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UNITED STATES MARINE CORPS

    Marine Aviation Weapons and Tactics Squadron One
 Box 99200

 Yuma, Arizona 85369-9200

                                                                                                                SWTI 0878

                                                                                                                16 AUG 04
       M-21 EXPEDITIONARY ARRESTING GEAR SYSTEM
   STUDENT OUTLINE
I.  Introduction
A. Lesson Purpose This lecture describes the equipment comprising the M-21 Expeditionary Arresting Gear System and is intended to provide the Weapons and Tactics Instructor (WTI) with a comprehensive understanding of the M-21 system.

B.  Reference(s):

1.  NAVAIR 51-5EAA-2 M-21 Expeditionary Aircraft Recovery System


2.  NAEC-91-7599 M-21 Arresting Gear Technical Report

3. MRC 5861 R-4 M-21 Arresting Gear Maintenance Readiness Card

C. Enabling Learning Objectives
1. State the three main assemblies of the M-21 System.

2. State the hydrodynamic principle that enables the M-21 System to arrest an

aircraft.
II. Body  

A.  General Description
1. The M-21 Expeditionary Arresting Gear System is a lightweight, high-capacity arresting system for the recovery of aircraft at an EAF or a Forward Operating Base under normal arresting conditions.  Recovery of aircraft is accomplished through a pair of arrester engine assemblies (energy absorbers), which are connected by a deck pendant.

2.
The arrester engines utilize the vortex principle of energy absorption in a hydrodynamic braking system.  The principle of operation is as follows: As the arresting hook of an incoming aircraft engages the deck pendant, which is pretensioned across the runway and connected to tapes on the arrester engines, the tapes unwind to set the absorber rotor of each arrester engine in motion.  Rotation of the rotor sets fluid in the base of the arrester engine into motion, causing the fluid to flow toward and around the outer periphery of the rotor at great velocity and developing a vortex action at the center of the rotor.  This flow is diverted to the absorber stator, which decreases the velocity and causes the flow to enter the vortex action of the fluid.  As fluid motion increases, due to the rapid tape removal, the greater is the braking action.  A throttle in the base of the absorber controls the rate of flow of the fluid through the absorber, for a specific aircraft weight and engagement speed.

3.
At completion of an arrestment, a friction brake within each arrester engine retains the tape reel in the unwound condition, to allow disengagement of the deck pendant from the aircraft's arresting hook.  The friction brakes are released and the tape is then rewound on to its respective reel.  A separate retrieve engine assembly powers each reel.

B. M-21 Expeditionary Arresting Gear System
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Figure 1


1.  The M-21 Expeditionary Arresting Gear System (figure 1).  Is comprised of two arrester units, each consisting of three major assemblies, the arrester engine assembly, retrieve engine assembly, a deck pendant, and pendant support assembly.  Also included are the items used to anchor the system in place, such as side and end aprons, support tubes, and earth anchors.  The two-arrester units are located, in line, one on each side of the runway (within 5 deg of each other).  The deck pendant is attached to the tape connector of each arrester unit and supported by pendant supports.


2.  Each arrester unit, consisting primarily of an arrester engine assembly (energy absorber) and a retrieve engine assembly, is secured in place through aprons and support tubes attached to the arrester engine.  Stakes, earth anchors, and sleeves are driven into openings provided in the aprons to prevent movement.  The earth anchors are of the explosive type which, when detonated, form a cavity in the earth to receive the grout.  Drivable Earth Anchors or DEA's are also being used with great success and greatly reduce the logistical requirements.  Stakes are driven through openings in the aprons and are used to prevent lateral movement of the unit.

C. Arrester Engine Assembly 
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Figure 2


1.  The Arrester Engine Assembly (figure 2).  Is the energy absorber for the M-21 System and is comprised of the following: base assembly, friction brake, absorber assembly, reel assembly, sheave assemblies, and tight-wrap pressure arm assembly. 


2.  The Base Assembly.  Receives and retains the working components of the arrester engine assembly.  Primarily a container for the fluid and housing for the absorber assembly, the base also contains gages, hose couplings, and controls for the throttle.  Sheave assemblies are mounted on the base for the purpose of guiding the tape as it leaves the reel.  Hydraulic lines are located within the base assembly for the friction brake release mechanism, swing gear, and tight-wrap pressure arm. A well is located within the base assembly for containing a bladder, which maintains pressure (50 psi) on the fluid in the base after the unit has been filled and prepared for arrestment.  Filling and replenishment of the bladder is accomplished through an air compressor located on the retrieve engine.  Located on the same surface as the controls is a right-angle drive, which is attached to a swing gear.  This right-angle drive connects to the driveshaft of the retrieve engine.  The swing gear, which is operated by a hydraulic cylinder, engages the main retrieve gear on the reel assembly during retrieving operations.  Mounted to a pad on the top surface of the base is a circular level used for positioning the unit during installation. Two cavities are provided on each side of the base assembly; one to receive a davit assembly that is used for tape reel installation and removal, and the other to position the tight-wrap pressure arm assembly. The pressure arm, which is operated by a hydraulic cylinder, contacts the tape and functions to keep it tight during normal retrieve operations. 


3.  The Friction Brake.  Applies the necessary pressure on the braking disc to keep the pendant in tension prior to an arrestment, and to create drag on the reel assembly during an arrestment.  The brake is disengaged during retrieve operations.  Consisting primarily of an upper plate assembly, disc assembly, and lower plate, the unit is held in tension by a series of stud assemblies, which keep the pendant in tension prior to an arrestment. The upper and lower brake plate assemblies contain passages for coolant.  During operation, fluid within the absorber is forced through openings in the stator to the lower brake plate and simultaneously through a series of nipples to the upper brake plate.  Return fluid passes through a second group of nipples from the upper brake plate into the base. Return fluid from the lower brake plate returns to the base.  In both instances, return fluid reaches the base beyond the outside wall of the stator.  The disc assembly is driven by lugs on the hub assembly of the absorber assembly and rides between the upper and lower brake plate assemblies.  Sintered copper-bronze pads are riveted to the top and bottom surfaces of a disc weldment that is part of the disc assembly.  These pads ride against the surfaces of the upper and lower brake plate assemblies.  Small hydraulic pistons housed in a ring within the base engage a group of stud assemblies, which lift the upper brake plate assembly to release the brake during tape retrieval.  A guard is provided to keep foreign matter out of the brake area.


4.  The Absorber Assembly.  Is that portion of the arrester engine, which provides the hydrodynamic breaking action.  This assembly is comprised of two major assemblies.  Namely, the upper absorber assembly (rotating portion) and the stator and throttle assembly (fixed portion). The upper absorber assembly consists of three main assemblies arranged one inside the other.  These assemblies are the hub (outer assembly), post (intermediate assembly), and the shaft (inner assembly).  The post is secured to the stator, and provides bearing support for both the shaft and hub, which are attached to each other at the top by a series of bolts.  The hub and shaft rotate on a pair of roller bearings placed on the post.  A seal is provided at the top bearing to prevent both fluid leakage and entrance of foreign matter.  The outside diameter of the hub serves as a hub for the reel assembly.  The shaft, which rotates inside the post, contains the rotor, which is splined to the lower end.  The rotor contains a series of vanes on its periphery, which function to displace fluid within the unit during operation.  A valve is provided on the top of the shaft to facilitate filling and venting.  This valve is internally threaded to receive the screw that holds the reel assembly in place.  Driving dogs on the upper end of the shaft engage with dogs on the reel hub to provide a means through which the reel rotates the hub and shaft.


5.  The Stator.  Receives the rotor and contains vanes on its periphery similar to those on the rotor.  It provides support for the upper absorber assembly and, in turn, is mounted to the base assembly, which serves as a housing for the entire absorber assembly.  The bottom portion of the stator contains the throttle assembly, which provides the means for controlling fluid flow between the vanes of the rotor and the stator.  A crank located on the side of the base assembly operates the throttle assembly.  Also included and attached to the base assembly is a throttle release lever and throttle indicator.  The release lever unlocks the throttle to permit setting or adjustment, and the indicator gives the throttle setting.  The throttle setting is a numerical value that indicates the clearance (opening) between the throttle ring and the rotor and stator vanes.  The throttle assembly consists primarily of a base, throttle ring, and adjusting screw.  Vertical movement of the throttle ring is accomplished by the adjusting screw, which is rotated by a pinion bevel gear attached to the end of the throttle crankshaft.  The pinion gear meshes with a bevel gear pinned to the bottom of the adjusting screw, which is held in the base by a retaining ring.  A locking device consisting of a spring-loaded piston connected to a release lever prevents inadvertent rotation of the adjusting screw.  The spring-loaded piston engages a toothed-wheel, which is an integral part of the adjusting screw.  The release lever must be disengaged before the throttle setting can be changed, and a stop pin attached to the throttle ring prevents the throttle ring from rotating and also limits the upward travel of the throttle ring (travel toward closed position).  A setscrew in the stop allows for an adjustment of the closed position.  Three adjusting bolts and lock nuts in the base plate limit the downward travel of the throttle ring (travel toward open position).  Another pinion bevel gear mounted on the base plate engages the driven bevel gear on the adjusting screw and through a worm gear drive actuates the throttle-setting indicator.
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Figure 3


6. Tapes and Reel Assembly.  The tape and reel assembly (figure 3) sits over the hub assembly of the upper absorber assembly, and is held in place by a large screw that threads into the filling and venting valve.  Driving dogs on the shaft of the absorber engage mating dogs inside the top portion of the reel hub. Flange assemblies fastened to the top and bottom of the reel hub, provide a guide and housing for the tape.  Securing of the double sewn loop tape to the hub is accomplished through a pin assembly that is bolted to the reel hub.  Instruction plates pertaining to the direction of wrap of the tape are placed adjacent to the main attaching point and on the top surface of the upper flange assembly.  Bolted to the underside of the lower flange is the main retrieve gear.  This gear meshes with the swing gear of the retrieve drive located on the base assembly.  The tape assembly is a nylon tape .300-inch thick by eleven inches wide.  A loop is stitched at both ends and receives the tape connector assembly.  The opposite end attaches to the reel hub by a large pin.  Tapes are serviceable up to 8 years after date of manufacture.  An inspection criteria is listed in the applicable Maintenance Requirement Cards (MRC).  Tapes by design are capable of 300+ arrestments.


7. Sheave Assembly.  Two sheave assemblies are provided with each arrester engine assembly to guide the tape during arrest and retrieve.  Each sheave assembly consists of a hub, roller bearings, sheave, and seals.  The sheave assemblies are supported on separate post assemblies that project above the base.  A cover and a pair of screws retain the sheave assemblies on the post assemblies.  The lower portion of the post assembly is inserted into a circular well in the base.  A locking bolt secures the post assembly in the base and prevents it from turning.


8. Tight-Wrap Pressure Arm Assembly.  A tight-wrap pressure arm assembly is provided with each arrester engine and applies necessary pressure on the tape during normal retrieve operations to ensure a tight wrap.  This assembly consists of a post assembly and arm assembly.  The post assembly weldment serves as the supporting member and pivot point for the arm assembly.  The lower part of the post extends into the base assembly and is retained with two hold down clips.  A bell crank projects from the post inboard toward the tape reel and provides a point for connection to a hydraulic cylinder, which is secured to the base assembly.  The arm assembly is secured at the top of the post assembly by two lugs and spans the distance from the post to tape.  A roller at the end of the arm contacts the tape and maintains the required contact during normal retrieve operations. During normal retrieve operations, hydraulic fluid under pressure activates the hydraulic cylinder and engages the pressure arm. The pressure arm is disengaged during manual retrieve and arrest operations.

D.  Retrieve Drive 


1. The function of the retrieve drive is to return the tape and pendant to the ready-for-arrestment condition.  The retrieve drive consists mainly of a retrieve engine assembly, drive shaft, and a swing gear arrangement.  Operation of the retrieve drive system is controlled from a chassis assembly (control panel) located on top of the retrieve engine assembly.
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Figure 4


2.  The Retrieve Engine Assembly (figure 4).  Has a diesel engine rated as follows: maximum speed 2800 rpm; maximum output at 2800 rpm 106HP; intermittent output at 2800 rpm 96 HP; continuous output at 2400 rpm 77 HP; maximum torque at 2400 rpm @ 218 foot pounds.  The engine is capable of operating with one of the following: combat gasoline, No. 1 or No. 2 diesel fuel, JP4 or JP8, and CITE fuel.  In addition to providing the power to retrieve the tape, the engine drives an air compressor and a hydraulic pump.  The air compressor supplies air to the bladder in the arrester engine base.  The entire unit is placed on a sub-base, which also serves as a skid.  A drive shaft assembly accomplishes connection between the retrieve engine and arrester engine assembly, which is a splined, telescoping unit containing spider bearings at each end.  One spider bearing is attached to the shaft of the diesel engine and the other spider bearing is attached through a fitting yoke to the right-angle drive of the swing gear on the arrester engine assembly.  The swing gear arrangement engages the main retrieve gear on the reel assembly, for the purpose of rewinding the tape onto the reel.  A right-angle drive, comprised of bevel gears, shafts, and a bearing, affords the necessary connection to a pinion and idler gears.  The pinion and idler gears are retained in a housing, which pivots about the vertical shaft of the right-angle drive.  Motion for engagement or disengagement is obtained through a hydraulic cylinder attached by a pin and clevis to the housing and base assembly.

3.The Control Panel.  The diesel engine control panel contains the following gages, lights, and switches: tachometer for recording the engine speed, amp meter for indicating current being delivered from the generator (alternator), pressure gages to indicate the engine oil pressure and hydraulic pressure, and a temperature gage to indicate the engine coolant temperature.  Also included on the front panel are three switches and two lights: a master switch to turn off main power to all circuits, a starter switch for the engine, and a light switch; one light indicates generator (alternator) operation and the other is a caution indicator for the SELECTOR lever.  Also, a warning light for the SELECTOR lever is mounted on top of the control panel.  A by-pass valve is located in the back of the control pail and is used for manual retrieve. 

4. Normal retrieve of the arrester unit is accomplished through operation of the SELECTOR and THROTTLE levers mounted on the sides of the control panel (see figure 5).  The SELECTOR lever is located on the left side of the panel and is normally in the "ARREST" (vertical) position.  The THROTTLE lever is located on the right side of the panel and is normally in the "IDLE" (vertical) position.  Both levers are spring-loaded to return to the normal (vertical) position.  The levers are secured to separate shafts, which have a common centerline, with the throttle lever shaft fitting into the end of the selector lever shaft.  A separate cam and latch arrangement provided on each shaft, at the point where the shafts meet, serves as a mechanical interlock for the levers.  The mechanical interlock prevents the following: (I) advancement of the SELECTOR lever to "RETRIEVE" position whenever the THROTTLE lever is not in "IDLE" position, and (2) advancement of the THROTTLE lever before the SELECTOR lever is fully advance to the "RETRIEVE" position during retrieving operations.
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Figure 5


5. The Hydraulic System.  Is essentially composed of a hydraulic pump coupled to the diesel engine, a fluid reservoir, a valve body, a hand pump for emergency use, fluid, piping and accessories, and the hydraulic cylinders on the retrieve engine clutch, arrester engine swing gear, friction brake, and tight-wrap pressure arm.  An accumulator is provided as a booster for the hydraulic system and for emergency operation.  The primary function of the hydraulic system is to deliver pressurized fluid to cylinders and pistons for actuating the retrieve engine clutch, arrester engine swing gear, friction brake, and tight-wrap pressure arm.  The entire hydraulic system, with the exception of the swing gear cylinder, friction brake release pistons, and tight-wrap pressure arm, is affixed to the retrieve engine.  Control of the system is exercised from the control panel (figure 5) by the SELECTOR lever. Four modes of operation are possible:  "ARREST" (normal), "RETRIEVE", "STOP" (FROM RETRIEVE TO ARREST), and "MANUAL RETRIEVE".  The following chart indicates the position of the retrieve engine clutch, arrester engine swing gear, friction brake, and tight-wrap pressure arm for the four positions of the SELECTOR lever. 

6.  The Electrical System.  Operates from the diesel engine power supply, which is 24-volt DC current.  Controlled by a master switch (on-off toggle switch) on the control panel, current is allowed to flow to the rest of the circuit.  The starter switch (single pole, toggle, off momentary on) energizes the diesel engine starter.  A panel light switch (single pole, toggle, on-off) controls the panel lights.  Pressure and temperature sending units are connected to their respective gages.  The circuit also provides for flashing red caution and warning lights, which are operated by a cam operated micro switch.  This switch is in the normally open condition at the "ARREST" mode of operation An amp meter and red generator (alternator) light indicate operation of the diesel generator (alternator).  A receptacle is provided for connection of accessories.

D.  Deck Pendant and Pendant Support Assembly 


1.
The Deck Pendant.   Connects the two arrester units and provides a method for receiving the aircraft's tail hook.  Pendant supports are secured to the runway matting and used to elevate the deck pendant to facilitate tail hook engagement. 
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Figure 6


2.
The Deck Pendant (figure 6).  Is a 1 1/4-inch diameter non-rotating wire rope held above the surface of the runway by pendant supports.  Each end of the deck pendant has a swaged terminal, which attaches to the tape connector of each arrester engine tape. During arrestment, the aircraft-arresting hook engages the deck pendant thereby causing the purchase tapes to pay out and activate the arresting engines.  The deck pendant length will vary according to the deck sheave span.  Inspection criteria for the deck pendants are listed in the applicable Maintenance Requirement Card.  Deck pendants are by design required to handle 50 arrestments below 160 knots or 1 arrestment above 160 knots.


3. 
Pendant Supports.  May be made of any of the following: (1) polyurethane pendant support molded in steel mounting plate, (2) donut wire supports, and condemned (ten to sixteen ply) aircraft tires.  The pendant support is designed to hold the deck pendant the correct height above the runway surface to properly engage the aircraft-arresting hook.  Four to sixteen pendant supports are used with each Primary Recovery Installation.  The number required is determined by runway width.  Aircraft tire pendant supports shall not be used when high cycle operations exist.

III.  Summary
A. The M-21 Expeditionary Arresting Gear System is invaluable to tail hook equipped aircraft.  Although the M-21 system has been in the inventory since the early sixties, it continues to provide a safe and effective means of arresting aircraft.  Without a mobile arresting gear system Marine Corps Aviation would not be able to exploit it's unique Expeditionary Airfield capability.  
Although the M-21 system is soon to be replaced by the M-31 system, it is imperative that members of the MWSS understand its logistical requirements and operational capabilities.
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