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Engine fire in flight, anti-icing system, and flight control system/malfunctions
Engine Fire In Flight

· Detection

· Extinguishing

· At Altitude v In Pattern
15.6.1 Engine Fire

Illumination of the FIRE warning light is usually the first indication of engine compartment fire. Confirm if possible that fire actually exists by checking engine instruments and nacelles. Sunlight can cause illumination of a warning light. Even if no secondary indications are observed, consideration should be given to shutdown of the affected engine. If fire is confirmed or secondary indications are noted, perform EMERGENCY SHUTDOWN CHECKLIST in paragraph 15.2.

2.5 ENGINE FIRE DETECTION SYSTEM

A flame surveillance system (Figure 2-3) is installed on each engine to detect external engine fire and illuminate the fire warning lights. Both nacelles are monitored, each having a control amplifier and three detectors. Electrical wiring connects all sensors and control amplifiers to dc power and to the cockpit visual alarm indicators. In each nacelle, one detector monitors the forward nacelle and both exhaust outlets; a second monitors an upper accessory area and a third the lower accessory area. The system includes a functional test switch and circuit protection is through the FIRE DETR circuit breaker. Dc power is derived from the No. 2 subpanel bus.
Fire emits an infrared radiation that will be sensed by the detector that monitors the area of origin. Radiation exposure activates the relay circuit of the control amplifier that causes signal power to be sent to cockpit indicators. An activated surveillance system will return to the standby state after the fire is out.

Warning of internal nacelle fire is provided as follows: The FAULT WARNING light on the annunciation panel starts flashing accompanied by the continuous illumination of a red LH FIRE or RH FIRE light and fire extinguisher switch.

2.5.1 Fire Detection Test Switch

One rotary switch placarded FIRE DETECTION, TEST, OFF, 1, 2, 3 (FO-1) is provided to test the engine fire detection system. Before test, battery power must be on and the FIRE DETR circuit breaker must be closed. Switch position 3 checks the detector for the area forward of the air intake of each nacelle, including circuits to the cockpit indicators. Switch position 2 checks the detector and circuits for the upper accessory compartment of each nacelle. Switch position 1 checks the detector and circuits for the lower accessory compartment of each nacelle.

Each numbered switch position will initiate the cockpit indicators previously described. During ground test of the engine fire detection system, an erroneous indication of system fault may be encountered if an engine cowling is not closed properly or if the aircraft is headed toward a strong external light source. In this circumstance, close the cowling/change the aircraft heading to enable a valid system check.

Note

The fire extinguisher switch may appear to illuminate independently of the FIRE warning light because of stray light through the glareshield.

2.6 FIRE EXTINGUISHER SYSTEM

The fire extinguisher system (Figure 2-3) utilizes an explosive squib which, when activated, allows the distribution of the pressurized extinguishing agent through a plumbing network of spray nozzles strategically located in the fire zones of the engines. A gauge calibrated in pounds per square inch (psi) is mounted on each supply cylinder located on the aft side of the main spar in each wheelwell for determining the level of charge and should be checked during each preflight. Refer to paragraph 3.6, SERVICING THE FIRE EXTINGUISHER SYSTEM. Pressing the lens of the respective FIRE EXT PUSH TO EXT will fire the squib, expelling all the agent in the supply cylinder at one time.

CAUTION

The fire extinguisher system receives dc power from the hot battery bus. The battery or generators do not have to be on for the system to be armed. Having a battery connected to the aircraft electrical system is all that is required for the extinguisher to be armed. Pressing either left or right FIRE EXT PUSH TO EXT button will fire the squib and discharge the respective fire bottle.
3.6.1 Cylinder Pressure

Each cylinder is charged with 2-1/2 pounds of bromotrifluoromethane and pressurized with .08 pound of dry nitrogen to 450 psi at 70 °F. Check the pressure gauge on each cylinder prior to flight to ascertain that the cylinders are charged to within the pressure limits for the ambient temperatures as noted in the chart below.

Anti-Icing System

· Mechanical v Thermal

· Engines
· Fuel

· Propellers

· Wings

· Pitots

Anti-ice utilized when <5*C and visible moisture in order to prevent icing.

Deice utilized when ½” to 1” of ice has accumulated in order to force a clean break of the accumulated ice.

2.20 WINDSHIELD WIPERS/ANTI-ICE DEICE SYSTEMS

2.20.1 Windshield Wipers

The windshield wipers are powered by the No. 2 feeder bus, through and protected by the circuit breaker placarded WSHLD WIPER located in the WEATHER section of the copilot outboard subpanel.
CAUTION

Do not operate on dry glass

2.20.2 Windshield Anti-Ice

Windshield heat for both the pilot and copilot windshields is controlled by a toggle switch on the pilot subpanel Placarded WSHLD ANTI-ICE BOTH, OFF, and PILOT. The heat control circuit for the pilot windshield is protected by a fuse on a panel mounted on the forward pressure bulkhead. The power circuit of the pilot and copilot windshield is protected by two circuit breakers located on the extended pedestal. A controller with a temperature sensing unit maintains 95 °F temperature at the windshield surface. An electric heater lockout is incorporated in the electrical system and prevents overload of the electrical system. This assures that the elements of the electric heater will be blocked from functioning when windshield heat, propeller deice, or engine lip boot heat is in use.

CAUTION

• Unreliable operation of the magnetic compass will occur during use of windshield anti-ice.

• During use of windshield anti-ice, objects viewed through the windshield may appear blurred.
2.20.3 Powerplant Ice Protection Systems
2.20.3.1 Engine Ice Vane Controls

Handles located on left subpanel. Mechanical ice vanes use inertial separation.

19.1.6.2 Engine Ice Vanes

Extend engine ice vanes when ambient temperature is 41 °F (5 °C) or below in visible moisture. Verify a 40 to 60 ft-lb torque drop and monitor position of ice vane controls to ensure they remain in the extended position. If the ice formation is allowed to progress to a critical point, the loss of intake air may make it impossible for the engine to operate at normal power.

Note

Aircraft range decreases approximately 10 to 12 percent with ice vanes extended in moderate icing conditions.
2.20.3.2 Engine Lip Boot Switches

Only available during flight due to deactivation via respective squatswitches. Powered by the No. 1 and No. 2 feeder buses and are protected by the circuit breakers placarded ENGINE INLET DEICE located on the pedestal extension.

2.20.4 Fuel System Anti-Icing

An oil-to-fuel heat exchanger located on each engine accessory case operates continuously and automatically to heat the fuel to prevent freezing of any water in the fuel. No controls are involved. One external fuel vent in each wing serves both the nacelle and wing tanks and is protected against icing by externally attached electric heat elements that are controlled and protected by the circuit breaker function of two switch breakers on the left subpanel and placarded FUEL VENTS, LEFT, RIGHT.

2.20.4.1 Fuel Control Heat

Each fuel control unit pneumatic line is protected against ice by electrically heated jackets, controlled by two circuit breaker toggle switches on the left subpanel, placarded FUEL CONTROL, LEFT, RIGHT. The pneumatic fuel line heaters are powered by the No. 1 and No. 2 subpanel buses. To prevent overheat damage to electrically heated anti-ice jacket, FUEL CONTROL HEAT switches should not be turned ON unless cooling air will soon pass over the jackets.

2.20.5 Propeller Electrothermal Deicer System

Electrothermal deicing boots are cemented to each propeller blade to remove ice from the propellers. Each thermal boot consists of one outboard and one inboard heating element and receives electrical power through the deicer timer, slip ring, and brush block. Current consumption is monitored by a propeller ammeter on the left (pilots) subpanel (FO-1). The propeller deice system is powered by the No. 1 feeder bus through the No. 1 bus circuit breakers. Circuit protection is provided through the circuit breaker function of the switch placarded PROP and located in the HEAT section of the pilot inboard subpanel.

CAUTION

Operating the propeller deice system with the propellers stationary will cause arcing on the deice slip ring.

2.20.5.1 Propeller Deice Switches

Operation of the propeller deicing system is controlled by the propeller heat switch and placarded PROP on the pilot subpanel that controls an inboard and outboard heating element in each propeller boot. The timer cycles power to the heating elements [RH outboard // RH inboard // LH outboard // LH inboard]

Old Mechanical Timer: Sequencing starts where it last stopped. Shows amperage fluctuation when switching elements

New Electronic Timer: Sequencing always starts with RH Outboard. Shows no fluctuation.

Each segment is heated 34 ±6 seconds, normally requiring in excess of 2 minutes to complete a four-segment cycle.

Each propeller blade boot draws approximately 5 to 6 amps of current and thus with three blades drawing power concurrently, the amperage should read between 14 to 18 amps. Should one blade boot segment be inoperative, a drop of 5 to 6 amps should be anticipated and, likewise, a drop of 10 to 12 amps below normal readings would be indicative of malfunction on two propeller blades. Refer to Part V for abnormal operations.
2.20.6 Surface Deicer System

Ice accumulation is removed from each outboard wing leading edge, both horizontal stabilizers, and the vertical stabilizer by the flexing of five deicer boots that are pneumatically actuated (Figures 2-24 and 2-25). Engine bleed air from the engine compressor is used to supply air pressure to inflate the deicer boots and to supply vacuum through the distribution valve for boot hold-down during flight. A pressure regulator protects the system from overinflation. When the system is not in operation, a distributor valve applies vacuum to the boots for hold-down. When a solenoid in the distributor valve is energized by the pneumatic deicer timer or when the surface DEICE CYCLE switch is positioned to either SINGLE or MANUAL, a servo valve changes the inlet to the boots from vacuum to pressure that allows the boots to inflate. When the solenoid valve is deenergized, the airflow through the valve is cut off. The air then discharges out of the boots through an integral check valve until the pressure reaches approximately 1-inch Hg, at which time the boots are ported to vacuum and the remaining air is evacuated. The boots are again held down by vacuum. Either engine is capable of providing sufficient bleed air for all requirements of the surface deicer system. Check valves in the bleed air lines prevent backflow through the system during single-engine operation. Bleed air passes through an 18-psi regulator and then enters the deicer and vacuum systems. Vacuum pressure is created by the distribution valve and is proportional to pneumatic pressure by the deicer pressure regulator valve. Regulated pressure is indicated on a gauge placarded PNEUMATIC PRESS and located on the right side panel.

WARNING

Stall speeds will significantly increase with the wing deice boots inflated.

Note

Never cycle the system rapidly since this may cause the ice to accumulate outside the contour of the inflated boots and prevent ice removal.

2.20.6.1 Surface Deice Switch

Normal operation of the surface deice systems is accomplished by use of a three-position switch located on the left subpanel (FO-1) placarded DEICE CYCLE, SINGLE, OFF, and MANUAL. When the switch is moved to the SINGLE position, the deicer boots automatically inflated for 7 to 8 seconds, then deflate and return to the deflated position. When switched to the MANUAL position, all boots of the system inflate and stay inflated while the switch is in this mode. When the switch is released from the MANUAL position, the boots in that system deflate and the toggle returns to the center OFF position. The MANUAL position is for use in case of timer failure. In either switch position, the boots cannot be overinflated. The surface deice control system is powered by the subpanel bus No. 2 and is protected by a circuit breaker placarded SURFACE DE-ICE located in the WEATHER section of the copilot outboard subpanel.

If the deice system malfunctions to the inflated condition, the SURFACE DE-ICE CB can be pulled to induce the deflated condition.

2.20.7 Pitot and Stall Heat Systems

The pitot tubes and the lift detector have electrical heating elements to prevent icing. On the ground, electrical power to the stall heating elements pass from the No. 2 feeder bus through a current limiter (acting as a resistor) which lowers the voltage from 28 Vdc to 14 Vdc (low heat). At lift-off, a squat switch on the right main gear causes the current limiter to be bypassed and makes 28 Vdc (high heat) available to the system. The pitot tube heating elements are powered from both the No. 1 and No. 2 feeder buses, respectively.

2.20.7.1 Pitot and Stall Heat Switches

The heating elements are controlled by circuit switch breakers located on the pilot's sub-panel (FO-1) in the HEAT section placarded PITOT LEFT-RIGHT and STALL respectively. When a switch is in the up position, the heating elements of that particular system are energized. The down position shuts the heating elements off. In the event of electrical overload, the circuit breaker element will disconnect the heating circuit, tripping the toggle switch to the down position.
Flight Control System/Malfunctions

· Primary

· Secondary

· Electric Trim
· Control Check

2.12 FLIGHT CONTROL SYSTEM

The aircraft primary flight control system consists of conventional rudder, elevator, and aileron control surfaces. These surfaces are manually operated from the cockpit through mechanical linkage using control wheels for the ailerons and elevators and adjustable rudder/brake pedals for the rudder. The flight controls can also be operated by means of electrical servo motors via the automatic flight control system detailed in Chapter 20. Both the pilot and copilot have flight controls. Trim control for the rudder, elevator, and ailerons is accomplished through a manually actuated cable-drum system for each set of control surfaces.
2.12.1 Control Wheels

Elevator and aileron control surfaces are operated by manually actuating either the pilot or copilot control wheel. A microphone, AP/YD/trim disconnect, elevator trim and map light is incorporated in each control wheel. A pitch sync control wheel steering switch is on the pilot control wheel only; a go-around switch is incorporated on the copilot control wheel only. The pilot and copilot control wheel map lights receive power through and are protected by the radio and engine instrument lights circuit breaker placarded ENG INST located on the copilot left subpanel.

2.12.2 Rudder Pedals

Aircraft rudder control and nosewheel steering is accomplished by actuation of the rudder pedals from either pilot or copilot station. A two-position fore and aft adjustment of the pedals is provided through control levers on each pedal.

2.12.3 Trim Tabs

Trim tabs are provided for all flight control surfaces. These tabs are manually actuated and are mechanically controlled by a cable-drum and jackscrew actuator system. The elevator trim tab incorporates antiservo action (i.e. as the elevators are displaced from the neutral position, the trim tab moves in the same direction as the applied control surface, thus increasing the effective control surface area and the annual force required to apply it). This action increases control pressure. The rudder and aileron trim tab are adjustable left or right as required and maintains an “as adjusted” position throughout the full range of rudder deflection.

2.12.3.1 Manual Elevator Trim Tab Control

The elevator trim tab manual control wheel placarded ELEVATOR TAB-DOWN, UP is on the left side of the control pedestal (Figure 1-4) and controls a trim tab on each elevator. The amount of elevator tab deflection, in degrees from a neutral setting, is indicated by a position arrow.

2.12.3.2 Electric Elevator Trim

The electric elevator trim system is controlled by dual element thumb switches and a trim disconnect switch on the control wheels. The pilot electric trim switch takes priority over the copilot electric trim switch should both be actuated simultaneously. Electrical overload protection is provided by a circuit breaker placarded PITCH TRIM on the copilot subpanel. Operation of elevator trim should occur only when both elements of the thumb switch are moved. The thumb switch is moved forward for nosedown trim and aft for noseup trim; when released, the switch returns to the center (OFF) position. When activated, the electric elevator trim cannot be overridden by the manual elevator trim wheel. The trim system disconnect is a bilevel, momentary push-type switch button located on the outboard grip of each control wheel. Depressing the switch to the first of two levels disconnects the autopilot and yaw damp system; depressing and holding the switch to the second level disconnects the electric trim as long as the switch is depressed. Pitch trim is re-engaged as soon as the switch is released.

2.12.3.3 Aileron Trim Tab Control

The aileron trim tab control, placarded AILERON TAB-LEFT, RIGHT, is on the control pedestal (Figure 1-4) and will adjust the left aileron trim tab. The amount of aileron tab deflection from a neutral setting, as indicated by a position arrow, is relative only and is not in degrees. Full travel of the tab control moves the trim tab 15° ±1-1/2° up and down.

2.12.3.4 Rudder Trim Tab Control

The rudder trim tab control knob, placarded RUDDER TAB-LEFT, RIGHT, is on the control pedestal and controls adjustment of the rudder trim tab. The amount of rudder tab deflection, in degrees from a neutral setting, is indicated by a position arrow.
2.12.4 Flight Controls Lock

Positive locking (Figure 2-12) of the rudder, elevator, and aileron control surfaces and engine controls (power levers, propeller levers, and condition levers) is provided by a removable lock assembly consisting of two pins and an elongated U-shaped strap interconnected by a chain. Installation of the control lock is accomplished by inserting the copilot side; then the aileron-elevator locking pin is inserted through a guide hole in the top of the pilot control column assembly, thus locking the control wheels in a forward left aileron position. The rudder pedals are held in the neutral position by the largest of the two pins, which is installed horizontally through the pilot rudder pedals. Removal sequence is a reverse of the installation procedure.

CAUTION

Do not tow the aircraft with the rudder control lock installed as serious steering linkage damage can result.

2.12.5 Wing Flaps

The all-metal slot-type wing flaps are electrically operated and consist of two sections for each wing. These sections extend from the inboard end of each aileron to the junction of the wing and fuselage. During extension or retraction, the flaps are operated as a single unit, each section being actuated by a separate jackscrew actuator. The actuators are driven through flexible shafts by a single, reversible electric motor mounted on the forward side of the rear spar. The flap motor is powered by the right main bus, and circuit protection is provided through the circuit breaker placarded WING FLAPMOTOR located on the control pedestal extension. The motor incorporates a dynamic braking system, through the use of two sets of motor windings, that prevents over travel of the flaps. Wing flap movement is indicated in percent of travel by a flap position indicator on the center of the control pedestal.

2.12.5.1 Wing Flap Selector Handle

Flap operation is controlled by a three-position flap-shaped handle on the pedestal (Figure 1-4). The handle is placarded FLAP and positions are placarded UP, APPROACH, and DOWN. Flap extension is established by position of the flap handle and is as follows: UP — 0 percent; APPROACH — 35 percent; and DOWN — 100 percent. Limit switches, actuated by the right inboard flap, control flap travel. The flap control circuit is protected by a circuit breaker placarded FLAP and located on the right subpanel. Intermediate flap positions between UP, APPROACH, and DOWN cannot be selected.

2.12.5.2 Wing Flap Position Indicator

Flap position in percent of travel from 0 percent (UP) to 100 percent (DOWN) is shown on an indicator placarded FLAPS (FO-1). The approach and full down or extended flap position is 15° and 43°, respectively. The flap position indicator is protected by a circuit breaker placarded FLAP and located on the right outboard subpanel.
11.2 FLIGHT CONTROLS

Aileron, elevator, rudder and trim tab controls function effectively throughout slow, cruising and high speed flight. Controls become more sensitive as speed increases; likewise, control forces become progressively greater. Elevator control feel at low airspeed is enhanced by the use of antiservo trim tabs, which also serve to increase effectiveness at extreme positions.

13.5 JAMMED CONTROLS ON DECK

In the event that jamming or binding of flight or engine controls is experienced on the ground, check yaw damper and autopilot OFF, maintain the controls in the jammed or binding condition, and call for immediate inspection.

15.22.3 Electric Pitch Trim Inoperative or Failed

The TRIM fail flag shows in red to the left of the lateral capture field on both PFDs whenever the autopilot pitch trim system fails. The autopilot will not automatically disengage, but it may not function properly. When this happens, perform the following procedures:

1. Airplane Attitude — Maintain Using Elevator Control

2. A/P/Trim Disconnect (yoke) — Depress to second level and release

3. [TRIM] Warning — Extinguished

4. If TRIM Remains Illuminated

5. Pitch Trim cb — Pull Breaker

6. Hand-fly the aircraft using manual trim.

15.23 IN-FLIGHT DAMAGE

If the aircraft should sustain damage because of amidair collision, bird strike, or overstress, the singlemost important concern is maintaining or regaining aircraft control. Monitor engine and flight instruments for unusual indications. 

1. Check controls for freedom and correct response.

2. Prior to landing, a landing configuration check should be conducted above 5,000 feet. The aircraft should be checked for controllability in the landing configuration by slowly decreasing airspeed in 10-knot increments to determine the minimum airspeed at which the aircraft can be safely controlled for landing.

3. Land as soon as possible with minimum control movement.

WARNING

• Careful consideration should be given before making any configuration changes.

• Airframe deformation may significantly increase stall speed.

• Fly approach a minimum of 10 knots above minimum controllable speed to provide a safe margin for landing and possible waveoff.
16.4 FLAP SYSTEM FAILURE

There are no provisions for emergency flap operation. If wing flaps are inoperative and function cannot be restored, land the aircraft in the existing flap configuration. Refer to Figure 31-1 of the current NATOPS Manual, for landing distance. Following a flap system malfunction, ensure flap position is inspected visually prior to resetting the flap handle to the previously selected position. The aircraft has been flight tested under all possible asymmetric flap configurations and found to be fully controllable within the normal operating envelope.

Note

The wing flap motor circuit breaker should be pulled to prevent inadvertent flap movement.
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