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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees. makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
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menduion, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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Third quarter summery 

time was applied at continuing to manufacture and test alternate designs of the diesel 
prechamber and its associated auxiliary equipment. Approximately 23% time was applied to 
the hydraulic actuation of the gas injector and the design work of applying the gas injector to the 
engines cylinder liner. 
which include the completion of knock detection system and test facility calibration and service. 

This quarter we spent our time primarily in two basic areas. Approximately 60% of the 

The remaining 17% time was spread over a number of areas two of 

Tasks Performed / percent coniplete 

1 Diesel PreChamber (DPC)testing - 80% done 
All of the prechamber testing so far has been on one cylinder of the 8 cylinder test 
engine. This is by far the most cost effective method of development for us. We have 
continued to test variations in design of the diesel prechamber. We have operated with 
three volume sizes and five chamber port configurations. While the first configuration 
has continued to perform the best we have tested design aspects above and below to 
insure that we do in fact have the optimum. We experienced some auto-ignition of the 
premixed gas air charge at high loads due to the high temperature of the tip on the Diesel 
PreChamber. The unit performs well but we think that we can accomplish more. We 
are seeking information and products called “Thermal Barrier Coating” to reducc surface 
temperatures, decrease the auto-ignition and increase power limit. 
building up parts for applying to the entire engine. 
when we are convinced of the optimum design/coating. 
will follow. 

We have started 
The parts will be final machined 

Entire engine demonstration 

2 Piston design - 50% done Testing - not yet started 
We have three piston crowns to start the testing with. We intended to be into the testing 
of 710 piston crown designs by now but the extent of the diesel prechamber testing has 
held us up. 
design properly complements the overall package. The piston testing will be placed in 
the schedule after the DPC work is complete and the other tests are in order. 

We must have final results/designs of the DPC system so that the piston 

3 Spark prechamber - 75% 
We have completed final designs to integrate the spark prechamber to the EMD engine. 
We have acquired ten units to demonstrate the entire engine with. 
ignition coils, make wire connections and do some pluming of the chambers before the 
entire engine can be operated. This work has been held up by the continued work on 
the DPC system. We plan to apply and test the chambers before the end of our contract 
term. 

We need to purchase 
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4 Port injector and Hydraulic Gas Inlet Valve - 75% 
We have finalized the testing and designs of the hydraulic gas valve to inject gas into the 
engine cylinder liner. Our previous reports didn’t elaborate on the reasons we have 
sought this development path. This method of gas injection provides benefits in a 
number of areas such as better aidfuel mixing, reduced emissions, reduced gas injection 
pressure and allows the port in the cylinder head to be used by the DPC ignition system, 
When we apply our system with the spark prechamber or the conventional dual fuel pilot 
operation then the replacement of the cylinder head is not required thereby significantly 
increasing the cost effectiveness, enhancing the system viability in the marketplace. 
The port injector is simpler, smaller and less costly to manufacture additionally adding to 
the economic value of the system. 
pressure drive and is more maintenance free. We are presently in the process of 
manufacturing a number approx. 25 port injectors for application to the 8 and 16 cylinder 
test eng’ Tines. 

The hydraulic drive is more efficient than the air 

5 Knock board - 100% complete 
We have made some changes to the filter network while small in detail they proved great 
in regards to performance, We feel that the knock board is ready for application in 
service. 

6 Skip fire tests - 50% done 
We have operated the single cylinder test phase of skip fire operation. We have 
determined that maintaining the ignitor (either the spark or diesel prechamber) and only 
skipping the main fuel injection from the Gas Inlet Valve provides the best operation. 
The skip fire preliminary results indicate that the efficiency and emissions are greatly 
enhanced. 
latest technology of ignitors and port gas injection. 

The final testing must be done after the entire engine is equipped with the 

7 Cylinder monitoring system - 50% 
The cylinder monitoring system has been received and applied to the test engine. We 
have evaluated its performance. It provides the kind of signal information we need to 
perform the latest type of engine monitoring and diagnostics. This was introduced in 
our last report as a change. The signals from this monitoring system indicate the 
pressure in the combustion chamber. We can measure these signals, compare all of the 
cylinders for balance and monitor for misfire and knock. With this product we can trade 
off the thermocouples and cylinder relief valves and their associated wiring and costs. 
We come out better in the long run in three ways. Less wiring, lower costs and higher 
performance. We still need to acquire enough sensors to fit to the rest of the engines 
cylinders and do some software development. The software will make black and white 
decisions and the controller can then make tuning adjustments. 
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Changes to the original plan 
The plans are essentially the same. We are focusing our planning process to determine 
the most cost effective path or chain of events to follow now as we work to wrap up the 
contract period. 
one area that is a significant task is the 710 piston development and tests. 
haven’t changed but what we hoped to accomplish in this time frame is starting to. 
don’t see how we can get all of the work done in time. 

Most of the remaining tasks are all reaching their completion. The 
Our plans 

We 

Planned next quarter activities 
Now we have the gas compressor ready to supply the necessary volume of gas for whole 
engine sustained operation. We will record good numbers relating to emissions and 
efficiency with the present configuration. To complete the last leg of this work the test 
engine will be equipped to operate in two fundamental styles and three basic system 
configurations. Turbocharged and Roots blown styles with Spark ignition, Diesel 
PreChamber and Direct Pilot configurations. 
will shake out the best path. 
the next 13 weeks. 
each of the development areas 100% complete. 
the work of 710 piston testing and application may not be fully complete. 
thinking that it would be best if we could get all but one area to 100% instead of 
continuing on one aspect and not get any of them to 100%. 

The planning process mentioned above 
We are starting to see that there is a lot of work left for 

Try as hard as we will it is possible that we may not actually get 
We plan to confirm our expectation that 

We are 
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., A Expenses for quarter #3 

Equipment 
$703.60 Hydraulic pump 

Diesel high pressure pump $386.72 
Oil for hydraulic system $88.09 
Fittinas $48.48 

IFittinqs ~ I I $53.41 I 

subtotal $1,280.30 

Labor: hours $32.5lhr. 
Knock detection board refinements 32 $1,040.00 
single cylinder testing w/ prechambers 120 $3,900 .OO 
Data aatherina svstem calibration 40 $1.300.00 

!Emissions system maintenance/cal. I 15 I $487.50 I 
Hydraulic gas inlet valve refinements 64 $2,080.00 
Hydraulic power unit assembly 64 $2,080.00 
Diesel Drechamber rnfa. 56 $1.820.00 " I I 

biesel Drechamber testina alt. desians I 72 I $2.340.00 1 
iesel pressure intensifier design/mfg. I 40 I $1,300.00 

Diesel pressure intensifier testing 40 I $1,300.00 

Total $1 8,927.80 

DOE Quarterly Report #3 expenses 


