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“RICK JAMES” VERSION
KNOWLEDGE TO MAKE YOU RICH BEEIACH

By LT Rick J Holt
ATCS Andrew Jeter

ELECTRICAL SYSTEM
PART A
A1.  Electrical panel
a. Bus monitoring switches- Bus A, B removes power from BOTH the PMG to the A coils MEDC to the control/B side that allow power flow to bus A/B (see enclosed diagram NATOPS diagram is wrong).  The essential bus monitoring switch removes a ground potential to the MEAC and SEAC through the Monitor Essential relay and Essential 1 & 2 relays. (SEAC can be brought back through the inverter)
b. Generator control switches- ON/OFF/RESET, between contacts 1-6 (on the diagram). It then allows for PMG power to go to the ACR control section of the Supervisory panel which checks for over/under voltage. If frequency, phase, voltage and no feeder faults then PMG power is routed to the ACR where the ground is self-provided by ACR and PMG power to passes to the 2 or 3A coil via the bus monitoring switches. If the frequency and voltage is within correct limits, the GCR will energize allowing power to the exciter generator. When completing the Gen Reset Procedure-going to OFF resets over voltage (129 +/-1), and pulling the breaker resets the under voltage (105).
c. Inverter battery test switch-Provides a ground to the inverter power relay to allow SEDC to power SEAC via the inverter.
d. External power control switch- ON/OFF/RESET, Allows a reset if power is disrupted due to incorrect Freq, Phase and Voltage. When ON, power is provided from EXT POWER CONTROL C/B on MEDC so that TR4 is energized and power flows across and down to Gen 4 runaround feeder C/B out to the system to bring power on the A/C.  When the External PWR Available light is on that means that power is connected to the A/C. When the Green “ON” advisory light is on that means that TR4 is energized and power is being supplied to the A/C (not just connected). There is also a light on the Ext Power connection under the wing to let the ground personnel know that power is being supplied to the A/C (ie.. do not remove the cable or you might get shocked). 

A2. Engine-driven generators

a. Normal power generation- Brushless generator rated at 60 KVA ground and 90 KVA in flight (because of the cooling of ram air it produces more in flight). Produces 120v 3phase 400 hz power.
b. Permanent magnet generation- single phase 39 vac 600 hz (SINGLE PHASE) power. Look at the enclosed diagram to follow along this part, the theme is AC to DC to AC repeat. PMG generator sends power to the DC power supply, but is tapped off to the GCR (frequency check) just prior for checks. Then it flows to the Voltage Regulator(controls the output of Main AC generator voltage based on demand by changing the DC output) where it comes out as a rectified DC power (all in the sup panel). Then it goes to the Exciter Generator where the induced magnetic field interacts to create AC voltage in the Exciter Rotor. Now once again this AC power is turned into DC, but this time through the Rotating Rectifier where it is supplied to the Main AC Generator Rotating Exciter Field. From here the final AC power is made at the Main AC Generator and supplied for use as 120V 400HZ power. PMG is supplied anytime the prop is turning. The only way to secure PMG is to E-handle the engine.
c. Exciter generator- Receives rectified DC power from PMG which it uses to generate the exciter field for the exciter rotor to supply AC power, which gets rectified to DC by the rotating rectifier and then supplies that DC power to the main AC generator rotating exciter field, which in turn becomes the magnetic inducer for the main AC generator. 

d. Main Generator- uses excitation field of the exciter generator via the exciter rotor to get 3 phase 120 volts output. Output is supplied to and checked by the ACR (the little relay in the sup panel that gets energized) section of the supervisory panel. With proper frequency, phase and voltage, and no feeder fault, ACR will receive PMG power and allow PMG power to go the respective 2A or 3A coil (assuming the Bus A and Gen switches are on) and then 120 volts AC power then goes to the respective bus. ACR is always energized if the respective generator is available for a load. ACR controls A/B side of transfer relays.
A3. Transfer relays
a. Transfer relays 2 and 3- 2A Connects Gen 2 to Bus A and is powered by PMG, 2B allows and alternate gen to power bus A and is powered by MEDC bus A C/B. 3A Connects Gen 3 to Bus B and is powered by PMG, 3B allows and alternate gen to power bus B and is powered by MEDC bus B C/B.
b. Transfer relay 5 and 6- 5 connects Gen 2 to Bus B powered by MEDC Gen 4 transfer C/B. 6 connects Gen 3 to Bus A powered by MEDC Gen 4 transfer C/B. (the control AUX relay controls power to 5 & 6 at the bird beak and only when all other GENs are off line, this happens on almost every flight as you are taxiing out to the hold short with 1,3,4 in low & with APU secured).
c. Transfer relay 4- Gives External power priority over Gen 4 powered by GOB external power control C/B.
d. Transfer relay 7- Gives Gen 4 priority over the APU powered by FEDC Gen 4 Aux control C/B. (the only GEN C/B on FEDC because it is kept on by battery for full FOUO)
A4. External power operation- You get the power available light when external power is plugged in regardless if you are using it or not. It comes in through transfer relay 4 (once it has proper frequency, phase and voltage). With the power available light you go to reset and then on to bring power on. 6 prong adapter (3ac 2dc and 1 ground). Need 75 KVA for full preflight (60 piltra).
A5. Transformer Rectifiers- Transforms 120vac (steps it down to 28 vac) rectified 28vdc 200amps (unless it is TR3 then it is 150 amps). Has a cooling fan for each (except the new square solid state T/R) Rectifies A/C to D/C power. Each has a load meter. T/R1 is powered by Bus A, T/R2 by Bus B and T/R3 by MEAC. 
A6. Battery- Lead acid battery, provides power for starting APU on the ground and a control power for external power connection (transfer relay 4). 24 volt battery can take it down to 22 volts minimum for APU start. You need 18 volts to use external power (18 needed to power TR4). Below 18 volts generally requires an new battery. When connected it powers (FAGS) FEDC, APU ESS, GOB, SEDC. 

A7. Supervisory Panel- 1 for each generator. Provides protection for overvoltage, under-voltage, under frequency, and feeder fault. (over-frequency above 109% for old sup panel). If these conditions are not met then it de-energizes GCR & ACR. The new Sup panels have “cat eye” style BIT/Fault indicators.  
A8. Runaround Relays (foldout 10)- Ensures power to the Essential Busses. Self rectifying from AC to DC and has a phase sensing voltage (requires all 3 AC phases to energize the relay). 
A9. Runaround Feeder C/Bs (foldout 10)- If you need to secure the relays then you will need to pull Gen Feeders C/B 2 & 4 to secure power to Runaround Relay #1 and all three Gen Feeders, 2, 4 & 3 to secure power to Runaround Relay #2.

A10. Essential AC Bus Relays-Act like runaround relays , ensuring that power is always supplied to FEAC and MEAC. Sets a priority in case of a power failure. 
Bus A-2/E/4/A/3
MEAC-Bus A/2/E/4/A/3
SEAC-MEAC/SEDC through the inverter

Bus B-3/E/4/A/2
FEAC-2/E/4/A/3/Bus A

A11. Inverter-Allows SEDC to power SEAC in case MEAC fails. You can power the inverter by holding the test switch to test, or selecting an engine without power to power sensing (you would have to pull the C/B if MEDC lower is powered).
A12. Blocking Diodes-Allow power to only flow in one direction. Ensure a back up power source for MEDC and FEDC.
A13. Power-sensing relay-Allows MEDC to power APU Essential once MEDC is powered. If MEDC is not powered then APU Essential is powered by GOB. It also sets the priority for the APU motor. 
A14. Gen 4 Aux control relay-Allows transfer relay 5 & 6 to power Bus B from GEN 2 and Bus A from Gen 3. This would ONLY happen in flight if you are “Single Gen” with the operating GEN being either Gen 2 or 3, on the ground 1,3,4 in low with no APU would trigger 2 powering B.
A15. Load Monitoring- Partial: Below 8K’ with the APU only or in Single Gen AND you select PROP or EMP DE-ICE.  You loose Heaters, Eaters & Feeders. That means you loose:
Side windshield heat, Galley Power, BUS A (A/C) Feeders 1,2,3 (monitored portion) & Main DC Feeders 1, 2 3(monitored portion), this results in loss of HUAMARI. HF2/UHF2/ADF/Marker Beacon/Autopilot/RADAR/INS2 (refer to 2-11 and 2-13 NATOPS for additional equipment).
FULL Load monitoring-If you are APU only AND you go above 8K’.You loose Heaters, Eaters & Feeders as well as HYD pump 1A, and it de-energizes EMP DEICE but….you can get it back by monitoring an equivalent load (3 Fuel boost pump, Hydraulics-Boost out then the remaining 2 HYD pumps and the Cabin Exhaust fan) and going to EMP DEICE override.

To reset load monitoring when passing through 8K’ you must turn EMP/PROP deice off then on.

PART B

LIGHTS & EMERGENCY PROCEDURES

B1. Gen off light (resettable)- Try it if it works continue, give it a few tries (my comfort level is about 3 times. After that I am going home). GFASG=APU in fliht restart if needed
1. Generator switch — OFF. (FE) this resets the overvoltage lock out
2. Generator control circuit breaker for respective generator (located on MEDC bus) — Pull and reset. (FE) this, along with the generator switch being off, will reset the under voltage lockout.
3. Generator switch — ON. (FE)

If the GEN OFF light remains on steady or goes out momentarily and comes back on:

4. Generator switch — OFF. (FE)

Note

Ensure GEN 4 AUX CONT and/or GEN 4 TRANS circuit breakers are set appropriately.

5. Continue engine operation. The mission should be aborted.
B2. Gen off light not resettable- Abort the mission. If accompanied by even a flash of the Gen mech fail you will be looking to e-handle.

B3. Gen Mech Fail light. (STEADY OR INTERMITTENT)- Primary generator drive end bearing

has failed. Remember it is riding on the AUX bearing (rated at 10 hours). What to do: Mission should be aborted. If the generator switch must be left in the OFF position because of a generator malfunction, execute the Emergency Shutdown procedure
B4. Runaround feeder failure-The P-3 is equipped to back up the runaround feeders incase of failure. If only one fails you probably wont even know (unless it is GEN 4 Runaround before you apply power)
B5. AC bus phase failure-If you loose just one phase you will lose those items on that phase. This happened to me on a FOUO on the ground. Phase C smoked-checked itself and we lost SHP on 2 & 4. The FOUO was from loss of the fan on HF2 power supply. 

B6. Bus A or B control circuit breaker out- If unresettable it would not allow the associated Bus to powered by another Gen. (recommend you abort the mission)
B7. Gen 4 transfer control C/B out- If unresettable, would not allow Gen 2 to power Bus B or Gen 3 to A during Single Gen ops of Gen 2/3.
B8. Gen 4 AUX control C/B out- If unresettable, you loose the ability to have GEN4 assist with power. That means if you E-handle 2 or 3 you are Single Gen until you bring the APU online. You will not have an GEN off light AND if you were using EMP or PROP deice after securing Eng 2 or 3 you would go into load monitoring.

B9. TR Overheat- The respective TR overheated. Pull respective circuit breaker after you checked the load meters on 1 & 2 (you might already be down to only 1 TR); No. 3 (MEAC) located at the flight station and No. 1 (Bus A) and 2 (Bus B) located at the main load center.
B10. Runaround Relay Failure- If you need to secure the relays then you will need to pull Gen Feeders C/B 2 & 4 to secure power to Runaround Relay #1 and all three Gen Feeders, 2, 4 & 3 to secure power to Runaround Relay #2.

B11. Loss of electrical busses-This is bus loss recognition:

Failure



Annunciator Lights 


Other Indications
Main AC Bus A

ELEC POWER, Number 2 GEN 
Autopilot inoperative

OFF, Number 1 HYD PRESS

Copilot FDI GYRO flag
Number 1 and 3 fuel BOOST

pumps, Autopilot/RAWS

Main AC Bus B

ELEC POWER, Number 3 GEN

OFF, Number 1A and 2 HYD

PRESS, Number 2 and 4 fuel

BOOST pumps, FAN OUT

MEAC



DE-ICING, R PITOT HTR OUT
FDI gyro flags, HSI OFF flags
Autopilot/RAWS


SHP gauges inop
FEAC



DE-ICING, L PITOT HTR OUT
Standby attitude indicator OFF flag

Autopilot/RAWS


RAWS warning, Rad Alt off flags

MDC



PRESS SYSTEM, FAN OUT,
Landing gear indicators show

Number 1 and 2 HYD PRESS,
barber pole, Oil quantity indicators
Number 1,2,3 and 4 boost pumps
indicate zero, OAT gauge fails

RACK OVHT





B12. Loss of one or more Generators- If you get down to flying back Single Gen then execute the “U Better Fly Back VFR” which is… Preparations should be made to adapt quickly; boost handles uncovered, pilot and copilot utility lights positioned and on, flashlights within easy grasp, and copilot briefed to place ESS BUS switch off in the event that the remaining generator fails. Flight should be continued in VMC if possible. If the destination airport is IFR, a VFR alternate should be considered.
B13. APU Gen Control C/B popped (unresettable)- If the APU generator control circuit breaker is out, the APU GEN OFF light will be on. Automatic APU load monitoring above 8,000 feet will be disabled; however, the generator will assume the load.
PART C

ELECTRICAL SYSTEM SCENARIOS

C1. Single Gen ops with several hours to landing- “U Better Fly Back VFR” , declare your Emergency status and get priority handling try to get a closer alternate. 
C2. Electrical power distribution with APU or External power- FO-10, be able to trace the diagram.
C3. Full FOUO Checklist effects on electrical system- Be able to trace out and show bus loss effect.
*1. Alert crew, activate fire bill-Alerted.
*2. Cabin exhaust fan-OFF. (This is to help locate the fire quickly **2-127 of Natops will tell you that if you secure the cabin exhaust fan, you will lose power to the SASP, important if you were doing ASW to know this. The FOUO IS priority but if you find it was the coffee pot, well….**
3. Smoke masks-As required. (assess the situation, but you’ll never go wrong putting on your mask)
4. Verify obstacle clearance-Verified (in case we have to descend when we lose the EDCs)
5. Loitered engines-Restart (get the plane ready for RTB & better performance when boost out)
If fire source is not determined:

Note

Positional station inspection may aid in determination of fire of unknown origin source.

6. Bus A-OFF. (FE) shuts off a lot on non essential equipment (help find the source, lose FX 2/3, fuel boosted 1/4, hyd #1, autopilot, RAWS, GEN2 off light)
WARNING

Copilot must select INS‐1 for heading source and STBY GYRO for attitude source.

Note

Most tactical station lighting will be inoperative.

7. Elevator, rudder, and aileron boost levers-Pull. (preparing for boost out all controls)
8. Bus B-OFF. (trying to find source, you lose hydraulics/boost out, rest of boost pumps, FX 1/4)
9. Generator switch Nos. 2 and 3-OFF. (eliminating them as a possibility, A/B are already off)
10. Left or right EDC- DUMP. (this could be the problem, lots of Hazreps with unfound FOUOs)
11. Emergency descent- As required. (preparing for press loss, get below 13K, preferably 10K)
Note

Good judgment should be exercised before deciding on an emergency descent in the case of a fuselage fire. When oxygen is provided for the entire crew, staying at high altitude and depressurizing may help to control fuselage fires.

12. Remaining EDC-DUMP. (no more pressurization, cooling is gone as well)
13. Emergency transmission-As required. (if needed, about to lose radios if full checklist is run)
Note

The aircraft commander shall ensure the emergency message is transmitted on the High Frequency (HF) radio if UHF or VHF communications are not possible.

14. Essential bus switch-OFF (here we just undumped the EDCs because we shut of MEDC which was holding them dumped, we may shear the EDC with this so plan to come back at 10K if so, You will also lose ICS, outflow valve is available electrically)
If fire persists:

Electrically operated flight instruments may be necessary for safe flight, and power to them must not be shut off except as a last resort.

15. Generator switch No. 4-OFF. (Flight A/C is lost battery power only now, 9 min on the peanut GYRO you better be VFR)
C4. Shift engines 1, 3, and 4 to low and you lose Bus B- Transfer relay 3B has failed or Bus B control C/B is popped. It could also be GEN 4 transfer C/B or the Control AUX Relay. Trace this out and see why you lose it.
C5. Transfer Relay 2 or 3 fire (both the A and B coil)- Secure it by turning the appropriate Bus Monitoring switch to “OFF”.  Pull the Bus A or B Control C/B. 
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