses on February 1, 1999. The commercial system has been redesignated the EIectronic 
Diesel Smoke Reduction System (€DSRS) replacing our original internal pseudonym "ADSC . 

Our focus has been narrowed to a retrofit product suitable for installation on existing mechanically- 
governed diesel engines. Included in this potential market are almost all diesel-powered passenger cars 
and light trucks manufactured prior to the introduction of the most recent "clean diesel" engines equipped 
with particulate traps and electronic controls. Also included are heavy-duty trucks, transit vehicles, school 
buses, and agricultural equipment. This system is intended to prevent existing diesel engines from 
overfueling to the point of visible particulate emissions (smoke), while allowing maximum smoke-limited 
torque under all operating conditions. The system employs a microcontroller and a specialized exhaust 
particulate emission sensor to regulate the maximum allowable fuel quantity via an adaptive throttle-limit 
map. This map specifies a maximum allowable throttle position as a function of engine speed, n 
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turbocharger boost pressure and engine coolant temperature. The throttle position limit is mechanized via 
a servo actuator inserted in the throttle cable leading to the injection pump. 

Attached is a Gannt chart indicating the state of project progress as of December 31, 1998. 

Milestones and Technical Accomplishments: 

Refinement of a practical, reliable real-time exhaust smoke sensor. 

The most important element of the feedback system is the real-time smoke sensor. The design of such a 
sensor is particularly challenging, since it must have a very fast response, and operate a exhaust 
temperatures reliably and repeatably over the life of the vehicle. We designed, fabricated and 
experimentally tested several particulate sensing methods for this application. These methods were 
based upon electrostatic charge transfer, optical transmission and optical side-scatter. W achieved best 
results with a simple transmissometer, consisting of a high-power infrared LED generator and 
phototransistor detector, coupled via a circuit that compensates for residue accumulation of the optical 
elements, temperature effects on the semiconductors, component aging and electronic noise. These 
elements are isolated from the high temperature and contamination of the exhaust stream by placement in 
recessed tubes at opposite ends of an 18 inch long "sensor section", shown in the photographs 
accompanying this report. Air is injected into the end of each tube to prevent intrusion of exhaust 
materials into the tubes, and to cool the semiconductor elements. The air supply is provided by a small 
bleed from a truck's air-braking system, from a mechanical engine-mounted air pump or a small 
electrically driven compressor. The sensor section is located in the exhaust plumbing between the 
exhaust manifold and muffler. 

Tests with the present version of the smoke sensor show that it is sensitive and repeatable, at least during 
the duration of our dynamometer-based tests. The ultimate test will be in vehicle-based testing, to 
commence during the next reporting period. 

Refinement of a high-torque, high-speed throttle limit actuator. 

One other distinguishing feature of the ADSC which uniquely qualifies it for retrofit applications is that it 
functions as an overriding "limited authority" type of control. It operates as a dynamic throttle position 
limiter rather than as a direct fuel control. This overcomes the problem that in retrofit situations, it is not 
possible to directly access or limit the fuel delivery means (fuel sleeve or rack) which is internal to the fuel 
injection pump. A special actuator was engineered to implement the throttle position limit. This 
application required high torque as well as high-speed actuation, since any actuation lag would tend to 
destabilize the closed-loop system and decrease accuracy of the control. 

We designed and tested several engineering approaches to this actuator problem. Initial designs utilized 
stepper motors, since these provide exact positioning without the need for a position feedback sensor. 
After testing seven models of stepper motors from three manufacturers, we concluded that a torque- 
motor-based feedback positioning design was necessary. A low cost solution to our needs was found in 
the form of a high-power actuator designed for large radio controlled model airplanes or boats. The Cirrus 
CS-600 RC servo produces 250 In-oz of torque, with a response time of 0.5 second over 189 degrees of 
rotation. A cable-intercept actuator was engineered based on this servo, with the addition of limit switches 
for idle and max throttle limit. A photograph of the actuator, installed on the dynamometer test engine, is 
included with this report. 

Computer simulation to aid in adaptive algorithm development. 

A computer simulation has been developed as an aid for the development and refinement of adaptive 
throttle-limit algorithms for diesel engines in general. Preliminary work was done using IBM Quick Basic 
running on one of our Pentium 11/400 PC's. This simulation duplicates the operation of the diesel engine 
with respect to its speed, torque and smoke generation as a function of throttle input, vehicle road load 
and external grade or towing load. A printed copy of the simulation and a disk containing the simulation 
code (diesim20.ba.s) are included. The program will run on any IBM-type PC under QuickBasic or most 
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other incarnations of basic. A Pentium II class machine is required, or the simulation will run annoyingly 
slow. For subsequent demonstration purposes, this simulation has been ported for full Windows-95/98 
interface using Borland Builder 3.0 C++. This "graphical" version of the program includes an automated 
driver, and terrain-following over a simulated road course. When completed, this version will 
demonstrates the comparative effectiveness of the EDSRS on virtually any vehicle model. 

Completion of PC-based control system. 

Preliminary to the final design of the microcontroller-based version of the EDSRS, we implemented the 
complete system using an industrial Pentium-11/400 PC and Quatech DAQ-1201 data acquisition and 
analog output card. This laboratory system permitted us to display internal variables and exercise 
degrees of control and modification that would be more difficult on the ultimate target microcontroller 
system. This also facilitated data collection and analysis directly from engine-mounted sensors. All 
engine tests to date have used this laboratory system. A screen capture of the PC user display for this 
control is included with this report. It shows data taken during a series of transient response runs, 
including engine speed, temperature, manifold pressure, exhaust smoke reported by the EDSRS sensor, 
exhaust smoke reported by the reference Optimonitor opacity meter, and a graphical depiction of the 
shape of the throttle limit map "learned" by the adaptive control. 

The microcontroller-based target system is now in final development. We have selected the Motorola 
MC68HC12 CPU as the core of the controller, and added peripheral interface components required to 
mechanize the control. Program code originally written in C++ for the PC is being ported to 68HC12 
assembly language for speed and compactness. A copy of the current version of the control code is 
included with this report. 

Completion of dynamometer-based engine tests of complete system. 

Engine tests have been completed on the naturally aspirated configuration of the lsuzu I .8L diesel test 
engine. The attached screen capture from our data acquisition and control PC shows typical data for a 
series of full-throttle acceleration / deceleration experiments. 

At this moment, the engine is being refitted with a turbocharger to permit testing of the system with 
elevated manifold pressures. This facilitates the use of the EDSRS on turbocharged and supercharged 
diesel engines. 

Vehicle-based testing. 

With the cooperation of Santa Maria Area Transit, an operator of a large fleet of transit buses, we will feelt 
test the EDSRS on selected vehicles from their fleet that have known problems with black smoke 
generation. These are typically the older vehicles in the fleet, which remain serviceable, but which might 
otherwise be forced to retire due to complaints about exhaust smoke levels. The first vehicle to be tested 
is a 26 ft. shuttle bus which uses a 5.9 L turbocharged Cummins diesel engine. The vehicle will be 
delivered to Loragen approximately February 1, and will be returned to daily service with the EDSRS 
installed on approximately February 15. 

If resources permit, we will acquire a turbocharged diesel test vehicle for experimental development 
purposes. Our previously-acquired 1882 lsuzu I-Mark vehicle, while a perfect receptacle for our test 
engine, has been found to be unacceptable for this purpose due to (1) it's age and generally poor 
mechanical condition, and (2) the lack of turbocharging, which does not permit testing the EDSRS on 
vehicles which have this popular feature. 

We are in the process of exploring local grant opportunities which would fund the large-scale deployment 
and testing of this system in other bus fleets. State of California and local San Luis Obispo and Santa 
Barbara County funding opportunities have been identified, accessible through the local Air Pollution 
Control District (APCD), Air Quality Management District (AQMD), and the State-administered Petroleum 
Violation Escrow Account (PVEA) fund. We intend to actively pursue these options in order to gain 
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additional valuable test data, and, if successful, to create broad awareness of the system and its potential 
benefits for existing diesel vehicle fleets. 

Combined smoke control and mid-range particulate reduction studies. 

By design, the EDSRS, is intended to only to prevent smoke generation due to excess fueling under full 
engine load. While this is by far the most egregious emission condition for most diesel engines, another 
important regime for emission reduction is the partial load condition, in which non-visible particulate 
emissions can occur even with conservatively calibrated fuel limits. Previous research experience has 
indicated that the induction of a lean homogeneous mixture of some Si fuel, in particular those fuels with 
relatively wide limits of flammability, is very effective at reducing part-load particulate emissions. Such a 
solution, often referred to as partial or lean fumigation, could be easily implemented as an additional 
feature of the existing EDSRS, implemented by the same control and utilizing the same sensors. 

Our informal experiments recommend the use of methyl alcohol (methanol) for the implementation of an 
"ultra lean" fumigation scheme, in which a very small amount of methanol is injected under electronics 
control into the intake air stream. The exact mixture composition would be a function of the present 
engine operating condition as well as the diesel fuel quantity, since the methanol partially replaces the 
diesel fuel in the overall charge composition. Our preliminary tests indicate that even for methanol charge 
compositions as little as 0 = 0.10 (equivalence ratio), significant reductions in particulates are observed, 
especially under mid-load conditions. If implemented using the EDSRS, this feature would require the 
addition of a small auxiliary tank of methanol on board, and the installation of a single point electronic fuel 
injector in the intake air stream. The methanol storage requirement is expected to be approximately 10% 
of the diesel fuel requirement. This latter factor is considered important for practical consumer and fleet 
use, since the requirement to "fill up" with methanol every time the diesel fuel tank is filled must be 
reduced as much as possible. 

To continue our studies and preliminary implementation of this additional EDSRS feature, we have 
received product support from Methanex Corp., and large producer of methanol. We will also be pursuing 
support funding through the California Energy Commission "Clean Diesel Program" which emphasizes 
alternative fuel replacements of diesel-powered medium and heavy vehicles. 

Participate in DOE Office of Industrial Technologies Exhibition 

Thank you for your continued support of this project. If you have any questions, please don't hesitate to 
call me at (805) 781-8461 or email at loragen@concentric.net. 

Sincerely, 

C. Arthur MacCarley, Ph.D., PE. 
Project Director 

Attachments: 
1. Gantt chart of detailed project schedule. 
2. Presentation materials from OIT Exhibition. 
3. Sensor section diagram. 
4. "DIESIM" simulation software for EDSRS controlling diesel engine: source code listing and 3.5" floppy 

disk, runnable under Win 95/98 or DOS. 
5. Control code listing for PC-based engine control and data acquisition system. 
6. 68HC12 assembly language listing for microcontroller-based engine control. 
7. Selected loose photographs of test engine and EDSRS components during tests. 

Cc: S. C. Jones, Office of Headquarters of Procurement, HR-542 (without attachments) 
U.S. Department of Energy Office of Scientific and Technical Information (with photocopies of 
photographs) 
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EDSRS 
I Electronic Diesel Smoke Reduction System 

Technology Description 

An add-on system for diesel engines that permits maximum power output at any 
engine speed without smoke generation. 

Limits smoke due to overfueling only. Cannot correct imbalance between injectors 
or effects of incorrect injection timing. 

Closed-loop intelligent control system gradually learns the true smoke-limit fuel map 
of the engine. 

Prevents visible smoke emissions under all conditions with negligible effect on 
torque. 

Eliminates the need to conservatively set the mechanical maximum fuel limit to 
assure that smoking never occurs. 

Continuously adapts to changes in fuel quality, engine wear, and operating 
characteristics. 

No permanent modifications to engine or injection system. Can be removed 
completely leaving original system unchanged. 

Low cost and reliable compared to other emission reduction solutions. 
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Applications 

Medium and heavy duty trucks and buses. 

Diesel passenger cars and light trucks. 

Agricultural and construction equipment. 

Generators and other stationary diesel engine applications. 

Greatest benefit for older mechanically governed diesel injection systems. 

Limited potential to improve performance of newer electronically-controlled injection 
systems. 

Easy to install on existing diesel vehicles for most injection system configurations. 

Target retail cost under $1,000. 

Designed to be a low-cost alternative to equipment upgrade or alternative fuel 
conversion. 

I 
I 
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Status of Development 

0 Recipient of DOE Energy Related Invention Program Grant. Project in third quarter. 

Experimental prototype system completed. System undergoing dynamometer tests 
simulating all possible operational conditions. 

Fleet trials by two regional transit bus operations and two commercial truck 
operations to begin February 1999. 

Production prototype expected June 1999. 

Full production and delivery in kit form targeted for September 1999. Specific kits 
for most popular automotive and truck engines. 

Research and development firm is interested in an automotive aftermarket 
distribution partner. 
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System Components 

MAP Sensor 
(for turbocharged 

Throttle Position 

Exhaust Particulate 
Sensor 

Electronic Diesel Smoke Reduction System uses three sensors as inputs to a control 
module, which dynamically modifies the throttle position to prevent smoke formation. 
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