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C-12 Study Guide

Regulations and Publications

(ARs 40-8. 95-1, 95-2;  DA Pamphlet 738-751; DOD FLIP; TC 1-210; and local SOPs and regulations).

Alternate Requirements AR 95‑1 Chapter 5‑2

An alternate airfield is required when filing IFR to a destination under any of the following conditions:

· Radar is required to execute the approach to be flown.

· seq level0 \h \r1 

seq level1 \h \r1 

seq level2 \h \r0 

seq level3 \h \r0 

seq level4 \h \r0 

seq level5 \h \r0 

seq level6 \h \r0 

seq level7 \h \r0 The instrument approach navigational aid(s) to be used is unmonitored.

· The predominate weather at the destination is forecast at ETA through 1 hour after ETA to be less than:

· Ceiling 400 ft above the weather planning minimum required for the approach to be flown.

· Visibility 1 mile greater than the planning minimum required for the approach to be flown

An alternate is not required if descent from enroute minimum altitude for IFR operation, approach, and landing can be made in VFR conditions.

Alternate Airfield Selection AR 95‑1 Chapter 5‑2

An airfield may be selected as an alternate when worst weather condition for that airfield is forecast for ETA through 1 hour after ETA to be greater than:

· Ceiling 400 ft above the weather planning minimum required for the approach to be flown.

· Visibility 1 mile greater than the weather planning minimum required for the approach to be flown

· VFR minimums and descent from enroute minimum altitude for IFR operation can be made in VFR conditions.

An airfield may not be selected as an alternate:

· If the approach procedure to be used at the alternate is shown not authorized (NA) in FLIP.

· If radar is required for the approach procedure to be used at the alternate. 

· It the instrument approach navigation aid to be used is unmonitored.

· If B, C, D or E surface area airspace does not exist or is not in effect at the airport to be used.

· If GPS is required for the approach.
DOD FLIP products and maps.

AIRMET - advise pilots of significant weather

SIGMET - advise pilots of weather considered potentially hazardous 

Severe Icing not associated with TS

Severe or Extreme Turb. Not associated with TS

Dust storms, sand storms, etc lowering vis to < 3 miles

Volcanic Eruptions

Convective SIGMET - usually associated with TS
VFR minimums and procedures.

AR 95‑1, Table 5‑1, Uncontrolled Airspace

	Operation
	Cloud clearance
	Visibility

	Day or night
	500 ft below
	3 miles

	
	1000 ft above
	

	
	2000 ft horiz.
	


AR 95‑1 Chapter 5‑2

VFR flight, destination weather must be forecast to be equal to or greater than VFR minimums at ETA through 1 hour after ETA. When there are intermittent conditions, predominant weather conditions apply.

Special VFR within and departures from class B, C, D, and E surface area airspace are authorized provided ATC clearance is obtained.  Aviators flying helicopters may reduce destination and alternate Category A visibility minimums by 50%, but not less than ¼ mile or metric equivalent. Reduction of visibility for approaches labeled COPTER ONLY” is not authorized.

VFR Cloud Clearance and Visibility FAR PART 91.155

	Airspace
	Visibility
	Cloud Clearance

	Class A
	N/A
	
	N/A
	

	
	
	
	
	

	Class B
	3 statute miles
	Clear 
	of
	clouds

	
	
	
	
	

	Class C

and

Class D
	3 statute miles
	500

1000

2000
	feet

feet

feet
	Below

Above

Horiz.

	
	
	
	
	

	Class E

Below 10,000 feet MSL
Above 10,000 feet MSL
	3 statute miles

5 statute miles


	500

1000

2000

1000

1000

1
	feet

feet

feet

feet

feet

SM
	Below

Above

Horiz.

Below

Above

Horiz.

	
	
	

	Class G

1200’ AGL or less regardless of MSL

Day
	1 statute mile
	Clear of clouds

	
	
	
	
	

	Night
	3 statute miles
	500

1000

2000
	feet

feet

feet
	Below

Above

Horiz.

	Class G

Above 1200 feet AGL but less than 10.000’ MSL
	
	
	
	

	Day
	1 statute mile
	500

1000

2000
	feet

feet

feet
	Below

Above

Horiz.

	
	
	
	
	

	Night
	3 statute miles
	500

1000

2000
	feet

feet

feet
	Below

Above

Horiz.

	
	
	
	
	

	Class G

Above 1200 feet AGL & at or above 10.000’ MSL
	5 statute miles
	1000

1000

1
	feet

feet

SM
	Below

Above

Horiz.


Classes Of Airspace

Designation is by letters A, B, C, D, E, and G.  Most restrictive to least restrictive will be in the same order.  Lateral dimensions are in nautical miles. 

	Class A Airspace.
	Dimensions:  Designated airspace from 18,000 feet MSL to FL 600 in conterminous states.  18,000 feet to FL 600 excluding airspace below 1,500 feet AGL in Alaska except west of 160 degrees.

	Special Requirements.


	· Operate at an IFR flight level under an ATC Clearance 

· Flown by pilot rated for instrument flight 

· Aircraft equipped for IFR operations 

· Mode 3/A transponder with Mode C.

· Direct pilot-controller communications

	Class B Airspace.
	Dimensions:  Extending upward from the surface or higher to specified altitudes, within which all aircraft are subject to operating rules and pilot and equipment requirements. Includes at least one primary airport around which Class B airspace is designated. 

· Three rings normally at 10, 20, and 30 NM.

· Inner ring begins at surface

· NM ring floor predicated on 300-foot per NM climb gradient.

· NM ring floor based on approach control arrival and departure procedures.

· Upper limits normally 10,000 feet MSL.



	Special requirements.
	· Pilot-in-command of civil aircraft must possess at least a private pilot certificate; or a student pilot or recreational pilot who seeks private pilot certification and has met the requirements of 61.95.

· Transponder required with Mode C within 30 NM (exceptions for specific locations within Class B area) and two way radio for communications with ATC for all operations.  VOR or TACAN required for IFR operations.

· Receive appropriate ATC clearance prior to entry

· Operate clear of clouds with 3 miles visibility

	Class C Airspace.
	Only one primary airport around which Class C airspace is centered.  Inner circle centered on the primary airport usually has a radius of 5 NM and extends from surface to 4,000 feet above the airport

The outer circle usually has a radius of 10 NM and extends from 1,200 feet above the airport

Outer area normally has a radius of 20 NM and extends from the lower limit of radar/radio coverage up to the ceiling of the approach control airspace.




	
	· Must have two-way radio communication with ATC prior to operation in the inner or outer circle and transponder with Mode C.  Transponder also required above Class C airspace up to 10,000 MSL.

· Participation in the outer area is not mandatory

· Maximum indicated airspeed is 200 knots at or below 2,500 feet AGL within 4 NM of primary airport.

	Class D Airspace.
	At least one primary airport around which the airspace is designated..

The configuration is individually tailored  Normally it  will be 5 NM in diameter.  May include extensions of up to 2 NM if commo required.  Extensions of more than 2 NM will become Class E airspace.  Shelving and/or cutouts are used to exclude satellite airports.



	Special Requirements.


	· Operational tower required, must have hourly weather observing and reporting capability.  (AWOS is acceptable).

· Airports with part-time control towers are Class D when the tower is in operation and may be Class E or G when  the tower is not in operation.

· Requirements for surface based Class E airspace must be met or the airspace at the surface is Class G.



	Class E Airspace
	Extending from 14,500 feet MSL up to but not including 18,000 feet MSL in 48 conterminous states and Alaska except west of 160 degrees.  Excluding airspace below 1,500 feet AGL and restricted and prohibited areas.  

Types of Class E Airspace:

· Airspace beginning at either 700’ or 1200’ AGL used to transition to or from the terminal or enroute environment.

· Enroute Domestic, and offshore airspace areas designated below 18,000’ MSL

· Federal Airways:

· Non towered airfields that have weather reporting facilities and two radio communications with ATC to the runway surface.

Unless designated at a lower altitude, Class E airspace begins at 14,500 MSL over the United States, including that airspace overlying the waters within 12 nautical miles of the coast of the 48 contiguous States and Alaska excluding the Alaska peninsula west of longitude 16OoOO'OO'W; and the airspace less than 1,500 feet above the surface of the earth.



	Special Requirements.


	· Pilot Certification: No specific certification required.

· Equipment: No specific equipment required by the airspace.

· Arrival or Through Flight Entry Requirements: No specific requirements.



	Class G Airspace
	Airspace that is not assigned Class A, B, C, D, or E, i.e. Uncontrolled airspace.
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Special VFR.

· Authorized within the lateral boundaries of the surface areas of Class B, C, D, or (surfaced based) E airspace. 

· ATC clearance required. 

· Fixed-wing: Clear of clouds and 1 SM visibility.

· Rotary-wing: Clear of clouds and less than 1 SM visibility.

Local Airport Advisory (LAA)/Airport Advisory Area.

An area around an airport having a flight service station (FSS) but no operating tower. The advisory area is 10 miles in radius, begins at the surface, and has no upper limits.

Pilot procedures:

There are no special requirements for operating in this area, but it is recommended that pilots call FSS for airport advisories.
Special Use Airspace.

Definition: An area on the surface of the earth where activities must be confined because of their nature, or where limits are placed on nonparticipating aircraft.

· Prohibited Areas: (regulatory)

· No fly areas established for security reasons such as the White House.

· Restricted Areas. (regulatory)

· Contain unusual, often invisible hazards to aircraft (aerial gunnery, ammo storage).

· Penetration is restricted without approval of the controlling agency (FSS/ATC).

· Warning Areas: (Non-regulatory)

· Same criteria as the restricted area however because it lies 3 miles off shore it places them into international airspace.

· Alert Area: (Non-regulatory)

· High volume aerial activity such as pilot training areas or other aerial activities.

· All activities are conducted IAW the FARs.

· Air Defense Identification Zone (ADIZ).

· Special ADIZ procedures are found in the AP-1A, IFR Supplement, and FAR Part 99. Flights require IFR or DVFR flight plans.  General and VFR Regulations.

(   
Control Firing Area:  (Non-regulatory)



activities suspended when a/c approaches

Cruising altitudes: 

·  VFR and VFR-on-Top above 3,000 feet AGL. Magnetic courses 0 degrees to 179 degrees, ODD thousand + 500 feet.

· Magnetic courses 180 degrees to 359 degrees, EVEN thousand + 500 feet.

Minimum Safe Altitudes. 

· General rule: An altitude which would allow a safe landing in the event of a power failure without undue hazard to persons or property on the surface.

· Over congested areas: 1,000 feet above the highest obstacle within a 2,000 foot radius.

· Over other than congested areas: 500 feet above the surface; except over water or sparsely populated areas; then 500 feet from the structure, vessels, and persons.

Right-of-way of aircraft:

· Top priority: Aircraft in distress have priority over another aircraft.

· Priority by category.

· Balloons.

· Gliders.

· Airships.

· Airplanes and rotorcraft.

· seq level2 \h \r0 Priority within category.

· Approaching head-on:  Both aircraft alter course to the right.   

· Converging:  The aircraft on the right has the right-of-way.

· Overtaking:  The slower aircraft has the right-of-way.

· On final approach:  The aircraft at the lower altitude has the right-of-way.

Aerobatic Flight.

· Aerobatic flight is any intentional abrupt change of altitude, an abnormal attitude, or abnormal acceleration not necessary for normal flight.

· No person may operate an aircraft in aerobatic flight:

· Over any congested area of a city, town, or settlement.

· Over an open air assembly of persons. 

· Within the lateral boundaries of the surface areas of Class B, C, D, or E airspace designated for an airport.  

· Within 4 NM of the centerline of any federal airway.

· Below an altitude of 1,500 feet AGL.

· When flight visibility is less than 3 SM.

Airport Lights.

· Flashing/Rotating beacon.

· Civil: Alternating green and white

· Military: Alternating green and split white.

· On during daylight hours may mean IFR conditions.

Aircraft Lights.

· Anticollision:  On when engines are operating except when in conditions that may cause vertigo.

· Position lights: Between official sunset and sunrise, position lights will be on.

· Exceptions to airfield and aircraft lighting:  Commanders may modify lighting during tactical or minimum-lighted-area training.

· Must not conflict with FAR or host country regulations.

· Must be clearly defined and authorized by unit commander in standard operating procedures or in training mission orders.

Airports Markings:

· TDZ: First 3000' of RWY

· TDZE: HAT measured in the TDZ

· REIL: Flashing strobes, 200' either side of threshold of runway.

· RWY Lights:

· White for VFR airports.

· White & amber the last 2000’ for IFR RWY.

· RWY End Lights: Green at approach end and red on the departure end.

· TDZL: 2 rows of lights either side of centerline, first 100' to 3000'

· RWCL:

· Centerline lights 75' to within 75' of end of RWY.

· Last 3000' alt red & white

· Last 1000' all red.

· -RWY Distance Markers: Panel markers 1 000' intervals who's numbers get smaller and show distance remaining on RWY.

· -RWY Gradient: Slopes greater than .3% will be shown.
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Aviation life support equipment (ALSE).

Oxygen Requirements

Unpressurized – 

Flights above 10,000 Ft PA for more than 1 hour.

Flights above 12,000 Ft PA for more than 30 minutes.

Flights above 14,000 Ft PA for any period of time.

Flights above 18,000 Ft PA oxygen pre-breathing

Pressurized-

In flight, cabin must be maintained at or below 10,000 feet.

A minimum of 10 minutes of emergency oxygen will be available to all occupants when aircraft is above 14,000. Additional oxygen will be onboard when conditions such as weather, terrain, etc., prevent a descent in the event of depressurization.

Above 25,000 oxygen masks must be connected and readily available. If pressurization is lost, descend to a cabin pressure of 10,000 ft.

Overwater Flight Requirements

All personnel aboard army aircraft flown beyond gliding distance from land will-

Single-engine – occupants must wear life preservers.

Multi-engine – must wear or have them readily available.

In excess of 30 minutes flying time or 100 NM you must have survival kits and life rafts for all occupants.

Exposure suits – must be worn overwater when the water temperature is below 60 degreee F.

Aviation unit commanders develop this policy,

Required Safety Equipment

 Survival Vests and Components

The commander will insure that personnel are equipped with aviation life support equipment (ALSE). The equipment will be appropriate for the mission, type of area  overflown, and climatic condition along the proposed route of flight. Use will be in accordance with the Aviation Life Support Equipment Program

Publications Required In Aircraft

· Operators Checklist (-CL)

· Operators Manual (-10) with all changes & related SOF / TB's

· DA Form 2408, ‑12, ‑13, ‑14, ‑18,

· PMD Card

· HIT Log

· DA Form 1896 (fuel card)

· 365‑4 (weight and balance)

· Log Book Binder

· Locally required forms (i.e.; PRAM worksheet)

· Appropriate navigational charts and flight information publications.

Pilots Information File

Aviation units will establish and maintain aircrew reading and information reading files per the ATM Commander's Guide.  Assigned aircrew personnel will read and remain familiar with these files

TC 1‑210, PARA 3-8A, (2) Information will be posted as received. Crew members must read the file at least quarterly.

Weight and balance requirements.

-AR 95-1 Chapter 7

–Must review every 90 days

–Reweigh aircraft every 2 years

–
Weight X Arm = Moment/1000

The C-12 is a class 2
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a. This regulation implements
1d. CTENTO STANAG 3474 and

__~ASTAG 3474. “Temporary. Flying Re-

strictions Due to Exogenous Factors Affect-
ing Aircrew Efficiency ™

b. This regulation applies to the Active
Army and members of the Reserve
Components.

2. General

~‘a."Army aircrew members must have op-
tional physiological and psychological fit-
ness in order to perform their duties. (The
term “aircrew members’ applies here to any
individual involved in the flight operation of
aircraft, including, when medically appro-
priate, air traffic controllers.) i
b Apart from pathological conditions,
fitness may_be adversely affected by variety
of exogenous factors, the effects of which
_may !?c_hlgdlybperc:ptible and therefore
negligible in everyday activities; however,
these same factors may have .a considerable
effect on aircrew efficiency.™- . - SR

¢. The return to flight duty of aircre

members by a flight surgeon may be accom-
plished telephonically in those instances
where a flight surgeon is not assigned to any
unit at a given installation. This clearance
will be recorded in the medical record and
on DA Form 4186 (Medical Recommenda-,
tion for Flying Duty).
"/ Responsibility

a. Flight safety requires that medical
treatment of all aircrew members be under
the supervision of a flight surgeon who is

_ aware of the exogenous factors affecting fly-
ing and the appropriate preventive
measures. -

b. Aircrew members will inform their
flight surgeon when they have participated
in activities or received treatment following
which flying restrictions may be
appropriate.

¢. The flight surgeon will keep the avia-
tion unit commander informed of the health
of the command, recommend flight restric-
tions, when applicable, and insure that avia-
tion umit personnel ar. familiar with the
physiological limitations of flying and will
participate in the unit safety program.

4. Exogenous factors

Aircrew members receiving any substance
or procedure likely to provoke an adverse
systemic reaction shall be restricted from
flying duties until declared fit by a flight
surgeon. Factors to consider and appropri-
ate medical restrictions to flying activities
[are—

a. Administration of drugs. Aircrew
members taking drugs which have a system-
ic effect will be restricted from flying duties
until convalescence and/or rehabilitation is
completed. This will not, however. be con-
strued as prohibiting aircrew members usc
of chemoprophylactic agents recommended
after aeromedical evaluation by the appro-
priate medical authority. All drugs and
medications will be dispensed by or with the

2

NATO

TR M

knowledge of a flight surgeon. Individuals
receiving the following drugs or types of
drugs will be restricted from flying duties as
indicated: =

(1) Alcohol—12 hours after last drink
consumed and until no residual effects
remain. 2 5 < szed

ataraxic drugs—for the period they are used
and for 4 weeks after the drug has been dis-
continued. When medications are utilized
for nonpsychotropic reasons, such as for
symptomatic relief of vomiting or muscle
spasm, the period of disability will last only
for the duration of the acute illness and for
72 hours after cessation of medication.

b. Immunizations. Medical restriction
from flying will be for 2 minimum period of
12 hours following all immunizations except
smallpox and for the duration of any sys-
temic or severe local reactions.

¢. ‘Blood donation. Aircrew members will
not be regular blood donors. Following
blood donation (200cc or more), aircrew
members will be restricted from flying duty
for a period of 72 hours.

d. Decompression experience.

(1) An aircrew member will be restricted
from flying duty until fully evaluated and
released for flying duty by a flight surgson
when symptoms or reactions occur during
or after a decompression.

(2) Aircrew members engaging in low
pressure altitude chamber flights, regardless
of altitude reached, will be restricted from
heavy exercise and flying for prolonged duty
for twelve (12) hours following the flight.

e. Diving. This incidence of decompres-
sion sickness during flight is considerably
increased after exposure to any environment
above atmosphere pressure, such as SCUBA
diving.

(1) Aircrew members will not fly or per-
form low pressure chamber *“runs’ within
24 hours following SCUBA diving, com-
pressed air dives, or high pressure runs.
When urgent operational requirement dic-
tates, aviation personnel may fly within 24
hours of SCUBA diving. provided no symp-
toms of dysbarism have developed and the
aircrew members are examined and cleared
to perform flying duties by 2 flight surgeon.

(2) Decompression sickness symptoms
occurring during or after diving imposes a
ban on flying until cleared for duty by a
flight surgeon.

f. Tobacco smoking. Aircrew members
are discouraged from,smoking tobacco at all
times. They should especially refrain from
smoking before flights at night and during
all flights because smoking, with its in-
creased carbon monoxide in the blood, re-
sults in greater detrimental physiological
effects than would normally result from the
altitude of the aircraft.

g Strenuous sporting activities. The fitness
of aircrew members should be considered

following participation

in strenuous sport-
ing activities. : S

S. Vlsion

Aircrew members requiring corréctive

lenses in order to achieve 20/20 visiap shall
be restricted from flying duties unless they
are wearingggporrective spectacle lenses

* which provide 20/20, or better. near and far

vision bilaterally. Aircrew members will not
wear contact lenses-at any time.

*.S. G.P.O. :1998-4’32-776 .80083

)




Operating limitations and restrictions 

Aircraft operator's manual. 

Wind limitations.

Max demonstrated crosswind 25 KTS.

Power limitations.

Torque

	49%
	MAX below 1600 prop rpm

	49%
	MAX oil pressure 60-85 PSI

	81%
	MAX above 2000 prop rpm

	100%
	MAX continuous, MAX cruise

	123%
	MAX transient (5 sec)


N1

	52%
	MIN low idle

	65% 
	MIN speed for air conditioning (#2 engine)

	70% 
	MIN high idle

	75% 
	Two engine normal pressurization schedule

	85% 
	One engine pressurization schedule

	
	Minimum for de-ice of brakes/boots

	88% 
	MAX reverse (1 minute)

	101.5%
	MAX

	100.1%
	MAX below 48 degrees c

	102.6% 
	Transient for (10 seconds)



TGT 

	400 - 750( C
	Normal operating

	660( C
	MAX at low idle

	700( C
	MAX for engine restart

	725( C
	NORMAL cruise climb and cruise

	750( C
	MAX continuous, 

MAX reverse (1 minute)

MAX take off (5 minutes)

	850( C
	MAX transient

	1000( C
	MAX for starting (5 seconds)


NOTE : Continued operation above 725 will reduce engine life

Engine limitations.

Starter Limits

· 40 seconds on / 60 seconds off

· 40 seconds on / 60 seconds off

· 40 seconds on / 30 minutes off

Oil Temperature

	10 - 99( C
	Normal Operating Range

	0 - 99( C
	Cruise climb and recommended speed

	-40 - 99( C
	Starting, low and high idle

	99( C
	MAX

	104( C
	Transient (5 min)


Oil Pressure

	60 PSI
	Minimum (below requires engine shutdown or landing ASAP with minimum power to sustain flight)

	60 - 85 PSI
	49% Torque MAX

	85 - 135 PSI
	Normal above 21,000 feet

	105 - 135 PSI
	Normal below 21,000 feet

	85 - 105 PSI
	Caution below 21,000 feet

	200 PSI
	MAX for cold starts

	+ 10 PSI
	Fluctuations acceptable


Shaft Horsepower

	T/O power 
	100% Tq X 2000 RPM X .00425 = 850 SHP

	Climb power
	100% Tq X 1900 RPM X .00425 = 808 SHP

	Cruise power
	 90% Tq X 1700 RPM X .00425 = 650 SHP

	Appch power
	100% Tq X 1700 RPM X .00425 = 722 SHP


Oil System Consumption

· Eng oil tank capacity is 2.3 US GAL

· Total system capacity is 3.5 US GAL (includes oil tank, cooler and lines)

· Undrainable is 1.5 US GAL

· MAX use is 1 quart per 10 hours of operation

Oil Dip Stick
   Should not exceed 2 quarts low

   Check Within 10 minutes of shut down
If More than 10 minutes

· Motor engine for 30 seconds
If More than 10 hours

· Run engine for 2 minutes

 Oil to Fuel Heat Exchanger
Uses oil heat to maintain fuel at 21-32 degrees Celsius (70-90 degrees Fahrenheit)

Chip Detector
· Located in bottom of engine nose gearbox

· Metal particles complete circuit  Illuminates
Brake De-ice

· Not used above +15( C

· 10 minute time limit when gear is retracted

· 85% N1 or higher during simultaneous operation of surface de-ice system.

· With brake de-ice on, rudder boost may be inop

· Turn off during single engine operations

Pitot Heat

· 15 minute maximum on ground

Prop De-ice

· 14-18 AMPS NORMAL

Differential Pressure

· 0 - 6.1 PSI normal, 

· 6.1 - MAX

· 4.0 or less with internal crack, within 10 minutes

Landing Gear Limits

Do not exceed 5 complete cycles equally spaced within 5-10 minutes without allowing a 20 minute interval between the groupings with a total of 10 cycles in an hour.

Airspeed limitations.

V-Speed definitions

	Va 
	Design maneuvering speed

	Vb 
	Design speed for maximum gust intensity

	Vc 
	Design cruising speed

	Vd 
	Design diving speed

	Vdf/Mdf 
	Demonstrated flight diving speed

	Vf 
	Design flap speed

	Vfc/Mfc 
	Maximum speed for stability characteristics

	Vfe 
	Maximum flap extended speed

	Vh 
	Maximum speed in level flight with MAX continuous power

	Vle 
	Maximum landing gear extended speed

	Vlo 
	Maximum landing gear operating speed

	Vlof 
	Lift off speed

	Vmc 
	Minimum control speed with the critical engine inoperative   

	Vmo/Mmo 
	Maximum operating limit speed

	Vmu 
	Minimum unstick speed 

	Vne 
	Never exceed speed 

	Vno 
	Maximum structural cruising speed

	Vr 
	Rotation speed

	Vs 
	The stalling speed or the minimum steady flight speed at which the airplane is controllable

	Vso 
	The stalling speed or the minimum steady flight speed in the landing configuration

	Vs1 
	The stalling speed or the minimum steady flight speed obtained in a specific configuration  

	Vx 
	Speed for best angle of climb

	V1 
	Takeoff decision speed (formerly denoted as critical engine failure speed)  

	V2 
	Takeoff safety speed

	V2min 
	Minimum takeoff safety speed


V speeds

	25
	KIAS
	MAX 90 degree X-wind component tested.

	40
	KIAS
	MIN for props in reverse, (blade erosion)

	86
	KIAS
	Vmc

	92
	KIAS
	MIN A/S aircraft can be fully trimmed (gear/flaps down props high).

	104
	KIAS
	Vsse safe one-engine operating speed

	111
	KIAS
	MAX maneuvering - full flaps

	121
	KIAS
	Vyse (12,500 lbs)

	130
	KIAS
	Speed for manual gear extension

	140
	KIAS
	Minimum A/S during sustained icing conditions

	140
	KIAS
	(Q switch speed)

	143
	KIAS
	MAX A/S flaps greater than approach

	160
	KIAS
	MAX speed for manual ice vane extension

	163
	KIAS
	MAX landing gear retraction

	170
	KIAS
	Recommended turbulence penetration speed

	
	
	

	181
	KIAS
	MAX landing gear extension speed 

MAX design maneuvering speed

	199
	KIAS
	MAX approach flap extension

	200
	KIAS
	MAX airspeed for Class D airspace within 4NM and below 2500’

	226
	KIAS
	MAX airspeed during icing conditions (windshield)

	250
	KIAS
	MAX airspeed below 10,000 feet MSL

	250
	KIAS
	MAX airspeed in Class B airspace

	260
	KIAS
	MAX Vmo MAX operating

MAX diving

Vne

	.52
	MACH
	MAX operating limiting speed

	Descent Profile Speed - Mmo or 260 KIAS, whichever is less


Propeller limitations.

	1600 - 2000
	Normal

	1750 - 1850
	Avoid during coupled ILS approach

	1900
	MAX reverse (1 minute)

	2000
	MAX

	2000 - 2080
	Primary governor failure

	2120
	Fuel topping governor or 106% of selected RPM



	2200
	Transient (5 seconds)

	+ 90( to + 18(
	Alpha range

	+ 18(
	Idle (70% N1 at 1300 RPM)

	+35(
	Cruise flight

	+18( to + 5(
	BETA for taxi (constant N1 value)

	+ 5(
	Top of reverse range

	+ 5( to -9(
	BETA plus power, N1 progressively increases

	- 9(
	Maximum reverse (N1 85% + 3%)


Temperature limitations.

Maximum operating temperatures

· The aircraft shall not be operated at ambient temperatures above ISA +37( C (SL to 25,000 feet).

· The aircraft shall not be operated at ambient temperatures above ISA +31( C (Above 25,000 feet).

· Ice vanes extended in visible moisture below +5( C FAT.

· Ice vanes retracted at +15( C FAT.

Aircraft systems operations.

Propeller system

General description

· Hartzell 3 bladed, aluminum, full feathering, constant speed reversible.

· Blade pitch controlled by boosted engine oil pressure through two governors

· Blades are feathered by centrifugal counterweights and feathering springs

Typical blade angles

· 90( at feather (to the direction of rotation)

· 35( at cruise

· 18( at primary low pitch stop (PLPS)

· 18( to 5( at BETA

· 5( is approx. zero thrust

· 5( to minus 9( equals BETA plus power

· Minus 9( at maximum reverse

· Oil pressure forces blades to the lower angles (reverse).

· Counter weights and counter wound feathering springs force blades to higher angles (feathered).

Primary governor (constant speed)(375 psi)

· Maintains NP from 1600 to 2000 RPM.

· Houses the fuel topping governor.

· Mounted at 12 o'clock position on engine.

· Engine driven.

· Houses governor oil pump.

· Reversing arm rides in follow-up collar and attaches to primary governor at BETA valve.

Overspeed governor

· Mounted at 9 o'clock position on engine.

· Operates at 2080 NP and dumps oil from the propeller dome to keep NP from exceeding 2080.

· TEST switch resets governor to 1830 - 1910 NP for test.

· TEST switch opens solenoid sending oil to the top part of the overspeed governor.

· After test, ensure solenoid does not remain open by checking that NP increases back to 1950.  If solenoid remains open, PROP GOV. circuit breaker may be pulled.

· Two solenoids on the overspeed governor:

· AUTOFEATHER is on bottom

· TEST switch on top (Speed setting screw - no reset).

Power turbine governor (fuel topping governor)

· Housed in top of constant speed governor.

· Operates at 2120 NP.

· Reduces NP by limiting fuel to the gas generator.

· Prevents NP from exceeding 2200.

· During reverse operation the governor resets to 95% NP.

· Works only for fixed-pitch and sluggish prop emergencies.

Prop levers

· Must be in high RPM position prior to propeller reversing.

Power levers

· Aft of idle, power levers move props into BETA and then full reverse.

Beta valve

· BETA valve holds prop on primary low pitch stop nuts.

· BETA valve resets the low pitch stops.

Reversing

· Power turbine governor (fuel topping) is reset to approximately 95% NP before the propeller reaches a negative pitch angle. This ensures that engine power is limited to maintain NP at less than that of the constant speed governor setting (primary governor).

· Constant speed governor (primary governor) will then sense an underspeed condition and direct oil pressure to the propeller servo piston to permit propeller operation in BETA and reverse range.

· Prop must be on the primary low pitch stop for reversing. 

· Reversing is a purely mechanical operation.

Auto feather system

· Armed when both power levers are above 90% N1 and autofeather switch is in ARMED position.

· If torque decreases to 16 - 21%, the 400 PSI switch deflates and the autofeather system on the opposite engine is disarmed and the green AUTOFEATHER light extinguishes.

· If torque decreases below 9 - 14%, the 200 PSI switch deflates, completing a ground. This captures the arming relay, turning off the effected side light, opens the autofeather dump solenoid and oil is automatically dumped from the prop dome and the prop starts to feather.

· The TEST position of the autofeather switch disables the power lever limit switches and enables the pilot to check the system below 88 - 92% N1.

Manual feather

· Moving prop levers aft past the detent opens the prop dump valve which releases oil pressure from the prop dome.

· Centrifugal counterweights, assisted by feathering springs, move the blades toward the low RPM (high pitch) position and into the feathered position.

There are no HIGH PITCH (LOW RPM) stops. This allows the blades to feather after engine shutdown. 

Low pitch prop position is determined by the LOW PITCH stop which is a mechanically actuated, hydraulic stop.

Fuel system 

Description:

· Five interconnected wing tanks 136 Gal (193 including nacelle tank)

· One Nacelle tank = 57 Gal

· One Aux. tank = 79 Gal 

Total Fuel load Normal 

· 386 Gal

· 2509 LBS

· 4+30 Hours Fuel

Aux.: 79 Gal each

· 158 Gal

· 1025 LBS

Total Fuel load MAX 

· 544 Gal (useable) 548 total   (272 usable/274 each wing)

· 3536 LBS/

· 6+00 Hours Fuel

Other components:

· One filler port per wing tank 

· One filler port per aux. tank

· There are four fuel vents per side 

· Wing tip

· Recessed

· Heated

· Nacelle

Engine Drive Boost Pumps (low pressure)

25-30 PSI

Engine Drive Fuel Pump (high pressure)

900-1100 PSI

Standby Boost Pumps

Normal Operations:

· All fuel is fed to the engine from the nacelle tank 

· When the engine begins to rotate:

· Engine driven boost pump is driven by N1 accessory drive and provides 25 to 30 PSI fuel pressure.

· Fuel pressure extinguishes the fuel pressure warning light (9 -11 PSI) 

· Pressure reaches the fuel flow 26 VAC gauge 

· Fuel under pressure reaches the engine driven fuel pump which boosts pressure to 900 -1100 PSI

· If there is fuel in the Aux. tank the motive flow valve will open after a 30-50 sec delay 

· If no fuel is in the aux. the MFV stays closed.

· If there is fuel in the Aux. tank, the fuel pressure from the engine driven boost flows to a jet pump in the aux. tank which draws aux. fuel to the nacelle tank.

· When the aux. is empty MFV closes and fuel flows only from the main tanks.  MFV has a 30 - 60 sec delay provided by the printed circuit board before the valve closes.

MAX fuel imbalance of 1000 lbs.
Crossfeed operations:

Crossfeed operations are allowed only during actual SE operations.

· The switch is placed on in the direction of fuel transfer

· Four things happen:

· The crossfeed light comes on

· The crossfeed valve (NC) opens

· The standby pump on supply side comes on

· The MFV on the receiving side closes to prevent fuel from going to the receiving side Aux. and on to the dead engine nacelle tank.

· In addition, the fuel in the supply side flows to that aux. and later then to the supply side nacelle tank allowing  complete use of aux. from both sides.

Use of Aux. override switch:

· This will cancel the NO TRANS LIGHT when fuel remains in aux. but due to turbulence is not transferred.

· There is no delay at the PSB and the NO TRANS LIGHT  goes out

Fuel Purge line:

· Opens at start with activation of  starter switch.

· Opens any time the Auto Ignition is on (toque below 20%)

Nacelle low lights:

· C-12 D&F 247 lbs fuel and about 30 minutes burn time.

· C-12 C - 153 lbs fuel and about 20 minutes burn time.

Fuel Tanks: 

· All bladders accept the outboard wing aft which is a integral fuel cell.

Fuel drains

	1-leading edge tank
	Outboard of nacelle underside of wing

	1-integral tank
	Underside of wing forward of aileron

	1-firewall fuel filter
	Underside of cowling fwd of firewall

	1-sump strainer
	Bottom center nacelle fwd of wheel well

	1-gravity feed line
	AFT of wheel well

	1-aux. tank
	At wing root just fwd of the flap


Fuel Limitations

· 0 - 265 lbs mains (yellow arc) do not take off 

· MAX 10 hours accumulative time with boost pump inop. 

· One Stdby pump boost pump allowed to be inoperative.

· Alternate fuels (AVGAS)

· Limit FL 200 with one stdby boost pump inop (crossfeed req above 20,000)

· MAX 150 hours accumulative use

Aircraft general
Powerplant

· PT6A-41 850 SHP/634kW

· Torque rating

· 850 SHP = 100% X  2000  X  .00425  (TAKEOFF)

· Maximum power loading 7.35 lbs/SHP

· Accessory drive at the aft end drives:

· Fuel Pumps

· Fuel Control

· Oil Pumps (3) 1 pressure and 2 scavenge pumps

· Refrigerant Compressor (Right Engine)

· Starter/Generator

· Tachometer Transmitter (N1)

· Reduction gearbox 

Located forward of the power turbine

Provides:

· Gear reduction for the propeller 

· Drives Propeller Tachometer Transmitter (N2)

· Drives Propeller Overspeed Governor

· Drives Propeller Primary Governor

· Gauges

· Torque and fuel flow are 26 VAC gauges.

· AC lies (gauge sticks)

· DC dies (gauge drops)

Fire protection

· Top forward looking aft at fuel manifold.

· Back side of aft fire seal, looking aft at accessory gear box.

· Fire wall right aft, looking forward at fuel control.

· Amber discharge light, other than for test, indicates supply cylinder is being discharged.

Ice and rain protection

· Surface de-ice system

· Protected from over inflation by pressure regulator.

· Boots are held down against the wing by ejector produced vacuum.

· Single cycle operation - 6 seconds to wing boots then 4 seconds to tail surface.

· Do not use below –40 ‘C FAT

· Stall vane (Stall Warning Heat)

· Connected to landing gear squat switch 

· 12 volts on the ground 

· 24 volts after gear retraction.

· Propeller de-ice system

· Four 30 second cycles comprise one AUTO mode.

· De-ice sequence:

Right Outer

Right Inner

Left Outer

Left Inner

· The Left Outer position is the default position when the switch is turned on.

· One inoperative sequence does not render the system inoperative.

· In the AUTO MODE, if the current increases above 20 amps, the power will be removed from the system. (normal 14-18 Amps)

· Prop de-ice ammeter is part of the AUTO system and will show no indication in the MANUAL mode. (hold for 30 seconds each)

· Pitot Heat

· Limited to a 15 min on the ground.

· Fuel control anti-icing

· Each fuel control pneumatic line is protected by a heated jacket.

· Heat is on when condition levers are out of FUEL CUT-OFF position.

· Can be checked by pulling the FUEL CONTROL HEAT circuit breakers while the engines are operating and checking for a drop in the loadmeter.

Ice Vanes -  Use in +5 C or visible moisture. When +15 C retract. It takes 15 seconds to fully extend. If electrical operation fails, go manual and stay in manual. Extend in manual mode below 160 KIAS.

· Windshield heat  (SINGLE FED ITEMS)

· When energized, the system cycles ON at 94( F (+/-6( F) and OFF at 105( F (+/- 5( F). Will not come on above 94 F.

· Protection is provided by 50 AMP circuit breakers located in the power distribution panel under the floor forward of the main spar.

· Both CBs are single fed items, the pilot's on the #1 GEN BUS, the co-pilot's on the #2 GEN BUS.

· Can cause 30 degrees swing in Magnetic compass. A/C does too.

· 15 minute warmup between low and high position.

· Stall warning bias   (corrects for lower stall speed w/flaps extended)

· Works with flaps in the APPROACH and DOWN positions only.

Prop reverse

· No reverse below 40 KTS (blade erosion)

· MAX Reverse =1 min. / 1900 RPM / 88% Nl     (above 40 kts)

Landing gear

· LG. handle lights illuminate when:

· LG. handle is either UP or DOWN and gear in transit.

· Either or both power levers below 79 - 81% N1 with landing gear not down and locked.

· Landing gear warning horn will sound:

· Either power lever below 79 - 81% (80% +/- 1) N1 and landing gear not down and locked 

· Flaps extended beyond 40% and landing gear not down and locked,

· "Q" switch, connected into the copilot's static line prevents the horn from sounding until airspeed below 140 KIAS.

· Extension time - 6 seconds.

· Tire pressure:

· 55 - 60 PSI nose gear.

· 90 - 96 PSI main gear (C model).

· 60 - 64 PSI main gear (D & F model).

· Tire speed limits

· 139 KIAS (High Flotation Gear).

· 155 KIAS (Standard Gear).

· 190 KIAS rating on tire.

· Left squat switch

· Activates the left and right engine  ambient air shut-off valves when the strut is extended. (4 to 6 second delay).

· Valves closed on the ground.

· Right squat switch

· Deactivates landing gear control circuits

· Cabin pressurization circuits,

· Flight hour meter when the strut is compressed. 

· Deactivates the down-lock hook when the strut is extended.

· Turning 

· 12 degrees left and 14 degrees right.

· 48 degrees either side with brakes.

· Landing gear manual extension (Slow to 130 KIAS)

· Will work only if the malfunction is with the motor. If a torque tube or chain break, the gear cannot be extended manually

· Pulling up and turning the alternate engage handle disengages the motor mechanically

· Electrical disconnect is by pulling the LANDING GEAR CONTROL CB.

Flight Controls:

· Trim tabs:

· Elevators non-servo (remains as placed)

· Ailerons non-servo (left side only, 7.5°)

· Rudder anti servo (moves same direction as control surface)

· Ailerons

· -18°  to  +24   (Compensates for aileron yaw)

· Elevators

· + 25 - 15°

· Rudder

· +/- 25°
Flaps

· Approach flaps = 40% (14° +/- 1°)

· Full = 100% (35 ° +1°/-2°)

· Split flaps = 3 - 5 ° difference (Right inboard is master)

· Add 30 KTS to Vref  for no flap landing

· Full flap travel = 11 seconds

Alternate static air:

· Shows 70' higher & 7 KTS faster than you are.  (Think 707)

· A blocked static system will cause the airspeed to increase in a climb.

· A blocked static system will cause the airspeed to decrease in a descent.

· When in alternate static air source position, you will always be lower and slower than indicated.

· The 707 rule will work at lower altitudes only. For higher altitudes, use the charts in the operator's manual.

· Alternate air source is only for the pilot's instruments.

Prop sync:

· Left propeller is master.

· Linear actuator on right prop governor adjusts the right prop +/- 25 RPM.

· NP is measured at the overspeed governor and corrected at the primary governor.

· Phase is measured by electronic pick-ups on the back of the spinner plate.

· Do not use below 200' AGL.

Oxygen

· 49 cu/ft located behind the aft pressure bulkhead.

· Useable volume available is 1,222 liters at 21°C, 760 mm of pressure and no water vapor. 

· Referred to as "Normal Temperature, Pressure, Dry" or NTPD.

Weight & Balance:

· C-12 is a Class II aircraft

· Must be weighed every 24 months

· Weight and Balance is covered in AR 95-1

· 365 F update every 90 days
Environmental Systems

Pressurization

· "BIG P-3" bleed air line provides bleed air to operate environmental / heating / pressurization systems.

· Bleed air is taken from the P-3 section of each engine.

· Bleed air tapped off the P-3 enters the system at approximately 650( C / 120 PSI.

· Pressure regulator reduces pressure to 20 PSI.

· On the ground, the flow pack is closed by an electrically operated pneumatic firewall shut off valve controlled by the BLEED AIR VALVE switches (no mixing or pressurization). (ENVIRO OFF POSITION)

· When the aircraft takes off, the right landing gear squat switch activates the left flow pack, and after a 4 second delay, activates the right flow pack and pressurization begins.

· The flow pack then mixes ambient air with the bleed air to cool and add density to the flow, increasing pressurization efficiency.

· Below approximately 19,000 - 20,000 feet, there is an ambient air/bleed air mix to cool and pressurize.

· Above 20,000 feet, or below -30F, the ambient sense aneroid (wafers) and pneumostat close to increase the airflow’s temperature.

· Big P-3 air for pressurization comes into the cabin at a rate of 10 - 17 lbs per minute. Pressurization is controlled by limiting the escape of air from the cabin by the outflow valve.

· On a cool day, heat is provided by closing off the wing heat exchangers, thus increasing the temperature of the incoming air to the cabin.

NOTE:  When you have failure of P3, you will get drop in TQ and rise in TGT.

Outflow Valve 

· Major controlling element in the pressurization system

· Pneumatically operated (vacuum for controller)

· Modulates in flight to maintain the cabin altitude and R.O.C. commanded by the cabin controller and R.O.C. controller up to the MAX differential.

· Does three things:

· Positive pressure relief (inside pressure higher than ambient)

· Negative pressure relief (outside pressure lower than ambient)

· Modulates to maintain constant pressure
Safety valve

· Open on the ground (RIGHT LANDING GEAR SWITCH)

· Closes after T/O through the right landing gear safety switch

· Does four things:

· Positive pressure relief

· Negative pressure relief

· Ability to dump in flight (overrides right landing gear safety switch)

· Ability to depressurize on the ground (open on the ground)

Pneumatics

· Beginning of vacuum system is under the brake reservoir.

· Brake  reservoir is also pressurized to keep the fluid from foaming at high altitudes. 

· Bleed air fail lights are magnetically held closed and are opened by 1.5 +/- .5 PSI from 18 PSI regulator. (blue lines along P3 air line)

Cabin Controller

· Mechanically operated/ pneumatically controlled.

· The rate controller adjusts vacuum between the front and back sides of the diaphragm in the controller. (200/2000)

LITTLE p3" 

· Provides bleed air to operate (pneumatic):

· Pressurization control

· Rudder boost

· Brake de-ice

· De-ice boots

· Door seal (C-12C only / 4 PSI)

· Flight hour meter

· Bleed air warning system (polypro tubing)

· Vacuum

· With a loss of DC power you lose:

· De-ice boots (no timer power)

· Pressurization:

The firewall shut off valves close (NC) and the cabin leaks down.

· Both environmental air switches must be in the "OPEN" position for the rudder boost to operate. Environmental switches complete the electrical circuit for rudder boost operation.

· A minimum of 75% N1 (two engines) or 85% N1 (single engine) should be used to maintain scheduled pressurization.

· A minimum of 85% N1 (two engines) should be used when surface de-ice and brake de-ice systems are to be used simultaneously.

Heating

· Bleed air extracted from both engines mixes with ambient air through the flow packs.

· On the ground, the ambient air pick-up is closed by the left landing gear squat switch. This allows no ambient air mixture so that maximum heating is available.

· After take off, the ambient air pick-up opens and ambient air is mixed with bleed air to approximately 19,000 to 20,000 feet.

· To cool the bleed air, the air is routed through the heat exchangers located in each wing center section.

· After the heat exchanger, the air flows to a mixing plenum where it is mixed with cabin recirculated air.

· Air is then ducted to the pilot and co-pilot outlets, defroster and through the main ducting system to the floor outlets.

Bleed air switches

· OPEN - Both flow control and pneumatic valves are open. 

· ENVIRO-OFF - The flow control unit is off. Pneumatic valve is open.

Vent blowers

· FORWARD VENT BLOWER

· HI and LOW positions regulate the blower to two speeds of operation.

· AUTO position - Blower will operate at low speed except when the CABIN TEMP mode selector switch is placed in the OFF position. In the OFF position, the blower will not operate.

· AFT VENT BLOWER

· AUTO position - The single speed blower operates automatically through the CABIN TEMP mode selector when the AFT VENT BLOWER switch is placed in the AUTO position with the landing gear extended. The blower will automatically shut off when the landing gear is retracted.

· ON position - Blower runs continuously when there is a cool command.

· OFF position - Blower will not operate.

Unpressurized ventilation is obtained from ram air through the condenser section in the nose through a check valve in the vent blower plenum (fresh air valve). This source is available only with the CABIN PRESS switch in the DUMP position. The check valve closes during pressurized flight.

Air conditioner (Use above 65% N1 or AIR COND N1 LOW light illuminates.

· 34,000 BTU (Will not work below 50 degrees F)

Electrical systems (DC)

Energizes most of the aircraft systems.

Battery

· Located in right wing center section.

· 24 volt / 34 amp/hour. (20 cells, 2.5 V each)

· Battery valve for cooling fully closed at 30° F- open at 70° F.

· Electrical shock absorber for over and under voltage.

· Thermal runaway = Current Increase, Temperature Increase, Resistance Decrease 

Starter/generators

· 28 volt / 250 amp/hour.

Generator control unit

· Provides:
· Over volt protection (26 - 32v)

· Voltage regulation (28 – 28.5v)

· Reverse current protection

· Parallel/balanced load (10% between generators)

Battery monitor

· Provides thermal monitoring.

Battery charge light  (NOT USED ON LEAD ACID BATTERIES)

· Illuminates after charge of 7 amps for 6 seconds.

· Normally extinguishes after 2 to 5 minutes.

HOT BATTERY BUS powers

· Standby fuel boost pumps

· Battery relay

· Fuel firewall shut-off valves

· Engine fire extinguisher squibs (also by #6 dual fed bus)

· Cabin lights

· Transponder (some models)

· FAA regulations require no more than 5 amp circuit breakers on a hot battery bus. Therefore, there are 4 breakers for 2 standby fuel pumps (10 amps each).

Buses

Hot battery bus

Starter bus

Isolation bus

6 Dual fed buses

2 avionics buses

External power source (Ground Power Unit)

· Battery is on for GPU starts. (start engine number 1 first)

· External power advisory light on only when GPU is connected.

· 300 amp continuous / 1000 amp peak (1/10th of a second) GPU.

· Over volt module prevents more than 32 volts from entering aircraft. 

· Minimum of 20 Volts for GPU operations. GPU should be set to 28 V DC.

· Check for minimum volts during GPU start. Place avionics master to EXT PWR position. If you have 17-19 volts, the switch will stay. If not, spring loaded switch moves OFF. It takes power to turn radios off!

Electrical Systems (AC)

Inverters

· Two single phase 750 volt/amp.

· Both provide 115 VAC and 26 VAC power.

· 400 Hz for timing and phasing.

· AC WARNING LIGHTS

· Warning lights for 26 VAC. (Warning light)

· AC auto change over occurs at 35 VAC.

Operations

· Isolation/starter bus located under floor board between current limiters. The 35 and 50 amp circuit breakers are also located here. The time delay printed circuit boards are located here for time delay items.

· Noisy ramp/hot battery bus check. Pull fire wall shutoff valve (2) and fuel boost pump (2) circuit breakers in overhead panel and do check as normal.

· 32 volt over volt protection system and external power relay are located forward of the external power receptacle.

· Start right engine first on battery start due to prop blast and air conditioning.

· Battery charge light illuminated after first generator comes on line means right side current limiter is good.

· First generator OFF for second engine start is to protect the 325 amp current limiter.

· Inverter switches checks:

· Current limiters.

· Both inverters are providing 115 and 26 VAC.

· Auto changeover operating.

· Current limiter check during generator failure:

-Either windshield heat OFF then ON.

or

-Battery switch OFF. If same side electrical items go off line, current limiter is out on opposite side because only the battery was supplying that side.

· Maximum of 85% for ground operations and 100% for flight operations. Ram air cooling allows us to operate at 100%. DC load is a % of total 250 amp.

G load limitations

	Flaps Up
	Flaps Down

	3.17 Positive Gz
	 2.0 Positive Gz

	1.27 Negative Gz
	1.27 Negative Gz


Bank and Pitch

· 60 degrees MAX bank left and right

· 30 degrees MAX pitch 

· 20 degrees MAX go around/obstacle clearance climb

Ceiling

· 31,000’ MAX

· 17,000’  MAX with inoperative YAW DAMP

Weight and balance requirements.

Maximum aircraft weights

· 11,000 lbs MAX zero fuel weight

· 13,500 lbs MAX take off

· 13,590 lbs MAX ramp weight

Seat Limitations

· All seats full upright position for takeoff and landing

CG Limitations

· 188.3 inches = Forward CG limit at 13,500 lbs then linearly to185.0 at12,500

· 196.4 inches = Aft CG limit, at all weights above 12,500

Misc. limitations & numbers

Struts

· Nose - minimum extension 3 inches (3.0-3.5)

· Main - minimum extension 4 inches (3.93-4.19)

Tire pressure 

· Nose - 55-60 PSI

· Main - 90-96 PSI

Cabin door

· Dimension - 26.7 inches wide by 51.5 inches high

· MAX of 300 lbs at a time on door steps

Minimum crew

· 2 pilots

Pneumatics pressure

· 12-20 PSI normal

· 20 PSI MAX

Autopilot

· 1 pilot at controls with seat belt fastened

· MAX speed 260 knots/0.52 mach

· Off during takeoff and landings

· Off below 200 feet AGL

Rules of Thumb and Flight considerations

· Ice vanes do not affect T/O power (EGT) at less than 4000' PA and +5°C

· Stalling Speeds:

· 30° of bank increases stall speed by 8%

· 45° of bank increases stall speed by 20%

· 60° of bank increases stall speed by 40%

· Standard Rate Turn:

· 10% plus 7° of IAS will give you a standard rate turn.

· 80 KIAS x 15%=12° bank (slow flight)

· 120 KIAS x 15%=18° bank (Inst. App)

· 180 KIAS x 15%=27° bank (cruise)

· Take off:

· The aircraft must accelerate to slightly above a stall speed before it will lift off (Vs/Vso + 8 KTS).

· Take off roll decreases approx. 5% per 1% downhill gradient.

· Take off roll increases approx. 7% per 1% uphill gradient.

· Decrease T/O roll by 1% for each knot headwind (not used for PPC). 

· Increases T/O roll by 3% for each knot tailwind.

· Accelerate Stop:

· Distance increases 4% for 10% downhill gradient.

· Distance decreases 3% for 1% uphill gradient.

· Landing distance:

· For 1000' of altitude increase the landing distance increases 60-65’

· For 1000 lbs increase/decrease in weight there will be a corresponding increase/decrease of 200 feet in landing distance.

· Decrease landing distance by 1% for each knot headwind.

· Increase Ianding distance by 3% for each knot tailwind.

· Turns: 

· If you maintain angle of bank, but reduce the airspeed, the radius of the turn will decrease and the rate of turn will increase.

· CG:

· The further aft (within limits) the CG, the faster and further the aircraft will fly and the lower the stall speed will be (elevator trim).

TOLD CARD DEFINITIONS

Aircraft emergency procedures and malfunctions 

Aircraft operator’s manual

The following emergency procedures only include the underlined procedures, please refer to your appropriate -10 for the remainder of the procedures.

ENGINE MALFUNCTION BEFORE LIFTOFF (ABORT)

1. POWER levers - idle
2. Braking - as required
NOTE:  If insufficient runway remains for stopping perform steps 3 through 5

3. CONDITION levers - FUEL CUTOFF

4. FIRE PULL handles - pull

5. MASTER SWITCH - OFF

ENGINE MALFUNCTION AFTER V1

1. GEAR – (POSITIVE CLIMB) UP
2. Power - As Req
3. FLAPS (105 KIAS) - UP
NOTE:  If prop did not feather perform Step 4.

4. Prop (dead engine) - Feather

5. TCAS – Set TA

NOTE:  Holding 3-5 degree bank (half ball width) towards the operating engine will assist in maintaining directional control and improving aircraft performance.

ENGINE MALFUNCTION DURING FLIGHT

If an engine malfunctions during cruise flight, maintain control of the aircraft while maintaining heading or turn as required. Add power as required to keep airspeed from decaying excessively and to maintain altitude.  Identify the failed engine by feel (if holding rudder pressure to keep the aircraft from yawing; the rudder being pressed indicates the good engine) and engine instruments, then confirm identification by retarding the power lever of the suspected failed engine.  Refer to Chapter 7 for single engine cruise information.  If one engine malfunctions during flight, perform the following.  

1. Autopilot/yaw damp - Disengage
2. Power - As Required
3. Dead Engine - Identify
4. PROP lever (dead engine) - FEATHER
5. GEAR - As required
6. FLAPS - As required
7. TCAS – Set TA 

NOTE:  Holding 3-5 degree bank (half ball width) towards the operating engine will assist in maintaining directional control and improving aircraft performance.

ENGINE MALFUNCTION DURING FINAL APPROACH

If an engine malfunctions during final approach (after landing check) the propeller should not be feathered unless time and altitude permit or conditions require it.  Continue approach using the following procedure.

1. Power - As required
2. GEAR – DN
Note: Feather Prop if time permits or as necessary

ENGINE MALFUNCTION (SECOND ENGINE)

If the second engine fails, do not feather the propeller if an engine restart is to be attempted.  Engine restart without starter assist can not be accomplished with a feathered propeller, and the propeller will not unfeather without the engine operating.  140 KIAS is recommended as he best all around glide speed (considering engine restart, distance covered, transition to landing configuration, etc.), Although it does not necessarily result in the minimum rate of descent.  Perform the following procedure if the second engine fails during cruise flight.  

1. Airspeed – As Required
2. PROP lever – as required
3. Conduct engine restart procedures

SINGLE ENGINE GO-AROUND

Once flaps are extended, a single-engine go-around may not be possible when close to ground under conditions of high gross weights and/or high density altitude. 

1. Power – As Required
2. FLAPS -  Retract to Approach
3. GEAR – (positive Climb) UP
4. Flaps (105 KIAS) UP
Propeller governor malfunction.

PROPELLER FAILURE (OVER 2120 RPM)

If an overspeed condition occurs that cannot be controlled with the propeller lever, or by reducing power, perform the following.

1. POWER lever (affected engine) - IDLE
2. PROP lever - FEATHER
3. CONDITION lever - As required

4. Engine clean up - As required

Engine fires and hot starts.

FIRE

The safety of aircraft occupants is the primary consideration when a fire occurs; therefore, it is imperative that every effort be made by the flight crew to put the fire out.  On the ground it is essential that the engines be shut down, crew and passengers be evacuated, and fire fighting begun immediately.  If the aircraft is airborne when a fire occurs, the most important single action that can be taken by the pilots is to land safely as soon as possible.

ENGINE/NACELLE FIRE DURING START OR GROUND OPERATIONS

IF ENGINE/NACELLE FIRE IS IDENTIFIED DURING START OR GROUND OPERATION, PERFORM THE FOLLOWING.

1. PROP levers - FEATHER
2. CONDITION levers - FUEL CUTOFF
3. FIRE PULL handle - Pull
4. PUSH TO EXTINGUISH switch - Push
5. MASTER SWITCH - OFF
CAUTION:  If fire extinguisher has been used to extinguish an engine fire, do not attempt to restart, until maintenance personnel have inspected the aircraft and released it for flight. 

ENGINE FIRE IN FLIGHT (IDENTIFIED)

CAUTION:  Due to the possibilities of fire warning system malfunctions, the fire should be visually identified before the engine is secured and the extinguisher actuated.

NOTE:  Flight into the sun at high aircraft pitch attitude may actuate the fire warning system.  Lowering the nose and/or changing headings will confirm a warning system failure caused by sun rays
1. POWER lever - IDLE
2. PROP lever - FEATHER
3. CONDITION lever - FUEL CUTOFF
4. FIRE PULL handle - Pull
5. Fire extinguisher - Actuate as required
6. Engine cleanup - Perform

SMOKE AND FUME ELIMINATION

To eliminate smoke and fumes from the aircraft, perform the following

1. Crew oxygen masks - 100% and On
2. Passenger oxygen masks - ON

3. Bleed Air Valve Switches - ENVIRO OFF/PNUE ONLY

4. VENT BLOWER switch - AUTO

5. AFT VENT BLOWER switch - OFF

6. Cabin Air Mode Switch - OFF

7. If Smoke And Fumes Are Not Eliminated, CABIN PRESS switch - DUMP

Note:  Opening the storm window (after depressurization) will facilitate smoke and fume removal

8. Passengers oxygen masks - Check.  Confirm that all passengers are receiving supplemental oxygen

9. Engine oil pressure - Monitor

LOSS OF PRESSURIZATION (ABOVE 10,000 FEET) 

If cabin pressurization is lost when operating above 10,000 feet or the altitude warning light illuminates, perform the following.

1. Crew oxygen masks - 100% and on
2. Passenger oxygen - On and checked.

ELECTRICAL FIRE

Upon noting the existence or indications of an electrical fire, turn off all affected electrical circuits, if known.  If electrical fire source is unknown, perform the following.

1. Crew oxygen masks - As required
2. Passenger oxygen - As required

3. MASTER SWITCH - OFF (visual conditions only)

4. All non essential electrical equipment - Off

Note:  With the loss of DC electrical power, the aircraft will depressurize.  All electrical instruments, with the exception of the PROP RPM, N1 Rpm, and TGT gauges will be inoperative.

5. Battery switch - On

6. Generator switches (individually) RESET, then on

7. Circuit breakers - Check for indication of defective circuit

CAUTION:  As each electrical switch is turned on (note loadmeter reading) and check for evidence of fire. 

8. Essential electrical equipment - ON (individually until fire source is isolated)

9. Land as soon as practicable

EMERGENCY DESCENT

Emergency descent is a maximum effort in which damage to the aircraft must be considered secondary to getting the aircraft down.  The following procedure assumes the structural integrity of the aircraft and smooth flight conditions  if structural integrity is in doubt, limit speed as much as possible, reduce rate of descent if necessary, and avoid high maneuver loads.  For emergency descent, perform the following.

1. POWER levers - IDLE
2. PROP levers - HIGH RPM
3. FLAPS - APPROACH
4. GEAR – DN
5. Airspeed - 181 KIAS maximum
NOTE:  Windshield defogging may be required.

Aeromedical factors (AR 40-8, FM 1-301, and TC 1-204). Topics in this subject area include the effects of--

a.  Fatigue. (FM 1-301)

1)  Defined as the progressive decrement in ability due to prolonged or intense mental or physical activity.  Effects include decrements in reaction, attentiveness and memory.

2)  Three types of fatigue:


a)  Acute – loss of both coordination and awareness of errors; associated with physical or mental activity between two regular sleep periods; characterized by inattention, errors in timing, loss of accuracy and distractibility; eliminated after regular sleep period.


b)  Chronic (unmanaged stress) – besides a physical tiredness, a mental tiredness also develops;  leave may not solve if due to family/money issues;  results from inadequate recovery from successive periods of acute fatigue; characterized by insomnia, depression, weight loss, irritability, slowed reactions and poor judgement; may be eliminated by several sleep periods and reduced interim activity.  Most dangerous.


c)  Motivational exhaustion or “burnout” – (not in 1-301) also unmanaged stress but primarily from psychosocial problems, prolonged frustration or excessive worry; very dangerous if unrecognized; eliminated by resolving the stressor and adequate recovery time.

Reduction of fatigue – physical fitness w/good diet and exercise, limitation of self-imposed stress, limit work periods and rest (per AR 95-1), utilize leave regularly, rearrange work environment to reduce boredom, noise, etc., deal effectively with acute fatigue and stress and increase proficiency and confidence to better handle work stress.

b.  Hypoxia. (FM 1-301)  - Defined as a condition resulting from a state of oxygen deficiency in the body sufficient to impair functions of the brain and other organs.  Per the AIM, hypoxia from exposure to altitude is due only to the reduced barometric pressures encountered at altitude, for the concentration of oxygen remains 21% from ground to space.

1)  Types of Hypoxia:

a)  Hypoxic – caused by insufficient oxygen being inhaled or by the partial pressure being too low to force the diffusion of O2 from the lungs into the blood stream such as at high altitude.

b)  Hypemic – lack of body’s ability to carry O2,  caused by a reduction in the oxygen-carrying capacity of the blood such as due to anemia, blood loss or by CO, nitrites and sulfa drugs reducing hemoglobin available for combining with O2.

c)  Stagnant –  reduction in systemic or regional blood flow (inadequate circulation) associated with heart failure, shock, venous pooling during high-G maneuvering, prolonged sitting and restrictive clothing.

d)  Histotoxic – lack of cell/tissue’s ability to use O2, results when there is interference with the use of O2 by body tissues such as with alcohol, narcotics,  nicotine and cyanide.

2).  Signs, Symptoms:  include air hunger, dizziness, hot/cold flashes, euphoria, tunnel vision, tingling, hyperventilation, cyanosis and poor judgement.

3).  Susceptibility:   Onset time and severity – individuals vary widely hence the need to recognize early symptoms/causes.


a)  Self-imposed stress:

Smoking – hemoglobin has a 200X to 300X greater affinity for CO than for O2; loss of ( 20% night vision and equates to physiological altitude of 5K’ at MSL.

Alcohol – 1 oz./alcohol ( physiological altitude of 2K’.

b)  Individual factors - Metabolic rate, diet, nutrition, emotions, gender (females have less hemoglobin) and other factors influence susceptibility.

c)  Ascent rate - High rates of ascent may result in delayed onset of symptoms and a more severe effect.

d)  Exposure duration - The longer the duration (and higher the altitude), the greater the effects.

e)  Ambient temperature – (SLR = 2°/1K’ MSL) Temperature extremes result in changes to metabolism/oxygen requirements.

f)  Physical activity – Increased activity requires greater oxygen resulting in more rapid onset.

g) Physical fitness – Fitness raises individual’s tolerance ceiling.

4)  Effects of Hypoxia:  Because nerve and brain tissue is heavily dependent on oxygen, these are the worst affected by hypoxia.  Prolonged oxygen deficiency results in death of brain cells.  Expected performance time is the time a crewmember has from interruption of the oxygen supply to the time when the ability to take corrective action is lost.  At (18K’, EPT = 20-30 min; 30K’ = 1-2 min; (50K’= 9-12 sec.  EPT is (ref. USASAM) reduced approx. ½ following rapid decompression.

5)  Stages of Hypoxia

  O2


Altitude

Symptoms
Indifferent


98-90%

0-10K’

decrease in night vision

Compensatory 

90-80%

10-15K’

drowsiness, poor judgement, impaired coordination and efficiency.

Disturbance     

80-70% 

15-20K’

impaired flight control, handwriting, speech, vision, intellectual function & judgement; decreased coordination, sensation to pain & memory.

Critical 



70-60%

20-25K’

circulatory & CNS failure, cardiovascular collapse, convulsions, death. 

6)  Prevention of Hypoxic Hypoxia - maintain a PAO2 (partial pressure) between 60 and 100 mm/Hg by:  Limitation of time at altitude – limitations above 10K’ per AR 95-1.

Use of supplemental oxygen – should be used during night flights above 4K’; normal blood oxygen saturation of 96-98% at sea level requires a 21% ambient air O2 concentration while at 20K’, a 49% concentration is necessary to maintain that level of saturation; above 34K’, a positive pressure of no more than 30 mm/Hg (restriction due to mask design, eustachian tube problem, blood flow impediment because of lowered BP and danger of hyperventilation) is required to maintain adequate saturation; at >50K’, full-pressure suits are required.  Pressurization of cabin

7)  Treatment of Hypoxia
Administer 100% oxygen or/and descend below 10K’.

If symptoms persist, the type and cause must be determined and treatment administered accordingly.

c.  Alcohol


depressant drug


impairs ability of cells to use O2 in the blood (histotoxic hypoxis)


12 hours bottle to throtte, no residual effects

d.  Drugs


most common is caffeine, next alcohol


minimum of 24 hours between antihistamine and flying 

e.   Spatial Disorientation. 

Incorrect perception of one’s position, altitude, and motion releative to the center of the earth.


Utilize three systems for reference

1)  Visual



2)  Proprioceptive



3)  Vestibular
g.  Self-imposed stresses. (TC 1-204, FM 1-301)

Drugs – seriously degrade visual acuity during the day and especially at night.

Exhaustion – degrades mental alertness and responsiveness; tend to concentrate on one aspect at the expense of others; more prone to stare instead of scan.

Illness – Increased body temperature requires higher oxygen consumption which may result in mild hypoxia and degraded night vision.  Additionally, the unpleasant feeling associated with sickness is distracting and degrades ability to concentrate on flight requirements.

Poor Physical Conditioning – contributes to increased fatigue during flight and decreased night scanning efficiency.  Excessive exercise also increases fatigue.

Inadequate Rest – Adequate rest and sleep are important before flying (and reduce the likelihood of chronic fatigue). 

Alcohol – a sedative that impairs both judgement and coordination; more likely to stare and neglect scanning techniques.  Also may cause histotoxic hypoxia.  1 oz of alcohol = physiological altitude of 2,000’.

Tobacco – decreases visual sensitivity the most by saturating the hemoglobin with carbon monoxide (200X to 300X greater affinity for CO than O2) which, in turn, decreases the oxygen-carrying capacity of the blood.  The resultant hypemic hypoxia affects peripheral vision and dark adaptation.  Smoking 3 cigarettes in rapid succession or 20 to 30 w/in a 24-hour period raises the CO content to 8 to 10%.  That equates to flying at 5,000’ or a loss of ≈ 20% night vision capability at sea level.

Hypoglycemia and Nutritional Deficiency – Low blood sugar levels may result in hunger pains, distraction, a breakdown in habit patterns, shortened attention span, and other physiological changes.  Vitamin A deficiency can also impair night vision because it is vital to the production of rhodopsin.

h.  Middle ear discomfort. 

Middle ear builds up pressure caused by blockage of the eustachian tube

Effects the ear on a descent 

Cold or allergies can swell the tube

i.  Decompression sickness. 

Caused by gases coming out of solution (Nitrogen) due to the reduction in partial pressure as you gain altitude

Body tissue releases Nitrogen, supersaturating the blood.  Blood carries Nitrogen to the lung or joints, causing pain (bends, creeps, chokes)

Aggravated by diving which places additional Nitrogen in the tissue requiring extra caution by crewmembers (24 hrs between flying and diving)

STRESS


Acute 

· Most serious because of it’s intensity

· Situational

· Usually a reaction to something or someone

Chronic

Lasts days to years


Job, family or financial related


Corrected with leave, counceling or people caring. Physical fitness and diet.

Aerodynamic factors

Relative Wind

Relative wind is air in motion with respect to an airfoil. Resultant relative wind is airflow from rotation, modified by induced flow.

Total Aerodynamic Force

Total aerodynamic force, sometimes called the resultant force, may be divided into two components called lift and drag.

· Lift acts on the airfoil in a direction perpendicular to the relative wind. 
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· Induced drag acts on the airfoil in a direction parallel to the relative wind as shown by the vector .

Bernoulli’s Principle

· Known as the Law of Constance under which if any of the three factors are changed it will affect the others but not the total of the forces.  These three factors are velocity, dynamic pressure and static pressure.
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· An asymmetrical airfoil is a higher producer of lift by design.  This provides greater acceleration of air over the top than it does over the lower region of the airfoil.  Used on the C-12.

Conservation of Energy/Mass -  any change in Velocity, Static Pressure, Dynamic Pressure results in changes to others, but total remains constant.  e.g, as Velocity Increases, Dynamic Pressure Increases and Static Pressure Decreases

Example - Air (relative wind) striking an airfoil (wing) has a greater distance to travel over the top surface of the airfoil to reach the trailing edge than does the air flow over the lower surface.  As the air accelerates (velocity) over the top surface the dynamic pressure rises (second increase) which in turn decreases the static pressure (balancing the total forces).  The sum of the forces have not changed however the lowering of the static pressure produces lift.

Atmosphere 

78% Nitrogen and 21% Oxygen, 1% Other

std. Atm = 15C @ SL

lapse rate:  -2C per 1000’,     1” altimeter setting = 1000’

Lift

The force created by the passage of air over an airfoil.  This is due to the drop in the static pressure which creates lift (Bernoulli’s Principle).  This force acts perpendicular to the relative wind.

The relative wind is equal to and opposite the direction of the flight path. In addition the props produce an induced air flow over the airfoil.

L = CL x S x ½P x V2
· CL is the measurement of that airfoils lifting capabilities.  The shape of an airfoil (design) effects the lift produced and an asymmetrically cambered airfoil produces greater lift.

· S is the measurement of the surface area of the airfoil.

· P (Rho) is the measurement of the air density.  Density decreases with an increase in altitude (decrease in pressure).  It also decreases with an increase in temperature and humidity.

· V is the measurement of the velocity of air movement (airspeed).

· CL is controlled through the use of pitch attitude/angle of attack and the use of flaps (approach flaps = L/Dmax).

· V (velocity) is controlled by adjustments in airspeed.  Velocity has the greatest effect on lift because its changes are squared in the formula.  This means that doubling the airspeed will quadruple the lift.

Stalls   (C-12 stall warning horn comes on  5 – 10 knots above stall)

Occurs when the airfoils critical angle of attack is exceeded (CLmax).  This is due to separation of the boundary layer from the upper surface of the wing.  When this boundary layer separates, turbulence occurs between the boundary layer and the surface of the wing.  This causes static pressure on the upper surface of the wing to increase. The boundary layer separation moves forward to a point that the airfoil produces more drag than lift and the wing stops flying.  An airplane airfoil is designed to stall at the root first to keep the ailerons flying longer to maintain control while in a stall.  Flaps lower the stall speed by changing the wing camber producing a better  L/Dmax.  Caution, this narrows the warning margin between the stall buffet and the stall.

Critical speeds

· Vyse  - Best SE rate of climb speed (altitude gained over time).

· Vmca - Minimum airspeed to maintain directional control with the critical engine failed.

· Vmo - MAX operating speed.  This is .8 of Vdd  (Velocity demo dive speed)

· Va - Maneuvering speed. 

Example:  Va = Vs or Vso (as applicable) X 
 g
  (whereas g equals maximum g load in that configuration)

Drag and Drag Equation 

The force which retards the motion of an aircraft through the air is referred to as drag.  

· Parasite drag has to do with the way the air flows around the aircraft.  The shape, surface, smoothness, size, and design of the aircraft affect this type of drag.  As velocity increases, parasite drag increases.

· Induced:  A byproduct of the development of lift.  This drag has to do with the downward velocities imparted to the air by the wing as it produces lift.  If no lift is produced, there is no induced drag.  As velocity increases induced drag decreases. As angle of attack increases (stall), induced drag increases.

· Total Drag: The component of the total aerodynamic force parallel to the relative wind that tends to retard the motion of the aircraft or airfoil.

Lift/Drag(L/D) Ratio

A ratio of the lift to the drag indicates the efficiency of the airfoil.  Aircraft with higher lift/drag ratios are more efficient than those with lower values of L/D.  The angle of attack where lift/drag is the maximum is the most efficient angle of attack for the airfoil.  

D = CD x ½P x S x V2.

The pilot controls the angle of attack thus he controls the production of lift and its resultant force induced drag.  At high angles of attack (Vs) induced drag makes up 85% of total drag. As air speed increases so does the production of parasite drag.  In slow flight, additional parasite drag is produced by the gear, flaps or a slip.

Aircraft Performance

· GW:  An increase in GW requires additional lift to climb and cruise.  This requires higher angles of attack, which in turn produces more induced drag.  The induced drag requires greater power to overcome.  The result is a slower TAS and a higher fuel burn both of which reduces your range.

· Altitude:  As PA (field elevation) increases the density of the air decreases.  This then requires a greater angle of attack to produce the same amount of lift.  This causes an increase in induced drag which in turn requires more power to overcome.

· Temperature:  Reduces air density thus reducing lift and engine performance.  Causes higher turbine temps and lowers MAX torque both of which limits power available.

· Configuration:  Flaps change CL by changing the wings shape.  With flaps at approach (40%) you are at L/Dmax in the C-12 for the flaps configuration.  Flaps also produce greater parasite drag when used beyond the approach position.  Gear and props both produce parasite drag.

· Props effect brake HP available and must be at high RPM to obtain MAX HP.

· Wind:  Wind adds or subtracts (tail wind) to the relative wind, effecting takeoff and landing distances.  Head and tail winds effect ground speed, which in turn effects range.

Forces Affecting Performance

The forces affecting aircraft performance are THRUST, WEIGHT, LIFT, and DRAG.  When these forces are in balance, the aircraft is in equilibrium flight or straight‑and‑level, unaccelerated flight.  The following definitions are based on equilibrium flight:
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· Thrust:  The forward force produced by the powerplant /propeller. It opposes or overcomes the force of drag.  As a general rule it is said to act parallel to the longitudinal axis. 

· Drag:  A rearward, retarding force, caused by disruption of airflow by the wing, fuselage, and other protruding objects.  Drag opposes thrust, and acts rearward parallel to relative wind. 

· Weight:  The combined load of the aircraft itself, the crew, the fuel, and the cargo or baggage.  Weight pulls the aircraft downward because of the force of gravity.  It opposes lift, and acts vertically downward through the aircraft's center of gravity. 

· Lift:  The dynamic effect of the air acting on the wing.  Lift acts perpendicular to the flight through the wing's center of lift.  It opposes the downward force of weight. Climbing Performance Result of excess horse power over that required for level (1-G) flight.  Effected most by altitude (air density) and temperature (HP available).  GW requires more lift (higher angles of attack) and greater HP to overcome those angles thereby reducing the rate of climb.

Vx - Best angle of climb and provides the greatest altitude for the distance traveled (obstacle clearance).

Vyse - Best SE rate of climb rate.  At sea level standard day this will not exceed 750 ft/min (C-12) gear and flaps up.

Glides

Dual engine failures are uncommon however if it occurs and a re-start is not attempted:

· Feather both props

· Gear and flaps up

· Slow to best glide speed (112-124 KIAS C-12).  This is the best L/Dmax airspeed and provides the longest glide distance.  Weight is adjusted for by a greater airspeed (L/Dmax).

· Altitude is compensated for by maintaining IAS.

· Wind effects distance by effecting ground speed (head & tail winds).

· 2.0 NM per 1000’ of altitude at best glide 
Turning

The force that actually turns the aircraft is the lift force.  The horizontal component of lift is the force that accelerates the aircraft toward the center of the turn.  The rudder counteracts adverse aileron effect (yaw).  The elevator increases the angle of attack to produce the added lift required because of the loss of the vertical lift component and an apparent increase in weight, which is produced by centrifugal force.  

(  Airspeed and angle of bank are the two main factors effecting turning performance.

(  Airspeed effects the angle of bank required to maintain a standard rate turn.

To turn in the smallest possible radius, use the slowest airspeed and the highest possible angle of bank.

Example:  90 KTS = 15 degrees of bank, 180 KTS = 30 degrees of bank

The angle of bank produces G-loading through the creation of centrifugal force.  These loads greatly increase the weight of the aircraft that must be overcome through the production of additional lift.

Example:


(  30 degrees = 1.15 G-load (AC weighs 15% more). 

(  60 degrees = 2 G-load (AC weight doubles).

To figure G Loading in a turn:

· (Accel stall speed / normal stall speed) Sq = G load (1 68 / 90) Sq = 3.48 Gs

To figure Va speeds

· Clean:1.78 x Vs = Va
· Landing: 1.41 x Vso = Va
· Vs new = Vs * SQRT(LF) so turn raises stall speed
A significant addition of power must be added to meet the new weights.

Takeoff and landing performance.

Takeoff Performance

Takeoff and Landing Performance – affected by PA, T, GW, runway conditions
Altitude and temperature:  The density of the air mass is greatly reduced with an increase in altitude or temp (increased DA).  In addition both altitude and temp reduce engine performance (available HP).  The result is that a longer takeoff distance will be needed to reach Vlof.

Density Altitude (DA) is  pressure altitude (PA) corrected for temp and humidity.  DA = PA + (125 x degrees C over standard temp for that altitude) 

Example:  Spokane @ 2500'  + 30 C = 5000' DA ( + 20C  x  125 = 2500' increase)

· Vr / Vlof speeds and the time it takes to obtain those speeds increases as weight increases (greater mass to put into motion).  

· The upslope of a runway will increase the acceleration time to Vr / Vlof .
· A head wind allows you to reach Vr/Vlof sooner, however a tail wind means it will take longer to reach that same speed.

· Take off distance increases if runway conditions are poor due to things such as snow and slush, grass or a soft field.

Landing Performance

· Vref  speed controls the landing roll.  If you are at Vref +10 KIAS the inertia you need to stop is greater (increased ground roll).  In addition floating may occur on round out adding to that effect (1.3 x Vso= Vref).

· Flaps control Vref speed.  A no flap (Vs) landing requires a higher Vref speed than does a full flap (Vso) landing.

Example:  1.3 x Vs (100 )= 113 KIAS Vref or 1.3 x Vso (78)= 101 KIAS Vref
· Weight will also increase Vref as well as provide a higher inertia to stop.

· Conditions such as a wet or icy runway greatly increase stopping distances due to hydroplaning, skidding or lack of reversing.  Dry grass and soft fields shorten the landing roll.

· A down slope will increase the landing roll due to your inability to dissipate kinetic energy (try landing up slope if winds allow).

Stability

The manufacture builds and certifies the stability of each aircraft.  The C-12 was built with a positive dihedral wing that provides for positive static stability (wing tips are higher than the root). The pilot controls the pitch stability with use of the elevators.  This is the control about the lateral axis or wing tip to wing tip.  The C-12 was designed nose heavy with the CG limits forward of the center of lift.  This provides a longer moment for the elevator producing greater control.  The pilot can control loading of the A/C thus the CG (a forward CG adds to pitch control).The roll, lateral stability, is controlled by ailerons. The aircraft moves about the longitudinal axis.

· Positive static stability = return to normal flight attitude.

· Neutral static stability = remains in the attitude were placed.

· Negative static stability = Continues to displace away from normal.

· Positive dynamic stability = dampens out over each oscillation

· Negative dynamic stability = Amplifies with each oscillation.
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Stability:  Since an aircraft has 6 directions of freedom about 3 mutually perpendicular axes, it must be stable about each axis.

· Static Stability:  Is the tendency a body possesses after is has been displaced from its equilibrium condition.  This refers to Newton's law which states that the sum of the forces and moments about the center of gravity of a body must equal zero. 

· Dynamic stability refers to the movement of a body with respect to time.  When discussing the dynamic stability of a body, you must consider the static stability that it possesses.

· Pitch Stability:  Is the stability of the longitudinal axis of the aircraft about the lateral axis. 

· Oscillatory Pitching Motion:  When an aircraft in equilibrium flight is disturbed, it develops a moment of inertia.  If it has positive static stability, the aircraft will become oscillatory unless a dampening force prevents this type of motion.  The period of oscillation is a function of the moment of inertia and the dampening force. 

· Pitching Moments about center of gravity are caused by changes in the total lift as it is distributed among the wings, fuselage, and tail surfaces. 

· Directional Stability:  Is concerned with the motion of the aircraft about the vertical axis or the yawing motion of the aircraft. 

· Roll Stability (Lateral Stability):  Is concerned with the stability of the lateral axis about the longitudinal axis.  Motion about the longitudinal axis is roll. 

· Cross Effects are produced between the directional stability and the lateral stability.  Adverse yaw and Proverse roll are two such effects. 

Flight Controls:

They are dependent on air flow over the control surface.  When airspeed slows, effectiveness is lost in the following order (EAR):

· Elevators:  Control the pitch about the lateral axis.

· Ailerons:  Control the roll about the longitudinal axis

· Rudder:  Control yaw about the vertical axis.

V-g Diagram:

Graphically displays the flight envelope of the aircraft showing the effects of G-loading and airspeeds.

Gyroscopic Precession

An action taking place 90 degrees after the point of input.

· Pitch up - yaw to the right

· Pitch down - yaw to the left

· Nose right - pitch down

· Nose left - pitch up
Directional control is provided by the rudder around the yaw axis.  This control is due to both the weather vane effect over the horizontal stabilizer and the velocity of air passing over the rudder.  In addition a forward CG gives the rudder a longer moment arm and thus a stronger turning effect.

Ground Effect:

The cancellation or reduction of the downwash and wing tip vortexes behind the wing.  The reduction of downwash reduces the induced drag therefore improving the lift efficiency of the wing.  Reduced drag is reduced approx. 1.4% at one wing span, 23.5% at one-fourth wing span and 47.6% at one-tenth wing span.

· Effects on T/O:  The aircraft will lift off at a speed much lower than that required for climb.  When the aircraft climbs above ground effect the vortex generated begin to create drag and the aircraft settles back on to the runway.  Use a Vr and Vlof speeds to prevent this.

· Effects on LDG:  As the aircraft gets close to the ground the vortex are disrupted and the airfoil gains efficiency.  As a result the aircraft will float down the runway.  This is aggravated by carrying to much power.

Torque

In Newton's law of action and reaction, the fuselage of the aircraft tends to rotate in the opposite direction of the rotating propeller blades.  This is normally counter‑acted or controlled by the aviator by the use of the rudder control. 

· Torque makes the aircraft turn to the left in most light twin aircraft opposite the rotation of the props.  This places a significant load on the left main gear on takeoff and is why the aircraft veers to the left.  An angle of incidence of 7 degrees is built into the left wing to help overcome the effects of the torque.

· The slip stream of the left prop cork screws around the tail of the aircraft changing the direction and force of relative wind which produces more lateral lift right therefore causing the tail to move right and nose left.

Asymmetrical Load (P-Factor)

"P" Factor is caused by the asymmetric thrust of the rotating propeller blades when in certain flight conditions (most pronounced with nose high attitude) causing a left yaw.  It is the result of the downward moving blade having a greater angle of attack than the upward moving blade when the relative wind striking the blades is not aligned with the thrust line. 

· P-factor is present in both multi engine (high angles of attack) and single engine operations (Vmca).

· P-factor is more pronounced during single engine operations especially with the critical engine failed.

· In SE operations with the left (critical) engine out, the P-factor of the right engine (operating engine) causes a significant yaw to the left.  The downward sweep of that prop has a longer lateral arm from the center of the aircraft causing a significant pulling effect around the vertical axis.  This effect is counter acted by rudder application as long as an airspeed above Vmca are maintained.

Spins:

A spin may be described as an aggravated stall that results in what is termed "autorotation", wherein the aircraft follows a corkscrew or helical path in a downward direction. Some factors contributing to spins are uncoordinated flight and a stall.

 Any time a spin is encountered, the normal spin recovery sequence should be used as follows:

· Retard the power. 

· Apply opposite rudder to slow the rotation. 

· Apply positive forward elevator movement to break the stall.  

· Neutralize rudder as spinning stops.  

· Return to level flight. 

· Do not use power. 

· Gradually recover dive with pitch & power

Spin v. Spiral – aggravated out of trim stall so a/s is low/zero

Spiral – dive, airspeed will be high / increasing

Adverse Aileron Yaw

Adverse yaw is produced by rolling the aircraft with the ailerons.  It is sometimes referred to as adverse aileron yaw.  When the ailerons are deflected to turn the aircraft, the down aileron causes a higher coefficient of lift due to the increased camber caused by the down aileron.  The induced drag is greater on this wing than on the wing with the aileron deflected up.  This increased drag causes the aircraft to yaw about the center of gravity toward the down aileron. 

Proverse Rudder Roll

Proverse roll refers to the roll encountered when the aircraft yaws.  

An aircraft is put in a right yaw by applying right rudder which creates a left sideslip angle.  Since a negative sideslip angle produces a positive rolling moment, the aircraft rolls to the right.  Because an aircraft wing cannot determine whether it is level it responds with a positive roll.

Another factor that contributes to the proverse roll is the difference in the velocities of each wing.  The wing opposite the applied rudder will have a greater velocity.  This increased velocity increases the lift force which causes a positive roll only as long as the aircraft is yawing.  

Unusual Attitude Recovery:

· Nose high: (P-P-B)

· Power-increase

· Bank- up to 45 degees

· Pitch-reduce

· Adjust power

· Nose low: (P-B-P) 

· Power-reduce 

· Bank-level the wings 

· Pitch-smooth pull out

Ground Effect:  aircraft wings are more efficient in proximity to ground, ~ 1/2 to 1 wing span above ground - “air cushion”

Aeroelastic Effects:  structural damage can occur above design speeds.

(  Divergence - high dynamic pressure hits wing tip, twists wing up, continues until wing breaks

(  Aileron Reversal - @ high speed aileron input results in opp. effect.

(  Flutter - wing oscillates in natural frequency

Newton’s Laws of Motion (IAF)


Inertia - body @ rest stays @ rest.  Motion @ motion


Acceleration - F = m*a


Forces - for every action, is an equal and opposite reaction 

Why does best glide speed decrease with decreased weight?


Heavier a/c produces more lift than does a lighter a/c


L/D curve changes so lowest point of L/D line shifts on V axis?

Single Engine Aerodynamics

Factors affecting SE operations

There are five main factors that affect SE operations:
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1. The left engine is the most critical engine to lose.  The reason is in the effect the right (operating) engine has on directional control called P-factor.  The arm (length from center line) of the downward stroke of the right engine provides a greater applied force than the left engine.

2. At MAX power and slow airspeeds the rudder is not capable of maintaining directional control thus Vmc is reached.

3. To assist in maintaining control the dead engine prop must be feathered to reduce flat plate drag.

4. To maintain coordinated flight a bank NTE 5( into the good engine along with a rudder trim 1/2 ball out provides true SE coordinated flight.

5. Clean up drag by retracting gear & flaps where appropriate

Left engine inoperative




· Maintain Vyse

· Feather prop

· Bank into good engine (ball 1/2 out)

· Clean up - Gear & Flaps

SUPPLEMENTAL AERODYNAMICS

FUNDAMENTAL OF FLIGHT     (FM 1-203)PRIVATE 
FIXED WING AERODYNAMICS
  TERMINOLOGY
    Angle of attack. The angle measured between the resultant relative wind and the chord. 
    Angle of incidence (fixed wing aircraft). The angle between the airfoil chord line and the longitudinal axis or other selected reference plane of the aircraft.
    Center of pressure. The point along the chord line of an airfoil through which all aerodynamic forces are considered to act.
    Aerodynamic center (AC). The point along the chord line where all changes to lift effectively take place. If the center of pressure is located behind the aerodynamic center, the airfoil experiences a nose down pitching moment. A change in the center of pressure changes the magnitude of the pitching moment. The aerodynamic center is usually located at the 25% chord.
LIFT AND DRAG EQUATIONS
  Lift and drag are influenced by the shape and area of the airfoil, angle of attack, air density and airspeed.
  THE LIFT EQUATION
       L 
= CL 1/2p S V2; or L = CL q S
       L 
= lift force
     CL
= coefficient of lift
p(rho) 
= density of the air (in slugs per cubic foot)
       S 
= total wing area (in square feet)
       V 
= airspeed (in feet per second)
        q 
= dynamic pressure
  THE DRAG EQUATION
       D 
= CD 1/2p S V2; or D = CD q S
       D 
= drag force
     CD 
= coefficient of drag
  LIFT AND DRAG INFLUENCES
    The two factors that most affect the CL and CD are the shape of the airfoil and the angle of attack. As lift increases, drag increases. Therefore, the airfoil should produce the most lift (highest CL) and the least drag (lowest CD) at the weight and speed for which it is designed. Lift varies with the square of the velocity.
  TYPES OF DRAG
    Parasite drag (Dp). Results from the way the air flows around the aircraft. The shape, surface, smoothness, size and design of the aircraft affect this type of drag. 
    Induced drag (Di). Results from the downward velocities imparted to the air by the wing as it produces lift and to the vortices developed by the wing tip. If no lift is produced, there is no induced drag. Lift acts perpendicular to the resultant relative wind. Increasing angle of attack "tips" lift rearward. This rearward pull is induced drag. Induced drag increases with increase in angle of attack and decreases with increase in velocity. Induced drag slows acceleration on takeoff and helps deceleration on landing.
    Total drag (Dt). That component of the total aerodynamic force parallel to the relative wind that tends to retard the motion of the aircraft or airfoil. It acts rearward and parallel to the flight path or the relative wind but is not necessarily parallel to the thrust vector.
 LIFT/DRAG RATIO
    A ratio of lift to drag (L/D) indicates airfoil efficiency.  Higher L/D ratios are more efficient than lower L/D ratios. The peak of the L/D curve on the chart is (L/D)max; it occurs at the most efficient angle of attack for the airfoil. 
   - Some maximum performance maneuvers are flown at the (L/D)max angle of attack; they include:
  Maximum range for propeller aircraft.
  Maximum power off glide range for propeller aircraft.
  Best rate of climb; two engine and single engine (Vy and Vyse).
  MAXIMUM ENDURANCE
    The endurance of a propeller powered aircraft occurs at the velocity where fuel flow is minimum. This is the lowest point on the horsepower required curve. Approximately 75% of induced drag.
  MAXIMUM RANGE
    The range of propeller powered aircraft is found at the velocity where the ratio of fuel flow/velocity (FF/V) is at its minimum value. This is shown at the point of tangency of the horsepower-required (HPr) curve and the straight line drawn from the origin. The straight line is the minimum slope of FF/V that can be drawn and still contact the performance curve. The angle of attack for maximum-range performance of a propeller powered aircraft will yield (L/D)max.
STABILITY
  STATIC STABILITY
    Positive static stability. An object tends to return to its equilibrium position after it has been moved. 
    Negative static stability. An object tends to move away from its equilibrium position after it has been moved.
    Neutral static stability. An object tends neither to return or move away from its equilibrium position after it has been moved.
 DYNAMIC STABILITY
    Dynamic stability refers to the movement of an object with respect to time.
  NONOSCILLATORY MOTION
    Positive static and positive dynamic stability. When an object has positive static stability and strong positive dynamic stability, the result is nonoscillatory positive dynamic stability. Dynamic stability is particularly stressful on the structure of an aircraft.
    Negative static and negative dynamic stability. When an object does move away from its equilibrium position, it has nonoscillatory negative dynamic stability.
    Neutral static and neutral dynamic stability. When an object that has been displaced does not move toward or away from its equilibrium position, it has nonoscillatory neutral dynamic stability.
  OSCILLATORY MOTION
    Positive static and positive dynamic stability. As an object that has been displaced moves toward its equilibrium position, it may overshoot. Because it has positive static stability, it begins to turn and move back toward its equilibrium position. This motion continues but diminishes until the object comes to rest at its equilibrium position.
    Positive static and negative dynamic stability. Positive static stability makes an object oscillate, however, the increasing amplitude of the oscillations as time passes indicates negative dynamic stability. (Object moves away from equilibrium point). 
    Positive static and neutral dynamic stability. As an object that has been displaced moves toward its equilibrium position, it may overshoot. Positive static stability makes the object move back toward the equilibrium position. Again, the object overshoots the equilibrium position, and its oscillations are equal to the oscillations of the first displacement. The object never comes to rest.
PITCH STABILITY
  A controllable aircraft has positive static longitudinal stability and positive dynamic longitudinal stability. The location of the trim point is important in aircraft design. The trim point must occur at some usable angle of attack between that of zero lift and the stalling angle of attack. Also, the aerodynamic center (AC) of the aircraft must be aft of the center of gravity (CG) of the aircraft. If a sudden gust pitches the aircraft to a higher angle of attack, the increase in overall lift of the aircraft, which acts through the aerodynamic center, creates a negative pitching moment. This tends to return the aircraft to its equilibrium position. The opposite is also true.
  WING CONTRIBUTION
    The overall static stability of an aircraft depends on the position of the CG in relation to the AC of the aircraft. If the aircraft's CG is behind the AC of the wing, an external disturbance that pitches the wing to a higher angle of attack increases the pitching moment toward the stalling angle of attack. When the AC of the wing is aft of the CG of the aircraft, longitudinal stability is enhanced. If the CG of the aircraft and the AC of the wing coincide, the wing contributes neutral stability to the aircraft. Lift is normally considered to act through the AC of an airfoil. Actually, the aerodynamic force, of which lift is a component, acts through the center of pressure. As angles of attack change, the center of pressure moves back and forth on the airfoil. 
    The wing contribution to the directional stability of the aircraft is small. However, it becomes greater with increases in swept-back wing design. To be effective, this swept-back angle must be at least 30 degrees.
CROSS EFFECTS AND STABILITY
ADVERSE YAW
    Adverse yaw is produced by rolling the aircraft with the ailerons. This is sometimes called adverse aileron yaw. An aircraft banking has its right aileron down and its left aileron up. This produces a differential in the lift force which acts on each wing and produces a left roll. The right wing has a higher coefficient of lift because the down aileron causes increased camber. Therefore, the induced drag is greater on the right wing than on the left wing. This increased drag causes the aircraft to yaw toward the right about the CG. As the aircraft rolls, the relative wind resulting from the roll on the downgoing wing is upward (opposite its direction of movement). This relative wind, resolves into an inclined relative-wind vector. Because the lift force produced by the downgoing wing is perpendicular to its relative wind, the lift force acts forward. The opposite relative wind must occur on the upgoing wing; therefore, its lift vector acts in a rearward direction. The different directions of the lift forces produce a condition that adds to the adverse yaw caused by the drag differential. 
    Modern aircraft that are subject to adverse yaw have controls to overcome the problem. They may be equipped with spoilers that extend on the downgoing wing. They spoil some lift and add drag to counter adverse yaw. Differential ailerons are also used to control adverse yaw. The downgoing wing aileron extends up more than the upgoing wing aileron goes down. This produces more drag on the downgoing wing and counters the effects of adverse yaw. Frise ailerons add drag to the downgoing wing. They extend the part of the aileron forward of the hinge line down into the airstream, while the half of the aileron behind the hinge line extends up into the airstream. Without these or other similar devices, aircraft using only ailerons for lateral control tend to yaw to the right when they roll left and vice-versa. Even with compensating devices, adverse yaw is present during flight and is usually corrected with a coordinated application of rudder.
  PROVERSE ROLL
    Proverse roll is encountered when an aircraft yaws. An aircraft is put into a right yaw when the aviator applies right rudder. This creates a left sideslip angle, producing a positive rolling moment, and rolling the aircraft to the right. Another factor that contributes to the proverse roll is the difference in the velocities of each wing. In the example above, the left wing has a greater velocity than the right wing because of the yawing motion about the aircraft's CG. Increased velocity increases the lift force on the left wing, which causes a positive roll as long as the aircraft is yawing.
DIRECTIONAL DIVERGENT STABILITY
  The degree of directional stability compared with the degree of lateral stability of an aircraft can produce three conditions: 
  DIRECTIONAL DIVERGENCE
    Results from negative directional stability. This cannot be tolerated because directional divergence allows the aircraft to increase its yaw after only a slight yaw has occurred.
  SPIRAL DIVERGENCE
    Results when the static directional stability is strong when compared to the dihedral effect. If an aircraft that has strong directional stability has its right wing down, a positive sideslip angle is produced. Because of strong directional stability, the aircraft tries to correct directionally before the dihedral effect can correct laterally. The aircraft chases the relative wind, and the resulting flight path is a descending spiral. To correct this condition, the aviator needs only to raise the wing with aileron and the spiral stops immediately.
  DUTCH ROLL
    A Dutch roll results from a compromise between directional and spiral divergence. A Dutch roll occurs somewhere between the two. In this case, the lateral stability of the aircraft is stronger than the directional stability. The directional tendencies of the aircraft have been reduced from the condition that led to spiral divergence. If the aircraft has the right wing down, the positive sideslip angle corrects the wing position laterally before the nose of the aircraft tries to line up with the relative wind. As the wing corrects, a lateral oscillation starts. As a result, the nose makes a figure-eight pattern on the horizon. The rolling and yawing oscillation frequencies are the same, but they are out of phase.
  DIHEDRAL
    Dihedral of the wing is the angle between the wing and a plane that is parallel to the lateral axis. This angle creates a stabilizing moment. In a bank, the low wing has a higher angle of attack than the high wing. This higher angle of attack gives the lower wing a larger coefficient of lift than the higher wing. The lower wing now creates more lift than the high wing.
FIXED-WING PERFORMANCE 
HIGH LIFT DEVICES
  PURPOSE
    A "high-lift device" is not used to increase lift but to obtain a required lift force at lower velocities. All high lift devices increase the value of CLmax. The two most common ways to increase the value of CLmax are by increasing the camber of the airfoil or by delaying the boundary-layer separation.
  INCREASING THE COEFFICIENT OF LIFT (CL)
    Increasing Camber. Of the two usual methods of increasing CLmax, increasing the camber of the airfoil is most often used. A wing with more camber has a greater velocity differential between the top and bottom surfaces of the wing. This greater velocity differential creates a large pressure differential across the wing. The pressure differential is related to the value of CL for a given angle of attack. Therefore, by increasing the camber of an airfoil, the value of CL is increased. The angle of attack required for any given coefficient of lift decreases. The angle of attack at which a stall occurs decreases and the airspeed at which stall angle of attack is reached also decreases. The usual method of increasing the camber is through the use of trailing-edge flaps.
    Vortex Generators. Another method of reenergizing the boundary layer is to use vortex generators. These are small strips of metal placed along the wing, usually in front of the control surfaces or near the wing tips. The turbulence caused by these strips mixes high energy air from outside the boundary- layer air.
  TYPES OF HIGH LIFT DEVICES
    Trailing-edge flaps. Trailing-edge flaps are the most common type of high-lift device. These flaps have both advantages and disadvantages. A trailing-edge flap increases the camber of the wing, thereby increasing the value of CLmax. However, in doing so, it moves the lift force toward the trailing edge of the wing, resulting in a negative or nosedown pitching moment. This moment limits the use of flaps to aircraft having horizontal stabilizers and elevators. When a trailing-edge flap is extended, the angle of incidence is increased because the chord line of the airfoil changes. The nosedown pitching moment of the fuselage results in better forward visibility during landings and takeoffs. Flaps also increase drag on the aircraft. This is useful in landing; the aircraft can make a steeper approach without increasing airspeed. However, this drag increase is not desired on takeoff. Most aircraft having large and effective trailing-edge flaps use only partial flaps on takeoff; thus they have the benefit of increased CL without a large increase in drag. Some of the common types include the plain flap, the split flap, the Fowler flap, the slotted flap and the slotted Fowler flap.
    Plain and split flaps. These two basic flaps increase the camber of the airfoil. The split flap does not produce as large a nosedown pitching moment as the plain flap. Split flaps create a greater drag force because of the low-pressure, high-turbulence area between the wing trailing edge and the flap trailing edge.
    Fowler flap. On aircraft that lift heavy loads from short fields, such as jet transports, the Fowler flap is often used. When extended, this type of flap moves rearward as well as down. CLmax increases because of an increase in camber and wing area.
    Slotted flap. To increase efficiency, most flaps can be slotted. Using slotted flaps combines the principle of boundary-layer control with camber change.
    Leading-edge devices. The leading-edge flap, the leading-edge slot, and the moveable leading edge are all leading-edge devices. Leading-edge flaps increase the camber of the airfoil to increase CLmax. Unlike the trailing-edge flap, the leading-edge flap does not produce a negative pitching moment. However, it may cause a slight positive (nose-up) pitching moment.
STALLS
  To produce required lift at low airspeeds, aviators must fly at a high angle of attack--near the angle of attack for the aerodynamic stall. When this stall occurs, lift decreases and drag increases; there is almost always a loss of altitude. An aerodynamic stall occurs when an increase in the angle of attack results in a decrease in lift coefficient. The definition of stall makes no reference to airspeed. The only thing that causes a stall is an excessive angle of attack.
  AERODYNAMIC STALL
    Although a root-to-tip stall pattern is desirable, it is not always possible to achieve. Several design techniques can make the root stall before the tip.
    Geometric twist. One method of causing the root to stall is geometric twist (washout); that is, building a twisted wing. The root section angle of incidence is greater than the tip section. Even if there is aerodynamic buffeting from the turbulent air around the root section, the aviator can still use ailerons for lateral control during recovery.
    Aerodynamic twist. In this case, the root section is a cambered airfoil; toward the tip, the wing will gradually transform into a symmetrical airfoil. The stall progression from root to tip is controlled aerodynamically by using different types of airfoils.
    Stall strip. A stall strip, located on the leading edge of the root section, detaches the boundary layer to ensure that this section stalls first. This gives adequate warning to allow for a safe recovery with a minimum loss of altitude.
MANEUVERING FLIGHT
  The amount of excess power available is the factor that most affects an aircraft's ability to climb; that is, the power available above that required for straight and level flight. 
ANGLE OF CLIMB
  The amount of excess thrust available determines the angle of climb that can be maintained. Flight at Vx is usually just above stall speed or below minimum control speed (Vmc) in multi-engine aircraft. This places the aircraft at a critical flight speed; any increase in the angle of attack or a loss of power on one engine could result in a stall or loss of control. The recommended airspeed for a maximum climb angle, such as obstacle clearance airspeed, is not a true Vx but is a "safe best angle of climb speed". This airspeed is greater than the true maximum angle of climb speed, placing the aircraft in a safer flight envelope, while only slightly sacrificing climb performance. The most altitude is gained for the horizontal distance covered.
  EFFECTS UPON ANGLE OF CLIMB
    Altitude. As an aircraft gains altitude, the thrust developed by the engine normally decreases. The angle of climb must also decrease, because a decrease in thrust available (Ta) causes a decrease in excess thrust. Because of this, the aircraft angle of climb decreases to zero degrees when it reaches its absolute ceiling, where Ta equals Tr (thrust required).
    Weight. An increase in weight increases both weight and the thrust required. There is more weight to be raised with less excess thrust, resulting in a shallower angle of climb.
    Wind. The best angle of climb gains the most altitude for the distance covered. Wind must be considered because it affects the horizontal distance covered to clear an obstacle.
RATE OF CLIMB
  Rate of climb performance is the foot per minute gain in altitude (vertical velocity). The maximum, or best, rate of climb speed (Vy), is flown at a lower climb angle and a higher airspeed than the maximum, or best, angle of climb speed (Vx). Though the aircraft is flown at a lower climb angle, higher velocity produces a higher rate of climb than could be obtained during a maximum angle of climb.
  EFFECTS UPON RATE OF CLIMB
    Altitude and weight affect rate of climb. Because the horizontal and vertical velocities are within the air mass (TAS), wind has no effect on the rate of climb.
    Altitude. Altitude affects engine performance. As with angle of climb, an increase in altitude will decrease the rate of climb. At the service ceiling, an aircraft can maintain a 100 foot-per-minute rate of climb. When operating on a single engine, the aircraft can maintain a 50 foot-per-minute rate of climb.
POWER REQUIRED VS AIRSPEED
  A given power setting may result in straight and level flight at either of TWO airspeeds, depending on pitch: 
  Region of NORMAL COMMAND - airspeeds greater than that which requires minimum power.
    Relatively low angles of attack - low induced drag.
    Higher airspeed requires higher power.
    Pitching up decreases rate of sink (or increases rate of climb) or decreases need for power in straight and level flight. 
    Good inherent airspeed stability.
  Region of REVERSE COMMAND - airspeeds less than that which requires minimum power but greater than stall speed.
    Relatively HIGH angles of attack - high induced drag.
    LOWER airspeed requires HIGHER power.
    Pitching up increases rate of sink (or decreases rate of climb) or increases need for power   in straight and level flight.
    Poor inherent airspeed stability.
CLIMBING STALL SPEED
  When an aircraft is in a climb, it will stall at a lower speed. Stalling speed depends on the amount of lift a wing will produce. When an aircraft is in climbing flight, the lift required of the wing is not equal to the weight but only to a portion of the weight. This is due to the vertical component of thrust. No lift force is required when an aircraft is in vertical flight. Therefore, an aircraft cannot aerodynamically stall in vertical flight.
TURNS
  The radius of turn of an aircraft varies directly with the square of its velocity (true airspeed) and inversely with the angle of bank. To turn an aircraft in the smallest possible radius, an aviator flies at the slowest possible speed and the highest possible angle of bank.
    Aerodynamic limit of performance. Because the horizontal component of lift is the force that turns the aircraft, a fixed-wing aircraft reaches its aerodynamic radius of turn limit when the aircraft turns at its stall velocity. The airspeed at which the minimum radius of turn occurs is the stalling speed where maximum Gs can be pulled without exceeding the design load-limit  factor. This is the maneuvering airspeed.
    Structural limit of performance. In the first 60 degrees of bank, the load factor increases by only one. However, in the next 10 degrees, the load factor increases almost one. At higher angles of bank, the load factor and stalling speed increase rapidly. If an aircraft has a load limit of 3 Gs, the minimum radius of turn would be at its 3 G stalling speed. 
    Power limit of performance. The power available from the power plant is the limiting factor in overcoming the tremendous amount of induced drag at high load factors.
  RATE OF TURN
    The angle of bank and velocity are important because they affect the rate of turn as well as the radius of turn. The rate of turn is at its maximum at the maneuvering speed and angle of bank for the G limits.
TAKEOFF AND LANDING PERFORMANCE
  The wing of the aircraft is close to the ground during the takeoff run. This reduces or cancels out the downwash and wing-tip vortices behind the wing. Reduction of downwash also reduces induced drag. This phenomenon is known as ground effect and is most pronounced within one wingspan height above the ground.
  Landing velocity. The final approach airspeed of an aircraft is about 1.3 times its stalling speed. Therefore, any high-lift devices that decrease the stalling speed also decrease the landing speed. A decreased landing velocity decreases both the kinetic energy and the required landing distance.
FLIGHT CONTROL SYSTEMS
  Control effectiveness is the term used when discussing aircraft control systems. It does not refer to the ability of the control surface to maneuver the aircraft but to the amount of change in the coefficient of lift per degree of control-surface deflection. Control effectiveness refers to the change in coefficient of lift and not to the amount of lift change produced by deflecting the control surface.
CONTROL FORCES
    Maintaining aerodynamic balance. Aerodynamic balance does not actually balance anything. To achieve this balance, aerodynamic forces aid in deflecting the control surface. Aerodynamic balancing uses the dynamic pressure of the airstream to reduce the hinge moments of a control surface. 
  TYPES OF DEVICES
    Horn. The horn is probably the first type of aerodynamic balancing developed. It is an area located ahead of the hinge line. This area creates a moment that opposes the hinge moment developed by the area of the control surface behind the hinge. The horn can be either exposed (unshielded) or hidden (shielded).
    Servo tabs. Servo tabs can be considered as flaps on flaps. When it is deflected, the servo tab produces a small aerodynamic force behind the hinge of the control surface. This small force deflects the control surface, which then moves the aircraft. The servo tab itself does not move the aircraft; it only moves the control surface. The control force required to move a small tab is much less than the force required to move the entire control surface. Servo tabs enable the aviator to use the aerodynamic qualities of the airstream to reduce hinge moments.
    Balance tabs. The balance tab automatically moves in the opposite direction of the control

flap. This movement of the balance tab produces a moment that assists the movement of the control surface. Sometimes these systems incorporate springs in the linkage; they are referred to as spring tabs.
    Trim tabs. Trim tabs are identical in appearance and operation to servo tabs. Trim tabs are connected to trim controls in the cockpit and are used to trim the aircraft for different weights, airspeeds and power conditions. To decrease the aviator's workload, trim tabs can be deflected to hold the elevator, ailerons or rudder.
    Mass balancing. If the center of gravity of the elevator is behind the hinge line, a gust of wind that moves the tail of the aircraft upward causes the elevator to be deflected downward. This downward elevator movement increases tail lift, thereby increasing the upward movement of the tail. If the CG of the elevator is ahead of the hinge line, the pitch-up caused by the gust deflects the elevator upward, dampening the upward movement.
FIXED-WING MULTI ENGINE OPERATIONS
PERFORMANCE AND OPERATING SPEEDS
  Vmc. Vmc is the minimum airspeed at which an aircraft is controllable when the critical engine suddenly becomes inoperative and the remaining engine produces take-off power. The FAR, under which the aircraft was certified, states that at Vmc the certification test pilot must be able to stop the turn that results when the critical engine suddenly becomes inoperative. Using maximum rudder deflection and no more than a 5-degree bank into the operative engine, the test pilot must stop the turn within 20 degrees of the original heading. Also, after recovery, the test pilot must maintain the aircraft in straight flight with no more than a 5-degree bank (wing lowered toward the operating engine). This means that the aircraft must maintain a heading, not that it must be able to climb or hold altitude. The principle of Vmc is that at airspeeds less than Vmc, air flowing along the rudder is such that the application of rudder cannot overcome the combined effects of asymmetrical yawing caused by takeoff power on one engine and a powerless, windmilling propeller on the other engine.
  Vmc certification. The configuration required for obtaining a manufacturer's Vmc certification is as follows:
    Landing gear is retracted.
    Aircraft is trimmed for takeoff.
    Flaps are set to takeoff position.
    Takeoff or maximum available power is attainable.
    Rearmost allowable center of gravity exists.
    Maximum sea level weight is maintained.
    Propeller is windmilling (or feathered if the aircraft has an autofeather system) on the inoperative engine and if full power exists on the other engine.
    Additionally, rudder control force required to maintain control must not exceed 150 pounds.
  Bank angle. If the wings of an aircraft are in a position less than a 5-degree bank angle, Vmc is substantially higher than the value shown in the flight manual (as much as 15 knots in Army aircraft).  
  Single-engine operation. Part 23 of the FAR that governs the certification of light twin engine aircraft does not require that the aircraft maintain altitude while in the takeoff configuration with one engine inoperative.
  Climb performance. When one of the twin engines fail, aircraft performance is reduced by 80 percent or more. The loss of performance is more than 50 percent because the aircraft's climb performance is a function of the thrust horsepower, which is available power in excess of that required for level flight. When one engine fails, power is lost and drag increases because of asymmetrical thrust. The operating engine must carry the full burden by producing 75 percent or more of its rated power. This leaves the engine with very little excess power for climb performance. 
ASYMMETRIC THRUST
  When both engines are not operating at equal power, asymmetric thrust results and causes movement about the vertical axis, or yaw. The rudder is used to prevent this movement. 
  Control problems. Drag normally acts around a point along the centerline of the aircraft fuselage. When the propeller is windmilling or feathered, the center of drag moves toward the dead engine. The operative engine exerts its pull along a line several feet to the side of the center of drag. This causes the aircraft to rotate toward the inoperative engine. The aviator can prevent this rotation by either reducing the power on the operative engine to regain control or he can use as much power from the operative engine as possible to maintain a safe single-engine flying speed. To maintain safe single-engine flying speed, the rotational movement must be stopped with rudder, which causes the aircraft to skid toward the inoperative engine. To correct the skid, the aviator must bank into the good engine to maintain the longitudinal axis parallel to the relative wind.
  When the ball is precisely centered during wings-level coordinated flight, a light twin-engine aircraft with one engine out will fly with a large sideslip. Bank reduces the amount of rudder required to counter drag and asymmetric thrust and to reduce sideslip.
AERODYNAMICS
                                   FORCE
ACCELERATION  =  ---------
                                    MASS
About 75% of resultant force comes from airstream above the wing.
About 25% of resultant force comes from airstream below the wing.
Laminar flow point of transition is at about 40% chord.
Normal flow point of transition is at about 25% chord.
WING TIP VORTICES
  High pressure area tries to seek low pressure area. Wing shape and winglets help to reduce vortices.
PARASITE DRAG
  Profile/Form Drag - Frontal area of aircraft.
  Skin Friction.
  Interference Drag - Interference around aircraft attaching points.
LONGITUDINAL STABILITY
  Horizontal stabilizer creates negative or downward lift.
LATERAL STABILITY
  Dihedral.
  Keel effect. Sideslip airflow striking vertical stabilizer.
  Pendulum effect.
  Shielding of high wing.
DIRECTIONAL STABILITY (YAW)
  Weathervaning effect.
  Sweep back effect.
Vmc = Rudder Effectiveness.
  M 
- Max gross takeoff weight (Decreases Vmc).
      
- Max takeoff power on operating engine (Increases Vmc).
      
- Max 5' bank toward operating engine.
  U 
- Undesirable center of gravity (Aft).
  L 
- Landing gear (Up for C-12F).
  T 
- Takeoff configuration (Flaps and trim for normal takeoff). 
   I 
- Inoperative engine propeller (Windmilling or feathered).
  A 
- Aircraft airborne and ground effect negligible.
V-G DIAGRAM
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Types of vision.

Photopic
· Day, Color vision using cones only. (2-21/2 dergrees day blind spot)

· Central vision (Fovea Centralis) cones only near center.

Mesopic

· Dawn, Dusk and Full Moon

· Loss of color vision and sharpness inefficient use of both rods and cones.  

Scotopic

· Night vision, with loss of color. 20/200 vision, with poor resolution

· Rods only (rods are on the sides)

· Central blind spot of 5-10 degrees (fovea centralis).

Visual illusions.

· Relative motion

· When a person interprets another object’s movement as his own.

· Confusion with ground lights

· Cannot determine where the stars on the horizon and the clutter of the ground lights meet (horizon).  Also other aircraft lights are lost in the ground lights.

· Reversible perspective

· When you interpret your aircraft moving as another aircraft hovers by (interpret movement in opposite direction).

· Height perception illusion

· Happens when flying over snow, water or desert.  You have few or no objects such as a tree or a boat to help judge height.  You think you are higher than your really are.

· Structural illusions

· Come from heat waves, rain, snow or sleet which cause obstruction or refraction of light.  This can also be problem with aircraft when using windshield heat.

· Autokinesis

· Staring at an object for more than a few seconds will make it appear to move.

· Size distance

· Staring at a light that change intensity will make it appear to advance (brighter) or recede (dims).

· Flicker vertigo

· Caused by lights that flicker at 4 to 20 CPS.

· Fixation

· Fixation of attention on one object (target fixation).

· False horizons

· The tops/bottoms of clouds are sloping in one direction or another and the pilot attempts to fly level with the horizon and places himself in a turn.  Use your attitude indicator.

· Altered plane

· Mountains or clouds approaching makes you think you need to climb when you really are high enough to clear them.

Night vision techniques.

Dark adaptation is only the first step toward maximizing your ability to see at night. Applying night vision will enable you to overcome many of the physiological limitations of your eyes.

· Avoid looking directly at a faintly visible object when you are trying to confirm its presence.

· To scan effectively, scan from right to left or left to right using a slow, regular scanning movement.

To compensate for the night blind spot that exists during periods of low illumination, use off center vision to view an object by looking 10 degrees above, below, or to either side of, rather than directly at the object.

Night vision limitations.

Presbyopia

· Caused by normal aging process (over 40 years).

· Hardening of the lens that affect your focus on close in objects.

· Corrected with bifocal glasses.

Night Myopia

· Nearsighted at night caused by the eyes focus on the bluelight spectrum wavelengths.

· This causes blurred vision of distant objects and blue green lights.

· Affects unaided night flight.

· Corrective lens can correct this problem.

Astigmatism

· Irregular shape of the cornea.

· Causes an out of focus condition.

· Corrected with prescription glasses.

Distance estimation and depth perception.

Binocular cues:

· Vision with both eyes.

· Outside the cockpit there is little value to the pilot.
Monocular cues:

Geometric perspective

· Linear perspective: parallel lines converge at a distance.  

· Apparent foreshortening:  objects appears elliptical at a distance and take on their true shape when closer.

· Vertical position:  the further away an object, the higher it appears on the horizon.

Motion Parallax

· Near objects seem to move backward, past or opposite the flight path.

· Far objects seem to move in the direction of flight or remain fixed.

· Apparent movement of stationary objects.

· Objects have different shapes when viewed from different distances and angles.

Retinal Image Sizes:

· Known size of objects:  if it looks large, it’s close, if it looks smaller, it’s further away.

· Terrestrial association:  a comparison of an object with another of a known size.

· Overlapping contours:  the overlapped object is further away.

· Increasing/Decreasing sizes:  an object moving closer will increase in size.

Aerial Perspective:

Fading color or shades:  an object seen clearly up close will lose  distinction at a distance.

· An object will lose detail and texture at a greater distance.

· Position of the light source creates the casting of a shadow.

Dark adaptation, protection of night vision, and central night blind spot.

Dark adaptation 

· Night adaptation of 30 to 45 minutes.

· Rhodopsin adjust to light sensitivity in the rods.

Protection of night vision

· Caution: Illness, smoking and altitude all reduce night vision

· Protect vision from strong sunlight during the day (sunglasses).

· Use low light intensity in cockpit.

· May use Red lens prep before flight.

· Turn aircraft away from intense light sources

· Use oxygen above 4000’ MSL.

Central night blind spot

· Night blind spot is due to the Fovea Centralis which contains cones only thus producing a central blind spot of 5-10 degrees.

· This spot can hide an object the size of a 747 at ¾ miles.

· Use off center scanning with a 10 degree overlap.

· Use peripheral vision.

· Use scanning technique ( R to L / L to R, far then near).Identify objects by their shapes or silhouette.

CHECKRIDE SCENARIO

Normal Takeoff

Steep Turn

Slow flight

Stalls

Unusual attitude recovery

Single engine failure (in cruise) on Approach

Single engine go-around

Single engine landing

Obstacle Clearance T/O

Touch and go

Engine failure on T/O

Task: Perform Taxi

Perform procedures and checks IAW checklist

Comp with taxi instructions

Prop use pwr, ground fine, beta, brakes for safe speed

Clear the area, release brakes apply pwr, check brakes

Maintain approp speed, don’t drag brakes, use rudder as req

Follow taxi line, apply approp wing correction

Normal T/O and Climb

Complete before T/O, line up and after T/O

Maintain a pred track between mains gear

Obtain min pwr by 65 knots

Rotate V1/Vr, -0 / +5

Perform initial climbV2/VYSE +5 (+5) until 500ft,

Compl before T/O, and lone up, align the a/c, the P*

Advance pwr towards target pwr, state Set Pwr, the P sets

And states Pwr Set, maintain directional control with rudder,

Between gear, P states 65 normal, then V1 rotate, (Vlof)

At twp pos indication P calls pos rate, P* calls Gear Up, at

105 kts call flaps up, P call Flaps are up, climb at V2 +5, 

at 500ft est cruise climb P* states Set props 1900, P states

Props are 1900, P* state After T/O check

Perform Steep Turns

Appropriate common standards

Maintain angle of bank –5 / +10

Rollout on desired heading + 10

Roll into a coordinated bank of 45 to 60 degrees

Apply coord pitch, bank Pwr for altitude and A/S

Avoid any stall indications, abnormal attitude, structural limits

45 to 60 degree bank, started at 160 kts, in the clean configuration

increase pwr to maintain A/S, find an outside reference, the first 

30 degrees is a level turn, as you pass through 30 degrees adjust 

back pressure on the yoke to maintain altitude, continue bank until

you obtain the desired bank angle, use trim as necessary to 

neutralize the pressure, apply opposite aileron to compensate for the

over bank tendency, make minor adjustments to pitch, pwr and roll 

as necessary to maintain altitude, bank, A/S, Begin rollout 

approximately one half the bank angle prior to reaching desired, 

heading, use the same roll out rate as used to roll in, Coordinate pitch

and power to level out at desired att, A/S

Perform Slow Flight

No lower than 4000

Appropriate common standards

Stabilize and maintain Vref + 5 kts, no slower than VMC

The maneuver demos a/c controllability and handling characteristics 

at slow speed, it develops control techniques for slow airspeed flight 

regimes.  Use maximum outside references, maintain heading and altitude,

set props to 1900, perform maneuver checks, when speed allows flaps 

full, allow a/c to slow to Vref, adjust pitch to maintain altitude, maneuver in 

climbs, descents and turns, to terminate the maneuver perform a go-around 

back to 160 kts 

Discuss:  Control effectiveness, normal control area, standard rate turn, proverse roll, P-Factor, torque, and adverse aileron yaw, area of reverse command

Stalls

No Lower than 4000

Correctly recognize the approach to stall.

Correctly perform recovery procedures.

Recover with minimum loss of altitude.

The purpose of this procedure is to recognize and properly recover the aircraft with minimum loss of altitude.  This is to teach the aviator to recognize the situation in in a slow flight profile such as an approach.  This training also teaches the aviator those things that can lead to the increase of the onset of a stall.

Visually clear the area.  Then set the props to high and verify yaw damp is off.  Depending on the stall either a before landing check then move the power to 10 –20%.  If in the clean cofiguation we start with just reducing the power.  At the first indication of the stall (horn, buffet, lack of control effectiveness) recover by initiating a go around procedure.  Release the back pressure on the yoke and adding power.
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LEARNING

A change in behavior as a result of experience.  (May also be a re-enforcement of existing behavior)

CHARACTERISTICS OF LEARNING

P
1.  Purposeful: Past experiences and goals affect readiness and understanding of the requirements involved.

E
2.  Experience: A person can only learn through individual experiences.  An instructor can not pour information into a students head.  To show sound judgment, a student must have had experiences in which they have exercised judgment.

M
3. Multifaceted: A person may learn other incidental material while being trained in something else, i.e. attitudes, habits, and self reliance.

A
4. Active Process: A person must react and respond outwardly, inwardly, emotionally, or intellectually in order to learn.  Just because a person is present does not mean that he will absorb material.

PRINCIPLES (LAWS) OF LEARNING:

R  
1. Readiness: a strong purpose, a clear objective, a reason for learning allows for quicker absorption of material.  If personal problems or other needs interfere then the student may have little interest in learning.

E
2. Exercise: Items most often repeated are best remembered.

E
3. Effect:  Based on the emotional reaction of the learner.  Learning is strengthened when accompanied by a pleasant or satisfying feeling.

P
4. Primacy: The state of being first, creates an strong, almost unshakable impression.  Teach it right the first time.  Unteaching is very difficult.

I
5. Intensity: A vivid or exciting experience is better remembered than a boring one. 

R  
6. Recency: Things most recently learned are best remembered.

LEVELS OF LEARNING

R
1. Rote: The lowest level is the ability to repeat what has been learned, but without understanding.

U
2. Understanding: The mind has grasped the meaning or concept.  This is basic to effective learning, but may not enable a person to apply what he has learned without exercise.

A 
3. Application: Once understanding and practicing a maneuver, the student has the skill to apply.  The instructor must not be satisfied to stop at this level.

C
4. Correlation: A student becomes able to associate an element which has been learned with other segments or blocks of learning.  

PERCEPTIONS

Perception begins with bits of information reaching the brain by any one or a combination our senses.  Sight: 75%, Sound: 13%, Touch: 6% (may be more if item to be learned includes touch i.e. hovering), Smell: 3%, and Taste: 3%.

FACTORS AFFECTING PERCEPTIONS

P
1. Physical Organism: The vehicle by which we perceive the world around us. A pilot must have all his faculties. 

M
2. Man’s Basic Need: To preserve and perpetuate oneself is the most fundamental of these needs.  Defense mechanisms block out those things that would be damaging to the physical and psychological being.

G
3. Goals and Values: Perceptions are colored by an individuals beliefs and value structure.

E
4 Element of Threat The element of threat narrows perceptual fields.  Normally the student will limit their attention to the item causing the fear.  The instructor should try to alleviate fears and not add to the element of threat by creating adverse stress.

T
5 Time and Opportunity: Some learning depends on earlier perceptions and time to relate to the new.  Instruction must be arranged to so that the student can have time to sense and relate these new things to earlier perceptions.

S
6. Self Concept: A student will remain open to new perceptions if previous experiences support a favorable self image.

INSIGHTS

The grouping of perceptions into meaningful wholes.  Evoking these insights is an instructor’s major responsibility.

MOTIVATION

The dominant force which governs the student’s progress and ability to learn.

1.
Positive: Provided by the promise or achievement of rewards (i.e. personal or social, financial gain, satisfaction of the self-concept, or public recognition).

2.
Negative: Threats which engender fears.  Useful but not as effective in promoting efficient learning as positive motivations. Overconfident and impulsive are not as effective as positive motivation.

THEORIES OF FORGETTING

Forgetting is not actually lost material.  It is just unavailable for recall.

R
1. Repression: Material that is unpleasant or produces anxiety may be unintentionally submerged into the unconscious mind.

I
2. Interference: Learned material is overshadowed by something previously learned.

a.
Closely similar material interferes with ability to remember.

b.
Material not well learned suffers most from interference.

D
3. Disuse: If you don’t use it, you’ll lose it.

RETENTION

1.
Teach thoroughly and with meaning.  Meaningful learning builds patterns of relationship in the student’s consciousness.

2.
Help the student understand a reason for remembering.  

PRINCIPLES OF REMEMBERING (Retention)

P
1.  Praise stimulates remembering.

A 
2.  Recall is promoted by association.

R
3.  Meaningful repetition aids recall. (3-5 times is usually enough)

A
4.  Favorable attitudes aid retention.

S
5.  Learning with all senses is most effective.

LEARNING PHYSICAL SKILLS

Desire to learn

Patterns to follow

Perform the skill

Knowledge of results

Progress follows a pattern

Evaluation vs. Critique

Application of skill

DOMAINS OF LEARNING

Cognitive – knowledge gained, attending a school, reading a book, etc.

Affective – least understood, most important, concerned with attitudes, beliefs.

Psychomotor – physical skills, flying, operating equipment.

OBSTACLES TO LEARNING

U
1.  Feeling of Unfair treatment.

F
2.  Fear or Anxiety.

A
3.  Apathy, fostered by poor instruction.

I
4.  Impatience to proceed to more interesting operations.

L
5.  Worry or Lack of interest.

D
6.  Physical Discomfort.

PYRAMID OF HUMAN NEEDS
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 S
5.  SELF-FULFILLMENT: The apex relates to the need for realizing one’s own potentialities.

E
4.  EGOISTIC: The fourth which includes self esteem and reputation

S
3.  SOCIAL: The third which includes the need for friendship and love

S
2.  SAFETY: The second level which include protection against threat and danger

P
1.  PHYSICAL: The broadest or first level that include food, rest, protection from the elements.

COMMON DEFENSE MECHANISMS

C
1.  COMPENSATION: an attempt to disguise the presence of a weak or undesireable quality by emphasizing a more positive one.

P
2.  PROJECTION:  relegating the blame for their own sortcomings, mistakes, and transgressions to others; or attribute their motives, desires, characteristics to others.  I.e. “everybody cheats if they have the chance.”

R
3.  RATIONALIZATION: is when people make up excuses for unacceptable behavior that seem plausible and acceptable to themselves.  They cannot accept the real reasons for their behavior.

D
4.  DENIAL OF REALITY:  ignoring or refusing to acknowledge disagreeable realities.  I.e.  turning from unpleasant sights, refusing to discuss unpopular topics, or rejecting criticism.

R
5.  REACTION FORMATION:  individuals protect themselves from dangerous desires by not only repressing them, but actually developing conscious attitudes and behavior patterns that are just the opposite.  I.e. a who-cares-what-people-think attitude to cover up feelings of loneliness and hunger for acceptance.

F
6.  FLIGHT: can be physical or mental.  Physical is when a student can develop symptoms or ailments that will give them satisfactory excuses for removing themselves from the situation. Mental include daydreaming.

A
7.  AGGRESSION: an outward display of anger toward someone or something.  Sometimes subtle, such as refusing to participate, asking irrelevant questions, or disrupting activities of their group.  Sometimes venting frustrations on objects or people not related to the problem.

R
8. RESIGNATION: a person gives up or accepts his “inevitable fate”(accepts defeat).
TO MINIMIZE STUDENT FRUSTRATIONS AND TO ACHIEVE GOOD HUMAN RELATIONS
a)
Keep students motivated


b) Keep students informed


c) Treat students as individuals

d)
Give credit when due


e) Constructive criticism


f) Be Consistent  

g) Admit Errors

STEPS IN THE TEACHING PROCESS

PREPARATION: Determine goals and objective, learn or review material, plan presentation

PRESENTATION: Lecture, guided discussion, demonstration and performance, and programmed text

APPLICATION:  Student must exercise what he has learned to retain the information or 
procedure.

REVIEW AND EVALUATION:  Most important in preparing subsequent training.

Although all steps are very important, the preparation phase is most important.  Unless the IP knows the goals or objectives, knows the material, and plans his presentation, the others phases will not be effective.

PRESENTATION PHASE METHODS  ADVANTAGES AND DISADVANTAGES

LECTURE: A) Cover a lot of material to a large audience in a short amount of time.  D) Not personal, can be boring.

GUIDED DISCUSSION: A) Personal, gets people involved, checks student understanding.  D) Can get off the subject, can take longer than expected, requires student knowledge or experience in subject area (not good for new subjects).

DEMONSTRATION PERFORMANCE: A) Learn by doing, reinforces law of exercise.  D) Requires high instructor/student ratio.

PROGRAMMED  INSTRUCTION: A) Work at own pace, active student responses, immediate confirmation of answers.  D) Students need to motivated or they will not finish.

CHARACTERSITICS OF AN EFFECTIVE QUESTION

P
SPECIFIC PURPOSE

C
CLEAR IN MEANING

S
SINGLE IDEA

S
STIMULATE THOUGHT

A
REQUIRE DEFINITE ANSWERS

M
RELATE TO PREVIOUSLY COVERED MATERIAL

PURPOSE OF A CRITIQUE

Purpose is to improve the students’ performance by providing something constructive to build on. To provide direction and guidance to  raise their level of performance.

CHARACTERISTICS OF AN EFFECTIVE CRITIQUE

F 
Flexible
A 
Acceptable
S
Specific
T
Thoughtful
C
Comprehensive
· Objective
C
Constructive
· Well organized
(Others include timely,  not always negative,  not part of the grading process) 

THE  PROFESSIONAL  INSTRUCTOR  PILOT

S
Sincerity is important. An instructor must be honest and unpretentious for a student to 

accept him at face value.
A
Accept students as they are.  Teach good habits but don’t degrade the student.
D
Demeanor: calm, thoughtful, and disciplined
S
Safety: Practice what you preach.  Set a good example of safe and prudent actions. Must follow regulations and limitations.
A
Appearance and Habits are important if an instructor is portray a professional image.
P
Proper language: Avoid profanity and obscene  words or slang.  Our speech does much to leave an impression on others
S
Self-improvement: We must not rest on our laurels.  An instructors certificate is a license to learn.  Continuously seek new information.  Keep an open mind
THE INSTRUCTOR’S ROLE IN HUMAN RELATIONS

M
Motivated- Keep students motivated by showing them the benefits or purpose of a lesson or course.

I 
Informed- Students feel insecure if they don’t know what is expected of them.

I
Individual Approach- each person has his own personality and an instructor must tailor his training to the individual.

C
Credit- Praise or credit for a job well done is required for a student to feel appreciated.   Praise too freely is counter productive.

C
Constructive criticism- Errors cannot be corrected unless students are told their mistakes and how to correct them.

C
Consistent-  Instructor’s methods, actions, philosophy, and standards must be consistent to avoid student confusion.

A
Admit errors- Honesty in admitting errors will win students respect.

THE FLIGHT INSTRUCTOR AS A PRACTICAL PSYCHOLOGIST

ANXIETY- Defined as “a state of uneasiness arising from fear.  The most signicant factor affecting flight instruction.  Treat fears as normal reaction rather than ignoring them.

NORMAL REACTIONS TO STRESS-  Autonomic reactions such as quickened heart rate, rapid thinking and reactions, sensitivity to surroundings.

ABNORMAL REACTIONS TO STRESS- Symptoms include (not absolute indication or all inclusive):

Autonomic-  Sweaty palms, paleness

Inappropriate reactions- Extreme overcooperation, painstaking self-control, inappropriate laughter or singing, very rapid changes in emotions, and motion sickness under conditions of stress.

Marked Changes in Mood- Excellent morale followed by deep depression.

Severe Anger- at flight instructor, service personnel, or others.

ACTIONS REGARDING SERIOUSLY ABNORMAL STUDENTS- If  you believe that a student may have a serious pyschological defect, you have a legal and moral responsibility to refrain from certifying that student.

1. Arrange for another opinion- have him fly with another IP.

2. Advise standardization pilot- informal discussion as soon as a question of fitness arises.

3. Flight surgeon- Have the flight surgeon evaluate the student for fitness.

TERMS

· MAXIMUM ALTITUDE  A depicted altitude on an instrument approach chart with the altitude value overscored.  Maintain at or below this altitude.

· MAXIMUM AUTHORIZED ALTITUDE (MAA) A published altitude, maximum usable altitude for an airspace structure or route segment.

· MILITARY OPERATIONS AREA (MOA) Airspace established for the purpose of separating military training and IFR traffic.

· MILITARY TRAINING ROUTE (MTR) Airspace of defined vertical and lateral dimensions for conduct of military training in excess of 250 kts

· MINIMUM ALTITUDE An altitude underscored.  Aircraft required to remain at or above the depicted value.

· MINIMUM CROSSING ALTITUDE (MCA)  The lowest altitude at certain fixes at which an aircraft must cross when proceeding in the direction of a higher MEA.

· MINIMUM DESCENT ALTITUDE (MDA)  The lowest altitude (in feet MSL) to which descent is authorized on final approach, or during a circle-to-land maneuvering in execution of nonprecision approach.

· MINIMUM EN ROUTE ALTITUDE (MEA)  The lowest published altitude between radio fixes which ensures acceptable navigational signal coverage and meets obstacle clearance requirements between those fixes.

· MINIMUM OBSTRUCTION CLEARANCE ALTITUDE (MOCA)  The lowest published altitude in effect between radio fixes on VOR airways, off-airways routes or route segments which meets obstacle clearance requirements for the entire route segment and which ensures acceptable navigational signal coverage only within 25 sm (22nm) of a VOR.

· MINIMUM RECEPTION ALTITUDE (MRA)  The lowest altitude at which an airway intersection can be determined.  

· MINIMUM SAFE ALTITUDE (MSA)  The minimum altitude depicted on approach charts which provides at least 1,000’ of obstacle clearance for emergency use within a specified distance form the listed navigation facility.

· Congested area : 1000’ above/ 2000’ horizontal

· Uncongested : 500’ above

· MINIMUM VECTORING ALTITUDE (MVA)  An IFR altitude lower than the minimum en route altitude (MEA) that provides terrain and obstacle clearance.

· MINIMUMS SECTION  The areas on an Instrument Approach (IAP) chart that displays the lowest altitude and visibility requirements for the approach.  

· RANDOM ROUTES Direct routes based on area navigation capabilities, between waypoints defined in terms of lat/long coord, degree-distance fixes or offsets from established routes/airways at a specific distance and direction.
· PERFERRED IFR ROUTES Routes established in major terminal and en route environments to increase system efficiency and capability.  Clearances are issued based on these routes except for weather avoidance prohibits.   

· AIRMETS In flight weather advisory issued as an amendment to the area forecast, concerning weather of operational interest to all aircraft. (potentially hazardous to aircraft, pilots with limited capabilities.)
· SIGMETS A weather advisory issued concerning weather significant to the safety of all aircraft.
· CONVECTIVE SIGMETS Weather advisory concerning convective weather (TSW, Hail, Tornados) significant to the safety of ALL aircraft.
· VISUAL APPROACH Must maintain clear of clouds, airport reports 1000-3,

IFR in VMC
· CONTACT APPROACH Pilot requested, Clear of clouds/1 mile visibility
· TOUCHDOWN ZONE (TDZ) First 3000’ of the runway beginning at the threshold

· TOUCHDOWN ZONE ELEVATION (TDZE) Highest elevation in the first 3000’ of the landing surface.  Indicated on straight-in instrument approach.
· AIRCRAFT CATEGORY
· CAT A    Less than 91 Knots

· CAT B    91 knots to less than 121 knots

· CAT C    121 knots to less than 141 knots

· CAT D    141 knots to less than 166 knots

· CAT E     166 knots or more

–
· IFR ROUTE CLEARANCES:

· Obstacle Clearance 1000’ above, 2000’ above Mountainous

· 4 nm either side of route

–
· ALTITUDES

· INDICATED – an altitude on the altimeter

· PRESSURE – height above standard datum plane (29.92)

· DENSITY – conditions (altitude airplane thinks it is at)

· TRUE – height above mean sea level (MSL)

· ABSOLUTE – above surface/terrain
· AIR PRESSURE
· STATIC – still

· DYNAMIC – in motion (ram air)

–
· AIRSPEED
· INDICATED – as read from airspeed indicator 

· CALIBRATED – indicated airspeed corrected for installation and instrument error

· TRUE – calibrated corrected for air density (29.92/15C)

–
· HOLDING AIRSPEEDS


below 6000
                  200 knots    

· 6,001’ TO 14,000’ 
       230 KNOTS

     14,001’ AND ABOVE      265 KNOTS

HOLDING PATTERN TIMES
· At or Below 14,000’ MSL  1 minute/  Above 14,000’ MSL   1 ½ minutes

· TURNS IN HOLDING
· 3 Degrees/sec

· 30 Degree bank angle

· 25 Degree bank w/ AP/FD

· POSITION REPORTING
· Passing a VOR radio facility, the time reported should be the first complete reversal of the “TO/FROM” indicator is accomplished

· Passing a ADF, the time should be reported at which the indicator makes a complete reversal.

· Passing an aural/light panel indication, the time should be reported as the mean time of :first receiving the signal and the time when it ceases. 

· If a position is given with respect to distance and direction from a reporting point, the location should be a accurately as possible.

· Except for terminal area transition purposes, position reports or navigation with reference to aids not established for use in the structure in which flight is being conducted will not normally be required by ATC.

· POSITION REPORTING POINTS:

· Pilots must maintain a listening watch on the appropriate frequency and furnish position reports passing certain reporting points.  Compulsory and “on request” reporting points are depicted on en route charts.  Reports passing an “On request” reporting point are only necessary when requested by ATC.

· POSITION REPORTING REQUIREMENTS

· FLIGHTS ALONG AIRWAYS OR ROUTES – Must report all compulsory reporting points along the route to be flown.

· FLIGHTS ALONG A DIRECT ROUTE – Pilots shall report over each reporting point used in the flight plan to define the route of flight.

· FLIGHTS IN A RADAR ENVIROMENT – When informed by ATC “Radar Contact” pilot should discontinue position reports.  The normal position reports will resume when ATC advises “Radar Contact Lost” or “Radar Service Terminated”. 

· ADDITIONAL REPORTS  (WHEN NOT IN RADAR CONTACT)

· When leaving final approach fix inbound on final approach (nonprecision) or when leaving the outer marker or fix used inbound on final approach (precision)

–
· A corrected estimate at anytime there is an error in excess of 3 minutes

–
· Pilots encountering weather that is not forecast, or hazardous conditions which have been forecast, are expected to forward a report to ATC.
· NOTAMS

· Local : will not effect mission  (Taxiway closed)

· Distant : will effect mission  (Runway Closed)

· FDC : Regulatory in Nature  (Change to FARs)

· SOURCES of WEATHER

· Military Weather Brief   DD 175-1

· Local Policy

· FAA DUATS

· FIH – Area of Responsibility
· ALTITUDE:

· Minimum for IFR Operations
· Expected in further clearance

Assigned by ATC

· ROUTE LIMITS:

· Assigned
· Vectored

· Expected

· Filed

· BASIC RULE OF THUMB

· AS CLEARED
· AS EXPECTED 

· AS FILED
Drag
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FL600

Class A 

 Over CONUS +12 miles over water

  NO VFR

  IFR Cert a/c & pilot

29.92

18K MSL (1/2 atm.)

FIXED WING AIRSPACE INFORMATION

DME Reqd

(GPS ok)

24K MSL

14.5K MSL

10K MSL

B

30NM Mode C Veil

CC & 3 SM V

Xpond w/ 

Alt Reqd

C

<250K

<200K*

<200K

<250K

ATC Clearance

Radio Comms

VOR/TAC for IFR

Xpond w/ Alt. w/in 30 NM

2 way coms

Radio

Xpond (in and above)

D

2 way coms

Radio

Xpond NOT reqd

G

~ 4K AGL

~ 2.5K AGL

1200AGL

700AGL

Pressurized

Un-Press.

Oxygen

Crew/pax must wear/pre-breath for 30 min

>25K,  mask ready

10 min supply for each SOB

If depress >14K, must descend to 10K CPA

14K

Crew >12K >30min

Crew >10K >1 hr

Crew/Pax >14K = always

Hold 1.5min, <265K

(> 14K’)

Hold 1 min

6K

Hold 

<230K

<=14K’

>6K’

Hold 

<200K

<=6K’

Fly w/ CPA <10K

Min Safe Altitude:

1.  Anywhere - land w/o undue hazard to pers. /prop on ground

2.  Congested - 1000’ above, 2000’ horiz

3.  Uncongested - 500’ above

Special VFR: CC & 1SM, ATC clnc 

reqd, auth w/in lateral boundaries of

B,C,D, surf. E

*<200K below 2500’ w/in 4NM of primary airport (FAR91.117)

Busy Airports

Tower

Radar

IFR Traffic

Tower

Weather

~5NM

~10NM

20NM Class C outer area

<200K*

No supersonic

above land

IFR Route Clnc:  1000’, 2000’

in mountains, 4NM horizontal 

of course

Climb Schedule (C12):

SL to 10K	160K

10K to 20K	140K

20K to 25K	130K

25K to 31K	120K







Class E





1000’

1 M & 5 SM V

1000’



500’

2000’ &

3 SM V

1000’

Class E
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