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This Invention relates to spring recoil mech-~
anisms for machine gun carriages of the kind
having a soft recoil spring the ratlo of the natural
vibration period of which to the firlng interval
is about 2:1 to 3:1. WIth such mechanisms the
gun during continuous fire does not atlain equi-
llubrium and firing takes place in & condition of
fluctuation which has certain advantages but
also disadvantages such as irregular firing and
sudden excesslve recolls.

It i3 an object of the present invention to over-
come the disadvantages while retaining the ad-
vantages of flring in condition of fluctuating
spring action,

An Important feature of the Invention conslists
in combining with a soft spring mounting having
& natural vibration period greater than the firing,
interval, a brake mechanism and preferably a
friction brake, This makes It possible to regulate
the speed of the gun casing in a manner o pro-
duce a uniform firing sequence without affecting
the magnitude of the recoll energy.

A soft spring mouniing makes necessary a
considerable structural length since the cradle
has t0 accommodate not only the recoil spring,
and accordlng to the Invention a brake mecha-
nism, but aiso a run-out spring. To overcome
this disadvantage, a further feature of the pres-,
ent invention consists in utilizing a part of the
ioneg recoll spring also as a run-out spring thereby
diminishing the overall length of the assembly
and saving material. For this purpose the part
of the recoll spring separated therefrom for use
as run-out spring is tensioned in the slide or in
8 member connected thereto in such & manner
that during recoll one end of the spring finds an
abutment against the tensioning member, while
in running out beyond the zerp position the other
end of the spring is moved from the tensioning
member,

In connection with this novel spring arrange-
ment it 15 possible to take Into account the re-
quirement that the spring mounting of the car-
rlage must function perfectly in all positions of
the gun. Since on elevatlng the gun from the
horizontal position and recoil spring mounting
is loaded by the weight of the recolling parts,
according to the degree of elevation, the posi-
tion of rest and the path of movement of the
slide will be displaced backwardly on the cradle
s0 that the guldes of the carriage must be corre-
spondingly elongated. In this connectlon the
invention provides a further feature according
to which the abutment of the recoll spring s dis-
placed further forwards In the carriage with In-

10

15

20

30

40

50

56

creased elevation of the gun whereby the spring
tension is Increased to provide compensation for
the weight. For this purpose a telescopic spin-
dle may be provided jointed at one end to the
pinion shaft of the elevating mechanism and at
the other end terminating Iin a rotary toothed
plate the teeth of which engage with teeth on a
tensfon rod engaging the abutment for the recoil
spring in the cradle,

According to another feature of the invention
a silmpler arrangement can be employed by dis-
pensing with adjustment of the abutment in
exact correspondence with the elevation of the
gun. The above mentioned parts may then be
omitted, and the rear portion only of the recoii
spring, when it attalns a determined tension
due to the elevation of the gun, is held fixed.
The front buffer spring then serves slone to take
up the remaining recoll energy.

It has been found, however, that the thus
obtained welght compensation of the gun is not
sufficlent to remove all irregularities, and that
it 1z necessary for quite exact firing also to re-
lleve the members sliding to and fro inside the
gun under spring action, from the actlon of the
additional welght components, in firlng with ele-
vation or depression. According to the inven-
tion, the carrlage spring mounting is used for this
purpose in such a manner that during rocking of
the carrlage structure and the gun connected
thereto in the vertical plane, the carriage spring
mounting Is tensloned not only corresponding to
the weight component of the gun and slide as-
sembly, but recelves elther in ltself or with the
ald of additional springs, a supplemental tension
corresponding to the welght component of the
Internal movable parts, whereby also the varia-
tions In the movements in the internal parts of
the gun are compensated, that is, also these parts
return to thelr initial position always with con-
stant speed.

The brake mechanism employed according to
the present invention preferably consists of a
friction brake and uniform firing of the gun ac-
cording to the Invention is best obtained when
during the whole run-out & greater energy s dis-
sipated In the brake than in recoil. It shouid be
observed, however, that in the first shot of a con-
tinuous fire serles the total recoil Impulse is con-
verted into recoil velocity, while in all following
shots the recoll impulse Is diminished by the
residual run-out velocity of the immediately pre-
ceding shot. The bragking force therefore must
be greater in the first shot than in the following
shots of a continuous fire series,
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To this end a further feature of the invention
consists {n reduclng the braking force after the
first shot of each continuous fire series, to adjust
said force to the reduced recoil energy. This
results In smaller fluctuations of power between
run-out and recoil. Two brakes are thus pro-
vided one of which s operative only during the
first recoll and is then rendered inoperative,
while at the end of the run-out after the last
shot of the series it is again brought into action.

The automatic connecting and disconnecting
of the second or auxillary brake may be accom-
plished by means of the gun slide by disposing
suitable stops in the path of the gun slide, said
stops being connected with the brake.

Several constructional examples embodying the
invention of the application are illustrated in the
accompanying drawings in which:

Figure 1 shows a time distance curve of a con-
tinuous fire serfes in & gun having soft carriage
spring mounting without braking, assuming per-
fectly uniform functiondng of the gun,

Fig. 2 shows the same continuous but with the
usuelly present irregular functioning of the in-
ternal parts of the gun.

Fig. 3 shows the continuous according to Fig. 2
with reduced time coordinate scale.

Pig. 4 shows the time dlstance curve of a con-
tinuous fire series in & gun with soft spring
mounting in combination with & brake mecha-
nism according to the invention.

Fig. b shows the result achieved by means of the
invention compared with that of an irregularly
operating gun as in the prior art.

Fies. 6, 7 and 8 show the upper carriage with
slide containing a built-in spring mounting and
brake, the views being respectively in vertical sec-
tion, in plan and in cross-section at the line A—B
of Fig. 6.

Fig. 9 shows an arrangement of the carriage
spring mounting with the front portion of the re~
coll spring used as compensatory spring when the
gun is elevated.

Fig. 10 shows the arrangement of & friction
brake with different braking force in the two
directlons of movement.

Fig. 11 1Jlustrates diagrammatically s gun with
automatically variable spring mounting of the
carriage according to the elevation of the gun.

Flg. 12 fllustrates dlagrammatically the ar-
rangement of two brakes in the gun, one of which
is put out of action after the first shot and re-
stored to operativeness after the last shot of a
series.

On discharge of the gun having a soft spring
the natural vibration period of which has a ratlo
of 2:1 relatively to the firing interval, but in which
no brake is present, the zero position, as will be
seenh in Fig. 1, is not again attained after the first
shot, as long as continuous fire 1asts. As already
pointed out above, 1t is assumed in the case of
Fig. 1 that the parts in the Interlor of the gun
operate perfectly uniformly, which is never the
case In practice. Actually there is always ob-
tained a time distance curve like that of Fig. 2
from which it is clearly seen that the separate fir-
ings occur at quite different distances from the
normal. Under these conditions the accuracy of
firing naturally suffers. ’

Prom Flg. 3 which shows the conditions of Fig.
2 with reduced time coordinate scale, it can be
clearly seen that the irregularity ls propagated
and perslsts during the whole series of continuous
firing.

Fig. 4 shows the behavlor of a gun {n which ac-
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cording to the present invention a soft spring is
combined with a brake mechanism. The soft
spring must be so tuned to the firing interval that
during the shots following the first shot of a
serles the gun does not return completely to the
position of rest. The brake mechanism has to be
50 adjusted that on the one hand it regulates the
speed of the gun casing in the direction of a uni-
form firing sequence, and on the other hand
without braking the recoil energy of a discharge
during a firing interval. In this manner even
with non-unlform functioning in the interior of
the gun, uniform movement of the gun relatively
to the cradle is obtained and the movements of
parts inside the gun and the gun casing are pre-
vented from falling out of step with those of the
cradle.

The conditions in a gun mounting of this kind
are entirely different from those in & gun having a
stiff spring mounting instead of a soft spring
mounting and brake. With a stiff spring mount-
ing movements Inside the gun have no iImportance
because the gun remains at rest during about two
thirds of the whole firing interval, since the re-
coll and the run out terminate after a third of the
firing interval. During the long period of rest the
parts in the Interior of the gun come to rest so
that they have no effect upon the following shot.
With a stiff spring mounting, therefore, the prob-
lems solved by the invention of the application,
are not present, The advantages achieved by the
present Invention are particularly notable from
contemplation of Fig. b which shows in superposed
relation the previously described time distance
curves.

Curve | which shows the ideal case of the spring
tuned exactly to the firing interval shows that
each shot is fired at the same height & before the
equilibrium position of the gun.

If fluctuations in the periods of movements in-
side the gun take place, then gccording to curve
2 the shots are fired at different distances before
the equilibrium position. It is assumed, for ex-
ample, that the second shot is fired by a time Ats
earller than In the normal case. After this shot
there then occurs a violent recoil because the
speed of the gun at the instant of firing was less
than the normal. At the third shot the speed of
the gun, on the other hand, is greater and the
succeeding recoil is less violent.

If one now applies & brake mechanism accord-
Ing to the invention, there is obtained a move-
ment aceording to curve 3 of Fig. 5. The brake
retards the too-violent movement after the second
shot and brakes the recoil energy not trans-
mitted in the necessary proportion, so that the
third shot will be fixed again in the normal posi-
tion of the gun (helght a). Afterwards the reg-
ularlty of the shot-firing will be given.

In order to attain the result intended with the
invention the gun may be arranged according to
the example shown In Figs. 6 to 8.

The gun | is rigidly secured to the slide 2 mov-
ing to and fro on the cradle 3 of the carriage.
The disconnectable connection of the slide 2 with
the cradle 3 will be made by means of two pins 4,
which may have a rectangular cross section, which
pins 4 may be inserted into corresponding holes
5 of the sleeve 8 forming the movable abutment
of the buffer spring T serving as recoil and run-
out spring as well as of the recoil spring 6. Into
the front end of the sleeve § completely enclosing
the buffer spring the brake-cylinder 9 is rigidly
inserted, and the buffer spring 1 supports against
this brake-cylinder 9, a spring-plate 10 being in-
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terposed. The reat abutment of the buffer-spring
T is formed by & flange of the spring-gufde 1, and
this flange suppotts against a ring 12 of the sleeve
6 if the gun is running-out heyond the zero-posi-
tion, in all other cases against the flange of the
front-guide I3 of the spring 6. At the rearmost
end the spring 8 supports against the flange 18
of the guide 19 heing mounted on the supporting
tube 1T. The fixed connection of the supporting
tube 1T with the cradle 3 is obtained by means
of nuts 28 and 21 on both sides of the rear wall
of the cradle.

In front of the springs 7 and 8 and internally
of the brake cylinder 8 there is arranged on the
supporting tube 11 a friction brake consisting of
& brake lining 23, a solid bushing 24 with tapered
contact surfaces, and a pair of actuating wedges
25 and 26. Externally of these parts lie sets of
disk springs 27T and 28 which are tensioned on the
supporting tube between the collar 14 and a sleeve
29 by means of a nut 30. By turning the nut 30
the tension of the disk springs and therefore the
braking force is adjusted. To prevent uninten-
tional turning of the nut a locking member 31 is
provided which Is pressed by a spring 32 into an
internal groove in the nut 36. A pin 33 retains
the spring 32 and prevents turning of the sup-
porting tube IT.

The elevating gear for the gun comprises a
toothed ring 34 on the cradle which is en-
gaged by a pinion 3% on a shaft 3§ journaled In
the under-carriage. The pinion shafi 36 has
jointed thereto the outer tubular member 37 of &
telescopic spindle, the inner telescopic tube 38 of
which terminates in & toothed plate 39 which is
rotatably mounted on the pivot 40 of the upper
carriage, below the cradle and its suspension.
The toothed plate 39 meshes with teeth of a plate
4] which is slidable in a guide 4% and is con-
nected by a tension rod 43 to the flange (8,
whereby movement of the plate 41 brings the
flange 18 against the guide 19 and displaces the
rear abutment of the spring & forwardly. When
the cradle 1s depressed from the zero position,
then the tension rod 43 slides back freely in the
dovetail groove of the flange 18 held by the nut
20, so that the spring tension is not changed.

The same result of modifying the spring ten-
slon can be obtained in a somewhat simpler man-
ner as shown in Fig. 9. In Fig. 9 it is assumed
that the gun is elevated and is recoiling. Instead
of the parts 37 to 43 shown in Figs. 6 to 8 there
is provlded a tube 44 inserted over the support-
ing tube 17, This tube constitutes an extension
of the rear guide 19 of the spring 8 and is ar-
ranged in the recoil path of the front spring
guide 13. The distance between the front end of
the tube 44 and the rear edee of the guide 13 is
such that it never becomes zero in slide recoil
during horizontal firlng. It is only after the gun
has assumed a determined Inclination that the
tube 44, on recoil of the slide, contacts with the
gulde 13 whereby the spring 6 then becomes in-
operative. After this the buffer spring 7 alone is
tensioned to completely take up the recoll energy.
In this manner the advantage is achieved that in
spite of the greater loading of the spring in ele-
vation firing, the reciprocation of the slide rela-
tively to the cradle remains substantially the same
as in horizontal firing.

The friction brake shown in Fig. 6 is arranged
on the supporting tube (T of the cradle between
two disk springs of equal strength. With equal
angles of inclination of the actuating wedges 25
and 26, the friction force of the brake 1s the same
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in run out and recoil. Since the fluctuation
forces on the carrlage are less when the braking
force is greater In run out than in recoil, it may
be of advantage to resiliently mount on the sup-
porting tube 17 only the actuating wedge 26 which
is operative in recoil. This is achieved as shown
in Fig, 10 by providing a helical spring 45 which
abuts on the collar 14 of the tube 16 welded or
otherwise fixed to the supporting tube I1T. By
using a spring 49 of suitable power and suitable
angles of inclination of the contact surfaces be-
tween the wedges 25 and 26 and the solld bushing
24, the ratio of braking force in run-out and re-
coll can be adjusted as desired.

In the above-described examples, only the
weight components due to elevation of the gun
have been used to modify the spring tenslon,
and according to the example shown in Fig.ll,
means are provided which take {nto considera-
tion also the conditions in the Interior of the
gun and which provide & further increase of the
spring tension to compensate for the altered con-
ditions In the interior of the gun resulting from
its elevation.

In this case also the gun f {s mounted on the
slide 2 of the carriage 3 and reciprocates with
said slide during firing. On the slide 2 there
is provided a projection 46 disposed between a
buffer spring 41 and the slide run-out spring
48. The spring 48 abuts at its rear end against
an abutment 49 which is adjustable in the axial
directlon of the spring and which carries teeth
50 on its lower face, These teeth engage a
toothed segment 54 which is pivoted to a toothed
ring 52 carried by the carriage 3. The toothed
ring 52 is rotatable about a shaft %3 and Is ac-
tuated by a pinion 54 to elevate the gun. The
toothed segment %1 is connected with a fixed
bracket 5% by means of a pair of links 56, 51
which lie at an acute angle toc each other when
the gun is in horizontal position. The link b6
moves about the plvot of the toothed segment 51
and is fixed thereto so that angular movement
of the link 56 1s accompanied by an equal angular
rotation of the segment 51, If the gun is now
elevated for obligue or high-angle fire, the
toothed segment 5! on the carriage moves
through a corresponding arc about the pivot 1.
In this movement the links 66 and BT diverge
so0 that finally the abutment 49 of the carriage
spring is correspondingly shifted forwardly. The
gear ratio is such that the inltial tension of the
carriage spring is increased not only by the sup-
plemental amount required to compensate the
weight components rendered operative by eleva-
tion but also receives a further tensioning suf-
ficlent to eliminate the loading which would
otherwise be caused by the internal parts of the
gun as a result of its elevation.

The above-described mechanisms are capable
of accomplishing the purpose of the Invention
in the second and following shots of a continu-
ous fire serles. During the first shot of such
& serles, however, different conditions are pres-
ent and therefore the braking effort according
to the present Invention has to be greater than
In the following shots. Means for achieving this
are shown in Fig. 12,

As In the previous examples, the gun 1 recoils
on the siide 2 in the carriage cradle. The brake,
which operates as in the previous example, is
1llustrated by the brake lining 59 acted upon by
a spring 88. It will be understood that by chang-
Ing the tension of the spring the magnitude of
the braking effort can be varled. For this pur-
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pose the lower end of the spring bears against
a bevelled abutment 64, the bevel of which coop-
erates with & ramp 6f on a rod 62, The rod 62
is provided at its ends with stops 63, 64 extend-
ing into the path of movement of the slde 2.
In the position of rest, the rod 62 assumes a
positlon in which it is pushed fully forwards so
that the inclined surfaces 0 and 01 are in maxi-
mum engagement, After the first shot, and only
after the first shot, the slide 2 strikes against
the stop 03 and thus forces the rod 82 rear-
wardly so that the ramp 01 i5 withdrawn from
below the bevel of the spring abutment, whereby
the tension of the spring and consequently the
braking effort is reduced after the first shot.
After the last shot when the run-out is no longer
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interrupted by a further shot, the gun returns
to initial position, that is further forwards than
during continuous firing, in which position the
slide 2 encounters the front stop 64 of the rod
62 and carries the latter forwardly under the in-
clined surfaces 60, 61 are again in maximum co-
peration. Thls restores the brake to condition
of maximum braking effort, with which it is
ready to operate on the first shot of the next
series.

In the manner herein-before described the
machine gun eccording to the invention is
equipped with a soft spring mounting and a brake
mechanism capable of giving in all cages uniform
sequence of fire with resulting accuracy of firing,

RUDOLF NIEMANN.





