Landing Gear and Brake System

Overview

Gear down and locked positions are indicated by three green lights located below the selector, and a red “Warning Gear Unsafe” light is located at the top of the panel.  An all lights out condition indicates the gear is up.


To prevent inadvertent gear retraction, if the gear selector is placed in the “Up” position and the airplane is on the ground, a squat switch located on the left main gear will prevent the hydraulic pump from actuating when the master switch is turned on.  On takeoff, when the landing gear strut drops to its full retraction, the safety switch closes to complete the circuit which allows the hydraulic pump to be activated to raise the landing gear when the gear selector is moved to the “Up” position.  During preflight check, be sure the landing gear selector is in the “Down” position and that the three green indicator lights are illuminated.  The gear should be retracted before VLO is reached.  The landing gear may be lowered at any airspeed up to VLE.


The hydraulic reservoir for landing gear operation is an integral part of hydraulic pump.  Access to the combination pump and reservoir may be gained through the panel located on the aft hatshelf bulkhead in the baggage compartment.

The gear warning horn emits a 90 cycle per minute beeping sound in contrast to the stall warning horn which emits a continuous sound.
Introduction


The PA-28 Arrow Series aircraft are equipped with retractable tricycle air-oil strut type landing gear which are hydraulically operated by an electrically powered reversible pump.

Landing Gear System


The PA-28 Arrow Series aircraft are equipped with a retractable, tricycle, air-oil strut type landing gear system that is hydraulically actuated by an electrically powered reversible pump.  The hydraulic pump is controlled by the landing gear selector knob, located on the instrument panel to the left of the control quadrant.  The gear extension / retraction speed is approximately seven seconds.


The emergency gear lever, when used for emergency extension of the gear, manually releases hydraulic pressure to permit the gear to free-fall with spring assistance on the nose gear.  The lever must be placed in the downward position for emergency extension and held down on those aircraft equipped with a lever return spring.  On those aircraft not equipped with the spring, the lever must be returned to the raised position before the gear can be retracted.

Figure 1:  Main Gear
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Figure 2: Nose Gear
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Figure 3:  Schematic Diagram of Hydraulic System
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Figure 4: Electrical Schematic of Landing Gear
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Figure 5: Hydraulic Pump
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Figure 6:  Nose gear retraction
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Figure 7: Hydraulic System
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Figure 8: Brake System
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Figure 9: Throttle Warning Switches
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Landing Gear Summary

Main Gear Assembly

· Oleo Strut
· 2.25” to 2.75”
· Actuator
· Hydraulic power applied to the actuators on each main gear pull the gear up and help the gear down
· Drag Link
· Provides support for the strut and prevents the gear from folding backwards during landing
· Downlock Hook

· Prevents the gear from folding inward during ground operations

· Squat Switch

· Microswitch in the electrical circuit that raises and lowers the gear

· Wheel and Tire

· 6”, 6 ply tire

· 1/8” tread minimum

Nose Gear Assembly

· Wheel and Tire

· 5”, 4 ply tire

· 1/8” tread minimum

· Drag Link

· Supports gear strut and prevents it from collapsing backwards during ground operations

· Shimmy Dampener

· Small hydraulic cylinder on left side

· Prevents the wheel from shimmying when rotating at high speeds

· Downlock Hook

· Prevents the gear from folding back into the wheel well after the gear has been lowered

· Actuator

· Hydraulic power applied to the actuator on the gear pulls it up and pushes it down
· Steering Push Rods

· Attached to rudder pedals

· Bungee Assembly

· Acts as a shock absorber to prevent damage to the nose wheel steering system

Hydraulic System

· Hydraulic Pump

· Reversible electric pump providing hydraulic pressure to raise and lower the gear

· Hydraulic Fluid Reservoir

· Contains hydraulic fluid pumped through the system

· Hydraulic Actuators

· Receives hydraulic power from the pump to raise or lower the gear

· Pressure Switch

· Turns the pump off when pressure reaches 1800 PSI during gear retraction

· If line pressure to the bottom of the actuators drops below 1800 PSI, the pressure switch closes to start the pump and increase pressure to more than 1800 PSI

· High Pressure Control

· Is essentially a relief valve that is used during gear retraction if pressure in the lines exceeds 2,250 psi.  If for example the pressure switch was to fail and not turn the pump off at 1800 psi, the high pressure control would allow fluid back into the reservoir instead of over pressurizing the lines
· Low Pressure Control

· Is once again essentially a relief valve that is used during gear extension.  If pressure in the lines were to exceed 650 psi during gear extension, the low control pressure would allow fluid back into the reservoir.  The likely cause of this would be a down limit switch malfunction.  If the down limit switch was not to work, the hydraulic pump would run infinitely.  In this case, fluid would escape through the low pressure control.
· Thermal Relief

· A relief valve that is used when the gear is fully retracted.  This relief valve allows fluid to return to the reservoir.  The likely cause of a pressure increase with the gear up would be thermal expansion due to an increase in outside air temperature.
· Emergency Gear Valve

· Pressure relief valve located in the lines to hold gear up in the retracted position

· Opening will divert fluid to the reservoir from the high pressure lines

· Uplimit Switches

· The red “gear unsafe” light turns off when all three up limit switches are closed.
· Downlimit Switches

· Each down limit switch is connected to a respective gear down annunciator.  With the down limit switch closed, the annunciator illuminates.  As well, on gear extension with all three down limit switches closed, the hydraulic pump is turned off.
Brake System
· Brake Fluid Reservoir

· Beneath cowl, left side of engine compartment

· Holds the hydraulic fluid that actuates the brake assemblies

· Brake Lines

· Aluminum and flexible tubing carrying the brake fluid from the reservoir to the brake cylinders and from the cylinders to the wheel brakes

· Check valves in the brake lines prevent pressure from flowing in the wrong direction

· Brake Cylinders

· One for each main gear assembly

· Operate independently to transfer pressure on the brake pedals to the brakes

· Main Wheel Brake Assemblies

· Located on each main wheel

· Caliper type disk brakes

· Brake disks are located on the inside of each main gear assembly between the strut and wheel

· Brake calipers are mounted aft of the discs

· Pads on each caliper are designed to come in contact with the brake discs to slow them down

· The parking brake locks the calipers closed by applying pressure to the calipers in both brake assemblies

· Landing Gear Controls
· Gear Selector

· Used to raise and lower the gear

· Emergency Gear Lever

· Allows the pilot to extend the gear if there is fault in the gear lowering mechanism

· Hydraulic Pump Circuit Breaker

· Protects the electrical system from faults in the electric hydraulic motor

· 25 amps, manual pull

· Landing Gear Position Lights

· Indicates status of each gear

· Circuit breaker cannot be manually pulled

· Gear Unsafe Lights

· Illuminates to advise the pilot when the landing gear is in a potentially unsafe condition

· Will illuminate when the gear is in transit, or when the gear is not in the full up or locked down positions

· Gear Warning Horn

· Sounds when:

·  the throttle is below 14” MAP and the gear is in the up position

· the flaps are set to 25 degrees or greater and the gear is in the up position

· the gear is selected up while on the ground

· Rudder Pedals

· Nose wheel steering during ground operations

· Brake Controls

· Toe Brakes

· Parking Brake:  Main gear brakes locked

Retracting Landing Gear

· Hydraulic pump pumps fluid into the gear up lines thereby forcing high pressure hydraulic fluid to the actuators

Extending Landing Gear

· Hydraulic pump pumps fluid into the gear down lines, the actuators push the gear into the down positions and the downlock hooks secure the gear

Brake System Operation
· As the parking brake is pulled up, brake fluid is forced from the parking brake cylinder to the calipers on each main gear.  When the handle is locked in place, the pressure of the brake fluid hold the calipers closed and the wheels cannot rotate.

Landing Gear Sample Questions

1. What V-speeds do we associate with the landing gear?

2. Why is VLO lower than VLE?

3. Explain how the gear is lowered and raised

4. Where the landing gear pump and reservoir located?

5. What does the low and high pressure controls do?

6. What does the low pressure and high pressure controls do?

7. What does the thermal relief do?

8. What is the purpose of the orifice?

9. How does the emergency gear extend lever work?

10. What do the up and down limit switches do?

11. What is the purpose of the downlock hooks?

12. Why can’t the landing gear be retracted on the ground?

13. What is an actuating cylinder?

14. When would the red gear unsafe light illuminate?

15. When do you hear the gear warning horn?

16. What actions would you take if the gear failed to retract or extend?

17. How would you determine if the gear pump was continuously running?

18. What would you do if the main gear failed to lock down?

19. How many seconds does the gear need to extend or retract?

20. How do the brakes work?

21. How does the aircraft steer on the ground?
