CHAPTER 6

HYDRAULICS IN MISSILE LAUNCHING SYSTEMS

INTRODUCTION design characteristics of power, speed, and cqntrol
and will help to eliminate extensive repairs and
In the process of passing from striker to GMMc®stly replacement. Correct casualty analysis can
and then to GMM 2, you have learned the theoryltd made only by someone with a thorough
hydraulics as applied to missile launching systerkaowledge of how the equipment operates. When
You have learned how to operate the hydraulicathpuble develops, reach first for the OP - not for
powered handling equipment and missile launchipgur wrench.
machinery, and how to drain and refill the Hydraulic systems can actuate mechanisms
hydraulic systems. You know how to look foalmost instantaneously, with almost 100 percent
leaks, check pressure, check fluid level, chargiiciency; but leakage or foreign matter can make
accumulators, and disassemble, inspect, clean, #red whole system in operative. Daily checks on
lubricate hydraulic equipment leakage, and constant vigilance against entrance of
Every missile launching system in current iseforeign matter, are very important parts of
operated in part by hydraulic power. The netwohlydraulic system maintenance. You have learned
of piping required to carry the oil, and the valtes many of the basic types of repairs, such as
direct, restrict, relieve, or shut off the flow @ffl replacing pipes and pipe sections, fittings, gasket
numerous places for trouble to develop. Constamid valves; cleaning or replacing filters; venting
inspection and maintenance are necessary to kimepsystem of air; and replacing broken or defectiv
the systems operating smoothly. You know fromechanical parts. Now you need to learn how to
experience that the trouble spot is sometimes hadjust all parts of the hydraulic system, and to
to locate. To advance to GMM 1 or GMM C, yoaverhaul and repair any part. To qualify for GMM
need to become more expert in troubleshooti@gyou must be able to plan and supervise the repair
hydraulic systems and learn to test, adjust repaind maintenance program. Since many parts of a
and overhaul them. Overhaul of the whole systéaunching system are operated by hydraulic power,
is done at shipyards. many components are involved. There is not just
Hydraulic power drives have been used in tbhee power drive unit to be maintained, but several,
Navy for many years to train and elevate guns agach  with  attached electrical, electronic,
when launchers were needed for rockets ameéchanical, and/or pneumatic components. You
missiles, power drives were adapted for them. Tiha&ve to interpret the application of basic hydm@uli
principal advantage of hydraulic power drives winciples in each system.
their ability to move large loads smoothly and This chapter will expand on the information
quickly. A disadvantage is the need for constagiven in the preceding texiGunner's Mate M
maintenance. Strict adherence to the instructiongMissiles) 3 & 2 NAVTRA 10199 and will give
the maintenance publications and the Maintenamcf®rmation on the more technical aspects of
Requirement Cards (MRCs) will help thenaintenance and alignment. The safety factors will
equipment to retain its be mentioned briefly in connection with the work,
but a more complete treatment will be
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CHAPTER 6 - HYDRAULICS IN MISSILE LAUNCHING SYSTEMS

given in chapter 12. Emphasis will be given to yoare called "dead-man" brakes. Some dollies are
responsibility in planning, implementing, andesigned for use with a particular missile, and
supervising maintenance and repair work, athers, such as Weapon Component Transfer Dolly
inspection of work done by others, and testiddk 6 Mod 0, are adaptable to several types (Terrier
before and after work is done on equipmemhissile, Terrier booster, or Tartar, in this inst@n
Alignment of components of a launching systemThis type of transfer dolly is used for transfer at
a precise operation that requires both knowledgga, and to move the missile about on deck.
and skill. The information in this chapter will tie Other  hydraulically = operated handling
with that of the preceding chapter. equipment includes ready service cranes, transfer
cranes, and hydraulic booms. The strikedown
HYDRAULIC POWER IN MISSILE  glevator and hatch in the Mk 10 launching system
SYSTEMS are hydraulically operated by the loader

Hydraulic power drives are used in missiféccumulator power drive. The ship's elevators also
systems to load and unload missiles from 25 operated by electrohydraulic power. Hydraulic

magazine stowage area to the launcher guide afHid_Provides the “muscle” for much of the

to position missile launchers in train and elevati@©Ving machinery aboard ship. The electrical
for firing, to load and off load missiles from ship system activates and controls the hydraulic system.

ship or from ship to shore, and in some system§{OpRAULICS IN THE EEEDER SYSTEM
jettison unwanted missiles. Hydraulics are also

used in the missile themselves to control theThe feeder system of a typical missile launghin
missile flight attitude through movement of missilgystem includes the magazine, loader (rammer),
control surfaces (wings). This chapter will explaimssembler, and strikedown equipment. Tartar
hydraulics in launching systems so we'll natissiles do not require assembly areas, and have no
discuss hydraulics in missiles. How hydraulstrikedown area for checkout or repair. Otherwise,
systems control the missile’'s flight path e can consider Mk 10(Terrier) as a typical

explained in GMM 3&2, NT 10199. launching system. What components are operated
by hydraulic power?
HANDLING EQUIPMENT The loader accumulator power units are located

the strikedown and checkout area and supply

The use of handling equipment in Ioadin', >
draulic power to:

strikedown, strikeup, and offloading was describ&y
in chapter 2, but little was said about the sowfce ) )
power for the equipments used. Figure 2-171-Spanning rails and blastdoors.
showed hand lift trucks used to move the Asroc?- Retractable rails.
missile in its container. Two trucks are required. 3 Floating rails on tracks.
The Mk 41 has a hydraulically operated lifting arm, 4- Loader positioner.
located at the front _of the truck, to raise or lowﬁ/lagazine Accumulator Power System
the container. Closing the pressure-release valve
and operating the hydraulic pump handle raises th&each magazine accumulator power system has
lifting arm. It is lowered by opening the pressuréur accumulators, and supplies hydraulic fluid for
release valve. The Mk 42 uses a screw jadgerating:
operated by a ratchet wrench, to raise or lower the
lifting arm. The Mk 41 hand lift trucks are being 1. Ready service drive motor.
replaced by the Mk 42. 2. Tray-shift mechanism.
Transfer dollies of different mods, but similar 3. Magazine hoist.
construction and operation are used for transfgrrin 4. Magazine doors.
missiles. The framework and shock absorbers
protect the missile against accidental impact, andThe ready service ring may be rotated in either
the hydraulic or hydraulic-mechanical brakes makeection by the hydraulic motor. The
control positive. They
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GUNNER'S MATEM 1 & C

tray-shift mechanism, used to transfer a missile power-driven or manually operated. This is used
either from the ready service ring to the hoist, tr provide a limited supply of hydraulic fluid for
the reverse, is moved by extending emergency operation. During maintenance or
hydraulically operated piston rod. The magazinestallation, the hand pump is used.
doors are hydraulically opened upward, and maySeveral types of valves and a parallel pistomp
be locked open or closed by means of latcheere illustrated and described @unner's Mate M
which are operated hydraulically. The hoist hagMissiles) 3 & 2 NAVTRA 10199. Not all power
hydraulic drive unit with upper drivedrives have all the associated valves in one valve
transmission, lower drive transmission, and dridock but may have several separate assemblies. The
shafts. The accumulator power supply systamalves control the volume of fluid, the directioh o
consists of an electric motor, piston pump, supglgw, and the pressures at which the system operate
tank, header tank, control valve block, and four Figure 6-2 is a schematic of the magazine
accumulators. accumulator system used in the Mk 10 Mod O
The location of each of the power units vari@errier system. The accumulator flasks, one of
somewhat with the mark and mod of the systemhich is shown with the internal bladder and the
and the ships on which they are installed. The Mkppet valve, are charged with nitrogen through
10 Mod 7 system is installed forward on the @titrogen valves. The pressure required varies with
level of DLG-26 class ships and it has three reatihy temperature; refer to the data chart on the
service rings instead of the usual two. Mods 3 acttarging valve block when checking the pressure.
4 are installed aft and athwartship from eadHis is one of the daily maintenance procedures; us
other on CV A-63 class ships, which imposestlze MRC cards if you have them aboard, and if not,
different placement of the ready service ringse OP 2351, vol. 1. Be sure you have the latest
(and their power units). It is not so much thevision.
location of the different units that you need to Checking the fluid level in the header tank is
memorize, as the action and interaction of theother daily maintenance job. The system must be
different components in the system. shut down before you do this. Most header tanks
Magazines with two sides, A and B, whichave a sight gauge through which you can see the
include all Talos and Terrier, have two magazifleid level. Use the MRC (or the OP) for step-by-
accumulator systems, one for each side, to supgligp instructions.
power to the magazine components. Figure 6-1The electric motor to operate the pump (insiae
shows the location of components in the Mk Huipply tank) is coupled to the pump through a
Mod 7 system. The accumulator flasks are nobunting flange. The pump draws the hydraulic
shown in this illustration; the high pressuruid through the intake screen and discharges the
accumulator pump is inside the fluid-filled supplfjuid under pressure to the valve block. From the
tank, and is therefore not visible. This system haalve block, the pressurized fluid is passed thhoug
one header tank common to both A and B sidesthe filter elements and the filter bypass valvdhe
The supply tank holds the hydraulic fluid, thenloading and starting valves. If the filters are
motor driven pump produces the hydrauldogged and the fluid must pass through the filter
pressure, the valves in the valve block reguldtgpass valve, a light on the EP-2 panel comes on,
system pressures, and the accumulator flask®wing that the filters must be replaced. In an
store energy, absorb hydraulic shocks, aadhergency it is possible to continue operating the
prevent excessive pressure fluctuations. pdwer drive when the filters are clogged, but in
solenoid assembly, attached to the valve blogkactice sessions you would stop the operation and
actuates the dump valve to dump pressure fluidéplace the filters. For practice in servicing efik
the tank when the system is deactivated. (fig. 6-3), remove the 12 filter elements from the
Systems that require a large volume of pressaoreltielement filter assembly, inspect the elements,
fluid usually make use of a parallel piston pumpplace them, and reassemble the unit. Follow the
instead of a gear pump. In addition, all pow8RC instructions (or the OP). This assembly filters
drives have an auxiliary pump, which may the pressure fluid passing from
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the adapter block to the accumulator flagkrection. The control valve maintains the pressure
assembly. It is mounted on the side of the supplgtween the set limits (for example, 1300 to 1500
tank. psi), by control of the unloading valve opening or

The pressure fluid passes around the unloadtimging It as needed to keep the pressure within
valve, which is operated by the control valve, afithits. Excess pressure fluid is ported to the tank
goes on to the starting valve. The check vali?eessurized fluid passes through the check valve
allows the fluid to go in only one into the accumulator flasks, where
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some is stored to maintain a steady pressure indleetrical signals. Figure 6-4 shows the valve bloc

system. for the tray shift mechanism at station 1 (the
The connection of the hand pump to the systé&nansfer station). The operating cylinder with its
is also shown in figure 6-2. piston and orifice rod does the actual positiorong
the tray.

TRAY SHIFT MECHANISM. - The tray shift The detented solenoid LHDALl (fig. 6-4) is
mechanism is located at the top of the ready senattached to the side of the valve block. There are
ring truss at station 1, the transfer station. so switches, but only one is shown (SIDA2). Tray
operating power comes from the magazisaift latch-operating valves UVDA5 and UVDA4
accumulator power system. The saddles on #wuate the switches. Selector valves UVDA6 and
tray, which hold the missile, also are operated bYDA7 can port the hydraulic fluid in either
hydraulic power from the same source. On Mk Hirection, depending on where the fluid enters.
Mods 7 and 8 systems, there is an inter-riggplenoid valve UVDA2 controls the direction of
transfer system to transfer missiles from one redtlyd flow to pilot valve UVDAS3, and connects by
service ring to another. Hydraulic power ia plunger rod to LHDAL. The pilot valve controls
received from the magazine accumulator powte direction of operation of the latch-operating
system via piping, controlled by selector valvegalves. UVDA9 and UVDA10 are simple plunger
solenoid valves, check valves, pilot valves, awotieck valves that permit leakage to return to the
interlock valves, actuated by tank. UVDAL is
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an interlock valve that prevents movement until tkiee missile round in the tray. The probe on the aft
required conditions are met. hoist head aligns the head with the loader trunk in
the hoist-raised position. The head of the aft shoe
HOIST MECHANISMS. - The location of thehoist is more elaborate than the forward one.
hoist mechanisms was pointed out in figure 6-1.The hydraulic control valve block is mounted on
These, too, operate on hydraulic power from ttiee wall of the lower transmission housing, and two
magazine accumulator power system. The functidetented solenoids are mounted on top of the valve
of the hoist mechanism is to raise missiles from thlock (fig. 6-5). It contains a metering valve to
ready service ring to the loader, or to return theegulate the flow of oil, an orifice valve to couoitr
during unloading. Figure 6-5 shows thepeed of the B-end by size of the orifice, a
mechanisms of the A-side hoist. The telescopipgessure-off valve to shunt pressure to the power-
columns that raise or lower the missile are driveff brake, a selector valve to control direction of
by chains and gearing. The hydraulic motor (Bie B-end movement, a sequence selector valve to
end) drives the gearing. The upper drive ispall the appropriate latch in the hoist drive
gearbox driven by the intermediate drive shaft framssembly, an interlock valve to prevent movement
the lower drive. The hoist heads contact the shdedore all conditions are ready,
(forward or aft) that support
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and two solenoid valves to control the flow of dui(normal, 1500 psi).

to the sequence selector valve. The power-off

brake is used during maintenance or installation orMAGAZINE DOORS.- The location of the
if the pressure falls below 900 psi magazine doors in relation to the ready service
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rings was shown in figure 6-1. The safety latdontrol valve block is fastened behind the piston
assembly, which resembles a giant zipper, mayjpede. The door-open latch valve block is fastened
seen in figure 6-6. At the right-hand end, the tsaféo one of the webs of the door drive bracket. The
latch actuating piston is shown, and below the ddogdraulic fluid to operate these valves and pistons
drive bracket assembly. The door drive brackeimes from the magazine accumulator power
assembly includes all the components for operatsygstem.
the magazine doors: the switch, the door operatinglhe opening and closing of doors may seem like
piston assembly, the latch control valve, the doar- minor item, but it is very important. The
open and the door-closed latch, and the solenmidgazine doors are flame tight and watertight.
valve. There is a door-closed latch at each endTéiey must never be open when the blast doors are
the doors. Electrical and hydraulic interlocks asswpen. All the parts, valves, switches, pistons,, etc
that the blast doors are closed and the hoistusidanust act in sequence. Failure of any part can
and latched before the doors can be opened, disdupt the whole series of actions. If that hagpen
that the hoist is down and latched before the dogm need to get out the hydraulic schematics and
can be closed. The hydraulic operation is throutite electrical drawings and trace the cause of the
the piston assembly. It contains a directional @alfailure. It might be a clogged valve or a broken
and a metering valve in addition to the piston. Tewitch, or the pressure in the magazine
solenoid valve block assembly is attached to thecumulator might be too low. You would shut
piston block assembly. The latch down the magazine accumulator system while
locating the trouble.
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Loader Components of the B-end. The auxiliary gear pump produces
_ _ o 400 to 500 psi servo pressure to operate the dontro

The loader, figure 6-7, consists of similarides ¢, mnonents of the CAB units, and delivers 100 psi
and B-side assemblies that engage, support, ercharge pressure) from another set of gears to

move missiles between the assembly area and WiGanish fluid losses from slippage and leakage.
launcher, or between the assembly area and the

strikedown/checkout area. Major components of| ) ADER TRUNK.-The loader trunk is made up

the loader are the loader trunk, the tilting rail (_of sections that are mounted to the overhead
the Mod 5 system), the blast doors and spannifidynead. The number of sections varies with the
rail, the loader chain and pawl, the loader powehy of the system. The Mk 10 Mod O Terrier
drive. The loader has a loader horn that soungdgnching system has eight sections; Mods 5 and 7
when the system is in the unload launcher mod& Qe six loader trunk sections and tilting rail; o
warn personnel of impending movement of theh,5 12 sections. There are some differencesin th
missile back to the assembly area. trunk sections of different mods, but they are

sometimes interchanged by making slight

LOADER POWER DRIVES.- There are tWonqgifications. Figure 6-8 shows a trunk section
accumulator-type power drives, one for the A-side: qe for the Mk 8 Mod 11 loader.
and one for the B-side. Each power drive includesy  number of the hydraulically operated

a tank to hold the hydraulic fluid, a motor-drivegymnonents of the loader are mounted in the loader
pump to develop hydraulic pressure, a series (0fqk sections. Only the control panels, the power
valves to regulate system pressure, and WQ,es and the tilting rail control are not mouhte

accumulator flasks to store energy, absob the |oader trunk assembly. The cross-section
hydraulic shocks, and prevent excessive pressyi&y in figure 6-7 shows the channels or tracks in

fluctuations. These components operate in the SaMch the forward and after shoes and the chain
manner as the magazine accumulator POVEh slide.

system.

The —accumulator power drive furnishes ) T|NG RAIL.-In mods that have a tilting rail,

hydraulic power to operate the spanning rail, g, of the moving or movable components of the
blast door latches, the retractable rails, thetii@a |554er are attached to or move in the tilting rail.

track piston assemblies, the loader pawl positi,ong(gure 6-9 shows the location of the important

the interlock v_alve block, the tilting rail, andEthcomponents on the tilting rail and the operating
NAVSHIPS strike down checkout gear. piston. The tilting rail takes the place of abouutitf

A second power system, a combined A-end, By nalf loader trunk sections in the assembly.area
end (CAB) power unit, is located near the aft fghe rynnion supports are mounted in the ship's
of the loader trunk. It develops hydraulic pressutGernead over the magazine doors. The tilting rail
and transforms it into rotary mechanical motion {@.ejyes the missile round from the hoist, moves it
drive the loader chain. to the assembly area for wing and fin assembly,

The CAB power drive also has a power-Offen iilis to the angle necessary to match the
brake assembly. This is used to halt moving ncher joad angle. The operating piston (fig) 6-9
equipment, to secure driven equipment against f@llie ynit that elevates or lowers it. Hydraulic
and pitch when the equipment is inactive, t0 haltyer is obtained from the CAB power unit, which
and secure equipment if there is a power failujg,connected at the power drive input. A hydraulic

and to provide a means of manual operation @¥nsfer pin (inside the trunnion) distributes the
hand ~ crank) for maintenance procedurfqraylic fluid to the floating track piston

installation, or emergency operation. A Smalisemplies, the positioner piston and interlock

auxiliary gear pump, driven by the same electiigye plock, and the rail-loaded indicator

motor that drives the A-end, supplies the necessgekempjies, through the adapter block mounted on
hydraulic pressure for the control mechanism thgk trunnion (fig. 6-9) neatly

controls the A-end tilt plate, and therefore the
speed and direction of rotation
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buckles and folds the links of the chain to prepavat of the hoist head and into the floating track
the chain for stowage. Mods 1 and 13 of the Mkr&ls. The floating tracks hydraulically align the
loader do not have a chain stacker. The chain limdgoster shoes with the track grooves of the fixed
are different in the different mods, and there doader rail.
differences in the chain sprocket gear reductiah an
chain track housing. You need the OP for your RETRACTABLE RAILS. - The retractable rails
launching system to study the operational detailsare used to allow the booster shoes to engage or
disengage from the loader rail. They are used
FLOATING TRACKS. - The location of theduring strikedown and checkout (or strike-up)
floating tracks may be seen in figures 6-7 and 6eferations, when the rounds are raised or lowered
In mods that do not have a tilting rail, the flogti from the loader rail. When the retractable rail
tracks are attached to the loader trunk in the sasegments are open, they align with the tracksef th
positions. The aft floating track assembly catchigsed loader rail to make a continuous track. The
the aft booster shoe in its slide track, and thgdraulic controls for the retractable rails are
forward floating track assembly does the same fapunted in the loader trunk. An interlock switch
the forward booster shoe. They are piston operapeevents operation of the loader when the rails are
by hydraulic fluid from the blast door power unibpen. The valves are typical solenoid, pilot,
The loader positioner moves the loading padirectional, interlock, latch (open and close), and
forward about three inches, enough to slide tbleeck valves. An operating piston and linkages
booster shoes transfer the movement to the movable parts of the
rails.
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SPANNING RAILS AND BLAST DOORS.- and the blast doors is mounted in the loader trunk
When extended, the spanning rails bridge the gam the hydraulic fluid is supplied by the loader
between the loader rail and the guide arm rail. Thecumulator. The spanning rail opens the doors as
spanning rail is attached at one end to the loadeextends, and closes them as it retracts. The
rail and at the other to the blast doors. The povepanning rail and blast doors function
piston that operates the spanning rail automatically during automatic control in
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load or unload cycles, but they can also be opérasboe latch, launcher contactor, forward restraining
in step control. The blast doors are closed excigith, and firing contacts. The arming device arms
during the brief time while a missile is passintpe missile booster by extending and winding the
through, either on its way to the launcher, arming tool by means of hydraulically operated
returning for unloading. Interlocks keep the doopsstons.
closed at all other times. The aft shoe latch mechanism has a piston-
In the Talos launching system, rails attacheddperated latch and associated linkage. When the
the magazine doors are called spanner rails. Theigsile is positioned on the guide arm (by the
allow the hoist to travel to or from the loader.eVh loader), the latch is hydraulically extended agains
form an extension of the magazine hoist rails. Ttiee aft booster shoe to keep the missile from
rails that bridge the gap between the loader rall anoving to the rear. The aft shoe latch (fig. 6-10)
the launcher guide arm rails are called the spaay be called a positioner, a positioner spade, an
track. aft lug latch, aft motion latch, or reverse motion
In the Tartar launching systems, the railstch. In some launchers the aft shoe latch isddck
attached to the blast doors are called spannitg) rdly a detent that is hydraulically interlocked to
Tartar launching systems do not have a loageevent accidental retraction of the latch due to
system like Terrier and Talos launching systenship's motion and guide arm movements.
Missiles are carried from the magazine to the The forward restraining latch prevents forward
launcher guide arm by a rammer type roller chaimovement of the missile, which might otherwise
hoist. In the Mk 11 system it is stowed in thiee caused by launcher depression or by ship's

launcher guide arm. motion. It also holds the fired missile on the
launcher until the booster has developed enough

HYDRAULICALLY OPERATED thrust to overcome the force of gravity plus the

LAUNCHER COMPONENTS force of the adjustable spring that is part of the

restraining mechanism.

Although launchers contain parts that are notThe launcher contactor is hydraulically extehde
operated hydraulically, the interconnection witlo apply warmup power to the missile before it is
hydraulic power makes it impossible to considéred. On the Tartar systems, the contactor extends
them apart. All missile launching systems havefram the rear of the launcher into the stern of the
fixed stand - a steel weldment on the deck, whiofissile.
mounts the carriage. The carriage is rotatableTwo booster firing contacts and two ground
horizontally, to position the launcher in train. 840 contacts are located in the forward section of the
of the launcher components are mounted in or guide arm, one of each on each side of the arming
the carriage. It supports the trunnion tube whidevice. They provide a double firing circuit foreth

holds the guides (or guide). booster.
The hydraulic power to move the components in
Guide and Guide Arms the guide arm is provided by the guide arm

o accumulator power drive, located in the trunnion
After a missile has been brought from the,nort or carriage (fig. 6-11). It supplies hydiau

magazine by the hoist, and wings and fins haygq for bhoth the A and B guide arm components.
been assembled to it (Terrier and Talos missiles),

is placed on the launcher; to be more exact, on &?rriage-Mounted Hydraulic Parts
launcher guide arm. Terrier and Talos launchers

have two guide arms, as does the Tartar launcher ifpq parts described in the paragraphs undsr thi

the Mk 11 system, but the Mk 13 and Mk 22 Tartggading apply specifically to the Terrier carriage

launching systems have only one guide on & niing, but other systems employ similar ones.
launcher. The guide arm supports the mis

_ _ “T'he location and some details may differ.
during the last stage of weapon handling, arming
the weapon and holding it until it is launched. It
contains arming devices, aft
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HYDRAULIC BREAKS. - The elevation brakeof the carriage, provides a means of operating the
is located on the reduction gear housing, whichgside arms and the components of the train and
mounted to the upper center of the carriage, belelgvation latches during maintenance operations or
the trunnion tube. The train brake is mounted & tthuring power failure.
bottom of the carriage. Train and elevation brakes
are hydraulically operated, spring-loaded, friction REDUCTION GEAR ASSEMBLY. - The train
disc type. During power-off conditions they remaireduction-gear assembly is located within a
set, preventing movement of the launcher. housing mounted to the bottom of the carriage. The

gears transmit the output of the hydraulic motor, a

TRAIN AND ELEVATION LATCHES - The the required speed, to the pinion gear. The
elevation latch is a hydraulically operated stee| pelevation reduction-gear assembly, enclosed in a
located below the reduction gear housing. Wheausing, is mounted to the upper center of the
the latch is extended, it secures the launchehnen tarriage, below the trunnion tube. The elevation
"Load" position. The train latch is mounted to th@nion gear is meshed with the elevation arc gear
bottom of the carriage. It functions in the sameg wand is driven by the reduction-gear assembly. The
as the elevation latch. The elevation latch-conttchin drive pinion meshes with the training circle
valve block houses the solenoids and valves whartd causes the launcher carriage to rotate in. train
control the elevation latch. It is located belove tirhe elevation drive pinion causes the elevation arc
reduction gear housing. A hand pump, mountedttorotate the trunnion tube which causes the guide
the left side arms to elevate or depress.
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POSITIONING VALVES. - The elevationbuffers, as well as spring buffers. Train and
positioning valve is located below the elevatialevation buffers are used to slow down the
arc, and the train positioning valve is mounted ti@ining or elevating movement of the launcher to
the bottom of the carriage. These valves are sprprgvent a jerking halt. The elevation and
loaded and mechanically operated to ensure tapression buffers, mounted on each side of the
the launcher is in the proper position before pgrtitrunnion tube, buff the movements of the trunnion
fluid to extend the securing latches (train dwbe and thus prevent excessive stress on the
elevation). They actuate interlock switches whemssile when the guide arms reach the elevation or
the launcher is in the "Load" position. depression limits. An accumulator furnishes a

supply of hydraulic fluid for buffer operation.

BUFFERS.-A buffer is anything that serves to
deaden a shock or bear the brunt of a collisigkccumulators
Buffers are also used to slow down movement to
avoid a violent shock or stop. Ordnance equipmeécumulators in hydraulic systems permit the use
uses hydraulic and pneumatic of smaller pumps than would be required if no

accumulator were present. The fluid stored
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under pressure in the accumulator can assist fluidg he flask is mounted on a manifold (fig. 6-13A)
in motion to accomplish work when the demandsd the valve block and gage (fig. 6-13B) are
of the hydraulic system require more fluid than tlmounted nearby. The location of the gage and the
pump can supply. Accumulators may be usedtype of nitrogen valve assembly will differ on
hydraulic systems to supply fluid to compensate fccumulators of special ordnance systems. The
leakage in closed or pressure-regulated circusts,négrogen valve assembly (fig. 6-13B) controls the
an emergency source of power for short periodsctampressed nitrogen. It has one valve for each
operate secondary hydraulic systems, and asflask, a bleeder valve, a nitrogen fill cap, and a
auxiliary source of energy in intermittent dutporous bronze filter. A pressure gage is mounted
systems. on top of the valve block.

Two basic types of accumulators are used iNPISTON ACCUMULATORS perform the same
launching systems: bag and piston. The piston typactions as the bag type, although constructed
is used with NAVSHIPS missile handlinglifferently. The steel cylinder is divided into two
equipments and is shown in figure 6-12. The balgambers by a movable piston (fig. 6-1), one side
type was shown in figure 6-2 in the magazirier the hydraulic fluid, and the other for the
accumulator system, and a cutaway view is showitrogen.
in figure 6-13A. The cylinder head of the hydraulic fluid chambe

Nitrogen is used to pressurize both types. Thes a manifold through which the flow of fluid is
outside of the bag type is a metal shell; the lohg,automatically controlled by a pilot valve, whether
neoprene, is inside, and contains the nitrogen. Thecharging or discharging the accumulator. The
bladder will fill approximately three-fourths ofeh pilot valve (fig. 6-12) is actuated by the pistadr
inside area of the cylinder when the hydraulibrough a linkage operated by cams in a control
pump forces oil into the flask. A spring-loadedousing. The housing includes a manually operated
poppet valve at the bottom of the flask prevengs thutoff valve by which the accumulator pressure
bladder expanding down into the manifold if thean be cut out of the power drive system when the
is no hydraulic fluid in the flask. drive is not in operation, or if the accumulatatsa

The facilities for admitting nitrogen under
pressure are at the other end of the accumulator
cylinder. These include a gas filling valve, gas
charging inlet, and gas pressure gage. The
arrangement of these may vary from that shown in
figure 6-12.

ACCUMULATOR OPERATION. - An
accumulator of either type is located in the
hydraulic power system in such a way as to apply
force in the pump discharge line, and to be charged
with hydraulic fluid after loss of volume from the
accumulator has occurred.

An accumulator valve block, containing a
control valve and check valves, maintains the
desired operating pressure in the accumulator by
controlling the output of the hydraulic pump. The
control valve is adjusted to limit the maximum
pressure in the accumulator; and is designed to
control the minimum  pressure. (Typical
accumulator pressure is 1300-1500 psi.) When the
accumulator is being charged, fluid from the pump
flows through check valve 1 (fig. 6-14), around the
lower land of the control valve, and
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into the accumulator. When the accumulattr the minimum set for it, the charging cycle is
becomes fully charged, the pump output is portexpeated.
through check valve 2 to the tank.

The control valve has a spring and seat, a tviRmwer Drives
land plunger, and a piston. The piston is larger in
diameter than the lower land of the plunger, adainsAs noted in the preceding paragraphs, each
which it bears. A cross-port in the lower landfué t launching system has several power drives. To
plunger ensures equal pressure on each end ofdikgnguish them, the location or use of the power
lower land chamber. Accumulator pressure dsive is included as part of the name, as hoist
always available at the bottom of the piston. As thower drive. The train and elevation power drives
charging cycle begins, the spring holds down tha the launcher are the ones most often referred to
plunger and piston, and the hydraulic fluid passamply as the "power drives" of the launching
into the accumulator. As the accumulator fills, tteystem. They are two separate electro-hydraulic
piston and the plunger are pushed upwarystems which control the movements of the
compressing the spring. When the spring launcher in train and elevation (fig. 6-15).
compressed enough, flow to the accumulator isThe function of the power drives is to make the
blocked off and check valve 2 lifts and vents tit@uncher position correspond to the ordered
pump output to the tank. When the accumulatoositions (orders from fire control, under normal,
pressure drops automatic operation) with the least
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possible error at all tlines. The design of thentradrive. How they operate together is descnbed later
and elevation power drives is very similar, butythén this chapter.
are not interchangeable. The train and elevation power drive controls of
The electric power for the power drive ihe GMLS Mk 13 are located off-mount but the
supplied from the ship's power supply through tbewer drives are mounted inside the stand in the
power panel. inner structure. The magazine power drives are
The power unit consists of an electric motor, also located in the inner structure of the starite T
A-end hydraulic pump, an enclosed gear trainready service ring is in the outer structure of the
stroke control assembly or control cylinder, stand. The location of components of the train and
transfer valve, and the B-end motor. The receiveievation power drives of the Mk 13 launching
regulator is located with these components, andsystem is shown iGunner's Mate M (Missiles) 3
functionally a part of the power & 2, NAVTRA 10199.
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That text also illustrates a number of devices usechead of fluid to prevent entrance of air into
in hydraulic systems, such as various types lofdraulic lines, which would cause erratic behavior
valves, buffer, dashpot, filter, strainer, and geair the hydraulic components. It also serves as an
pump. Differences in the number of power uniexpansion and heat dissipation chamber for
used by the "one-armed" Mk 13 and the largesturning fluids. A strainer in the return-flow pip
launching systems (Terrier and Talos) were alsivains out solid particles to keep them from geti

pointed out. into the servo and supercharge systems.
The major components of the train and elevation
Train and Elevation Power Drives power drives are: (1) electric drive motors,(2)
of Mk 22 Tartar System hydraulic systems, (3) CAB units, and (4)drive
trains.

The overriding difference between the Mk 22

and other missile launching systems is its smallg| EcTRIC DRIVE MOTORS. - These provide
size. It handles Tartar and Improved Tart@fecnanical inputs to the CAB units, auxiliary
missiles, but fewer of them than the Mk 11 and t Bmps, and the lubrication pump. They are
Mk 13 launching systems. Compact arrangement.gh,,nted on the center column of the carriage (fig.
components  necessitated some  changes gifi7y The motors are activated by switching on the
placement of parts, and some combination ©b_|'and EP-2 panels. The train lubrication pump is
functions. The Train Power Drive Mk 67 Mod Qiyen directly by the electric motor. It furnishes
also drives the hoist. It has a shift and Clutghyicant to the speed reducer. If the pump file,
mechanism that enables it to drive the Iauncherp(pésSure in the discharge line drops. The lowered
the hoist. In the mk 22, it is the launcher thgtesgyre, deactuates the switch, stops the modor an
moves to a position above the missile to be loadgthyents motor burnout. An excess of pressure in
the ready service ring doesn't rotate. The elematine cAB unit also will stop the electric motor by

power drive elevates and depresses the launchg(,ating a pressure-cutout switch. When either the
guide. The major components of the train/hoist aﬂgin/hoist motor or the elevation motor stops

the elevation power drives are the same: an eteqfficq\;se of pressure cutout, the All Motors STOP
dr!ve motor, a hydraulic system, a CAB unit, a”dliﬁht on the BP-2 panel starts blinking. This
drive train. The hydraulic systems have the safi8icates to the operator why the motors have

type of auxiliary pump, auxiliary relief valvesiynneq and warns him that he should look for the

assembly; and accumulator assembly; they diffel;;se of the pressure buildup and correct it before
only in capacity. The train/hoist power drive hasr@starting the motors.

speed reducer and a lubrication pump that are not

duplicated in the elevation power drive. Both 4yvpRAULIC SYSTEMS. - The main com-
systems use a common supply tank and commphents are an auxiliary pump, an auxiliary-relief-
header tan'k. , valve assembly, and an accumulator assembly. The
The main supply tank, which holds about 130y hoist and the elevation hydraulic systems are
gallons of fluid, is integral with the skirt adapt§yentical except in capacity. The train/hoist syste
assembly (fig. 6-16). This is not to be confusgdine |arger one: it supplies power for operatién
with the main tank of the launcher guide PowWgfe {rain and the hoist systems. The pumps are of
unit, which is fastened on the under side of theebg, type described ifFluid Power NAVPERS
ring and protrudes above it. That tank holds onfg193 g5 gear pumps: they may have helical or
about 20 gallons_of hydraulic fI_uiq. The locatioh Qpur gears or a combination. The pumps operate
the launcher guide power unit is also shown {Re nower-off brake, the receiver-regulator, the
figure 6-16, as are other launcher components. TH&g" ynit, and the main relief valve of the CAB
train/hoist and elevation header tank is mounted it The train/hoist system also operates thethois
the base ring adjacent to the train/hoist power-@ffiecior valve block assembly, and the hoist contro

brake. The header tank for the launcher guidesemply. The relief valve block contains filters.
power unit is in the front end of the guide arm. A

header tank provides
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valves, switch-actuating pistons, switches, andThe A-end is an axial parallel-piston pump, driven
solenoid. The accumulators are of the flask typm®; the electric motor. The B-end is an axial piston
containing a bladder charged with nitrogen, maotor; It converts the power from the hydraulic
manifold, and an accumulator charging valhfkiid to mechanical motion, transmitted through the
assembly. drive shaft to train/hoist (or elevation) driveitr&o

move the launcher in train or elevation or to raise
CAB UNITS. - The train/hoist and the elevatioor lower the hoist chain and associated

CAB units are of the same type but differ in sizmmponents. The operation of CAB units is

and output. They are mounted on the center coludescribed ir-luid Power, NAVPERS 16193.
of the rotating structure (fig. 6-17).
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DRIVE TRAINS. - The train/hoist drive trainrHYDRAULIC SCHEMATICS

transmits mechanical movement of its B-end i .
output shaft to either the drive pinion of the Chapter four shows the electrical circuits used

launcher carriage or the hoist drive shaft. TREEP Operation of fin openers and contactors in the
elevation drive train transmits the mechanicXlK 13 system. The hydraulic operation of the fin
movement of its B-end output shaft to the elevatiRENeT cranks and the contactor to the missile is
arc and, in turn, the launcher guide. For the m@&tuated by the electrical system. When you are
part, the components of both drive trains apPgforming trouble analysis of a component, you
contained within the base ring of the rotatifySO need the hydraulic schematic to trace the
structure. Some parts of the elevation drive traftions of the hydraulic parts. Figure 6-20 shows a

are in the launcher guide. The two drive trains grédraulic schematic of the fin opener assembly in
of different design but contain some simildfk 22 and Mk 13 systems. Primary hydraulic
components. control of the fin opener assembly originates with

The train/hoist drive train uses a commdW© solenoid operated valves UVU6 and UVU7.

gearbox and clutch to drive the rotating structuf@€sé two pilot valves initiate .each of the four
and the hoist chain. The main components are: gPfrations of the fin openers: (1) engage fin
a B-end coupling, (2) a speed reducer and drRRENers and contact_ or; (2) extend fin opener
clutch assembly and associated retractable-FiR1KS; (3) retract fin opener cranks; and (4)

assembly, (3) a power-off brake, (4) a Synchgbsenga_ge fin_ openers and contactors. Five valves
attachment assembly, (5) a selector val@8d a piston in the control valve block operate and

assembly, and (6) a train-positioner assemb‘f‘ﬁ(.tend and retract latches, control the speedeof th
Several of these are pointed out in figure 6-15. PIVOtS, open and close various ports, and operate

The elevation drive train main components aré¥N€ ©f the interlock switches. The block is
vertical shaft and couplings, a gear box, a pow&cated on the launcher guide, between the fin-
off brake, a horizontal shaft and couplings, and®Bener shields. _ _
gear reducer, figure 6-18. They transmit the output! "€ fin openers swing behind (engage) the
of the elevation CAB unit to move the elevation af@iSSile as soon as it is hoisted onto the guide rai
and the launcher guide. Unlike launchers with twg!!S Permits missile warmup to be resumed and
guide arms, where the elevation arc is mounted gjssile to Iaunc_her interconnections t be completed
the carriage between the two guide arms, tA@0St immediately for the Weapons Control
elevation arc in the Mk 22 is inside the right-hancy/Stem. While the launcher is synchronizing to the
support trunnion. When the elevation arc is drivEgmote order, the fin opener cranks reach thely ful
(by the elevation drive train), the launcher guidténded positions and ~actuate the interlock
moves accordingly. Clockwise and countep?Vtches SIU1, -3, -5, and -7, which complete the
clockwise movements of the elevation gear trafifCUit 10 energize relay KCU1, which energizes
elevate or depress the launcher guide. TifddY KCU3A. This completes the circuit to
elevation and depression buffer is a hydrauf@l€noid LHUIL-LC3, which then releases the
safety device that prevents the launcher frdffjtent of solenoids LHUI-LC-1, and -2, and allows
moving beyond its design limits, figure 6-19. Thalot valve UVUE_S to spring-return to_neutral and
buffer decelerates and stops the launcher guiite 91t Pressure fluid from the extend side of the fm
moves beyond the 90 degrees elevation or 9RENer cranks to the tank. This causes the cranks t
degrees depression. The elevation buffer pistorf §§act: ,
the shock absorbing component contacted when thd N contactor extends at the same time that the
launcher guide elevates beyond 90 degrees. THeOPENer housings rotate with the pivots. As the
depression buffer piston is contacted when fhantactor mates with the receptacle on the m|SS|_Ie,
launcher depresses beyond -10 degrees. Theytlégeforce of engagement causes the sharp electrical
of the same type, with compression springs seal of the contactor to puncture the seal that

in the piston recess and the other end in the sleePOtects the missile contacts. This requires a
pressure of 450 to 500 pounds. The contactor

remains in position until the
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order to fire is received. used in the power drive for the ready-service ring
This small sample of a hydraulic schematicay be the same as those in the power drive for the
shows how electric and hydraulic schematics muaistin or elevation system on the launcher, butrthei
be considered together. The electric componentsnbers or other designations and the locations
start the action; the hydraulic components carty eawould differ. In a general course like this, we
the electrical orders. cannot name the particular valve to adjust.
Study the OP and follow through on hydraulic
schematics so you will understand the flow &HIPBOARD MAINTENANCE
hydraulic power through the system and its
translation into mechanical movement. This Initial adjustments were made at the time of
knowledge will be invaluable to you in troublemstallation. Later adjustments aboard ship should

shooting the system. be undertaken only after competent personnel have
determined that adjustment is necessary. Brake

ADJUSTMENT AND REPAIR OF valves, replenishing pump relief valves, and the
HYDRAULIC SYSTEMS control pressure pump are some components of a

drive system that are adjusted whenever necessary.
To tell in detail how to adjust and repair
hydraulic systems wused in missile launchirkglters
systems would require several large volumes. To
work on any system, you need the drawings forThe indicating lights on the control panels
that system as installed on your ship, and thmpoint some troubles, such as clogged filters.
applicable OPs and ODs. The types of valves
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Let us use as, an example the power drive in tgply tank, above the electric drive motor. The
Mk 10 Mod O launching system for the Terrieassembly contains twelve micronic filter elements
This is the power drive used to operate the reaghich filter out any foreign particles of 10-micron
service ring, the tray shift mechanism, th@ze or larger before the oil is pumped to the
magazine doors, and the magazine hoimsagazine components. When the filters become
mechanism. The oil filter assembly is mounted ongged and the filter bypass valve

the
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opens, a clogged-filter switch ~mechanismaintains a uniform pressure on each of the packs.
illuminates a light on the EP-2 panel, indicatin@il passes from the outside of the pack, where the
that the filter news changing. After the filtersvha foreign matter is deposited, to the center passage,
been changed, the filter assembly is filled with @nd through the outlet at the head of the filter.
through the filler plug on the filter, which forces To clean this type of filter, lift the head,tiwithe
out air that was in the filters and keeps air out fiter packs attached, from the body of the filter.
the system. Connect a low pressure air supply to the oil outlet
Some power drives use disposable, cartridgfethe system. This allows the air to blow back
type filters. These require no maintenance excémiough the element. When a white foam appears
replacement of the cartridge, as in the systabong the entire length of the pack, it is clean.
above. If the filter element has to be cleaned,If you remember to observe the rules for kegpin
follow the instructions for the type of filter anadtontaminants out of hydraulic systems, the filters
observe the safety precautions for the cleanwdl seldom need cleaning. Keep the containers of
method and materials used. hydraulic fluid tightly closed except when actually
Full-flow types filter all the oil that passesransferring the fluid. Strain the fluid into the
through the pumps. Such filters may have a rellefdraulic system, even though you are pouring
valve to allow bypassing of the oil if the filtefrom a freshly opened can. Keep all openings on
element is clogged. A bypass filter is one whi¢he hydraulic system closed so water, dust, dirt, 0
filters only a portion of the oil passing throudtet any other contaminant cannot get in. Even with the
pump. Figure 6-21 is an example of a bypass filtgreatest care, however, it is not possible to keep
More correctly, it is called a proportional flowevery bit of foreign matter. Also, bits of metalave
filter. It consists of a cylinder containing a éit off during operation of pumps, gears, valves, and
element made up of a number of packs other parts of the hydraulic system. Therefore,
perforated paper discs. Spring action filters are installed at numerous places in the
system to catch all those bits. The MRCs and the
OPs on maintenance tell you how often each filter
is to be checked as a matter of routine. By regular
frequent checking of filters, and replacement, you
can greatly reduce the down time of hydraulic
systems. Testing of samples of hydraulic fluid
taken from the accumulator supply tanks detects
deterioration of the fluid. Use the MRC
instructions for obtaining the samples.
A typical micronic type filter unit is shown in
figure 6-22. It consists of a single element filter
assembly, a filter bypass valve, a switch valve, a
filter clogged switch, and switch actuator. If the
filter element starts to clog, it retards the flofv
hydraulic fluid and causes a pressure differeitml
the opposite ends of switch valve UV-1 (fig. 6-22).
When the pressure differential reaches a preset
setting, the higher pressure at the input end of
switch valve UV-1, causes the valve to shift to the
right against the spring end of the valve which
opens a pressure port to the switch actuator. When
this occurs, a Filter Clogged light (red lamp) Imesgi
to blink on one
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hydraulic components. High system pressure can
cause serious injury to personnel.

Arrange to catch hydraulic fluid that will dpil
from the bottom of the filter unit when the bowl is
removed. Unscrew and remove the filter bowl, then
pull the filter element off the head. Install a new
properly cleaned filter element and an O-ring,
seating them firmly on the filter head. Examine the
O-ring in the filter bowl; replace if it is faultyCoat
the external threads of the filter head with
petrolatum and reassemble the filter bowl to the
head. Install the safety wire. If the filter contes
to clog, the hydraulic system may need to be
drained, flushed, and refilled.

Valves

The daily and weekly operational checkouts may
reveal need for adjusting one or more valves.
Types of valves used in hydraulic systems are
described and illustrated inFluid Power
NAVTRA-16193 and some general instructions for
installation and maintenance are given. See akso th

or more of the control panels. When the laniiiistrations and descriptions in chapter 8 of this
blinks, the launcher captain at the EP-2 panel migt, and in the preceding texgunner's Mate M
determine the location of the clogged filter arkkta(Missiles) 3 & 2 NAVTRA 10199-Be.
appropriate maintenance action according to ship'dNumerous valves, simple and compound, are
doctrine. As long as the filter remains clogged aHged in the hydraulic components of missile
the pressure differential reaches a preset setignching systems, and in the missiles. Note the
above that regulated by the filter bypass valve Uumber and variety of valves in that small segment
2 an valve spring (fig. 6-22), the bypass valvd wilf a launching system shown in figure 6-20. The
open and port hydraulic fluid around the filte¢ame principles of operation apply to all, regesslle
element and flow directly into the system througf complexity, but the components and their
one output port. The replaceable filter elemera ignethod of assembly may differ. Whenever a valve
treated cellulose paper formed in vertichas to be disassembled, be sure to get the drawing
convolutions which catch and hold dirt and othghowing all the parts and the order of assembly.
solid particles. (Some filter elements are made die automatic valves, such as regulators, relief
other fibrous material or of metal discs and rodalves, and safety valves, should not be disturbed
which can be cleaned and reused if a new fil@¢cept at over haul, unless found faulty. Foreign
element is not available, or it may be set asidsetomatter in the valve seat, scoring and grooving of
cleaned later and placed in storage for reuse. TR&yts, or plugging of openings may cause the valve
need to be thoroughly dry before reuse.) to stick or fail to close completely. The usual
Before you change a filter element, turn off tiemedy for such conditions, as in fact for
hydraulic system and release the system pressurpractically all serious valve troubles, is to
WARNING: Be sure that system pressure gsmantle the valve, thoroughly clean all parts,
relieved before disassembling or removing replace those that are damaged, and reassemble.
You may have done this with the simpler valves,
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or under supervision. Maintenance of compoundWhen a valve has to be disassembled for
relief valves is fundamentally the same as that aéaning and replacement of broken or worn parts,
simpler types. You can generally tell that such as a broken spring, deteriorated O-ring, or
compound relief valve is not functioning properlgcored valve plunger, it is important that the eotr
because it will overheat, and will operate sluglyistparts be used, and that they are assembled in the
or erratically, or at the wrong pressure. The valpeoper order. The MRC gives all the steps in order.
will usually clean itself if you start the pump andihe OP with the illustrated parts breakdown (IPB)
back off the adjustment screw on the pilot valveidentifies every part by name and stock number. A
little by turning it counterclockwise so that thaeeat, orderly workbench is essential so parts ean b
pressure control spring responds to a loward out in order. A dust-free area helps in kegpin
pressure. The adjustment screw should neverd out of the valve when reassembling.
removed completely while the system is under Through constant use, working parts may
pressure. (Some instructions require compldtecome worn, springs may be weakened or
release of system pressure before adjusting: chexdcked, and O-ring and backup rings may become
the instructions for your launching system.) Aféerdeteriorated. Vibrations can cause metal parts to
flow of liquid has cleaned the valve, carefullyetscrystallize and crack. However, keeping dirt,
the adjustment screw, using a pressure gage. Wuwasture, and air out of the hydraulic system & th
relief valve should be set to open at about BBst preventive of trouble. Daily inspections will
percent more than the maximum normal operatidgtect leaks that can be corrected by simple
pressure. tightening; daily checking of pressures and fluid
CHECK VALVES require little attentionlevels can detect other troubles before they become
overlong periods of time. Leakage may be causedjor ones.
by a tiny particle of foreign matter between the Valves are not disassembled as a routine
checking device (ball, cone, or poppet) and its. seaaintenance procedure; they are disassembled only
It will be necessary to remove the valve arfdthey are not functioning properly.
disassemble it completely for cleaning. Remember
the warning about high pressure systems - shut Rffimps
power and release the pressure before removing a
part from the hydraulic system.
If no scratches are found on the valve sedgher

n . . .
Xs a rule the pumps in hydraulic power drive
systems require little maintenance other than

checking device, wash all parts in clean hydrauRECPer lubrication and a clean hydraulic system to
fluid of the same type as used in the system. kisgeP€rate in. Signs of trouble are overheating,
the housing and the checking device for evidence“isual noise, or failure to deliver the designed
corrosion. A slightly rough surface can be smooth@gtPut. A frequent cause of noise is failure oftoil

by buffing. Replace the valve if there is corroston '€ach the pump. The oil level in the reservoir may
excessive roughness. A cone type check valve n@§y!0W. or there may be clogged lines or filters.
have a tendency to lean to one side, in which caice the pump depends on the hydraulic fluid for

the movable part may dig into the soft aluminutiprication, failure of the supply will soon cause
body of the housing and stick there. the pump to heat up and will probably cause its

Remember that the arrow on the housing mB&{ts to bind. o
point in the direction of the flow of liquid throng _Another cause of abnormal noise is poor
the valve. Before removing a check valve fromédgnment between a pump and its driving
line, mark the adjacent structure, indicating tRaechanism. This condition will cause worn parts
direction in which the arrow points. When instaglin?d  possible leakage, reducing the pump's

the check valve, grip the wrench flats of the chegliciency. Correcting the misalignment can be a

valve at the end to which the connecting tubing T&Or repair job, but the trouble will not correct

being installed. Do not grip the opposite end. THISE!-it will get worse.

will prevent the possibility of distorting the valy Pounding or rattling noises in axial piston sm
body, which would cause the valve to leak. may be unavoidable because of a partial vacuum
produced in the active system during
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high speed operation or under heavy loads. Tberansfer the motor to the workbench. Figure 6-23
noise should stop when the load is reduced. Ifllitistrates a typical hydraulic piston-type motor.
does not, bleed air from the system at the vents. Disassemble the parts carefully to avoid marring or

Hydraulic systems which perform satisfactorigcratching smooth surfaces. This is especially
and show no evidence of sludge, corrosion, ettecessary where the fit must be exact to prevént oi
should not be opened. Cover plates should be Kepkage, as at oil seals. Follow the disassemldy an
tightly secured, and should not be opened with@aassembly instructions in the OP for the power
good reason. system. The correct order makes the work easier,

Use special care when you reassemble a rotamng is less likely to result in damage to parts by
gear type pump. The rotors operate in a puraxcessive use of force.
casing or body. End plates enclose the rotors orWWhen removing the roller bearings, take care
each side. When tightening the screws that hold that the rollers do not fall out. As you removeleac
sections together, use only moderate force. Makat, carefully place it on a cloth or paper-codere
them just tight enough to allow free movement space in the order of removal. There are several
the rotor with no leakage. small parts that can easily be lost. Do not throw

The routine inspection, lubrication, checking away a part until you have a replacement parttfor i
fluid level and pressure are tasks for the GMMYbu may need it for comparison, even though the
and GMM 2. They use the MRCs for instructionstock number for the new part is the same as the
and check off each job on the work schedule aftdd. A flaw or defect in a part may not be visible
completion. Your job is to supervise and check thatil after the part is cleaned. Inspect each part
work, and make sure it is done at the intervafier you have cleaned it. Do not leave bare parts
scheduled, whether daily, weekly, or otherwise. exposed any longer than necessary without the

protection of a coat of oil. Rust can develop
Motors quickly and mar the polished surface of a
precision-fitted part.

Hydraulic motors are activated by receiving On some later modes of B-end motors, a
fluid flow from the power pump. This fluid, undehydraulic equalizing valve is mounted on each
pressure, forces the motor pistons away from tide. These valves were set when the power
flow source, thus resulting in a rotation of thériveways tested. If the motor is removed, or
motor drive shaft. The pressure buildup in the higeplaced, adjustment can be made so that exactly
pressure line between the pump and motor will bgual pressures can be developed in each B-end
in direct proportion to the mechanical output onotor high pressure line. Gages can be mounted on
work required of the motor. The motor speed wilhe B-end motor when pressure tests are to be
vary directly with the amount of fluid pumped tonade. The snubber and fittings that accommodate
the motor. The direction of rotation can be indianthe gages are located beside the equalizing valves.
reversed without harming the motor. The direction
of flow is controlled by a selector valve. Troubleshooting

A fixed displacement hydraulic motor may be , .
used with a variable displacement hydraulic pump.When scheduled maintenance or system testing

A radial piston motor is usually used with a radipSOT) reveals a fault, system trouble-shooting
piston pump, and an axial piston motor with fyocedures begins. The use _of tro_uble-shootlng
axial piston pump. Se€luid Power NAVTRA charts and procedures contained in PMS/SMS
16193 for descriptions. ' system manuals (OPs) isolates the fault. After

Hydraulic motors are self lubricating; dailynding and isolating the fault, system manuals
inspection for leakage is usually all thdirect the maintenance personnel to the appropriate

maintenance needed. If the motor must be remol{@gructions for — correcting the ~malfunctions.

for overhaul or corrective maintenance, be sure4g@/Tective maintenance instructions consist of
plug all openings of connecting pipes so no deither Corrective Maintenance Cards (CMCs) or a

will get into the system. Use a lifting device volume of the system OPs for corrective
maintenance. System OPs have
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volumes which contain detailed instructions for thender. Attempts by unskilled personnel to
performance of nonscheduled maintenance witlowerhaul or repair components can result in serious
the capabilities of ship's personnel using shiptbo@tamage to costly equipment, and possible
facilities. These instructions are for the alignmemersonnel injury. Before disassembling any part, be
adjustment, repair, and replacement of parts ade you can put it together again, correctly, and
components. Other volumes contain detailedderstand how it should operate. The illustrated
instructions for maintenance that require thparts drawings are essential for the less
facilities of a shipyard or depot. These instrutsioexperienced men, and help even the most
cover dismantling, repair, replacement, amxperienced men to check themselves on
alignment of major assemblies and subassembliggassembly.
Alignment of large components may require
ADJUSTMENT AND REPAIR AT A yard or tender facilities. Critical adjustments may
NAVY YARD OR REPAIR TENDER need to be deferred yard or tender work. Train and
elevation power drive units are not normally
Given careful daily maintenance and inspectioemoved or installed by ship personnel. While it is
hydraulic systems can be used for long periodspafssible for shipboard personnel to remove the
time without major repairs. Break-downs camain or elevation power unit, it is recommended
occur, however, in spite of the best care you ddwat such removal be accomplished during major
give. Size and weight of some components makeerhaul. If the power unit has to be removed
repair. aboard ship difficult or impossiblebefore yard or tender facilities are availableisit
alignment of such components may require thetter to remove it by disassembling than to try to
facilities of a shipyard or a repair remove it as a unit when adequate handling
facilities are not available.
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Realigning a launcher rail is a task aomposed of a B-end (hydraulic motor) and an A-
considerable proportions. Arrange for tender end (hydraulic pump): The B-end converts fluid flow
yard assistance, if possible. Do not readjust théo mechanical motion. The output shaft of the B-
launcher rail unless it is absolutely necessary. end drives the launcher through reduction gears.

Removal of excessive backlash in train afitierefore the speed and direction of launcher
elevation drives is best reserved for overhaulovement is determined by the speed and direction
Excessive backlash causes misalignment betweéthe B-end output.
the launcher and the weapons system; insufficienfThe A-end is the hydraulic pump that supplies
backlash causes galling and binding. pressure fluid to the B-end. The fluid flow supglie

Repair and overhaul of train and elevation gdar the A-end determines the speed of the B-end,
boxes are tasks for tender and shipyard personniile the direction of fluid flow from the A-end to
Although  ship  personnel can removéhe B-end governs the direction of the B-end
disassemble, and reassemble the gear boxefgtion.
getting the proper alignment and backlash within The A-end output is determined by two stroking
the gear box, and properly aligning the gearboxgistons controlled by the receiver-regulator. These
the sector gear or training circle, wouldn't @stons "stroke" the A-end tilt plate, and thus
possible with the equipment normally availabkegulate both the quantity and the direction ofdflu
on board. flow from the A-end. The A-end is driven at a ngarl

Lest these paragraphs give the impression tt@astant speed by a unidirectional electric motor.
few adjustment and repair jobs are done abodittk receiver-regulator controls the hydraulic fluid
ship, look over the list of maintenance procedunesrted to the stroking pistons, and thereby regslat
for the system now assigned to you. There dhe CAB unit operation. The regulator components
several maintenance manuals that list the tegtssition the A-end tilt late so the B-end outputnis
repairs, alignments, adjustments, and servicingagicordance with the electrical signal input order t
a launching system that are done on shipbodatte receiver-regulator. The position signals arm se
While this list includes such minor items asom the computer to both the train and elevation
changing a light bulb, there are many complicategstems. Synchro transmitters (CX) at the computer
adjustments, such as interlock switch actuationtiate the signal voltages; synchro receivers)(@T

adjustments. the receiver-regulators receive the signals.
Figure 6-24 is a simple sketch of the synchro
RECEIVER-REGULATORS control system components, showing how they

, interact. A signal voltage (primary or position
_Recelver-regula}tors are Io_cated on the Iauncg@nam transmitted by CX to CT, indicates the
with the power drive units (figs. 6-11 and 6-18}sgjred position of the launcher. The CT acts as a
The two control systems - train system angkerential, combining the actual position of the
elevation system - consist of similar electrigyiyen equipment indicated by the mechanical
hydraulic, and mechanical equipment. EagBsnonses with the ordered position. Two other
system receives its own order signals; the raifisiems, not discussed here, can control the ftilt o
system receives train order signals through {fs, a_end plate and therefore the position of the
rece!ver-regulatqr, and the. elevation syst@@,ncher. A velocity system improves the
receives elevation order signals through tQg,chronizing capabilities of the launcher; the

elevation  receiver-regulator. - During  nOrMalieqration system improves the accuracy of the

(automatic) operation, the train and elevatlcpguncher_

systems convert electrical signals received from arpe cT output is a signal voltage proportiotl
remotely located computer into hydraulig,e g.end error. The B-end error is the difference
movements. These hydraulic movements contiplvveen the ordered position of the driven

the velocity, acceleration, and position of thg, isment (launcher) and its actual position. The C
launcher carriage and the guides or guide armsy it s transmitted to the amplifier, where it is
Basically, the power drive consists of a CAgmpIified and sent back to the

unit and a receiver-regulator. The CAB unit is
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receiver-regulator. There it drives amove 36 degrees for every degree of launcher
electrohydraulic servo valve which transforms timovement. As long as the system is on automatic
amplified electrical input into a proportionabperation, the launcher is moved in train and
hydraulic movement, and moves the launcher dlevation on signal from the computer. In local
the position ordered. If the target is moving, tlogeration, the launcher is moved by moving the
position of the launcher has to be corrected witlain and elevation dials as ordered by the Weapons
each new signal from the computer. Control Station. (On some systems the dials cannot
To enable the launcher to be positioned mdre changed manually.) Figure 6-25 shows the train
accurately, the train and elevation synchro contesid elevation local control dials, 1-speed and 36-
systems have CXs and CTs in pairs. Each pspeed, on the EP-3 panel for the Mk 5 launcher
consists of a coarse synchro called 1X (one-spe€iBrrier). The train and elevation error indicator
and a fine synchro called 36X (36-speed).The CKXeters (fig. 6-25) show how much adjustment is
are located at the computer and the CTs are atribeded. The local control knobs, one for train and
receiver-regulator. The rotor movement of the lotie for elevation, are used to make the adjustment.
coincides with the launcher movement, while thigehind the face of the EP-2 panel are the synchro

rotor of the 36X CT will control
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transmitters, tachometer generators, gear traimgceding chapter and also in the preceding course,
and flywheels (one set for train and one f@unner's Mate M (Missiles) 3 &,2NAVTRA
elevation) to transmit the motion to adjust thE)199 and inBasic Electricity NAVTRA 10086.
position of the launcher. For adjustments of lefkese all emphasize the electrical aspects of the
than 4.8 degrees, the 36-speed dial is used. éjperation.
larger changes, the 1-speed dial is adjustedtbrst
bring the launcher position to within 4 to 5 degree
of the ordered position. Then the fine adjustmentflIARTAR RECEIVER-REGULATORS
made with the 36-speed dial. LOCAL control may
be used to stow weapons, exercise the launchefhe following description of Tartar receiver-
(without loading a weapon), and to purge tlmegulators are those used with GMLS Mk 13 and
hydraulic system of air during maintenance or in Mk 22. The receiver-regulator is mounted less than
emergency. LOCAL control cannot be used f@rinches from the main supply tank. The heating
loading and firing. This simple statement points ocand cooling of the hydraulic fluid tends to create
the absolute necessity for keeping the systemvatuum in the receiver-regulator cases, which
perfect operating condition. The failure of ongauses air from the main supply tank to be sucked
small part can inactivate the whole launchingto the receiver-regulator cases. The air breather
system. You must learn to repair hydraulion the main supply tank allows salt or humid air to
electric, and mechanical parts of the system. Tdrger the tank. This air would cause damage if it
ability to locate the trouble quickly and surely iseached the receiver-regulator parts. To prevent
very valuable. this, an expansion chamber with a quantity of inert
Synchro systems are discussed in the gas is connected to the top of the main supply.tank
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The receiver-regulator cases port through thiee same as the Mk 48 Mod O receiver-regulator
chamber in such a way that only the inert gas atept for the synchro gear, the stroke response
ever enter the receiver-regulator cases wherassembly, and the automatic tracking cutout valve
vacuum is created. block assemblines. The Mk 49 Mod 1 elevation
Remote train and elevation order signaisceiver-regulator differs from the Mk 49 Mod 0
originate in the missile fire control system. Ordeegulator in the same way.
signals may also originate in the control The modified stroke response assembly includes
transmitters within the launching system (EP&h electrical connector to facilitate replacement o
panel). These signals are used in the LOCAhe stroke response potentiometer. A resistor has
control mode of operation, which is used primarieen added to the synchro gear assemblies, which
for daily workout or routine maintenance. Is wired to the tachometer generator. The automatic
The receiver-regulators on the Mk 116 launcheascking cutout valve block assembly has been
of the Missile Launching System Mk 13 armounted with rollers above and below the limit
different from preceding models in sever alwaystop actuating cam to prevent binding.
The Mk 116 launcher uses an amplifier (electronicSome of the check valves that arc on the
servo control unit) which electrically performsuxiliary relief valve assembly in the Mk 13 Mod O
many of the functions that were previouslyave been relocated on the header tank cover in the
performed hydraulically by other types of receivekods 1,2, and 3.
regulators. A modified synchro system is used, The train and elevation auxiliary pumps in the
with the B-end response positioning the synchktk 13 Mods 1, 2, and 3 furnish supercharge
rotors. There is no rotary piston response. Onby qoressure at approximately 150 psi instead of 100
modified electrohydraulic servovalve is used. Bofisi as in the Mod 0. The servo pressure remains the
chambers of the electro-hydraulic servovalgame, approximately 525 psi at 3 gallons per
plunger are utilized, and each chamber is directhinute (gpm).
connected to the A-end stroking piston. The two The only changes in the CAB units (hydraulic
stroking pistons have equal areasfor hydrautransmission) involve the safety relief valves. yhe
pressure to act upon. are compound valves mounted on the valve plate
The A-end response is transmitted electridayly between the A-end pump and the B-end motor. The
a potentionmenter to the amplifier andssembly consists of the valve block, six valves,
mechanically to the limit stop and automat@nd two orifices. The valves serve to limit
tracking cutout systems. A modified limit stopnaximum pressure buildup in the high-pressure
system is used to mechanically return tloaitput line of the A-end pump and prevent
electrohydraulic servovalve, and thus the A-end,davitation by porting hydraulic fluid to the low
neutral. pressure (suction) line of the A-end pump. (This
The automatic tracking cutout system uses ttempensates for fluid lost through slippage and
limit stop system to stop the power drive. There deakage.)
no hydraulic velocity and integration systems ia th The train and elevation amplifiers are ideritica
regulator. However, a velocity signal is electiigaland share a common power supply in a
applied to the amplifier. transistorized Electronic Servo Control Unit which
Guided Missile Launching System Mk 13 Mods mounted in the EP-2 control panel. Thirteen
1, 2, and 3 use Launcher Mk 126 Mod 1, andpanted circuit cards in a rack on top of the main
number of changes have been made in tessis plug into 13 female receptacles in the back
associated equipment. The principal change in tifethe compartment.Each of the amplifiers (train
train and elevation systems is the redesign of #ned elevation) requires an identical set of six
electronic servo control units. Minor modificationprinted circuits, one card for each of six primary
have also been made in the train and elevatgiages in the functioning of the amplifier.
drive motors, the servo and supercharge hydraulidrigure 6-26 is a block diagram of the six stage
systems, and the receiver-regulators. each representing a printed circuit card, of an
The Mk 48 Mod 1 train receiver-regulator is  amplifier. The electronic servoamplifier is
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one of the components of the servomechanism tha6. The rotary piston assembly.

keeps the launcher synchronized until the missile7. The A-end response assembly.

leaves the guide rail. The receiver-regulators are

the error detectors in the system, comparing theBetween the Ilimit stop assembly and the
remote orders (from the launcher computer in takevation indicator dials are two B-end response
fire control system) with the actual launcheyears. One of the B-end response gears drives the
position. The amplifier processes the error. Thgnchro gearing assembly and the other gear drives
processed position error becomes the velodie limit stop assembly. The B-end response shaft
required of the launcher to correct the positidhat drives the gears leads through an opening in
error. It is one of the inputs to the velocitthe regulator base plate. The B-end tachometer is
controller, which detects any difference betweednven by the limit stop gearing.

the order velocity and the launcher velocity and The synchro gearing assembly includes five
makes it a control order to the stroking pistortse Tvisible synchros with the gearing immediately
electrical order comes from the electronieelow them, and indicator dials. The dials are
servoamplifier to the electro-hydraulic servo valveisible through the window in the cover of the
which converts the order into hydraulic orders angceiver-regulator.

admits hydraulic pressure to the stroking pistonsThe A-end response shaft leads into the receive
according to the orders. The CAB unit supplies thegulator through an opening in the base plate, and
response information to complete the servo loag, not visible in figure 6-27. The rotary piston
sending position information to the receiverssembly is attached to the inboard side of the@ mai

regulators. valve block and lies below the rotary switch cam.
Except for minor differences, the train receive
TERRIER RECEIVER-REGULATORS regulator is identical to the elevation regulaiidne

train rotary piston cam has a slightly different

The receiver-regulators are mounted to tbentour than the elevation rotary piston cam, but i
center of the launcher carriage, directly above thgerates similarly. The contour is different beeaus
CAB units. Servo pressure at 400 psi is supplieddo the different acceleration and velocity
the receiver-regulator valves and pistons. Thege gpecifications in train.
two major servo systems in the receiver-regulators:The nonpointing zone components of the train
the power drive and the velocity drive systems. and elevation receiver-regulators prevent the

The signal for moving the launcher to the ccrrdauncher guide arms from training or elevating into
train and elevation position for dud jettisoningny part of the ship's structure. The train linbitps
comes from a fixed synchro in the EP-2 panebes not have a gear and rack as does the elevation
There is a switch for each launcher arm, A and IBnit stop assembly, but contains a nonpointing
Air motors provide a means of training or elevatirmpne cam. The cam may be halted by pistons in the
the launcher for maintenance. nonpointing zone valve block. By means of the

Figure 6-27 shows a receiver-regulator with thear and rack, the power drive can elevate the
cover removed, and some of the main componelaisncher arm above the nonpointing zone.
are named. It contains a multitude of components,The train B-end response assembly differs from
here grouped into seven logical sections to simplthe elevation B-end response assembly in design
location and identification: because of mounting position. The train B-end

response is coupled to the train gear reduction.
1. The main valve block (including the Receiver-regulators used with early models of

electrohydraulic servovalves). the Mk 5 launcher (also Mk 7 launchers for Talos)
2. The nonpointing zone valve block. use torque motors and rotary valves instead of
3. The limit stop assembly. electro hydraulic servovalves. The torque motors
4. The B-end response. are controlled by conventional tube
5. The synchros and their accompanying

gearing.
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amplifiers instead of magnetic amplifiers. Theroportional to the electrical input, which is sent
function of the electrohydraulic servovalve is tinrough the control port.
convert an electrical signal from the train (or The force motor (fig. 6-28) consists of two
elevation) primary amplifier into a proportiongbermanent magnets, two pole pieces, two coils and
hydraulic order. It does this with a minimum o reed. One end of the reed is centered in the air
friction and negligible time delay. Figure 6-28as gap between the two pole pieces and the other end
cutaway view of an electrohydraulic servovalves centered between two nozzles in the mixing
There are four ports in the base of the valve. Gesteamber. The reed is the armature of the magnetic
port supplies hydraulic fluid at 400 psi to theircuit and is polarity conscious. The force motor
servovalve, one port leads to the tank, and a thir@nsforms the electrical input, a differential
port supplies control pressure from the servovalegerrent, into a proportional force on the motordree
to the rotary piston neutralizing valve. The fourthhe hydraulic amplifier converts the reed
port is blocked off and not used. movements into  corresponding differential

The hydraulic pressure ordered by the eledtripaessures. The differential pressures cause the
input is applied to the end of the servovahmunger to shift. A decreasing order signal cawses
plunger and positions it. The plunger positicshift to the left; an increasing order signal cauae
results in the output of control pressure, shift to the right.

Adjustment can be made on the adjustment

188



CHAPTER 6 - HYDRAULICS IN MISSILE LAUNCHING SYSTEMS

screw (fig. 6-28). The filters may need to bmower drives make use of torque motors and rotary
cleaned, or the whole valve may need to belves. On the Mod 2 power drives,
disassembled, cleaned, and reassemblel@ctrohydraulic servovalves are used. The primary
Servovalves are used in several of the hydrayjposition) and the velocity electrohydraulic
systems, and you need to be able to maintain aedvovalves for train and for elevation are in the

repair them. receiver-regulators. Magnetic amplifiers are
located on the EP2 panel. These amplify the train
TALOS RECEIVER-REGULATORS and elevation electrical signals so the signals are

strong enough to tilt the A-end plate and thuststar

There are many similarities between the MknTovement of the hydraulic fluid which will move
and the Mk 12 launching systems, and in mathe launcher in the direction and amount ordered.
cases the equipments are identical. The basidocal train and elevation orders are transmiitte
principles of hydraulics and electricity apply tby the local order synchro transmitters mounted in
both systems. Equipments that are the same arettieeinternal director section of Test Panel Mk 203
Area 1 accumulator, the mechanical and hydraulitod 0O, the EP-3 panel. The transmitters are
aspects of the loader (except the power drive), ausitioned by operation of the controls on the EP-3
the mechanical and hydraulic aspects of the speamel to set the train and elevation indicatordial
track and the blast doors. on the face of the panel to the positions ordered.

The receiver-regulators used with the Mk 7 afitiere are fine and coarse
Mod 0 launcher and Mk 50 Mods 0 and 1
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dials for train and elevation on the control panelovement on the stroke control lever through the
and also on the receiver-regulators. Remote contrelocity piston. Movement of UVTD2 acts on one
is in the form of electrical signals from the firend of a lever-arm linkage and the other end is
control computer that processes the informatipivot-mounted to a stationary point on the regulato
from a radar antenna mount. Two channels \@lve block. As an example of how an integration
control signals are fed to the train and elevatisignal is developed, a small increasing order
drives. One is a position order and the other ighaough the primary system will be discussed.
velocity order. The synchro transmitter in the The small downward displacement of UVTD2,
computer transmits a position order to the IXCT figure 6-29 will cause a proportional downward
the receiver regulator of the launcher. The statordisplacement of integrator control valve UVTD7.
this CT is geared to the B-end of the hydrauldvTD7 supplies control pressure through
transmission. If the launcher is not positionethat neutralizing valve UVTD20 to the integration
same bearing as the transmitted order, a voltageisgon UCTD8. Any movement of UVTD7 from its
developed on the rotor of the CT to represemutral, position will cause a pressure changlen t
launcher position error (angular difference betweenamber above, UCTD8. Due to the decrease in
actual launcher position and the ordered launcipeessure at the top of UCTDS8, the integration
position). This error voltage is placed on the inppiston starts to move up. The final position of
terminals of the magnetic amplifier in the EPQACTD8 represents the volume of fluid that has
panel. The error signal, amplified, is sent back lowed to or from UVTD7. This volume is a
the receiver regulator, which then applies tilthe measure of the sum of the primary error for each
A-end of the hydraulic transmission. The amouanit of time that the error existed.
of tilt of the A-end governs the speed of the B-end The movement of UCTD8 generates an
A gear reduction unit reduces the speed before ielectrical signal through RATDS5, (fig. 6-29), the
applied to the drive pinion to drive the carriage. integration potentiometer. The integration sigmsal i
the carriage rotates to the ordered position, tm@plified by the velocity amplifier and applied to
error reduces until it is zero. the primary system to the stroke control level

When the situation is continually changing, #sough the velocity system. The velocity
when the radar is tracking a moving target, tpetentiometer develops a response signal through
launcher must keep moving to follow the errd®ATDA4 to electrically cancel the integration signal
signal, which could make it rough. A smooth The integration system is cut out when large
operation of the launcher is made possible by #eor signals are applied to the power drive servo
use of the velocity channel as an additional meaystem.
of stroking the A-end. The velocity order is also The train and elevation limit stop systems are
received from the computer. The signal Iscated in the receiver regulators. Their functi®n
amplified in the EP-2 panel, and sent t the receite stop movement of the launcher and/or guide
regulator, which causes a proportional tilt in ke arms when moving into a fixed limit or
end. The electrohydraulic servovalve is part of thenpointing zone, or when a power failure occurs.
receiver regulator. It converts the electrical asign
into hydraulic actuation.

A third system for power drive control is the
integration system. It differs from primary antNDICATING EQUIPMENT
velocity control in that it is initiated within the
receiver regulator. It is used only when the The position of the launcher must be known to
launcher is within one degree of synchronizatitihe man who presses the firing key, the man who
and it prevents the launcher from hunting back amdist make the decision whether to fire, and the
forth over the synchronization point. Thenen who position the launcher. The information
integration system detects a small primary ermowust be presented simultaneously to all of them.
through the displacement of primary stroke valMéne indicating lights are on the
UVTD2 and responds to it by putting a
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launcher captain's control panel, in the weapapply information to the operators. The train
control station, and on the bridge. Train armbsition indicator and the elevation position
elevation position and order dials on the launchedicator are two of these. All the panels in the
captain's control panel indicate the actual traad daunching system, manned and unmanned, are
elevation positions and the ordered positionsdicating panels. Numerous panels and consoles in
(These dials cannot be changed manuallthe Weapons Direction System (WDS) provide
Launcher elevation is shown in minutes afdications of weapons system conditions to the
elevation arc, and train is shown in degrees. Whagerators. Among those of interest to the GMM are
the observed position and the ordered posititre Weapon Assignment Console (WAC), Director
match, the launcher is in firing position and th&ssignment Console (DAC), Target Selection and
TRAIN IN SYNC and ELEVATION IN SYNC Tracking Console, master control panel, casualty
lights illuminate. When all parts of the missiledanveapons direction panel, casualty firing panel,
the launcher are ready, the READY-TO-FIRMissile status indicator panel, and control indicat
window on the panel lights up. The missile mganel. Some of these are in the Combat
not be fired until all lights show that everythirgy Information Center (CIC) and some are in the
in readiness. Weapons Control Station (WCS). Intersystem

Within the weapons system are numeroce@mmunication between the Weapons Direction
equipments called indicators, all designed to Equipment and
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the guided missile launching system transmitsused for maintenance, checking, and installation
orders to the control panels in the launching systas well as for emergency. The Talos system has
and feedback from the launching system asixiliary mode in step control. The purpose<;>f
transmitted back to the Weapons Control Stationth@se "extra" methods of firing is not to avoid
indicate the carrying out of the order. For examphaaking repairs on the system, but for use in an
a load-select order is transmitted to the EP-2 Ipaemergency in a combat situation. Train your men
as a light indication that shifts from flashing tm the use of them so they will know what can be
steady when the EP-2 panel operator positions tised in an emergency. Manual operation is strictly
A or B Selector switch to match the positiofor maintenance, repair, and exercise.
ordered. This switch continuously feeds back an
indication of the switch position to WeaponSHIPBOARD RECEIVER-REGULATOR
Control.  Information on  missile  statuADJUSTMENTS
(Armed/Safe, or Unsafe) is sent through the EP-2
panel to Weapons Control. Firing status isThe components of receiver-regulators are not
transmitted to Weapons Control as Missile Readsggile, but adjustments are precise and delicate,
Missile Firing, Dud, etc. and therefore maintenance must be performed with
What happens if the launcher and missile arecare by trained, competent men. Improper care and
readiness, but one or more of the necessargintenance procedures can destroy critical
indicator lights are not on? The actual cause isf tadjustments which require extensive realignment.
failure may be merely a burned out light bulb dvlisalignment or binding of the various
the panel, but you don't actually know what mechanisms can cause erratic launcher movement.
wrong until you check and find the trouble. Knowrhe real cause of the trouble may be difficult to
how acquired through daily checkouts should hdgrate, so make a careful study of the problem
you locate the trouble quickly and surely. In lzefore attempting to make any adjustment or
combat situation, loss of even a short time can repair.
critical. Your knowledge of launching system Shipboard maintenance of receiver regulators
checkout can be the saving factor. includes replacement and adjustment of electro-
In addition to automatic equipment, soun@lydraulic servovalves, velocity and integration
powered telephone circuits provide rapigotentiometers, and input synchro control
interchange of information between missile systdnansformers. One man operates the panel while
stations. These circuits are independent ariother performs adjustments. Telephone com-
electrical power from ship supply and can therefaraunication between them is essential.

continue to function when other systems falil. To replace an electrohydraulic servovalve,
deactivate the system and dump fluid pressure from
TESTING AND MAINTENANCE the regulator by draining the system to the level o

the main supply tank. Then loosen the capscrews
Each system has some provision for continuiwhich secure the servovalve to the top of the main
operation if part of the system is inactivated lwalve block in the receiver-regulator, and
casualty. In the Terrier system it is called caguatlisconnect the cable plug. Replace with a new
mode of operation. Duplicate control panels asdrvovalve, tighten the capscrews, and reconnect
consoles are ready to be placed in operationthie cable plug. A dowel pin in the base of the
emergency, and ways of bypassing some contrsd#svovalve assures that the valve is positioned
are provided. The OP for the system describasrectly.
casualty operation of the Terrier system. After the servovalve is positioned, it is reddy
Other missile systems have an auxiliary modeaaljustment. The servovalve spool position is
emergency mode. In the Tartar system, Stagjusted by means of the adjustment setscrew (fig.
control can be used for emergency if the automadi28). To adjust the primary electrohydraulic
circuitry is inoperative. Manual operation servovalves, energize the primary system but leave
the velocity system deenergized. Adjust
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the primary electrohydraulic servovalve for zero When an operational check shows faulty
difference current. Use the adjustment setscrewofmeration of a potentiometer, it should be replaced
adjust the valve spool. The difference current cand adjusted. There are four potentiometers ill the
be checked at the amplifier test points (fig. 6-3@mplifier assembly shown in figure 6-30, two
10A and 10B on the test points). Be sure the matgegration potentiometers, and two for train and
switch is turned to TRAIN PRIMARY whenelevation velocity. A volt meter is needed to make
testing the train servovalve, and to ELEYhe adjustment of the potentiometer arm to zero
PRIMARY when testing the elevation servovalvevolts before beginning removal or testing of any
The adjustment of the velocity electrohydraulpart. Deenergize the velocity system. Follow the
servovalves is made in a similar manner. Activatestructions in the OP for your weapon system.
the velocity system but not the primary system.The position of the launcher, compared to the
Make sure the velocity potentiometer is adjustedgosition indicated on the receiver-regulator dials
zero volts from the amplifier test point 8B tonust be checked at regular intervals. If therenis a
ground. With the setscrew (fig. 6-28) adjust tltkfference between the actual position of the
servovalve spool to zero difference current launcher and the dial indication, adjustment must
velocity test points 10A and 10B (fig. 6-30). Turhe made to the vernier on the regulator B-end
the meter switch to TRAIN VELOCITY and theaesponsible shaft. If the B-end vernier is adjusted
train test switch to 10 when checking the trathe launcher load order synchros will also require
velocity valve. To check the difference current @adjustment. Refer to your OP for the methods of
the elevation velocity servovalve, be sure to tudoing this. Shut off power to the system when
the meter switch to ELEVATION VELOCITY andreplacing any parts. Careful readjustment is
the elevation test switch to 10. necessary whenever a new part is placed in the
system.
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MAINTENANCE OF RECEIVER- recorded. You need a copy of the record when
REGULATORS checking the stop positions of the launcher imtrai
and elevation. Compare the train and elevation stop

Quarterly, or after each 360 hours of operatigositions with the recorded limits. The air drive
secure the launcher intrain and elevation, amobtor is used to move the launcher slowly in train
remove the housing cover of the receiver-regulatord elevation for testing. Listen for the clicktbé
(train and elevation receiver-regulators receive tbolenoid that indicates actuation, and record the B
same maintenance). With the lubricant specifiedd position at that time. Use the OP for complete
for your equipment, lubricate the rotary pistanstructions.
switch bearings, pivots, and rollers; A-end stroke Adjustment of the various interlock switches of
response switch arm, bearings, pivots, and rollef® train and elevation power drives requires
main valve block bearings, adjustable gears, dadiliarity with the operation of the associated
pinions; blind zone cutout gearing bearings, pivotontrol circuitry and the actuating mechanisms.
and rollers; blind zone cutout gearing brake blo8quipment required includes a continuity checker
linkage and bearings; and all synchro gearing anith a self-contained, power supply and a regulated
bearings except those located within the synchroand adjustable hydraulic fluid supply with a

pressure gage.

Remove the fluid power transmission fitting Some special tools are used in adjustment and
protective cap on the A-end stroke response andintenance of parts of receiver-regulators. The
lubricate the fitting with a hand gun containing thcorrect tools make the work easier; they are a
prescribed fluid mixture. Check and refill, or addecessity for exacting adjustments. Follow through
the specified corrosion inhibitor if required, &et on the care of the tools. See that they are put bac
synchro gearing assembly level. in their proper places, in undamaged conditiom If

Plan to adjust the power drive interlock swéshtool becomes damaged during use, do not put it
at the same time, so the receiver-regulator covbegk on the tool rack or in the tool kit, but
do not have to be removed oftener than necessaggondition it or replace it.

Most of the interlock switches are adjusted at the .
receiver-regulator. When possible, interlock WARNING: Make sure that power to the power

switches are adjusted with the power off. Turn difiV€ System is shut off prior to removing receiver
power at the power panel. regulator covers or auxiliary relief and brake

Switch actuation is checked by a continuiﬁpntrOI valve switch and solenoid housings for
indication at the nearest terminal. Switch le&¥/tCh adjustments, unless switch adjustment

termination between switches is sometim&@duires power operation. Remove the safety

common so that one lead must be disconnec@ffitch handles from the power and control panels.

Because of the complexity of the wiring, theep all panel doors and solenoid housing covers

disconnected lead should be tagged and, afigfFured at .a.” times except when being serviced.
adjustment, reconnected immediately. Do not position any SOLENOID by hand unless
Communication must be established between ghgcifically ordered to do so. L

manual operator and the person or personé\/'a'ma_'n the schedule of Iubrlcatlon sety_p for
performing the switch adjustment. You will need ¥PUr €quipment and use the lubricants specified on
have the drawings showing the location of the lubrication chart. An atomizer is used where
switches for your power drive system, the OP, a¥igy light Iubrication' is needed vyet all parts must
a check sheet listing each switch so you can recBfdréached by the oil. Do not over-lubricate or use
your tests: Some of the interlocking switches cHIf Wrong type of lubricant.

be checked with the power off and a 1.5-volt testEAuiPment adjustments should be made only
lamp connected to the switch terminals in tyghen actually required. When switches, relays,
regulator. solenoids, etc., malfunction, do not attempt to

Train and elevation blind zones are fixed om tfEPaIr them. Replace the faulty unit with a
individual installations and are permanently functional one, replace and tighten aII_screW_ss,nut
etc., and then test-operate to be sure it functions
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properly in place. Make adjustments then tivo parts of the problem of getting the missile to

necessary, following OP instructions. the selected target after it is fired. The mairsoea
for controlling a missile in flight is to gain

TROUBLE ANALYSIS increased accuracy for missiles with extended
ranges.

The response (or lack of it) of the launcher to A missile guidance system keeps the missile on
signals from the weapons control station or thige proper flight path from launcher to target, in
control panel is an indication of the condition @fccordance with signals received from a control
the system. In the daily exercise of the launchpagint. The missile control system keeps the missile
watch for any erratic movement. Trace the causethe proper flight attitude. Together, the guidan
and make the necessary adjustment or repair. Thad control components of any guided missile
test the adjustment or repair by again operatieg ttetermine the proper flight path to hit the target,
launcher. Leakage in the hydraulic system can d®l control the missile so that it follows this
located by visual inspection. Noisy operation magtermined path. Missiles accomplish this "path
be due to lack of circulating hydraulic oil, eithezontrol” by the processes of tracking, computing,
because of insufficient oil or blockage of thdirecting and steering. The first three procesdes o
supply. Air in the hydraulic system also causesath control are performed by the guidance system,
noisy operation. Overheating of any part is usuafiieering is done by the control system.
due to lack of lubrication. The remedies for theseGMM 3&2, NT 10199, described the external
troubles are fairly simple. control surfaces of guided missiles such as wings

and fins and explained the effects of natural ferce

When the launcher makes erratic response todaheng upon them and how the missile compensates
order signal, the trouble may be more difficult tor them. The remainder of this chapter explains
locate and adjust. If the launcher will move inyonthe characteristics of some of the numerous
one direction, look for trouble in the valves irethmechanical, hydraulic, and pneumatic systems used
B-end and A-end. An improperly adjusted pildd control the steering components to maintain a
valve in the A-end may permit the launcher &iable missile flight. We will deal with the genkera
override the control signal. If the launcher movesinciples, rather than the actual design of any
several degrees beyond the ordered position gpecific missile.
stops before reaching the ordered position), the
synchros are not properly adjusted to null. If tHgpes of Control Systems
launcher is slow in responding to the control signa
the control pump filters may be clogged, the torqueMissile control signals may come from inside
motor coils may be improperly adjusted, the dihe missile, from an outside source, or from both.
level may be too low, the control pressure reliBegardless of which method of control is used,
valve may be improperly set, the B-end relisbme source of power must be produced to control
valves may be improperly set, or there may bdhe steering surfaces of the missile. This power is
defective part. initially produced within the missile by hot gases,

compressed or high pressure air, or by electrical

WARNING: Make sure that power to the poweneans. The power is transmitted from the supply
drive system is shut off before removing receiveseurce to the movable steering controls by
regulator covers or making any adjustments. pneumatic, electrical, or mechanical means, or by

using a hydraulic transfer system in conjunction
MISSILE CONTROL COMPONENTS AND with the sources mentioned above.
SYSTEMS Before getting into the details of specific égp
of control, let us first take a general look ateyaV

Guidance and control are sometimes spokenpostsible controllers and compare some of their

as if they were one and the same. They are advantages and disadvantages.
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A pneumatic system which depends on tankstleése functions, a servomechanism must be able to:
compressed air is obviously limited in range. Since
air or any other gas is compressible, the movemenf.. Accept an order which defines the result
of a pneumatic actuator is slow due to the timedisired.
takes to compress the air in the actuator to a2. Evaluate the existing conditions.
pressure sufficient to move it. Hydraulic fluid is 3. Compare the desired result with the existing
practically incompressible and will produce a fasteonditions, obtaining a difference between the two.
reaction on an actuator, especially when the4. Issue an order based on the difference $o as
actuator must move against large forces. Thabange the existing conditions to the desired tesul
large, high speed missiles (Talos) are controligd b 5. Carry out the order.
hydraulic actuators.

Very few missiles have been designed which doFor a servomechanism to meet the requirements
not have some part of their control systemsst stated, it must be made up of two systems - an
operating by electricity. The use of an all electrerror detecting system and a controlling system.
control system would place all the equipmenthe load, which is actually the output of the servo
except the propulsion unit, within the electricalan be considered part of the controller.
field. This would simplify manufacture, assembly, By means of servo systems, some property of a
and maintenance. Also, it would be easier lwmad is made to conform to a desired condition. The
transmit information or power to all parts of thproperty under control is usually the position, the
missile by wires, rather than by hydraulic oate of rotation, or the acceleration of the |oBide
pneumatic tubing. system may be composed of electrical, mechanical,

An all mechanical control system in a missde hydraulic, pneumatic, or thermal units, or of
not very probable. In an all mechanical systemgrious combinations of these units. The load
error information would be transferred from device may be anyone of an unlimited variety; a
mechanical sensor by some mechanical means su@sile control surface, the output shaft of an
as a gear train, cable, rotating or sliding shaift, electric motor, and a radar tracking antenna are a
chain linkage. This linkage would then connect few typical example.
the correcting devices such as control surfaces.

The major disadvantages of a mechanical control
system are that too much power would be requificontinuous and Continuous Control
to move the necessary (and heavy) gear trains and
linkages, and the installation of an all mechanical The simplest form of control can be illustrated
system would be extremely difficult in the smably the elementary circuit shown in figure 6-31A.
spaces of a missile. The circuit contains a source of power, a switch, o

To gain advantages and offset disadvantagesaitrolling device; and an unspecified load. The
the different types of control, combinations amdements are connected in series. When the switch
used, such as pneumatic-electric, hydraulis-closed, energy flows to the load and performs

electric, hydraulic-mechanical, or others. useful work; when the switch is opened, the energy
source is disconnected from the load. Thus, the
Missile Control Servosystem flow of energy is either zero or a finite value

determined by the resistance of the circuit.

A missile control subsystem is  ®peration of this general type is called
servomechanism. A servomechanism takes RISCONTINUOUS CONTROL.
order and carries it out. In carrying out the oydter In figure 6-31 B, the circuit is modified by
determines the type and amount of differensabstitution of a rheostat for the switch; and the
between what should be done and what is beiguit now provides CONTINUOUS CONTROL.
done. Having determined this difference, the
servomechanism then goes ahead to change what is
being done to what should he done. To perform
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By displacing the rheostat contact, the circias well as the input determines the action of the
resistance is varied continuously over a limitentroller. The system contains the open-loop
range of values. The energy expended in the loadosponents plus two elements which are added to
then varied over a corresponding range rather thmavide the followup function. The output position
byintermittent, or on-off action as in discontingous measured and a followup signal proportional to
control. Both these simple examples representha output is fed back for comparison with the
fundamental property of control systems in generaput value. The resultant is a signal which is
the energy required to control the system is smaidbportional to the difference between input and
compared with the quantity of energy delivered tmtput. Thus, the system operation is dependent on
the load. input and output rather than on input alone.

Open- and Closed- Loop Servosystems

In the examples given above, the power sowce i
controlled directly by manual adjustment of a
switch or of a rheostat. In more complicated servo
syst_ems, control S|gr_1als are applied tq the POWEIHt the two basic types, closed-loop contro$dal
device by the action of an electrical or g ) )

. . called followup control) is by far the more widely
mechanical device rather than by manual means. : . .
: L . used, particularly in applications where speed and

Automatic servosystems can be divided into two

. i recision of control are required. The superior
basic types: open-loop and closed-loop systems.
. . ccuracy of the closed-loop system results from the
The essential features of each are indicated by

block diagrams in figure 6-32. o?owup function which is not present in open-

i , loop systems. The closed-loop device goes into
In both systems, an input signal must be a@plie ; . .

) . . . Operation automatically to correct any discrepancy
which represents in some way the desired condit

Between the desired output and the actual load
of the load.

o osition, responding to random disturbances of the
In the open-loop system shown in figure 6-32 ) . )
. . ' . gad as well as to changes in the input signal.
the input signal is applied to a controller. The

controller positions the load in accordance with tl&ontrollable Eactors
input. The characteristic property of open-loop
operation is that the action of the controller is
entirely independent of the output.

The operation of the closed-loop system (fig.
32B) involves the use of followup. The output

The missile control system is actually a clesed
Ié)op servomechanism in itself. It is able to detect
roll, pitch, and yaw. and it is able to
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position the movable control surfaces ifhese signals are proportional to the amount of
accordance with this attitude information. It isyweroll, pitch, and yaw at any given instant. After
important that you understand that the contitblese signals have been compared with other
surfaces are not positioned, on the basis of dditunformation (for example, guidance signals),
information alone. It is again pointed out thabrrection signals result. The correction signa¢s a
movement information, guidance signals, amuders to the controller to position the control
control surface position information arsurfaces. The purpose of the amplifier is to build
continuously analyzed in the computer networthe weak correction signals up to sufficient sttbng
The correction signals are continuously generated cause actuation of the controller As in any

on the basis of all this information. closed-loop servosystem, followup information
plays an important role. A followup mechanism
Overall Operation continuously measures the positions of the control

surfaces and relays signals back to the computer
Before studying the individual components oktwork.

the missile control system, let us take a briekloo
at the operation of the system as a whole. Figure 6EXTERNAL FOLLOWUP.-In addition to the
33 shows the basic missile control system in bloickernal followup which is actually measured by a
diagram form. Free gyroscopes provide physicakchanism, we can think of the missile's
(spatial) references from which missile attituda canovement detecting devices as providing an
be determined. For any particular missile attitudexternal followup feature. The fact that the
free gyro signals are sent from the gyroscopesgioscopes continuously detect changing missile
the computer network of the missile. attitude introduces the idea of external followup.
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This is represented by the dotted line in figure Bremote control applications since the core can b

33. mechanically connected to valve mechanisms,
switch arms, and other regulating devices. Two
Components of Missile Control Systems solenoids can be arranged to give double action in

certain applications.

Figure 6-33 have named parts of a missile
control system and some of the components havansfer Valves
been discussed. The components may be grouped
according to their functions. They cannot be Figure 6-34 shows an application in which two
strictly compartmentalized as they must wosolenoids are used to operate a hydraulic transfer
together and there is overlapping. Devices faalve. The object is to move the actuator which is
detecting missile movement may be called erronechanically linked to a control surface or
sensing devices. The amount and direction of ercomparable device.
must be measured by a fixed standard; referenc@he pressurized hydraulic fluid, after it leave
devices provide the signal for comparisothe accumulator, is applied to the transfer valve
Correction-computing devices compute the amouwfitown in figure 6-34B. The valve is automatically
and direction of correction needed and correctioperated by the response of the solenoids to
devices carry out the orders to correct amlectrical signals generated by the missile compute
deviation. Power output devices amplify the erraetwork.
signal, but the prime purpose is to build up a $mal If solenoid #1 in the figure is energized, itlw
computer output signal to a value great enoughcsuse the valve spool to move to the left. Thig wil
operate the controls. The use of feedback logEmit pressurized fluid to be ported to the
provides for smooth operation of the controls.

Do not confuse the missile control system with
the weapons control system. The weapons direction
system and the fire control systems and their
related components comprise the weapons control
system. These shipboard equipments control all
weapons aboard, including guns, missile s, and
torpedoes. The missile control systems are in the
missile, and may receive direction from shipboard
equipment.

CONTROLLER AND ACTUATOR UNITS

A controller unit in a missile control system
responds to an error signal from a sensor. There ar
several types of controller units, and each type ha
some feature that makes it better suited for use in
particular missile system.

Solenoids

A solenoid consists of a coil of wire wound
around a nonmagnetic hollow tube; a moveable
soft iron core is placed in the tube. When a
magnetic field is created around the coil by curren
flow through the winding, the core will center ifse
in the coil. This makes the solenoid useful
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right-hand side of the actuator and cause #sy movement of the actuator. If the right-hand
movement to the left. If solenoid #2 is energizeshlenoid is energized, the magnetic reed will move
the valve spool will move to the right, causing the right, blocking off the flow of high pressur
actuator movement to the right in the same manrferid through the right-hand nozzle. Pressure will
When neither coil is energized, the valve is closbdild up in the right pressure chamber. This will
(fig. 6-34A). move the valve to the left. In moving left, the
The transfer valve just described has ocenter land will open the high pressure inlet and
disadvantage in that it operates in an on-g@rmit fluid flow directly to the right-hand sidd o
manner. This means that it provides posititiee actuator. At the same time, the left-hand laind
movement of the control surfaces, either full up tive spool will open the low pressure return lind an
full down, full right or full left. A finer controlis permit flow to the sump from the left-hand side of
usually more desirable in missile systems. Ttee actuator. This process will cause actuator
servovalve (fig. 6-35) provides this control. Witmovement to the left. By energizing the left-hand
neither of the windings energized (or a balancedlenoid, the reed will move to the left, and the
current flowing through both), the magnetic reedestire process will be reversed, the actuator then
centered as shown (fig. 6-35). In this conditiobeing moved to the right. The actuator can be used
high pressure hydraulic fluid from the input lingo physically position a control surface.
cannot pass to the actuator since the center land o
the spool valve blocks the inlet port. ThRelays
pressurized fluid flows through the alternate reute
through the two restrictors (fixed orifice), passes Relays are used for remote control of heavy-
through the two nozzles, and returns to the suwlyrrent circuits. The relay coil may be designed to
without causing operate on very small signal values, such as the
output of a sensor. The relay contacts can be
designed to carry heavy currents.

Figure 6-36A shows a relay designed for
controlling heavy load currents. When the coll is
energized, the armature is pulled down against the
core. This action pulls the moving contact against
the stationary contact, and closes the high current
circuit. The relay contacts will stay closed asgon
as the magnetic pull of the coil is strong enoumh t
overcome the pull of the spring.

The relay just described has a fixed core.
However, some relays resemble a solenoid in that
part of the core is a moveable plunger. The moving
contacts are attached to the plunger, but are
electrically insulated from it.

Figure 6-36B shows a form of relay that can be
used in a pneumatic control system. Two air
pressure lines are connected to the air input ports
The relay operates when its arm is displaced by air
pressure. A modified design of this type relay
might be used in a hydraulic-electric system, in
which case the diaphragm would be moved by
hydraulic fluid pressure.

The actuator unit is the device that converes t
error detected by the sensor into mechanical
motion to operate the appropriate control
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device that will correct the error or compensatietection of error and movement of the flight cohtr
for it. The actuator must be able to respomdrfaces or other control device. At the same tiine,

rapidly, with a minimum time lag between

must produce an output proportional to the error
signal and powerful enough to handle the load.
Figure 6-34B shows a double-acting piston-type
hydraulic actuator in which hydraulic fluid under
pressure can be applied to either side of the misto
The piston is mechanically connected to the load.

PRINCIPAL TYPES

Actuating units use one or more of three energy
transfer methods: hydraulic, pneumatic, or eleatric
Each of these has certain advantages, as well as
certain design problems, mentioned earlier in this
chapter. Control devices make use of more than one
method of energy transfer but are classified
according to the major one used. Combinations are
hydraulic-electric, and pneumatic-electric.
Mechanical linkages are used to some extent by all
of them.

Hydraulic Actuators

Pascal's Law states that whenever a pressure is
applied to a confined liquid, that pressure is
transferred undiminished in all directions througho
the liquid, regardless of the shape of the congnin
system.

This principle has been used for years in such
familiar applications as hydraulic door stops,
hydraulic lifts at automobile service stations,
hydraulic brakes, and automatic transmissions.

Generally, hydraulic transfer units are quite
simple in design and construction. One advantage of
a hydraulic system is that it eliminates complearge
lever, and pulley arrangements. Also, the reaction
time of a hydraulic system is relatively short,
because there is little slack or lost motion. A
hydraulic system does, however, have a slight
efficiency loss due to friction.

HYDRAULIC - ELECTRIC CONTROL
DEVICES. - The hydraulic-electric method of
actuating movable control surfaces has been used
more than any other type of system. As previously
mentioned, the most important advantages of this
type of system are the high speed of response and
the large forces available when using hydraulic
actuators.
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You have studied several of the components shaMACUMULATOR which acts as an auxiliary

in the simplified block diagram of a hydraulicstorage space for fluid under pressure and as a

electric controller (fig. 6-37). This damping mechanism which smoothes out pressure
surges within the system, and (5) a TRANSFER
VALVE which controls the flow of fluid to the
actuator.

Most of these components of the system have
been covered in the preceding pages. The theory of
hydraulic piston displacement is explained-lnid
Power, NAVTRA 16193 and hydraulic pumps are
also illustrated and explained. Pumps used in
missile systems generally fall into two categories-
gear and piston.They are usually driven by an
electric motor within the missile.,

Electric Actuators

The electric actuators used to control the

system is comprised of (1) a RESERVOIR whi@gflection of control surfaces are replacing mafy o
contains the supply of hydraulic fluid, (2) &€ hydraulic systems now used in some missiles.
MOTOR and a PUMP to move the fluid throughigure 6-38 shows a mechanical schematic of an

the system, (3) a RELIEF VALVE to prevengctuator used in the Standard Missile. The missile
excessive pressures in the system, (4) an has four actuators and, since the operation of each

is identical, only one will be discussed.
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The drive motor (fig. 6-38) runs continuallynput gear rotation, and drives the worm input gear
(after missile activation) in the same direction $0 cause CW rotation of the control surface. When
that the drive motor output gear, and the CW atiee CCW clutch is engaged, the control surface
CCW clutch input ears rotate continually in thetates CCW.
direction indicated by the arrows. Either clutch
output gear rotates in the direction of thdechanical Linkage
corresponding clutch input gear when the clutch is
engaged; either clutch output gear is free to tmrn  We have discussed the various control systems,
either direction when the corresponding clutch bsit have not discussed in detail the mechanical
disengaged. Since only one clutch can be engageshns of linking the flight control surfaces to the
at a given time, one of the clutch output gearsastuator. In addition to providing a coupling
always free to turn in either direction. Eithertclu means, the linkage may also be used to amplify
is engaged when the corresponding pushrodeither the force applied or the speed of movement.
advanced forward into the clutch by the torque A mechanical linkage between an actuator and a
motor in response to the output of the missiead is shown in figure 6-34A. The distance d on
control system. the drawing represents the distance from the

Prior to the missile control system activatitre control surface shaft to the point where the fasce
torque motor receives no input from the systeapplied. The control surface moves because force
consequently both clutches are disengaged ameérted by the piston is applied at a distance from
neither clutch output gear rotates. After systdime axis of rotation, and thus produces a torque.
activation, one of the two coils in the torque nmmot®@ther mechanical linkages may consist of an
is energized, (depending on the signal output framangement of gears, levers, or cables (fig. 6¥39B
the control system) resulting in the engagement ofA number of mechanical systems may be
one of the clutches. When the CW clutch ggouped together to form a combination system.
engaged, the CW output gear rotates in the
direction of the CW clutch
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This system uses levers, cables, pulleys, andoaepair and maintain most parts of a hydraulic
hydraulic actuator. However, a system using thlagstem. The size rather than the complexity of the
kind of control is not suited for high speedomponent may be the determining factor. With an
missiles. understanding of how the parts work together and
the aid of parts lists and illustrations, checKisifs,
SUMMARY MRCs, and maintenance OPs and ODs, the GMM
1 or C can adjust and repair the most complex parts
This chapter explained the hydraulic systerasd train his men in the maintenance of the system.
used in some missiles and missile launchers. Tthough the present day trend is to replace
hydraulic principles are the same in all of them; malfunctioning units with new ones, avoiding time-
application of the principles they differ only irtonsuming disassembly and repair, the new unit
details. Each hydraulic power drive has an A-entlist operate correctly when in place. It may
pump and a B-end motor; some systems useequire delicate adjustment after installation.dbo
radial piston type, and other systems use axiak you need to know how it operates, so you can
piston types or parallel piston types. All are t&dr understand how to adjust it.
by an electric motor, which may vary in size,
manufacture, and other details. Since so much of the launching system is
Methods of maintenance and repair of filterdependent on the interaction of electric and
valves, pumps, and motors common to all thgdraulic components, testing of the system
system are given. Within the limitations of theperation will be discussed further in a later
facilities available, a GMM 1 or C should be able chapter.
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