








WAR DEPARTMENT
Washington 25, D. C,, 17 January 1944

TM 9-252, 40-mm Automatic Gun M1 (AA) and 40-mm Anti-
aircraft Gun Carriages M2 and M2Al, is published for the information
and guidance of all concerned.

A.G. 300.7 (27 Aug 43)
0.0. 300.7/1106

BY ORDER OF THE SECRETARY OF WAR:

G. C. MARSHALL,
Chief of Staff.

OFFICIAL:
J. A. ULIO,
Major General,
The Adjutant General.

DISTRIBUTION: R 9 (4); Bn 9 (2); IBn and H 44 (3); C 9 (8);
IC 44 (5).

(For explanation of symbols, see FM 21-6.)










































™ 9-252
S

40-MM AUTOMATIC GUN M1 (AA) AND 40-MM ANTIAIRCRAFT
GUN CARRIAGES M2 AND M2A1

x. The following precautions should be taken in the operation
and maintenance of the Remote Control System MS5:

(1) The elevation limit switch must be “OFF” before engaging
or disengaging elevation clutch.

(2) Be particularly careful when orienting in elevation that
elevation motor switch at the director is “OFF.” Otherwise, a super-
elevation will be set in, and orienting will be in error by amount of
superelevation.

(3) Power should be switched off before cables are connected or
disconnected. See that cables are securely held in receptacles before
turning power on.

(4) The elevation clutch lever should be put in the “IN” position
(top of lever away from coupling) before switching on the power
supply.

(5) Never put oil from an unsealed container in oil gears.

(6) Be sure that oil gears have been filled with oil correctly as
noted in paragraph 102.

(7) Be sure carriage is level before firing. Correct leveling of
carriage cannot be overstressed.

(8) In orienting for elevation or in adjusting oil gears to neutral,
unit cover plates should not be removed when dust or rain can
get into unit, unless unavoidable. If it is necessary to remove covers
under adverse conditions, units should be protected to insure that no
dust or rain gets into unit.

(9) Adjustment of backlash in transmitter gearing should be made
only by qualified battery electrician.

(10) Do not turn either adjusting screw more than several turns,
as otherwise the mechanism may become disengaged.

- (11) Exercise care in handling the pilot valve. Do not touch
valve proper with hands, as dirt and perspiration are detrimental to it.
While valve assembly is out of oil gear, wrap it in a piece of clean
paper and keep it in a safe place so as to prevent burring or scratching.

(12) Be sure tube for inserting pilot valve is absolutely clean
before using. Clean with SOLVENT, dry-cleaning.

(13) Oil gears must be kept level at all times in order to prevent
oil from entering electrical units above oil gear motors.

(14) Do not under any.circumstances pull bell housing off motor.
-If this is done, the rear motor bearings will fall out and replacement
of bearings will necessitate use of a special tool which is not issued
to using arms. The bell housing is rotated to enable fastening upper
portion of oil gear unit to carriage (bell housings which are equipped .
with two brackets need not be rotated).
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DESCRIPTION AND FUNCTIONING OF GUN

rollers and to limit their turning to exactly one-quarter revolution.
They are actuated by the catch release pawl assemblies in automatic
operation (inserts, figs. 32 and 33) and by the catch release pistons
in manual operation (figs. 32 and 33).

(2) The feed roller plunger mechanisms consist of feed roller
plungers, springs, and spring seats (figs. 32 and 33). They are
located under the loader crosspiece cover at the rear of the loader.
The plungers act on 4-pointed feed roller journals on the rear ends
of the feed rollers to aline the rollers after each one-quarter turn.

(3) The spring-loaded catch release pawl assemblies (figs. 35
and 36) are located at the front of the loading tray. During the
recoil of the gun, the loading tray pawls of the catch release pawl
assemblies are depressed as they pass under the lugs (A, figs. 32 and
33) which protrude sidewise from the bottoms of the catch heads,
but during counterrecoil, they engage these lugs and rotate the catch
heads.

(4) The feed rollers are normally locked in position by the catch
heads. During counterrecoil, when the cartridges are being depressed
by the feed mechanism, the loading tray pawls engage and rotate
the catch heads. This action releases the feed rollers and permits
them to be revolved by the cartridge as it is forced downward (inserts,
figs. 32 and 33). When the cartridge has passed through the feed
rollers and the rollers have revolved one-quarter turn, the catch
heads are returned to their normal positions by their torsion springs,
locking the rollers in place.

(5) The catch heads are also rotated in another manner. When
the hand operating lever (fig. 37) is pulled backward, it actuates
the hand operating device which rotates the feed roller catch release
spindle levers in a forward direction. These move the catch release
pistons (figs. 32 and 33) against the catch head spindle arms, rotating
the catch heads and releasing the feed rollers for one-quarter turn.

e. Cartridge Clip Release Arrangement,

(1) The cartridges are released from the cartridge clip (red in
fig. 34) as they move downward in the automatic loader. As the
cartridge and clip move downward, the cartridge clip pins are forced
to the rear by the cam surface of the lower rail in the rear cartridge
guide. This action releases the cartridges from their hooks and from
the clip. When fully released, the clip is deflected by the rear rail
and is ejected through the cartridge clip guide on the left side of the
gun.

(2) The action on the cartridge clip pins is shown in figure 34.
Pin A has not engaged the lower rail. Pin B has engaged the lower
rail and is just being forced rearward. Pins C and D have been forced
fully to the rear and have released their cartridges. The action of
the hooks is shown in the insert in figure 34. Hooks E and F hold
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DESCRIPTION AND FUNCTIONING OF GUN

c¢. Rammer Cocking Lever Shaft Assembly (Hand Operating
Device).

(1) This mechanism (fig. 37) is housed in the base of the auto-
matic loader. It is operated manually by the hand operating lever
to force the rammer shoe rearward and compress the rammer spring.
At the same time, it presses the feed roller catch release pistons for-
ward to contact the catch head spindle arms and rotate the feed
roller catch heads. This frees the feed rollers for a one-quarter turn
resulting from pressure applied on the cartridges in the magazine.

(2) The functioning of the mechanism is shown in detail in figure
37 (green). When the hand operating lever A is pulled backward,
the hand operating lever shaft arm C engages the left rammer cocking
lever D. The rammer cocking lever shaft E and the left and right
rammer cocking levers D and F are rotated backward, carrying
the cartridge rammer shoe rearward.

(3) The rammer cocking lever shaft E also rotates the rammer
cocking lever shaft arm G, transmitting motion through the feed roller
catch release link H and catch release spindle arm I to the catch
release spindle levers J. These move the catch release pistons for-
ward to contact the catch head spindle arms and rotate the feed
roller catch heads.

d. Automatic Catch and Release Mechanism.

(1) The rammer catch lever of the automatic catch and release
mechanism (uncolored in fig. 38) is the central lever of the three
mounted on the rammer catch lever axis pin in the rear of the auto-
matic loader base. Its spring-loaded plunger forces its rear end
upward to engage the shoulder on the under side of the rammer shoe.

(2) If the loader is adequately charged with ammunition, the
outer safety lever is set for automatic fire, and one of the firing pedals
is held in the depressed position, the rammer check lever is the only
one which holds the rammer shoe until the rammer spring is com-
pressed. This lever is not released until the gun is near the end of
counterrecoil.

(3) This lever is released by the beveled projection on the bottom
of the loading tray engaging the front end of the rammer releasing
lever when the loading tray is near the end of counterrecoil. Then,
the rammer releasing lever pivots on its axis pin and its rear end lifts
the front end of the rammer catch lever. The rear end of the rammer
catch lever is forced downward against its spring-loaded plunger, re-
leasing the rammer shoe. The rammer shoe is driven forward by the
rammer spring unless the shoe is held by one or both check levers.

e. Feed Control Check and Release Mechanism.

(1) The function of the feed control check and release mechanism
is to stop automatic loading and firing when only one cartridge remains
in the feed guides and one cartridge is on the loading tray. This
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DESCRIPTION AND FUNCTIONING OF GUN

(3) The feed control check and release mechanism is actuated
by the feed control lever at the rear and inside the automatic loader
and by the feed control thumb lever at the rear and on the outside
of the rear guide of the loader. Both levers act upon the inner rammer
control intermediate spindle arm through the feed control spindle,
arm, rod, outer rammer control intermediate spindle arm, and ram-
mer control intermediate spindle to depress the rear end of the right
check lever.

(4) The feed control check and release mechanism is controlled
also by the feed control thumb lever. When this lever is in the left-
hand position, the mechanism is actuated by the cartridges. It is
placed in this position for single and automatic fire. When more
than one cartridge is in the feed guides of the loader, the feed control
lever is held to the rear of the loader by the base of the second car-
tridge above the feed rollers. In this case, the inner rammer control
intermediate spindle arm holds the right check lever down where it
has no effect on the holding of the rammer shoe.

(5) When only one round is left above the feed rollers, the feed
control lever is free to lift and no longer has a restraining influence
on the inner rammer control intermediate spindle arm. The rear
end of the right check lever is raised by its spring-loaded plunger
and holds the rammer shoe in its rearward position until the check
lever is depressed.. As soon as more cartridges are inserted in the
loader, the releasing mechanism comes into operation again and auto-
matic firing may be resumed.

(6) When the lever is in the right-hand position, the eccentric on
the shaft of the feed control thumb lever engages and operates the
short arm of the feed control lever, and through the linkage, causes
the rear end of the right check lever to be depressed and the reserve
feature is eliminated. This action is also utilized in releasing the
rammer shoe when the weapon is unloaded.

f. Firing Mechanism Check and Release Mechanism.

(1) This mechanism (green in fig. 38) is controlled by the outer
safety lever. In single fire operation, it is intended to be the last
link in the holding of the rammer shoe prior to its release and the
firing of the gun. It is released when the outer safety lever is set
either for single fire or automatic fire and the firing pedal is depressed.

(2) The check lever of the firing mechanism check and release
mechanism is the left lever of three mounted on the rammer catch
lever axis pin. Its rear end is raised by a spring-loaded plunger to
engage the rammer shoe unless the lever is held in the depressed
position. This check lever has an integral arm which is contacted
by the fixed tappet keyed to the rammer control spindle.

(3) When the outer safety lever is properly set and the firing
pedal is depressed, the firing lever pawl of the breech casing firing
mechanism engages and rotates the trigger and the rammer control
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DESCRIPTION AND FUNCTIONING OF GUN

(3) As the loading tray moves backward, the cam grooves move
past the rollers on the ends of the feed rods and the rollers enter the
inclined portion of the grooves, raising the feed rods. The feed rods
carry the feed pawls upward and over the next cartridge in the loader.
The cartridges are prevented from being raised by the stop pawls.
The loading tray pawls on the front of the loading tray are depressed
by and pass under the lugs which extend sidewise from the feed
roller catch heads.

(4) SEcoND STAGE. Figure 40 shows the position of the parts
when the breechblock has been lowered part of the way in its slides
in the breech ring. The feed rods, holders, and pawls are nearing
their extreme upward position. The rammer shoe is over the rammer
catch lever. The loading tray is free of obstructions to permit ejecting
the empty case because the rammer levers were forced to the sides
of the tray by their cam grooves at the same time they released the
cartridge in ramming it.

(5) As the breechblock descends, the projections at the sides of
the front face of the breechblock strike the toes of the extractors.
The extractors are rotated toward the rear and their lips catch the
rim of the cartridge case and eject it. The empty case is thrown with
considerable force backward along the loading tray, through the rear
cover opening, against the cartridge case deflector, and into the
cartridge chute. The case is carried down the chute, under the gun,
and out in front of the weapon.

(6) THIRD STAGE. Figure 41 shows the position of the parts at
the end of recoil. The empty cartridge case has been ejected. The
breechblock is in its lowered position. The feed rod rollers are in
the upper horizontal portion of the loading tray cam grooves and the
feed rods are fully raised. Recoil has been stopped by the action
of the recuperator spring and the recoil cylinder. The hook-shaped
heads of the extractors are over the notched tops of the projections
on the front face of the breechblock. The rammer shoe is to the rear
of the rammer catch lever, and the loading tray pawls are to the rear of
the feed roller catch heads.

e. Counterrecoil.

(1) FourTH STAGE. The tube, breech ring, and loading tray start
to move into battery. The breechblock moves slightly upward under
the action of the closing spring until it is brought to a stop and held
by the extractor heads engaging the notches in the tops of the breech-
block projections. The rammer shoe is engaged by the rammer catch
lever, holding the shoe and compressing the rammer spring as the
tube, breech ring, and loading tray move into battery (fig. 42). The
right check lever is held out of engagement because there are suffi-
cient cartridges in the loader to hold the feed control lever in its rear-
ward position. The left check lever is held out of engagement be-
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DESCRIPTION AND FUNCTIONING OF GUN
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40-MM AUTOMATIC GUN M1 (AA) AND 40-MM ANTIAIRCRAFT
GUN CARRIAGES M2 AND M2A1

(2) The control rod, over which the metering bushing travels, is
tapered to a larger diameter at both front and rear. The effective
flow space between the control rod and the metering bushing gradually
diminishes because of the increasing diameter of the control rod.
This offers a greater resistance to the oil as it moves from the rear to
the front of the piston.

(3) During recoil, a quantity of oil flows backward between the
control rod and the piston rod into the hollow rear end of the piston
rod. This oil is used to control counterrecoil. Part of this oil flows
through four holes G in the control rod valve seat, forces the control
rod valve washer against its spring, and continues on into the rear
end of the hollow piston rod. More oil flows around the control rod
valve seat through the two tapered grooves F in the walls of the
piston rod. A small amount of oil also flows through four radial
holes D in the control rod, past the end of the control rod valve
spindle, and through the bore E of the control rod valve seat.

(4) The action of the oil in the recoil cylinder, as well as the com-
pression of the recuperator spring, absorbs the energy of the recoil,
and slows down and controls the rearward movement of the gun.

b. Counterrecoil.

(1) When recoil ceases, the recuperator spring reasserts itself
and forces the tube, breech ring, and loading tray forward, carrying
with them the recoil cylinder piston rod and piston. During this
forward motion, the oil in front of the piston returns to the rear, flow-
ing between the control rod and the metering bushing (B in lower
view, fig. 46) and back through the eight inclined holes in the
piston C.

(2) This flow of oil is too rapid to ease the gun back into battery
without shock. Full control of counterrecoil is brought about by the
restricted release of the oil in the hollow rear end of the piston rod.

(3) As this oil attempts to escape to the front of the recoil cylin-
der at the beginning of counterrecoil, the control rod valve spring
forces the control rod valve washer forward, closing the holes G in
the valve seat and preventing the oil back of the valve seat from re-
turning by this path.

(4) The greater part of the oil escapes by flowing through the
tapered grooves F in the inside walls of the piston rod. A controlled
amount of oil, however, escapes past the pointed end of the control
rod valve spindle. Adjustment of this spindle controls the amount of
oil which can flow through the bore E in the valve seat to the four
radial holes D in the control rod. This adjustment regulates the speed
of counterrecoil.

(S) As the gun nears the end of counterrecoil, the two tapered
grooves F gradually reduce the flow space around the valve seat.
Finally the flow of oil is restricted to that passing the point of the
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DESCRIPTION AND FUNCTIONING OF CARRIAGE

control rod valve spindle. The control rod valve spindle must be
precisely adjusted for proper counterrecoil action. The reverse
taper A at the front end of the control rod reduces the flow space
between the control rod and the metering bushing at this point. Final
buffing is accomplished by dash pot action as the piston enters its seat
in the rear portion of the head of the control rod.

Section Il

DESCRIPTION AND FUNCTIONING OF CARRIAGE

21. GENERAL."

a. The 40-mm Gun Carriages M2 and M2A1 (AA) are of the 2-
axle, 4-wheel trailer type. A drawbar with a standard drawbar lunette
forms the connection between the carriage and the prime mover. The
carriage is equipped with 4-wheel electric brakes operated from the
prime mover, and manually operated mechanical brakes on the rear
wheels. The lighting equipment includes taillight, stop, and black-
out lights.

b. The top carriage supports the gun, loading platform, firing
mechanism, and all parts of the elevating and traversing mechanism
which travel in azimuth with the gun. The top carriage can be trav-
ersed and the gun can be elevated either manually or electrically.
Traverse is continuous. The gun may be depressed and elevated
from minus 6 degrees to plus 90 degrees (the elevating limit switch
limits power elevation to approximately plus 85 degrees and depres-
sion to approximately zero degree).

c. Independent spring suspension is used on all wheels. Axles
are spring-loaded to assist in lowering the carriage to firing position
and in raising it to traveling position. In firing position, the carriage
is leveled by means of four built-in leveling jacks and is anchored
by four stakes driven into the ground.

22. TOP CARRIAGE.

a. The top carriage (fig. 47) consists of two built-up top carriage
frames welded to a rigid cast top carriage frame base. The frames
are connected near the center by a large cross tube which also houses
the elevating mechanism worm wheel pinion. At the tops of the
frames and back of center are the top carriage trunnion bearings and
caps which support the tipping parts of the weapon. At the angular
points at the front of the frames are the trunnion bearings for the
equilibrators.

b. The right top carriage frame carries the traversing gear mecha-
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DESCRIPTION AND FUNCTIONING OF CARRIAGE

b. Each equilibrator consists of a tubular case containing a set of
three springs held in compression on an equilibrator spring rod. The
two cases are held in the equilibrator trunnion bracket which is sup-
ported in trunnions in the front edges of the top carriage frames. The
two equilibrator spring rods are pivoted on the equilibrator cross bar
which is clamped in and projects from each side of the elevating arc.

c. The equilibrator springs are compressed as the gun is depressed,
counterbalancing the muzzle-heavy weight of the tipping parts and
eliminating the need for braking their descent. The energy stored in
the compressed springs is released as the gun is elevated, the expand-
ing springs exerting a pull on the elevating arc and assisting in ele-
vating the gun.

26. TRAVERSING MECHANISM.

a. The traversing mechanism (fig. 50) consists of the hand trav-
ersing mechanism group assembly and the traversing mechanism group
assembly.

b. Higher gear ratios in the hand traversing mechanism of the
Gun Carriage M2A1 result in hand traversing that is approximately
three times as fast as that of Gun Carriage M2. The principal differ-
ences between the hand traversing mechanisms of the two carriages
are a larger hand traversing mechanism gear case and long and short
hand traversing mechanism bevel gears of higher ratio on the Gun
Carriage M2A1.

¢. The hand traversing mechanism is mounted on the outside of the
right top carriage frame and is manually operated through a toothed
clutch on a shaft turned by a double hand crank. The rotation of
this shaft is transmitted by bevel gears in the hand traversing mecha-
nism gear case through the flexibly coupled traversing mechanism
pinion shaft to the traversing gear reduction mechanism assembly
to which the traversing mechanism is splined. The traversing mecha-
nism pinion meshes with the top carriage traversing ring gear on the
chassis frame base. The top carriage is rotated in azimuth by the
traversing mechanism pinion being rolled around the circumference
of the stationary top carriage traversing ring gear.

d. The traversing mechanism power drive extension shaft is geared
to the traversing mechanism pinion shaft and connects the traversing
mechanism to the azimuth oil gear, permitting the top carriage to be
traversed by power. The azimuth indicator drive shaft is also geared
to the traversing mechanism pinion shaft. (The azimuth indicator is
described in par. 96 h.) All gears operate in oil-filled gear cases to
provide constant lubrication.

27. POWER SYNCHRONIZING MECHANISM (SLEWING
HANDLE).

a. The power synchronizing mechanism (fig. 51) provides a means
77
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DESCRIPTION AND FUNCTIONING OF CARRIAGE

f. Outriggers.

(1) The outriggers are built-up box girders, similar in construction
to the short transverse arms of the chassis frame to which they are
hinged. The outrigger eccentric hinges permit the outriggers to be
extended when the mount is in firing position (fig. 56) or folded
when the mount is in traveling position (fig. 55). These hinges give
inward and outward movement to the outriggers which permits them
to be locked in both positions.

(2) The upper and lower plates of each outrigger extend over the
top and bottom of the end of its side girder. These plates terminate
in wedge-shaped toes. There are brackets on the tops and bottoms of
the side members into which the toes of the plates fit when the out-
riggers are in firing position. Brackets on the front sides near the
ends of the outriggers engage hooks to lock the outriggers in traveling
position.

(3) On the top of each outrigger is a jointed outrigger eccentric
hinge lever which is keyed to the eccentric hinge spindle. Each lever
is equipped with a holding bracket and a stop. With the outrigger
in firing position, when the lever is swung toward the rear of the
carriage until its stop is contacted, the eccentric sleeves on the hinge
spindle cause the outrigger to move outward. The toe of the plate
is withdrawn from the bracket on the side girder. The outrigger
may then be swung forward to traveling position. Here the bracket
on the outrigger is caught by hooks. When the outrigger eccentric
hinge lever is returned to its holding bracket, the outrigger is locked
in position.

(4) On carriages of early manufacture, the brackets on the sides
of the outriggers are engaged by double outrigger hooks welded to
both sides of the front chassis frame girder. The result is that the
outriggers are drawn so closely to the girder that traverse is restricted
when the weapon is in traveling position.

(S) On carriages of late manufacture, and on those which have
been modified, chassis frame outrigger extension brackets with double
outrigger hooks (fig. 55) are welded to both sides of the front chassis
frame girder. When the outrigger brackets are engaged in the hooks
on the extension brackets, the outriggers are locked at such angles
as to permit continuous traverse of the weapon when in traveling
position.

(6) On carriages of early manufacture, the outrigger hinges in
traveling position were fitted with welded steel outrigger hinge covers.
Carriages are currently being fitted with canvas outrigger hinge covers.

g. Stakes.

(1) Four triangular-shaped chassis stakes (figs. 55 and 56) are
provided to anchor the carriage to the ground in firing position.
In traveling position, one of these stakes is carried on the outer side
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