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                                                      FOR TRAINING USE ONLY
Foreword to Text-Only Version
This second edition study guide is an updated, C-130E model edition of a guide I first produced while with the 39 AS at Dyess AFB.  This is the text-only version for those with limited bandwidth available for downloading purposes, with system diagrams available as separately available files.  The first edition of this guide was tailored to the H1, with the aim of giving our pilots and copilots a methodical tool for studying and reviewing aircraft systems.  I saw limitations of what our copilots were truly retaining as they filled out their “coloring books”, and our high deployment and TDY rate made it impossible to hold traditional large-scale systems study sessions—we could get together four or maybe five people at any given time.  I believe this same basic situation still exists as our squadrons remain very busy.

The basic framework for this guide is not original—it comes from an old systems guide that helped me immensely as a copilot and aircraft commander.  That old guide was given to all pilots in formal school academics, back when active duty instructors taught the academics portion.   Its methodical layout and conceptual diagrams gave me an excellent starting point for diving into the details of the Dash One itself.  For many years, whenever I wanted a fast brush-up on the basics of a system, I found myself reviewing that old guide.  In the same spirit, and using that old guide as a model, this C-130 systems study guide is intended to help pilots and copilots by methodically presenting each of the aircraft’s major systems in turn, including emergencies and operational limits related to each system.  

All unofficial guides have limitations and drawbacks, and this one is no exception.  In spite of my best efforts, it will have errors (please let me know when you find one).  With future changes to the Dash One, it will get outdated unless you take the initiative to write in the new data or changed procedures.  But I do believe this guide provides some definite advantages to many pilots: 
· The Dash One is not especially well set up for study.  This guide gives a consolidated presentation of each system in turn, minimizing paging back and forth while studying each basic system’s setup, the emergency procedures related to that system, and applicable ops limits.

· This guide will hopefully give copilots and basic aircraft commanders an idea of the depth of knowledge appropriate to their experience level.

· In places, this guide presents techniques that have been found useful by many crews, which are not found in the Dash One.  I have attempted to clearly label techniques as such.

This guide is for training use only, and is in no way authoritative or directive.  The aircraft flight manual (Dash One) is the official and authoritative source of information for how to operate the 

C-130.  There is simply no substitute for detailed knowledge of the Dash One.  You are responsible for using this guide appropriately--that is, as a training aid.  Use it to help you understand what the Dash One is telling you.  The aircraft presented here is a C-130E, with both “old” electrics and ESU electrics presented, although “demodified” ESU with circuit breakers pulled is not discussed.  In the sections other than the electrics section of the guide, a non-ESU aircraft is presented.  It has been updated to reflect the most recently released Dash One, dated 1 Jun 03.   For maximum benefit, please download and include the system diagrams available as separate Adobe Acrobat® files.   This guide is intended to be printed so you can highlight, annotate diagrams, jot down notes, etc.  

I hope you find this study guide to be a beneficial tool.  I also highly recommend Brett Berg’s EPE study guide, although it has not been updated to the latest Dash One.  For H1 crewmembers, the 40 AS maintains a modified version of this guide’s first edition on their squadron’s official “.mil” website.  My thanks go to all the pilots and engineers that have contributed to or edited this material.  Special thanks are due to Mike Brooks of the 40 AS for putting the diagrams into digital format.  God Speed to you all as you fly the mighty Herk around the globe!








Maj Lon Holder








53rd Airlift Squadron
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Acronyms and Abbreviations

AC

Alternating Current

ACI&EFC
AC Instrument and Engine Fuel Control

ADI

Attitude Director Indicator

Aux

Auxiliary

BATT

Battery

BSS

Bus Switching System

CB

Circuit Breaker

CP

Copilot

cps

Cycles Per Second

DC

Direct Current

E

Flight Engineer

EFCL

Electronic Fuel Correction Light

ESP

Engine Shutdown Procedure

ESS AC
Essential AC

ESS AVI
Essential Avionics

ESS DC
Essential DC

FBC

Fail-safe Bypass Contactor

FE

Flight Engineer

GCU

Generator Control Unit

Gen

Generator

Hz

Hertz

INU

Inertial Navigation Unit

INV

Inverter

ISO DC

Isolated DC

KIAS

Knots Indicated Airspeed

KTAS

Knots True Airspeed

Kts

Knots

LH AC

Left Hand AC

LM

Loadmaster

MAIN AVI
Main Avionics

Man

Manual

Max

Maximum

Mech Gov
Mechanical Governing

Min

Minimum

N

Navigator

Norm

Normal

P

Pilot

pph

Pounds Per Hour

ppm

Pounds Per Minute

Press

Pressure

psi

Pounds Per Square Inch

psid

psi Differential

RCR

Reverse Current Relay

RCU

Rectifier Control Unit

RESYNC
Resynchrophase

RH AC

Right Hand AC

rms

Root Mean Square

Tach

Tachometer

TD

Temperature Datum

TD

Touchdown

TR

Transformer Rectifier

VG

Vertical Gyro

C-130E AIRCRAFT SYSTEMS OVERVIEW

CRITICAL OPERATIONS

BOLDFACE

Engine Shutdown Procedure  (ESP)

1.  CONDITION LEVER    “FEATHER”  (CP)

2.  FIRE HANDLE    “PULLED”  (CP)

3.  AGENT    “DISCHARGED”  (FOR FIRE OR NACELLE OVERHEAT)  (CP)

Points to emphasize:

1. WARNING:  In event of throttle control cable failure, DO NOT attempt to move the condition lever due to the possibility of cable fouling.  Engine shutdown will be accomplished by pulling the Fire Handle for the affected engine.

2. WARNING:  When pulling the condition lever to Feather, pull it all the way to the detent to assure the propeller is fully feathered when the engine fuel is shut off.  If binding occurs or condition lever will not move, immediately pull the fire handle.  If the lever is left at mid-position, and NTS is inoperative, an engine decoupling is possible.

3. For fire or nacelle overheat, the agent need not be discharged if no indication of fire or overheat (inside or outside the aircraft) exists after the fire handle is pulled.  However, it may by discharged at the discretion of the pilot.

4. When pressing agent discharge switch, avoid holding for more than 1 or 2 seconds to prevent popping the fire extinguisher control CB.  Good technique to check the CB after any agent discharge.

5. WARNING:  If fire or nacelle overheat condition persists, a break in the bleed air manifold may exist.  Isolate the wing by placing the engine bleed air switch to OFF for the other engine on that wing, and closing the wing isolation valve.  If the fire continues, discharge the remaining bottle on command of the pilot.

6. The second fire agent bottle will only be fired on command of the pilot, and will depend upon the crew’s best assessment of the indications or observed conditions.  The engine’s indicating systems may have been damaged by the original condition.  The flight engineer may check that the fire extinguisher CB is still in to ensure control of the system.

GTC Emergency Shutdown

1.  FIRE HANDLE    “PULLED”  (E)

2.  AGENT    “DISCHARGED”  (FOR FIRE)  (E)

Points to emphasize:

1. NOTE:  The agent should be discharged when an indication continues after the fire handle has been pulled, or if any other indication or malfunction is suspected which requires fire extinguisher agent.

2. WARNING:  If conditions persist, a break in the bleed air manifold may exist.  Isolate by placing #1 and #2 bleed air switches to OFF and closing both wing isolation valves.  If the fire continues, discharge the remaining bottle.

Fuselage Fire/Smoke and Fume Elimination

1.  OXYGEN    “ON, 100 PERCENT”  (ALL)

Points to emphasize:

1. WARNING:  If flammable fumes are present, electrical equipment not required to complete the emergency checklist should not be turned on or off until the fumes are eliminated.

2. WARNING:  Smoke developed in the cargo compartment will move forward into the flight station.  The forward escape hatch must be open to effectively eliminate smoke and fumes during all elimination emergencies.

3. The checklist also calls for the paratroop doors to be opened to vent the aircraft.  If they cannot be used due to cargo compartment fire, smoke, and/or fumes, an attempt should be made to use another opening to effectively ventilate the aircraft.

4. WARNING:  If passengers are aboard and oxygen equipment is not available for them, descend to a safe altitude before depressurizing the airplane.

5. WARNING:  The autopilot will disengage when the CP’s instrument switch is placed to the DC or the OFF position.

6. WARNING:  If a fire is near an oxygen component, consider closing the oxygen manual shutoff valve, and using portable oxygen bottles.  (Technique:  Portable oxygen bottles will give roughly 4 minutes’ use prior to needing recharging, depending on breathing rate.)

Engine Shutdown Conditions (12)

1. Engine Fire.

2. Turbine Overheat.

3. Nacelle Overheat.

4. Uncontrollable Power.

5. Certain Propeller Malfunctions.

6. Uncontrollable rise in TIT.

7. Uncontrollable drop in oil pressure.

8. Uncontrollable rise in oil temperature.

9. Unusual vibration or roughness check.

10. Throttle control cable failure.

11. Generator failure (no disconnect installed).

12. Excessive visible fluid leak.

The engine shutdown conditions and the actions for each:

a. Engine fire

1. Ground Operation:

a. All throttles Ground Idle.

b. Engine Shutdown Procedure (ESP) affected engine.

2. In Flight:

a. ESP affected engine.

      b.  Turbine Overheat:

1. Ground Operation

a. All throttles to Ground Idle.

b. GROUND STOP affected engine.

2. In Flight:

a. Throttle toward flight idle.

b. If overheat persists with throttle in flight idle, ESP affected engine.  Do not discharge agent, since agent cannot be routed to turbine section.

c. If overheat indication ceases with reduced throttle setting, engine operation may continue with reduced power on the engine below a TIT which would cause another overheat warning.

       c.  Nacelle Overheat:

1. Ground Operation:

a. All throttles Ground Idle.

b. ESP affected engine.

2. In Flight:

a. ESP affected engine.

       d.  Uncontrollable Power (see TD malfunctions):  ESP.

  e.  Certain Propeller Malfunctions (see propeller malfunctions):

1. Ground Operation: Ground Stop.

2. In flight:  ESP.

  f.  Uncontrollable rise in TIT:

1. Ground Operations:

a. Move affected throttle toward Ground Idle.

b. TD switch to NULL.

c. If this does not correct the condition, condition lever to Ground Stop.

2. In Flight:

a. Move affected throttle toward Flight Idle.

b. Place the TD switch to NULL.

c. If this does not correct the situation, ESP.

      g.    Uncontrollable drop in oil pressure (see oil system malfunctions):  ESP.

h. Uncontrollable rise in oil temperature (see oil system malfunctions):  ESP.  Technique:  Ground Stop if on the ground.

i. Unusual vibration or roughness check (may be indicated by excessive vibration in the throttles and/or condition levers):  ESP.  Technique: Ground Stop if on the ground.

j. Throttle control cable failure.  ESP immediately with fire handle, not condition lever.  See detailed discussion of throttle control failure in “TD System Malfunctions” section of this guide.

k. Generator failure (no disconnect installed):  ESP.  Technique:  Ground Stop when on the ground.

l. Excessive visible fluid leak:  ESP.

Other Engine Shutdown Considerations:

1. Bleed air leak.

2. Hydraulic pump failure.

3. Fuel leak.

4. Primary fuel pump failure.

5. Hydraulic overpressure.

6. Low oil quantity.

7. TIT indication malfunction.

Ground Evacuation (Emergency Ground Egress)    

1. Some reasons for ground evacuation are uncontrollable or unknown source of fire or smoke/fumes, hot brakes, or crash landings.

2. Ground egress procedures are not boldface, but lives may depend on your ability to quickly locate and correctly perform the procedures.

3. Prior to takeoff, the aircraft commander will brief specifics for crew actions required for ground evacuation.

4. The Dash One procedures for ground evacuation are:

a. Set parking brake. (P)  CAUTION: If a hot brake is suspected or if a fire exists in either of the main wheel wells, set opposite brake only.

b. Notify tower.  (CP)

c. DC bus switch tied.  (E)

1.  Tying the DC bus tie switch during ground evacuation allows aircraft battery power to flow to

     the essential dc bus which supplies power to all the shutoff valves that are motor operated.

    These valves would lose dc power generated from the aircraft generators through the

     transformer rectifiers to the dc busses if the bus tie switch was not tied.  By tying the bus, the 

     aircraft battery ensures that the shutoff valves will travel to the full closed position and remain

     there since motor operated valves stay in the last energized position.  It is important that this 

     be done prior to pulling the fire handles to ensure the valves move to desired position.

d. All condition levers to FEATHER, pull all fire handles.  (CP)

1.  By placing the condition lever to feather, you mechanically and electrically close the fuel control shutoff valve (the “Geneva Lock”) and position the feather valve through mechanical linkage. Pulling the fire handle closes the following motorized valves: engine fuel control shutoff valve, engine oil shutoff valve, firewall fuel shutoff valve, engine bleed air shutoff valve.

e. Notify crew/passengers to evacuate the airplane.  (Interphone, PA system, and/or alarm bell).  Technique:  Always ring alarm bell, even if all on-board personnel are on headset, to minimize the chance that someone missed the interphone evacuation command. 

1. 300 feet away from aircraft minimum for hot brakes or wheel well fire, 600 feet with chaff or flares loaded).

f. DC power switch OFF.  (E)

g. SCNS power switch OFF.  (N/E)

By turning off the aircraft battery and SCNS battery, you will remove any stray voltage being transferred through wires located throughout the aircraft.

h. Chock airplane if time and conditions permit.  (LM)  WARNING:  Nose wheel only if main wheel well fire exists, or if hot brakes are suspected.  Technique:  Always plan/brief to chock the nose gear only.  This should be sufficient for all evacuation cases.

Cargo Jettison and Emergency Exits

1. Hazards and precautions when jettisoning cargo:

a. It is possible to lose control of the aircraft if CG shifts too far aft.  Normal CG limits 15 % [forward] to 30% [aft] Mean Aerodynamic Chord (MAC).

b. Structural damage may be caused by cargo impacting airplane inside or outside.  Check vertical height limits chart in Dash One.  Also, minimum pallet weight 2,500 pounds.

c. Use elevators slowly, smoothly, and no more than necessary during the jettison operation.

d. Personnel jettisoning cargo must wear a parachute or restraint harness.

e. Airplane must be depressurized before opening doors.

f. Crew members must wear oxygen masks unless the airplane is below 10,000 feet.

g. Open ramp and aft cargo door to airdrop position.

h. Personnel must stay forward of loose cargo.

i. In all probability, cargo jettison would take much longer and be more difficult than the way it is usually emulated in the flight simulator.  

2. How to jettison cargo:

a. If load is rigged for airdrop, use applicable airdrop procedures.

b. If load is not rigged for airdrop, or if airdrop fails:

1. Establish a 10-degrees nose up attitude.

2. Accelerate the airplane to facilitate cargo extraction.

3. Use elevators smoothly to avoid exceeding structural limits.

c. Jettison large, heavy cargo resting on the floor only as a last resort.

1. It moves slowly, and may wedge in aft area of cargo compartment, resulting in out-of-limits aft CG.

d. Jettison light cargo by hand.

1. Primary exit is ramp and aft cargo door.  Slow to 150 Kts or below to avoid sever buffeting.

2. Use paratroop doors only when ramp and aft cargo door cannot be opened.

3.  Bailout exits:

a. Primary exit is aft cargo door and ramp.

b. Secondary exits, in order of preference, are paratroop doors, then crew entrance door.

1. Crew entrance door not recommended above 150 kts.

2. Crew door jettison may not be possible if pressurized above 3.1” HG differential.

c. See detailed bailout procedures in Dash One, section 3.

4.  Ditching exits:

a. Flight deck

1. Forward escape hatch.

2. Pilots’ swing windows WARNING:  Side emergency exit and flight station swing windows are not to be used in heavy seas or nose down conditions.

b. Cargo compartment

1. Center and aft escape hatches.

       c.  If not otherwise directed, crew boards left inboard life raft.

            See detailed ditching procedures in Dash One, section 3. 

Air Start Procedure

1. Once preparation for airstart has been completed, put condition lever to AIR START on pilot’s command, and hold it in that position until lightoff.  Recommended airspeed 180 KIAS or less.

2. Once lightoff is achieved, release the condition lever, which will spring-load back to RUN.

3. Monitor the engine as in a ground start.

4. CAUTION:  If the FE doesn’t state “NTS” by 10% rpm, immediately discontinue the start by placing the condition lever to FEATHER.

5. Normal lightoff should occur by 30%.  It must lightoff by 40%.  If no lightoff by 40%, immediately place condition lever to FEATHER.

6. CAUTION:  If NTS is not indicated, interruption of the start cycle after lightoff (by going to FEATHER too late) may result in decoupling and severe overspeed.

7. CAUTION:  Do not try to restart an engine with inop NTS except in case of greater emergency.  If air start must be attempted in this case, reduce speed to 130 KIAS and descend to below 5000 feet AGL, if possible, to decrease the chances of decoupling during the air start.  

      Technique:  In this case you are trying to get into thicker air to minimize the odds of decoupling, so

       restart below 5000 MSL is desirable, although not always possible depending on ground elevation.

8. WARNING:  Operation in the freezing range in visible moisture may cause icing that will prevent air start of a shut down engine.

9. WARNING:  With a complete loss of AC power, an airstart is not possible after 4-engine failure.  TCTO 1723 will change this, when installed at some future date.

Controllability Check

1. Perform to determine extent of damage, and minimum safe airspeed during approach and landing.  Perform if encounter actual or suspected:

a.    Inflight structural damage

             b.    Fuel imbalance

             c.    Differential airspeed (a significant split between the P and CP indicators).

      2.    Conducting a controllability check:

a. Conduct preliminary check for aircraft damage and personnel injuries.

b. Climb to 10,000 feet AGL, if able.

c. Consider dumping fuel to lighten airplane.

d. Complete the DESCENT checklist.

e. Configure the airplane for landing.

f. Gradually slow the plane in 5-kt increments while evaluating control capabilities in turns and simulated landing approaches, looking for developing control problems.  Decrease speed until landing speed is attained, or an undesirable control problem is encountered.

g. Land at touchdown speed, or 1.2 times stall buffet encountered, whichever is greater.  

h. WARNING:  Never decrease speed to a point where full control deflection is required, as there may be no recovery capability beyond this point.  Make changes gradually.

i. WARNING:  With structural damage, beware the danger of split flaps.  

MAJOR AIRCRAFT SYSTEMS

TURBOPROP ENGINE AND PRIMARY ENGINE CONTROLS

1.  The 3 major power plant components are:

     a.  Turbojet engine.

     b.  Reduction Gearbox.

     c.  Propeller.

2.  The primary function of the power plant is to:

a. Convert combustion gas energy to mechanical shaft horsepower which is transmitted to the reduction gearbox through the extension shaft; it’s read in inch-pounds on the torquemeter.

3.  The  units on the engine-driven accessory drive are:  (“OFFSS”)

     a.  Oil pump (engine).

     b.  Fuel pumps.

     c.  Fuel Control.

     d.  Speed sensitive control (electrical).

     e.  Speed sensitive valve (pneumatic).

4.  The reduction gearbox:

a. Converts the high rpm and low torque output of the engine to low rpm and high torque output at the propeller.  Low prop rpm is necessary to assure efficient propeller operation (prop tips remain subsonic). 

b. Reduction ratio is 13.54 : 1.

c. Engine is rotating at 13,820 rpm.  Props are rotating at 1,021 rpm.

5.  The reduction gearbox accessories are: (“GHOST”)

     a.  Generator (AC).

     b.  Hydraulic pump.

     c.  Oil pump.

     d.  Starter.

     e.  Tachometer generator.

6.  Power plant instruments:

    a.  Torquemeter indicates torque in thousands of inch-pounds being transmitted from the engine turbine

         section to the reduction gear assembly (ACI&EFC bus).

    b.  Tachometer indicates percent rpm of the propeller and reduction gear assembly (self-powered

         gauge).

    c.  Turbine inlet temperature indicates in degrees C, the temperature of the gases entering the first 

         turbine stage (ACI&EFC bus).

    d.  Fuel flow indicates fuel actually entering the fuel manifold after all fuel corrections have been made

         (ACI&EFC bus).

7.  Throttles have 2 distinct, separate operational ranges:

     a.  Taxi range is full reverse to the forward taxi limit (flight idle gate) ( 0 to 34 degrees).  In this range,

          throttles control fuel flow and blade angle.

     b.  Flight range is flight idle to maximum power (34 to 90 degrees).  Throttles schedule fuel flow only.

8.  Engine condition levers select engine and prop conditions:

     a.  FEATHER:  full aft detent position:

          1.  Mechanically and electrically closes the fuel shutoff valve at the fuel control.

          2.  Mechanically and electrically feathers the prop by positioning the feather valve.

                a.  Mechanically positions feather valve.

                b.  Electrically energizes feather solenoid valve, which routes fluid to send feather valve to

                     feather  position.

                c.  Propeller feather override button will retract.  This indicates the feather valve is

                     positioned and the prop aux pump (also known as the aux feather pump) motor is operating.

     3.  Prop aux pump motor is turned on to provide prop oil pressure to complete feathering as rpm

          slows down in feathering process.

b.  GROUND STOP:  Central detent position:

           1.  Electrically closes the fuel shutoff valve at the fuel control.

           2.  To operate, the aircraft must be on the ground (touchdown switch) and the ignition system must

                be energized (ignition control CB in).

      c.  RUN:  Forward detent position:

          1.  Places engine fuel and ignition systems under control of the speed sensitive control, allowing

              “automatic” start.  Also for engines 2 and 3, the ice detection system is energized.

      d.  AIR START:  Full forward spring-loaded position:

           1.  Provides same features as Run.

           2.  Turns on prop aux pump motor to provide prop oil pressure to drive propeller out of feather. 

Torque Limitations

1.  Oil temp below 0 degrees C.


Minimum

2.  Oil temp 0-40 degrees C.



4,500 in-lbs

3.  Max Continuous




19,600 in-lbs

4.  Max Allowable




19,600 in-lbs

5.  NTS Occurs




-1260 +/- 600 in-lbs

6.  Safety Coupling Decouples


-6000 in-lbs

7.  Max Taxi Speed, Ground Stop


20 kts combined ground & wind speed

8.  Allowable Difference, Reverse Symmetrics
1000 in-lbs

9.  Min Torque Increase, Low Pitch Stop Engaged
200 in-lbs increase

10.  Min Torque for Runup



8000 in-lbs

11.  Within 30 degrees of 10+ kt wind

When exceeding 7000 in-lbs

FUEL SYSTEM

C-130 fuel control can be thought of as being broken down into 2 main areas:  storage and distribution prior to the engines, and then fuel flow/power regulation within each individual engine.  This guide will first discuss storage in tanks, and management of distribution, followed by each engine’s fuel management via dual-element pumps, hydromechanical fuel control, and TD system.

FUEL , TANKS, AND DISTRIBUTION

1. Recommended fuel for the C-130 is JP-8.  

a. Alternate and emergency fuels are listed in order of preference in section 5 of the Dash One.

b. Engine power is not affected by alternate fuels if the TD system is operative.

c. Type of fuel will affect range, and slightly affect performance.

2. An alternate fuel is defined as a fuel which can be used with a possible loss of engine efficiency.

a. Use of some alternate fuels may result in increased maintenance or overhaul cost and reduced rate of climb, altitude, and range.

b. While using alternate fuels, the TD system may have to be adjusted for engine starts.

c. Enrichment should not normally be used for starts using alternate fuels.

d. Emergency fuel--limited to one-time flight.  Can cause significant damage due to:

1. TCP causing erosion, and lead coating of turbine blades causing hot spots.

2. High volatility and boil-off.

3.  Fuel tanks and their capacities (JP-8, foam in tanks, usable fuel, level flight):

     a.  Main wing tanks:

     1.  No. 1, outboard of #1 engine – 8310 pounds.

      2.  No. 2, between engines #1 & 2 – 7657 pounds.

     3.  No. 3, between engines #3 & 4 – 7657 pounds.

     4.  No. 4, outboard of #4 engine – 8310 pounds.

b.  Auxiliary bladder-type tanks:

     1.  Left aux is between fuselage and #2 engine dry bay area. – 5814 pounds.

     2.  Right aux is between fuselage and #3 engine dry bay area – 5814 pounds.

c.  External nonjettisonable tanks.

     1.  Under each wing between outboard and inboard engines – 8901 pounds each.

d.  Total usable fuel with JP-8: 61,364 pounds (9,024 gallons).

e.  With external stores installed, max fuel for tanks 1 and 4 is reduced by the weight of the stores.

4.  The purpose of proper fuel distribution is to provide lateral stability of the airplane in flight and on the

     ground, and to relieve air loads on wings in flight.

a. Fuel in outboard tanks distributes stress across entire wing.

b. Fuel in inboards does not relieve stress on outboard portions of wing.

c. Do not fly aircraft with less fuel in outboard mains than inboard mains.

d. Fly with outboard main tanks empty only in an emergency.

5.  Fuel distribution limits:

a. Maintain 500-1000 pounds more fuel in outboard than inboard mains to distribute wing stress.

b. For lateral stability:

1. Max allowable differential between wings, excluding aux tanks, is 1500 pounds.

2. Max allowable differential between symmetrical pairs of main and external tanks is 1000 pounds.

3. One aux tank may be full and the other aux empty, provided all other tanks are symmetrically fueled, or are unbalanced toward the opposite side within the above limits.

6.  The function of the fuel tank vent system is to relieve positive or negative pressure in tanks caused by:

a. Heating or cooling.

b. Refueling or defueling.

c. Changes in atmospheric pressure.

Fuel Tank Electrically Driven Fuel Pumps

1. The electrically driven fuel boost pumps in the tanks provide fuel under pressure to:

a. Assure positive flow of fuel to engines regardless of airplane attitude.

b. Assure fuel flow under pressure to engines during climb when fuel tends to aerate.

c. Provide fuel under pressure to crossfeed manifold.

d. With a failed boost pump:

1. Maximum power can be maintained if excessive pitch attitudes, rates of descent, and accelerations are avoided.

2. Engines will gravity feed at altitudes up to 30,000 feet from their respective main tanks once excess air has escaped from fuel.

3. Fuel will gravity feed from any main tank to its respective engine ONLY.   Cannot gravity feed to an engine via the crossfeed manifold.

2. Dump pumps in each fuel tank are used to jettison fuel during flight.

a. Reduces gross weight to sustain flight with failed engines.

b. Reduces gross weight for landing.

c. Increases buoyancy for ditching.

3. Main tank boost pump pressure is 15-24 psi; aux and external boost pumps provide 28-40 psi.  Aux and external pressures are higher in order to ensure they supply fuel to the engine rather than the lower pressure from the main tanks.

a. LH AC powers #1 boost pump and forward boost pump in left external tank.

b. ESS AC powers #2 boost pump.

c. MAIN AC powers #3 boost pump, both aux pumps, and all dump pumps, which includes aft pumps in external tanks.

d. RH AC powers #4 boost pump, and forward boost pump in right external tank.

4. The fuel control components on the overhead panel:

a. Individual quantity gauges indicate amount of fuel in each tank in pounds.

b. Totalizer indicates total pounds of fuel in all tanks which have working quantity gauges.  During fuel distribution check, total fuel on gauges should approximate totalizer.

c. Fuel manifolds depicted on panel facilitate proper routing of fuel for tank to engine operation, crossfeed operation, fuel dumping, and refueling/defueling/ground transfer.

d. Test switches are adjacent to each indicator.

1. Pressing button will cause respective gauge to move toward zero.

e. Fuel pressure indicator is used to check the pressure of the fuel boost pumps supplying pressure to the crossfeed manifold.

1. Can be used to check individual pump operation.

f. The crossfeed primer valve button allows fuel to flow through the crossfeed manifold and into the #2 main tank to remove any trapped air.

1.  Used to depressurize the crossfeed manifold.

5. How electrical malfunctions affect the fuel quantity indicators:

a. Loss of electrical power to an individual fuel quantity gauge will immobilize the gauge pointer.

b. Totalizer will not include amount indicated by immobilized pointer.

c. Fuel quantity indicators will not be removed or changed in flight.

d. If a fuel quantity indicator CB is popped, it will not be reset for any reason.

e. If a fuel quantity gauge is failed or off-scale high or low, pull its CB.

f. If a CB were to be erroneously reset, or not pulled in accordance with procedures, a short circuit might occur, resulting in potential catastrophic explosion and loss of life.

6. Main tank low pressure warning lights:

a. Illuminate when pressure drops below 8.5 psi in the engine fuel line.

b. This may indicate main tank boost pump failure when in tank-to-engine configuration, or can signify that a main tank is empty.

7. Aux and external tank empty lights:

a. Will illuminate when respective boost pump switch is on, and pressure drops below 23 psi.

b. This may indicate its respective tank is empty, or boost pump failure.

8. The crossfeed manifold:

a. Provides fuel routing to operate engines and/or GTC from any fuel tank.

b. Permits ground transfer of fuel between any two tanks.

c. Permits ground defueling of any tank.

9. The crossfeed valve switches control valves in the manifold to route fuel from the crossfeed manifold to each engine, and to route fuel from each tank to the crossfeed manifold.

a. Only fuel from tank producing the highest pressure supplies engines when crossfeed valves are open.

b. Aux and external crossfeeds close automatically when their respective fuel tank’s dump switch is placed to dump position.

10. The crossfeed separation valve switch, centered on the lower portion of the fuel control panel, controls a valve that separates left wing crossfeed manifold from right wing crossfeed manifold.

a. Permits additional control of fuel routing.

b. Provides for balancing fuel load during crossfeed operation.

11. The bypass valve switches provide alternate routing for fuel from aux or external tanks in case the respective crossfeed or dump valves fail to open.

Refueling, Defueling, and Ground Transfer

1. Two methods of refueling:

a. “Single point” preferred; panel located on aft right wheel well fairing.

b. “Over the wing” through filler caps on each main and external tank.

c. Aux tanks do not have filler caps, and cannot be refueled over the wing.  They can be filled by ground transfer methods, if required.

2. Normal fueling and defueling are done via the single point refueling panel.  Ground transfer can also be accomplished from this panel.  See Dash One for operations details.

3. The refueling manifold permits refueling of all fuel tanks from a common receptacle.

4. The refueling light, located in the center of the engineer’s fuel panel, illuminates when:

a. Single point refueling master switch is not in the OFF position.

b. Ground transfer valve is not closed.

c. Ground transfer switch is not in the CLOSE position.

Fuel Management

1. Aux tanks are used first on long-range flights, as they only have one boost pump, and sufficient fuel is assured to return to point of departure if an aux boost pump fails (fuel will not gravity feed from aux tanks).

2.  External tanks are used first on short-range flights in order to prevent landing with fuel in externals.

a. Landing with fuel in externals is not recommended, since service life of airplane (wings) is decreased.

3.  Landing contact sink rate limits:

a. 540 fpm max.

b. If required to land with fuel in externals, landing contact sink rate limit is 300 fpm.

c. If either outboard tank contains more than 6200 pounds, max contact rate 300 fpm.

d. If aircraft gross weight exceeds 130,000 pounds, max contact rate 300 fpm.

4.  Gravity feed is used for tank-to-engine ops, with an inop main tank boost pump.  Monitor fuel flow,

     TIT, and torque for satisfactory engine operation.  If the engine does not operate satisfactorily on

     gravity feed, resume crossfeed operation.

a. Avoid rapid acceleration or nose low attitudes.

b. Descend with minimum nose down attitude.

c. Gradual power loss may occur between 12,000 and 20,000 feet during rapid climbout due to fuel aeration.

5.   An engine must be placed on crossfeed operation when:

a. Operating with less than 6000 pounds total of fuel in the main tanks.  Place crossfeed valves to open and boost pump switches on for all tanks containing fuel.  Open the crossfeed separation valve.

b. If fuel quantity of less than 1000 pounds in any main tank, the engine being fed by that tank will be placed on crossfeed.

6.   Primary fuel management requires that main tanks are full, except for fuel used for taxi and takeoff, 

      when the external and/or aux tanks contain usable fuel.  This ensures the least amount of wing

      bending in flight.

a. Main tanks may be considered full for the purpose of this definition at a minimum of 7500 pounds in the outboards, and 6900 pounds in the inboards.

b. All fuel balance limits must be observed.

7.   Secondary fuel management occurs when there is usable fuel in the external and/or aux tanks, and the

      main tanks are partly filled, or when the 500 to 1000 pound difference between inboard and outboard

      main tanks is not observed.

a. Use of secondary fuel management will shorten the service life of the wings, and should be avoided unless necessary for mission accomplishment.  This becomes more critical, i.e. more stress on wings, when operating near the gross weight limit for the applicable maneuver, airspeed, or when carrying more than approximately 10,000 pounds of cargo.

Fuel Malfunctions / Emergencies
1. If an external fuel leak occurs in flight:

a. Poses a definite fire hazard if the leak is close to an engine; engine shutdown procedure should be considered in this case.

b. Refer to Dash One for proper procedures and warnings.

2. When landing with a known or suspected fuel leak:

a. A wing fire is possible from an external fuel leak if reverse thrust is applied.

b. Fuel will flow to low pressure area.

c. Landing should be made at the nearest field which has sufficient runway to complete the landing ground roll without reverse thrust.

d. Due to possibility of fire, an emergency should be declared, and ground fire suppression equipment requested.

3. In event of a wing fire:

a. Engine bleed air switches on the affected wing – CLOSED.

b. Wing isolation valve switch on affected wing – CLOSED.

c. Sideslip the airplane to keep the fire away from fuselage.

d. Land as soon as possible!  Leading edge and other aerodynamic surfaces can melt and/or fall off the aircraft, resulting in swift loss of controllability.

4. In event of a confirmed main/aux boost pump failure or CB popout:

a. Turn boost pump switch off.

b. Pull all 3 CBs.

c. Set up another fuel supply as required.

d. WARNING:  Reset CBs or turn pump switch on ONLY to prevent fuel starvation.

e. For main tank boost pump failure, climbout, rapid acceleration, and nose low attitudes may cause fuel starvation if not on crossfeed.

5. In event of a confirmed external boost pump failure or CB popout:

a. Turn malfunctioning pump off.

b. Pull all 3 CBs for respective pump.

c. Set up another fuel supply (turn on other external pump).

d. If, in confirming boost pump failure, low or no pressure is obtained from one of the two external pumps in that tank, then that pump has failed.

e. If both pumps indicate less than 28 psi, the fuel level control valve has failed.  If landing cannot be accomplished within range of fuel in other tanks, ops with fuel from the external tank is permissible with caution.  Closely monitor TIT, torque, and fuel flow.  If erratic engine operation is observed, immediately return main tank boost pumps to ON, and discontinue crossfeed from that external tank.

f. If both pumps have failed, fuel in that external tank is unusable.

6. In event of fuel quantity indicator failure:

a. Pull associated fuel quantity indicator CB.

b. DO NOT RESET a popped or pulled CB.

Fuel Dumping

1. Fuel dumping may be required for:

a. Preparation for emergency landing.

b. Reduction in gross weight with an emergency.  2-engine ops marginal above 120,000 pounds.

c. Additional buoyancy in a ditching operations.

d. To eliminate fuel from a leaking tank.

2. The dump pump switches move the jettison valve to the OPEN position, and turn the selected tank dump pump on. The dump mast shutoff valves (’63 models and later) at each end of the dump manifold should open automatically whenever the touchdown switch senses the airplane is in flight.

a. The dump pump switch for the aux or external tanks will also close their respective crossfeed valve.

b. Pumps will dump all but 2100 pounds in outboards, 1800 pounds in inboards, and 60 pounds in externals.  Total of 7,920 lbs remaining, which is enough for slightly less than 2 hours of flight.

c. Dumped fuel exits via the dump manifold, exiting the aircraft at each wingtip.

d. With 8 dump pumps operating (one in each main, one in each aux, one in each external), it takes about 3 minutes to dump 10,000 pounds.  See chart in Dash One section 3.

3. When dumping:

a. Advise ATC of intentions, if practical.

b. Turn off defensive systems.

c. Place fuel system tank-to-engine before dumping.

d. Stop dumping if a wing fire develops.

e. Dump opposite tanks at the same time to maintain lateral balance.

f. To dump from a tank with an inop quantity gauge, dump from that tank first to confirm it is dumping, then continue with dumping on the other tanks.

g. Do not dump under 5000 AGL, if practical.

h. Do not dump in a circular pattern.

i. After dumping, and if time permits prior to landing, cross-control the airplane to clear the dump manifold of residual fuel.

Fuel Limitations

1. Fuel distribution:

a. 500-1000 pounds more in outboards than inboards.

b. Max differential between wings, excluding aux’s, is 1500 pounds.

c. One aux tank may be full and the other empty, provided all other tanks symmetrical or unbalanced in the opposite direction, within section 5 limits.

d. Max difference between symmetrical pairs of mains and externals 1000 pounds.

2. Main tank boost pump pressure 15-24 psi.  Low pressure light at 8.5 psi.

3. Aux and external boost pump pressure 28-40 psi.  Tank empty light at  23 psi.

4. Landing sink rate limits generally 540 fpm max.  Reduced to 300 fpm if:

a.   Either outboard tank contains more than 6200 pounds.

      b.   Usable fuel in either external tank.

      c.   Aircraft gross weight exceeds 130,000 pounds.

ENGINE FUEL SYSTEM

1.  The engine driven dual element fuel pump:

      a.   Located on the engine accessory case, gear-driven by engine.

      b.   Provides fuel under high pressure to the engine fuel control.

      c.   Engine fuel system has 2 modes of operation:  parallel and series.

      d.   Either pump element can provide sufficient fuel pressure to operate the engine.

2.  Operation of the dual element fuel pump:

     a.   Parallel valve electrically held closed, causing both pump elements to provide fuel under pressure

           when engine rpm is 16% to 65%.

     b.   The pump dual elements are in parallel for starting in order to increase fuel flow at low rpm.

     c.   Parallel operation is indicated by illumination of the secondary fuel pump pressure light prior to

           65% rpm.  Normally occurs at approximately 30-40% rpm.

     d.   Lack of secondary fuel pump pressure light illumination during start may indicate secondary fuel

           pump failure.

     e.   Pump design provides an alternate route for fuel if the primary or secondary pump fails.

3.  Series operation of the dual element fuel pump:

     a.   In normal operation, pump elements are in series (secondary element feeds primary element) when

          engine rpm exceeds 65%.  Above 65% rpm, single pump element output is sufficient for all 

          operating pressure/volume requirements.

     b.  If primary pump fails with engine rpm above 65%, the secondary fuel pump will pressurize the fuel 

          system against the failed primary pump and the secondary fuel pump pressure light will illuminate.

4.  Fuel enrichment switches:

     a.   One switch for each engine on a panel to the right of the starter buttons.

     b.   “NORMAL” position selects enrichment for starting.

     c.   “OFF” position deactivates enrichment circuit.

     d.   Enrichment:

           1.   Additional momentary fuel burst, about 8 ounces, to fill the manifold lines and facilitate

                 ignition at low rpm/temperature.

           2.   Indicated on fuel flow gauge as a rapid increase to about 1000 pph followed by immediate,

                 rapid decrease to about 300 pph.

5.  Enrichment is OFF for normal ground start:

a. Can use enrichment if engine did not light off with normal fuel flow on the first start attempt and bad spray pattern or igniters are suspected.

b. Can use enrichment in low ambient temperatures, i.e. below 0 degrees C OAT.

c. Do not use enrichment with TIT indication of 100 degrees C or more, or if an engine overtemperature occurred on a previous start.

d. Do not position enrichment switch to NORMAL after the engine starter has been activated.

6.  Enrichment switch should be positioned to NORMAL for air starts, TIT 200 degrees C or less, or

     windmill taxi starts, TIT 100 degrees C or less.

7.  The hydromechanical fuel control is sensitive to:

     a.   Throttle position, which schedules a fuel flow.

     b.   Engine inlet air temperature and density.

     c.   Engine rpm.

           1.   Controls fuel flow during start.

           2.   Limits engine RPM by reducing fuel flow if engine speed exceeds 103.5% rpm.
     d.   Low speed ground idle buttons (powered by ESS DC):

            1.   Located on flight pedestal.

            2.   Reduces engine noise level, FOD ingestion, and provides more efficient cooling.

            3.   Depressing ground idle button causes reduced fuel flow to engine.

            4.   RPM will stabilize at approximately 72% (69-75.5% rpm).

8. Hydromechanical fuel control provides 120% of fuel required to run engine.

9.  The condition lever will mechanically and electrically close the fuel shutoff valve at the fuel control

     when placed to Feather.  Fuel shutoff valve will be closed electrically in the Ground Stop position.

10. The fire handle, when pulled, will electrically close the shutoff valve at the fuel control and at the firewall behind the engine.

Engine Fuel Malfunctions

1. If you get an illuminated secondary fuel pump pressure light with rpm above 65% without associated TIT drop on start, or anytime in flight:

      NOTE:  If on crossfeed from an aux or external fuel tank when the light comes on, stop crossfeed.  If the light goes out, crossfeed may be resumed.  If the light flickers in tank to engine flow, you know it is an indication of a defective pressure switch, secondary pump outlet check valve in the high pressure filter assembly, or paralleling valve.  In this case you may also resume crossfeed operation, and record the indication in the 781 for required maintenance before next flight.

       a.   Flight engineer will pull ignition control circuit breaker for that engine as it controls the operation

             of the parallel valve.

1. If the secondary fuel pump light was extinguished when the ignition control CB was pulled, 

An electrical malfunction has occurred in the speed sensitive control (65% switch).

                    a.   Record the malfunction in the AFTO Form 781.

                    b.   Mission could be completed, depending on circumstances.

                    c.   Automatic ice detection system on engines #2 or #3 is deactivated if CB is pulled for that

                          particular engine.

       d.  When completing the engine shutdown checklist after the mission, the flight engineer will

             push in the CB so the fuel shutoff valve will close when the copilot places the engine 

             condition lever to Ground Stop.

                    e.   The CB must be reset prior to Air Start.

             2.    If the secondary fuel pump pressure light remained illuminated after the ignition control CB

                    was pulled, the flight engineer will push the CB back in.

                    a.   Primary pump failure may have occurred.

                    b.   Record the malfunction in the 781.

                    c.   Engine fuel system may become contaminated by a failed pump; engine shutdown should

                          be considered.

2.  If you get an illuminated secondary fuel pump light with rpm above 65% with an associated 20-30 

    degree “series” TIT drop on start:  TIT series drop confirms you have “2 good pumps and a good    

    parallel valve”.

    a.   Pressure switch is stuck with no way of monitoring primary pump—maintenance required.

3.  If you get no illuminated secondary fuel pump light by 65%:

     a.   Look for series TIT drop at approximately 65% rpm; stop start.

           1.   If TIT drop was noted, press to test the secondary fuel pump pressure light.

                 a.   If light is good, pressure switch is bad and you have no way of monitoring the primary

                       pump—maintenance required.

                 b.   Check another light.  If none work, check secondary pump indicator light CB.

                 c.   If bad bulb, replace bulb and restart engine.

           2.  If no TIT drop was noted at 65% rpm, Stop Start for possible failure of secondary fuel pump

                and possible fuel contamination—maintenance required.

4.  Low speed ground idle:

     a.   When downshifting, monitor the engine instruments and shut down the engine if TIT reaches 850

           degrees, or the engine stalls (Ground Stop).  

     b.   Technique:  CP assist FE by monitoring TIT during downspeed, hand by applicable condition

    lever, ready to ground stop overtemping engine.  Action must be quick to prevent severe overtemp.

TEMPERATURE DATUM (TD) SYSTEM

1. TD system provides electronic adjustment of fuel flow established by the mechanical fuel control.

a. Compensates for heat value and density of any flight manual recommended or alternate fuel.

b. Provides overtemp protection for engine starting and maximum power applications.

c. At higher throttle settings, the TD system electronically compensates for variations in mechanical engine fuel control schedule relative to electronically scheduled TIT for that particular throttle setting.  This results in alignment of power output of all engines when throttles are above 65 degrees of throttle travel.

d. Depends on thermocouple readings to accurately sense and schedule TIT.

1. 18 thermocouple probe sensors per engine, positioned in the hot gas path at the inlet of the

      first stage turbine blades.  Wiring of sensors provides independent readouts of temperature to

      the cockpit TIT indicator, and to the TD system.

2.   A single thermocouple sensor with a hole in its tip yields erroneous reading of 3.5 degrees 

      lower than actually existing in the turbine inlet.  This effect is additive, e.g. if two sensors on

      an engine had holes in them, the reading would be 7 degrees lower than actual.

3.   A single thermocouple sensor with its tip entirely broken off yields erroneous reading of 22

      degrees lower than actual.  The effect of multiple sensor failures is additive.

2. The functions of TD system controls and indicators:

a. Four TD control valve switches, one for each engine, located on the flight control pedestal aft of the condition levers

1. NULL:  TD system is off--mechanical fuel control only. (20% bypass)

2. LOCKED:  Provides overtemp protection at all throttle settings.  Called “Start Limiting” below 94% rpm, i.e. during engine start.  Called “Temperature/Normal Limiting” above 94% rpm.

3. Auto:  Enables TD system to schedule TIT (called “Temperature Controlling”) when throttles are advanced above 65 degrees of throttle travel.  Also provides automatic overtemp protection.

b. Electronic fuel correction lights, one for each engine, located on lower right hand portion of pilot’s instrument panel.

1. Provide visual indication of throttle position relative to 65 degrees of throttle movement (crossover), provided the TD control valve switch is not in the LOCKED position.  Switch could be in NULL or AUTO.

a. Light will be on when throttle is below crossover.

b. Light will be out when throttle is above crossover.

2. In LOCKED, light will indicate at what throttle position it was locked.

a. If locked below crossover, light stays on.

b. If locked above crossover, light stays out unless overtemp is sensed and corrected.

3.  How the TD system provides temperature limiting during engine start and normal operation:

a. TD control valve switches positioned to AUTO or LOCKED prior to engine start.  

      CAUTION: NULL not recommended for start due to no overtemp protection.

b. During start, there is 20% bypass and an additional 50% take available until 94% rpm.  Above 94% rpm, there is only 20% bypass and the capability of 20% take (LOCKED or AUTO).

c. TIT is limited by TD system when in AUTO or LOCKED.

1. Below 94% rpm, TIT limited to 830 degrees C.

2. Above 94% rpm, TIT limited to 977 degrees C.

d. When NULL is selected, no automatic overtemp protection is available.

4.  How the TD system provides temperature controlling:

a. Temperature Controlling available only in AUTO, whenever the throttle position is between 65 and 90 degrees of throttle travel (above crossover).

b. TD system in AUTO, Temperature Controlling achieved by comparing desired TIT for throttle position to actual TIT then adds up to 20% or takes up to 20% fuel supplied by the fuel control to obtain desired temp.

5.  The uses of the NULL, AUTO, or LOCKED position of the TD control valve switch:

a. NULL:  Used to eliminate inputs from the TD system (off).

b. AUTO:  Engine start and all normal operations requiring  temp controlling.  Provides overtemp protection.

c. LOCKED:  To eliminate the power surge when the throttles cross the boundary (crossover point) between temp controlling (TIT scheduling) and temp limiting (overtemp protection).  Crossover is at 65 degrees of throttle travel.

1. Selecting LOCKED with the throttles below crossover:  The electronic fuel correction lights are on.  However, temp limiting is still available.

2. Selecting LOCKED with throttles above crossover:  Electronic fuel correction lights (EFCL) are not illuminated and fuel correction is locked in for that throttle position.  Temp limiting is still continuously available at all throttle positions.  If an overtemp condition occurs, the respective electronic fuel correction light will illuminate and remain on until the TD valve switch is placed to AUTO or NULL with the throttles above crossover.  Subsequent overtemp protection is still available, even with the EFCL illuminated.

3. Selected when temp controlling fails and temp limiting is needed or desired.

4. Provides start limiting.

5. NOTE:  If LOCKED is selected for landing/landing pattern operation, it is recommended the airplane be within 5000 feet of field elevation and the throttles be above crossover prior to placing the TD valve switches to LOCKED.

TD System Malfunctions

1. High TIT:    i.e. TIT is well above normal operating limits (exceeding 977 degrees C).

a. Retard affected throttle to reduce TIT; overtemps weaken turbine blades (turbine sulfidation).

b. Flight engineer deactivates TD system by positioning the TD control valve switch to NULL.

1.  Selecting NULL takes out the electronic inputs and the fuel scheduling is then based on the power setting of the null orifices

c. If TIT stabilizes and returns to normal, position the TD control valve switch to LOCKED (temp limiting, providing overtemp protection) and continue operation.

d. If indications do not stabilize with TD in NULL, shut down the engine IAW the ESP, as other components are at fault. Ground Stop if on the ground.  Remember that power indication unrelated to throttle position may be an indication of throttle control cable failure, and ESP should use fire handle, not condition lever.

e. For the reasons in d) above, although Dash One procedure calls for retarding throttle to reduce TIT, do so cautiously, alert for any indications of throttle control cable failure.  Assuming all throttles were matched up, if TIT doesn’t immediately reduce once TD is NULL, you are basically in the “Abnormal Power” case in 2) below.

2. Abnormal power:   TIT, torque, and fuel flow are unrelated to throttle position, but the TIT is within normal limits (e.g. throttles aligned above crossover, all at 850 degrees except #3 is at 950 degrees TIT).

a. DO NOT MOVE THE THROTTLE.  It could be throttle control cable failure.

b. Place the affected engine TD valve switch to NULL.

1.  If TIT stabilizes and returns to near normal, place the switch to LOCKED and continue ops.

    The TD system was malfunctioning.

 2.  If malfunction persists, shut down the engine IAW throttle control cable failure procedure (fire 

      handle, not condition lever).

3.  Throttle Control Cable Failure.  ESP immediately with fire handle, not condition lever.  

a. The throttle linkage is a cable assembly connected in a continuous loop from the throttle lever to

the particular engine and back.  Tension regulators are installed to remove any slack in the cable caused by fatigue, temperature, flexing of the wings, etc.  Throttle control cable failures can be caused by several things to include improper rigging , actual cable failure, or failed tension regulators.  The tension regulators act as a spring to keep the throttle cable taut, removing any slack.  Cues for throttle control cable failure include throttle moving independently of pilot input, throttle frozen or binding, or power indication unrelated to throttle position.

c. WARNING:  Do not move the throttle prior to engine shutdown.  To do so could cause the propeller to go anywhere from max power to max reverse.

d. WARNING:  Due to the possibility of cable fouling, do not move the condition lever of the affected engine.

1. Since the throttle cables and condition lever cables are both connected on a common pulley 

assembly (referred to as a gimbal) within the engine nacelle, the use of the fire handle to electrically shut down the engine is essential.  A cable failure known as cable wrap at this point could cause the condition lever to be unable to reach the feather detent, with possible results such as decoupling, or the engine going to max power or max reverse power.  The results could be catastrophic.

4. TIT Indication System Malfunction:  

a. On the ground:  

1.  If engine start max TIT is between 720-750 degrees, perform a temp controlling check (Dash One, section 7).  

2. Also perform temp controlling check if, while on the ground, an engine displays lower TIT and higher fuel flow than other engines with the throttles aligned above crossover for possible faulty TIT indication system.  

3. WARNING:  If 2) above is noted during takeoff roll, abort the takeoff and perform a temp controlling check.  

b. In flight:

1.  TD control valve switch to NULL.

2.  If TIT and fuel flow returns to normal, maintain fuel flow at or below the other engines with 

           the throttle.  Engine shutdown should be considered due to unknown condition of the turbines.

3.  If condition persists, proceed with ESP.

5.    Temperature Controlling Check:  3 major sub-components of the check are a) Thermocouple check,

        b) TD control check, and c) Temp limiting control check.  Use these checks to see if a cool engine

        start, or abnormal TIT/power indications are being caused by bad thermocouples or by a 

        malfunctioning TD system.  If the problem is a bad TD system, you can fly in Locked (or Null) as

        mission requirements dictate, but not with a TIT indication system malfunction.

       a.    Thermocouple Check


 1.   If fuel flow and torque are high, with TIT matched up, could be a bad TIT indication with

                    turbine still good.  In this case, the turbine is in the early stages of being getting worn out

                    from running too hot (turbine sulfidation).  

              2.   If  fuel flow is high but torque approximately matches other engines with TIT matched up,

                    could be a TIT indication system malfunction with the turbine degraded, and quite possibly

                    close to catastrophic failure.

              3.   Engine bleeds CLOSED.

              4.   TD valves NULL.

              5.   Throttles 850 degrees TIT.

                    a.   If torque and fuel flow indications are normal, continue to TD check.

                    b.   If torque exceeds 100% of FE’s computed values, or fuel flow is notable high, suspect

                          thermocouple failure.  Maintenance action required prior to flight.

       b.   TD Check

              1.   TD valves AUTO.

              2.   Engine bleeds OPEN.

              3.   Throttles to crossover (EFCL lights out); make sure TIT is 740-780 degrees.

              4.   Throttles to 850 degrees TIT.

              5.   Wing or Empennage anti-icing ON--remember max 30 seconds on the ground.  


       a.  TIT should rise, and then return to about 850 degrees, indicating the TD system is

                         working properly.

              6.   Wing or empennage anti-icing OFF.

              7.  If TD checks out OK, no further action required.  

                   a.   If the TD Controlling Check was run due to a cool start, and the TD checks out otherwise

                         OK in this check, the TD start setting is the most likely culprit.  Record start TIT in 781.

                   b.   If the TD system is not working properly, continue to the Temp Limiting Check.

       c.   Temp Limiting Check

             CAUTION:  Do not exceed max torque during this check.

             1.   Throttles 961-977 degrees TIT.

             2.   TD valves LOCKED.

             3.   Wing Anti-Icing ON.  TIT should momentarily exceed takeoff setting, then correct back, and

                   EFCL lights should illuminate, indicating the TD system has acted to correct an overtemp.

             4.   Retard throttles. Turn off the wing anti-icing--remember max 30 seconds on the ground.

             5.   If proper temp limiting was observed, flight with TD in LOCKED is recommended.

6.   Failed speed sensing drive unit (sheared shaft):

a. The secondary fuel pump pressure warning light illuminates momentarily or steadily with normal engine rpm (above 94% rpm).

b. The electronic fuel correction light will illuminate, and TIT will be limited to 830 degrees regardless of throttle position.

c. TD valve switch to NULL, and pull the ignition control CB.

d. Secondary fuel pump light should now be out, and throttle will directly control fuel flow.

e. Overtemp protection will not be available in NULL.

f. For ground operation, use only normal Ground Idle, not LSGI.  Perform engine shutdown after flight by resetting CB and going to Ground Stop.

TD System and TIT Limitations

1. Below 94% rpm, TIT limited to 830 degrees C

2. During engine starting:

a. < 720 degrees, maintenance.

b. 720-749, record in 781.  Perform temp controlling check.  If a TIT malfunction exists, ground stop, maintenance action required.

c. 750-830, normal.

d. > 830-850, record in 781.

e. >850-965, stop start.   Record in 781.  One restart permitted.  If fuel enrichment was used on first start attempt, turn it off for second start attempt.

f. >965, or torching regardless of TIT, Stop Start.  Record in 781.  Overtemp inspection by maintenance required before attempting another start.

3. Above 94% rpm, 977 degrees TIT.

4. Power acceleration peak:  If TIT exceeds 977 for more than 5 seconds or 1070 degrees momentarily, overtemp inspection required before next flight.  

5. Takeoff and flight operation:  Max of 977 for 5 minutes.  977 degrees for 30 minutes in flight.

6. 961-977 degrees TIT for max power.

7. Normal Continuous power 200-932

8. Maximum continuous power 932

9. Crossover at 760 +/- 20

OIL SYSTEM

1. The engine oil system:

a. Lubricates engine gearbox and oil section.

b. Self-contained system for each engine.

2. Oil temperature gauges:

a. Indicate temperature of oil as it exits the tank

b. Temperature operating limits:

1. 60-85 degrees C, normal

2. Above 85 degrees, but not over 100 degrees:

a. On the ground, not more than 30 minutes.

b. In flight, not more than 5 minutes.

c. If you cannot maintain engine oil temperature within limits, shutdown engine IAW engine shutdown procedure.

3.  Oil temperature and torque:

a. Minimum torque (ground idle) until temp is above 0 degrees C.

b. 4,500 inch-pounds torque max when oil temp is 0-40 degrees.

c. Oil temp 40 degrees and increasing for reverse check, since 4,500 inch-pounds will probably be exceeded.

d. Normal torque if oil temp is above 40 degrees.

e. Dash One cold weather procedures (section 9):  All engines in low speed ground idle when practical until engine oil temp reaches 0 degrees; CAUTION – throttle should not be moved from the ground idle detent until engine oil temp reaches 40 degrees.

4.   Oil pressure gauges:

a. Indicate BOTH gearbox and engine oil pressures.  Each of the 2 needles, has its own fuse.

b. Engine pressure limits:

1. 50-60 psi (+/- 10 psi) when oil temp is in normal limits at 100% rpm

2. Pressure below 50 psi is acceptable only with engine in low speed ground idle provided pressure is 50 psi or higher under conditions stated above.

3. Maximum of 100 psi allowable only for start and warm-up during low outside air temperature.

c. Gearbox pressure limits:

1. Must be in range of 150-250 psi (+/- 20 psi) when oil temperature is normal at 100% rpm

2. Pressure may be as low as 50 psi in low speed ground idle

3. Pressure may exceed 250 psi during start and warm-up.

5.  Oil quantity indicators:

a. Oil quantity gauges indicate quantity of oil in oil tank in gallons, 4-12 gallons normal.

b. Yellow low oil quantity light is located left of the row of oil quantity gauges.

1. Illuminates when any one of the four oil tank quantities drops below 4 gallons.

6.  The oil cooler flap switches:

a. Oil is cooled by ram air passing through a radiator cooler.  Ram air flow is controlled by oil cooler flap position.  Oil cooler flap located on aft end of cooler assembly.

b. Oil cooler flap switch panel located below #4 fire handle.

c. 4-position switch for each cooler:

1. Automatic:  Provides thermostatic regulation of oil temperature of approx. 80 degrees on gauge.

2. OPEN:  Spring loaded to FIXED.

3. CLOSE:  Spring loaded to FIXED.

4. FIXED:  Cooler flap is fixed in position.

7.  Oil cooler flap position indicators:

a. Located on bottom of engine instrument panel; one circuit breaker for each oil cooler and its respective gauge.

b. Offscale indication may indicate loss of electrical power to the indicator AND the oil cooler flap motor.

8.   Controlling high oil temperature:

a. Ensure oil cooler is full open

b. Maximum cooling achieved in low speed ground idle with throttles advanced slightly to increase air flow.

Oil System Malfunctions

1. Inflight loss of oil:

a. Monitor the engine instruments for loss of oil pressure or oil overtemp.

b. Check engine for visible fluid leak or tail pipe fire/smoke.

c. Engine shutdown procedure if:

1. Uncontrollable loss of oil pressure.

2. Uncontrollable rise in oil temperature.

3. Excessive visible fluid leak.

4. Tail pipe fire.

d. Cruise engine shutdown as necessary to preserve remaining oil.  Mission situation dictates proper action.

2. Tail pipe fire on the ground or in the air:

a. On the ground:

1. Torching or flame coming from tail pipe during engine start before starter button release.

a. Condition lever – Ground Stop.

b. Motor engine by leaving starter button in.

2. Flames spread beyond tail pipe:

a. Engine shutdown procedure.

b. Notify fire department and ground crew.

3. Tail pipe fire occurs during engine shutdown:

a. Continue with engine shutdown.

b. Notify fire department.

c. Do not motor engine.

      b.  In the air:

1. Loss of oil with heavy smoke coming from tail pipe:

a. Monitor engine and engine instruments and accomplish engine shutdown procedure prior to landing.

b. Cruise engine shutdown dependent upon situation.

2. If fire occurs:

a. Follow engine shutdown procedure and accelerate airplane as rapidly as possible and maintain airspeed as long as heavy smoke continues to come from the tail pipe area.  Do not exceed maximum speeds.

3.  Actions for drop in oil pressure:

a. Check oil temperature normal at 60-85 degrees since oil pressure is partly dependent on its temp.

1. If oil cooler in uncontrollable in AUTO, attempt to open oil cooler flap using the manual switch function.

2. Check oil quantity gauges for loss of oil.

3. If mission dictates, 130 psi gearbox oil pressure is minimum for continued operation.

b. In case of a loss of oil pressure, shut down the engine IAW the engine shutdown procedure.

NOTE:  A negative G condition may allow air to enter the engine oil supply line, resulting in loss of oil pressure approximately 30 to 90 seconds later due to oil pump cavitation.

CAUTION:  Following a negative G condition, closely monitor gearbox and engine oil pressure for 2 minutes.  If loss of oil pressure occurs and does not return to normal within 10 seconds, shut down the engine IAW the engine shutdown procedure.  After the propeller stops rotating, an air start may be attempted IAW the air start procedure. 
ENGINE STARTING

1. The engine starter button:

a. Located immediately below the number one fire handle; one button for each engine.

b. Light in button illuminates whenever electrical power is available to the button and button depressed.

c. Pressing the button completes electrical circuit, causing bleed air to be routed to starter.

d. Button must be held in continuously until approximately 60% rpm.

e. Release the button at approximately 60% rpm, causing starter control valve to close, removing pneumatic pressure from the starter.

2. Starter operation:  electrical power for start is received through the ESS DC bus.  Depressing the starter button completes electrical circuit, causing bleed air to be routed to starter.  Bleed air turns the starter as long as the starter control valve is open.  When the pilot releases the button, electrical power is removed, and the starter control valve closes.

3. Engine starting automatic circuits:

a. Placing condition lever to Run places engine fuel and ignition systems under control of the speed sensitive control.

1. Ignition circuitry energized.

2. Speed sensitive control:

a. 16% rpm:  Fuel shutoff valve (the “Geneva lock”, named for its manufacturing company) motored open, allowing fuel flow.

b. Ignition relay energized (“PIED”)

1. Parallel—Paralleling valve closes.

2. Igniters—Energized.

3. Enrichment—Additional fuel, if selected--about 8 oz.

4. Drip valve—Energized closed.

c. 65% rpm:  Ignition relay de-energized.

1. Parallel valve opens.

2. Enrichment turned off by 50 psi switch; switch de-energized when relay opens.

3. Igniters turned off.

4. Drip valve de-energized, held closed by fuel pressure.

d. 94% rpm:  Changes TD system from Start Limiting to Normal Temperature Limiting.

4.  Acceleration bleed valves prevent compressor stall at low rpm.  They operate automatically to unload 

    the compressor when engine rpm is below 94% both on the ground or in flight.

a. Four bleed valves located in compressor 5th stage, and four in 10th stage, for a total of eight per engine.

b. When downshifting from normal to low speed ground idle, monitor the engine instruments and be prepared to shut down the engine if a stall or overtemp of 850 degrees or greater occurs by condition lever to Ground Stop.  If a popping noise (compressor stall) occurs, return the plane for maintenance action prior to flight.

5.  How to Stop Start during engine start:

a. Normal:

1. Condition Lever—Ground Stop.

2. Starter button—Released.

b. Exceptions:

1. If Ground Stop does not cut off fuel (electrically), condition lever Feather, which electrically and mechanically shuts off fuel.

2. If negative ignition on engine start with fuel flow observed, negative de-enrichment, stalled start, or if abnormal torching occurs, place the condition lever to Ground Stop, but leave the starter button in until fuel fogging or smoke clears, as reported by loadmaster monitoring the start, or until starter time limit is reached.

6.  If prop low oil light illuminates during start or taxi:

a. Condition Lever—Ground Stop.

b. Do NOT feather the propeller to shut down the engine as damage to prop seals may result.

Starting Malfunctions

The following lists, while not exhaustive, give some common possible causes for various start malfunctions, and some helpful techniques for troubleshooting the problems.

1. Negative Rotation

a. Starter button light not on?  Check start control CB or oil shutoff CB.

b. Bleed air drop on the gauge?  If not, engineer may troubleshoot.

1. Open engine inlet duct anti-icing for other engine on that wing, if not already started, to see if air is getting out to wing.  If on first engine, usually #3, check for gauge drop when inlet anti-icing opened for #4.  If another engine is already running, check for TIT rise on operating engine when opening inlet duct anti-icing for the other engine on the wing.  If no gauge pressure drop/no TIT rise on operating engine, check wing isolation valves.

2. If get bleed drop when open inlet anti-icing on other engine on the wing, bleed air is getting to wing.  Now try inlet anti-ice on malfunctioning engine.  If get gauge drop/TIT rise, you know air is getting to starter control valve.  Get maintenance for probable failed starter control valve.  Locked prop brake is also possible, but happens very infrequently.

2.  Decreasing rpm and/or excessively slow acceleration of rpm:

a. Loss of bleed air supply?

b. Sheared starter shaft?  If restart results in no rotation, shaft may be sheared.  Do not attempt any more starts.

3. Negative De-enrichment--on enriched start, fuel flow goes to about 1000 pph and stays there; does not 

    immediately reduce to about 300 pph.  TIT increases rapidly if ignition has occurred.

a. Go ground stop, and continue rotation until fuel blows clear.  If torching occurred or if TIT peaked over 965 degrees, an overtemp inspection is required.

b. If attempt another start on engine, do not use enrichment.

c. If flames ever spread beyond tailpipe area, follow Engine Shutdown Procedure.

1. Shut down other engines.

2. Notify ground control for assistance.

3. Consider ground evacuation.

4.  Negative Ignition (by 35% rpm).

a. Failed TIT indicator?

b. If no lightoff/fuel flow, check ignition control CB.  Attempt restart.

c. If fuel flow occurred, ignition system may have failed.  Ask LM when fuel came out of drain mast.

1. Throughout start—possibly failed drip valve or ignition relay.  Maintenance required.

2. At Stop Start—possibly bad igniters or spray pattern.  Restart could be attempted with enrichment.  But be aware that bad spray pattern could also cause bad flame pattern which could damage burner cans.

5.  Negative Oil Pressure (by 35% rpm).

a. Bad gauge?  Check fuses.

b. Failed oil pumps?  Maintenance required.

6.  No secondary fuel pump pressure light prior to 65% rpm.

a. Continue start.   20-30 degree TIT drop (series drop) at approximately 65% rpm?

1. 20-30 degree drop means you have 2 good fuel pumps and an operating paralleling valve.

b. If TIT drop noted, press to test the secondary fuel pump pressure light.  If light is good, you have no way of monitoring for primary pump failure.  If light does not illuminate during press to test, press to test the light next to it.  If it is also bad, check CB as all lights are on one CB.  If single light is bad, replace bulb and restart to check proper operation of pressure switch.

c. If no TIT series drop noted, Stop Start for possible failure of secondary fuel pump or bad paralleling valve.  Failed fuel pump could cause fuel contamination.  Maintenance required.

7.  Secondary fuel pressure light remains lit above 65% rpm without TIT series drop.

a. Continue start.  Engineer pulls ignition control CB.  If pump light goes out when CB pulled, problem is a failed speed sensitive control 65% switch.  Mission can be continued; CB will have to be reset for Air Start or for Ground Stop.

b. If pump light remains on when CB pulled, assume primary pump failure.  Reset CB and Stop Start.

10. Secondary fuel pressure light remains lit above 65% rpm with TIT series drop.

a. Bad pressure switch.  With no way to monitor for primary pump failure, need mx prior to flight.

11. Start TIT exceeds 830 degrees.

a. Insufficient bleed air flow?

b. Bleed air leak?

c. High propeller blade angle?  Check throttle at Ground Idle.

12. Excessive time to  On Speed.  Starting time to stabilize on speed exceeds 60 seconds; 70 seconds for conditions of OAT over 28 degrees C., high altitude, or low air density conditions.

a. Insufficient bleed air flow?

b. Bleed air leak?

c. High propeller blade angle?  Check throttle at Ground Idle.

13. Negative Hydraulic Pressure--Engine driven pump light not out, or no gauge indication of pressure by time engine is on-speed, or hydraulic pressure not within limits within 30 seconds after on-speed.

a. Check pump lights or gauge fuses as required.

14. Torching--abnormal torch other than associated with enrichment burst / Tail Pipe Fire. 

a. Ground Stop and motor the engine with the starter to blow out unburned fuel.

b. If flames spread beyond tailpipe, Engine Shutdown Procedure.  Shut down other engines, notify ground control for assistance, consider ground evacuation.

Normal Starting Limitations

1. TIT prior to start:

a. 200 degrees, normal start.

b. 100 degrees, enriched start.

c. 200 degrees, air start.

d. 100 degrees, windmill taxi start.

2. Ignition by 35% rpm.

3. Oil pressure on both engine and gearbox by 35% rpm.

4.  Peak start TIT:

a. < 720, Maintenance.

b. 720-749, Record in 781.  Perform temperature controlling check.

c. 750-830, Normal.

d. >830, Record in 781.

e. >850, Stop Start, record in 781, one restart permitted.

f. >965, Stop Start, record in 781, overtemp inspection required.

5.  Secondary fuel pump light must come on by 65% rpm, and out by 65% rpm.  Usually comes on at approximately 30-40% rpm.

6.  Acceleration peaks or momentary overshoot limits:  Overtemp inspection required before next flight if:

a. TIT >977 for more than 5 seconds.

b. TIT >1070 even momentarily.

7.  Starter limits:

a. Button released by pilot at approximately 60% rpm.

b. Max starter operation:  1 minute on, 1 minute off, 1 minute on, 5 minutes off, 1 minute on, 30 minutes off.  Any time air got to the starter should be treated as a full 1 minute on cycle.  Ignoring these limits could cause very dangerous situation—starter turbine overheat and/or disintegration.

c. Once starter button is released, do not press in again until rotation has stopped, or starter shaft will shear. 

PROPELLER AND GEARBOX OPERATION

1. Functions of the propeller hydraulic system:

a. Propeller blade angle is changed by hydraulic pressure generated in a self-contained hydraulic system (prop oil) within each propeller assembly.

b. Propeller hydraulic pressure is produced when rotation actuates gear driven pumps within each propeller assembly or by the aux prop pump (also known as the aux feather pump) motor which is electrically activated by the propeller feathering/unfeathering circuits.  Do not confuse the prop pump assembly with the totally unrelated reduction gearbox.

c. Speeder spring and flyweights shift a pilot valve which directs the hydraulic pressure to position the propeller blades and maintain prop stability (100% +/-2% rpm).

2. The relationship between throttles and propellers:

a. In taxi range, throttle schedules fuel flow and blade angle.

b. In flight range, acts as a constant-speed propeller controlled by normal or mechanical governing.  Throttle schedules fuel flow, TIT and torque indications, but not rpm.  Additionally, above crossover (65 degrees throttle position), TD system will schedule TIT to match throttle position.

3. The relationship between the condition levers and propellers:  

a.  See breakdown of FEATHER, RUN, GROUND STOP, and AIRSTART in “Turboprop

    Engine/Primary Engine Controls” section of this guide.

      CAUTION:  Condition levers must be in Run, Feather, or Air Start during flight.  If lever is

      placed in midposition, and negative torque system is inoperative, an engine decoupling is possible.

      a.   The four propeller governor control switches:

            1.   Located on the CP’s side panel.

            2.   Governing capabilities are cammed out when throttles are below flight idle.

            3.   Mechanical Governing:  Speeder spring and flyweight action will control the blade angle to

                  maintain 100% rpm.

                a.   MECH GOV removes all “normal governing” electrical inputs to the speed bias motor, and

                      the speeder springs and flyweights govern the propeller.  The pilot valve is positioned

                      between these two components.  The speeder spring and flyweights oppose each other on

                      either end of the pilot valve.  The speeder spring tension is preset at a tension related to

                      approximately 104%.  The flyweights oppose this tension to provide an actual RPM around

                      100% RPM.

            4.   Normal Governing: Electrical circuitry enhances mechanical governing operation.  Allows for:

                  a.   Speed stabilization.

                  b.   Throttle anticipation.

                  c.   Synchrophasing.

4.  The capabilities of normal governing:

a. Are accomplished through use of a servo bias motor, which changes the tension on the speeder 

       spring, thus enhancing blade angle control.

b. Speed stabilization:  electrical impulses react faster and make smaller corrections than speeder spring and flyweights, thus maintaining a more stable rpm, closer to 100% rpm.

c. Throttle anticipation:  Reacts faster and more precisely to prevent overspeed or underspeed, as a function of the speed of the throttle movement.  Synchrophaser will anticipate blade angle change to prevent propeller overspeed or underspeed, and reduce propeller “hunting”.

d. Synchrophasing:  References all propeller rpms to a single master engine.  Controls the phase angle of the propellers, reducing noise and vibration.

5.   The synchrophaser master switch:

a. Located on the throttle quadrant aft of the throttles.

b. Three-position switch (#2 engine, OFF, #3 engine).

c. When a Master is selected, slaved propeller rotational speeds and blade phase angle relationships are referenced to the master engine when a master is selected.  The relationship of the slaves to the master is accomplished through electrical signals.  Slave engines will be synchronized (same rpm) and blades synchrophased by controlling phase angle in relation to master engine.  Note that slaved engines must be in normal governing to provide synchrophasing capability.

6. The synchrophasing switch:

a. Located to the right of the master switch.

1. Resync – used to regain control of a propeller that deviates from optimum position (recenters slaved propeller speed bias motors). Resync used only as part of the full re-index procedure.

7. The propeller low oil warning lights and master propeller low oil light:

a. Master prop low oil warning light is located on the lower right corner of the engine instrument panel.

b. Four individual prop low oil warning lights are located on the CP’s side shelf.

c. Prop low oil warning lights, master and individual, will illuminate when the prop oil level is 2 quarts low in the pressurized sump.  Normally holds 6.5 quarts in pressurized sump.  Total system including the pressurized sump is 26 quarts, [which is 6.5 gallons].

d. Master prop oil low warning light will illuminate and remain on whenever an individual prop low oil light is on.  Individual prop low oil lights must be monitored for the remaining engines after the first low prop oil indication.

Propeller Safety Features

1. The prop safety features are:

a. Pitchlock 

b. Low Pitch Stop

c. Feathering

2. The pitchlock assembly:

a. Prevents unplanned decrease in blade angle which could result in a runaway prop.

b. The prop will pitchlock when:

1. Blade angle is 25-55 degrees with blade angle decreasing, AND there is a loss of pressure in the pitchlock assembly.

a. Low side of 25 degrees so will not pitchlock when reversing props, at which time rpm will  be in 96-106% range.

b. High side of 55 degrees to enable unfeathering the prop during air start.

2. This loss of pressure may be caused by:

a. Prop overspeed (103%)—the pitchlock governor ports fluid away.

b. Prop oil leak.

c. Note that a prop low oil light does not constitute a pitchlocked prop, nor does a pitch-locked prop mean you will always have an accompanying prop low oil light.

      c.  When engaged, the pitchlock mechanism prevents blade angle from decreasing.  Increases 

           in blade angle are still possible.

3.  The propeller low pitch stop:

a. Throttle in flight range:  low pitch stop extends to mechanically limit blade angle to a minimum of 23 degrees.

b. Throttle in ground range:  When throttle is placed in the ground range, the low pitch stop wedge is hydraulically removed, allowing the low pitch stop to disengage and the prop blade angle to decrease.

c. Throttle use after landing:  Hesitate at Ground Idle to detect any aircraft control problem, such as low pitch stop failed to retract.

1. If no yaw or control problems are detected, reverse as necessary.

2. If control problems are detected, leave or return throttles to Ground Idle.  Attempt to determine malfunctioning engine and shut it down with Condition Lever to Feather, then reverse good symmetrical engines and apply brakes as required.

WARNING:  When applying maximum reverse without throttle hesitation in Ground Idle, a prop malfunction may cause complete loss of aircraft directional control.  If directional control problems occur, all throttles should be returned immediately to Ground Idle.

d. If performing engine runup on the ground, should note at least 200 inch-pound rise on each engine’s torque (flight idle torque vs. ground idle torque) after engaging the low pitch stop.  If this rise is not indicated, the low pitch stop has failed to extend and maintenance action is required prior to flight.  Takeoffs with known or suspected prop malfunctions are prohibited.

4.  Feathering and feathering controls:

a. Feathering will reduce the drag of the propeller and engine after an inflight engine shutdown.

b. Engine condition lever, when positioned to Feather, energizes electrical feathering circuits through the respective prop feather override button.  Prop feathering valve is mechanically shifted by the condition lever to route prop oil pressure to feather the prop.

c. Fire handle on the lower overhead control panel, when pulled, energizes electrical feathering circuits through the respective prop feather override button.

5.  The prop feather override button during feathering:

a. Button retracts to complete electrical feathering circuits.

b. Light in button illuminates when button holds in.

c. Button pops out upon completion of feathering cycle.

1. CP or flight engineer will pull the button if it fails to pop out once the prop is feathered.  Should pop out no later than 6 seconds after prop is fully feathered.

2. If prop rotation continues—clockwise, when looking forward, which is the same as the normal prop rotation direction—after  feather override button has popped out, the button can be pushed back in to re-energize the feathering circuits.  Follow Prop Fails to Feather procedures.  

3. If performing ground check of prop feathering, maximum time for blades to go from reverse to feather is 25 seconds.  

4. Prop feather pump motor duty cycle:  don’t exceed:  1 minute on, 1 minute off, not to exceed 2 minutes operation within a 30 minute period.

Gearbox Safety Features

1. The reduction gearbox assembly:

a. Converts high engine rpm and low torque to low rpm and high torque for efficient prop operation.

b. Keeps prop blade tips subsonic to reduce noise, vibration, and metal fatigue.

c. Drives the gearbox accessories.

d. Contains various safety features for safe operation.

2. Three safety features built into the reduction gearbox:

a. Prop brake.

b. Negative Torque Signal (NTS) system.

c. Safety Coupling.

3. Functions of the prop brake:

a. On the ground, slows prop to a stop.

b. In flight, (primary prop brake purpose) prevents prop from windmilling backwards in feather.

c. Spring-engaged brake; held apart by gearbox oil pressure during normal operation.  23% rpm creates sufficient oil pressure to hold prop brake disengaged.

d. During start, it is disengaged by starter torque.  Helical splines drive it apart.

4. Purpose of the NTS system:

a. Negative torque occurs when the prop attempts to drive the gearbox and engine during conditions of low power output or engine flameout.

b. NTS system activates at negative 1260 +/- 600 inch-pounds torque.

c. NTS plunger and actuating rod override prop governing by positioning feather valve, increasing blade angle to relieve negative torque.

d. Linkage to increase blade angle is cammed out in the ground range, but NTS plunger and NTS light still indicate negative torque.

5. The NTS check:

a. Ground check:  Prior to engine shutdown, NTS check switch to NTS and upon completion of engine shutdown, light should be on.

b. In-flight check:  Accomplished prior to cruise engine shutdown and during airstart.  NTS check switch to Valve.  Light should blink, indicating operation at negative 1260 +/- 600 inch-pounds.

1. Cruise engine shutdown:  NTS switch to Valve.  Retard throttle; light should blink, indicating operation at negative 1260 +/- 600 inch-pounds.

c. Air Start:  NTS switch to Valve, and light must illuminate prior to 10% rpm.

d. Malfunctions:

1. NTS system may commit prop to feather if linkage sticks.

2. If NTS is inoperable and air start is necessary, slow to 130 KIAS and descend to below 5000 feet AGL (Technique:  Below 5000 MSL as terrain permits).  This attempts to minimize negative torque which will occur during the air start, avoiding prop decoupling.

3. No NTS light on shutdown from LSGI:  restart and shut down from normal ground idle.

4. No NTS light on engine shutdown from normal ground idle:  Writeup.  Mx  required.

6.  The safety coupling:

a. Mechanically separates the engine from the reduction gearbox and propeller assembly when negative torque exceeds safe limits of approximately negative 6000 inch-pounds.

b. Acts as backup to NTS system.

c. Reduces drag to one-sixth that of a coupled prop.

7. Indications of decoupling:

Normal (“GHOST” items)

Low or Zero
RPM




Torque

Gearbox oil pressure


TIT

Hydraulic pressure


Fuel flow

Generator



Engine oil pressure

8. Corrective actions for decoupling:

a. Perform engine shutdown procedure

b. Decoupling is normally related to an engine malfunction such as a flameout, rather than a prop malfunction.  Therefore, the prop should feather.

Propeller Malfunctions

1. Indications and causes of propeller malfunctions:

a. Indications:

1. Prop low oil light or visible fluid leak.

2. RPM fluctuations or surge outside allowable limits.

3. Sustained off-speed above or below 98-102%.

4. RPM changes that follow throttle movement or changes in TAS, indicating pitchlocked prop.

5. Prop rotation continuing after engine shutdown procedure.

b. Causes:

1. Electrical malfunctions.

2. Hydraulic (prop oil) malfunctions.

3. Mechanical malfunctions.

2. Propeller reject on takeoff prior to refusal speed:

a. Retard all 4 throttles to Flight Idle.

b. Shut down the affected engine at Flight Idle with condition lever to Feather, if required, on command of pilot.

c. Bring throttles to Ground Idle.

d. Reverse symmetrical engines as required in conjunction with nose wheel steering and brakes to maintain directional control.

e. Once aircraft is under control, continue with ESP, if required.

3. Required actions if a prop malfunctions on takeoff after refusal speed:

a. After “Go” is stated at refusal speed, treat as airborne emergency.

b. Aircraft directional control must be maintained, using flight controls and engine power as necessary.

c. When safely airborne, raise the gear while accelerating to 2-engine inoperative air minimum control speed (2 engine Vmca).

d. If rpm is out of limits, place prop governor control to Mech Gov.

1. If malfunction is eliminated in Mech Gov, continue operation in Mech Gov.

a. Improper synchrophaser operation or tach generator failure will usually give prop malfunction indication.

b. Selecting Mech Gov should remove normal electronic governing, allowing the prop to stabilize within limits using mechanical governing.  If mechanical governing has malfunctioned, rpm control will probably not improve, and may get worse in time.

2. If malfunction persists, accelerate to and maintain as near 150 KTAS as possible.  If  

immediate  landing is feasible, follow the engine shutdown procedure.  When immediate landing is not feasible, continue with the Propeller Malfunctions During Flight procedure.
a. Note: If a propeller fails it will either pitch-lock or physically come apart.  The possibility of blades separating from the barrel assembly is extremely rare but possible.  At this point an emergency shutdown is paramount.  These rare cases have been severe but recoverable.  A pitch-locked propeller is nothing more than a fixed pitched propeller as in most small private airplanes.  As long as the malfunctioning propeller is producing positive torque and not pulling the aircraft towards the ground, you can maintain directional control by use of flight controls and differential power.

4. Procedure for prop low oil warning light on, rpm within allowable limits:

a. Verify status of prop by checking rpm for overspeed, underspeed, or fluctuation.

b. If rpm is within limits, continued operation is permissible.  

It is possible the light might be giving you a faulty indication.  The note says you are required to have an oil leakage inspection accomplished after flight if the engine is operated with an illuminated prop low oil light.  In flight you can try scanning the affected prop/engine for leakage, but slow leaks could occur without any obvious signs.

If rpm goes out of limits:

1. Place prop governor control switch to Mech Gov.

a. A fluctuation could be caused by faulty electrical input to the speed bias motor, in which  

case Mech Gov should eliminate the fluctuation.  If the fluctuation is instead being caused by an internal or external leak in the valve housing, Mech Gov will not stop the fluctuation.

2. If rpm is within limits in Mech Gov, continued operation is permissible in Mech Gov.

3. If rpm is out of limits in Mech Gov, perform the pitchlock check procedure except when an immediate landing is feasible.  If an immediate landing is feasible, the engine will be shut down prior to landing.

a. NOTE:  Landing pattern shutdown of an engine with a prop malfunction is usually desirable.  This includes a prop low oil light even if rpm is within normal limits.  

b. Technique:  Only keep the engine running for landing with the prop low oil light illuminated if other severe conditions are occurring, for example, airplane is very heavy, and another engine on same wing already shut down.   Points of major importance concerning landing with a prop low oil light:

1. The prop may not have enough oil to complete the feather cycle, resulting in a windmilling prop.

2. If not already pitchlocked, a pitchlock may occur at any time without warning.  If landing with a pitchlocked prop, directional control will be greatly affected on landing roll due to the inability of the prop to change pitch and move out of the flight range.

3. Low pitch stop may fail to retract when going into Ground Range with throttles.

4. Reversing should not be attempted on the malfunctioning prop.

5.  RPM outside allowable limits without the prop low oil warning light on:

a. Prop governor control switch to Mech Gov.

b. If rpm stabilizes, continue in Mech Gov.  Consider re-indexing if time permits.

c. If rpm remains outside allowable limits, perform pitchlock check procedure except when an immediate landing is feasible.  If an immediate landing is feasible, the engine will be shut down prior to landing.

5. Actions required for the pitchlock check procedure:

a. Place the TD valve switch for affected engine to LOCKED.

b. Slowly move the throttle while observing TIT and rpm.  If the TIT doesn’t change, the engine fuel control may be taking fuel (103.5% rpm, fuel control governor) and throttle movement may be insufficient to cause a TIT/rpm change.  In this case, you should change TAS to verify pitchlock.

c. If rpm doesn’t follow throttle/TAS, follow the engine shutdown procedure.

d. If rpm follows the throttle/TAS, operate the engine IAW pitchlocked prop operation.

7.  Actions required for pitchlocked propeller operation:

a. Prop governor control switch – Mech Gov. This removes any electric input to change blade angle.

b. TD valve switch – LOCKED.  This will prevent the crossover bump when you move the throttle.

c. Engine bleed air switch – OFF.  This step is designed to stabilize the engine as much as possible. It prevents a bleed air demand from air conditioning, deicing systems, etc. from putting a load on the engine, which could affect its rpm. 

d. Establish and maintain 96 to 98 percent rpm with throttle/TAS adjustment.

1.  An undersped prop wants to decrease blade angle in order to regain 100%; this attempt by the prop system to decrease blade angle holds the pitchlock teeth tightly together, which is desirable for continued operation.  

2. Min 96% rpm, as there is 2% possible gauge error; at actual engine rpm of 94% acceleration bleed air valves would open, resulting in probable engine flameout. Max 98% rpm, as again with 2% gauge error the engine could actually be as high as 100%, at which point  the prop might try to self-govern, potentially increasing blade angle, and losing the firm pitchlock.

e. Upon reaching a suitable landing area, attain 150 KTAS if possible, or a point where 96% rpm cannot be maintained, and shut down the engine using the engine shutdown procedure.  

      WARNING:  Do not allow airspeed to decrease below 2 engine Vmca.

1. Remember:  a pitchlocked prop may not feather.

2. Drag produced by a windmilling prop coupled to the engine is about 6 times greater than decoupled drag, so if it fails to feather, it is desirable to cause decoupling.  150 KTAS is considered high enough to cause decoupling, but not high enough to cause excessive drag or overspeed after decoupling occurs.

3. If at least 96% rpm can’t be maintained when slowing to 150 KTAS, it is most probably pitchlocked at a high blade angle, and shutdown at the higher airspeed where 96% can barely be maintained should give acceptable windmilling drag and rpm should it fail to feather.  This is the most probable case if the pitchlock happened at medium to high altitude cruise.

4. If 96% rpm can be maintained at 150 KTAS, the blade angle is probably at or near the low pitch stop.  In this case, shutdown at a higher TAS would produce excessive drag or overspeed.

9. Actions required if prop rotation continues after feathering has been attempted:  Which direction is the prop rotating?

a.   CLOCKWISE (when looking forward), i.e. the same direction as normal prop rotation. Follow

     Prop Fails to Feather procedures:

           1.   Reset fire handle if pulled and no indication of fire exists. This will restore oil for lubrication.

                 Technique:  If the prop has rotated without oil for a long time before you realize it, don’t reset

                 the handle, as you’d be putting oil on very hot gears, resulting in possible fire.  

           2.   Hold feather override button in for up to 30 seconds, or until prop feathers, and then pull out.

          a.   By holding in the Prop Feather Override button you manually complete a circuit for the

               electric prop aux pump motor, which is providing prop oil pressure for feathering. 

          b.   The 30-second time limit allows enough time to move the blade to a higher blade angle,

               resulting in less drag on the blades.  

           c.   Since the gear-driven pumps inside the prop pump housing are not turning fast enough to

                provide hydraulic pressure to activate the pressure cut-out switch, which normally

                automatically stops the feathering cycle when 92.5 degrees blade angle is reached,

                manually pulling out the prop feather override button is required to stop the cycle.

           d.   If failure to feather was caused by massive loss of prop oil, this procedure will probably not

                get the prop to fully feather and stop rotating. 

   3.   Attain 150 KTAS if possible if prop still does not feather and stop rotating.  This is the optimum

         speed to cause decoupling without inducing excessive drag. Land as soon as practical.

    b.   COUNTERCLOCKWISE (when looking forward); i.e. rotating backwards.  Prop is fully feathered,

          but the prop brake is not holding it static.  Follow Prop Brake Failure procedures:  

1. Reduce airspeed to 160 KIAS.  This should cause it to stop rotating.  Prop brake specifications

      only require that it hold a feathered prop static at speeds up to 200 KIAS.

2. With counter-rotation stopped, determine if mission requirements call for acceleration.

a.   If acceleration is called for, increase airspeed in 10-kt increments up to 200 kts and resume

      normal cruise.

b.   If prop starts to counter-rotate when accelerating, slow down to point where rotation stops,

      and use this as max airspeed until landing.

3. If counter-rotation doesn’t stop, when slowed to 160 KIAS, maintain 160 KIAS or lower, but no lower than 2-engine out VMCA, until landing.  You want the rotation to be as slow as possible to minimize heat buildup in reduction gearbox and engine.

a.  CAUTION:  Land as soon as practical due to loss of oil lubrication that cannot be restored.

Prop Limitations

1. RPM limitations:

a. Max reverse – 96 to 106%

b. Normal ground idle – 94 to 102%

c. Low speed ground idle – 69 to 75.5%

d. Flight idle (static on ground) – 92.5 to 100.5%

e. In-flight normal – 98 to 102%, max flux +/-0.5% of stable rpm

2.  Prop aux pump motor duty cycle:

a. 1 minute on, 1 minute off

b. Do not exceed 2 minutes operation in any 30 minute period.

3.  During static feather check, max prop movement time from reverse to feather is 25 seconds.

     Minimum oil temperature for static feather check is 20 degrees C.

4.  If NTS is inoperative, and airstart is necessary:

a. Slow to 130 KIAS

b. Altitude below 5000 feet AGL.  Technique:  below 5000 feet MSL, terrain permitting.

FIRE/OVERHEAT DETECTION AND SUPPRESSION

1. Nacelle overheat warning lights and test switch:

a. Overheat control panel located on CP’s instrument panel.

1. Four red, numbered warning lights plus unnumbered warning light on panel name plate near test switch.

2. Test switch tests all warning systems simultaneously.

b. Six detector probes mounted in nacelle to warn of overheat condition in area around compressor section.

1. Probes set at 300 degrees F.

2. Nacelle overheat may be caused by bleed air leak. This is actually the most common reason

for getting Nacelle Overheat lights. Regardless of the suspected cause, shutdown with ESP must be accomplished.  

3. Overheat may also be result of a fire.

4. Corresponding numbered warning light and warning panel name plate light will light up

2.  The fire detection and warning lights:

a. Master fire warning panel:

1. On pilot’s instrument panel, one red warning light labeled “FIRE”

2. Warning light and name plate illuminate steady if a rapid rise in temperature is detected on an engine or the GTC.

b. Fire detection system indicator lights:

1. Located inside the clear plastic fire emergency control handles (“T-handles”).

2. Lower 2 red lights in the handle for fire warning, illuminate steady when a rapid rise in temperature is detected in the corresponding nacelle or the GTC.

c. The fire detection system consists of a continuous loop sensing element (Inconnel tubing) wrapped around each nacelle area and in horse collar area near the bleed air valve.  The GTC has its own Inconnel tubing for fire detection.

3.  The turbine overheat warning system and indicators:

a. Uses the same indicating system as fire detection, i.e. same master warning panel and fire handle lights.

1. Master warning light flashes.

2. Upper red lights in fire handle will flash.  Memory aid:  Turbine is Top.

b. Turbine overheat detection system consists of 4 detector probes set at 700 degrees F. located around the turbine system.

4.  The fire extinguishing system and agent discharge switch:

a. Two bottles of agent, each discharged independently by switch.

b. Routed to each engine nacelle and to GTC compartment by directional flow valves to the last fire handle which was pulled.

c. Agent discharge switch is a 3-position toggle switch located on the fire handle panel between fire handles #2 and #3.

1. #1 position discharges bottle #1, #2 position discharges bottle #2

2. Switch is spring-loaded to OFF (center position).

3. Switch is armed only when any fire emergency control handle is pulled.

4. Switch should not be held for more than 1 or 2 seconds, or the fire extinguisher CB may pop out.

d. Extinguisher agent is routed to the engine when its fire handle is pulled.

1. If more than one handle has been pulled, the agent is routed to the engine for the last handle pulled.

2. To route the agent to any other engine, the fire handle must be pushed in and pulled back out so that its handle was the last handle pulled.

5.  Functions of the fire handle when pulled (9):

a. Feathers propeller.  (ESS AC and ESS DC)

b. Fuel shutoff valve at firewall closed.  (ESS DC)

c. Fuel shutoff valve at fuel control closed.  (ESS DC)

d. Oil shutoff valve below oil tank closes.  (ESS DC)

e. Hydraulic shutoff valves at firewall are closed.  (ESS DC)

f. Bleed air valve closed.  (ESS DC)

g. Extinguisher agent discharge switch is armed.  (Battery)

h. Extinguisher system control valves positioned.  (Battery)

i. Start circuitry for engine de-energized.  (ESS DC)

6.  Functions of the GTC fire handle when pulled.   Acronym FADE = Fuel, Air, Door, Extinguisher:

a. Fuel:   Fuel shutoff valve closed.

b. Air:     Bleed air valve closed.

c. Door:  Deenergized; freezes in current position.

d. Extinguisher system control valves positioned, and agent discharge switch armed. 
ELECTRICAL SYSTEM (“Old” Non-Upgraded)

Primary AC Electrical System

1. The primary AC electrical system provides power to most motors and pumps, with circuit protection provided by CBs and fuses.  

a. CP has six CB panels:

1. Memory aid for lower four is “SEAL”—Start, Engines, Aircraft, Lights.

2. Upper two are Main and Radio.

b. Pilot has five CB panels and one fuse panel

1. Memory aid—“Little Rock Air Force Base Is Essential”—Left hand AC, Right hand AC, AC Instrument and Engine Fuel Control, Fuses, Battery, Isolated, Essential AC.

c. Bus CBs and current limiters located forward side of FS 245.

d. Aft junction box between left paratroop door and left gear well has circuit breakers, notably “tabs and flaps” CB.

2.  The busses and power sources that comprise the primary AC electrical system:

a. Left hand, Essential, Main, Right hand.

b. Powered by:

1. External electrical cart.

2. Air Turbine Motor (ATM) generator (ESS AC only).

3. Engine-driven generators.

3.  Power distribution of the primary AC system:

a. Engine-driven generator normally powers its respective bus:

1. #1 generator powers the Left hand bus.

2. #2 generator powers the ESS AC bus.

3. #3 generator powers the MAIN AC bus.

4. #4 generator powers the Right hand AC bus.

b. Any one engine-driven generator can power two buses.

c. ATM generator powers only ESS AC bus.

d. External AC powers all primary AC buses.

4.  The bus transfer system:

a. Normal ops, each engine powers its respective bus.

b. Partial power configuration:

1. With any two engine-driven generators operating, all the primary AC busses will be powered.

2. With any one engine-driven generator operating, the ESS AC and MAIN AC busses will be powered.

3. With one engine-driven generator inoperative on a wing, its respective bus will be powered by the other engine-driven generator on the same wing—“Wing takes care of Wing”.

4. With one engine-driven generator inoperative on each wing, their respective busses will be powered by the other generator on the same wing——“Wing takes care of Wing” .

5. With both engine-driven generators inoperative on a wing, their respective busses will be powered by their symmetrical engine-driven generators—“ Symmetrical takes care of Symmetrical”.

6. The ATM generator will power the ESS AC bus regardless of the engine-driven generator configuration.

7. With ATM generator and one engine-driven generator on line, will have ESS AC and MAIN AC buses powered.

5.  Bus Off light:

a. Located on the left side of the overhead electrical panel.

b. Illumination indicates that either:

1. Voltage to respective bus is insufficient  (average phase voltage below 90 volts), and that electrical equipment on that bus will not operate normally.

2. The bus is not energized.

3. The indicator has failed, and the bus in actuality is still operating normally.

c. When Bus Off  light illuminates, the FE will turn off the generator supplying that bus, memory device “BUS OFF—TURN IT OFF”, and check that generator out.  The bus should be assumed by another generator.

6.  External AC power:

a. AC power receptacle has 6 prongs, used to connect with ground power unit.

b. External AC circuit breaker located inside the battery compartment.

c. AC external power light on in aircraft indicates external AC power is available, and in the proper phase rotation (A,B,C).

d. The external AC power switch located on the overhead electrical control panel next to the external AC light:

1. EXTERNAL AC POWER position – Connects external AC power to the airplane primary AC distribution system.  All AC busses will be powered.

2. OFF position – Disconnects external AC power from the airplane distribution system.

e. External AC power switch override (the “rattlesnake”):

1. Prevents connection of external power and internal power sources at the same time by automatically positioning the external AC power switch to OFF or preventing it from being turned ON when:

a.   The external AC power light is not ON.

b.   ATM generator switch is in the ON position, whether or not it’s actually on line.

c.   Any engine-driven generator is producing power, and its generator switch is in the ON

      position, i.e. whenever on line.

7.  The Air Turbine Motor (ATM):

a. A turbine-driven motor located in the upper forward portion of the left wheel well.  Rotates at 

about 43,000 rpm.

b.   The driving force for the ATM itself is bleed air supplied from the bleed air manifold.  During a

      normal start, this air is provided by the GTC.  But may also use engine bleed air or an external air 

      cart to turn it.  

b. Provides an alternate source of power for the ESS AC bus via the electrical generator it turns.

      ATM generator powers ESS AC bus exclusively.  

c.   The ATM control switch:

1. An ON/STOP toggle switch located on the GTC control panel over the pilot’s head.

2. With switch ON, bleed air allowed to drive the ATM which turns the ATM generator, but does not connect the generator to the bus.

      e.    The ATM generator switch:

1. Located on the overhead panel to the right of the generator switches.

2. Acts like a generator switch, and connects ATM generator output to ESS AC bus.

8.  Generator controls and indicators:

a. Generator control switches are rotary-type 4-position switches.

1. GENERATOR position connects the generator to the primary AC bus system.

2. OFF position disconnects the generator from the primary AC bus system.

3. FIELD TRIP position de-energizes the DC field at the generator so that it no longer produces voltage.

4. RESET position energizes the DC field, allowing the generator to produce voltage.

 9.  Generator Out light illuminates if:

a. Producing insufficient voltage (any phase below about 70 volts).

b. Underfrequency--below about 368 cycles per second.

c. The field trip relay has opened the field circuit of the generator due to:

1. FIELD TRIP selected on generator switch.

2. Over-voltage.

3. A fault (a short) exists in the generator output circuit.

d. A GEN OUT indicator failure, with it illuminating even though the generator is operating 

      normally.  For certain causes of the faulty light, if you turn off the generator you cannot get it 

      back on line even though it is operating normally.  The common memory device is 

      “GEN OUT—CHECK IT OUT.”

10. Generator disconnect switches:

a. Guarded switch on overhead electrical control panel.

b. When held to DISC position for approximately 2 seconds, electrically fires a metal pin that shears the generator drive shaft, thus disconnecting the generator from the gearbox.

c. Firing of the disconnect mechanism is indicated by the DISC FIRED light.

d. Once disconnected, the generator cannot be reconnected in flight.

Secondary AC Electrical System

1. Secondary AC busses power the attitude indicators and various instruments.  Busses can be powered in two ways:

a. Copilot’s AC Instrument Bus powered by ESS AC or ISO DC.

1. Powers both ADIs.

2. WARNING:  Any time power is removed from both the ISO DC and ESS DC bus, there will be no power for the ADIs regardless of power source selected.

b. AC Instrument and Engine Fuel Control (ACI&EFC) bus powered by ESS AC or ESS DC.

1. Powers gauges for torque, TIT, fuel flow, fuel quantity, LOX quantity.

2. Powers TD system.

3. Also powers #1 and #2 stepdown transformers.

2.  Each bus has its own rotary switch located on overhead electrical control panel.  On these, the

     following sources can be selected:

a. ESS AC is available for both secondary busses (the horizontal, or “Dash” position on each switch).

b. Inverter positions (the vertical, or “1” position on each switch):

1. CP’s AC Instrument bus powered by ISO DC or ESS DC via an inverter.

2. ACI&EFC bus powered by ESS DC via an inverter.

c. OFF.

3.  “Selected Power Out” lights, one for each secondary bus, located above respective control switch.

a. Shows that the selected power source is not providing power to the bus.

b. When illuminates, FE will select the alternate power source with the control switch.

c. NOTE:  ONLY when the ACI&EFC bus switch is in the DC position, the bus will automatically switch to ESS AC power source if the DC inverter fails--not true for the CP’s AC instrument bus.

1. The selected power out light will illuminate to indicate the shift has occurred.

2. Crew will have to manually move the switch to the AC position to correctly reflect which bus is powering it, and to get the Selected Power Out light to extinguish.

DC Electrical System

1. The DC electrical system provides control power for AC and DC systems (switches, valves, etc.)  It also provides operational power for DC components, and provides an emergency power source.

2.  The DC busses are the battery bus (BATT), Isolated DC bus (ISO DC), Essential DC bus (ESS DC), 

     MAIN DC bus (MAIN DC), and INS battery bus (INS BATT).

a. Power may be supplied to busses by:

1. Two batteries: 

a. One battery for BATT, ISO DC, ESS DC, MAIN DC busses.

b. Second battery for INS BATT bus only.

c. Both batteries are located in the battery compartment, and are exactly the same type, but are not connected in any way.

2. External DC power.

3. Transformer Rectifier (TR) units.

3.  The DC Bus Off indicator lights are located on the lower left corner of the overhead electrical panel, in

     the same grouping as the AC Bus Off lights.

a. Bus Off light for Main and ESS DC busses indicates that bus is not powered.

b. ISO DC ON BATT light may indicate the ISO DC bus has become disconnected from the ESS DC bus, and is being powered by the battery. When just have battery power on the ground, this light will not come on even though ISO DC is being powered by the battery.  All 3 DC warning lights go out with battery connected to the bus, and DC bus tie switch tied.

4.  DC power switch is a 3-position rotary switch located on the lower right side of the overhead electrical

     panel.

a. OFF – Only the battery bus is powered, since it is hot-wired to the battery.

b. EXTERNAL DC POWER – Connects external DC power to all DC busses except the battery bus.

c. BATTERY – connects the battery bus to the ISO DC bus.

d. WARNING:  Do not operate the airplane with a defective battery.  Emergency power will not be available to operate the fire extinguisher system, alarm bells, jump lights, or emergency depressurization.  Minimum acceptable battery voltage:  21 volts.

5.  External DC power receptacle is located next to the AC receptacle near the battery compartment.  It is

     used when external AC power is not available, and the crew does not want to perform a self-contained 

     start.  

a. It is not very commonly used--normally when trying to preserve a battery near minimum output.

b. When external DC is used, exercise great care that the external power source is the correct electrical rating.

c. External DC power indicator light:

1. Located adjacent to the DC power switch on overhead electrical panel.

2. Illumination indicates external DC power available, and is the correct polarity, though not necessarily the correct DC rating.

3. To apply external DC power to aircraft, rotate switch to EXTERNAL DC position.

6.  The transformer-rectifier (TR) system is used to rectify AC power to DC power.

a. Two ESS TR units, and two MAIN TR units.

1. ESS TR units powered by ESS AC bus, and supply power to ESS DC bus.

2. MAIN TR units powered by MAIN AC bus, and supply power to MAIN DC bus.

7.  The bus tie switch is a 2-position guarded switch labeled TIED-NORMAL, located on the bottom of 

     the overhead electrical control panel.

a. TIED position operative only on the ground through touchdown circuits.

1. Allows 2-way flow of DC power between ISO and ESS DC busses.

2. TIED position enables battery to power all DC busses on the ground, if necessary.

b. NORMAL position allows only one-way flow of DC power from ESS DC to ISO DC bus.

8.  The reverse current relay allows current flow in only one direction while the aircraft is in flight (MAIN

     DC to ESS DC to ISO DC).

9. The touchdown relay allows current to flow in either direction when the aircraft is on the ground.  The bus tie switch must also be tied to allow 2-way current flow between ISO DC and ESS DC busses on the ground.  Also allows 2-way current flow between ESS DC and MAIN DC busses.

10.  In event of TR failure:

a. On the ground, any TR unit or combination of TR units will assume the DC load for all busses, as power can flow either way through the DC busses.

b. In flight, due to one-way power flow, the ESS DC bus cannot supply power to the MAIN DC bus, if both MAIN TR units fail.

c. In flight, if both ESS TR units fail, ESS DC will still be powered via the MAIN DC bus.

11.  TR loadmeters on the bottom of the overhead electrical panel indicate load in percentages.

12.  The INS BATT bus normally receives power from the ESS DC bus, and powers the INU and a

     portion of the navigator’s IDCU.       

a. Reverse current relay and blocking diodes prevent the INS BATT bus from powering the ESS DC bus.

b. In the event of ESS DC bus power falling below the voltage of the INS battery, the INS BATT bus will automatically be powered by the INS battery.

c. INS battery is charged via the ESS DC bus when the INS battery charge switch (guarded ON/OFF toggle switch) is in the ON position.

1. Due to battery vapor buildup problems, potentially explosive, in the battery compartment, normally the charge switch is OFF on the ground, and ON in flight.

13.  The DC voltmeter on the lower right side of the overhead electrical panel indicates voltage on bus

       selected on the DC voltmeter selector switch (Battery, Essential, Main, INS BATT, and INS BATT

       bus).  It is normally left in the Battery position during flight.

Electrical Malfunctions

1. Generator Out Light (over-voltage, under-voltage below about 70v on any single phase, underfrequency below 368 cps,  output circuit fault)

“GEN OUT—CHECK IT OUT”

a. Frequency, volts, and load normal:

1. Leave ON and continue normal ops (indication system problem, not generator problem).

2. If improperly turned it OFF and problem was indicator malfunction, may not be able to get generator back on line even though generator is functioning properly.

b. Frequency and volts normal, but no load indicated:

1. Turn generator OFF and monitor.

2. Upon loss of indication (freqs, volts, and load all zero) go to c) below.

3. If later lose frequency or voltage on any single phase, disconnect the generator, or ESP if no disconnect available.

c. Frequency, voltage, and load all zero:

1. Switch to RESET, then OFF.  Recheck generator frequency and voltage:

a. Normal indication, turn generator back on and use.

b. Freqs and volts not indicated on all three phases, the generator has failed.  Disconnect, or ESP if no disconnect.

c. If voltage momentarily peaks above normal and returns to zero, disconnect or ESP if no disconnect.

       d.  Abnormal frequency or voltage:

1. Turn generator OFF and monitor.

2. If indication is lost, disconnect, or ESP if no disconnect.

2.  AC BUS OFF LIGHT (avg phase voltage less than 90v):

         “BUS OFF—TURN IT OFF”

a. Turn the switch OFF for the affected generator and check loadmeter to ensure another generator assumes the bus.

b. Check freqs and volts of affected generator.

1. If indications are normal, and the Bus Off light remains illuminated, with no item on that bus failed, resume normal operation.  It’s a Bus Off indicator relay failure, not a real bus failure.

2. If abnormal freqs and or volts, leave generator OFF and monitor.

3. If indications lost, disconnect; or ESP if no disconnect available.

3.  Loss or partial loss of ESS AC bus:

a. Loss of one phase of the ESS AC bus may occur with or without illumination of the Bus Off light.

b. Most likely to occur during high load conditions.

c. May be indicated by one or more of the following: failure of normal brakes, old autopilot operating erratically, new autopilot disengaging, GCAS annunciating INOP, loss or malfunction of heading indication, aux hydraulic pump failure, illumination or flickering of the #2 fuel boost pump low pressure light, illumination of the suction boost pump warning light, loss of synchrophaser, and/or malfunctioning navigation/communication equipment.

d. In the event of loss of ESS AC bus:  (Memory aid: “MGAVIR”)

1. Mech Gov on all 4 propellers (to prevent power flux).

2. Generator Off for the generator powering the bus at the time of the malfunction, normally #2, and monitor while performing the remainder of the procedure.

3. IF POWER IS RESTORED:

a. Leave the generator Off, and continue normal operation.

b. Return props to normal governing.

c. Normal flight operations may continue.

4. IF POWER IS NOT RESTORED:  (Memory aid: “AVIR” portion of MGAVIR)

a. Anti-skid Off.

b. VG on ADIs.

c. Inverters to DC bus position (ACI&EFC bus, and CP instrument bus).

d. Reduce the load.

e. Refer to Dash One section 3.

f. Land as soon as possible, regardless of apparent success of corrective actions, if you have to go past step 2, turning generator off.  If steps 1 and 2 corrected problem, continue mission normally.

4.  Electrical Fire:

a. Run smoke and fumes elimination, getting on 100% oxygen right away.  Attempt to locate the malfunctioning unit(s) or bus.

1. If able to locate, isolate by turning off, pulling CBs, removing plugs, etc.

b. If unable to locate the source of the fire, proceed as follows:

1. With operable ATM:

a. Main tank boost pumps On.

b. Main tank crossfeed valves Closed.

c. Prop governor control switches Mech Gov.

d. ATM and generator On.

e. All engine generator switches Off.

f. If condition persists after performing the above, 

1. P and CP vertical reference switches to VG.  INUs cannot provide pitch, roll, and heading signals to flight instruments without ESS AC power.

2. CP’s inverter switch to DC to power to ADIs in VG.

3. Oil cooler flaps OPEN and FIXED.

4. ATM and generator OFF, STOP.

5. If fire goes out, determine source of malfunction and proceed with bus isolation procedures.

2. With inoperable ATM:

a. Main tank boost pumps On.

b. Main tank crossfeed valves Closed.

c. Prop governor control switches Mech Gov.

d. P and CP vertical reference switches to VG.

e. CP’s inverter switch to DC.

f. Oil cooler flaps OPEN and FIXED.

g. All engine-driven generators Off..

h. “Make an ATM” by removing the 3 MAIN AC bus current limiters at FS 245, and turning one engine-driven generator On.

i. If fire goes out, determine source of malfunction and proceed with bus isolation procedures.

3. WARNING:  Any time power is removed from the ISO DC and ESS DC bus, there will be no power for the ADIs regardless of power source selected.  ESS AC position needs either ISO DC or ESS DC to provide control power.  This would happen in the case of ISO DC bus isolation.

4. In flight, battery life is limited if no TR is operating.

5. The battery cannot be recharged if ISO DC bus is isolated from the power system.

6. There is no isolation procedure for the BATT bus or the INS BATT bus.

5.  In the event of an ISOL DC ON BAT light in flight lasting longer than 25 seconds:

       a.  This indicates failure of the RCR connecting the ESS DC and ISO DC busses.  Confirm by battery

            voltmeter indication of 24 V or less.

  b.  If battery voltmeter indicates about 28 V, it is an indicator problem, not a real system malfunction.

c.   If confirmed, battery conservation measures should be initiated.  

d.  Land as soon as possible.

6.  Multiple Engine Power Loss/RPM Rollback:

a. Main tank boost pumps- ON  

This step ensures positive fuel flow from the main tanks through the individual pumps.
b. Main tank crossfeed valves- CLOSED

Stabilizes fuel to engines in tank-to-engine flow in case fuel flow has been accidentally mismanaged.
c. Propeller governor control switches- MECH GOV

Selecting the prop governor control switch to Mech Gov removes all AC and DC electrical inputs to the props in case electrical prop control glitches are causing the problem.  The props are now governed by speeder springs and flyweights.

d. Temperature datum control valve switches–NULL

Removes TD system inputs to fuel flow at each engine, in case a TD system malfunction is causing the problem.  
e.   Generator supplying ESS AC bus – OFF 

If the malfunction is caused by a faulty generator or bus switching components, turning off the generator supplying the ESS AC bus will provide a new power source and possible elimination of the “bad power”.

f.    Synchrophaser – OFF.

Eliminates the possibility of faulty electronic inputs to the speed bias motor and resulting possible erroneous blade angle changes.
      g.   Synchrophaser CBs – Pulled.

Pulling the ESS AC and ESS DC circuit breakers removes potential inputs of erratic electrical power to the prop controls via the synchrophaser.

7.  Points to emphasize on multiple engine power loss/rpm rollback:

a. The above shall be performed when observing any uncommanded or erratic indications of multiple engine performance, either sequentially or simultaneously, affecting fuel flow, TIT, torque, or rpm.

b. WARNING:  If corrective actions are not initiated promptly, flameout of all engines is possible.

c. WARNING:  With a complete loss of AC power, an airstart is not possible after 4-engine failure.

d. WARNING:  These procedures should correct propulsion system malfunctions arising from fuel system problems, loss of rpm due to low voltage on the ESS AC/ESS AVI bus, or electromagnetic interference.  But there are other malfunctions that can cause loss of engine power such as a failure of the bleed air system.  When the procedure has been completed, the crew should check all other essential systems for proper operation.

e. As you read the Dash One text on this problem, the first paragraph in section 3 describes the

suspicion of fuel starvation.  The second paragraph discusses a TD malfunction.  Paragraph three talks about synchrophaser problems caused by electrical anomalies, and the fourth paragraph  discusses false gauge indications.

f. WARNING:  Even though the synchrophaser is turned off and its CBs pulled, the synchrophaser

still receives electrical impulses magnetically from the tach generators and the prop pulse generators.  Those are wired directly to the synchrophaser without any circuit protection installed.  The only way to disengage the power source is to physically remove the synchrophaser from its mounting bracket (synch. rack).

Electrical System Limitations

1. Primary AC power:  115 volt (single phase)/200 volt (rms voltage), 3 phase, 380-420 Hz AC.

2. Generator output:  380-420 cycle, 110-125 volts, 40 KVA.  ATM generator 30 KVA

3. Allowable loads:  Generator 1.05, DC TRs 1.03

                                    ATM generator 0.66 on the ground with OAT above 40 degrees C., or with an inop

                       cooling fan.  1.0 on the ground with OAT below 40 degrees C. with an operative 

                       cooling fan, or any time in flight.

4. DC voltage:  

a. TRs and External DC, 25-30 volts.   

b. Battery, 24 volts.

1. Battery minimum acceptable for flight, 21 volts.

2. NOTE:  Battery must have 18 volts to close the relay between the battery and ISO DC busses.  Once connected, falls off-line at about 10-12 volts.

ELECTRICAL SYSTEM (ESU)

Note:  The following discussion does not address operations with “partially de-modified” ESU aircraft (CBs pulled.)

Primary AC Electrical System (ESU)

1.   The primary AC electrical system provides power to most motors and pumps, with circuit protection

      provided by CBs and fuses.  

a.   CP has six CB panels:

1.   Memory aid for lower four is “SEAL”—Start, Engines, Aircraft, Lights.

2.   Upper two are Main and Radio.

b.   Pilot has five CB panels and one fuse panel

1.   Memory aid—“Little Rock Air Force Base Is Essential”—Left hand AC, Right hand AC, AC Instrument and Engine Fuel Control, Fuses, Battery, Isolated, Essential AC.

c.   Bus CBs and current limiters located forward side of FS 245.

d.   Ganged BSS CBs on aft side of FS 245 in cargo compartment.

e.   Aft junction box between left paratroop door and left gear well has circuit breakers (notably “tabs

     and flaps” CB).

2.   The busses and power sources that comprise the primary AC electrical system:

 a.   Left hand, Essential, Main, Right hand, Essential AVI, and MAIN AVI.

 b.   Powered by:

           1.   External power.

           2.   Air Turbine Motor (ATM) generator (ESS AC only).

           3.   Engine-driven generators.

3.   Power distribution of the primary AC system:

 a.   Engine-driven generator normally powers its respective bus:

 1.   #1 generator powers the Left hand bus.

 2.   #2 generator powers the ESS AC bus and ESS AVI bus.

 3.   #3 generator powers the MAIN AC bus and MAIN AVI bus.

 4.   #4 generator powers the Right hand AC bus.

 b.   Any one engine-driven generator can power two buses (plus associated AVI bus, if required).

 c.   ATM generator powers only ESS AC and ESS AVI bus.

 d.   External AC powers all primary AC buses.

4.   ESS AVI and MAIN AVI busses added to give cleaner power to more advanced, more sensitive 

      electronic units on aircraft.  AVI bus power is “cleaned up” from the generator’s “dirty AC” by the

      Bus Switching System (BSS).  The BSS has 3 main components:

a. Mounting Base Assembly—provides for uninterrupted power when switching sources.

b. Rectifier Control Unit (RCU)—converts “dirty” AC from generators into “clean” AC.

c. Fail-Safe Bypass Contactor (FBC)—when de-energized, allows dirty AC to power AVI busses.

d. See paragraph 14 for more details on the inner workings of these three components.

5.   The bus transfer system:

 a.   Normal ops, each engine powers its respective bus.

 b.   Partial power configuration:

1.   With any two engine-driven generators operating, all the primary AC busses will be powered.

2.   With any one engine-driven generator operating, the ESS AC (&ESS AVI) and MAIN AC (&

      MAIN AVI) busses will be powered.

3.   With one engine-driven generator inoperative on a wing, its respective bus will be powered by 

      the other engine-driven generator on the same wing—“Wing takes care of Wing”.

4.   With one engine-driven generator inoperative on each wing, their respective busses will be 

      powered by the other generator on the same wing——“Wing takes care of Wing” .

5.   With both engine-driven generators inoperative on a wing, their respective busses will be

      powered by their symmetrical engine-driven generators—“ Symmetrical takes care of

      Symmetrical”.

6.   The ATM generator will power the ESS AC and ESS AVI bus regardless of the engine-driven

      generator configuration.

6.   Bus off light:

 a.   Located on the left side of the overhead electrical panel.

 b.   Illumination indicates that either:

1.   Voltage to respective bus is insufficient  (average phase voltage below 90 volts), and that

      electrical equipment on that bus will not operate normally.

2.   The bus is not energized.

3.   The indicator has failed, and the bus in actuality is still operating normally.

 c.  When Bus Off light illuminates, the FE will check to see if the Gen Out light is also illuminated to

      confirm actual failure.  If actual failure has occurred, he will turn the generator off and disconnect 

      it (ground stop instead of disconnect if on the ground).

7.  ESU malfunction lights:

a. ESS AVI and MAIN AVI bus off lights (simply labeled “ESS AVI” and “MAIN AVI”) to the right of the “ESS AC OFF” light.

1. Illuminate when any AVI bus phase less than 90v, or average less than 95v on respective bus.

2. No power is available to that bus, clean or dirty.
b. “ESU BIT”, “ESS”, and “MAIN” advisory lights to the left of the “ESS AC OFF” light.

1. ESU BIT illuminates any time a fault occurs within BSS 1 or BSS 2.

a. The affected BSS may be on primary-only or on secondary power, but is still providing clean power to the AVI bus.

b. No simple way of diagnosing in flight which BSS has had the fault when on primary-only or secondary power.

c. No abort needed.  Record in the 781.

2. “ESS” or “MAIN” illuminate any time a fault within BSS 1 (BSS 2) causes the FBC to 

      de-energize.  

a. This means the affected bus is on dirty power.  Bus should still operate normally.

b. When ESS or MAIN illuminate, the “ESU BIT” should also be illuminated since a fault has occurred in a BSS.

8.  External AC power:

a.   AC power receptacle has 6 prongs, used to connect with ground power unit.

b.   External AC circuit breaker located inside the battery compartment.

c.   AC external power light on in aircraft indicates external AC power is available, and in the proper

      phase rotation (A,B,C).

d.   The external AC power switch located on the overhead electrical control panel next to the external 

      AC light:

1.   EXTERNAL AC POWER position – Connects external AC power to the airplane primary AC

      distribution system.  All AC busses will be powered.

2.   OFF position – Disconnects external AC power from the airplane distribution system.

e.   External AC power switch override:

1.   Prevents connection of external power and internal power sources at the same time by 

      automatically positioning the external AC power switch to OFF or preventing it from being 

      turned ON (the “rattlesnake”) when:

a.   The external AC power light is not ON.

b.   ATM generator switch is in the ON position (whether or not it’s actually on line).

c.   Any engine-driven generator is producing power, and its generator switch is in the ON 

      position (i.e. whenever on line).

9.  The Air Turbine Motor (ATM):

a.   Located in the upper forward portion of the left wheel well.

b.   Provides an alternate source of power for the ESS AC bus via the generator it turns.  

c.   The driving force for the ATM itself is bleed air supplied from the bleed air manifold.  During a

      normal start, this air is provided by the GTC.  

d.   The ATM control switch:

1.   An ON/STOP toggle switch located on the GTC control panel over the pilot’s head.

2.   With switch ON, bleed air allowed to drive the ATM which turns the ATM generator, but

      does not connect the generator to the bus.

      e.    The ATM generator switch:

1.   Located on the overhead panel to the right of the generator switches.

2.   Acts like a generator switch, and connects ATM generator output to ESS AC bus.

10.  Generator controls and indicators:

  a. Generator control switches are rotary-type 2-position switches:

1.   ON position closes relay contacts to connect the generator to the bus.

2.   OFF position:

a. Disconnects the generator from the system.

b. Allows the generator control unit (GCU) to RESET.

      b.  Generator Out light illuminates if:

1. Frequency below 368 cycles per second (Hz).

2. Any phase below 95v for more than 4 sec.

3. Any phase exceeds 130v approx. 5 sec.  

4. Output circuit fault.

5. Generator out light indicator malfunction.

11.    Generator control units (GCUs) are solid-state units that provide automated generator control and

         regulation.  Each GCU functions as:

  a.   Voltage regulator for over- and under-voltage protection.

  b.   Generator control panel.

  c.   Frequency-sensitive relay for over- and under-frequency protection.

  d.   Feeder fault protection.

  e.   ESU-modified C-130E’s have 4 GCUs—one for each engine-driven generator, but ATM

 generator has older style frequency, voltage, and feeder fault protection.

12.   If any of the problems mentioned above occur in the generator the GCU deeenergizes the generator

        contactor.

 a.   In some cases, (over-voltage, undervoltage, or feeder fault), the GCU also deenergizes the

      generator itself in addition to deenergizing the generator contactor.

 b.   An LED fault indicator panel (truth table) is located on the unit, and can be seen from the aft side 

       of FS 245.

1. If possible, the FE should check the failure codes on the GCU prior to attempting to reset the GCU in event of a Gen Out light.

2. In most cases, the GCU may be reset by placing the generator control switch to OFF and back to ON.

3. In some more serious cases, however, such as feeder fault, the GCU activates a latching circuit to prevent resetting the generator.  Ground maintenance action required.

13.  Generator disconnect switches:

a.   Guarded switch on overhead electrical control panel.

b.   When held to DISC position for approximately 2 seconds, electrically fires a metal pin that shears  

      the generator drive shaft, thus disconnecting the generator from the gearbox.

c.   Firing of the disconnect mechanism is indicated by the DISC FIRED light.

d.   Once disconnected, the generator cannot be reconnected in flight.

14. More details on the major ESU components:

a. Mounting base assembly:

1.  Houses Capacitive Discharge bank—six powerful capacitors which can provide power for up to 60 milliseconds, giving uninterrupted power while internally switches to secondary power.

(a) WARNING:  Allow 6 minutes after BSS shutdown prior to removing any part of the unit or its cannon plugs to prevent getting fried, even during in-flight emergencies.

       b.  Rectifier Control Unit (RCU):

1. Takes “dirty AC” from engine generators, rectifies it into primary/secondary DC power to the BSS’s inverter, which then turns the DC into “clean AC”.

a. BSS1 (to ESS AVI) receives power from whichever generator is powering the ESS AC bus (not the ESS AC bus itself); secondary from generator powering RH AC bus.

b. BSS2 (to MAIN AVI) powered by generator powering MAIN AC bus; secondary from generator powering LH AC bus.

2. Primary boosts the DC to 340V DC.

3. Secondary is unboosted, at 270 V DC.

4. If primary power source fails, RCU automatically switches to secondary power.

a. Inverter converts RCU’s DC into clean AC.

                    1.  Accepts inputs as low as 220V DC.

             2.  Output goes to 0 when RCU input drops to 200V DC; won’t reconnect until  >220V.

        c.  Failsafe Bypass Contactor:

1. Provides backup for BSS failure.

2. When FBC is de-energized, connects AVI buses to dirty AC power.

3. Located behind pilot and copilot circuit breaker panels.

Secondary AC Electrical System (ESU)

1.   Secondary AC busses power the attitude indicators and various instruments.  Busses can be powered

      in two ways:

a.   Copilot’s AC Instrument Bus powered by ESS AVI or ISO DC.

1.   Powers both ADI gyros (VG).

2.   WARNING:  Any time power is removed from both the ISO DC and ESS DC bus, there will 

      be no power for the ADIs regardless of power source selected.

b.   AC Instrument and Engine Fuel Control (ACI&EFC) bus powered by ESS AC or ESS DC.

1.   Powers gauges for torque, TIT, fuel flow, fuel quantity, LOX quantity.

2.   Powers TD system.

3.   Also powers #1 and #2 stepdown transformers.

2.   Each bus has its own rotary switch located on overhead electrical control panel.  On these, the

      following sources can be selected:

 a.   ESS AC is available for both secondary busses (the horizontal, or “Dash” position on each

       switch).

 b.   Inverter positions (the vertical, or “1” position on each switch):

1.   CP’s AC Instrument bus powered by ISO DC or ESS DC via an inverter.

2.   ACI&EFC bus powered by ESS DC via an inverter.

 c.  OFF.

3.   “Selected Power Out” lights, one for each secondary bus, located above respective control switch.

 a.   Shows that the selected power source is not providing power to the bus.

 b.   When illuminates, FE will select the alternate power source with the control switch.

 c.   NOTE:  ONLY when the ACI&EFC bus switch is in the DC position, the bus will automatically

      switch to ESS AC power source if the DC inverter fails--not true for the CP’s AC instrument bus.

1.   The selected power out light will illuminate to indicate the shift has occurred.

2.   Crew will have to manually move the switch to the AC position to correctly reflect which bus

      is powering it, and to get the selected power out light to extinguish.

DC Electrical System (ESU)

1.    The DC electrical system provides control power for AC and DC systems (switches, valves, etc.)  It

       also provides operational power for DC components, and provides an emergency power source.

2.  The DC busses are the battery bus (BATT), Isolated DC bus (ISO DC), Essential DC bus (ESS DC), 

     MAIN DC bus (MAIN DC), and INS battery bus (INS BATT).

a.   Power may be supplied to busses by:

1.   Batteries: 

a.   One for BATT, ISO DC, ESS DC, MAIN DC busses.

b.   Second for INS BATT bus only.

c.   Both batteries are located in the battery compartment, and are exactly the same type, but 

      are not connected in any way.

2.   External DC power.

3.   Transformer Rectifier (TR) units.

3.  The DC Bus Off indicator lights are located on the lower left corner of the overhead electrical panel, in

     the same grouping as the AC bus off lights.

a.   Bus Off light for Main and ESS DC busses indicates that bus is not powered.

b.   ISO DC ON BATT light may indicate the ISO DC bus has become disconnected from the ESS DC 

      bus, and is being powered by the battery. When just have battery power on the ground, this light 

      will not come on even though ISO DC is being powered by the battery.  All 3 DC warning lights

      go out with battery connected to the bus, and DC bus tie switch tied.

4.  DC power switch is a 3-position rotary switch located on the lower right side of the overhead electrical

     panel.

a.   OFF – Only the battery bus is powered, since it is hot-wired to the battery.

b.   EXTERNAL DC POWER – Connects external DC power to all DC busses except the battery bus.

c.   BATTERY – connects the battery bus to the ISO DC bus.

d.   WARNING:  Do not operate the airplane with a defective battery.  Emergency power will not be

      available to operate the fire extinguisher system, alarm bells, jump lights, or emergency 

      depressurization.  Minimum acceptable battery voltage:  21 volts.

5.  External DC power receptacle is located next to the AC receptacle near the battery compartment.  It is

     used when external AC power is not available, and the crew does not want to perform a self-contained 

     start.  

a.   It is not very commonly used.  Normally when trying to preserve a battery near minimum output.

b.   When external DC is used, exercise great care that the external power source is the correct

      electrical rating.

c.   External DC power indicator light:

1.   Located adjacent to the DC power switch on overhead electrical panel.

2.   Illumination indicates external DC power available, and is the correct polarity, though not

      necessarily the correct DC rating.

3.   To apply external DC power to aircraft, rotate switch to EXTERNAL DC position.

6.  The transformer-rectifier (TR) system is used to rectify AC power to DC power.

a.   Two ESS TR units, and two Main TR units.

1.   ESS TR units powered by ESS AC bus, and supply power to ESS DC bus.

2.   Main TR units powered by MAIN AC bus, and supply power to MAIN DC bus.

7.  The bus tie switch is a 2-position guarded switch labeled TIED-NORMAL, located on the bottom of 

     the overhead electrical control panel.

a.   TIED position operative only on the ground through touchdown circuits.

1.   Allows 2-way flow of DC power between ISO and ESS DC busses.

2.   TIED position enables battery to power all DC busses on the ground, if necessary.

b.   NORMAL position allows only one-way flow of DC power from ESS DC to ISO DC bus.

8.  The reverse current relay allows current flow in only one direction while the aircraft is in flight (MAIN

     DC to ESS DC to ISO DC).

9.  The touchdown relay allows current to flow in either direction when the aircraft is on the ground.  The

      bus tie switch must also be tied to allow 2-way current flow between ISO DC and ESS DC busses on

      the ground.  Also allows 2-way current flow between ESS DC and MAIN DC busses.

10.  In event of TR failure:

a.   On the ground, any TR unit or combination of TR units will assume the DC load for all busses, as

      power can flow either way through the DC busses.

b.   In flight, due to one-way power flow, the ESS DC bus cannot supply power to the MAIN DC bus,

      if both Main TR units fail.

c.   In flight, if both ESS TR units fail, ESS DC will still be powered via the MAIN DC bus.

11.  TR loadmeters on the bottom of the overhead electrical panel indicate load in percentages.

12.  The INS BATT bus normally receives power from the ESS DC bus, and powers the INU and a

       portion of the navigator’s IDCU.       

  a.   Reverse current relay and blocking diodes prevent INS BATT bus from powering ESS DC  bus.

  b.   In the event of ESS DC bus power falling below the voltage of the INS battery, the INS BATT

        bus will automatically be powered by the INS battery.

  c.   INS battery is charged via the ESS DC bus when the INS battery charge switch (guarded

       ON/OFF toggle switch) is in the ON position.

1.   Due to battery vapor buildup problems, potentially explosive, in the battery compartment,  

      normally the charge switch is OFF on the ground, and ON in flight.

13.  The DC voltmeter on the lower right side of the overhead electrical panel indicates voltage on bus

       selected on the DC voltmeter selector switch (Battery, Essential, Main, INS BATT, and INS BATT

       bus).  It is normally left in the Battery position during flight.

Electrical Malfunctions (ESU)

1.   Generator Out Light ( frequency below 368 cps,  any phase below 95v for more than 4 sec, any phase  

      exceeds 130v approx. 5 sec, or output circuit fault)

a.   Frequency, volts, and load normal:

1.   Leave on and continue normal operations--indication system problem, not generator problem.

b.   Frequency and volts normal, but no load indicated:

1.   Leave generator ON and monitor.

2.   If later lose frequency and voltage, disconnect the generator, or ESP if no disconnect

      available.

c.   Frequency, voltage, and load all zero:

1.   Check the BIT status on the GCU itself, if possible, prior to resetting.

2.   Turn OFF, then ON.

4. If normal, resume ops.

5. If no freqs, volts, or load, turn generator OFF and disconnect, or ESP is no disconnect.

2.  LEFT/ESSENTIAL/MAIN/RIGHT AC BUS OFF LIGHT (avg phase voltage less than 90v)

a. If generator out light is also on:

1. Turn generator OFF and disconnect, or ESP is no disconnect.

b. If generator out light not illuminated, and everything operating normally:

1. If normal frequency, volts, and load, continue normal operations and monitor.

c. If generator out light not illuminated, and items on the bus are malfunctioning:

1. If can’t restore bus to normal operation, perform bus isolation procedures.

3.  Loss or partial loss of ESS AC bus:

a.   Loss of one phase of the ESS AC bus may occur with or without illumination of the Bus Off light.

b.   Most likely to occur during high load conditions.

c.   May be indicated by one or more of the following: failure of normal brakes, aux hydraulic pump

      failure, illumination or flickering of the #2 fuel boost pump low pressure light, illumination of the

      suction boost pump warning light.

d.   NOTE:  Loss of ESS AC bus will NOT affect ESS AVI or MAIN AVI busses (normally).

e. In the event of loss of ESS AC bus:

1.   Anti-skid Off.

            2.   VG on ADIs.

            3.   Inverters to DC bus position (ACI&EFC bus, and CP instrument bus).

            4.   Prop Governor Control Switches to Mech Gov.

            5.   Reduce the load.

e.   Refer to Dash One section 3.

f.   Land as soon as possible, regardless of apparent success of corrective actions.

4.  ESS/MAIN AVI Bus Off Light  
a. If systems are operating normally (failed indicator relay), continue normal operations.

b. If systems are not normal, 

1. P and CP vertical reference switches to VG.

2. CP’s inverter to DC.  

3. Check the affected bus CBs.  If some are popped, reduce load and try to reset.  If power is restored, continue with reduced load.  Land ASAP for ESS AVI problem.  If power is not restored, leave the AVI bus isolated and land ASAP regardless of whether it’s the ESS or MAIN AVI bus.

a.  If just one or 2 CBs popped, make sure all 3 are pulled to completely isolate.

            4.   IF AVI CBs are all in, pull the associated FBC CB on the ISO DC bus.  If AVI power is

                  restored, leave the CB pulled and return CP’s inverter switch to the AC power position.

5.  Loss of ESS AVI Bus.  If systems powered by ESS AVI have not failed, this is an indication

     problem.  Continue normal ops.

     a.   P and CP vertical reference switches to VG.

     b.   CP bus inverter switch to DC.

     c.   Prop Governor Control switches to Mech Gov.

     d.   Check the 3 ESS/MAIN AVI bus power CBs on pilots upper CB panel/CP upper panel.  If  

            they’re out, reduce the load and try to reset.

     e.    If power is restored, continue ops with reduced load and land as soon as possible.

     f.    If power not restored, isolate the ESS AVI bus and land as soon as possible. 

6.  Loss of MAIN AVI Bus.  If systems powered by MAIN AVI have not failed, this is an 

     indication problem.  Continue normal ops.

     a.   Check that MAIN AC bus is operating and powered normally.

     b.   Check MAIN AVI CBs.

           1.   If breakers are open, reduce load and attempt to reset.

           2.   If power is restored, continue operation with reduced load.    

7.  AVI Bus isolation procedures:

a. If is ESS AVI, go VG on ADIs and select DC position on CP’s bus.

b. Pull 3 ESS AVI AC BUS PWR CBs on pilot’s  upper panel or MAIN AVI AC BUS PWR CBs on copilot’s upper panel, as applicable.

8.  Switching from clean to dirty power on AVI Busses (BSS Isolation):

a. Pull ISOL DC BUS AVIONICS ESNTL/(MAIN) BY-PASS CNTOR CONTROL CB on pilot’s side panel.

b. If you need to go further and totally isolate the BSS, e.g., the BSS is burning, pull 2 sets of 3 ganged CBs on back of FS 245:

1. ESS AVI SEC PWR and ESS AVI PRI PWR, or

2. MAIN AVI SEC PWR and MAIN AVI PRI PWR.

9.  Electrical Fire:

a.   Run smoke and fumes elimination getting on 100% oxygen right away.  Attempt to locate the

      malfunctioning unit(s) or bus.

1.   If able to locate, isolate by turning off, pulling CBs, removing plugs, etc.

b.   If unable to locate the source of the fire, proceed as follows:

1.   With operable ATM:

a.   Main tank boost pumps On.

b.   Main tank crossfeed valves Closed.

c.   Prop governor control switches Mech Gov.

d.   ATM and generator On.

e.   All engine generator switches Off.

f.   If condition persists after performing the above, 

1.   P and CP vertical reference switches to VG.  INUs cannot provide pitch, roll, and

      heading signals to flight instruments without ESS AVI power.

2.   CP’s inverter switch to DC (power to ADIs in VG).

3.   Oil cooler flaps OPEN and FIXED.

4.   ATM and generator OFF, STOP.

5.   If fire goes out, determine source of malfunction and proceed with bus isolation

      procedures.

2. With inoperable ATM:

a.   Main tank boost pumps On.

b.   Main tank crossfeed valves Closed.

c.   Prop governor control switches Mech Gov.

d.   P and CP vertical reference switches to VG.

e.   CP’s inverter switch to DC.

f.   Oil cooler flaps OPEN and FIXED.

g.   All engine-driven generators Off..

h.   “Make an ATM” by removing the 3 MAIN AC bus current limiters at FS 245, and turning

      one engine-driven generator On.

i.   If fire goes out, determine source of malfunction and proceed with bus isolation

    procedures.

3. WARNING:  Any time power is removed from the ISO DC and ESS DC bus, there will be no power for the ADIs regardless of power source selected.  ESS AC position needs either ISO DC or ESS DC control power.  This would happen in the case of ISO DC bus isolation.

4. In flight, battery life is limited if no TR is operating.

5. The battery cannot be recharged if ISO DC bus is isolated from the power system.

6. There is no isolation procedure for the BATT bus or the INS BATT bus.

10.  In the event of an ISOL DC ON BAT light in flight lasting longer than 25 seconds:

       a.  This indicates failure of the RCR connecting the ESS DC and ISO DC busses.  Confirm by battery

            voltmeter indication of 24 V or less.

  b.  If battery voltmeter indicates about 28 V, it is an indicator problem, not a real system malfunction.

c.   If confirmed, battery conservation measures should be initiated.  

d.  Land as soon as possible.

11.  Multiple Engine Power Loss/RPM Rollback:

  a.   Main tank boost pumps- ON  

This step ensures positive fuel flow from the main tanks through the individual pumps.
  b.   Main tank crossfeed valves- CLOSED

Stabilizes fuel to engines in tank-to-engine flow in case fuel flow has been accidentally mismanaged.
 c.    Propeller governor control switches- MECH GOV

Selecting the prop governor control switch to Mech Gov removes all AC and DC electrical inputs to the props in case electrical prop control glitches are causing the problem.  The props are now governed by speeder springs and flyweights.

 d.   Temperature datum control valve switches–NULL

Removes TD system inputs to fuel flow at each engine, in case a TD system malfunction is causing the problem.  
e.   Generator supplying ESS AC bus – OFF 

If the malfunction is caused by a faulty generator or bus switching components, turning off the generator supplying the ESS AC bus will provide a new power source and possible elimination of the “bad power”.

f.    Synchrophaser – OFF.

Eliminates the possibility of faulty electronic inputs to the speed bias motor and resulting possible erroneous blade angle changes.
      g.   Synchrophaser CBs – Pulled.

Pulling the ESS AC and ESS DC circuit breakers removes potential inputs of erratic electrical power to the prop controls via the synchrophaser.

12.  Points to emphasize on multiple engine power loss/rpm rollback:

a.   The above shall be performed when observing any uncommanded or erratic indications of

      multiple engine performance, either sequentially or simultaneously, affecting fuel flow, TIT, 

      torque, or rpm.

b.   WARNING:  If corrective actions are not initiated promptly, flameout of all engines is possible.

c.   WARNING:  With a complete loss of AC power, an airstart is not possible after 4-engine failure.

d.   WARNING:  These procedures should correct propulsion system malfunctions arising from fuel

      system problems, loss of rpm due to low voltage on the ESS AC/ESS AVI bus, or electromagnetic

       interference.  But there are other malfunctions that can cause loss of engine power such as a 

       failure of the bleed air system.  When the procedure has been completed, the crew should check

       all other essential systems for proper operation.

e.   As you read the Dash One text on this problem, the first paragraph in section 3 describes the

suspicion of fuel starvation.  The second paragraph discusses a TD malfunction.  Paragraph three talks about synchrophaser problems caused by electrical anomalies, and the fourth paragraph  discusses false gauge indications.

f.   WARNING:  Even though the synchrophaser is turned off and its CBs pulled, the synchrophaser

still receives electrical impulses magnetically from the tach generators and the prop pulse generators.  Those are wired directly to the synchrophaser without any circuit protection installed.  The only way to disengage the power source is to physically remove the synchrophaser from its mounting bracket (synch. rack).

Electrical System Limitations (ESU)

1.    Primary AC power:  115 volt (single phase)/200 volt (rms voltage), 3 phase, 380-420 Hz AC.

2.   Generator output:  380-420 cycle, 110-125 volts, 40 KVA.

3.   Allowable loads:  Generator 1.05, DC TRs 1.03

4.   DC voltage:  

a.   TRs and External DC, 25-30 volts.   

b.   Battery, 24 volts.

1.   Battery minimum acceptable for flight, 21 volts.

2.   NOTE:  Battery must have 18 volts to close the relay between the battery and ISO DC busses. 

      Once connected, falls off-line at about 10-12 volts.

ENGINE-DRIVEN HYDRAULIC SYSTEMS

1. Two engine driven hydraulic systems:  utility and booster.

a. Utility system (about 12.5 gallons in entire system) operates:

1. One side (1/2) of each flight control boost package.

2. Wing flaps.

3. Landing gear.

4. Normal Brakes.

5. Nose wheel steering.

b. Booster system  (about 9.3 gallons in entire system) operates other side (1/2) of each flight control boost package.

2. The function of the hydraulic reservoirs are to:

a. Assure positive supply of fluid to engine driven pumps and each system at all times.

b. Allow for expansion and contraction of hydraulic fluids caused by thermal changes.

c. Utility reservoir is forward of left wheel well in cargo compartment; 3.2 gallon capacity.

d. Booster reservoir is forward of right wheel well in cargo compartment; 2.0 gallon capacity.

3. One suction boost pump each for utility and booster systems; electrically driven, below each reservoir. (ESS AC)

a. Insures positive flow of hydraulic fluid to engine driven pumps.

b. CAUTION:  Starting an engine with inoperative suction boost pump may cavitate and damage the engine driven hydraulic pump.

4. Engine driven pumps located on back side of reduction gearbox--one of the gearbox accessory items.

a. Variable displacement pumps with internal control mechanisms that control output pressure to the system at approximately 3000 psi.

1. Utility system operates from output of #1 and #2 engine driven pumps; about 9 gal/min output.

2. Booster system operates from output of #3 and #4 engine driven pumps; about 9 gal/min.

5. Hydraulic control panel on lower portion of CP’s instrument panel.

a. One primary gauge for each system (utility and booster) on the control panel; indicates the pressure output of each system; normal limits for either system 2900-3200 psi.

b. Engine driven pump switches electrically control shutoff valves on the supply and output lines to each pump.

1. OFF closes both valves.  Upstream is motor-driven, downstream is solenoid actuated, stopping fluid flow to and from the pumps while trapping fluid in run-around circuit for cooling and lubrication.

2. Switches are left ON after engine shutdown to prevent failure of supply line due to thermal expansion.

c. Engine driven hydraulic pump pressure warning light illuminates when:

1. Low pressure in the pump output line due to pump failure, line rupture, or other system leakage/malfunction. 1000 psi on, 1350 psi off.

2. The pump switch is in the OFF position.

d. Suction boost pump switches:  One switch each for the utility and booster systems to turn on/off electrical pump.

e. Suction boost pump pressure warning light illuminates when:

1. Low pressure in output line.  On at 20 psi, off at 30 psi due to:

a. Suction boost pump failure (mechanical or electrical).

b. Loss of fluid (line ruptures, or empty reservoir).

             2.  Pressure switch failure.

6. The purpose of the engine driven pump run-around circuit is to trap fluid for the pump to provide lubrication and cooling.  Without lubrication, pump is a fire hazard, since it is turning as long as engine is operating.

a. Valves will close to trap fluid in the run-around circuit whenever the respective pump switch is turned OFF, or the respective engine’s fire handle is pulled.

7. Automatic system overpressure provided by pressure relief valve located in the system.

a. Starts to open at 3450 psi, full open at 3850 psi.

b. Can relieve up to 16 gal/min.

8. Checking the engine driven pumps during engine start:

a. An indication of pressure (light out or gauge indication) from the respective pump by the time the engine is on-speed.

b. Normal system pressure from respective pump within 30 seconds after engine stabilized on-speed at 100% rpm.

1. Check pump output after engine stabilized on-speed, at normal ground idle or LSGI.

2. Other engine driven pump switch must be in the OFF position if other engine on the same wing is operating.

3. Operate flight controls to create a momentary drop in system pressure and note system pressure indicates return to normal when flight controls are static.

4. Normal operating pressure may not be indicated unless the elevator control is pulled slightly aft of the front stop to relieve a built-in pressure bypass, or if the engine is in LSGI.

5. Normal pressure may not be indicated in LSGI, i.e. it may be as low as 2550 psi, although this would be very unusual.  In such cases, bring engine up to normal ground idle to check hydraulic pump pressure output.

Hydraulic Malfunctions

1. When loss of system pressure is indicated:

a. CP turns affected system pumps switches OFF, and notifies crew.

b. CP turns suction boost pump switch OFF.

c. FE or LM checks for loss of fluid in reservoir.

d. FE or LM checks for loss of fluid at units being supplied by system.

e. Isolate units causing trouble, if possible.

f. If unable to isolate leak, leave pump switches OFF.

g. If leak is isolated, re-service reservoir and turn switches ON one at a time.

2. When suction boost pump warning light illuminates:

a. CP turns suction boost pump switch OFF, notes static system pressure, and notifies crew.

b. FE or LM checks fluid level in reservoir.

1. If level is not decreasing and system static pressure is 2500 psi or above, no further action is required.  Failed suction boost pump or pressure indicator.

2. If level is decreasing or static system pressure is less than 2500 psi, CP should turn both engine driven pump switches OFF.

a. FE or LM checks for leaks in the plumbing, reservoir, and using units.  Isolate leak if possible; if not possible, leave system off.

3.  When engine driven pump warning light illuminates:

a. CP turns affected pump switch OFF and notifies crew.

b. FE or LM checks fluid level in affected system reservoir.

1. If reservoir is FULL, no further corrective action is necessary.  However, if the shear neck of the pump drive spline does not separate, the pump can disintegrate internally, causing a fire hazard.  Consider engine shutdown.

2. If fluid level has DECREASED, BUT STOPPED when affected pump switch was turned off, the leak may be isolated between the inflow hydraulic shutoff valve and the outflow one-way check valve.  If so, the pump may be turning without fluid, and a fire hazard may exist.  Strongly consider engine shutdown.  About a gallon of flammable hydraulic fluid usually trapped in runaround circuit may have been dumped into engine nacelle.

3. If fluid level CONTINUES TO DECREASE, turn other pump switch for that system OFF, and turn suction boost pump switch OFF.  Follow Loss of System Pressure procedures.

c. FE or LM will check for fluid loss at using units and isolate, if possible.  If no leaks are visible, the problem is probably at the pump.

d. To isolate the bad pump, leave its pump switch OFF, and reactivate the system by positioning the suction boost pump switch and other pump switch ON.

1. FE or LM should monitor reservoir for further decrease of fluid level.  If level is stable, refill to full mark.

e. Internal pump failure can be a fire hazard.  Engine shutdown is at pilot’s discretion.

1. Fluid leaking into nacelle or pump disintegration from internally generated heat.

4.  In the unlikely event that hydraulic pressure in excess of 3900 psi is indicated--loss of system pressure 

     relief valve AND a failed hydraulic pump compensator:

a. CAUTION:  Do not position hydraulic pump switch OFF or pull fire handle on affected engine.  This would close the hydraulic pump shutoff valves.

1. Pump would be isolated from system high-pressure relief valve.

2. Excessive hydraulic pressure could build up until the pump or pump lines rupture.

3. Fluid trapped when pump is isolated could drain into the nacelle and create fire hazard.

b. Follow the Cruise Engine Shutdown procedure for one of the engines supplying pressure to the affected system.  Technique:  try the inboard engine first.

c. If hydraulic pressure decreases to normal, pump on engine shut down is defective.  Continue operation with engine shut down.

d. If hydraulic pressure does not decrease to normal, Air Start the engine.

e. Shut down the other engine supplying pressure to the affected system with the Engine Shutdown Procedure, and continue operation with it shut down.

Hydraulic System Limitations

1.  Hydraulic pressure, utility and boost:

2900-3200 psi

Max 3500 psi

2.  Hydraulic pressure, aux system:

2900-3300 psi

Max 3500 psi

3.  Rudder boost, 15% to 100% flaps:

2900-3200 psi

Max 3500 psi

4.  Rudder boost, 0% to 15% flaps:

1100-1400 psi

Caution 1400-1600, max 1600

5.  Normal brakes:



2900-3200 psi

Max 3500 psi

2900 min, 2 brake applications 

without antiskid, 2250 min, 

one brake application without 

antiskid.

6.  Emergency brakes:



2900-3300 psi

Max 3500 psi

2900 min, one brake application

7.  Min pressure, LSGI:



2550 psi (if in limits at 100% rpm)

8.  Utility Accumulator



1500 psi +/- 100

9.  Booster Accumulator


1500 psi +/- 100

10.  Normal Brakes Accumulator

1500 psi +/- 100

11.  Emergency Brakes Accumulator

1000 psi +/- 100

12.  Aux System Accumulator


300 psi

13.  Min pressure, suction boost pump light
2500 psi

FLIGHT CONTROL BOOSTER UNITS

1. Purpose and location of flight control booster units:

a. Provide most of force required to move flight control surfaces.

b. If any component of one hydraulic system supplying pressure to the unit fails or malfunctions, the unit is designed to function normally using the other hydraulic system.

c. If either the booster or utility hydraulic system fails, the flight control booster unit will continue to operate, but with some loss of boost assistance.

d. Aileron unit, aft of center wing beam.

e. Elevator unit, in extreme aft end of cargo compartment (“twin guns”).

f. Rudder unit to Right of elevator unit.  Faces sideways.

2. The purpose of the flight control pressure reducers is to produce desired sensitivity and surface travel at varying airspeeds.  Lower pressure for higher speed operations is to limit airframe stress.

a. Diverter valve bypasses rudder pressure reducer to provide full system pressure for operation at low airspeed.

b. High boost is provided for rudder when flap lever is positioned to 15% or more.  This high boost is critical for aircraft control during approach and landing with engine(s) inoperative.

c. Positioning flap lever to less than 15% reduces rudder boost pressure to about 1300 psi.  Most pilots use technique of not positioning to less than 20% flaps to ensure will not inadvertently reduce to low rudder boost due to inaccuracy of gauge readings.

d. Aileron pressure reduced to 2050 psi under all conditions so will not overstress wings with too fast a roll rate with external fuel tanks.

e. Full system pressure provided to elevator boost pack; never reduced.

3. Six flight control boost shutoff switches and warning lights on lower right section of overhead control panel:

a. Two switches for each booster pack unit, one for booster system (left guarded switch of each pair), the other for utility (right guarded switch of each pair).

1.  Switch guards are labeled:  left to right are Elevator pair, Rudder pair, Aileron pair (ERA).

2. Guards are safety wired closed.

b. In OFF position, a shutoff valve adjacent to it respective boost unit will close (ESS DC).

1. Stops flow of fluid to unit.

2. Both system switches must be OFF to completely isolate a flight control unit.

c. The hooded warning light will illuminate when corresponding switch is OFF.  This does not ensure that the shutoff valve has actually operated.

4.  Reasons to not purposely remove hydraulic pressure to flight control booster units in flight for other

     than emergency response:

a. WARNING:  Airplane may make an unusual attitude, and require high manual forces to move flight controls.

Flight Control Booster Unit Malfunctions

1. How loss of hydraulic assistance affects movement of flight controls:

a. Greatly increased effort is required.

b. Manual movement is easier at lower airspeeds.

c. Maneuvering at cruise airspeeds may be accomplished with trim tabs, differential engine power, and high control forces.

d. If lose hydraulic assistance to flight controls, reduce airspeed and use engine power, trim, and control inputs to recover control.  If the failure is to the elevators, achieve approximately 170 KIAS, using inboard engine power to assist in pitch control--power up, pitch up/reduce power, pitch down, outboard engine power to adjust airspeed.

2.   Landing the airplane with a loss of hydraulic pressure to the flight control booster unit:

a. Avoid crosswinds, short fields, or narrow runways.

b. Reduce weight and speed of airplane as much as possible.

c. Make a long, flat approach to reduce the amount of flare necessary, and fly the airplane onto the ground.

d. Use normal trim and engine power to reduce control forces.

e. For elevator boost failure, land with 0 to 50% flaps; 50% recommended.

3.   Cues and corrective actions for a flight control unit failed to a hardover condition:

a. Abrupt, uncommanded near-full deflection of a flight control with corresponding change in airplane attitude.

1. Engine failure, split flaps, or other malfunctions could cause abrupt changes in attitude.

b. Turn the control boost shutoff switches for the flight control unit OFF.  Greatly increased force will be required to move the flight control.  If elevator boosters are turned off, the hardover will be alleviated, but expect the airplane to be out of trim in the nose-up direction.  Immediate trim correction will be required.

c. Prior to removing boost, assure other systems are not malfunctioning instead:  runaway trim, erroneous autopilot inputs, engine failure, or split flaps.

4.  Analyzing a booster hydraulic leak and how to isolate the malfunctioning boost package:

a. Determine location of leak.

b. Control boost switch for affected system OFF.  Technique:  Position one boost switch OFF.  If leak stops, leak is isolated. If leak continues, position boost switch ON and other boost switch OFF.

c. If leak continues after checking both boost systems, leak is upstream of the boost pack.  Follow isolation procedure for hydraulic system loss of pressure.  Possibility exists that both boost systems may have to be shut off to stop leak.

5.  If liferaft release is suspected in flight, as indicated by vibrations ranging from slight to severe, and 

     bumps or bangs coming from the wing root area, and vertical or yaw control problems:

a. Retard power and decrease airspeed.

b. Lower flaps and inspect liferaft compartments through a rear cargo window.

c. If a raft is lodged on the tail, fishtail the airplane slightly, or enter shallow bank right or left.

d. Land ASAP.

e. CAUTION:  Do not reverse props on landing to prevent drawing raft into props.

f. If autopilot was engaged when problem was encountered, beware high trim pressures when disengaging autopilot.

TRIM TAB CONTROL SYSTEM

1. The trim tabs function to relieve control pressure on the flight controls. 

2.  The aileron and elevator trim tab switch on the control pedestal:

a. Held in “Lower Left Wing” or “Lower Right Wing” position trims lateral axis.

b. Held in “Nose Up” or “Nose Down” position trims pitch axis when elevator trim tab power selector switch is in “Emergency”.

3.  Trim tab switch on outboard hand grip of each flight control yoke held forward or aft, trims nose of

     airplane down or up respectively when “Normal” is selected on trim tab power selector switch.

4.  The elevator trim tab power selector switch is located on flight control pedestal, and selects electrical

     power source for operation of elevator trim tabs.

a. NORMAL supplies ESS AC power to control wheel elevator trim button.

b. OFF de-energizes elevator trim capability.

c. EMERGENCY supplies ESS DC power to control pedestal switch for elevator trim.

5.   The rudder trim tab switch on the flight control pedestal is a 3-position switch (Nose Left, Off, Nose

      Right).

a. Spring loaded to return to OFF.

b. Rudder trim tab motor powered by ESS AC.

6.  Trim tab position indicators located on pilot’s instrument panel:

a. Trim correction without indication reveals indicator failure.  Since it’s a DC gauge, power failure causes indicator to go off-scale.

b. Check “Tabs and Flaps” CB on aft junction box in cargo compartment (MAIN DC).

c. Record in 781.

Trim Malfunctions

1. Corrective action for runaway aileron or rudder trim:

a. Hold trim tab switch in direction opposite to runaway.

b. FE or pilot will pull respective trim tab CB on pilot’s side CB panel.  Good technique for pilot to know exactly where these CBs are.

c. If rudder trim tab runs away to an extreme position, directional control cannot be maintained at high airspeeds.  If this happens, reduce airspeed until directional control is regained.

2. Corrective action for runaway elevator trim:

a. Hold trim tab switch on yoke in direction opposite to runaway.

b. Position elevator tab power selector switch to OFF.  This should stop the runaway tab.

c. Place the elevator tab power switch to EMERGENCY.

d. Retrim airplane using the elevator trim tab switch on control pedestal. Tab movement will be slower than in NORMAL.  

e. If the failure results in an uncontrollable nose up condition, bank the airplane as necessary and slow down.  Extend flaps as airspeed permits to provide adequate stall margin as speed is further reduced.

f. If the failure results in a nose down condition, reduce power and reduce airspeed to maintain control.

g. Autopilot elevator servo is disconnected whenever elevator trim tab power selector is not in Normal.

h. If trouble is encountered in EMERGENCY, return trim tab power selector switch to OFF.  In Normal and Emergency, you are using different power sources to power the same motor, leading to the possibility of encountering trouble in both modes.

FLAP SYSTEM

1. Normal flap operation:

a. Flap lever is set to a desired position inscribed on the flap lever guide.

b. Flap lever moves a cable to the flap control unit, which energizes a MAIN DC circuit to position hydraulic wing flap selector valve up or down.  

c. Wing flap selector valve ports hydraulic fluid to up or down side of the flap motor.

d. Flap motor rotates torque tubes, which move the flaps up or down via 90 degree gearboxes, jackscrews, and travelling nuts.

e. Once desired position is reached, the flap control unit/follow-up cam de-energizes the wing flap selector valve, which then stops porting fluid to the wing flap motor.

f. Flaps are held in position by a spring-applied brake; brake is hydraulically released.

g. Technique:  keep hand on flap lever until flaps reach desired position, and hydraulic pressure has returned to normal.

2. Flap movement:

a. Fowler style flaps, with movement both aft and downward.

b. Complexity of operation gives potential for asymmetrical flaps.

c. The outboard flaps are in close proximity to the ailerons, and the possibility exists that binding may occur between aileron and outboard flaps during flap movement.

d. If aileron binding is discovered during flap movement, stop flap movement.

e. Flaps should then be moved only to assure airplane control.  Flap movement restricted to 10% increments.  If aileron control is freed, or if it is noted that binding increases, stop flap movement immediately.  See Dash One section 3 procedures.

3. The emergency flap brake automatically stops flap movement when an asymmetrical flap condition occurs due to a broken flap torque tube or other flap component.

a. Operates only during normal flap actuation:

1. Hydraulic pressure locks emergency flap brake on outboard ends of torque tube.

2. Electrical power is used to sense asymmetrical condition. Only available when using flap lever to move flaps.

3. Flaps cannot be moved by normal or manual means once asymmetric flap brake is engaged.

4. Only reset on ground by qualified maintenance personnel.

4.  The manual override feature on the wing flap selector valve:

a. Located on the left hand hydraulic panel, forward of left wheel well.

b. Used to position flaps if flap electrical control system fails, and utility hydraulic pressure is available.

c. One second of pressing up or down button moves flaps approximately 10%.

d. Assymetrical protection is not available when using this feature.

5.  Manually cranking the flaps (if hydraulic pressure is not available):

a. Handcrank stowed on forward side of left wheel well.

b. Yellow manual shift handle and pinned flap drive input shaft located above handcrank.

c. 650 turns of crank to achieve full up/full down.

d. Asymmetrical protection is not provided when manually positioning flaps.

1. Pilot must be able to direct flap movements.

2. Be wary of changes in trim about the roll axis, indicating asymmetrical flap movement

e. Refer to checklist and Dash One for detailed procedures and warnings.

Flap Malfunctions

1. In the event flap movement stops or slows before reaching the selected position:

a. Could be a hydraulic leak, electrical control circuit failure, or engaged emergency flap brake.

1. Check hydraulic pressure.  CP should position flap handle to corresponding flap position.

2. If pressure is normal, check wing flap control CB.

a. If CB popped, assume electrical problems and reset.  Use normally.  If CB cannot be reset, consider using manual override if situation dictates, at pilot’s discretion.

b. If resetting CB doesn’t fix the problem, suspect emergency flap brake engagement.  See Dash One.

3. If pressure is low or decreasing, follow loss of system pressure procedures.  Pull wing flap CB to stop probable hydraulic leak.  Flaps can still be moved up or down with manual handcrank, if required.  Follow Dash One procedures.

2. If an outboard flap fails, it is possible for it to contact the aileron, resulting in binding and restriction of aileron movement.  

a.  If this happens and it is possible to control the airplane, no attempt should be made to move the flaps.  Stop flap movement as soon as binding is detected. 

b. If flap movement must be attempted, return them in 10% increments toward the position last selected before the flap failure.

c. As soon as binding is freed, or if the binding gets worse, stop flap movement immediately. 

3. When using manual override:

a. Use Raise or Lower button on wing flap selector valve, depressing the button in “shots” to raise or lower the flaps in 10% increments.  A 1-second shot equals about 10%.

b. The pilot will direct FE to cease operation when desired position is reached.

c. No asymmetrical protection is available.

1. Flight station (pilot) must be in direct communication with person moving the flaps.

2. Should a failure of the flap torque tubes occur during override operation, resulting in a change in trim about the roll axis, stop flap movement immediately.  Return the controllable flaps to the position assumed by the uncontrollable flaps.

4.  Wing flap position indicator failure should be suspected when:

a. Off-scale flap position indicator and off-scale trim tab indicators.  Both are on one MAIN DC CB, the “Tabs and Flaps” CB on the aft junction box, aft of left main wheel well in cargo compartment.  Memory aid for gauge power loss:  “AC lies, DC dies.”

b. Utility hydraulic pressure decreases when flaps are moving, and pitch of airplane will change, confirming actual flap movement despite gauge readings.  LM can visually check flap position.

Flap Limitations

1. Airspeed limits on flaps:

10%  -  220 KIAS



60%  -  165 KIAS

20%  -  210 KIAS



70%  -  155 KIAS

30%  -  200 KIAS



80%  -  150 KIAS

40%  -  190 KIAS



90%  -  145 KIAS

50%  -  180 KIAS



100% - 145 KIAS

2. Bank angle and load limitations:

a. Flaps up
           Max bank 60 degrees.  Max symmetric load 3.0G, asymmetric load 2.33G.

b. Flaps extended
           Max bank 45 degrees.  Max symmetric load 2.0G, asymmetric load 1.5G.

3. Extension time:  8-15 seconds

4. Retraction time:  10-15 seconds

5.   Thunderstorm Penetration Airspeed:  Power-Off Stall + 65kts; no more than 180 KIAS

LANDING GEAR SYSTEM

1. Landing gear operation:

a. The gear lever is positioned Up or Down.  Gear handle is an electrical switch.

b. Landing gear selector valve is electrically positioned to port hydraulic fluid to Up or Down side of gear motors.

c. Hydraulic fluid actuates nose gear cylinder and two reversible hydraulic motors of main gear to raise or lower gear.

d. Nose gear is held in Up position by hydraulic pressure, with mechanical latch backup; held in down position by hydraulic pressure. 

e. Main gear held in up position with trapped hydraulic pressure, with spring-applied brake as backup; held in Down position by hydraulic pressure. 

f. With airplane on ground, weight of aircraft on the friction washer on each jackscrew assembly serves as a downlock for each main gear.  The nose gear has a mechanical downlock within the actuating cylinder.

g. The main landing gear struts have adequate forward and aft support, although lateral support is weak.  Undue side loading on the main landing gear (landing in a crab) must be prevented.

2. Four ways to position the landing gear:

a. Normal, using gear handle (electrical and hydraulic operation).

b. Manual override of electrical control to control valve (hydraulic only).

c. Manual cranking in event of hydraulic failure.

1. Free-falling.

2. Cranking.

d. Extension after normal and manual system failure (ratcheting).

3.  The locking device on the landing gear lever prevents inadvertent movement of gear handle to Up

     when the airplane is on the ground.

a. If this device fails to withdraw in flight:

1. Pull down lock release finger latch.

2. Position landing gear lever to Up.

3. Ensure gear retracts; if not, check gear control CB.

4. Notify crew, because touchdown circuits are probably affected.  See Dash One pp.1-205,206 for affected systems.

5. Check touchdown relay CB on ISO DC bus.

4.  Landing gear indications:

a. The letters Up appear on face of indicators when respective wheel is retracted and locked.

b. A symbol of a landing gear wheel indicates gear is extended and locked.

c. Diagonal stripe indicates gear is in an intermediate position, or that the indicator is inoperative.  Be careful under low light conditions to not mistake the diagonal stripe symbol for a gear wheel symbol.

d. Landing gear position indicators are primary system to indicate gear position.

e. NOTE:  If an individual landing gear position indicator becomes inop because of a faulty grounding circuit, the warning horn and light will indicate the position of the other 2 gear only.

5.  The landing gear warning system:

a. A single circuit operates a warning light in the gear handle and a warning horn.

b. The light glows when:

1. Gear is not in a locked position, either up or down.

2. Any throttle is retarded below approximately 1 inch forward of Flight Idle and gear is not down and locked.

c. The warning horn will sound when the gear is not fully down and locked and:

1. Any throttle is retarded below approximately 1 inch forward of Flight Idle.

2. More than 70% flaps are extended.

d. A warning horn silence button located on landing gear control panel will silence the horn unless flaps are extended more than 70% and the gear is not down and locked.  Technique:  do not silence the horn in the visual pattern final turn, or when on instrument final approach course.

e. Pressing the warning light test switch tests continuity of landing gear warning circuit.

6.  Manual override of the gear selector valve:

a. Landing gear selector valve is located on left hand hydraulic panel adjacent to wing flap selector valve, and is used for failure in electrical control system with no hydraulic leak.

b. Depress Up or Down button on landing gear selector valve.

c. Position indicators should continue to give correct indications.

d. If the button must be held in continuously to lower the gear, nose wheel steering will be inoperative unless the button is held in during taxi (not recommended!)

e. Refer to checklist and Dash One for procedures.

7.  Manually cranking the gear:

a. Used when hydraulic pressure is not available or leak in utility system cannot be isolated.

b. One hand crank is stowed on forward face of left wheel well, and one on fuselage wall forward of right wheel well.

c. A yellow emergency engaging handle and an input shaft are located on forward wall of each wheel well.

d. Frequently, if problem in lowering gear is caused by gear system binding, the procedural step of depressurizing the aircraft will relieve the binding, and the gear will freefall at that point.

e. Refer to checklist and Dash One for procedures and warnings.

8.  Emergency main gear extension after other emergency procedures have failed (ratcheting):

a. Ratchet wrench is located on litter stanchion forward of left wheel well.

b. This wrench is used to manually rotate individual landing gear jackscrews to lower the struts. Must remove sidewall blanket, and open panels near top of main gear well.

c. Refer to Dash One for procedures and warnings.

9. Reasons to chain the main landing gear down prior to landing:

a. In event gear cannot be fully extended.

b. If some structural failure has occurred.

c. Keeps gear from moving laterally away from fuselage during landing.

10. Nose gear emergency release handle:

a. In floor of flight deck between CP’s seat and center pedestal.

b. Manually releases nose gear mechanical uplock if hydraulic pressure in insufficient to release it.

Landing Gear Malfunctions

CAUTION:  Do not takeoff with a known or suspected landing gear malfunction.

CAUTION:  If configuration permits, prior to landing with any main landing gear system malfunction, depressurize the airplane and remove the main landing gear inspection windows on affected side.  Visually confirm that bottom of ball nut is contacting bumper stops.  

1. If main and nose landing gears fail to fully extend or retract after selecting the desired position with the gear handle:

a. Check utility hydraulic pressure.  If note rapid loss of hydraulic pressure:

1. Immediately return gear handle to UP position/check handle in UP position; and then pull landing gear CB to neutralize landing gear selector valve.  

2. If pressure is still low (not rising), proceed with Loss of System Pressure procedure.

3. Proceed with manual gear extension.

b. If hydraulic pressure/quantity is normal, check landing gear CB.  

c. If CB is popped, reset and continue operation.  If will not reset, use manual override procedures per Dash One.

2. Emergency extension of the nose gear:

a. Controls are aft of crew entrance door, on left side.

b. Position nose landing gear emergency extension valve handle to NLG EMRG EXT.

c. Uses aux hydraulic system pressure from aux pump or hand pump.

d. Maintain hydraulic pressure in system until nose ground lock is installed after landing.

e. Refer to Dash One for detailed procedures.

3. Nose landing gear manual extension after complete loss of hydraulic pressure (freefall):

a. Place gear handle to Down position.

b. Slow down to or below 120 KIAS, but never below Vmca or touchdown speed.

c. Pull the nose gear emergency release handle below CP’s seat.

d. Allow 30 to 45 seconds for nose gear to extend into the slipstream.

e. Increase airspeed as rapidly as possible, but don’t overspeed the gear (165 KIAS).  The nose gear should extend to the down and locked position.

f. Visually inspect the nose landing gear, ensuring the pin which operates the down and locked indicator is protruding.

g. During landing, hold nose wheel off the ground as long as possible, but let it down while still have enough elevator control remaining to do so gently.

h. Don’t attempt to taxi; stop straight ahead, set parking brake, and chock the nose gear.  Don’t enter nose wheel well/pin the gear with unsafe indication until supported by jacks.

4. In the event the nose gear will not extend after emergency corrective actions are attempted:

a. Follow Dash 1 procedures on preparing to land.  Ensure you have reinstalled the nose gear inspection window.

b. Assume a normal landing attitude, and immediately on ground contact, apply enough up elevator to keep the airplane in a level attitude as long as possible.

c. Do not use brakes.

d. After nose contact, use reverse thrust, being careful not to let the nose rise off the ground.

e. Follow ground egress procedures once the aircraft has come to a complete stop.

5. If one nose wheel tire is blown, a normal landing may be made.  If both are blown, keep the nose off the ground as long as possible, but make sure you lower it before it drops down on its own.  After gently lowering the nose, use max reverse thrust and min braking.  This minimizes nose wheel loading.  Taxiing is not recommended.

6. If one main gear tire is blown, on landing touch down the nose gear as soon as possible, and use max reverse thrust.  Taxiing is not recommended.

7. In the event both main tires on one side are blown, or one side of the main gear will not extend:

a. In the case of one side extending, recommended action is to retract both main gear for landing, and land with nose gear only, or with all gear retracted, if possible.

b. Follow Dash 1 procedures, and line up on side of runway corresponding to the good gear.  The airplane will tend to veer toward the bad gear on landing.

c. Touch down the nose gear as soon as possible.

8. In the event of a gear-up landing, follow Dash 1 procedures, and request foam on the runway 3000’ long by 30’ wide, if available--most airfields don’t have it.  Land in a normal attitude, and ground egress the aircraft as soon as fully stopped.

Landing Gear Limitations

1. Max airspeed, gear extended – 165 KIAS.

2. Max tire rotation speed (groundspeed):  174 kts main, 139 kts nose

3. Contact rate of sink for landing:

a. 540 fpm max if:  below 130,000 pounds, less than 6200 pounds of fuel in outboard tanks, external tanks empty.

b. 300 fpm if any of the above criteria are not met.

4. Avoid braking in a turn.  If a stop in a turn occurs, record in 781.

5. After backing or turning, taxi forward at least 5 feet to allow main gear to align.

6. Gear extension/retraction time:  approximately 19 seconds.

7. Check enroute supplement for landing/taxi restrictions at airfields.  For example, ST110 means single tandem type gear (ours) limited to gross weight of 110,000 pounds max at that field.

Landing and Taxi Lights

1. One retractable landing light on the underside of each wing approximately midway between the engine nacelles.

a. Extension/retraction toggle switches have 3 positions:  Extend, Hold, and Retract.

b. Hold de-energizes the actuator motor and the light will lock in position.

c. Two on/off switches control light illumination

d. Power for lights and motors is ESS DC.

e. Technique:  extend the lights before turning on; turn lights off before retracting in order to avoid potentially dangerous optical illusions on takeoff and landing.

f. Do not operate landing lights for extended periods while airplane is on the ground, since neither light has any cooling facility.

g. Max airspeed with landing lights extended – 165 KIAS.

2. One taxi light is mounted on the inside of each main landing gear door.

a. Controlled by on/off toggle switch; powered by MAIN DC.

3. One wingtip taxi light located in each wingtip.

a. Controlled by single on/off toggle switch; powered by MAIN DC.

NOSE WHEEL STEERING SYSTEM

1. Nose wheel steering is provided pressure from the utility hydraulic system through down line of landing gear control valve.

2. Nose steering wheel and indicator located to left of pilot’s yoke; indicator shows deflections up to 60 degrees left/right of center.

a. Centering cam returns nose wheel to centered position  whenever weight of airplane is removed from nose gear.

b. No attempt should be made to turn nose wheel while aircraft is airborne.

c. Pilot must check nose wheel steering indicator centered prior to each landing.

3. If pilot’s steering wheel is immovable, or nose gear is cocked:

a. Relieve pressure on nose wheel by applying up elevator after landing.

b. Maintain directional control through use of  flight controls, differential power, and brakes.

c. Any attempt to force steering wheel to turn may prevent nose wheel from castering.

d. When landing with a cocked nose wheel, request foam on the runway.

4. If encountering nose wheel shimmy:

a. Apply up elevator to reduce load on nose wheel.

b. On takeoff, decision to abort depends on severity, and whether refusal speed has been reached.

c. On landing, hold nose wheel off ground as long as possible.

5. Taxi speed limits while turning the airplane:

a. Nose gear deflected 60 degrees, 5 kts max.

b. Nose gear deflected 20 degrees or more, 20 kts max.

c. Aircraft gross weight above 155,000 pounds, 20 degrees nose wheel deflection max.

d. Avoid stopping in a turn.  Record in 781 if this occurs.
 BRAKE SYSTEM

It is absolutely necessary that airplane brakes be treated with respect.  They do a good job of stopping the aircraft, but they also build up heat easily.

1. Brake pressure selector switch on hydraulic control panel:

a. Normal selects utility hydraulic pressure.

b. Emergency selects auxiliary hydraulic pressure.

c. If electrical power to selector switch is lost:

1. Both normal and emergency systems available; selector valves failsafe open.

2. Brakes will operate from system with the highest pressure.

d. A gauge for each brake system indicates pressure is available to the brakes powered by the respective system.

2.  Normal and Emergency brake operation:

a. During normal brake operation, the utility hydraulic fluid flows through the normal brake selector valve, the brake control valve, the anti-skid valve, and then the shuttle valve to the brakes.

b. During emergency brake operation, aux pressure is routed directly from the emergency brake selector valve through the brake control valve to the brake shuttle valve and to the brakes.  Anti-skid is not available.

3.  The anti-skid system reduces brake pressure for any main wheel that approaches a skid.

a. System will not operate if anti-skid switch is OFF, or Emergency brakes are selected.

b. Anti-skid inoperative light illuminates when anti-skid is not operating.  

c. Anti-skid system is automatically disabled and anti-skid inoperative light illuminates when: 

1. Parking brakes are set

2. Emergency brakes are selected, or 

3. Anti-skid switch is turned OFF

4.  Brakes are very efficient, but produce a great deal of heat.

a. Use minimum braking during taxi.  Dash One states that primary means of controlling taxi speed is reverse thrust, and low speed ground idle.  

b. Avoid light applications of brakes for long periods of time.  If taxiing downwind or downhill causes excessive oil temperature due to reverse thrust, bring the airplane to a near stop with brakes, then allow the airplane to accelerate until brakes must be reapplied to control taxi speed.  Continue this cycle as required.

c. Braking in a turn is not recommended; if a stop in a turn is required, record in 781.

5.  Use of brakes during landing operations:

a. Brakes must be checked on all full-stop landings.

b. After normal landings where brakes are not used and only checked during ground roll, allow 10 minutes cooling time preceding next takeoff to account for brakes used during taxi.

1. If runway available exceeds critical field length by a minimum of 300 feet, the 10-minute cooling time may be omitted.

c. If full anti-skid braking is used for landing, the gear should be left extended after an immediate subsequent takeoff for a minimum of 15 minutes before retracting the gear or before another braked landing is accomplished.

d. If a short field landing requiring full anti-skid braking is followed by an ERO (brakes being used and set), crews must be aware of the hazards associated with heat buildup in the brake, wheel, and tire assemblies; minimize use of brakes, keep personnel clear of the wheel well area to max extent possible, and be prepared to evacuate the airplane if overheating is indicated.

e. A partially braked landing is defined as a smooth, 3-second brake application with steadily increasing brake pedal pressure initiated at approximately 90 KIAS.  Slight braking to bring the airplane to a full stop or to maintain taxi speed is permissible under partially braked landings as defined above.

1. The landing interval during stop-and-go or full stop taxi back profiles is limited only by the time required to fly a normal rectangular traffic pattern.

2. When conducting a series of partially braked landings at minimum interval, full brake application must not exceed 3 seconds, gear must remain extended during the traffic pattern, gross weight limited to 130,000 pounds or less, and no tailwind factor is permissible.

3. When conducting a series of touch and go landings, no minimum interval for brake cooling is required.

6. Maximum heat buildup after maximum braking:

a. 1-5 minutes in brake assembly.

b. 20-30 minutes in wheel/tire assembly.

Brake System Malfunctions

1. If a malfunction occurs in the normal brake system:

a. Brake select switch to Emergency.

b. If electrical aux pump is inoperative, the aux system hand pump may be used to stop the airplane by holding the brakes down while operating the hand pump.  Don’t pump the brakes!

2. If the anti-skid light illuminates with brake selector switch in Normal:

a. Turn anti-skid OFF and inform the crew.

b. An anti-skid malfunction may cause uneven braking and swerving if anti-skid switch is left ON.

c. Pilot should release brakes and re-apply, taking care not to lock the brakes since anti-skid is no longer available.

d. Taking off or landing without anti-skid requires adjustments to be made in TOLD distances.

AUXILIARY HYDRAULIC SYSTEM

1. The auxiliary hydraulic system is used to operate:

a. Aft cargo ramp and door.

b. Emergency brakes.

c. Pressurizes utility system through ground test valve.

d. Emergency nose gear extension.

2. Aux system has one pump switch on the CP’s hydraulic control panel; one pump switch is on ramp control panel located aft of left paratroop door.

a. Always verify that ramp and door manual selector is positioned to Neutral before turning on either switch.

b. One pressure gauge is located on CP’s hydraulic control panel (electrical from remote transmitter).  Another gauge, (direct-reading), is located on ramp control panel.

c. CAUTION:  Wait at least 10 seconds after the aux hydraulic pump is turned OFF before turning it ON again.  This allows the system’s accumulator to discharge, and thus prevents overloading the motor when you turn the pump back ON.

3. The aux pump will be used:

a. When called for on checklists, to provide emergency brake pressure.

b. To operate ramp and door or other components using aux hydraulic pressure.

c. Aux system pressure limits are 2900-3300 psi normal, 3500 psi max.

4. The hydraulic ground test valve is used to pressurize utility hydraulic system with aux pressure to check equipment normally driven by utility pressure.

a. If utility pressure is observed when the aux pump is activated on the Before Starting Engines checklist, a malfunction of the ground test valve is probable.

Auxiliary Hydraulic System Malfunctions

1. If aux hydraulic pump fails:

a. Check ESS AC and ESS DC power sources.

b. If electrical power is unavailable for the aux pump, the hand pump must be used to provide aux pressure.

c. The cockpit aux gauge won’t show hand pump pressure, but the direct-reading gauge on the rear hydraulic panel will.

Aft Cargo Door and Ramp, Airdrop Systems, and Master Door Warning Light

1. Ramp and door control located on a panel aft of left paratroop door.

a. Ramp and door may be operated in the air as well as on the ground from this panel.

2. The airdrop system (ADS) controls are located on the flight control pedestal, and are used for equipment airdrop.

a. Ramp and door control switch opens the door and lowers ramp to airdrop position.  This will operate only when airplane is airborne because of touchdown relay.

b. Ramp and door open light (green) illuminates whenever door is fully open and ramp is in airdrop position.

c. Chute release switch, when depressed, releases extraction chute from bomb rack above ramp, if ramp and door are in airdrop position.

d. Manual release handle is located on left side of FS 245 near right hand rail control handle.  When pulled, it mechanically releases extraction chute; used when ADS release switch fails.

3. The master door warning light, on upper left of pilot’s instrument panel, illuminates whenever crew entrance door, either paratroop door, the ramp, or the cargo door are not secure, and whenever the ramp and door switch on the ADS panel is not in the CLOSED or OFF position (in flight only).

4.  In flight, if the master door warning light comes on:

a. Check that the ADS ramp and door switch is OFF.

b. Ensure all occupants are seated and strapped in immediately.

c. Crew dons oxygen masks/100% oxygen if above 10,000 feet MSL. 

d. Depressurize at altitude, or after descending depending on current altitude and whether all occupants have oxygen.  Technique:  descend before depressurizing even if all crewmembers have oxygen if altitude is above 18,000 feet; descend below 10,000 feet if possible if passengers are aboard, even if they have oxygen available.

e. Descend as required.

f. Air conditioning to Aux Vent.

g. The flight engineer (not LM) will check the doors, wearing a restraint harness.

1. If it cannot be determined what caused the door light to illuminate, the flight may be continued with partial pressurization, at pilot’s discretion, below the point where the light illuminates, with all personnel secured by safety belts.

2. If the doors are secure and the trouble determined to be a door warning switch, the airplane may be fully pressurized.

h. Master door warning switch OFF.

5.  Cargo Ramp Fails to Lock

     a.  If the cargo ramp locks fail to relock upon closing in flight, i.e. after an airdrop, check aux

          hydraulic reservoir fluid.  If it is low, try to find and isolate the leak.

     b.  If fluid level is normal, turn aux pump off.

          1.  Slow to 1.2 flaps-up stall speed; no more than 150 KIAS.

          2.  Retract flaps.

          3.  LM will attempt to close and lock ramp using controls near the left paratroop door, using the

               manual selector knob and aux pump.

          4.  If ramp locks still fail to lock, LM will repeat the procedure using 4,100 psi handpump pressure

               rather than the aux pump.

          5.  CAUTION:  Do no pressurize the airplane if the ramp locks fail to lock.

6.  Maximum Airspeeds

     a.  Ramp and Door Open


150 kts

     b.  Door Only Open



185 kts

     c.  Air Deflector Doors Open


150 kts

     d.  Paratroop Door(s) Open and Locked

          (Air Deflector Doors NOT Open)

250 kts

    e.  Paratroop Door(s) Opening or Closing
150 kts

BLEED AIR SYSTEM

1. Three sources of bleed air are:

a. Each operating engine.

b. Gas Turbine Compressor (GTC) when on the ground.

c. External air cart.

2. The pneumatic systems supplied by the bleed air system:

a. Engine starter.

b. Air conditioning and pressurization system.

c. Anti-icing of wings, tail, engines, nose radome (now disconnected), and urinal ejectors.

d. ATM.

3. The bleed air manifold acts as a bleed air storage and distribution system.  A main manifold extends within the wing leading edge, and branch ducts from the main manifold distribute air to various pneumatic systems throughout the airplane.

4.  The engine bleed air manifold: 

a. Routes bleed air from the main manifold to engine systems for starting, and for air inlet scoop and oil cooler scoop anti-icing.

b. Routes bleed air from engine compressor to main manifold and engine systems.

5. Four engine bleed air valves connect the engine bleed air manifolds to the main manifold.

a. Controlled by four ON/OFF toggle switches on overhead anti-icing system control panel.

b. Motor-operated valves powered by ESS DC.  When electrical power is lost, valve remains in last powered position.

6.  The bleed air pressure gauge is located on navigator’s side panel.

a. Indicates pressure in manifold in psi.

b. Indicates 6 psi lower than actual manifold pressure when flight station air conditioner is operating.

c. To check for a bleed air leak:

1. GTC 35 psi minimum.  Leak check from 30 psi to 15 psi in no less than 8.5 seconds.

2. Engine 70 psi minimum.  Leak check from 65 psi to 35 psi in no less than 10 seconds.

7. Two wing bleed air isolation valve switches (guarded toggle switches) located on overhead anti-icing system control panel.

a.  Switches close their respective valves electrically (ESS DC).

b.  Cannot be used to open the valves.  Opened manually with handles located on each side of the

        cargo compartment forward of the wing beam.

c.  Each wing isolation valve separates its respective wing’s manifold from the rest of the main

        bleed air manifold.

8. Bleed air leaks can be quite hazardous, with 600 degree F/125 psi air potentially starting a fire, and damaging aircraft structure, equipment, electrical wiring, and/or fuel tank sealant.

Gas Turbine Compressor (GTC)  

1. The GTC eliminates the need for external pneumatic supply by providing bleed air while on the ground for engine starting and air conditioning systems.

2. Eliminates the need for external electrical power by turning the ATM.

3. The GTC is a small jet engine located on the forward section of the left wheel well.  The engine turns at very high rpm.  Remain clear of the air intake and exhaust.  If foreign material enters the air intake, the turbine could fail, damaging personnel/equipment.

4. The GTC is provided fuel from any fuel tank via the crossfeed manifold.  Normally it is fed from the #2 main tank.  Gravity feed is sufficient if using #2 tank fuel. 

a. Fuel shutoff valve is ISO DC motor-operated, opened automatically by start control circuitry.

1. Fuel and ignition circuits energized when GTC oil system reaches approximately 3 psi, 

activating an oil pressure switch.  3 psi occurs at about 12% rpm.

b. Fuel valve is closed when GTC control switch placed to OFF.

1. Will also close any time ISO DC power is lost, or when GTC fire handle is pulled.

5. The GTC controls and warning lights:

a. Located on overhead electrical control panel.

b. GTC Control Switch

1. OFF:  All circuits are deenergized, and fuel is cut off.

2. RUN:  All GTC circuits are energized to various automatic controls and safety circuits.

3. START:  

a. Spring loaded back to the RUN position

b. Energizes the start and holding relays, which open the fuel shutoff valve and energizes starter.  Start light illuminates whenever start circuits are energized.

c. Start relay remains energized until the circuit is broken by the 35% switch.

     c.  GTC Door Switch:

1. Two-position (OPEN/CLOSED) toggle switch.

2. Opens and closes the GTC air intake door.

3. GTC door warning light illuminates whenever the door is not fully closed.

     d.  GTC On-Speed light illuminates when operating speed reached, through 95% on-speed switch.

     e.  GTC Bleed Air Switch 

    1.  Two-position (OPEN/CLOSED) toggle switch controls flow of bleed air from GTC to bleed air

         manifold.

    2.  Cannot be opened prior to 95% GTC rpm due to 95% speed switch; prevents premature loading 

         of GTC compressor.

GTC Operation Summary, Limitations and Emergencies

1. To start GTC:

a.    Ensure electrical power is available and properly routed.  This is ISO DC for start power, and

       ESS DC for fire detection.

c. Ensure GTC is clear, and open the GTC door by placing door switch to OPEN.  A limit switch prevents starting of the GTC unless the door is fully open.

d. Route fuel to the GTC, usually by opening #2 crossfeed valve.

e. Place bleed air valve CLOSED.

f. Turn GTC control switch to START until Start light illuminates.

g. Release the control switch, which will spring-load to RUN position.

h. At 35% rpm, START light goes out.  CAUTION:  If Start light doesn’t go out within 1 minute, move control switch to OFF and wait 4 minutes before making another start attempt.

i. At 95% rpm, On Speed light illuminates.

j. Allow 1 minute for warmup before applying bleed air load--4 minutes when OAT 0 degrees C or below.

k. Ensure producing minimum of 35 psi.

2.  To stop GTC:

1. Close GTC bleed air switch.

2. Let GTC stabilize 1 minute without bleed air load.

3. GTC control switch to OFF.

4. Close the GTC door, and make sure GTC door warning light is out.

3.  Emergency GTC Shutdown:  See Boldface.

5. Bleed Air Output:

a. 35 psi minimum.

b. Bleed check 30 – 15 psi in no less than 8.5 seconds.

6. Start cycle:  1 minute on, 4 minutes off.

7. Warmup time:  1 minute--4 minutes if OAT below 0 degrees C.

8. Cannot be used to provide bleed air to aircraft in flight.

9. If a left-wheel overheat indication occurs:

a. GTC, ATM, External Air OFF.

b. Close all 4 engine bleed air valves and ensure GTC/external air OFF if warning light does not go out within 1 minute.

c. If an engine bleed air valve doesn’t close, close affected wing isolation valve.

AIR CONDITIONING SYSTEM

1. Two independently operated air conditioning units, plus underfloor heating, provide climate control and supply air with which to pressurize the aircraft.  

a. Flight deck air conditioner located under flight deck; output 30 pounds per minute (ppm).

b. Cargo compartment air conditioner in forward unpressurized portion of the right wheel well; output 70 ppm.

2. Operation of an air conditioning unit:

a. Air flow regulator for each unit controls bleed air from the bleed air manifold to each unit.

b. A 2-stage refrigeration unit is used to cool the 600 degree F. bleed air.

1. First stage cools bleed air by passing through a heat exchanger, which is manifold tubing exposed to ambient outside air; no actual air exchange takes place.

2. Second stage uses a portion of cooled air and super cools the air by turning a turbine.  The air expends energy to turn the turbine, and rapidly expands, and thus is super-cooled.

c. Temperature control is done electrically by opening temperature valves to mix hot bleed air, first stage cool air, and second stage super cooled air to achieve the desired temperature.

d. Water separation is used to remove about 80% of moisture from air for crew comfort and to reduce fogging.

3.  Under floor heating:

a. Hot bleed air is routed between the cargo floor and aircraft skin to keep floor warm at approximately 80 degrees F.  Bleed air is routed via a shutoff valve; motor-driven underfloor temperature control valve automatically maintains the proper temperature. 

b. Recirculating fan used to direct hot air from top of airplane and blows it back to the floor of the airplane.  Mixes air and comes on when underfloor heat is selected. 

Technique:  running the fan in hot weather conditions helps cool SKE R/T, and cuts down on some SKE malfunctions.

4.  The air conditioning controls are located on the overhead panel next to GTC control panel.

a. Air Conditioning Master Switch:

1. 6-position rotary switch:

a. AIR COND GTC:  Air conditions airplane using bleed air from GTC at about 15 ppm.  Both aircon units operate at reduced airflow.  System reserves sufficient air to guarantee ATM operation.

b. AUX VENT:  Both aircon units are shut off, and ram air ventilates the airplane.

c. OFF:  Both aircon units are shut off.

d. AIR COND AUTO PRESS:  Both units provide normal flow of conditioned air.  Desired pressure is automatically controlled.

e. AIR COND MAN PRESS:  Both units provide normal flow of conditioned air.  Allows for manual control of cabin pressurization.

f. AIR COND NO PRESS:  Both units provide normal flow of conditioned air.  No cabin pressurization.

b. Temperature control switches allow separate automatic or manual temperature control of flight deck and cargo compartment units:

1. Each unit has a 4-position toggle switch:  AUTO, COOL, WARM, and OFF.  COOL or WARM will spring load back to the center position, which is OFF.

2. In AUTO, temperature is as selected by respective rheostat switch directly under it.

3. When positioned to COOL or WARM, switches directly control temperature control valves to cooler or warmer positions.  

a. Switch must be held for about 35 seconds for the valve to move from extreme hot to extreme cold position.

b. Switch must be held for about 4 minutes for valve to go from extreme cold to extreme hot.

      c.  Two shutoff switches enable either air conditioning system to be shut down individually.  If OFF,

           the airflow regulator stops bleed air flow regardless of setting of air conditioning master switch.

      d.  Manual override handle on floor below navigator’s table:

1. Three-position handle (OPEN/NEUTRAL/CLOSE).

2. Provides for manual opening or closing of the flight deck aircon regulator only (not cargo compartment.)

3. When handle is in NEUTRAL, flow regulator is controlled by engineer’s overhead panel.

4. Technique:  If flight deck air conditioner seems to have failed when first trying to start it, check position of manual override handle in NEUTRAL.

5.  In event of loss of electrical control power to the air conditioning systems, the temperature setting

     cannot be changed because the temperature control valves remain in last energized position.

PRESSURIZATION SYSTEM

1. Cabin pressure controller is located on the overhead air conditioning and pressurization panel and has 3 functional modes:

a. Controls rate of cabin pressure change (rate of climb control).

b. Maintains cabin altitude automatically from –1000 to +10,000 feet (“constant pressure” or “isobaric” control).

c. Maintains maximum differential pressure, when reached, for safety at 15.16” Hg (“differential” control).

2. The outflow valve is located on the right side of the airplane at the aft end of the flight station.

a. Regulates outflow of air from inside the airplane to control pressurization.

b. Controlled by pressure controller (pneumatically) or by manual pressure control switch (electrically).

c. Manual pressure control provides an alternate means of regulating pressurization in case the pressure controller fails, or if pressurization outside of normal range is desired.

3. The safety valve is on the aft cargo door (the “barbecue grill”), and is electrically and pneumatically controlled.

a. Pneumatically opened for a non-pressurized condition or emergency depressurization.

b. Normally closed when aircraft is pressurized.

c. Opens automatically to relieve excessive positive (15.9”) or negative (-.76”) differential pressure.

4. In event of loss of electrical control power to the pressurization system, automatic control of pressurization continues as selected on the pressure controller.  Normal ops can continue.  Only manual control of pressurization has been lost.

5. The emergency depressurization switch is a guarded toggle switch located beneath the differential pressure gauge.  Positioning from Normal to Emergency Depressurization electrically (BATT DC):

a. Shuts off both air conditioning units.

b. Opens outflow and safety valves.

c. Aircraft may later be repressurized by placing switch back to Normal.

6. The emergency depressurization handle is a yellow T-handle directly above pilot’s head.

a. Pull downward to release a depressurization panel in the center overhead escape hatch.

b. Panel may be reinserted to repressurize, but is widely considered to be a difficult task to accomplish while airborne.

Bleed Air System Malfunctions

1. Possible indications of an uncontrolled loss of bleed air:

a. Reduced bleed air manifold pressure.

b. Lower than charted engine torque.

c. A wing overheat with or without an accompanying leading edge overtemp warning. Lack of warning possible due to possible wiring damage.

d. Illumination of GTC fire warning light.

e. Erratic operation of engine instruments or electrical equipment.

f. Zero or fluctuating liquid oxygen quantity.

g. Inoperative or intermittent radar operation.

2. If a bleed air leak occurs:

a. Known location--overheat light or overtemp indicated on gauge:

a. Turn respective system off (see chart in Dash One section 3), and wait one minute. If respective system such as wing/empennage anti-icing, etc was not being used, or if nose wheel well light illuminates, perform “If overheat continues after 1 minute” step immediately.  

b. If wing overheat continues after one minute, close engine bleed air valves on affected wing, close the affected wing isolation valve, and turn GTC/external air OFF.

c. If any other overheat continues after one minute, close all 4 engine bleed air valves, and turn GTC/external air OFF.  If a bleed air valve fails to close, close the affected wing isolation valve.

      b.  Unknown location/uncontrolled loss of bleed air that cannot be isolated:

1. All engine bleed air switches OFF.  Pressurization will be lost.

2. If an engine bleed air valve cannot be closed, as determined by noting torque increase on affected engine when valve closes, it may be necessary to shut down engine.

3. Do not operate the GTC after landing, as it might repressurize the area(s) where the failure has occurred.  

        c.  CAUTION:  Not recommended to reopen any air valve once it has been closed for an overheat, as

             damage to the warning system may prevent detection of a subsequent overheat.

        d.  CAUTION:  If either the left or right wheel well overheat light illuminates after takeoff and the

             condition persists after the isolation procedures have been performed, it may indicate overheated

             brakes.  In this case, it may be advisable to lower the gear to cool them down.

        e.  Engine bleed air valves and wing isolation valves may be reopened if necessary for anti-icing 

      only to sustain flight.  If you must do this, ensure the temperature indicators (gauges) stay below

      the overheat range.

3.  If pressurization cannot be maintained or controlled:

a. Don oxygen masks immediately and begin a descent if required.

b. Maintain an altitude at which oxygen is not required.

c. Check for excessive cabin leakage.

1. Never attempt to lock or unlock windows, doors, or hatches while the airplane is pressurized.

2. The FE will depressurize the airplane, and then place air conditioner master to Aux Vent.

d. Check the bleed air system for excessive external leakage by completing bleed air check procedures.

4.  If windshield or other window failure occurs:

a. Reduce the cabin pressure to 10 inches Hg or less if:

1. Inner or outer pane of any cargo compartment window cracks.

2. If either or both panes of any flight deck window crack.  Positive pressure is maintained in this case to counteract ram air pressure on flight deck windows.

b. Reduce cabin pressure to zero if both panes of any cargo compartment window crack.

5.  If a door warning light illuminates:

a. Notify crew and passengers; everyone immediately fastens safety belts.  WARNING:  Personnel shall not go near crew entrance door until it has been determined that it is safe to do so.

b. Check ADS Ramp and Door switch is OFF.

c. All crew members will don oxygen masks/100% oxygen if aircraft is above 10,000 feet.  Pilot will decide if a descent will be necessary base on range and passenger considerations.

d. Completely depressurize the airplane before making a door check.  Note differential pressure if door warning light extinguishes during depressurization.

e. The FE (not the LM) will check doors while wearing the engineer’s restraint harness or a parachute.

f. Completely repressurize the airplane if:

1. The doors are secure.

2. A faulty limit switch on a door definitely caused the light.  Technique:  If flight profile permits, it is desirable to not have any pressure on an outward-opening door such as the crew entrance door or cargo ramp unless door warning system is fully operational.

g. May pressurize to a point below where the light illuminates:

1. If it is not determined what caused the light to illuminate.

2. If all personnel are secured by a safety belt.

6.   If cabin pressure increases at an excessive rate, and cannot be reduced by normal means:

a. Immediately shut off engine bleed air, one at a time, until the rate of pressure increase is at a safe value.

b. Control pressure by using engine bleed air as necessary.

c. Consider using only one air conditioner during descent to expedite depressurization.

ANTI-ICING AND DE-ICING SYSTEMS

Power Plant and Propeller Anti-icing and De-icing Systems

1. The engine inlet anti-icing system uses bleed air to prevent ice formation on:

a. Air inlet duct.  Available on shut down engine if bleed air valve open, and fire handle not pulled out, thus using air from bleed air manifold.

b. Oil cooler duct.  Also available on shut down engine if bleed air valve open and fire handle not pulled out.

c. Inlet housing guide vanes.  Only comes from bleed air produced by its own engine’s compressor diffuser section due to valve design; not available on shut down engine; e.g. #3 engine inlet housing guide vanes can only be de-iced by bleed air from engine #3.

d. Torquemeter shroud,  Also comes from own engine’s diffuser section, and so not available on shut down engine.

2. The above are designed to prevent ice from blocking air flow to engine.  They are electrically fail-safed ON--loss of electrical power will turn the system on.

3.  Engine inlet de-icing switches:

a. Located on anti-icing systems control panel.

b. ON – Scoop and vane anti-icing systems for engine are activated if anti-icing master switch is in MANUAL position.  If master is in AUTO, then system activated when ice detection system detects ice.

c. OFF – Scoop and anti-icing valves are closed, and no anti-icing protection is available.

4.  The propeller anti-icing/de-icing system:

a. Four prop ice control switches located adjacent to prop and engine anti-icing master switch.

1. ON – Controls electrical current to prop components.

2. OFF – De-energizes the prop system.

b. Prop de-icing timer cycles power to prop de-icing system to prevent overloading of aircraft electrical system.

1. Provides de-icing to one prop at a time, giving each the system’s full 65-90 amps for 15 seconds of each minute.

2. Ammeters used to detect system operation.  If the blade de-icing amperage for any engine falls below 65 amps, do not fly into known or forecast icing.

3. Blade and aft portion of rear rotating spinner de-icing uses phase C RH AC power.

4. Spinner middle section , forward part of spinner rear section, and spinner plateau de-icing use phase B RH AC power.

c. Spinner anti-icing provides continuous heating (not timed) of spinners’ forward section and propeller afterbody to prevent ice formation.

1. Spinner ammeters indicate amps drawn by spinner base; each prop uses about 20 amps, for a normal total of about 75 amps to all props; uses phase A RH AC power.  Normal system limits for anti-ice power are the same as de-ice power at 65-90 amps.

d. System turned on by automatic prop and engine ice detection system if anti-icing master switch is in MANUAL, and the 4 prop ice control switches are ON.  If master is in AUTO, then system activated when ice detection system detects ice.

5.  Radome de-icing has been deactivated.  It formerly utilized bleed air to de-ice radome, hence the

     possibility of radome overheats if the capped-off duct leaks.

6.  The controls and indicators of the automatic ice detection system:

a. Senses ice buildup in the inlet air scoop and energizes automatic system which turns on engine inlet and propeller anti-icing and de-icing systems if:

1.  Selected switches are in the ON position and 

2.  Prop and engine anti-icing master switch is in the AUTO position.

b. Prop and engine anti-ice master switch:

1. Located on anti-ice master switch control panel on overhead control panel.

2. AUTOMATIC transfers control of system to ice detection probes.

a. When placed in RESET and released, anti-icing systems are turned off, and automatic feature is re-armed.

3. MANUAL eliminates automatic anti-icing and ice detection system.

      c.  Ice detection panel:

1. Located to the right of fuel enrichment switches.

2. Amber light labeled ON.  Indicates when probes detect icing condition.

3. Green light labeled NO ICE.  Indicates when probes are clear of ice.

4. Ground check switches labeled “2” and “3”.

5. Amber light extinguish button.  Press for light out.

7.  Operation of the automatic ice detection system:

a. FE turns prop and engine anti-icing switches to ON, and turns anti-icing master switch to AUTO.

b. Flight in icing conditions:

1. Ice accumulation is sensed by ice detection probes.

2. Probes cause anti-icing systems to operate.

3. Amber light illuminates.

4. Prop anti-icing and de-icing ammeters indicate loads.

5. If ammeter for prop blades (phase C) indicates insufficient load (blade de-icing inoperative), do not fly into known or suspected icing.  Technique:  although legal to fly into icing with spinner anti/de-icing inop, ice building up and breaking off the spinner could get ingested by engine, and should normally be avoided if possible.

c. When out of icing:

1. System will not automatically turn off.

2. Green NO ICE light will illuminate to indicate that no ice is being detected by probes.  Light actually turns on 90 seconds after probe is clear of ice due to 90-second no-ice delay timer.

3. FE puts prop and engine anti-icing master switch to RESET, then to AUTO to deactivate and rearm the system.

Leading Edge Anti-icing System

1. Wing and empennage leading edge anti-icing system uses bleed air to heat the leading edge sections of the wing and empennage to remove ice in flight.

2. Wing and empennage anti-icing controlled by two ON-OFF toggle switches located on the anti-icing control panel.

a. One switch activates wing anti-icing, the other activates empennage anti-icing.

b. Temperature is controlled automatically.

3. Six leading edge temperature indicators located adjacent to control switches:

a. Indicate temperature of the air in leading edge next to the fuel tanks.

b. Marked in 3 ranges:

1. Blue:  INOPERATIVE:  below 75 degrees F.

2. Green:  NORM OPERATION:  75 to 200 degrees F.

3. Red:  OVERHEAT:  above 200 degrees F.

4.  The anti-ice overheat warning panel contains 7 overtemp warning lights, and is located on the right

     outboard edge of the overhead control panel, above the CP’s head.

a. The seven lights and their associated temperature indicators and areas of overheat are as follows:

1. L outer wing – left outboard and left inboard temperature gauges.

2. LH center wing – left center wing only.  No temperature gauge.

3. R outer wing – right outboard and right inboard temperature gauges.

4. RH center wing – right center wing only.  No temperature gauge.

5. L wheel well – left wheel well/GTC compartment.  No temperature gauge.

6. R wheel well – right wheel well/cargo compartment air conditioner/underfloor heating.  No temperature gauge.

7. Nose wheel well – Nose wheel well/radome.

b. NOTE:  No indicator lights for the STAB and FIN areas, just the appropriate temperature gauges.

5.  When closing engine bleed air valves, bleed air is restricted to/from individual engine only.  Each

     engine isolated in this manner provides its own anti-icing.

6.  If both wing isolation valves are closed, air conditioning and pressurization will be lost, as well as

empennage anti-icing.  The ATM generator will also be lost.

Windshield Anti-icing System (NESA)
1. The NESA system prevents formation of ice on windows, and increases impact resistance of windows.  Operation of NESA when OAT is above 27 degrees C. (81 degrees F). will increase the possibility of delamination within the NESA panels.

2.  NESA has 2 separate systems of heated windows (9 total):

a. Center system:  Pilots and copilot’s front windows and center window.

b. Side and lower system:  Pilot’s and copilot’s side windows and pilot’s lower window.

c. Automatic circuits activated by FE keep windows electrically heated during operation.  Electrically heated film between window layers controlled by thermal switches.  Very high voltage is used; avoid touching terminals covered by rubber boots at the corner of each NESA window.

3.  NESA has two control switches, one for each system, located on overhead anti-icing panel.  Positions:

a. OFF.

b. NORMAL:  Windows heated at normal rate.

c. HIGH:  Windows heated at a faster rate, but are no hotter than in NORMAL.

d. Switches placed in NORMAL before takeoff, and left there for duration of flight.  HIGH position used if ice buildup is faster than NORMAL can remove.

4.  Cold start switch: a push-type momentary switch for each system, to left of NESA control switches.

a. Used to “start” the NESA systems when OAT is too low (-43 degrees C). for the automatic system’s thermal switches to activate the circuits.  At these extremely low temps, need to raise the windshield temperature gradually to prevent damaging the glass panels.

b. When using, position NESA switches to ON, and actuate the cold start switches 5 seconds on, 10 seconds off until windshield temperature is above –43 degrees C.  Do not exceed this cycle, or the windshield panels might be damaged.

NESA Malfunctions
1. Reasons to shut down the NESA system:

a. Overheating or arcing of NESA window.

b. Any NESA window not heating.  This might cause other panels in same system to overheat.

c. Any NESA window excessively hot.

2. WARNING:  Do not check temp of a crazed outer glass with the bare hand with NESA switches ON.

3. CAUTION:  Window strength is reduced when NESA is off or inoperative.

Bleed Air Limitations

1. GTC:

a. Starter cycle 1 minute on, 4 minutes off.

b. Warmup time 1 minute (4 minutes when OAT is at or below 0 degrees C).

2. GTC minimum output is 35 psi.

3.  Engine minimum output is 70 psi.  

4.  Bleed air check:

a. GTC:  drop from 30 to 15 psi in no less than 8.5 seconds.

b. Engine:  drop from 65 to 35 psi in no less than 10 seconds.

5.  Aircraft pressurization:

a. Limited to –1.2 inches Hg minimum, 15.8” Hg maximum (outflow valve limits).

b. Pressure controller limits pressurization in AUTO to 15.16” Hg.

c. Safety valve relieves pressure at –0.76” Hg and 15.9” Hg.

d. Aux vent valve open at 0.6” Hg (0.28 psid)

e. Do not attempt to lock or unlock any window, door, or hatch while the airplane is pressurized.  First, depressurize the airplane, then turn air conditioning master switch to Aux Vent.

f. Do not force the cabin altitude knob below a setting of –1000 feet or above 10,000 feet.  To do so may damage the pressure controller.

g. Do not pressurize the airplane during taxi or takeoff operations.

h. For bailout, it may not be possible to jettison the crew entrance door at a pressure differential greater than 3.1” Hg.

6.  Propeller anti-icing and de-icing:

a. Limited to 2 cycles on ground, provided engine is running.

b. With airplane on ground and engine not running, do not turn on prop de-icing or anti-icing.

c. 65-90 amps is normal range for blade de-icing, spinner de-icing, and spinner anti-icing.  

d. If blade de-icing ammeter falls below 65 amps, do not fly into known or forecast icing conditions.

7.  Wing and empennage anti-icing:

a. Do not use the leading edge anti-icing system to remove ice from surfaces while on the ground.  With no airflow over the surface, the air within the leading edge area quickly rises in temperature and the excessive heat damages fuel tank sealants, paints, structure, and other equipment.

b. If the system is operated for a propulsion system test (Dash One section 7) on the ground, limit its use to 30 seconds.

c. Gauge Ranges

1.  Inop



Below 75 degrees F.

2.  Normal


75-200 degrees F.

3.  Overheat


>200 degrees F.

    d.  Overheat Lights Illuminate

>215 degrees F.

    e.  Radome Anti-Icing

Deactivated.

OXYGEN SYSTEM

1. The liquid oxygen system (LOX) provides a 25 liter oxygen supply for aircrew/personnel usage for a minimum of 96 man-hours.  It converts LOX to gaseous oxygen, and dilutes it as required according to cabin altitude in NORMAL, or 100% oxygen if selected.  

2.  The LOX converter is located inside the nose wheel well on the right side, and converts LOX to

     gaseous oxygen.  It then distributes gaseous oxygen at approximately 300 psi to the regulators.  No-

     flow pressure should read 270-455 psi.

a. LOX filler valve located on right side of fuselage nose, providing means to service the system.

b. LOX vent located to the right and above the nose wheel well.  Vent not labeled on many aircraft.  It relieves the pressure accumulated in the converter.

c. Since LOX could be vented at any time, never enter nose wheel well from the right side.

3.  The aircraft has 10 diluter-demand automatic pressure breathing regulators:

a. Six on flight deck:

1. Pilot’s and copilot’s side shelf.

2. Rear of overhead control panel (flight engineer’s).

3. Navigator’s control panel.

4. One at each end of the crew bunk.

b. Four in cargo compartment:

1. Two on right side of FS245.

2. One aft of each paratroop door.

4.  Before starting engines, check out the system in accordance with section 4 of the Dash One. 

a. At end of check, leave diluter lever in 100% oxygen, supply lever ON for ready use in case of emergencies.

b. For unpressurized flight other than HALO-type missions involving oxygen pre-breathing, and not involving smoke and fumes elimination, diluter lever should be set to NORMAL oxygen unless symptoms of hypoxia are experienced. 

c. HALO/HAHO missions require use of 100% oxygen.

5.  The LOX indicator on the lower right side of CP’s instrument panel indicates liters of oxygen in 

     converter, up to 25 liters.

a. Oxygen low level warning light adjacent to quantity indicator illuminates at 2.5 liters or less remaining.

b. Oxygen is usable all the way down to 0 liters remaining.

c. Minimum oxygen for flight is enough to complete the flight with the crew on oxygen from the ETP, but no less than 5 liters.

6.  The 4 portable oxygen bottles facilitate movement of personnel within the airplane when oxygen is

     needed, and are last-ditch oxygen backup in case of emergency where oxygen is needed, but for some 

     reason aircraft oxygen is unusable.

a. The A-21 regulator used in the C-130 supplies 100% oxygen regardless of setting.

b. Portable oxygen bottle duration varies according to how hard the user is breathing, but can easily get fully depleted in about 4 minutes.

c. Located to left of pilot, right of CP, right side of forward bulkhead in cargo compartment, and aft of right wheel well.

d. A recharge hose is at each portable oxygen bottle location to refill the bottles.

e. A user can breathe continuously from a portable oxygen bottle while it is simultaneously being refilled via the recharge hose.

COMM/NAV/AUTOPILOT MISCELLANIOUS NOTES

1. Interphone system Call button uses greater signal level to override all other audio signals, and places all intercom stations in direct contact with calling station.

2. Hand microphone to left of pilot/right of CP can be used to transmit on the radio selected on the wafer switch.

3. The PA system:

a. Provides one-way communication to the cargo compartment through 7 loudspeakers; can be used by any crew position to transmit to the cargo compartment.

b. Can also route radio reception to cargo compartment speakers.

c. Main control panel at navigator’s station.

1. Power switch must be On to use any PA function.

2. Speaker selector switch (ALL, FWD, AFT, JUMP) selects the speaker or combination of speakers to be operated.

3. Volume control used to adjust PA speaker output.

4. Mixer switches (ADF 1, ADF 2, UHF COMM, VHF COMM) supply radio receiver signals to the PA.

d. Auxiliary control panel on pilot’s side shelf.

1. Operates only after PA system has been turned on, and speaker selections made at the main control panel.

2. Interphone/PA switch on pilot’s side shelf:

a. INTERPHONE position:  confine interphone conversation to interphone circuit.  PA operates on PA circuit only.

b. INTERPHONE AND PA position:  Interphone conversation (except Hot Mike) routed to both interphone AND public address system.  Radio signals are eliminated from the PA system.

c. PA Gain is a 3-position switch (INCREASE, OFF, DECREASE) spring-loaded to Off.  The manual control knob on the main control panel will be physically rotated by an electric motor controlled by these switches.

     e.  Auxiliary control panels in cargo compartment:

1. One located on FS 245, the other located next to left paratroop door.

4.  N-1 and C-12 Compass Systems:

a. #1 and #2 master compass indicators and controls at navigator’s station.

b. Has magnetic and DG modes.

c. On navigator’s master indicators, the #1 and #2 systems must each be within 1 degree of actual as determined by referencing the INU heading, and within 2 degrees of each other when in an area free of other airplanes and ground equipment, and in straight and level flight within 3 minutes after a turn.  

d. Immediately after turns they should be within 4 degrees.

e. In DG mode, should not precess more than 2 degrees per hour.

f. Pilot and copilot repeater compasses should be within 2 degrees of master compass readout. Thus potential for Pilot’s and copilot’s HSIs to be different by 6 degrees and still be within tolerances.

g. Pilot’s HSI, and copilot’s RMI and BDHI operate off the #1 compass system.

h. Copilot’s HSI, and pilot’s RMI and BDHI operate off the #2 compass system.

5.  DME indication on HSIs:

a. Pilot’s HSI shows #1 TACAN distance unless pilot selects #2 TACAN.

b. Copilot’s HSI shows #2 TACAN distance unless copilot selects #1 TACAN.

6.  “Old” autopilot information and limits:

a. To turn on, turn knob must be centered, flight control servos are Down/Off, and beam coupler switch is in Gyro Pilot position.

b. Do not use old autopilot:

1. Below 1000 feet AGL except during coupled ILS.

2. When flying at faster than Dash One recommended speed for your configuration, or 250 KIAS, whichever is lower.

3. Above normal takeoff weight (155,000 pounds).

4. Do not engage altitude hold feature if VVI is more than 300 fpm.

c. When accelerating through 200 KIAS:

1. Disengage rudder axis.

2. Retrim rudder.

3. Re-engage rudder axis.

d. Beam coupler switch has 4 positions:

1. Gyro Pilot maintains heading using signals from the #1 compass system.

2. Range LOC will fly a localizer, VOR, TACAN, or SCNS course.

3. APPROACH connects the localizer, VOR, and glideslope receivers, so that autopilot will control both azimuth and descent angle on ILS final approach.

4. BLUE LEFT LOC allows for autopilot course tracking on back course localizer approaches.

5. Only navigation signals selected through the pilot’s FDMS can be used for automatic course tracking.

7.  Automatic Flight Control System (AFCS) (i.e. “new” autopilot) information and limits: 

a. Pitch and roll information supplied by both the INU and VG #1.

b. To turn on, turn ring must be centered, normal elevator trim selected, Pitch and Lat switches in the On position, and #1 compass operational for AP1, #2 compass operational for AP2.

c. AFCS will disengage if:

1. Either control wheel autopilot release button pressed.

2. Loss of electrical power.

3. Loss of valid attitude or heading signal.

4. Actuation of either control wheel elevator trim tab switch when pitch axis is engaged.

5. Loss of ILS signal while in localizer or glideslope capture.

6. Autopilot engage switch disengaged.

7. ELEV TAB switch set to OFF or EMER.

8. Invalid signals from systems providing input data to the autopilot.

9. Both LAT and PITCH switches placed to OFF.

d. AFCS Modes:

1. FLT DIR:  Coupled to Pilot’s flight director when AP1 selected; copilot’s flight director when AP2 selected.

2. SPEED ON PITCH:  AFCS modifies pitch to maintain speed flown at moment the button is pressed.  Pressing this button automatically disengages altitude hold, if active, and deactivates the pitch wheel.

3. HDG:  Captures and maintains heading selected by HSI heading bug.

4. LNAV/LOC:  Places AFCS in NAV or LOC arm mode.  Will command capture of respective radial or course.

5. APPR:  Places the engaged autopilot in the glideslope and localizer arm mode, and allows for capture and track of the glideslope and localizer beam.

      e.  When using the AFCS:

           1.  Ensure the airplane is trimmed prior to engaging.

           2.  Ensure the turn ring is in the center position.

           3.  WARNING:  The airplane responds quickly to large movements of pitch wheel, which could

                result in +/- 30 degrees pitch, injuring personnel or causing aircraft structural damage.

           4.  WARNING:  If autopilot captures glideslope prior to localizer capture on approach, it will

                descend on GS, which may result in being outside the TERPS-cleared zone/ATC clearance.

           5.  Disengage autopilot at no lower than 200 AGL during coupled approach.

           6.  Do not engage Speed on Pitch in greater than light turbulence.  Otherwise the autopilot’s

                aggressive attempts to maintain speed with pitch may result in rough, rapid pitch fluctuation.

Cockpit Instrument Check

ADI mode select—normal

Flt director switch—normal

Mode select knob—hdg

ADI—VG, power “Dash One”

     Check ADI aligned, pitch adj. freely, check INS

     All steering bars out of view

     Course arrow slaved to lubber line

     Course select window on acft hdg

Flt director switch—manual

Hdg bug left/right, steering bar follows

TACAN SELF-TEST  (90 sec warmup)
     Good ident, 180( crs, “TEST”

     BP 270( for 7 sec, warn flags in view

     BP 180((  3 for 15 sec, CDI ( ½ dot, “TO”, 

     DME 0 ( ½ mile,  no warn flags

MANUAL TEST

Good ident, BPs point to station, agree ( 4(
Dist correct ½ mi or 3%, (greater)           

Center CDI, displace left/right


Rotate 90( for TO/FROM change
VOR SELF TEST (no warmup)


Good ident (VOR, not ILS), Set 315( course


BP centers TO, ( 3(
RADAR ALTIMETER (1 min warmup)


Set 400’, push test


500(10, 300(10 & low light


Return to actual alt

ADF  (5 minute warmup)


Loop, check have control (If not, CONT, then loop)


ANT, tune, null tone in CW


Voice, check ident


ADF, points to station

MLS

     Autopilot off, CDI to acft hdg, select MLS, flt dir normal

     MLS 1-2, “self test” 

     GS/Steering Bar/Pitch Bar/CDI:

    “Up Up Left Left, Down Down Right Right”

     IDCU msg if test fails

     If can pick up an MLS, tune it in to check reception
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