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Note 1:  '1' - Continue development.  '2' - Initiate development.  '3' - Perform concept study.  '4' - Monitor outside research.   '5' - Will reevaluate if encounter new
development.
Note 2:  COV = Coefficient of Variation.  Scale: 5 - high, 1 - low   

Table 1:  Direct Injection Natural Gas Engine Ignition Options Survey





















Figure 1:  Constant volume high pressure chamber
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Figure 2:  Predicted Breakdown Voltage vs Pressure by Paschen’s  law
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Figure 3:  60 Hz AC power supply

Figure 4:  Electrode mounting fixture
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Breakdown Voltage vs Pressure
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Figure 5:  Breakdown Voltage vs Pressure for Flat-Flat electrodes
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Breakdown Voltage vs Pressure
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Figure 6:  Breakdown Voltage vs Pressure for Flat-Round electrodes
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Figure 7:  Breakdown Voltage vs Pressure for Flat-Point electrodes
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Breakdown Voltage vs Pressure
0.5 mm Gap

Figure 8:  Comparison of breakdown voltages for a 0.5 mm gap
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Figure 9:  Comparison of breakdown voltages for a 1.0 mm gap
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Figure 10:  High frequency AC power supply
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Figure 11:  Schematic diagram of the high frequency AC power supply
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Figure 12:   EIS (electronic ignition system) 

Figure 13:  SDHP (short duration high power) ignition system
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Figure 14:  Voltage Output vs Time

Figure 15:  Adrenaline plugs made by Champion
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Figure 16:  ‘S martFire’ ignition system
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Figure 17:  Spark plug after bench testing with the Adrenaline System (0.46 mm gap)

Figure 18:  Spark plug after bench testing with the Adrenaline System (0.51 mm gap)

-40-



Figure 19:  Spark plug after bench testing with the Adrenaline System (1.02 mm gap)

Figure 20:  Spark plug after bench testing with the Adrenaline System (1.27 mm gap)
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Figure 21:  Ceramic disk sandwiched in the portable oil tester

Figure 22:  Ceramic disk sandwiched in the portable oil tester submerged the oil bath
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Figure 23:  Disks showing original coatings

Figure 24:   Disks showing modified coatings
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Figure 25:  Breakdown Voltage vs Insulator Thickness
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Figure 26:  Glow plug shield
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Figure 27:  Prototype ceramic insulator body

Figure 28:  Prototype spark plug assembly
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Figure 29:  Prototype ceramic insulator body for surface-discharge plug

Figure 30:  Prototype surface-discharge spark plug assembly
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Figure 31:  Central electrode for the air-gap spark plug

Figure 32:  Central electrode for the surface-discharge spark plug
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Figure 33:  Modified 3126 DING cylinder head

Figure 34:  Cutout view showing the glow plug and the spark plug hole
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Figure 35:  Sectional view of the glow plug and the air-gap spark plug holes

Figure 36:  Sectional view showing the ‘gas retainer/ground electrode’
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 Figure 37:  Air-gap plug in the cylinder head

Figure 38:  Sectional view of the air-gap plug in the cylinder head
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Figure 39:  Spark gap between the central electrode and the ground electrode

Figure 40:  Sectional view of the glow plug and the surface-discharge spark plug holes

-61-



Figure 41:  Surface-discharge plug in the cylinder head

Figure 42:  Sectional view of the surface-discharge plug in the cylinder head
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Figure 43:  Surface spark gap between the central electrode and the ground electrode

Figure 44:  Mounting clamp
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Figure 45:  Plug in cylinder head with mounting clamp

Figure 46:  Side view of plug in cylinder head with mounting clamp
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