Light off characteristics can be described as follows:

The following NG speeds are based on fuel introduction at 12% NG which, will occur when ambient temperatures are greater than - 6.7 degrees C, or 20 degrees F. At ambient temperatures below these values, fuel will be introduced at 10% NG and light off NG values will differ by approximately 2%.

- A failure to light off condition can be described as a start attempt, which fails to light off regardless of NG speed.
- A delayed light off can be described as a start attempt which does not achieve light off until approximately 15 to 18% NG. 
- A normal light off can be described as a start attempt which lights off at approximately 12 to 14% NG. Optimum light off's are those which occur at 12% NG.

The most common factors contributing to starting problems are:

- HMU Pressurizing / Shutoff valve leakage
- Improper Fuel Nozzle shimming
- Faulty Fuel Nozzle
- Fuel leak back into fuel cell
- Faulty Igniter circuit

Please conduct your troubleshooting in the order which follows:

1) IGNITER CIRCUIT TEST

The following test may be repeated as required to ensure the auto relight light is illuminating and that the igniter is firing 100% of the time. If this test proves successful, but you feel that the igniter may not be firing during an actual start attempt, it is suggested that someone (or two people) stand by the igniter during start and listen for actual firing. Although this method of testing may not be the most scientific, it is simple and accurate. It should also be stated that the firing of the igniter on the 250-C47B engine is much softer sounding than on C20 or C30 engines.  

In addition, if the auto relight light is illuminating and you can hear the igniter firing during an actual start attempt (i.e. with your ear to the igniter, you can usually hear it up to about 10% NG) ignition is not the problem. Although a lot of people feel lack of ignition is their problem, this is very seldom the case.

Prior to checking the ignition system in accordance with the following procedure, ensure there is no fuel in the combustion section of the engine. If in doubt, conduct a dry motoring run. Following completion of the ignition system check, ensure the FADEC Mode Switch is repositioned to AUTO prior to conducting a start.

1. Position the FADEC Mode Switch into MANUAL (innermost position) with the battery switch OFF and external power not applied.
2. Pull the NG indicator circuit breaker.
3. Ensure the throttle is positioned to cut off and that the fuel valve is closed.
4. Position the battery switch to ON.  Once the Instrument Check light goes out on the caution panel, the Auto Relight light will illuminate and the igniter will fire continuously.
5. To deactivate the igniter, position the battery switch to OFF.
6. To make sure the igniter will fire 100% of the time, repeat this test procedure as required. Following testing, ensure the FADEC Mode Switch is repositioned to AUTO and that the NG circuit breaker is closed.
7. If the auto relight light illuminates and the igniter fires during this test, but they do not work during an actual start attempt, the problem is usually related to auxiliary contacts 11 and 12 in start relay 1K1. Replace starter relay 1K1 p/n SM20ACD300A21.

2) HMU PRESSURIZING / SHUTOFF VALVE LEAKAGE

The HMU pressurizing / shutoff valve may be tested for leakage as follows:

1. Locate the fuel discharge fitting on HMU. This is the long-necked fitting located directly above the Power Lever Angle (PLA) quadrant on the HMU. The outlet of this HMU fitting faces aft and feeds the lines which lead to the fuel nozzle. Once located, remove the metal line which attaches to the fitting.
2. Ensure the throttle is in cutoff and that the FADEC Mode switch is in AUTO Mode (outermost position).
3. Apply electrical power to the helicopter, turn "ON" one or both fuel boost/transfer pump switches and "OPEN" the fuel shutoff valve. Confirm approximately 10 to 15 psi on the fuel pressure gauge.
4. Monitor the discharge fitting for leakage (i.e. dripping) over a 5 - minute period. If any leakage is detected, the HMU needs to be replaced. If leakage is detected, please count the number of drops per minute and provide this information to Chandler Evans on the removal tag.
5. If the pressurizing / shutoff valve does not leak, the chances of the HMU contributing to the starting problem are very slim.

To give you a little more insight, we have seen starting problems with pressurizing valves that leak as little as 3 drops per minute. An explanation of the problem a leaking HMU pressurizing / shutoff valve can cause follows:

Following shutdown, a temporary pressure rise occurs in the engine fuel system due to thermal soaking. If the HMU pressurizing/shutoff valve is leaking, fuel will slowly discharge into the engine through the fuel nozzle during the period of the pressure rise. As the pressure rise can last for some time (i.e. approximately 10 minutes), this will allow a number of cc's worth of fuel to be lost from the engines fuel system. Because the pressurizing / shutoff valve usually will not leak in the reverse direction, as the engine cools a vacuum is created which draws fuel vapor and air bubbles out of the fuel. Although the application of boost pumps prior to start will help to return some of the fuel vapor back into solution, the pressure is not sufficient to put the air back into solution or replace the fuel which was previously discharged into the engine. 

Although this scenario can happen to varying degrees, the combination of air, fuel vapor and reduced fuel volume can be sufficient to cause a delayed light off or failure to light off. The greater the amount of fuel which escapes from the system following shutdown, the worse the effects of the vacuum and the more likely you are of having a delayed light off or failure to light off. If the engine experiences a failure to light off because of pressurizing / shutoff valve leakage, the second start attempt is usually successful because the system has been purged.

It should also be stated that fuel leakage could also occur back through the thermal relief features of the airframe mounted fuel shutoff valve and fuel pump check valves. Our experience has shown however, that leakage through the HMU pressurizing / shutoff valve almost always occurs at a much lower pressure than that which is required to crack the thermal relief valves on the airframe side. This is why we use the 10 to 15 psi output of the boost pumps to check the HMU pressurizing / shutoff valve (i.e. this pressure is below the cracking pressure of airframe thermal relief valves).

3) FUEL NOZZLE SHIMMING

Based on the Rolls-Royce Allison (RRA) C47B Operation and Maintenance Manual, the current installed nozzle depth dimensional requirement is .080" to .110". Previously, the allowable limit was from .080" to .140". We have found in some cases however, that shimming beyond the old .140 limit improves light off characteristics. If required, authorization for shimming beyond the existing M/M limit may be obtained from Rolls-Royce Allison Customer Support. In addition, Rolls-Royce Allison is currently making a change to their M/M to allow a maximum of 6 1/2 shims provided 3 full threads are available on the nozzle for engagement.

Although most engines will have approximately 4 ½ to 5 ½ shims installed under the nozzle, the only way to positively confirm the actual installed depth of the nozzle is to carry out the measurement procedure in chapter 73-10-03 of the RRA C47B Operation and Maintenance Manual.  Once the installed depth of the nozzle is determined, you can calculate how much additional shimming may be added to move the nozzle further aft.

If you are in a position were you don't have the tools to measure the installed depth, a general rule of thumb is to add ½ a shim or 1 full shim and give it a try. In some cases you will see improvement in light off characteristics prior to utilizing 6 1/2 shims and in other cases you will have to continue to add shims a little at a time until you reach 6 1/2. Hopefully, you will see improvement as you shim the nozzle further aft. Regardless of the shimming added, it must be ensured that the nozzle has 3 full threads for engagement and you should not exceed 6 and a 1/2 shims in total.

4) FUEL LEAK BACK TO FUEL CELL
 
This test will confirm if the check/thermal relief valves in the main fuel cell are allowing fuel to drain back into the fuel cell. This test will require the aircraft to sit for approximately 10 to 12 hours (i.e. overnight or the number of hours it takes between shutdown and start to experience the starting problem) and may be conducted as follows:

1. Remove the inlet line to the airframe fuel filter (inboard line) and suspend it so that the opening in the fitting is facing up.
2. Open the fuel shutoff valve.
3. Fill the inlet line to the top of the fitting with fuel and loosely cover the fitting with a plastic bag to prevent contamination (air must be allowed to enter the bag).
4. Allow aircraft to sit for approximately 10 to 12 hours (i.e. overnight).
5. The next morning, inspect the line to see if any fuel has drained back. If fuel has drained back, refill with syringe to measure the amount of fuel that is required to refill the line. If it only takes a few cc's to refill the line (i.e. due to evaporation or the effects of expansion/contraction), drain back is not an issue and it will confirm that the check/thermal relief valves are not leaking. If the amount of fuel required to refill the line is representative of a leak, the check valves should be cleaned, repaired or replaced.

5) FUEL NOZZLE REPLACEMENT

If nozzle shimming does not improve light off characteristics and no problems are found during all of the tests provided in this document, nozzle replacement should be considered.

Prior to replacing the fuel nozzle you may want to carry out the Fuel Nozzle Inspection portion of chapter 73-10-03 of RRA C47B Operation and Maintenance Manual. This test allows you to look at the spray pattern of the nozzle.

It is also important to note that a buildup of soft carbon on the face of the fuel nozzle is normal. In addition, based on previous start troubleshooting, the carbon buildup does not seem to affect start characteristics. Based on this information, we advise operators not to clean off or disturb the soft carbon deposits during troubleshooting. 

CONCLUSION

Based on the results of all the above-mentioned tests, a determination can be made on the possible corrective action or actions. Following any corrective action, monitor subsequent starts very closely to determine if the light off characteristics have been improved. Do not make more than one change to the system at any given time, unless you are absolutely sure that multiple problems exist.
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