I4201
DISCUSS ITEMS

Needle only VOR and TAC approach procedures, landing minimums, flight director malfunctions, autopilot malfunctions/disconnect procedures, electrical system/malfunctions, anti-ice/deice system, windhsield heating, and flight control system/malfunctions.
Needle Only VOR And TAC Approach Procedures

Fly a track to/from the station with proper crosswind corrections, utilizing ground track indicator (green circle) to avoid homing.

Note the tail of the needle for lead radials on turns, CDI will not come alive.

Do not parallel the proper course after station passage, turn to an intercept heading.

Landing Minimums

CNAF 4.8.4.2 IFR Flight Plans 

Regardless of weather, IFR flight plans shall be filed and flown whenever practicable as a means of reducing midair collision potential. In any case, forecast meteorological conditions must meet the weather minimum criteria shown in Figure 4-1 for filing IFR flight plans and shall be based on the pilot’s best judgment as to the runway that will be in use upon arrival. IFR flight plans may be filed for destination at which the forecasted weather is below the appropriate minimums provided a suitable alternate airfield is forecast to have at least 3,000-foot ceiling and 3-statute- mile visibility during the period 1 hour before ETA until 1 hour after ETA. 

CNAF 4.8.4.3 Alternate Airfield
An alternate airfield is required when the weather at the destination is forecast to be less than 3,000-foot ceiling and 3-statute-mile visibility during the period 1 hour before ETA until 1 hour after ETA. 

Note

If an alternate airfield is required, it must have a published approach compatible with installed operable aircraft navigation equipment that can be flown without the use of two-way radio communication whenever either one of the following conditions is met: 
a. The destination lacks the above described approach. 
b. The forecasted weather at the alternate is below 3,000-foot ceiling and 3-statute- mile visibility during the period 1 hour before ETA until 1 hour after ETA. 
	DESTINATION WEATHER

ETA plus and minus 1 hour
	ALTERNATE WEATHER

ETA plus and minus 1 hour

	0 — 0 up to but not including Published minimums
	3,000 — 3 or better

	Published minimums up to but not including 3,000 — 3

(single-piloted absolute minimums 200 — 1/2)

(single-piloted helicopter/tilt-rotor absolute minimums 200-1/4)
	NON-PRECISION
	PRECISION

	
	* Published minimums plus 300-1
	* Published minimums plus 200-1/2

	3,000 — 3 or better
	No alternate required

	* In the case of single-piloted or other aircraft with only one operable UHF/VHF transceiver, radar approach (PAR/ASR) minimums shall not be used as the basis for selection of an alternate airfield. 


Always check the NOTAMs for that airfield or specific approach.

Single-Piloted aircraft are only allowed to shoot approaches with weather below published minimums for training purposes and the airfield is neither the Destination nor the Alternate.

Multi-Piloted aircraft are allowed to shoot approaches with weather below published mins.

Flight Director Malfunctions Autopilot Malfunctions/Disconnect Procedures

15.22 FLIGHT GUIDANCE SYSTEM

15.22.1.1 Autopilot Malfunctions, Altitude Losses

During autopilot malfunctions, the following altitude losses can be expected prior to corrective action being initiated.

1. Climb — 65 feet loss

2. Cruise — 120 feet

3. Descent — 120 feet

4. Non-Precision Approach (1 or 2 engines) — 55 feet

5. Precision Approach (1 or 2 engines)—40 feet.

15.22.1.2 Autopilot Disengagement

The conditions listed below will cause the autopilot to disengage automatically. When this happens, the autopilot warning horn will sound and a flashing red AP box will be displayed on both PFDs. This must be acknowledged by pressing the AP/YD disconnect button on the control wheel which will cancel the warnings:

1. Any interruption or failure of power

2. A failure condition is detected by FGC monitoring of the autopilot

3. Flight control system power or circuit failure

4. Autopilot trim failure

5. A stall condition is detected

6. The extreme attitude limits are exceeded.

The autopilot may be disengaged manually by any of the following methods listed below. This will result in both an aural and visual warning that will cancel automatically after a brief period of time.

WARNING

The AP or GA button does not disconnect the Yaw Damper.

1. Push the AP or YD button on the FGP.

2. Pushing the Go-Around button on the left power lever or copilot's control wheel.

3. Pressing the AP/YD disconnect switch on the pilot's or copilot's control wheel.

4. The manual pitch trim switch on the control wheels is operated.

5. The AP/YD DISC switch-bar on the FPS is positioned down.

6. Turn off the Avionics Master Switch.

15.22.1.3 Autopilot Mistrim

Illumination of a red boxed [E] Elevator or [A] Aileron annunciations on the PFDs indicate that the autopilot is flying the airplane in a mis-trimmed conditions. If the mistrim indications continue for more than a few seconds execute the following procedures:

1. Flight Controls — Hold Firmly

2. Autopilot — Disengage

3. Airplane — Retrim if necessary

4. Autopilot — As required

Note

Intentional or automatic free-stick disengagement of the autopilot into an annunciated red elevator mistrim indication will produce a significant aircraft response in the direction of the mistrim force. If a continuous mistrim indication is presented, the pilot should brace the flight controls and disconnect the autopilot. Upon disconnect, the pilot will experience a force in excess of 25 pounds. Re-engagement of the autopilot should not be attempted until the reason for the out of trim state has been isolated and rectified, and the aircraft has been returned to a trimmed condition.

15.22.1.4 Engine Failure With Autopilot Engaged

If an engine fails with autopilot engaged.

1. Disengage autopilot.

2. Retrim aircraft, and reengage autopilot if desired.

3. If autopilot is used in conjunction with an instrument approach, maintain 120 KIAS for single-engine approach speed until landing is assured.

15.22.4 Flight Director Failure

Flight Director (FD) inputs are received from the onside FGC. When pitch and roll outputs from the individual FGCs are missing or invalid, the red FD flag will appear on the associated PFD. When this happens, the FD command bars are removed from the PFD. To regain command bars, utilize the CPL button on the FGP to select the good FGC. 

20.3.1.2 Limitations

1. Flight in Instrument Flight Rules (IFR) is not permitted with the PFD or any standby indicator (attitude

indicator or magnetic compass) inoperative.

2. Autopilot coupled approaches must be discontinued if course deviation exceeds half deflection. The

approach may be continued without the use of autopilot.
20.5.1.2 Limitations
8. Do not use propeller in the range of 1,750 to 1,850 rpm during a coupled ILS approach.

10. The autopilot is certified for USE Heights as follows:

a. Minimum Engage Height after takeoff of 400 feet AGL

b. Minimum Use Height during cruise of 1,000 feet AGL

c. Minimum Use Height during approach of 180 feet AGL

11. Maximum wind conditions during coupled autopilot approach:

a. Crosswind — 23 knots.

b. Tailwind — 15 knots.

15. Autopilot operation is not permitted beyond the Approach Flap position.
Electrical System/Malfunctions
· Sources

· Battery Functions

· Generator Control

· Generator Failures

· Buses

With generator failure, consider immediately opening the associated bleed valve to smell for smoke.

Identify Generator Control Box issues by passing controls to RS and check for normal Gen Voltage while in the Reset position.
2.10 ELECTRICAL POWER SUPPLY AND DISTRIBUTION SYSTEM

The four sources of dc power consist of one 24-volt 42-amp-hour battery, one 24-volt 5-amp-hour AUX BATT and two 250-amp starter-generators. The output of each generator passes through a cable to the respective generator bus. Other buses distribute power to aircraft dc loads and derive power from the generator buses. The generators are paralleled to balance the dc loads between the two units. When a generator is not operating, reverse current and over voltage protection is automatically provided. Most dc distribution buses are connected to both generator buses, but have isolation diodes to prevent power crossfeed between the generating systems. When either generator is lost, the operating generator will supply power for all aircraft dc loads. In the event of a dual generator failure, the AUX BATT is available to provide dc power to the essential bus. Two inverters operating from dc power produce the required single-phase ac power. For aircraft with digital engine indicators, the ac inverters have been removed and all power is dc.

Two 325-amp, slow-blow fuses, referred to as current limiters, are used to tie the main buses and provide fault protection. A battery bus between the current limiters supplies dc power to the starters. The integrity of each current limiter can be checked by turning on the battery switch and noting operation of the corresponding fuel quantity gauge.

Four circuit breakers mounted on an “L” shaped bracket located on the aft side of the battery compartment provide

circuit protection for the bus-fed and battery-fed battery relays.

2.10.1 DC Power Supply

As the result of the avionics upgrade, the aircraft now has two lead–acid batteries to furnish dc power when the engines are not operating. The existing 24-volt, 42-amp-hour (at 23 °C) battery, which is located in the right wing center section and accessible through a panel on the top of the wing and the 24-volt 5-amp-hour AUX BATT located in the left side of the avionics compartment. Under normal conditions, dc power is produced by two engine-driven 28-volt, 250-amp starter-generators.

2.10.2 Lead-Acid Battery Functions

The lead-acid batteries provide (1) an emergency power source, (2) an engine starting power source, and (3) a damper to absorb power transients within the electrical system.

2.10.3 Gangbar

All electrical current except for the hot battery bus and AUX BATT may be shut off. The gangbar is raised when a battery or generator switch is turned on. Placed down, the bar forces all switches to the OFF position.

2.10.3.1 Battery (BATT) Switch

A switch placarded BATT is located on the control pedestal (Figure 1-4) and, when placed to the ON position, permits the battery to supply dc power to the aircraft bus system through the battery relay. Isolation diodes permit the battery relay to be energized by external power or the generators in the event the battery charge is insufficient to activate the relay.

2.10.3.2 Generator Switches

Two circuit breaker- type switches placarded GEN No. 1 andGEN No. 2 are located alongside the BATT switch. The toggle switches control electrical power from the designated generator to paralleling circuits and the bus distribution system. They are three-position switches placarded OFF and ON with a spring loaded “reset” position forward of ON. When a generator is removed from the aircraft electrical system because of either a fault or from placing the GEN switch in the OFF position, the affected unit cannot have its output restored to aircraft use until the GEN switch is moved to “reset,” then ON.

The generator control panel is located under the cabin center aisle aft of the main spar and provides overvoltage, undervoltage, reverse current protection, and automatic paralleling. If one or more of these conditions is sensed, the respective generator will be disabled and the associated LH or RH generator out light will illuminate.

2.10.4 Auxiliary Power Supply (APS)

In the event of an emergency situation, involving the loss of both generators, the APS can be isolated from the rest of the electrical system and serve as an independent source of 24 Vdc power for the Avionics Essential Bus. This bus will support “CRANE”:

• Com 1 VHF radio (pilot, copilot, and observer).

• Radio Tuning Unit (RTU).

• AUDIO (ICS) for pilot headset.

• NAV 1 VHF.

• Electronic Standby Instrument System (ESIS).

APS will power “CRANE” for a minimum of 30 minutes. The three-position switch is located on the center pedestal just below the AUX ON/AUX TEST light.

2.10.5 Load Voltmeters

Twometers on the left subpanel (FO-1) display voltage readings and show the rate of current usage from left and right generating systems. Each meter is equipped with a spring-loaded pushbutton switch that when manually pressed will cause the meter to indicate bus voltage. Each meter normally shows output amperage shown as a percent of rated capacity from the respective generator unless the pushbutton switch is pressed to obtain bus voltage reading. Current consumption is indicated as a percentage of total output amperage capacity for the generating system monitored.

2.10.5.1 Generator Out Warning Lights

Two annunciator panel fault lights (Figure 12-1) inform the pilot when either generator is not delivering current to the aircraft dc bus system. These lights are placarded LH GEN OUT and RH GEN OUT. The flashing FAULT WARNING light and illumination of either annunciator light indicates that either the identified generator has failed or voltage is insufficient to keep it connected to the bus distribution system.

2.10.6 Dc External Power Source

External dc power can be applied to the aircraft (Figure 3-1) through an external power receptacle in the right-engine nacelle. The receptacle is accessible through a hinged access panel. Dc power is supplied through the dc external plug and applied directly to the battery bus after passing through the external power relay (Figure 2-7). The holding coil circuit of the relay is energized by the external power source. The auxiliary power unit used for aircraft ground checks or for aircraft starting must not exceed 28 Vdc and have the capability of delivering a continuous load of 300 amperes with up to 1,000 amperes for 0.1 second if required.

Note

For aircraft with AFC-24 (Digital Engine Indicators), the ac inverters have been removed and all power is dc. The Inverter No. 1 and No. 2 switches and circuit breakers have been removed and the #1 INVERTER OUT, #2 INVERTER OUT and INST INVOUT annunciators have been replaced with blank lenses.

2.10.10 DC to DC Converter

The DC-to-DC converter located in the avionics bay, accepts DC input voltage from the aircraft electrical system that may be less than 28 Vdc and increases it as necessary in order to produces a constant 28 Vdc output voltage. This capability is especially critical during periods of high demand, such as during an airborne engine start, when a reduction in available dc voltage could cause an auto shutoff feature in the Primary Flight Display (PFD) to activate and shut the system down.
Keep the generator loadmeters in your scan because your Gen Out annunciator may fail before your generator fails, leaving you no indications of the potential excessive load and/or battery discharge.

Consider passing controls and using two hands when resetting a failed generator in order to read generator voltage with the switch in the reset position.

Check out NATOPS 2-24, shows which items are on which buses. Be familiar with this section in order to expedite diagnosis of given electrical malfunctions and improve decision making for the remainder of the flight. Examples:

MFD goes blank. Could simply be an MFD unit failure/CB popped or could be the No. 3 Avionics Bus offline. If No. 3 Avionics Bus is offline, there is no cooling to the Avionics Bay. Systems could start dropping offline/malfunctioning if flight continues and units overheat.

LH Engine Instruments go blank. Indicates the No. 1 Sub Bus is probably offline. Gear motor is still online but the gear indicators are offline. So you cannot identify if your gear is down and locked prior to landing. Execute troubleshooting steps (prop sync, taxi light, GRD MAX) and consider getting a visual inspection prior to landing.

RH Engine Instruments go blank. Indicates the No. 2 Sub Bus is probably offline. Gear motor is now offline, but indicators should show three down and locked after manual extension procedures have been followed.

15.13 ELECTRICAL SYSTEM FAILURE

15.13.1 Generator Failure

If a generator fails (indicated by illumination of the respective RH or LH GEN OUT annunciator), all nonessential electrical equipment should be used with caution to avoid overloading the remaining generator. Loads in excess of single-generator output will drain the battery. If a generator fails and will not reset, current limiter status information is necessary because it relates to battery condition/duration. Three basic possibilities exist: 

(1) If the battery volt ammeter is not showing a discharge and no other equipment failures are noted, the current limiters are intact and the operating generator is providing all the DC power requirements. If the load is 1.0, turn off unnecessary equipment.

(2) If the battery is showing a discharge and no other equipment failures are noted, the current limiter opposite the inoperative generator has failed. The battery is powering the equipment/buses on the inoperative generator's main bus. Consideration should be given to securing the aircraft battery and activating the AUX BATT. This will enable the flight crew to continue to operate the aircraft in a safe manner, have access to both communication and navigation equipment and still be able to conserve the aircraft battery for later use in the terminal area (lowering gear and flaps, etc.). If the battery is secured, the singly powered items on the inoperative generator's main bus will be lost. The boost pump on that side will still be operating, since it is dual powered, and the battery will still show a discharge. For maximum battery conservation, consider securing that boost pump. If the boost pump is secured, the pressure light on that side will not illuminate since it is singly powered. The crossfeed valve will still operate manually. 

(3) If the battery is not showing a discharge and other equipment failures are noted, (a fuel quantity gauge, a PFD, etc.) the current limiter has failed on the same side as the inoperative generator and this equipment will remain inoperative. The battery is not being discharged. Therefore, the operating generator is powering the hot battery bus. Monitor the operating generator's load.

When generator failure is indicated, proceed as follows:

Note

Ensure starter switch is off.

*1. Generator — OFF, Reset Momentarily, Then ON.

Note

• Release the generator switch slowly from the spring-loaded reset position to the ON position to prevent tripping the opposite generator off.

• Normal voltage in the reset position indicates a failure of the generator control rather than the generator.

If generator will not reset:

*2. Generator — OFF.

*3. Current limiter (Battery Ammeter) — Checked.

WARNING

The combination of a failed generator, failed opposite side current limiter and a drained battery results in no power available to the hot battery bus. In this situation no fire extinguishing capability exists.

Note

If the battery is supplying power to buses due to either a failed generator and opposite side current limiter or due to a failed generator and excessive load on the operating generator, battery power may be available for as little as 10 minutes if electrical load is not reduced.

4. Operating generator — Do Not Exceed 1.0 Load.

5. Land as soon as practicable.

WARNING

Should smoke and/or fumes be detected immediately following a generator failure, the origin could be in the generator control or an internal generator malfunction. Intermittent utilization of the corresponding engine bleed air valve may help confirm an internal malfunction. If smoke and fumes persist for an internal malfunction, consideration should be given to securing the corresponding engine to stop generator rotation and eliminate the fire hazard.

15.13.2 Dual-Generator Failure

If both generators are inoperative, consideration should be given to the following steps as a method of ensuring maximum duration of the aircraft battery.

WARNING

With a total loss of electrical power, the cabin will depressurize as the bleed air valves are spring loaded closed. If cabin altitude exceeds 10,000 feet, supplemental oxygen for all occupants of the aircraft should be considered.

1. Ensure AUX BATT three position switch is in the ON/ARMED position.

2. Gangbar — OFF.

WARNING

If the aux battery is secured or depleted with the gangbar off, all attitude reference will be lost.

Note

With the aircraft battery switched OFF and the AUX BATT switch ON, the auxiliary battery will provide 24 VDC to the following systems: COM 1, RTU, Audio (pilot), NAV 1, and the ESIS display.

3. Cabin temperature mode, electric heater, anti-ice/deice, auto-ignition, lights and radar — OFF.

4. Boost pumps — OFF.

5. Pull the following circuit breakers:

a. Left and right fuel panel bus circuit breakers.

b. LH fuel flow, LH oil temperature circuit breakers.

c. RH bleed air control, prop sync, annunciator power, flap motor, and flap indicator circuit breaker.

Note

With dual-generator failure, a no-flap landing and manual gear extension should be anticipated in all cases.

6. Avionics Master — OFF. 

7. Battery — As required.
15.13.3 Excessive Loadmeter Indications (Over 1.0)

Excessive loadmeter indications are generally caused by an excessive battery charge rate or an electrical system ground fault.

1. Battery/ammeter — Check.

If a charge rate in excess of 30 amps is indicated:

2. Battery — OFF.

3. Battery/ammeter — Check.

If battery charge rate is still in excess of 30 amps the battery relay has failed, land as soon as possible. If battery charge rate drops after securing the battery switch, proceed as follows:

4. Recheck loadmeters.

If loadmeters are normal, the problem was excessive battery charge rate. Land as soon as practicable. If loadmeter indications are still excessive, an electrical ground fault exists. Be alert for electrical fire, secure malfunctioning electrical equipment and land as soon as possible.

Note

Loadmeter splits of greater than 0.1 are indicative of abnormal generator paralleling. With the air-conditioner or electric heater activated, an excessive loadmeter indication for the left generator may be indicative of a current limiter failure.

15.13.6 Circuit Breaker Tripped

1. Nonessential circuit — Do Not Reset in Flight.

2. Essential circuit.

a. Circuit breaker — Push to Reset.

b. If circuit breaker trips again — Do Not Reset.

15.13.7 Avionics Failure

If all avionics power is lost, the avionics master switch has possibly failed. Loss of power to the avionics master switch will cause the AUX BATT to activate and provide 24 Vdc to the essential bus. This will provide power to the ESIS display, COM 1, NAV 1, the RTU and pilot's audio panel. Pulling the AVIONICS MASTER POWER circuit breaker on the copilot subpanel may restore avionics power 

15.13.8 Subpanel Feeder Circuit Breaker Tripped

A short is indicated: DO NOT RESET IN FLIGHT. 

Anti-Ice/Deice System

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.

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.
Windhsield Heating

We cannot land with the windshield obstructed by ice.

Troubleshoot with CB’s and switches.

Attempt defrost from inside: environmental controls max hot, bleed air as required, pull Defrost Air Knob (Left subpanel).

If all else fails, divert to warmer air.

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.

Brief/Debrief Notes

////////////////////////////////////////////
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