Chapter 3

BROWNING AUTOMATIC MACHINE GUNS

John M. Browning's Early Years

The next outstanding step in automatic
weapon design was made by a young western
cunsmith, John Moses Browning. It would be
impossible to produce a greater contrast in men
than that ¢xisting between the two great masters
of automatc weapons, Maxim and Browning.
Hiram Maxim, a brilliant opportunist, needed
only the incentive of promised wealth to turn
[rom electricity at the age ol 44; and, on his
first attempt at producing an automatic machine
gun, he succeeded where countless hundreds be-
fore him had failed. John M. Browning, on the
other hand, was destined by inheritance to be a
cunmaker.

His father, Jonathan Browning, an outstand-
ing riflesmith, produced weapons that were as
advanced as was possible considering the ammu-
nition of the day, which consisted of loose pow-
der, ball and percussion cap. Born m Sumncr
County, Tenn., 1n October 1805, he went Lo
Nashville for his apprenticeship in gunsmithing,.
When he was about 21 years old, he moved to
Davidson County, Tenn., where he set up his
own gunsmithing business. He subsequently
moved in 1834 to Adams County, 1ll., where he
invested largely in land and carried on agricul-
tural pursuits 1 connection with his gun and
blacksmith trade. From 1842 to 1846 he con-
ducted his business in Nauvoo, I1l., followed by
a move to Kanesville now known as Council
Blults, lowa.

Here he engaged i manulacturing guns, wag-
ons, and other equipment. He also continued
his farming and discharged the duties of magis-
trate, an office he had held in his other places of
residence. The merits of his various repeating
guns are described in the following advertise-
ment in the Kanesville Frontier Guardian of
19 September 1819:

“Gunsmith ing

“The subscriber is prepared to manufacture,
to order, improved Fire-arms, viz: revolving
rifles and pistols; also slide guns, from 5 to 25
shooters. All on an improved plan, and he thinks
not equalled this far east. (Farther west they
might be.) The emigrating and sporting com-
munity are invited to call and examine Brown-
ing's improved fire-arms before purchasing else-
where. Shop eight miles south of Kancsville on
Musquito Creek, hall a mile south ol Trading
Point. |

“JONATHAN BROWNING."”

During his stay in Kanesville, Jonathan
Browning produced two different styles of re-
peating rifles. One was a slide-action weapon that
had a rather ingenious arrangement whereby the
five-shot magazine alined each chamber concen-
tric with the borc. The magazine was a rectan-
gular piece ol bar wron, chambered to accom-
modate powder and ball. The magazine, or bar,
slid through an opening in the breech Irom lelt
to right, being manipulated by finger pressure
on a small lever on the side. At the same time it
jacked the action forward, forming a gastigh
seal between chamber and barrel. 'This weapon
was hailed as a great achievement by the gun
trade, as it allowed the user not only to have
several quick shots ready in the gun, but also
to carry a number of loaded magazines.

Success encouraged Jonathan to make anothey
repeater of different design. This time the breech
mechanism housed a cylinder having six cham-
hers operating somewhat on the order ol the
single-action revolver. Neither of these weap-
ons, which added to the fame of Jonathan
Browning throughout the lrontier, was ever pat-
ented. It is indeed probable that he did not even
consider the idea.,
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Original Bepecting Rifle Daveloped by Jonathan Browning,

After accumulating a small amount of money,
he deemed 1t appropriate to move further west,
and was sclected 1o captain a wagon train, being
recarded by his neighbors to be as resourcelul
and reliable as the weapons he made. Despire the
ever-present danger thac existed 1 such an un-
dertaking, he led his wagon train sately through
the territory ol Utah to the Mormon settlement
ol Ogden, and opened a gun shop there 1 1852,

Money was scarce, and, though there was no
end to the demand lor superior weapons, profits
had to be Kept at a mimimum in order o sell.
Jonathan’s gun shop was small. And. as was the
custom ol that dav, his home was but a modest
addition o has workshop.

[t was n these surroundings that John Moscs
Brownine was born i 1805, He soon showed his
heritage trom  Jonathan Drowning. Before he
was 20 vears old, he was supplving the Tamily
table with wild chicken killed by a gun ol his
ownt construction. He also made an improved
rifle for his brother, Matthew. which his proud
father admitted was the best eun he had ever
seen and tar surpassed anvihing he had made in
all his yvears as a viflesmith.

John Moses was given an mnterest 1 the busi-
ness and worked daily at the foot-power lathe
that the elder Browning had brought with him
by oxcart from Council Blufts. 1le served as an
apprentice for 10 ycars before he applied for his
hrst patent. It was on a smgleshot rilie, oper-
ated by a trigger guward lever that opened the
breech, ejected the empty cartridge case, and
cocked the picee: when locked lTor hring, the
hammer was out ot the hme ol sight, The pat-
ented mechanism was promptly bought by the
Winchester Arms Co. ot Hardord, Conn., and

made 1 numecerous calibers. Thus began an as-
soctatiom between Drowning and Winchesten
that lasted Tor many years. His reputation estab-
lished. he only worked harder to mnmprove and
originate other types ol weapons that he el

JTohn Moses Browaing when 18 Years Old.
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Mallhew Sandslur Browning.

would meet the demands of the critical public.

The successtul  partnorship  between  John
Moses and Matthew Sandelur Brovwning resalted
from the death of their father and the added re-
sponsibility ol providing tor the family—as well
as lrom thewr inhervited love lor lme guns and
pride in their ability to produce them. 'I'hese
basic demands and the unhmaited resourcetulness
which chuaracterized the lives ol the two young
men were the deciding factors that lifted the
J. M. & M. S. Browning Co. of Ogden, Utah,
[rom obscurity to world fame.

Fach believed a man does best that for which
he has the most natural aptitude, and wiscly de-
cided at the very first to separate their business

duties. In complete agreement, they decided that

John M. shomld devote his entire time to the

origination ol new weapons and the mprove-
ment of previous designs, since he had already
shown his ability along this line, On the other
hand, Matthew, having exhibited unusual talent
in marketing products and in handling patents,
contracts and mvestments, would devote has at
tention to busimess and fnancial problems. i
was the latter’s shrewd foresight that made them
stop catering to individual demands [or custom-
made weapons. Instead thev would decide on a
promising design and proceed to have made m
the little shop as many as 600 1dentical guns be-
lore a single one was put on the market.

Matthew found that, by this standardization
and an asscmbly-Ime method of production, no
only could he manulacrure more economically,
but also he was m a position to bargain with
larger gun companics by virtue of his potentiali-
LIES A5 A4 SerLous I.UII-][_'I'L'“U'JI'.

One of the earliest successes ol the J. M. &
M. 5. Browning Co. was the sale, at a good proft,
of the complete ourput of 600 rifles ol a popula
design to the Winchester Arms Co. The whole
sale part of the business became so lucrative that
they were able to employ a well-known gun-
smith as well as their hall brothers, Samuel,
Georee, and Ed Browning, at the tedious task ol
handmaking and assemmbling the rifles.

Manulacturimg activities expanded and the
brothers were forced to buy a two-story building
for their business. The lower Hoor was outhited
as a sporting goods store, in which they displayed
lor sale not only their own, but also all the
popular brands of firecarms. The upper floor was
converted into a workshop and a pattern room,
where John M. made mock-ups ot guns that time
would prove to be the world’s best,

At the age ot 26, the designer conceived the
idea of a lever-action repeating rifle. 'T'he patent
was granted m 18584, assigned o Winchester on
a rovalty basis, and in a comparatively few years
the weapon literally monopolized the market. It
became known as the 86 model Winchester.

A business competitor of Winchester, shortly
after the deal, said to Mr. Browning, "I don't
know what you received [or the repeater you sold
Winchester, but I would have given hall my lac
tory tor 11"

The design was so basicallv sound that thou-
sands ol the weapons are in existence today, and
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Jchn M. Browning at the [leight of his Career.

it is said that practicallv everv improvement in
repeaters since that time has been influenced by
this mechanism. The cartridees were carried in
a tubular magazine under the barrvel. Fore and
aft movement of the lever controlled the entire
operation of opening the breech, cocking the
gun, cjecting the empty cartridge, picking up
and mserting the incoming round into the chams-
ber, closing the breech, and securely locking it.
All this was done in less than a second’s time.
The trigger finger could remain in position for
iring while this was being accomplished.

T'he mechanism ol this gun was an improve-
ment over that of any other rifle of this period.
[t was espeaially ellective since the joint between
breech and barrel was perfectly sealed. When
closed. the shding part of the locks htted into
place so accurately that the breech had the ap-
pearance of one solid piece. The case and sim-
plicity ol locking and the cconomy of manulac-
ture, coupled with the ruggedness and reliability
of the weapon as a whole, made all other rifles

obsolete. A carbine version accompanied Ad-
miral Perry to the North Pole, and Theodore
Rooscvelt chose a custom-built caliber 405
model lor his Alrican hunting expedition.

The Winchester Co. became so convinced of
Browning’'s skill and gun talent that it asked him
it he conld design for it a caliber .22 (short) re-
peating rifle. Browning sent drawings ol a pro-
posed model. T'o his utter surprise, he soon re-
cerved a letter tellime him to discontinue his cf-
lores, as the weapon he had submiteed could not
possibly work. Browning made a working model
ot the gun, according to the submitted plans.
Upon completion, he wok it personally to the
[actory to show to the oflicials who had said 1t
would not hire and stated, “You said 1t would not
work, but 1t seems (o shoot prety well for me”

Not only did he design lor Winchester, but
also for Remington, Stevens, Colt, and other
arms companies. s rifles, shotguns, and pistols
have been used so long under other [actory names
that it is often forgotten that they were the in-
ventions of this gun genius.

The Colt Model ‘95 Machine Gun

In 1889 John M. Drowning made a discovery
which, in due wvme, affected all the military
world. Like most great events its place of origin
was unimpressive. e was tuncuon living one of
his latest rifles in the salt marshes near Ouwden,
Utah, when he noticed something countless other
men had seen before, but had not thought worth
remembering. Lvery time Browning fired. the
bulrushes parted from the blast for guite a dis-
tance from the muzzle. To others this phenome-
non meant nothing. But to Browning's mechani-
cal mind it revealed a wasted, perfectly timed
power source which could be urilized 10 operate
the weapon’s mechanism and produce sustained
firc. Just as Maxim had obscrved the possibilities
of the kick of a cun [or harnessine the recoil,
Browning likewise realized the potentialities of
the muzzle blast—which at the time did no more
than make a loud report. The keen observations
of a man firing a high-powered rifle in tall rushes
resulted i the experiments producing the hirst
successlul gas-operated autontic machine gun.

In order to ascertain the amount of power gen-
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Browning's First Experimenlal Model of a Gas-Operated Autometic Firearm.

crated by the muzzle blast, Browning made a
device in his shop to lasten to the identical rifle
he had lired 1 the marsh. One inch in front of
the muzzle he put a 4-inch square picce of iron
weighing approximately 5 pounds. The iron
block had a hole drilled in the center, which he
adjusted until it was in alinement with the bore.
By mecans of a long lanyard, he pulled the trig-
ger. As anticipated, after the bullet had passed
through the hole, the subsequent blast blew the
ron block the tull distance ol the room.

He next made a concave cap of steel with a
hole in the center to fasten over the muzzle of the
rifle, and connected it by a hinged arrangement
v the spring-loaded operating lever. When the
bullet passed through the opening, the blast blew
the cap down, pulling the loading lever forward.
The spring returned the lever rearward to the
locked position, and another pull of the trigger
repeated the cycle.

This experiment was followed almost imme-

diately by still another rifle modification. This
time the rifle was magazine ted and rigged to hre
full automatic. The barrel was tapped ncar the
muzzle, and a gas piston was actuated while the
bullet was just clearing the bore. At the com-
pletion of the cycle of extraction, cjection, load-
ing, locking, and cocking, a built-in device seared
off the picce. The action was continuous as long
as the trigeer remained depressed.

Such mtroduction of the
world’s first successful automatic gas-operated
weapon. This unusual gun has been credited
with firing 16 shots a second, using caliber .44-40
black powder cartridges.

Much more experimentation and hard work
produced the basic design lor the first automatic
gas-operated machine gun to be developed by
Browning. It was offered tor production to the
Colt's Patent Fire Arms Co. 1n a letter in Mart-
thew S. Browning's own handwriting dated 22
November 1890.

was the modest

Browning's Firet Gas-Cperated Machine Gun,
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"Dear Sirs:

“We have just completed our new automatic
machine gun & thought we would write to you
to see 1f you are interested in that kind of a gun.
We have been at work on thas gun for some time
k have got it in good shape. We made a small one
irst which shot a 44 W. C. I'. chee at the rate of
about 16 times per second & weight about 8 #.
The one we have just completed shoots the 45
Gov't chge about 6 times per second & with the
mount weighs about 40 #£. It 1s entirely auto-
matic & can be made as cheaply as a common
sporting rifle. 1 you are interested i this kind
of gun we would be pleased to show you what it
s & how 1t works as wc arc intending to take 1t
down your way belore long. Kindly let us hear
from vou 1n relation to it at once,

“Yours Very I'ruly,
“Browning Bros.”

The gun was tested by the UUnited States Navy
as early as 1393. By 1895 it had been perlected
to a point where it would successlully handle
both the caliber .30-40 Krag (Army) and the 6-
mm Lee (Navy) smokeless powder, rifle car-
tridges. Known ofhicially as the Colt "95 model
machine gun, it was promptly nicknamed by the
service the “potato digger,” on account ol the
unusual movement of the gas-actuating arm that
swung in a hall arc beneath the muzzle.

The following report was made by the Inspec-
tor of Ordnance to the Secretary of the Navy in
1896. It shows that the trend of the Navy was
to get away [rom the manually operated machine
cun and secure as soon as possible a rehable
weapon capable of firing sustained bursts full
automatic, at a minimum of 400 rounds actually
fired during 1 minute of operation.

“The year has been an cventtul one in machine-
gun maltters, and though at this date a linal deci-
sion hasnotbeen reached as to which one of several
competing guns 1s the most desirable for adoption
as the standard naval gun, much has been done
toward that end, and it seems probable that a
few weeks at most will see the question settled.

“In the last annual report from this office
three machine guns were named as being In
course of development in this district for sub-
mittal to the mnaval board on machine guns;

shortly afterwards, and before the August session
of the board, the Pratt & Whitney Company sus-
pEnded work on their gun, a two-barreled, crank-
operated gun, on the Gardner system, having be-
come conviiced after long experiments that no
crank gun could be made to handle successtully
and salely the modern smokeless powder ammu-
nition, owing to the danger from hang-fires. Re-
peated instances occurred of cartridges exploding
atter being entirely drawn Irom the gun, in rapid
fire, and in one case a cartridge was discharged
when partially out of the chamber, damaging
the mechanism.

“The Gatling Gun Company, still having faith
in the crank principle, and having met with
aratilying success in handling .30-caliber ammu-
nition, completed a gun of 6-millimeter caliber
and submitted 1t in competitive trial to the Navy
board.

“T'he Colt automatic gun was also completed
and was tested by the board. Other guns sub-
miltted were the Accles Improved Gatling, the
Maxim automatic, [and an automatic weapon
produced by a French arms company].

“The board held several sessions, at which all
these guns were tested, and in January, 1896, all
tests having been completed, a report was sub-
mitted. Shortly after, 530 guns of the Coit auto-
matic typc were ordered from the Colt’s Patent
Fire Arms Manufacturing Company, and the
Maxim and Irench companies informed that a
sccond opportunity would be given them to ex-
hibit their guns to the board belore the remain-
der of the guns required were ordered.

“The Colt Company accepted the order for
50 guns, guaranteeing perfect operation with
runless cases (all competitive tests were with
Hanged cartridges) and a minimum uninter-
rupted speed of 400 shots per minute for one
minute. Work was at once begun, and a modcl
eun made, which has been tested and [ound Lo
work in an eminently satisfactory manner, justi-
fying the Burcau’s conclusion that a successtul
automatic gun could be produced.

“Three guns have been completed, assembled,
and provisionally tested. Lack of suitable ammu-
nition has made it impossible up to this time to
aive any of these guns the exhaustive tests con-
templated by the Bureau, or even to prove them
for acceptance. 1t 1s hoped at an early date to
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Celt Machine Gun, Meodel 1835.

receive a large shipment of Troisdorf powder,
when suflicient ammunition can be turnished to
complete the tests of the three hnished guns.
Thereafter the remainder of the order will be
rapidly pushed to completion, a large percentage
ol the parts being already in hand.

“I'he Colt gun is exceedingly simple in con-
struction, and has not more than one hundred
separate parts, a surprisingly small number, con-
sidering the type. It has been designed with great
care and with due attention to the olten conflict-
img requirements of lightness and strength, so
that with a maximum wecight of 10 pounds no
part, with the single exception of the extractor,
has been broken in the course of a number of
VCTY severe Lests.

“The rifling adopted 1s the same as that de-
cided upon for the barrels of the new small arms.
[t is of pure Medford form, consisting of six
arooves of a uniform depth ol 0.004 inch, and
having a twist of one turn in 7.5 inches. The life
of this rilling has not yet been determined, but 1t
15 evidently considerably longer than that of the
experimental rifling previously used, in which
the groove was ol slightly different form and of
more rapid twist.

“A flat-leaf front sight has been adopted, which
1s grooved on each side, leaving a head at the top,
upon which the eye is quickly lixed without el-
tort. The rear sight 1s a plain lolding-bar sight
with spring slide. It is marked for all ranges trom
300 to 2,000 vards. In the course of the experni-
ments tor marking the sight several hundred
shots were fired, with most graulymmg results as
to accuracy. T'he idea held in some quarters that
the motion of the pendulum would seriously at-
tect the accuracy of the gun has not been borne
out by experience. The vertical jump-angle of
the gun and service mount is only about 4 of
arc, and is practically constant i all ranges and
at all rates of fire. On one occasion, in an ammu-

nition test, 140 shots were fired rapidly at a 300-
yard target; 2 sighting shots not considered, all
the rest fell in a circle of 12-inch radius, the
greatest lateral dispersion being about 7 inches.
The gun was unclamped and i hand during this
hring.,

“The slight recoil of the automatic gun anc
the absence of straimn on the mount are evidenced
by the facts that it can be hired from the shoulder
without inconvenience, that when placed in the
saddle without a retaining pin and hred for sev
eral seconds the displacement is so small that the
pin can usually be readily entered without mm'-:
mg the gun, and that when secured in the saddle,
the tripod placed on a smooth platlorm, and the
oun fired, there is only a slight rearward move
ment of the tripod after considerable firing.

“A tripod mount has been designed tor use on
shore, the pivot of the saddle being of such «
cliameter as to fit the adapters hitherto used for
mounting Gatling guns in l-pounder cage stands.
1'he shore mount will weigh about 52 pounds.
Two men will be able to transport gun and
mount without mconvenience.

“With each gun and mount there will be tur
nished ten belts, each holding 250 cartridges, and
a small box of accessories and spare parts. The
accessory box and the jointed wiping rod will be
secured to the tripod, and will thus always be a
hand when required.

“In casc the Bureau should, in the future, or
der additional guns of this tvpe, a few mimor im
provements might be made. As at present con
structed, the interior ol* the receiver is difhicuk
ol access, some other automatic guns being sw
perior to it in this respect. It would not be a diffr
cult matter to so alter the desiegn that free acces
could be had mto the mechanism without de
tracting anything [rom the strength of the frame.
There are a number ol screws used 1n the gun,
which, though not partcalarly objectionable, as




BROWNING AUTOMATIC MACHINE GUNS

their removal is not often necessary, might be
replaced by pins with locking devices. All pins
wuld be brought to one or two standard sizes
without affecting weight or strength materially,
- “In addition to the G-millimeter gun, the Colt
Company has also perfected guns of the same
type of other calibers for handling the following
artridges:

Caliber
United States Army ........... inch .30
Remmgton ... ... .. ... millimeters 6
Mauser .. ..............millimeters 7.65
Mexican ... . .. millimeters 6.5
Austrian ... ... millimeters 77

The Navy's order of b0 Colt weapons, which
were delivered in 1897, represented the first pur-
chasc of an automatic machine gun by the
United States Government. It is a matter of his-
ory that their use in the hands ot the Marines
saved the foreign legations in Pekin during the
Boxer uprising,

In 1898 an additional 150 Colts were procured.
The machine gun field, as far as the Navy was
concerned, had been cleared of crank-operated
suns. Browning had proved that the gas-operated
wtomatic weapon was not only a possibility, but
a  accomplished fact. The Army, however,
thought otherwise and kept the Gatling as stand-
ard equipment for another decade.

The model 95 consists of a heavy barrel at-
tached to the breech casing which carries the
mechanism for charging, iring and ejecting the
shell, The loaded belts are contained in boxes
o be attached to the gun casing so that the am-
munition supply will not be affected by verucal
or horizontal moticn ot the weapon. The mech-
anism 18 operated by the pressure of the powder
gases 1n the barrel after the projectile has re-
cetved 1ts maximum velocity, and 1s done with-
out injuring cither the range or penetration. In
the barrel to the rear of the muzzle a small radial
vent opens downward [rom the bore. This 1s
tlosed by a piston which fits in the gas cylinder
surrounding the outer edege ol the vent. The
piston 1s pivoted to a gas lever in such a way that
the latter adjusts itself to the gas cylinder. The
lever swings in a vertncal plane.

The small weizht and bulk of the gun ren-
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dered it ideal for landing partics, since it could
be carried by the individual soldier, or on a
mount attached to the side ot a landing craft.

On 20 April 1897 the auto-loading pistol was
patented. [t was the forevunner of the Army Colt
caliber 45, In order to promote further his com-
mercial models, Browning became connected
with the Fabrique Nationale d"Armes de Guerre
ol Li¢ge, Belgium. "1'he hrst gun produced was a
hammerless auto-loading pistol which made its
appearance in 1900, Si1x years later a quarter
million had been sold. Twelve vears from the
time the lirst weapon was produced, the mil-
lonth pistol was made. After this fact was en-
agraved on the receiver, the weapon was pre-
sented 1o John M. Browining during the cere-
mony ol conlerring the title "Chevalier de
P'Ordre de Teopold™ by King Albert of Belgiam.
Unlike Maxim who renounced his ciuzenship to
receive an equivalent British honor, Browning
accepted 1t as one of the necessary nuisances ac-
companying success. But from that dav on, the
title, medal, and all lay unused im his desk
drawer.

Of all the design problems that confronted
Browning, producing an auto-loading shot gun
was the most challengimge: and 1ts successhul ac-
complishment in 1900 was his greatese pride. Tt
was first manulactured in Belgium by the Ta-
brique Nationale, and later by American arms
plants, as were his auto-loading vifles, imcluding
the high-powered and the numerous cahiber 22
models. All these Tater BDrowning-designed rifles,
manubactured originally i Belgiumn, were also
made by the Remington Arms Co. ol Thon, N. Y.

About the only real purposc served by the
Colt machine gun Model 95 was 1o mroduce a
full automatic weapon into equipment of Amer-
iwcan armed lovees, Its use at Santiago de Cuba
was limited to Navy landing parties going mto
action beside the Army's Gatlings under Lt
]- . ("Gatling Gun™) Parker. The first model
was modified in 1902 and again in 1904,

The modified Colt was purchased in consider-
able numbers by all the South American coun-
tries and by most ol the great Furopean powers.
One of the distinguishing fcatures ol the carly
muodels was that no adjustments were to be made
by the gunner, the weapon having been adjusted

at the factory to shoot at a rate slightly greater
than 400 shots per minute.

Cooling was dependent upon the heavy barrel
construction. 'he system was inadequate in not
permitting i sustained burst ol undue length.
nor could the weapon be fired with the gunner
Ivying prone on the ground. The fore and aft
sweep ol the gas-actuated loading lever made this
impossible.

To operate the weapon, the gunner pushes
the brass tip ot the loaded belt through the open-
ing in the feedway and, at the same time, swings
the loading lever downward and to the rear until
it strikes the bottom plate ol the gun. Upon re
lease ol the spring-loaded lever at the exireme
end of the movement, 1t will return to its ready
position, at the saie time chambering the round,
cocking the piece, and locking the breech. The
safety latch s then pushed to the fire position
and the gunner pulls the wigger actuating the
scar. Alter the powder charge has exploded and
the bullet has passed the orifice, the gases expanc
through the radial vent upon the piston in the
end ol the gas lever. When forced downward and
to the rear, the latter opens the breech, extracts
the emptv case, ejects it, and feeds the incoming
round into position in the carrier. 'I'he lever, re
turned by a spring, chambers the live round
closes and locks the breech, and i the himal ac
ol locking, releases the sear of the fiving medh
anism. T'he eycle continues as long as the triggen
is held rearward.

1 he working parts were all readily accessible
Once ol the selling features ot the gun was tha
the hammer allegedly pumped cool an mto the
chamber, Regardless of this exorbitant claim, it
was considered necessary that the gunner un-
load the weapon immediately after fining, as the
rapid heating of the barrel made 1t hazardous o
leave a live round in the chamber following a
burst of moderate lengch. This necessitated un-
loading the chamber at the end ol practicaly
every burst il the weapon was not to be put im
mediately in action agam.

As a result of the Navvy's successful use of the
'95 model Colt in the Spanish-American War,
the Army also became intevested i the weapon,
But 1t could not use the Navy's guns due to the
difference in caliber between Army and Navy
riflc ammunition. In December 1898 a joint
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Joar M, Browning with the

Armvyv-Navy board mel and recommmended stand-
ardization not only of rifle cartridges, but ot all
small arms i the service. The report was as
follows:

“The board is of the opinion that there are no
conditions i the nature of the service peculiay
to the Army, Navy and Marine Corps which re-
quire a diflerent caliber for their small arms and
machine guns.

“Since the board finds no sufficient reason for
a different caliber ot small arms and machine
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'‘Browning Peaccemasor,”

auns for the Avimy, Navy and Marine Corps the
board is of the opinion that the same caliber
should be adopted for these services. and since
interchangeability ol ammunition is the special
advantage to be gained by the use ol a single
caliber, a standard and uniform cartridee to the
extent ol securing interchangeability should be
adopted.

“As the board is of the opinion that there
should be bhut one caliber of small arms and mna-
chine guns for the Army, Navy and Marine
Corps, and as great numbers ol satistactory cali-
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ber .30 rifles are now in service in the Army and
are being manulactured at a considerable daily
rate, after large preliminary expenditures for
plant, and as, under the prospective enlarged
sphere of the Army’s action and possible increase
in numbers, 1t will require an immediate addi-
tional supply of such arms, the board is further
ol the opinion that the retention ol the caliber
Now in use is at present imperative for the Army,
and theretore, under their previous conclusions,
it should also be adopted for the Navy and Ma-
rine Corps.

“I'he board, however, while recognizing the
desirability of a uniform caliber [or both services,
does not deem it of vital importance, and 1s of
the opinion that the change ot the Navy caliber
might well be postponed until it has been defi-
nitely settled whether or not it 1s advantageous
to modity the Army carwridge by the usce of a
cannelured mstead of a rum case.

“In considering a standard cartridge the board
recognizes that the cannelured case is a simple
one for small arms and machine guns, and its use
in the Naval weapons of these classes has been
satistactory. It 1s further ol the opinion that, if
found practicable at moderate cost to adapt the
present Army rifle to the use of such a case, a
cartridge conforming in other external forms
and dimensions to the present Army cartridge
should be adopted as the standard and uniform
small-arms cartridee for the Army, Navy and
Marine Corps.”

After the agreement to standardize all small
arms and ammunition, the Navy ordered all its
6-mm guns rechambered for the caliber .30-10
Krag ammunition — making them practically
identical with the gun in which the Army was
interested. However, each service retained its
own system of identihcation. The Navy con-
tinued to desiegnate with Mark and Roman num-
cral: the Army with model and year. The Navy's
G-tmm gun was known oflicially as the Colt ma-
chine gun. Mark I, and the modified weapon re-
chambercd for the caliber .30-40 was called the
Mark I Modification 1.

At a later date, when the Krag caliber .30-40
was dropped 'rem the service in favor of the
Springfield caliver .30, the Navy again recham-
pered the weapon to use the new service round.

But, for reasons unknown, unless it was consid-
ered too obsolete to warrant the additional
trouble, the Mark and Modihication numbers
were not changed. This is believed to be the only
time a major power twice rechambered the bar-
rels of an automatic machine gun while 1t was
still in the status of being in active service.

While the Army gave it the designation known
throughout the world, there 1s no record ol 1ts
ever having officially adopted the "95 model Colt
machine gun. Instead, the Gatling gun, alter
the successlul demonstration at San Juan Hill,
had a tremendous following 1in the Army. And
while the Colt "95 was tested at regular intervals,
and made a creditable showing in every instance,
the Army’s official stamp of approval was never
given. IThe tollowing report of a machine gun
board at Springhield Armory to the Chiel of
Ordnance, United States Army, on 14 June 1895,
1s typical ol the weapon's reception:

“The Colt automatic gun is an ingenious,
compact, and relatively light arm. Its continuous
automatic firing depends upon the action of the
ammunition used. It is easily pointed by hand,
and its fire 1s completely under the operator’s
control. Its rapidity of fire during the tests was
about 100 rounds in 17 seconds.

“A perusal of the tests made shows that stop-
pages in the firings were experienced from varr-
ous causes, nccessitating in each case a recocking
of the piece by hand, and in consequence 1t ap-
pears that the uninterrupted automatic firing of
a belt of 100 or more cartridges 1s not apt to be
obtained. The mechanism, composed ol a large
number of working parts and spiral springs, was
prevented from working by such a small particle
as the piece of brass punched out for the gas
channel in a cartridge shell head, and as experi-
ence shows that pieces of the primer or cartridge
shell, 1f detached from any cause, are apt o fall
into the working parts, this is considered a serr-
ous defect. During the firings there was a con-
stant vibration of the muzzle, and in general the
elevation was increased, due, undoubtedly, to the
action of the gases in escaping through the vent
in the underside ot the barrel and the repeated
striking of the gas lever on the same point of the
barrel when returned to its position by the gas-
lever springs.
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“It 1s thougzht probably that the heat devel-
oped in a prolonged. continuous firing would so
expard the gas cylinder and the piston on the
sas lever as to interfere with uninterrupted auto-
matic action, and that the continuous action ol
the gases on the head ol the piston and also the
siriking of the gas lever on its return may so up-
set the piston as to have the same effect. The lia-
bilitv of the mechanism o derangement would
require a gun crew equipped for and practiced
in making repairs.

“The advantages of this arm are:
lightness, compaciness, automatic action, easc ol
manipulation, complete control ol the hring,
small gun crew required, and absolute safety
lrom hang fires. ._

‘The disadvantages are: Numerous small
working parts, dependency upon spiral springs,
delicacy of mechanism, liability to be clogged by
foreign particles, decrease in initial velocity due
0 loss of gases escaping through vent, vibration
of muzzle and consequent inaccuracy, necessity
of loading belts by hand belore gun can be used,
and frtclu::m imterruptions in automatic frving
from various causes. 'The board 1s ol the opinion
that In its present form, as shown by the tests
madle, this arm 1s not suitable for ordinary scrv-
il:t: and has no place in the land armament.

Relative

“There being no further business belore the
hoard, 1t adjourned sine dic.
"D, M. T AYLOR,

Cafitain, Ordnance Department.
“Jas. ROCKWELL, Jr.,
Cafitaini, Ordnance Department.
CIsos T Hares,
First Lieutenant, Fifth Gavalry.
“Tracy G DICKsoN,
liewtenant, Ovdnance Department.
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“I'he foregoing proceedings and opinions are
approved.
“AL Morprecar,
Colonel, Ovdnance Deparfment,
U.S. 4., Commanding.”

At the outbreak of World War I our unpre-
paredness made the Government disregard the
tact that the Colt 95 was outmoded. Due to our
deplorable lack of machine guns on entering the
conflict, large contracts were given for the
weapon. While 1t was admittedly obsolete in
every respect, it still represented about the only
machie gun with any chance of speedy delivery.
Since Colt was tooled up for it and other com-
panies were making a rechambered version for
Russia, these firms would be able to turn out
large quantities of the weapon in short order.
T'he only change madce in the weapon was that
it was to have an muerchangeable barrel and to
idenuty this version it was known as the Mark T11
(Navy) or the Model 1917 (Army).

['he Colt Co. supplied 1.500 of these weapons
before the end of the war. But by this time ve-
coil-operated machine guns (also a Browning de-
sien) were bemng delivered. They were so su-
perior to the gas operated “potato digger™ that
the latter was relegated to traming uses only.

The Browning Maodel 1901 Machine Gun

Amencan-made recoil-operated guns had their
inception at the turn ot the century. Like most
machine gun designers, Browning determined
that the cleanest, most efhclent wnd practical
principle for a high-rate-ol-lire anttomatic weapon
was the short recorl system. As early as 1900 he
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Marriner A. Browning, Son of Matthew S. Browning, Fi

hled apphcaton, and in 1901 was eranted the
patent for a shortrecorl-operated  water-cooled
aun, meorporating all the basie features ol the
present lme ol Browning automatic s,

Due 1o the Lack of fimancial support lrom the
United States Government lor the development
ol an automatie weapon, he let this design lie
dormant unul 1910, as there was a veady civilian
market lor his hunting rifles, shot suns, auto-
loadhime |Lli.‘-i11]|:'-i, ancl Iligh-]zrm't'l‘l'[l WCApOons Lo
keep him busy durimg thas mterval, Dut havinge
reached the zenith m o cun desien for commercial
proposes, hie turned azam to machine guns,

In case there s doubre thar owr present family
ol Brownimg machine guns is of such carly oni-
i, quotation s made from Browmng's own de-
scription ol the weapon's oyele ol operation,

- Ry s T
F ol r "'.."f

ring the Recoil Cperated Machine Gun, Madel 1901,

written i T900 (carrent nomenclature added
brackets):

" The operation is as follows: "T'he belt, which
contains cartridges, s fedd mto the {}}::L'I"sinf_a' .
i the casing unul the Hange o the hiest cartrdge
m the belt enters under the hook of carrier [ex
actor claw] L. and the second cortridze 15 jus
past the cartridgce-teed stop [belt holding pawl
o Now avasp handle and dvaw the bolt back
As the bolt and harrel extension are i this pe
<1160 lock imoe-hilosk
jfnu'{h ey L.JI o the baveel waill move back Wil

locked  tocether by the
the bole, compressing batl haovrel [buller| and
bolt [driving| springs and cocking the hanmmn
Istriker | which s caught by both scarvs, The car
tidae 15 drawn back by the hook of the caorie
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lextractor claw]. (It thus appears that the ham-
mer |striker] cannot [all against the firing-pin
except when the barrel 1s in 1ts forward position,
in which position the barrel and bholt are firmly
locked together.) When the pin . . . of the lock-
ing-block [breech lock] reaches the downward
incline . . . of the cam-groove |breech lock cam]
in the casing [receiver]. the locking-block [breech
lock] will be forced downward, freeing the bar-
rel from the bolt. '1'he barrel 1s then thrown l[or-
ward by the action of 1ts spring [bufter spring].
... The pressure of plunger [cover extractor
cam] . . . throws down the forward end of the
carrier [extractor claw], causing the front of the
cartridge to lall into the receiver [T slot] . . . so
as to move torward helow the carundge-bele 1in
lme with chamber. The forward movement of
the barrel is stopped by the barrvel-latch [accelera-
tor claws| . .. engaging the projecuon . . . of the
barrel extension [shank].

“The projection . . . on the barrel extension
or receiver at the same tume locks the bolt-latch
laccelerator] L ., so that the bolt cannot be en-
gaged thereby. . . . The feed-lever . . . | feed-
shide . . ., and feed-pawl will have been moved
to the proper position . by the backward
movement ol the cam. . . . Il the grasp on the
bolt be now released, the bolu [driving] spring
will throw the bolt forward, carrying the car-
tridge into its chamber in the barrel. When the

bolt 15 near the limit of its independent forward
movement, the cam . . . on 1ts under surface
cngages the arm [claw| . . . on the barrel latch
laccelerator], thus forcing down said latch [ac-
celerator] and releasing the barrel to continue its
forward movement under the influence of the
barrel [buffer]-spring.

“'The barrel and bolt then move forward to-
zether, and as pin . . . ol locking-block [breech
lock] . . . rides up the incline in the casing . . .
the locking-block [breech lock| is forced mio
enzagement with the groove [locking recess]
. .. In the beolt, so that the barrel and bolt arc
locked together. When about at the limit ol 1s
forward movement. the forward end of extension
. . . of the barrel-picce strikes scar . . . and dis-
engages this scar from the hammer [suriker],
lecaving the sear . . . m engagement and the
agun in position for firing by bearing on the
trigger . . .

“When the gun is fired and as long as the trig-
ger is held down and cartridges supplicd, the
automatic action ol hiring will be continued 1n
manner as has been explained, . . . the sear . . .
then alternately holding and releasing the ham-
mer [striker]. The action of the bolt moves the
cartridge-feed [belt Teed lever], as has been ex
plained, and as long as there are cartridges m
place in the belt the hiving will continue unless
trigger . . . 1s hifted, when the firing will cease.

e

- -

L

e A L T T e L e R e T

W ey

Section of Browning Cal. .30 Reccil-Cperated Machine Gun.
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Lhe cartridges are fed forward by the bolt al-
most their whole length while the barrel is held
back by the barrel-latch [accelerator]. This allows
them to teed into the receiver just forward of the
retracted position of the carrier [extractor claws]
with little lost motion.

" As the barrel moves torward while the bolt 1s
held back by the latch [accelerator claws] . . . a
stud [combination extractor feed cam and ejec-
tor] . .. on the left-hand side of the barrel ex-
tension, which extends into the path of the car-
tridge (the bolt bemg grooved to allow 1),
comes into contact with the rim of the fired shell
as it 1s held back by the ejector and ejects the
shell. . . . When the gun is livred, the barrel re-
coils to a position further back than when the
bolt 1s drawn back by hand, and by its action on
the cushion-rocker [accelerator body] accelerates
the backward movement ol the bolc, while its
own motion is gradually checked by the rocker
[accelerator body], as explained.

“The bolt . . . has a bavonet-catch groove

cut around the bore, in whicn the bolt-
[driving-] spring 1s insereed, and the rod,
. . . which guides the spring, has a pin . . . pro-
jecting at one side, which pin can enter said
groove, so that when the spring i1s compressed
and the rod forced into the bore of the bolt with
its pin in the groove a partual turn ol the rod
will lock the spring in place, when the rear cover
[back plate] . . . can be lifted 1 i place . . . or
can be applied to the casing il said cover has been
removed and can then shde down over the rod.
Then by drawing the bolt back, the rear end ot
rod will project through the rear cover, and
by turning the rod the spring is released and bolt
thrown forward. 1'he rear cover [back plate] 1s
retained in place by the rod . . . projecting
through a hole in said cover .. .7

The weapon ejected the empty cartridee case
from an opening in the right side of the receiver,
and not through the botom. This feature, how-
ever, had no bearing on the basic principles of
operation used throughout the development of
the later guns. The absence of a rear buffer
should also be noted; but since high rates of fire
were not demanded, 1t was of small consequence.
The barrel buller and driving springs were ade-

quate in stopping the recoiling parts and return-
ing them to battery at a speed considered reason-
able.

Browning's description of the preceding cycle
ol operation was written when there were only
45 states in the Union and 3 years before the
Wright brothers made the first flight in an ar-
plane. This serves as a vardsuck by which o
measure just how far this remarkable man was
ahcad of his time with his basic machine gun
principles.

The water-cooled prototype of 1910, built on
the 1900 specifications, was prooted at Ogden,
Utah, and worked reliably. Browning thought
that it needed only refinement and increased rate
of fire. The first change was to do away with side
ejection ol the empty cartridge. Though de-
pendable, it presented the problem of hot empty
brass flying at a right angle, thus limiting the
area in which another gun could be operated.

=

A Drawing from J. M. Browning's Drafting Bcerd. Brown
ing Ofen Weorked [rom: Freehand Sketches Mace on Wrap
ping Faper.
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[t was solved by cutting an epening in the bot-
lom ol the receiver just forward ol the hieech-
lock cam. The incoming brass, forced down by
the extractor, knocked the empty case straieght
down to the ground. The last round fired was
situck by the ejector up and thus cleared the
aun.

In order to return the bolt to battery faster
ad smoother, a buffer filled with horn fiber

discs served the two-fold purposc ol absorbimg

the surplus energy and bouncing the bolt back
at a greater speed. Browning also did away with
the hammer method of hiring, replacing it with a
two-ptece firing pin that had a sear notch on the
rear, and had suthcient weight to serve as both
striker and hiring pin.

A trigger bar was added which allowed the
operator to actuate the sear [rom two positions.
The nose ol the bar, upon bemg depressed,
pushed the sear down ourt ol enzagement wich
the scar notch on the aft end of the firing pin.

Other minor improvements mmcluded the use
of breech lock depressors 1o assist in disengaging
the breech lock trom the locking recess in the
bottom of the bolt. However, all these changes
were merely refinements. Not a single basic fea-
ture was used that John M. Browning did not
alreadv have in his 1900 design. The reliability
of the mechanism and 1ts hreedom from adjust-
ments enabled the individual soldier to obtain a
large volume of fire without much preliminary
training and its simplicity of construction from
a manulacturing standpoint was quite acceplt-
able. Browning, on his own mitiative, developed
and improved the weapon until he corrected
practically all the mimor defects.

The Prototvre Model of the 3. A E.

Browning Guns in World War I: B. A. R.
and Browning Machine Gun Model
1917

The United States showed no interest in ma-
chine guns until alter we were ofhcially at war
with Germany, at which time Browning, along
with other mventors, was asked to submit weap-
ons with a view ol adoption. It 1s true that there
had been carlier trials ol vartous machine gun
mechanisims of both American and foreign man-
ulacture. But nothing resulted from them except
a passive interest by our Govermment. "Thus,
although we had pracucally two years to prepare
alter the start of World War 1 before we entered
and 1t was almost a toreconce conclusion that we
were o be a partcipant, there had been no eftec-
tive machine gun program i spite ol the carly
demonstration by Germany as to the deadly em-
ployment ot the weapon.

Machine cun development i this country
floundcred on one thing only: Those m author-
ity could not make up their minds on what was

Swanted. Had they come 1o some happy conclu-

sion as to what weapon would be adequate, there
would have been no machine gun problem to
tace on 6 April 1917, On that alternoon the head-
iincs proclaimed that a state of war exasted be-
tween the United States and the Imperial Ger-
man Government. But the public was not told of
a conlidential report issucd the same day to the
mihtary high command that to hght this strictly
machine-gcun war there were on hand only 670
Benét-Mercids, 282 Maxims, Model 1904, and
158 Colts, Model 095.

In other words, we had a total of 1,100 of what
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could bhe called machme euns (1l one was gener-
ous enouch to include the gas-operated. lever-
actton Colts, and the outmoded Bener-Mercies),
while our vequirements were at the tme con-
servatively estinted at no less than 100,000 ma-
chine guns, Germany, upon entering the wan

JOVCars | 2. DM
highly improved Maxim-type guns with an acledi-
tional 50,000 under construction. And she only
necded o have coch ol her ordnance I}lillll‘:‘-‘.

Over Bresbonre, Tl done so with

manulacture a IIIH[lL'I'iHl_‘ IIIIII'IIZIIZ_'I' l'._'i{lﬁ']il ':g.-'-t_";ll' L1l

posstss a stageerimg total at this period o the

Wal.

In order for the United States to participate
i the war with a semblance ol machine cun
armmnent, it was fmally agreed, alter sull more
debave, that unul we dud put Lo in'r_u:inrlinn
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something of our own design, our forces sen

overseas would be armoed with whatever th
French had to ofter, The arms sold us, as can e
easily understood, were then second best. T
fact remains, vecavdless ol how unpleasant |
iy be, that the conmuoy which orignmated an
showed thie world how to produce this deadlv
strament actually entered the war with a most
obsolete  assortment  ob machine suns. They
would have been move i keeping with the arma
ment ol revolutionists in a banana republic than
A5 \\-‘l‘_’f;il}ht_s]lﬁ (] .‘-H.'Ilt.“L'I?'-. ]L'Ilti._'.'-l'll|_-ll'll‘_={r O 1__'||' r!i'r_'
richest and most progressive nations o carth,
The Lrst rench machine guns used o arm
American troops wore chambered For the Tehd
8 mm rim-type cartridge, necessitating the issu

me of two difcrent types ol cartridge by ow
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Jehn M, Brownina Examining One of His Automatic Machine Rifles in 1918 with Mr. Burten, Une ol Winchester's Exper'e,
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supply department, one for machine gunners, an-
other for rilemen. And as they invariably oper-
ated together as a unit, the logistics involved cer-
tainly should have given much aid and comlort
to the enemy.

During the prewar period ol indecision, John
M. Browning personally brought to Washington,
D. C., for purposes of demonstration, two weap-
ons, the heavy (water-cooled) machine gun and
the machine rifle (to be known later as the
B. A. R.). These were both chambered to take
the standard Springlield rifle cartridge known
throuchourt the service as the .50,/006.

The B. A. R. (Browning Automatic Rifle) had
been designed as an answer to the demand for
“walking fire”—thought to be so necessary to the
individual soldier in trench warfare. The rifle
can cither be hired single shot or be converted
instantly to full amtomatic with a maximum rate
of 480 shots per minute. It is gas actuated, air
cooled and employs a 20-shot magazine that can
be emptied in 2% seconds. The unloaded maga-
zine can be detached and a fresh one put in its
place in about the same length of time. Three
crifices are on the gun to insure simooth [unction-
mng. ‘I 'he weapon’s seventy pieces can be com-
pletely disassembled and assembled in 55 sec-
onds.

The rifle is designed to be carried by the ad-
vancing infantryman with the sling over his
shoulder, allowing the butt to be held lirmly
against the hip. When necessary to fire a burst,
the safety switch 1s moved to “Automatic,” and
as long as the trigger is held the weapon will
continue firg.

The operating mechanism 1s rear searcd. The
trigger releases the bolt to go forward. The latter
strips the round from the magazine and starts to
chamber it. When two inches from battery, a
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A Sectionalized B. A. R.. Cal. 7.92 mm, of Polish Manufacture.

circular cam surface on the bottom of the bolt
lock begins to ride over the rear shoulders of the
bolt support, camming up the rear end ol the
bolt lock.

As the link pin rises above the line joining the
bolt and hammer pins, the bolt lock is alined
with its locking recess in the receiver and pivots
aboul the bolt-lock pin. The hammer pin on its
link revolves, forcing upward the bolt lock. The
roundcd surface of the lock slips over the locking
shoulder in the “hump” of the receiver and pro-
vides additional thrust, forcing the bolt all the
way into battery.

This [inal act removes the obstruction from
the hring pin, exposing it to the center 1ib ol the
hammer. On the final movement lorward of the
slide, the hammer drives the fiving pin into the
primer exploding the powder charge in the car-
tridgc. All counter recoil is ended when the slide
strikes the shoulder at the rear end ol the gas
cylinder tube,

Prior to the bullet’s clearance of the bore, the
gases pass through a port 6 inches [rom the
muzzle, expanding in the cylinder and imping-
ing on the piston head. This sudden blow forces
the piston to the rear.

The initial backward movement of the slide
cocks the hammer betore moving either the at-
tached bolt lock or bholt. The circular cam on
the lower part of the bolt lock, operating in con-
junction with the rear shoulders of the bolt sup-
port, produces a leverage that loosens the empty
case in the chamber. This initial extracuon oc-
curs before the weapon is fully unlocked.

After the piston has carried the slide rearward,
the gas is exhausted through six ports located at
the rear of the gas-cylinder-tube brackets. Two
rings on the piston prevent the gas from return-
ing through the cylinder tube.
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E. A. R., Cal. .30, a3 Stardardized {or U.S, Service, Serial Numkbser 3.

When the recoil hus reached one-lifth ol an
inch, the breech pressure is low enough to allow
the bolt to be sately unlocked, At this pomnt the
link is compelled to revolve forward about the
hammer pin, drawing the bolt lock down clear
of the "hump” in the receiver. A cam slot in the
bottom side ol the bolt lock comes i contact
with the firing-pin lug, drawing the tip ol the
hring pin away [rom the primer.

After the piece unlocks. the empruy case is car-
ried rearward on the lace of the bolt, held there
by the extractor. When the base ol the cartridge
strikes the ejector, the extractor serves as a pivot
point to throw the brass through the slot in the
right side ol the receiver. As the cartridge case
passes through the opening, the brass strikes the
outside frame and 1s deflected to the right and
forward.

At the end ol the extreme rearward travel of
the bolt, the recoll spring is [ully compressed,
storing enercy for the return movement. The
sear nose is now in position to catch in the notch
at the underside ol the slide and hold the mech-
anism back under spring compression ready for
the next pull of the trigger, It the trigger 1s still
held to the rear, the weapon continues the cycle
of operation.

The first public firing demonstration of the
B. A. R. and the water-cooled machine gun took
place on 27 February 1917 at a location outside
the city Iimits of Washington, D. €., known as
Congress Heights, It was witnessed by 300 people
including men of high rank in our own miliary
scrvice, many Scnators and Congressmen. meni-
bers of the armed services [rom Great Britaimn,
France, Belgium, and ltaly, and representatives

of the press. The latter wrote much about the
exhibition. They gave a glowing account ol the
reliability and tremendous firepower of both
weapons and painted verbal pictures in the local
papers of how a hundred men advancing with
these weapons firing tull automatic would liter-
ally sweep an enemy out of the way. The only
feature they scemed to forget was that though
war, at this point, was practically inevitable, the
superh weapons demonstrated were the only ones
in existence and were a long way from mass pro-
duction.

The successlul exhibition at Congress [Teights,
however, did create an interest that encouraged

Browning to continuc personally to improve and
function fire his water-cooled gun at the Colt
plant until he was satisfied that it was ready for
endurance trials. The Government had adopted
the B. A. R. [rom ics initial showing al. Congress
Heichts, but felt that a machine gun of the
water-cooled type should be tested more thor-
ouchly because of the more rigorous treatinent
aiven this type of weapon. In May 1917 he
brought his heavy water-cooled gun to the Gov
ernment Proving Ground at Springfield Armory
for an ofhaal test. It showed a reliability that
was amazing lor a newly imtroduced weapon. A
total of 20,000 rounds was hred without a mal
[unction or broken part at a cyclic rate in excess
of 600 rounds a minute.

After the splendid performance of the weapon,
Browning dccided to test it further and fired an
additional 20,000 rounds. All 40,000 cartridges
were expended without the failure ol a compe-
nent part. This was such an unusual perform-
ance for a new weapon that it aroused great in-
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Browning Machine Gun, Mcdel 1217, {al. .30, as Intreducaed to the Service in World Wer L

terest and some skepticisim among its most ar-
dent backers.

[ order to show that the gun was not espe-
cially prepared for the test, a second weapon was
used that not only duplicated the original trial,
but bettered 1t by operatimg continuously {for 458
mimutes and 12 seconds. 'This was accomplished
by having available suflicient belted ammuni-
tion for this phenomenal burst.

Following this excellent demonstration, the
board ol five Army officers and two civilians ap-
pomted by the Secretary ol War to study the
problem of machine gun supply recommended
lor immediate adoption the water-cooled Brown-
g, pronouncing it and the previously accepted
B. A. R. the "most effective guns of their type
known to the members.”

'T'he outstanding features were reliability and
simplicity of design. The ofhicers who demon-
strated the weapons showed that it was possible
lor the operator, while blindlolded, to take them

down and reassemble them in a matter of min-
utes. '1This was so impressive that all machine gun
schools adopted the blindlold test as a “must”
i themr courses of mmstruction.

The castly constructed mechanism was a oreat
selling point for the Government, as it appcared
possible to get the weapons into mass production
quickly. Nothing was more important at this
critical stace,

After the hasty adoption ol the Browning au-
tomatic machine gun and the machine rifle, it
was quite apparent that no single manutacturing
plant was capable of taking care of the vast war
need lor these weapons, The Colt’s Patent Fire
Arms Co., which had an exclusive concession to
manulacture the weapons under the Browning
patents, agreed to sell its rights to the Govern-
ment. By July 1917 1t delivered prepared gages
and drawings that other companies could work
from m producing the guns.

During July and August 1917, more than 2
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Westinghcouse Froduction

months after our entry into the war, a survey
was mhade of Tacilities and plants thought capable
ol turning out the water-cooled version m quan-
tity. ‘I'he Colt Co. established a plant at Mert
den, Conn.. {or the manufacture of 10.000) guns.
In September 1917, Remington Arms Union
Mectallic Cartridec Co. of Tlion, N, Y., was given
4 contract Lo produce 15,000, On | January 1914,
the New England Westinghouse Co. was ap-
proached concerning its avatlability to construct
20,000 and a contract was agreed upon on 10
January 1918,

The Westinghouse production  schedule
proved to be very outstanding. In 29 days a
hand-made pilot model had been constructed,
and in 63 days the first gun came off the assembly
line. Some 5,000 rounds were fired through this
aun without a single malfunction or stoppage.
And at the time the Armistice was signed 9

~f Model 1

MFV ; A2y ::B:sﬂ $i, .-:sﬂ:h ; J.a“
O17 Cal, .30 Browning Machine Guns.

months later, this plant was producing 500 cuns
a day,

[rom the quantity standpoint Westinghouse
was the most prolific in the manutacture of this
machine gun. It was the middle of Mav belore
Remington began to deliver the completed
weapon, having been delaved due to a previous
Russian contract. Colt, strange as it may seem,
was the last to come into production, as 1t was
late in June 1918 belore its Meriden plant
started to deliver the guns. The company’s time
had been largely occupied by the preparation of
mechanical drawings and the manufacturing of
precision gages for the other plants. and by 1ts
earlier contract with the British for the making
of the Maxim-Vickers machine gun.

The final production schedule illustrates how
some forethought on whit was needed would
have found 115}3]‘{]13{:1‘]}-‘ prepared for war. For,
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once put into operation, the wheels of industry
started a constant fHow of these weapons [rom
the plants. Dy the end ol June 1918, Westing-
house had a cumulative production of 2,500 and
Remington a production of 1,600 weapons. As
of 1 August both plants had made a few under
10,000; 2 months later, they had turned out 20,
000. And when the Armistice was signed, the
ithree companies had sent [rom their proof ranges
nearly 43,000 machine guns ol this type, divided
as follows: Westinghouse, 30,150; Remington,
12,000: and Colt, GOO.

While these figures are most impressive, it can
be readily seen that this stupendous eflort was
practically worthless as [ar as the war effort was
concerned. The dates of delivery were far oo
late to get the weapons into the hands ol our
troops 1n I'rance, who were still armed with the
French and English war surplus. Great empha-
sis has been placed on the impressive number of
Browning machine guns made during World
War 1, but those who have boasted most ol this
accomplishment have negligently failed to men-
tton the lact that these guns arrived oo late o
oller more than a token demonstration asainst
an already defeated enemy. Onr allies, though
mpresscd by the clean lines and simplicity of
construction of the Browning automatic ma-
chine guns, ncever considered them as having
seen battle tested.

The hrst ol these weapons sent overseas were
routed to machme gun schools 1o acquaint the
soldier with the much publicized American
product that would rid him of the French arms.
They met with the enthusiastic approval of all
who viewed them. Requests came [rom the Al-
hed high command to speed up delivery so as wo
have thewr presence felt at the front. The war
ended, however, belore we had cquipped even
asmall portion of our own Army,

First combat use of the Browning automatic
machine guns was on 26 September 1918 by a
small detachment ol the 79th Division. The lol-
lowing report was sent General Pershing by the
commanding officer of this detail:

“During the 5 days that mv lour guns were
in action they fred approximartely 13,000 rounds
of aimmunition. They had very rough handling
due to the fact that the mmtantry made constant
Chalts, causing the guns wo be placed in the mud.

e W

Lt. Val A. Browning, Son of John M. Browning, in France
}Eﬁtt'uuli:ag Troops in the Uze of the Browning Machine Gun,
-J’:'II- -EO

The condition of the ground on these five days
was very muddy, and considerable grit, ete., got
into the working parts of the guns. Guns became
rusty on the outside due to the ramm and wet
\\-'L"llh{:r, but in every instance when the guns
werce called upon  to five, thev hred puh:{tlﬁ.
Ihnm:_-, all this time 1 had only one stoppage,
and this was duc to a broken ¢jector.”

Only after Drowning's guns had been officially
adopted by the United States Government and
pr Udmum] had reached its peak, did a conler-
cnce take place between representatives ol the
War Deparunent and agents of the J. M. & M. S.
srowning Co. in regard to royalties.

| he Government representative was asked
what he thought would be a tair remuncration
for the use of all Browning patents on machine
cuns and the caliber .45 auto-loading  pistol.
When he sugvested a certain sum, the Browning
Co.'s agent stated that his firm’s mstructions to
him were to allow the Government to set its own
price and to accept this cheerlully without hesi-
tation or further |J;il“.dll‘lll]ﬂ The records reveal
the settlement amounted to less than one-tenth
the amount our government usually allowed its
Inventors.
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The Secretary of War, upon hcaring of the
generous terms the Brownings had agreed upon
as a scttlement, sent John M. Browning the fol-
lowing letter in expressing the whole country’s
oratitude, not only for his invaluable contribu-
tion in the held of weapon design, but also for
his patriotismn in accepting such a modest return
on the products of his genius.

“WAR DEPARTITMENT
AVASIHHINGTON

: “Noveuwser 13, 1917,

“My Dear Mr, BrOowNING:
“I have lcarned [rom Major Little of the pa-
triotic and vencrous attitide taken by vou 1n
the negotiations [or the use of your patents of
heht and heavy machine guns i this emergency,
and beg leave to express my appreciation ol it.
“You have performed, as you must realize, a
very distinet service to the country in these in-
ventions, and contributed to the strenoth and
cifectiveness ol our armies. You have added to
that service by the attitude you have taken in
the financial arrangements necessary to make
your mventions available to the Government,

“Cordhially vours,
(Siened;  “Newron Do Bakex,
Secretary of War.”

Whilce the production effort in turning out
these avins was most commendable, the major
weakness ol the sysiem of mass production mani-
lested atsell. All identical components are con-
siructed with a manulacturime tolerance of with-
in a few thousandths of an mmch. Once tooled up.
it an error is made. thousands of weapons would
be turned out with the “butle-im™ mallunction.
Correctineg an inherent defect in desien some-
times resulted o an expenditure ol time and
money eveater than the original cost of manu-
lacture,

This was most certainly the case with the
1917 model gun; and while 1ts use was very
limited 1in World War 1, 1t 1s indeed most for-
tunate that the cun did not see too much service.
1 he recerver of this mass-produced weapon was
tound to have a weakness mn the bottom plate,
caused, not from laulty design, but from choos-

img an inadequate metal. The mistake could
have been prevented had time permitted more
strenuous endurance hiring obf sample weapons
taken from random lots, Such a part [lailure
necessicated the construction of a piece known
as a reinforcing stirrup that fitted over the al-
lected spot on the outside ol the receiver. Over
25,000 guns were modified by this addition m
one year, and this and other hand work required
as much time and expense as did the construction
ol the cun.

The production of the B. A. R. followed a
similar pattern. Browning carried on most of his
early development on the machine rifle at the
Colt’s Patent Fire Arms Co. Later. Winchester
cave valuable assistance 1in connection with the
preparation and correction ol the drawings, add
g many reflinements to the gun. Winchester
was the first to start manulacture on this model
Since the work did not begin until Februarg
1918, 1t was so rushed that the component parts
ol the first 1,800 to be put out were found to be
not strictly interchangeable. Production had
be temporarily halted until the required manu-
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facturing procedures were altered to bring the
weapon up to specthications. At the end ol the
war the Winchester Co. was producing 300
B. A, R.Us a day. A total ol 63,000 1items was can-
celed at the time of the Armistice.

The Marlin-Rockwell Corp. intended orig-
mally to use the Hopkins and Allen Co. plant
lor the construction ol this weapon, but found
that a contract lor making rilles for the Beloian
Govermment fully occupled its facilities. The
corporation then acquired the Mavo Radiator
Co.’s factory lor use in 1ts contract to produce the
B. A. R. The first pun from this source was madc
on 11 June 1918, and by Il November 1918 the
company was rurning out 200 automatic rifles
a day. The postwar cancellation was 93,000
weapons,

T'he Colt Co., because of the heavy demands
of previous orders, produced only 9,000 B. A.
R.'s. The combined daily production by all com-
panies was 700 and a wotal of approximately 52,-
000 rifles was delivered by all sources.

In July 1918 the B AL R s arrived in France in
the hands of the United States 79th Division,
which was the first organization to be cquipped
with them and took them into action on 13 Sep-
tember 1918, The 30th Division was the first
American Division already in France to be is-

of the B, A, K. in 1918,

sued the weapons. Tt 1s an mterestng fact that
First L. Val Browning, son of the inventor, per-
sonally demonstrated the weapon against the
enenty.

The B. A. R. was more enthusiastically re-
ceived 1n Europe than the heavy water-cooled
gun, and requests for purchase by all the Allied
Governments were made immediately alter 1t
arrived overseas. The French Government alone
asked for 15,000 ro take the place of the inlerior
machine rifle, then being used by both French
and American troops. | he latter weapon was
found so unrehable that many were actually
thrown away by troops during action.

However, the war ended so soon alter this that
the bulk of the American forces were still
equipped with machine guns supplied by the
Britsh and French.

Browning Caliber .50 Machine (Gun

The Browning caliber .30 machine guns had
scarcely been introduced overseas when a lareer
weapon was demanded by the commanding ofli-
cer ol the American Expeditnonary Forces, Gen.
John J. Pershing, who had observed the rapid
advances ol the British and French m raising
their machine gun caliber from 503 and 8 mm to
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caliber .50 and above. This change was consid-
cred vital 1n order to be able to penetrate the
armor that was beginming to make 1ts appear-
ance on combat vehicles, tanks, and m some
cascs, the mdividual soldier. T'he smaller bullet
was no longer considered completely eflective
against such aracts.

At the United Siates Avmy machine gun school
at Gonduocourt, I'vance, the olhicer-in-charge, Col.
John Henry Parker, had noted the deadliness of
the TI-mm meendiary, armor prercng  bullets
used in lately developed French weapons to
penetrate armor and ignite hydrogen-filled ob-
servation balloons, He learned from a liaison
oficer that a French proving eround had two
prototvpe machine guns, entirely new in prin-
ciple, that successtully fired a bullet and powder
charee even Lareer than the T1-mm one.

Colonel Parker, always a man ol action, de-
tailed Capt. Henry I, Allen to look into the sita-
ation and secwre as much mformation as pos-
sible. The weapons were located at Bourges Ar-
senal and arrangements were made for Captain
Allen to take once ol the guns to the United
States Tor study.

The American Army’s ordnance engineers had
tried carlier to meet the ncreased caliber de-

General Iohn 1. Pershing, Whose Specilications Eesulled in
the Cal. .50 Machine Gun.

THE MACHINE GUN

mand by rechambering a caliber .30 heavy
(water-cooled) barvel to take the French 1l-mm
cartridge. The attempted quick-hix met with
only lair success, because of the creat difterence
in the ballistic characteristics of the two car-
tridees that were 1o operate the same mecha-
nism. Nevertheless the Army Ordnance Depart-
ment gave an experimental order to Golt for
eight ouns to be rechambered in this manner
for the 11-mm shell.

by this time the French gun secured by Cap-
tain Allen had arrived and, after being thor
ouchly checked, it was decided that 1ts velocty
wis too low to meet General Pershing’s demands.
He had specihed that the bullet should weigh
not less than 670 orains with a murzle velocity
ol at least 2.700 feet per second. 'T'he French am-
munition could not approach this and all work
on machine guns to fire 1l-mm cartridges was
conscquently dropped.

As carly as July 1917, John M. Browning, us.
ing the facilities of the Colt plant, undertook
the problem of increasing the caliber of his ma-
chine cun, while keeping its simplicity of con-
struction and all basic operating leatures.

The Winchester Repeating Arms Co., in o
operation with Browning, attempted to develop
a suitable cartridee. Winchester, lorced by the
ever-present time clement, scaled up the present
caliber 30,06 case, but put a rim on 1t in hopes
it could be used in both the machine gun and
the clip-fed, belt-action, anti-tank rifle 1t was
manulacturing at the tme.

When the specification for this ammunition
was delivered to General Pershing, he cabled the
Ovdnance Departnent on 18 July 1918 reject-
ing the Winchester carwridge, and ordered that
the case be immediately redesigned to be -
less.

Winchester tollowed instructions and sent a
dummy round [or Browning to use in his mock-
up, then under way at the Colt plant. This was
a prototype that retained all the mechanieal fea
tures of the caliber .30 gun, but posscssed larga
physical proportions to stand the increased pow:
der pressures.

To expedite the project, Browning took s
oricinal cun to the Winchester Co. for exper
mental single-shot firing in order to determine
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quickly a balanced load that would give the
greatest velocity and the minimum strain on the
component parts. The work progressed so well
that although the weapon was originally started
at Colt’s, he decided 1o stay on at Winchester to
develop it

On 12 September 1918 Browning received
Irom the Colt Co. all the parts 1t had completed
to date, allowing him o assenble finally the fivse
caltber .50 machine gun. Winchester agreed Lo
start the constructon ol six more guns, This was
deemed o be a sufhcient number to permit the
endurance tests that are necessary to detect and
eliminate the vavious errors of design i any
new "-*L-'lfﬂP{ H1.

On 15 October 1918 the first caliber D0 ma-
chine gun was rcady for the proving ground.

.....

......
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Upon its mital attempt the weapon fired 377
rounds m bursts of 100 to 150 rounds cach. The
rate ol fire was under 500 rounds per minute.
The hive and a quarter mch cartridee had a 707-
orain bullet that developed a velocity of less
than 2.300 feet a second. 'This velocity was also
under the mimnimum set by General Pershing.,
~Impressed by the test, the Lngimeering Divi-
sion of the Oflice ol Chiel of Ovdnance recoms-
mencded that Winchester be given an order for
10,000 cuns. The origmal model was  water
cooled and had only a 30.5-inch barrel, the long-
est that Winchester was then cquipped to rifle.
The Ordnance Department was assured that a
better balanced powder charge and a longer bar-
rel would bring the velocity up to the required
specihications and that this would be accom-

............
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A Rare Photograph of John M. Brawning's Work Sh

op with an Early Model Cal. .50 Machine Gun,
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plished long before the delivery of the weapons
on order,

The gun, i later tests conducted by the in-
fantry, was found to be extremely diflicult to
keep on a target when hred full automatic, as
the energy developed was so much greater than
that of the smaller bore weapon. It was prac-
tically impossible to hold the gun down for hori-
rontal hire. The weight of the gun and tripod
was about 160 pounds, a fact that made quick
mobility extremely ditlicult. Tor these veasons,
strictly as an infanuoy arm cthe weapon did not
mcet with approval. And for tank use it was not
overly successtul, since the rate ol live was too
slow for anu-personnel use and the bullet was
too small to penetrate the thicker armor on the
latc model tanks. Betore the weapon had gotten
o far along in development, a few German
anti-tank rifles were captured, together with
somce 12.7-mm ammunition. It was found that
the Germans were getting a muzzle velocity in
excess of 2,700 feet a second with an 800-grain

bullet that would penetrate one inch of armor
at 250 yards.

Not to be outnoded before completion, Win-
chester immediately increased the penctration
requircments of the caliber .30 under develop-
ment to conform to the wentical ballistic prop-
erties ol the German anti-tank rifle cartridge.

One mmportant deviation that Browning made
from the caliber (30 mechanism was i the addi-
tion ol an oil bufler. 1t was employed lor a dual
purpose: first, to absorb the excess energy of the
recotling parts resulting from use of an increased
powder charge: and sccond, to provide a method
of regulaung the hring speced. The o1l buller
tube could be turned o any required position
for opening or closing the valve. When the oil
How was restricted, the butter absorbed more re-
coll and reduced the rate ol Lre.

On | December 1918 the Ordnance Depart-
ment decided that all future development of the
caliber .50 ammunition would be done at Frank-
ford Arsenal instead of at the Winchester plant.

John M. Browning Firing His Cal. .30 Machine Gun in Colt's Pasture.
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This did not take effect immediately, as Win-
chester continued to furnish caliber .50 ball
ammunition to the Government all through 1918
and 1919, until prn{lnctinn at I'rankford rcached
a point where it was felt that it could take over.
The Arsenal did very little to alter Winchester's
established load and weight dimensions for the
powder charge and projectile that in turn had
been copied from the German 12.7-mm anti-tank
rifle cartridge. The latter developed a maximum
chamber pressure of 52,000 pounds and a muzzle
velocity of 2,750 feet per second.

Browning incorporated a few minor features
in this weapon that are not to be found in his
small caliber automatic machine guns. For in-
stance, a latch located at the upper rear of the
receiver securely held the bolt in the rear posi-
tion. In lieu of the pistol grip of the smaller
gun, the caliber .50 was provided with a double
spade grip attached to the back plate. The back
plate also housed the bolt latch release and the
thumb piece that azctuated the wrigger bar. When
the weapon was fired from the latch-back posi-
tion, thumb pressure released the latch mecha-
nism, allowing the bolt to drive forward under
compression from the driving springs. I[ con-
tinued pressure ol the thumb on the scar release
was applied, the weapon would [ire automatic as
long as this condition remained.

The head space adjustment, the most impor-
tant feature in the Browning caliber .30 ma-
chine gun, was retained. This critical feature
could be regulated 1n the Leld by the most 1n-
experienced ordnance man bv the simple use of
gages. 'T'hc original water-cooled gun without
the mount weighed 82 pounds when the 16-pint
jacket was filled. The barrel rode in close-htting
bearings at the muzzle and breech, packed with

tabric washers to allow it to recoil freely without
leaking.

The rotal time consumed by John M. Brown-
ing on the caliber .50 machine gun from concep-
tion to successful firing was slightly over a year.
When asked by the press to what he attributed
his achievement, he replied, “One drop of genus
in a barrel of sweat wrought the miracle.”

Browning can surely be called a self-made
man. He had no formal education except a few
months now and then when he could be spared
by his father. He picked up a lfair working knowl-
edge of French in the course of his work at the
Fabrique Nationale in Belgium in his later
vears. His thorough knowledge ol mechanical
drawing, mathematics, and manufacturing pro-
cedure was gained simply by observation in the
course of developing his designs through model
room to production line.

He died suddenly at Lié¢ge, Belgium. on 26
November 1926 while supervising the manulac-
ture of arms of his own design. In a long eulogy
delivered by the Honorable Dwight F. Davis,
Secretary of War at the time, the following words
were used:

“It is a lact Lo be recorded that no design of
Mr. Browning's has ever proved a [ailure, nor
has any modcl been discontinued. The War De-
partunent, through its agency, the Ordnance De-
partment of the Army, will be greatly handi-
capped in its futurc development work on auto-
matic fircarins as a result of the loss of Mr.
Browning's services. It 1s not thought that any
other individual has contributed so much to the
national security of this country as Mr. Brown-
ing in the development of our machine guns and
our automatic weapons to a state of military
efficiency surpassing that ol all nations.”



Chapter 4

- HOTCHKISS AUTOMATIC MACHINE GUNS

Background

After the successful efforts of Hiram Stevens
Maxim to produce a weapon that delivered sus-
tained firc [rom the generated energy of its re-
coil lorces, inventors of all countries tried to de-
sign firing mechanisms that were capable ol du-
plicating this act without imfringing on Maxim’s
patents. One of the most effective European at-
tempts to accomplish this was made by a young
Viennese nobleman and ofhcer in the Austrian
Army, Capt. Baron Adolph von Odkolek, who
constructed a prototype gas-operated automatic
machine gun. Seeking a market lor his invenuon,
he brought it in 1893 to the Hotchkiss gun
manufacturing plant at St. Denis, France, just
outside the city limits ol Paris, in hopes he could
interest this already world-famous establishment
in producing his weapon.

The company at this tume was 1 a very dis-
organized state. It had flourished when the man-
ually operated revolving cannons 1t produced
were purchased by almost every major power in
the world. In 1884 the business of the firm hav-
ing outgrown the capacity of the St. Denis fac-
tory, connection was made with William Arm-
strong & Co. for manulacture of HotchKkiss mate-
rial at the Elswick works in England. The fol-
lowing vear the founder and president, Mr, B. B.
Hotchkiss, died and by 1887 the parent branch
was rcorgamized under the name of  Société
Anonvime des Anciens Etablissements, Hotchkiss
et Cie. with oflices at 21 Rue Royale, Paris, and
the English plant under the hrm name ol
Hotchkiss Ordnance Company, Limited. with
offices at 25 Victoria Street, London. The man-
agement ol both firms was under the control ol
the French oflice.

In the same vear, the stockholders decided to
appomnt as head engineer and promouon man-
ager an American, Laurence V. Benét, who had
been connected with the company prior to the
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death of Mr. Hotchkiss. Few men of his age had
a more qualilving background tor this Kind ot
work. His father, Gen. S. V. Ben¢t, the United .
States Army’s Chiet of Ordnance lollowing the
Civil War, was famous for his progressive de-
velopment of cartridge case and primer design
that contributed greatly to the carly successes of
the Gatling and other manually operated ma-
chine guns.

General Benét was very ambitions for his son’s
[uture and realized better than any one else the
difficulties of earning a living m the United
States in the machine eun field. He advised his
son to go to France and seek out his Iniend, B. B.
Hotchkiss, for emplovment in a field where the
products ol his labor would not only be appre-
crated but also result in financial gain.

Hotchkiss was deligchted to have the scrvices
of this brilliant young man. alrcady a recognized
authority on certain types ol artllery, particu-
larly at a ume when Maxim's introduction of the
tull automatic gun had made obsolete the man-
ually operated weapons then being manufac-
tured. He hoped that Bendét would be able to
carry the Hotchkiss Co. through this transition
period from manual operation to full automatic.
But beforc anvthing had been scttled upon as
the optimum automatic weapon, Hotwchkiss died
and reorcanization followed, with Benét as the
man in charge of the company’s [uture policy.

Laurence Benét showed from the start a tal-
ent not only for gun design but also for choosing
good associates. A very nteresting sidelighe in
this connection was his afhliation with Henri AL
Merci¢, who was selected as his chiel assistant.

When the Totchkiss plant was bemg builg,
cverything went along smoothly until a power
source was installed. The machinery on hand was
found to require lar more energy than antici-
pated by the plans. "The French Government,
anxious to assist the plant in every way possible,
offered the loan of a railway locomotive as an
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Laurences V. Benét Firing the First Macdel Hotchkiss Machine Gun.

auxiliary power supply until a more permanent
one could be arranged. In duc tume the locomo-
tve arrived and was placed adjacent to the build-
mgs housing the steam-driven machinery, To
operate this stationary cngine, the railroad sup-
plicd an elderly engineer named Merveié and Ins
son, Henri, who was serving as an apprentice.
Young Mecrci¢ showed such natural aptitude
m solving the many problems that faced tlis
makeshilt arrangement that Benét never forgot
it At the hrst opportunity, he oftered him a
place high i the management ol the company,
an act that not only showed Benct's sound judg-
ment but later added much to the success of a
company that was trving to regaim a world mar-

ket.

Hotchkiss Machine Gun

(Zu}:t;iin (O dkolek .'quczu'ud at this time with
his prototy pe machime gun under conditions that
AN mnventor too olten fails to encounter. He had

..........
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L

unconscioushy picked a moment when there was
a demand for just the type ol weapon he had
brought along to show the business exccutives
of Hotchkiss.

Benét and Mercié saw certain basie principles
i the model which could be employed m buld
img a reliable and eflicient machime gun. As for
Odkolek’s weapon itself, thev thought little of 1t
and firing tests at the plant later proved their
Jjudgment to be right. But the one thing covered
by his patent claims which they desired was the
operation of a simple mechamsm by a housced
piston fastened beneath the barvel.

T he Hotehkiss Co. retused 1o make Odkolek's
weapon on a royalty basts, but oftcred 1o buv the
patent outright i order to use certam desirable
fcatures. The inventor agreed 1o this, accepting
a lamp sum for assigning all manulactaring
rights 1o the companvy.

Bener and his assistants nnmediately began
refinement and development ol the principles
sold them until they had produced a weapon
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Comporenls of Zolchxiss First Model Gun.

which in their opinion would give competition
to any in the world without infringement of
patents. T'he redesigned gun, chambered tor the
S-mm Lebel cartridge, was strictly gas-operated
and employed a simple reciprocating piston, 1n-
stead of a swinging lever, as did Drowning's gas-
operated Colt machine gun. As a wibute to the
tounder of the company, the hnished product
was named “the HotchKiss,”

The first of these guns was tested at the St
Denis factory by Laurence Bendt in 1895, While
the mechanical leatures held up even better than
anticipated. there was a tendency for the heavy
barrel to overheat and alter a relatively small
number of rounds the vifling was desvroved.

Benet's alert mind quickly found a solution
for this problem. He rvealized that a mass of
metal toward the breech end ol the barrel was
necessary to absorb the great amount of heat gen-
crated at this pomt But mstead of adding 10 the
solid metal, which wonld make the weighe of the
oun prohibitive, he formed heavy circular
doughnutshaped fins at the critical heating
places. The hns added litle weight and gave
more than ten tumes the original radiating sur-
face tor air cooling. 'I'his teature, which proved
so successful, has been identfied with the Horch-
Kiss gun so long that the shightest change mn 1ts
design is noted immediately by rhose Lamiliar
with 1t.

The following description is derived Irom a
contemporary Hotchkiss pamphlet on the first

model. Tt outlines the simple operation and 1m-
proved fcatures that distinguished the weapon
from the conventional belt-fed. water-cooled, re-
coil-actuated machine gun ol that day.

The first round is loaded by hand, after which
the operations of feeding, firing, extracting, and
ejecting are carried on automatically but under
L‘i:umplcl.c control ol the operator. Slow auto-
matic fire may be delivered at any rate up to
about 100 rounds per minute, and rapid fire at
the rate of 500 1o 600 rounds per minute.

The weapon's single barrel 1s securely [astened
to the breech, allowing none ol the moving parts
to be subjected to the heat developed by the
powder gas. Consequently a water jacket or any
other cooling device i1s superfluous, and the gun
may be hired imdelmiely without danger of jams
lrom expanded parts. The design 1s extremely
simple, comprising 38 parts in all, exclusive ol
the sichts, but including barrel, shoulder-piece,
cte. In the whole mechanism there are but four
springs, vizi main, scar, extractor, and pawl
springs, and no screws. With the exception of
the barvel and the eylinder, the gun may be com-
pletely dismounted and assembled without tools,
a wrench being necessary for these two parts
only.

Beneath and parallel to the barrel 1s fixed a
sinall evlinder, which is in communication with
the bore through a port drilled through the bar-
rel a few calibers from the muzzle. To the rear
of the cylinder is an exhaust port opening to vent
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oft this gas. On the discharge of the gun, as soon
as the bullet has passed the port connecting bore
and cylinder, the powder gas enters the latter
throwing a long piston to the rear. When the
pismn has recolled a g1ven distance, the exhaust
port is uncovered, permitting the gas to escape,
and the piston 1s held m 1ts backward position
by an ordinary scar. On releasing the latter, the
piston is thrown forward to its original position
by the mammspring. It 1s obvious that 1if the scar
is held out ol engagement by the wrigzer and the
supply of cartridges is kept up, the piston will
have a constant and automatic reciprocating mo-
tion. '1The piston engages with the breechblock,
which 1s somewhat similar to the original Lee
| rifle straight-pull bolt. Its motion opens and
ol | | closes the breech, unlocks and locks the bolt, and
| ' fires; performing, 1 other words, the function
of the soldier’s hand when opecrating a straight-
pull rifle.

Instead ol leeding ammunition in fabric belts,
the Ilotchkiss uses metal strips. 'T'he cartridges
are packed in these clips, each containing 30
rounds, and having a length ol about 15 inches.
[Lach loaded strip 1s 1n an ordinary pasteboard
box, from which, when opened, 1t may be fed
directly to the gun. The feed mechanism con-
sists of a spur wheel, which engages in cams cut
in the piston, and i openings formed m the
clip. It is so arranged that the feed strip may be
engaced, with breech either open or closed. The
strips being so constructed as to lock one with
another, a series may be fired without the neces-
sity of cocking the gun each time by hand.

To the breech is fitted a shoulderpiece, or
stock, which the operator brings to his right
shoulder, and the sear 1s controlled by a trigeer
, mounted in a pistol grip. Aiming and firing are
I r H therefore carried out, as i all Hotchkiss guns,
| with the same facility as when firing a mifle from
| ! a rest. A safety lock is firted to the piston, by
| which the mechanisim may be secured with the
Py | hreech closed or open, as may be desired.

: : It is an interesting bit of ordnance history that
the United States Navy tested the origimal Hotch-
kiss machine gun belore any model number had
ever been assigned. This test took 131:1{:{: on Jj
January 1896, at which time the weapon failed
due to improper heat treatinent of components
and poor choice of metals in construction. At the
sugezestion of the Navy, the Hotchkiss Co. cm-
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Section Drawing of Hotchkiss Machine Gun, Model 1897,
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ployed Mr. Edward G. Parkhurst, of Hartlord,
Conn., to correct the manufacturing errors that
caused the gun to [ail.

Parkhurst, who had done such outstanding
work on the Gardner manually operated ma-
chine gun, suggested certain changes in design
and submitted them to the company, which not
only used the ideas but thanked him through
the Navy Department for his contribution,

The  improved gun then came out as the
Hotchkiss '97 model and has been basic ever
since. As no water jacket was employed, the
veapon's weight was held at about 20 pounds.

To prepare the '97 model gun for firing, the
operator turns the lever of the cocking handle
upward and to the left as far as it will go. The
nibs on the collar in the guard are then opposite
the closed grooves in the cocking handle, while
the lugs on the head of the latter are engaged
in front of the collar in the piston rod. After
alling the cocking handle smartly rearward to
ts full extent, the operator then pushes it for-
ward, still kceping the lever slightly to the left
of vertical. When 1L is [ully home, the lever is
et at an indicator according to the nature of fire
Jesired. 'I'he weapon 1s now ready to hre.

A pull on the trigger releases the sear latch
am the under side of the piston. The energy of
the recoil spring then torces the piston forward.
I'he lug of the firing pin resting between the
firing-pin projection and the breechblock tang
of the piston is held back in this safe position.
The nose of the piston bearing against the
breechblock lock carries this part forward. The
front face of this piece forces the forward cnd of
the ejector out of the path of the operating
mechanism. The lower part of the breechblock
face strikes the base of the cartridge, stripping it
from the feed clip and driving it forward into
the chamber.,

The feed wheel 1s advanced through the first
half of the feeding movement by the action of
the large feed cam of the piston against an op-
erating lug on the wheel's ratchet. The car-
tridge-holding pawl is then engaged by the
ratchet, thus preventing rebound. As the breech
lock chambers the round, the extractor cams
itself over the rim of the cartridge. The breech-
block lock is in position above the recoil block
in the receiver and is now free to lock. This
movement is against the cam surface of the

breechblock lock, causing its rear end to tlt up
in [ront ol the recoil blocks.

The piston continues forward, carrying the fir-
img pmn which detonates the primer 1n the car-
tridge. Alier the explosion of the powder charge
in the cartridge and before the bullet has cleared
the muzzle, it passcs a gas port in the barrel. The
gases expand through this orthce into the gas
chamber and impinge against the head of the
piston forcing it to the rcar. This action com-
presses the recoil spring and stores up energy for
counter recoil,

The piston withdraws the firing pin from the
primer, as the lower cam ol the breechblock lock
on the upper cam surlface of the piston raises the
lock clear of the recoil blocks. The breechblock
tang on the piston strikes the rear shoulder of
the breechblock and carries it back. The ex-
tractor withdraws the empty shell from the cham-
ber, while the rear end of the ¢jector rides out
of its groove in the breechblock. The front end
is thus pivoted into the path of the cartrnidge,
striking it at its base and throwing the empty
case clcar of the slot in the receiver and to the
right.

The small feed cam on the piston now com-
pletes the rotation of the feed wheel and places
the next cartridge in position above the strip-
ping finger, while the feed-wheel pawl engages
the feed-wheel ratchet and prevents rebound.
'This backward motion is limited by the rear
end of the piston striking its buffer. If the trig-
oer 1s still held back manually or by the auto-
matic trigger catch, the mechanism starts imme-
diately on its forward motion. If, however, the
trigger has been released, it springs up and en-
gages the seiur notch ol the piston, holding the
gun in a cocked-bolt position. When the feed
strip has been fed cntirely through, it allows
the upper lug ol the arrester catch to engage the
lug on the piston. This locks the piston back so
as to allow loading of the next strip.

Laurence Benét retained his American citi-
zenship throughout his connection with the
Hotchkiss Co. and at the outbrcak ot the Span-
ish-American War he returned to this country,
serving in the United States Navy with the rank
of ensign. At the end of hostilitics hc went back
to his duties in France with the Hotchkiss Co.
T'he French Government in the meantime had
purchased a limited number of the Hotchkiss,
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model 97, for 1ts armed services. Its mihitary

leaders looked with great favor on the weapon's
air cooled feature, as desert warfare was at 1ts
height in the Alvican colonies, where cooling by
water would have been a serious problem.

A moditied version, known as the Hotchkiss
1900 model, appeared at the turn of the cen-
turv, I'he so-called improvements consisted more
in rehnement of the mount than i the weapon
itsell. [he only changes i the gun were the sub-
stitution of circular steel cooling fins in licu of
the brass ones and a barrel designed 1o withstand
the terrilic heat vesulting from long bursts,

1This model with 1is added Teatures was tested
at Springlield Armory by an Army board on 3
May 1900, The purpose was o determine
whether the new barrel would pass the rigovous
endurance test that was based on performance of
water-cooled guns. The barrel was made with
only 0.020 percent carbon, but with b pereent
nickel added. and was considered by its creators
as being lar superior to former barrels made with
a high carbon content.

The physical properties of the new barrel
were as lollows: Tensile scrength, 98,730 pounds
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Haotchziss Machine CGun Mocel 1897,

per square inch; elastic limit, 48800 pounds per
squarc inch; percent elongation. 15.3: percent
reduction ol arca at fracrare, 41. The ammuni-
tion used throughout the trial was of I'ranklord
Arsenal manufacture with a velocity of 2,200
feet per sccond. The propellant charge was 36
grains of Pevton smokeless powder.

Firing commenced at 10:47 o m. and the
weapon successfully expended 1,376 rounds in
4 minutes and 10 seconds betore a serious stop-
page was caused by the jarring of a cartnidge out
of the feed strip which jammed the mechanism.
This necessitated removal ol the bolt to clear
the mallunction.

The ollicers observed that after 2 minutes and
20 seconds ol continuous firing the barrel showed
a dull red and ar the end ol the 4 minutes and
10 second burst it was bricht red from the radial
cooling hns to the muzzle end.

At 10:56 hring was resumed and a burst of
848 rounds was completed belore another stop-
page took place, again caused by a cairtiidze fall-
ing prematurely Irom the [eed strip mio the
mechanism.

The barrel already having been heated to a
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very high degree from the previous firing, it was
noted that i 1 minute and 8 seconds it showed
a dark red, and before the end of the 848 rounds
of sustamed fire it was again a bright red.

Upon examination of the working compo-
nents, there was evidence of much fouling in the
receiver, while all the oil had been burned away
from the forward part of the picce. These parts
were working sluggishly when charged back and
forth by hand. A total ol 2.224 cartridges had
been [wed in 6 minutes and 8 seconds of actual
fimg tme.

As the mechanism showed such Touling, 1t was
decided by the board to allow the barrel o cool
so 1t could be checked for both fouline and ero-
sion. When examined, it was found that crosion
beean just in lront ol the chamber, wich the
rifling showing noticeable wearing awayv to a
point aft ol the gas pml The forward portion of
the rifling ahmwrl very hittle wear,

When the weapon was reassembled, the cock-
ing piece worked hard and further examination
showed 1t to be sprung out of shape and “con-
siderable filing and hammering had to be done
before it could be made to work frecly again,’
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After Iunch, firing was resumed at 2:29 p. m,,
at which time 773 rounds were di'a(]'lll'j_.f‘d A
lug on the gas piston then broke. 'ﬁl()})')lﬂﬁ the
weapon. T |IL time consumed was 2 minutes and
b seconds. A new piston was substituted for the
broken onc and firing was resumed. '1'he hrst
round jammed the mechanism in the act of feed-
ing. The oflicers held that the round had been
jarred out ol the strip when the piston change
was made. When this malfuncoon was cleared,
the test continued. After 730 rounds were fired
on this attempt. the extractor failed to pull the
empty cartridge case Irom the chamber. When
the case was removed and firing commenced, 1t
was found that the extractor had failed at this
point and a new one was substituted.

The remainder of the ammmunition thac had
been put into the feed strips. 816 rounds in all,
was then fived without meaident, making a total
expenditure ol 4,500 rounds.

The weapon was then disassembled and all
components were examined thoroughly for ex-
cessive wear or signs of breakage. None were
found to be unserviceable, and, with the excep-
tion of the piston lug and the extractor, all parts
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finished the test in serviceable condition. The
barrel was ordered sawed in half. Slight erosion
was found, although the rifling was practically
worn away from Dreech to mugzle end. The
sawed portion of the barrel was photographed
as a record of the event.

The Army report concludes as follows:

“The system of teeding the cartridges into the
eun by the use of metal feed strips has not shown
iself to be as satislaclory as a canvas bell feed,
but the advantages of having an additional
source of supply 1n casc of cmergency would, 1
the opinion of the board, warrant the use ol this
cun in addition to the Maxim and Colt, both of
which have alrcady been reported upon as being
suittable lor adoption.”

The members of the board were: John E.
Greer, Major, Ordnance Department, U. 8. A,
president; Jno. T. Thompson, Captain, Ord-
nance Department, U. 8. A.; and Odus C. 1lor-
ney, Captain, Ordnance Department, U. 8. A,
Recorder.

In approving the report, Lt. Col. I'rank H.
Phipps, commanding ofhcer at Springlield Ax-
mory, added:

“These tests seem to indicate conclusively that
a high pcrcent of carbon in a gun-barrel steel
shortens the ellicient life of the barrel.

“The rapidity of fire in this test was greatly in
excess of what it would be 1n service; the great
heat generated caused the wearing away of the
rifling betore the completion of 4,500 rounds.

“The desirability of a water jacket for auto-
matic guns has been demonstrated by the tests
of the board.”

The Russo-Japancse War (1904-05) was the
first conflict belween major powers in which ma-
chine guns were employed by each parucipant.
The Russians were cquipped with Maxims,
while the Japanese had the Hotchkiss. The deac-
liness of machine-gun fire was demonstrated time
and again by the two armics using these difterent
types ol automatic weapons,

Puteaux and St. Etienne Machine Guns

Since 1900 TFrench Army oflicers had worked
continuously on rcincments that in their opin-
ion would result in the ultimate 1n machine
guns. The National Arsenal at Puteaux pro-

duced i 1905 a version that used a wmodifed
version of the Hotchkiss system. "T'he normal rate
of hire was 500 rounds per minute but the gun
had a device that permitted regulation of the
cycle of operation from eight shots a minute
minmum to 650 maximum. The weapon had a
series ol brass circular [ins that extended [rom
the breech to the muzzle of the barrel. It was
1issued to French colonial troops 1in 1906 but was
never as popular as the standard Hotchkiss, over
which it was supposedly an improvement. It was
soon relegated to reserve units and fortifications
The latter use was so widespread that 1t 1s some
times erroneously known as the “Tortification
maodel.”

In another attcmpt to Improve €xisting ma-
chine guns, the ofhcers at the St Elienne Arsenal
in France made what is known as the 1907 model
St. Eticnne, "1 his weapon was a compromisc be
tween the Puteaux 1905 and the Hotchkiss 1900,
However, the gun used one of the most unusual
methods of operation yct to be developed. While
1t was gas actualed by means ol a piston, the
French reversed the conventional principle.

Instead of the piston thrust rearward furnish-
ing the source of energy to operate the piece, the
gas propels the piston forward to unlock the bolt.
The piston is attached by a spring-loaded rod to
a gear rack. This In turn engages a spur gear
which is fastened to an actuating lever. When
the lever is in the forward horizontal position
and engages a cam slot in the bolt, the gun i
locked. Upon firing, the gas drives the piston for-
ward, compressing the spring and causing the
spur gear to rotate clockwise. The actuating lever
turns with the gear for a half revolution, re
tracting the bolt and stopping at the rear horr
rontal position. The driving spring then forces
the piston rearward, which reverses the action
and returns the bolt to battery.

'1'he weapon is readily distinguishable by the
heavy brass casting ol the barrel receiver. The
actuating spring, located under the barrel and
behind the gas piston, is always visible, as the
heat from its close proximity to the barrel would
destroy its lite if housed.

It is of interest that Baron von Odkolek, whose
original patents were the basis of the Hotchkiss
weapon, attempted to produce another machine
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gun during this period. In order to stay clear of
his already assigned patents. he resorted to fea-
tures that were unusunal {rom an engineering
standpoint.

For instance, the weapon was both water
cooled and gas operated. In order to cover the
barrcl and gas piston cylinder with a water jacket
that would not allow the hquid to leak mto the
critical gas-cvlinder chamber, he constructed the
barrel and gas-cylinder chamber out of one piece,
by turning the muzzle and breech ends eccentric.
This method allowed a suflicient mass of metal,
which was offsct from the breech end and was
an integral part ol the barrel, to house the gas-
cvlinder chamber.

The gas cylinder was located on top. mstcad
of on the underside, ol the barrel. This 1807
turn no doubt was intended to help make the
model look more original. However, a close cx-
amination shows that the operating mechanism
was very similar to the prototype weapon sub-
mitted to the Hotchkiss Co. 1n 1393,

The feed was the only radically different [ea-
ture, tor in licu of brass strips of 30 cartridges

St. Fienne Machine Gun, Madel 1907.

e

cach, he used a drum and reel arrangement, on
which 250 cartridges were attached to a belt
made ol licht and flexible brass. The Odkolek
weapon was never recognized and dul not pro-
gress bevond 1ts prototype stage.

Benét-Mercié Machine Rifle

The French Army ordnance engineers at the
government arscnals, m themr attempts to pro-
duce an all-purpose machine gun modeled on
the Hotchkiss, had succeceded only in developing
two weapons ol questionable merit. In 190Y an-
cther modilication appeared, a highly portable
machine aun developed by the Hotchkiss Co. Tt
cdiftered in a mechanical way from the 1900 and
1907 cuns only in the means ol closing the
breech, and the upside-down introduction of the
feed clip from the right side. so that the car-
tridges were underneath the clip. This was just
the reverse of carlier modeals, The gun was even
simpler - construction than its predecessors,
having only 25 parts.

This weapon was the joint effort of Laurence
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St, Erienne Mazhine Gun, Madel 1207, 8-mm, Sscticnalized.

Bendét and his assistant, Henri Mcercié. While 1t
was known on the Continent as the Horwchkiss
Portative, 1t was called both in Lnegland and
America the Denét-Merci¢ machine rifle Model
1404, since the weapon was [itted with a shoulder
stock. It was adopted by both the French and
American armies i 1910, The French cham-
bered thetrs far the 8-mum Lebel cariridue, while
our army uscd a caliber .30/06.

The breech 1s locked by a device called the
“lermature nut” which s cyhindrical 1 shape.
On top of this piece a long longitudinal cut pro-
vides clearance tor the cartridge in loadime. Near
the left rear end 1s a semicirculiar depression to
allow the passage of the front side of the feed
strip. 'The rear shoulder of the fermature nut
is beveled and has a lug to engage the corre-
sponding recess 1n the gas piston. The tunction
of the latter prece 1s to lock the breechblock

slightlv before firing and to unlock when gas
pressure has dropped o a sale operating It

This locking svstem is located in the forward
part of the receiver, directly in the rear of the
breech, and is held in place by a shoulder on the
barrel. On the top side of the piston actuator 18
a large slot that moves the camming projection
on the rear swiface of the fermature nut. If the
locking nut holding the assembly is permitted
to work loose, 1t allows the barrel to creep
slightly - forward resulting in excessive  head
space. In an emergency this can be corrected by
turning the nut as far past the locked position
as possible. The locking screw is then screwed
up tightly, holding it tor u short duration.

To lire the Benéi-Mercié¢ Model 1904 machine
rifle, ereat care must be taken to enter the 30-
shot feed strip properly into the feedway 1 the
upper right side ol the receiver. Then the gas
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Benét-Mercié Machine Rifle, Model 1909, This Weapon Manufactured by Colt's Fatent Fire Arms Company is Serial Number V'O,

piston and bolt assembly is pulled to the rear
by means of the cocking handle until 1t engagcs
the sear holding it in a cocked position. The
handle 1s then pushed forward. When all the
way home 1t may be turned to the right and
lined up with either the letter "A” (lor Awto-
matic) or “R” (lor Repeater or Semi-auiomaltic
jire} as desired.

A round has now been positioned and the
weapon cocked ready for firing. When the trig-
ger 1s pulled back, the sear rclcases the action
that starts forward under compression ol the
driving spring. The face of the bolt strikes the
first round 1n the teed strip forcing it imto the
chamber while the claw of the extractor snaps
into the cannelure of the cartridge. As soon as
the bolt engages the fermature nut, the firing
pin and its large lug contact the ramp in the re-
celver, causing the firing pin to rotate partially
and disenzage the lug from the transverse cut in
the bolt. Immmediately alter the bolt 1s locked

rigidly behind the chambered cartridge, the pin
1s [ree to go forward and is driven into the
primer discharging rhe weapon.

When the bullet has passed the gas port in the
barrel, a part ol the powder gases 1s bled 1nto the
gas cylinder and forces the actuating piston to
the rear. The cam surface cut in s upper por-
tion engages the lug in the fermature nut the
rotation of which unlocks the bolt. The firing
pin then turns on 1ts axis and 1s withdrawn,
coming to rest with its lug in the transverse cut
in the bolt, thnus holding 1t retracted.

Engaging the rim of the empty case, the claw
of the extractor draws it from the chamber and
holds it during recoil until the ejector strikes
the cartridec base and knocks it out the ¢jection
slot on the left side of the receiver. When the gas
piston has recolled over hall-way, the cam sur-
face cut on its right side fits into the upper lug
of the feed piece causing the latter to rotate from
rigcht to left on 1ts axis.
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Commoonents of the Benét-Mercié Mnodel 1309,

The feed arm engages the lug in the central
opening of the feed strip, indexinz the next
round for loadmme mto the chamber. Full recoil
stroke is accomplished when the driving spring
1s completely compressed and the operatng
parts then start counter recoil movement. The
cvele of operation is repeated as long as the trig-
ger 1s held back.

The Benét-Mercié remamed our standard au-
tonuitic machine sun unul 1917, It saw limited
service at the landinegs at Vera Cruz in 1913 and
fell mro general disrepute during the border
oouble in 1916 with the Mexican bandit, Pancho
Villa. The Benét-Merci¢ failed to operate during
Villa’s mieht raid on Columbus, New Mexico.

The alibi given by the machine gun squads was
that the weapons could not be operated alter
dark because of their intricate svstem of loading.
Newspapers throughout the United States had
a field dav with this statement and wrote many
sarcastic stories, calline the Denét-Merci€ the
Army’s famous “davlight gun” and suggested
that the rules of warlare be rewritten so that no
fichting take place except in davlight in order
that our machine guns could participate.
Discontent in the press with our inadequate
equipment was further increased when a short
time later ethcient American-made Colt guns
(model "95) chambered ftor our caliber .30,/06
ammunition, as well as medium and heavy
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Hotchkiss 97 machine guns, were captured from
the Mexican guerrillas by our troops. 'The Amer-
ican Army’s commander, Gen. John J. Pershing,
sent them to the West Point Muscum.

The United States, like all other countries,
soon realized that no type of machine rifle could
supplant the machine gun. While the DBenét-
Mercié was quite popular with the troops in
pcacctime because of its light weight, it could in
no way meet the demands of warfare which re-
quired the heavier belt-fed weapons.

Hotchkiss Machine Gun Model 1914

The summer of 1914 found France at a serious
disadvantage because of its small stock of auto-
matic arms. Army leaders, however, did fFeel that
they were very fortunate to have available a
thoroughly tested weapon simple to construct
and reliable enough to give a ¢ood account of
itself under any condition. In preparation for
the coming war, the IHotchkiss machine gun was
given a final bic of refinement and went into pro-
duction as the Model 1914.

It soon became evident that machine guns
would be required in unthought of quantities.
The government factories at St. Etienne and
Chatellerault lacked the manufacturing capac-
ity for the numbers required, and the French
War Department called upon the IHotchkiss Co.
to prepare tor quantity fabrication ol the Model
1914.

Most of the first guns so produced were issued
to territorial regiments ol the line, then held 1n

reserve, so there was little opportunity to judge
their merits in actual fighting during the op-
crations of 1915.

In the following yecar when mass production
had been realized, the Hotchkiss machine gun
was issued as first-line equipment, a large number
of brigade companies having been [ormed and
armed with this weapon. The reliable qualities
ol the Hotchkiss gun were then promptly recog-
nized by the entire army.

The best mnstance, among many, demonstrat-
ing the efficiency of the weapon was in the spring
of 1916, during the heroic defense ol Verdun,
when a section armed with two Hotchkiss ma-
chine guns held its position near Hill 304 for 10
consecutive days and nights. Entrenched 150
vards behind the crest which the Germans were
endeavoring to seize, this unit repulsed unaided
all assaults, mowing down the succeeding waves
ol attack as thev reached the summit. During
these 10 days, the section, cut off from all sup-
plics and communication cxpended over 150.-
000 rounds of ammunition. The original and
normal supply of a section was 5,000 rounds.
Fortunately, a dump of infantry cartridges was
near at hand and, such was the enthusiasm
aroused by the fire of the machine guns that all
hands, including the officers, sct about reloading
the feed strips, thus enabling the section to carry
on to the end, When it is realized that each gun
fired upwards obf 75,000 rounds and still was
serviceable, one must have adimiration for weap-
ons that proved so reliable under such condi-
tions.

The winter of 1916-17 conlirmed the favor-
able opinion of the French Army for the Hotch-
kiss gun, as it could always be relied upon in
spite of snow, mud, or the bad condition of the
ammunition available. In March 1917, the
French contingent operating in Belgium had to
have its St. Frienne weapons. model 1917, re-
placed with Hotchkiss guns, because “this gun is
the only one which works in spite of the sand.
which on the fo‘llrﬂn'r dunes constantly blows
into the mechanisim.” By this time there arose
a spontancous demand from all French armies
[or the Hotchkiss.

On 15 July 1918 the weapon reached the ze-
nith of its achievements. Military authorities
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agree that the heroie delense made that day by
the Fourth (Gouraud’s) Army against the last
desperate German drive, marked the end ol the
offensive power of the enemy, and permited
Foch, 8 days later, to launch the general offen-
sive that continued without respite for ncarly
{ months and only ended with final victory lor
the Alles.

The brilliant tactical use of artillery and ma-
chine guns by General Gouraud resulted [or the
first time since the beginning of the war in stop-
ping short a powerlul general attack at the exact
point of preparcd defense. So completely was the
attack shattered by the devastating machine-gun
fire that the encmy withdrew in disorder, leaving
more than hall of his force as casualties on the
field, and so broken and demoralized that no fur-
ther attack was ever attempted.

On 18 July 1918 the Allied offensive began by
the artack ol the Franco-American Army under
Mangin from Chateau-Thierry toward Fere-cn-
Tardenois. Midway between these positons the
advance of the TFrench division was stopped by
extremely violent fire from a large number of
machine guns. The sttuation was critwcal. for
these machine eguns, concealed and scattered 1n
ficlds of wheat, escaped the cffects of artillery
and an exposed clearimg 1,500 yards in depth pre-

026512° <H1—-1D0

Hotchkizs Machine Gun, Model 1514, 8 un.

vented an advance within ranee of direct fire. All
the machine guns of the entire I'rench division
were promptly united into a single battery and
proceeded methodically to sweep the area occu-
pied by the Germans. The effect was immediate
and complete, and the enemy abandoned its posi-
tions with considerable loss.

It was with the 8:-mm 1914 model that Ameri-
can soldiers were originally armed when our
entry into World T found us practically without
machine guns of our own. Twelve American di-
visions were equipped with this weapon.

The Army, in order to solve the logistics in-
volved in carrying two kinds of ammunition, one
for riflemen and another for machine cunners,
had rapidly replaced the original 8-mm Hotch-
kiss machine guns with ones chambered [or our
30/06 service rille cartridge. After a brief period
of battle use. there arose a pressing nced for
extra barrels. This shortage became very critical
and 1t was with the greatest difliculty that the
supply organization found the 20.000 spare bar-
rels required. Manufacturing plants in America
had not been tooled up long enough to meet the
demand for the vast amount ol cxtra barrels
chambered for American ammunition. The ur-
cency of the situation greatly alarmed the com-
mandimg officers of the sectors held by our troops.
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Hotchkiss Balloon Gun, Cal, 472,

Hotchkiss 1 2-mm Machine Gun

The Trench Armvy s noted for the work of its
artillery men in producing some ol the world’s
most outstanding heavy ordnance. Needless to
say, their influence in military planning has been
great and when the machine gun became such a
lethal reality, thev asked for the development of
a long-range machine gun capable of inHicting
heavy damage on observation balloons and on
mobile artillery gun crews attempting to bring
their pieces into action.

This demand resulted in much experimental
work on such a weapon. Although research had
been undertaken from time to time beginning
with the turn of the century, it was late in the

war before the Hotchkiss company really ap-
proached perlection along this ine with the m
troduction of the 12-mm machine gun. To dis
tinguish it [rom the rifle-caliber weapon, i1t was
referred o as the “bhalloon gun,” since its em-
ployment on observation balloons at great range
was most cffcctive. The large caliber bullet con-
tained an adequate charge ol incendiary com:
pound that ignited the hydrogen-filled bags upon
contact.

The mechanism of the gun consisted of only
18 parts and was very similar in design to that of
the rifle-caliber gun. The initial velocity, how-
ever, was 2,020 feet per second with a mcan maxi-
mum pressure of 37,000 pounds per square inch
at the breech. The range of the gun was 3,000
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vards; the armor-piercing bullet at its extreme
range had a velocity of 500 feet per second. French
ofhcers telt that this weapon would be able to
put any mobile artillery gun crew out of action
at a range which would be impossible with the
rifle-caliber gun. The importance of this addi-
tional reach could hardly be overestimated in en-
gagcments in which the opposing forces of both
armies were armed with machine guns.

The maximum rate of fire of the Hotchkiss
balloon gun is 400 to 500 rounds. At a hundred
yards the armor-piercing bullet would perforate
onc inch of hompgeneous steel plate. The
weapon can be fed by the conventional metal
tray that holds 20 rounds of ammunition or by
a long belt consisting of a series of cartridge hold-
ers on a flexible metal strip, which are hinged
together to make possible a continuous feed.

Fach holder has four clips which embrace the
cartridge at the neck and near the base. To the
first cartridge holder is hinged a thin steel tongue
by means of which the belt is started into the
feed. The cartridges are packed in a continuous
belt of 250 rounds, having a length of 20 [cet.
Being wholly metallic, the belt is not affected by
oil, water or temperature, and mayv be used re-
peatedly without deforming. The loaded belts
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are carried already folded in light wooden chests
from which they can be led directly to the gun.

It was this weapon that Col. John Henry
Parker heard about when it was in its prototype
stage and, knowing that the United States was
at the time trying to raise the caliber of its ma
chine gun, he made arrangements with the
French Government to borrow one of the two
weapons under test and send it to this country.

After a thorough study was madc of its ballistic
featurcs, 1t was decided not to adopt the weapon
as it did not meet the minimum specifications in
regard to bullet weight and muzzle velocity laid
down by General Pershing in a cablegram to the
Army’s Chief of Ordnance. While the gun was
undoubtedly superior to the rifle-caliber-type gun
for certain tactical uses, it was dropped as far as
the United States was concerned. Time has
proved the wisdom ol Pershing’s decision not to
consider any large-caliber machine gun that did
not have a muzzle velocity of at least 2,750 feet
per second.

The military authorities of all countries had
greal respect for this model and it was adopted
by many governments. When the velocity was
later increased, it was considered an ideal weapon
[or special objectives.
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NORDENFELT AUTOMATIC MACHINE GUN

A weapon that made 1ts appcearance on the
contient m prototype stage only wias Known as
the Nordenfelt Model 1897, Tt was actually the
invention ol Capt. W. Bergman ol the Swedish
Army, who sold his patent outright to the Nor-
denlelt Co., then located in Paris. France.

This company, like all other arms manulactur-
ing plants that were selling manually operated
weapons, suddenly found 1ts products madc obso-
lete by the success of automatic machine guns,

A booklet was published by this hrm in order
to arouse the interest ol military authorities in
the Nordenlelt Model 1897, It deseribed the
hasic operating principles and went into great
detail about the advantages to be [ound exclu-
sively in this model.

The outstanding feature of the gun was that
it was designed tor both automatic and manual
operation. Its rate of hre was G600 rounds per
minute when fired full automatic. On conversion
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to manual operation, it had a rate ol firc ol 130
shots per minute.

The operating mechanism 1s completely con-
tained in a receiver, with bearings that support
the barrel fore and alt. The gun is water cooled,
having a jacket with valves to vent off steam.
The rear of the receiver has two quick openings
that permit the operator to get at the mechanism
tor purposcs of mspection or clearing a mai-
function.

A barrel extension is attached to the barrel and
recoils with the latter between the parallel nmer
walls of the receiver, The bolt 1s thrown rear
ward at high speed by an accelerator. 'The barrel,
extension and all operating components move
longitudinally and are locked together for only
4 fraction of an inch. making this one ol the
shortest recoil actions known.

To load the picce Lor awtomatic five, the op
erator places the first cartridge in the belt under

.....

..............

Nerdentelt Machine Gun, Model 1897,
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the star wheel in the feed. Atter placing the hive
regulator on Safe. the handle 1s pulled smartly to
the rear lonr times and released. 'The compressed
driving spring, m reunrning the mechanism to
battery the required number ol times, performs
the oyvele of feedimg first by taking the cartridge
out ol the Imk m the feed belt and then by
chambering 1t.

The picce is hred by a trigger located ar the
upper forward part of the pistol-type handle.
While the powder charge 1s building up 1ts peak
pressuve, the bolt is securely locked o the bar-
rel and barrel extension and recoil begins, In less
than an mch ol rearward travel. the accelerator
lever starts 1o pivot about the pin.

This rotation moves the roller in the accelera-
tor cam groove ol the lockimg angle and staris
the accelerator cam turming rearward. The roller,
which 1s attached 1o the bolt and rides in the
accelerator cam groove, whips the bolt back at
high speed, dviving this part during recoil at a
ratio ol tour to one.

In order to relieve the shock on the mechanism
and  prevent rupture obf carridge  cases. the
weapon 1s so desiegned that not until well alter

iR R
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the chamber pressure has passed its peak does the
breech lock begin to open. Then the recoil
movement 1s utilized to loosen gradually the
cmpty cartridge case i the chamber belore sud-
den extraction takes place. "T'he case is ejecred in
the most peculiar fashion ever used by a machime
cun. It 1s wiped brom the lace of the bole and
pushed through an opening on the upper right
side of the receiver and on the same side rom
which 1t s fed.

Aflter unlocking, the bolt assembly, consisting
ol the bolt, striker, striker spring. extractor, and
two scars, recotls as a unit, and durimg this move-
ment the striker s compressed against its spring
and the weapon cocked. This i1s brought about
as the accelerator cam enegages the rear ol the
striker. When Tully retracted, the sears drop into
their nowches.

The eun s Iront scared and the accelerator
lever times the release poine for the striker dur-
mg full automatic fire. It will continue to op-
erate as long as the trigger mechanmism s acto-
ated.

To convert the weapon [or operation by hand,
the selector on top of the cover is moved from

i 4
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Nerdenfelt Mackire Gun, Medel 1897, with Mount Felded {or Carrying.

Awtomatie to Manual and the large crank on the
right side is rotated in a counterclockwise direc-
tion. An cccentric on the crank cycles the barrel
and barrel extension which in turn throws the
bolt rearward.

By continued rotation the lugs on the operat-
g crank shove the bolt mnto battery and cham-
ber the mcoming round at the same time. The
lug then comes into position behind the bolt.
T'his securely locks the mechanism so that the
whole assembly will not recotl as in automatic
fire. When this position is reached, the handle
cams 1n the manual sear that protrudes through
the right rear side of the receiver and the car-
iridge is fired. The operation will be repeated
as long as the crank s rotated.

The ammunition is loaded 200 rounds to a
belt and 1s [ed from right to left. The feed
mechanism consists ol a star wheel with six di-
visions or spaces. When feeding during auto-
matic fire, the recoil of the barrel extension actu-
ates a projection on the feeder to the rear. This
piece 1s engaged in a helical cam and the move-
ment ol the lae causes the cam to rotate ong-
sixth space counterclockwise. and winds a torque
spring fastened to the star wheel shaft.

When the Tug has made full movement. an es-
capement allows the stored energy in the spring
to index the leeder. A ratchet arrangement then
releases the barrel extension and permuts the as-
sembly to return to battery,

The belt enters the right side near the top of

the recewver, Il the weapon is to be fired manu-
ally and the force of the barrel reiurn spring
is not utilized to help load the weapon, as is
done when it 1s set for automatic hre, the crank
handle must be rotated four complete revolu-
tions to index the belt over the feeder and put
the frst round i the chamber.

One of the many peculiarities ot the weapon
is that if set on automatic fire and the trigger
1s actuated betore the crank handle has been se-
cured in its rest position, the latter will on the
fArst shot rotate to its proper place and remain
motionless throughout the remainder of the
burst.

A barrelreturn spring of the Maxim type.
located underncath the front part of the receiver.
can be adjusted to give any desired pressure by
the adjustment of a winged nut.

The most notable feature ol the feed system
1s that 1 1897 the gun emploved a push-out type
of metallic link that s practically identical with
ones used today,

Thorsten Nordentelt was ot the school that
did not believe the antomatic weapon was here
to stav. Having long built and promoted the
sale of manually operated multibarreled guns
that enjoved a b popularity
throughout the world, he had little confidence in
self-loading weapons. This was his first and last
attempt to enter a field strange to him and to-
wards which he was bitter and hostile.

amount  of




Chapter 6

DE KNIGHT WATER-COOLED MACHINE GUN

On 20 July 1893 Vicwor P. De Knight, o resi-
dent ol Washingion, D. €., applied lor a patent
on a gasoperated water-cooled automatic ma- ol its hand-opcerated Gardner, then bemg out-
chine gun. Originally chambered for the caliber  moded by the appearance ol sell-loading rapid-
A0 Krag United States infantry rifle cartridge, 1t hring guns,
had a rate ol hire of 600 rounds a minute. Whale
it represented one ol the lew water-cooled gas-
operated guns ever to get beyond the design
stage, 1t still was unsuccesstul and 1s described
here only to show the great lengths an mventor
will ¢o to 1n order to avord mfringement ol any-
onc ¢lse’s patents. gas piston, and a simple screw i the side ol the

De Knight interested the Prate X Whitney Co. receiver that served as an ejector were also -
in producing a prototype, which was given the novations. But the complicated g

designation, Model 19020 At the ome this com-
pany was seeking a mechanism 1o market in place

1'he weapon, although very clumsy i many
respects, did Lave a few advanced [eatures. The
hinged top of the receiver not only made all
working parts readily accessible but also houscd
the driving spring. Inerti iring, a pivoting bolt
that was securely locked by the advance of the

gas sy stem COV-
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ercd by a water jacket with a regulating device
that supposedly could be adjusted from the out-
side doomed the weapon from the start.

Fceding was accomplished by a lug on the gas
piston which cammed the feed slide over one
space on the recoil stroke. With the return of
the piston a heavy spring pulled the feed pawl
over behind the next round. The cartridge rim
was engaged by a spring-loaded hook device that,
when pulled a suthicient distance to the rear, re-
moved the round from the belt and pivoted, forc-
ing the bullet end down 1in alinement with the
bore.

To fire the De Knight, the tab on a belt of
ammunition is slipped through the left side of
the feedway and the bolt-handled charger 1s
pulled until the first cartridge is scated behind
the stops and the next round in front of the
holding pawl. When the bolt is pulled all the
way to the rear, the operating mechanism is held
by a scar located at the top of the pistol grip.
The cartridge has been removed from the belt
and tilted for chambering. Actuation of the trig-
ger releases the bolt and gas piston ro be pulled
forward by the spring in the top of the receiver.
The bolt face hits the bottom rim of the car-

tridge and drives it ahead into the breech end

of the barrel.

As the bolt reaches battery, the extractor snaps
over the cartridge rim and a lug on the gas pis-
ton 1n completing counter-recoil movement cams
down the forward part of the pivoting breech
lock. The rear end is thrust up into its locking
recess in the receiver. The front part of the lug
exposcs the firing pin, which is struck by a por-
tion of the gas piston to discharge the chambered
cartridge.

When the bullet clears a gas port locared
nearly three-fourths of the way up the barrel,
aas 1s let through the orifice and, after being
vented through a long tubular affair, 1s finally
released in a large cylinder and brought to bear
on the piston. By this time the bullet has clcared
the bore. As the piston is shoved back, the lug
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strikes the rear of the pivoting piece unlocking
the action. The gas piston and bolt start recoil
movement with the extractor claw holding the
rim of the cartridge until it collides with rhe
ejector screw, kicking it out the right side ot
the receiver. Meanwhile, the incoming round has
been removed from the belt and pivoted dewn.
The recoil movement is stopped by driving
spring tension and, if the trigger remains de-
pressed, automatic fire will result.

Outside of a few unofficial demonstrations
nothing was done in the way ol development
since the De Knight first appeared in 1902, Even
in the few trials it did have. it could by no means
be classified as rehiable. having at all times an
abnormal number of stoppages. In 1916, with
the United States at the point of war, interest
in the weapon was revived and a thorough test
was ordered by the Army on 31 May 1917. The
only change from the earlier model was the use
of a spring-loaded fring pin in place of inertia
firing. That this was a mistake is evident by the
results of the trial.

Part of the test report is given in order that
the reader may judge for himself the reliability
of the De Knight water-cooled machine gun.

“During the first 1,150 shots, three breech-
blocks broke and there were also many misfires
and other maltunctions.

“The gun was then temporarily withdrawn
by the representatives of the company in order
to procurc NCw parts.

“Upon resuming the test there were many mal-
functions during the first 6,000 shots, and the
representatives again desired to withdraw 1t for
alterations and repairs. This the board did not
allow on account of the short time remaining at
its disposal and the gun then was permanently
withdrawn.

“Total number of malfunctions: Misfires—1413;
Jams—5; DBroken parts—7; Ruptured cases—I;
Failure to eject—1; Failure to extract—0; Failure
to feed—16; Other malfunctions—9. Total—182.
Total number of rounds fired 7,150.”



Chapter 7

MADSEN AUTOMATIC MACHINE GUNS

There came into existence e Y902 an auto-
matic machine gun the parentage ob which has
been one ol the most controversial subjects
the history ol such weapons. Tt has heen ollictally
known under the names, Madsen, Rexer. D. R.
R. 5., and Schouboe, and was originally manu-
lactured by the Dansk Rekylriftel Syndikat of
Copenhagen, Denmark,

[t derived the title by which 1t 1s best known,

Madsen, trom the name ol the Danish Minister
ol War ol that period, as a tribute to his enthu-
stasm for the weapon at the ume of 1ts adoption
by the country’s armed services. 'The use of the
name, Rexer, is due o a long-standing policy of
the British Empire i not considering for adop-
tion any small arm that was not fabricated on
Enghish soil. 'Thus, m order to mrerest the
thorities, many of these guns were made at
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British arms lactory known as Rexer. The D, R.
R. S. title uses the initials ol the Damish firm.
The designation of Schouboe comes [rom the
widespread belief that Theodor Schouboe, the
director and engineer ol the rille company, was
the actual inventor ot the weapon.

Research on this bewildering topic adds even
more complications. While it 1s true that Schou-
boe on 11 February 1902 did patent the basic
operating principles of the mechanism, it 1s also
a fact that on 15 June 1899 Julius Alexander
Rasmussen, the director ot the Royal Military
Arms factory, in Copenhagen, applied for and
was subsequently issued a patent on the identical
features claimed by Schouboe three years later.
To confuse the 1ssue further, Rasmussen as-
signed his patent rights to the Dansk Rekylriffel
Syndikat, the first to produce the weapon.

The original patent grant to Rasmussen covers
fully all principles involved in utilizing an auto-
matic rille in which the energy of its recoil forces
makes the arm auwtomatically leed, fire, extract,
and eject. It employs the basic system, first manu-
ally used in the lever-operated Peabody and Mar-
tini rifles, whereby a pinned breechblock rises
during the forward lever stroke to uncover the
base of the fired cartridge case, thus allowing its
extraction and ejection. Then by its first rear-
ward action, the bolt or breechblock falls below
the barrel opcning to permit chambering of the
incoming round. The linal movement [orces the
bolt to rise again to give support behind the
loaded cartridge.

These actions, on the automatic weapons, are
governed by a circular stud on the recoiling bar-
rel extension working in grooves on a switch
plate lastened to the receiver. The bolt is locked
in the up position for the first half inch of re-
coil and so held until the bullet has traveled
through the hore and the powder pressure has
dropped to a point where it is considered safe
to start the cycle of operation.

While this unique system has worked with
oreat reliability, many still insist that the action
1s unsound 1n an antomatic weapon, for the rea-
son that each round, upon being rapidly loaded,
1s slightlvy distorted into an arc while being
chambered. This view is supported by the fact
that a very high percentage of stoppages results
from stuck cases, especially when rimmed am-

munition is used. This is thought to be caused
by a detormation of the round 1n the act of load-
mg.

T'he pilot model was chambered lor the Banm
Danish Krag-Jorgensen round with a muzzle
velocity of 2,228 [cet per sccond. This was
nearly identical with the service rifle cartridge
emploved by the United States Army just after
the Spanish-American War. Practically all mod-
els that followed were designed for rimless am-
munition. which was always considered more
reliable, since a more tolerant head space can be
allowed.

The hrst-mentioned use ol the Madsen 1n war-
fare was by Russian forces in the Manchurian
war of 1904-05. Some of their cavalry umits were
armed with it, but the foreign observers barely
madce note of the fact beyond a statement that a
few had been seen.

Officials tests were begun by the United States
Army on the machine rifle version on 9 Septem-
ber 1903, at Springfield Armory, Springheld,
Mass., and later concluded at Fort Riley, Kans.
The firing was done by Lt. Theodor Schouboe.
of the Danish Army, who personally represented
the Dansk Rekylriffel Syndikat. In this test the
feed was considered unsatisfactory and, when
the ammunition was not lubricated, a ruptured
cartridge case generally resulted.

A total of 7,163 rounds were fired, during
which enough malfunctions occurred to justify
the othcial conclusion that the Madsen weapon
had not reached a stage ol reliability to warrant
adoption. The most objectionable feature oc-
curred when the driving spring repeatedly failed
to propel the mechanism home and Lieutenant
Schouboe then had to rise to a kneeling position
in order to exert enough force on the charging
handle to shove the action [ull into battery. In
combat such a movement would make the opera-
tor an ontstanding target. | 'he weapon's accuracy
was considered satisfactory and complimentary
reference was made to its unusually light weight.

An air-cooled, belt-fed heavy Madsen machine
gun, designed for calibers [rom 6.5 mm to 11.35
mm, made its appearance shortly after this. Many
of the earlier mallunctions were corrected, so
that it was considered reliable [or special objec-
tives. If certain peculiarities are overlooked, the
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Madsen can be classed as one of the few auto-
matic weapons that have successlully stood the
test of tnne.

When the belt-ted antomaric machine cun ver-
sion 1s prepaved for firing, the ammunition bele
is started into the lefe side. The disintegrating
links used 1 the feed belt are of peculiar design.
The ront of the Iink hts over the shoulder of
the round which has 1o bhe polled through it by
the feeding action. The rear portion of the Iink
is of the type known as the “push-out™ or “half-
Imk.” 1 that 1t docs not go all the wav around
the base of the cartvidge. A sharp claw ol spring
steel holds the case irmlv unnl 1t 1s finally with-
drawn,

Once the weapon is cocked and the first car-
tridee 1s placed under the belt-holding pawl. the
laree charging handle on the right side is pulled
back. "This action moves the barrel extension a
considerable distance 1o the rear afrer the holt
rises. The pawl holding the cartridge in posi-
ton is carried to the right by the camming

action which takes place hetween the barrel ex-
tension and the piece supportirz the mcoming
round until the cartridee 1s forced through the
feed slot 1in the recerver.

At this time a spring-loaded claw cams atself
over the rum ol the cartridge. The pivotmg of
the feed arm actuates the claw rearward and
withdraws the carmridge from the belt. position-
meg 1t 1n the feed trough m the top ol the holt,
The pivoting lever has by now taken 1ts place
behimd the round. Upon velease of the cocking
handle the energy ol the compressed driving
sprinz sends the lever forward. The [ront end
of the boli s pivored down helow the bore in the
barrel. Further movement forward of this lever
causes 1t to strike the base of the cartridee, ram-
ming it into the chamber, The linal pivot move-
ment raiscs the breech block full behind the
bolt and the weapon s readv to fire.

The vearward pull of a trniguer releases the
large siriker which flies upwards in an are
against o firing pin, detonating the primer. Dur-
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Action of the Madsen. (1) Loaded, Lockec, and Ready to Fire. (2) A'ter Firing, Bolt Pivots Up to Eject Cartridge. (3) Bolt Pivots
Down for Leading. (4) Loaded, Locked, and Ready to Fire. (5) and {6) The Acticn cf the Loading Arm. (7] Magazine Cus off Device.

ing recoil, the barrel, barrel extension, and bolt
are securcly locked for one-half inch, until the
trigger bar is struck by the rear of the recoiling
bolt mechanism. This frees it, allowing the
striker to be forced back to the cocked position
and the spring-loaded firing pin is withdrawn
into the bolt body. The guide stud then passes
out of the horizontal groove and travels up the
top cam ol the switch plate to pivot the bolt
face upwards. 'I'he basc of the empty cartridge
casc 1s thus uncovered. permitting the recoiling
extractor to apply a sudden mechanical advantage
as 1t strikes the lug in the bottom of the receiver.
The extractor claw, in one rolling motion, not
only withdraws but ejects the empty case [rom
the chamber. The case is guided out of the re-
ceiver by the curved contour of the bolt unril it
falls clear to the ground.

During the last of the recoil movement the bar-
rel extension has cammed another round into
the receiver feed slot, and the pivoting feed and
operating arm positions it in the trough formed
by the machined recess in the top of the bolt.

Counterrecotl, originating in the stored energy
of the driving spring. when 1t starts the entire
opcrating assembly back to battery, first de-
presses the bolt and then drives the cartridge into
the chamber.

The bolt and barrel extension are then ac-
celerated forward by this spring acting through
the medium of the cammed pivoting ol the
radial operating arm. When the counterrecoil
movement is almost completed and the base of
the cartridge is fully coverced by the rising of the
pivoting bolt, a cam on the arm automatically
releases a sear il the trigger is still held rearward.
T'he striker again flics up to conunue the cycle.

This was the most unusual emplovment of the
short-recoll principle known to date. Although
the bolt unlocked in scarcely a hall-inch rear
travel, the barrel extension continued to recoil
to a point slightly exceeding the combined over-
all length of the cartridge case and projectile.

On some models a device was fastened to the
barrel jacket at the muzzle end to trap the blast
atter the bullet cleared the bore. This was done



MADSEN AUTOMATIC MACHINE GUNS

213

s
2000

Madeen Machine Cun, Model 1914, 8 mm.

by a controlled orthice that permitted the bullet
to clear along with some of the still-expanding
gases. T'he remainder acted on the face ol the
barrel somewhat on the order of a piston, ac-
celerating the recoil forces and resulting in an
increased rate of fire plus an added amount of
belt pull.

The Madsen was greatly respected by Furo-
pean governments and met in open competition
all the machine guns that were commonly known
at the time. Althoueh it was morce rehiable than
spectacular and had a notoriously slow rate of
fire when the muzzle booster was not used. it
nearly always managed to pass successtully the
various trials. An experimental Madsen gun with
a muzzle booster, fast return spring and very
light working parts was once found capable of
rcaching a very high speed but had frequent
stoppages due to ruptured cartridge cases. How-
ever, this was eventually overcome by Iubrica-
tion of the ammunition.

Many consider the Madsen the first trulv light
machine gun to make its appearance in the auto-
matic field. Tt was accurate, reliable with good
ammunition, and had little recoil to disturb the

sunner's aim. It was however prone to serious
stoppages that were exceedingly hard to clear
unless ammunicion was used that,was above the
average issued for service use. And while 1t was
fairly simple and very robust in design, it was
found to be unusually expensive to manufacture
due to certain features that required extensive
machining,.

While the Madsen was standard equipment
of the Danish and Norwegian Armiecs and was
used by some small states on the Contnent, it
was not looked upon favorably by the larger pow-
ers. Both Eneland and Germany tested the
weapon experimentally during World War L
Fngland used a few to a verv himited degree
while Germany rejected 1t outright.

The action on this machine eun has been ¢x-
ploited perhaps as much as anv other system in
existence. This has resulted in over a hundred
different models that were used by most of the
military forces of the smaller naticns. with the
Balkan and South American countrics buying
the bulk of these weapons. It has been cham-
bered at one time or another for just about every
size vifle cartridge that has ever been developed.



Chapter 8

BERGMANN AND DREYSE MACHINE GUNS

Bergmann Machine Gun

Perhaps there has heen more conlusion sur-
rounding Bergmann and Dreyse machime zuns
than lor any other automatic weapons on record.
Although these two are separate and disuinct
mecchanisms, they are here presented m the same
chapter in an attempt o show clearly the differ-
ences between them.

The origimal gun was designed by Theodor
Bergmann of Gaggenau, Germany, and patented
by him in 1900. The weapon was known as
Moadel 1902 and was manulactured by Dergmann
Industric Werke Abt. Waftenbau ol Subl. Tt
was followed shortly by Model 1903, which dil-
lered from the first gun only 1 mounting and
positioning of the feed box.

The Bergmann is operated on the principle
ol short recoil. whereby all recoiling parts arc
securely locked until the bullet has cleared the
bore. At the mstant ol unlocking the bolt 1s [ree
to move to the rear, with all components work-
ing in a straight-line movement. [ts simple con-
struction makes it possible for the soldier in the
ficld to disassemble and put the mechanism to-
gether again without the aid of tools. A vertical
risig type lock 1s employed.

There are three principal parts to the gun:
The recerver, which houses the barrel, barrel ex-
tension, and water jacket; the back plate, which
contains the trigger mechanism and has lastened
to 1t the spade grips: and the cover group.
which encases the feed systemn and serves to lock
the receiver to the cover.

To fire the weapon, the gunner places the
first round in the cartridge belt under the belt-
holdimg paw!l until the round comes to rvest
agamnst the cartridge stop. The bolt s then
manually pulled back by a cocking handle. When
it starts rearward, the claw of the feed slide be-
oins to extract the loaded cartridee from the feed
belt. This rearward action also pushes the siriker
down until it engages the scar that holds it in a
cocked position. By the time the bolt has reached
is full stroke, the feeder arm pivots over and
places another round in the belt in place of the
one just removed.

When the bolt is released, 1t is driven forward
by the driving spring. In doing so. it picks up
the cariridge held by the feed claw and chambers
it. At the same time the extoractor lip 1s cammed
over the rim of the cartridge case.

The weapon is now charged and ready to fire.

The disc-shaped upper part of the trigger is

+:

Theader Bergmarn Firing the First Model Bergmarn Machine Gun.
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pressed forward alter the safety catch has been
disengaged 1o lorce back the trigger bar. This in
turn pulls the scar away trom the cocked ham-
mer, which fhes up detonating the primer m
the cartridge. Upon discharge ol the cartridge,
all vecotling parts move together securely locked
tor one-halt ek, Av this pomt the bolt 1s un-
locked. The breech lock 1s cammed down ont of
its lockmg rvecess and allows the bolt o recoil
ree of the heavier parts. The extractor with-
draws the empty case and holds it In position
lor the ejector, a curved spring-loaded arm fas.
tened m the top of the recewver. 1t strikes the
empty casc a blow on its base, knocking it
through an opening i the left side at an angle
ot 45 degrees downward. This cycle of operation
is continued as long as the gunner depresses the
trigger piece located hetween the spade grips.

The Bergmann machine gun was looked upon

215

favorablv by the German Arvimy because ol its
many relmements. It was compact in torm, built
on simall dimensions and protected from dust,
mud, and moisture by its tight-fitting recciver.
1The so-called “stramehe-line”™ action has alwavys
been regarded by othe Germans as the most
durable and the one that would require the least
servicing i the held.

"1T'he barrel had a quick disconnect that could
be changed in 20 scconds, being held securely
to the receiver by a bavonet lock that could be
disengaged merely by pressure on this part. The
most notable leature about the gun was that this
act could be accomplished withou losing the
water out of the jacket. "T'his was done by tilting
the barrel down at a 457 angle, When the barrel
extension and barrel were pulled out from the
rear, a leather stopper was placed i the front
barrel bearing to prevent a leak. The insertion ol
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a Iresh barrel simply knocked the plug out of
the bearing as it was inserted in the proper posi-
t1on.

The cover could be lifted to expose the breech
lock and recoiling parts. The operator thus had
full vicw of all parts that might need mainte-
nance. As the [eeder was housed by the cover,
any fault could be easily corrected without delay.

A double salety arrangement gave absolute
sccurity against accidental discharge from any
conceivable source. This was considered of great
mmportance by the GGermans as their maneuvers
required machine gun units to drag loaded weap-
ons through thick underbrush.

The rate of fire was fairly low. with a maxi-
mum of only 400 to 450 shots per mmute. This
feature was also felt to be adequate by the Ger-
mans, as it was thought that with the Bergmann
gun's medium weight anv higher cyclic rate
would only increase dispersion,

One of the hest features was the withdrawing
and positioning of ammunition from a belt by an
extractor claw arranged on the feed slide. The
part was so located that the claw wonld engage
the rim of the incoming cartridge case even when
haphazardly belted. This permitted reliable fir-
ing of ammunition the linkage of which would
prohibit use in other machine guns. The belt it-
sclf was constructed of aluminum non-disinte-
grating links.

Such refinements show the meticulous skill of
Theodor Bergmann, who not only designed this
fine weapon but had numerous other patents on
all types of automatic arms ranging from heavy
machine guns to blow-back-opcrated submachine
guns and pistols. His products have always dem-
onstrated the highest degree of skill in the art of
oun creation.

The weapon was again modified and issued as
the Bergmann machine gun Model 1910. The
changes in the basic mechanism were slight, the
mount receiving the major alterations.

Dreyse Machine Gun

In 1912 a new water-cooled machine gun, cali-
ber 7.9-mm, was introduced to the German serv-
ice. The weapon was called the Dreyse, in honor
of Johann Nikolaus von Dreyse, the inventor of
the German ncedle gun and founder of the arms
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factory so named. This mechanism was patented
by Lows Schmeisser of Lriurt, Germany, in 1907
and all rights were assigned to Rheimsche Met-
allwaren und Maschinentabrik A.G. of Dii
dorl. Although at hirst glance the gun appc.

be but an improved Bergmann, basically it is
diffcrent and there is no similarity in the mecha-
nism. The mam difference between the two 1s
that the Bergmann lock rises vertically while the
Schmeisser (or Dreyse) lock pivots,

The principal features found 1n the gun werc
the mechanical accelerator and a three-claw ar-
rangement on the mainspring housing that with-
drew the cartridges from the feed belt. The claws
were posittioned 1n a manner that made 1t prac-
tically impossible to have belted ammunition
much out of alinement that one of the un
would not pick it up and position it for chamber-
Ing. |

The breech lock was known as the oscillating
or pivoting type. It was pinned at the bottom of
the barrel extension, swinging down for unloch-
ing as the rear portion rode up a ramp op"™
recoil stroke. The addition of the accel
gave a rate of fire of 600 shots a minute.

The weapon, when it made its first appearance.
was looked upon as just another machine gun
by German military leaders. Later the Dreyst,
Models 1915 and 1918 were introduced as
possibilitics of its design were better appreciate..,
The Model 1915 did not perform successtully.,
However the Model 1918 proved to be quite re-
liable.

The German Armv, which had been com-
mitted to the Maxim. found that this heavy
weapon and its sled-shapcd mount did not lend
itself to the mobility that had by this time been
found vitally necessary. A lightweight machine
gun was needed that could be carried by a single
soldier and was capable of delivering sustained
fire so that relatively few men so armed could
hold a position until reinforcement by the
heavier Maxims was possible.

The Dreyse had been designed for just such a
use. It conld fire bursts of great duration since
1t was water cooled. It was the lightest gun of its
type then known, weighing only 37 pounds with
water jacket empty. The Germans had several
light machine guns but the others were air cooled
and the authoritics thought much more highly
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yse Machine Gun, Model 1912,

t the efficiency of the water-cooled weapon.

~c¢ only a few pounds separated the two dif-
“tent styles, they looked very tavorably on the
xtremely lightweight Drevse. The large tripod
mount originally designed for it was removed.
and a bipod was substituted. This permitted the
advancing infantryman to fire [rom the pronc
position. It was thought that this wecapon, so
mounted, best fulfilled the high command’s con-
ception of the primary function of all automatic
weapons, namely. to deliver cconomically the
areatest volume of fire power without sacrilice of
mobility and accuracy.

Provision was made on the receiver [or mount-
ing a telescope sight; otherwise the conventional
graduated iron sights that could be folded down
when not in use were employved. T'he double
safety arrangement was retained from the orig-
inal design. There were only three mam groups
in its construction: The receiver, the back plate,
and the cover. The receiver housed the barrel,
barrel extension, operating parts, and water
jacket: the back plate contained the bulfer

925512% B! N

spring and (rigger mechanism: while the cover
held the feed slide and components.

To unload the weapon, the belt-holding pawl
was lifted, allowing the belt to be pulled back
so that the feed pawl would not engage the last
round. "'I'hen the chambered round was removed
by pulling back all the way on the retracting
handle and then releasing ir.

To fire the Dreyse water-cooled machine gun,
Model 1918, a loaded cartridge bele is placed in
position and the tip is pulled to the left until
the first round snaps behind the belt-holding
pawl. The reracting handle 1s withdrawn all
the way and released, only one pull being neces-
sary to withdraw the cartridge trom the belt and
chamber 1t. The trigger is now pushed in to
pivot the sear back. releasing the hammer which,
upon flying up. strikes the firmmg pin and deto-
nates the powder charge. After the barrel ex-
tension, barrel, and bolt recoil a distance of less
than a hall inch. the hreech lock is lifted at its
rear end by the cammed surface at the bottom of
the receiver. This forces down rhe front part
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Sectior. Drawing of Dreyse Machine Gun.

located behind the bolt. allowing it to recoil free
of the heavier parts.

Actuated by the stud on the barrel extension,
the accelerator then drives the bolt to the rear,
The hammer is caught by the bolte lock and held
to 1ts rear position by the safery sear. The base
of the cartridge strikes against the right guide
which serves as the ejector and kicks the empty
cartridae out the left side of the gun at a down-

ward angle. The rear claws on the mainspring
housing draw the new cartridge rom the beln
and the honsing, continuing to travel to the rear,
catches the feed lever by means ol a stud. The
longitudinal movement is thus translated mio
transverse motion, actuating the feed shde over
one space and positioning the incoming round.

I'he belt-holding pawl at the same time slips
behind the next cartridae in rhe belr and holds it
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for the next phase. The two remaining claws on
the mainspring housing depress the withdrawn
cartridge into the feedway. T'he recoil stroke hav-
ing reached an end, the stored energy in the
driving spring then starts the firing mechanism
forward. Aflter chamhering the round, the ac-
celerator releases the barrel and extension fromn
a retracted position to go into battery. This
pivots the swinging lock, which is raised by the
cam on the bottom of the receiver, and locks the
barrel, barrel extension, and bolt togcther.
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The stud on the main spring housing carries
the feed lever all the way in to place the incom-
ing round against a cartridge stop in position for
the extractor claw to slip over the cannelurc of
the cartridge. A projection on the barrel exten-
sion will trip the safety sear if the trigger is still’
depressed. And the last [orward movement of
the locked bolt and barrel releases the cocked
hammer that drives the firing pin forward to
discharge the next cartridge.



Chapter 9

Italitan mventors, like those ol every other
nation 1n kurope, [clt as a matter of national
pride that their military forces should be armed
with an automatic machine gun that was not
only designed but tabricated in their own coun-
(ry.

In 1901 Giuseppe Perino, oflicer in charge of
the Italian artllery lactory in Rome, designed a
machine gun that must still be admired today
tor its many advanced [eatures.

The Itahan Government, coming to the con-
clusion that 1t had a superior arm, immediately
placed 1t in confidential status. Only a few at a
time were built and experimented with, until it
was felt the weapon was improved enough to
compete with well-known machine guns.

In 1908 the government conducted a secret
trial to compare the Perino with the Maxim,
The test revealed that the Perino had a higher
rate of fire than the latter, and that when water
boiled in the jacket from prolonged bursts, the
liquid could be changed during continued op-
eration in the Italian gun but not in the other.

The mechanism was also found to be of sim-
pler construction and was [ar easier to handle in
the field, although it weighed 50 pounds without
mount,

The most objectionable feature noted by the
examining board was the delay caused by the
need tor manual removal of empty cartridge
cases from the strips before they could be re-
loaded. This was an odd complaint since it was
a by-product of one ol the best and most unique
methods of feeding to be found at this early
date. .

Metal trays holding 25 rounds of 6.5-mm
cartridges were fed into the gun from left to
right. The ammunition box held five such trays
or clips. The weapon [ed the trays one at a time
from the bottom of the ammunition container.
In this manner it was casy for the gunner's as-
sistant to keep the box full by laying loaded ones

PERINO MACHINE GUN

on top of the stack. It also allowed a sustained
fire as long as the gun functioned. A loaded tray
followed immediately behind the ejection of an
expended one [rom the right side of the weapon
with the empty brass rechpped m the tray. In
this manner ol leeding, no metal link or fabric
belt was required and no case ejection chute
was nccessary, sice the empty case was placed
back m the wray alter being extracted [rom the
chamber.

T'o fire the Perino, a clip or tray of ammuni-
tion is inserted in the feed opening on the left
side. This i1s done only when the bolt is in bat-
tery, and secured by the pivot lock that is fas-
tened to the barrel extension and engages the
locking grooves on both top and bottom of the
bolt.

The charging handle is then pulled smartly
to the rear. When it reaches its full rearward
stroke, a sear engages the bolt recess and holds
it in the cocked-bolt position, This movement
also indexes a round in position to be cham-
bered. Upon pulling the trigger, the sear releases
the bolt, which is then driven forward by the
stored energy of the barrel-return spring. The
bolt does not strip the round, as in most other
machine guns of this type, but pushes it out of
the clip into the chamber. It actually passes over
the top of the clip where the cartridee was for-
merly held.

When the round is chambered, it is fired by
inertia after the bolt is securely locked. After fir-
ing, the barrel, barrel extension, and bolt are
locked together until the barrel pressure has
rcached a safe operating limit. At this point the
unlocking Ing of the lock engages a cam in a
fixed receiver and pivots the lock to free the bolt
from the barrel.

At the mstant the bolt is freed. the cocking
device, consisting of a two-forked lever pinned to
the barrel extension, strikes a fixed stop in the
hottom of the receiver. Further recoil of the
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Perinc

barrel extension causes the cocking lever to ro-
tate. The top end of the lever engages the bole,
and 1ts votation first retracts the firmg pm and
then accelerates the bolt to the rear,

When this movement starts, a lever attached
to the barrel extension engages a gear rack in
the bottom ol the recerver. This s done to utilize
all the energy of the exiremely long recoil stroke,
and to give positive timing between the bolt and
harrel cyvcle. This inkage arrangement acts as an
accelerator both for carryving the bolt to the
ufler and for returning it to battery. with the
holt and barrel both in their most rearward posi-
tion. The lever takes the place of a driving
spring. For as the barrel return spring forces the
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achine Gun, 6.5 mm.

barrcl back to battery. this linkage whips the
bolt forward, msurmyg that it will overtake the
barrel in thne to go into battery together. Tt also
positions the bolt so that the cam-operated lock
can engage 1t thus preventing any possibility of
firing helore the piece 1s securely locked.
1he long recotl stroke allows a gradual loosen-
ing ol the empty cartridge case in the chamber.
When the fived brass 1s withdrawn by the extrac-
tor, 1t travels its length rearward and in place
of being ejected from the gun. it is released by
the extractor and snapped down in the feed
tray. "T'he holt continues its wavel. After 1t has
passcd clear ol the cartridge tray and is at the
extreme end of its recoil stroke, the Tug on the
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barrel extension cams the feed tray over one
space, indexing the next round mto position.
It the trigger is held, the automatic action will
continue.

Italy planned to manufacture the Ierino
weapon mn its federal arms plants, believing that
this, coupled with 1ts simple design. would allow
the economical production of one of the world’s
finest machine guns.

After the secret trials the only important
change was an alternate method ol supplying
cartridges besides the strip feed, This modifica-
tion consisted of a drum arrangement on the left
side of the weapon upon which was rolled the
belted ammunition fixed on a llexible brass strip.
The fteature of rebelting empty cartridge cases
was retained. The loaded ammunition still was
fed in from the left side while the belted empty
brass emerged from the right. The helts had a
quick detachable snap at two-foot mtervals, so
that the gunner could instantly separatc the strip
if he cared to move the weapon's position when
the empty brass and belt began to pile up.

This model was designed for cooling both by
an and water. When the latter method was used,
the barrel acted as a small reciprocating pump
operating from recoil, insuring a constant cir-
culation of water in the jacket during firing.
A longitudinally ribbed barrel was employed,
aiding 1n the contral of dispersion when long

A B R R e *;ﬁ; i ‘:M -
L e ee el

LR i Dot i Bl
&ﬁj%ﬁﬁi% aa:%{'ﬁﬁ % kﬁ?ﬁé ;ﬁ_ :°c ’iﬁy “hbﬁ ﬁ m % %
BoEie it ﬁgﬁ @;% s Rl ﬁi ;’gﬁiﬁw
G o ﬁ_ﬁiﬁ ma;:% g;m L 5 %‘ﬁ’ %ﬁ ﬁ% %'

f.}?::ﬂ- mkﬂ e 'éﬁ:' .lu\:q:-:hs '; -l : : -
R 5 e -

o = o 5%5 e Ml

P-E-I'IHD Machine (_—.;un m’ch Elqhi Side Hinged Down to Expose the Mechamﬂm

THE MACHINE GUN

bursts were lired. The ribs gave added strength
with Iittle weight and allowed considerably more
surlace Tor

A built-in device at the muzzle, after peor-
mitting the bullet to clear the bore sately.
trapped the blast. T'his heretolore wasted energy
was emploved to accelerate the recoil turther.
No driving spring was used i this weapon, as
the barrel-return spring and accelerator lever
rcturncd the bolt to battery. A muzzle booster
with this unusual bolt action reached its highest
ctheiency at 600 shots per minute.

T'he cartridge was indexed by the surplus bar-
rel-recoll energy. The ammuonition tray or helt,
il the latter was used, could be released from
the mechanisin of the weapon merely by pushing
a button disconnect. This permitted the clear-
ing of a feed failure without access to the work-
ing parts.

To clear a malfunction, the whole right side
hmged down and exposed all the operating parts.
A soldier, while lying prone on the ground with-
out exposure to enemy fire. could completely
disassemble and replace any parts that failed n
action. The Italian authonties felt chat this fea-
ture was of extreme Importance.

To keep the weapon 1 secret status, the gov-
ernment actually purchased and equipped its
army with Maxims, while at the same time con-
tinumng to perfect the Perino gun. Shortly afrer

raclialion.
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the next trial there appeared what is known as
the 1908 model, which was only a highly refined
version of the original design. A 1910 model fol-
lowed later.

Still no effort was madc by the authorities of
the Ttalian army 10 put the weapon in open trial.
Had the Perino gun been given competition and
lailures corrected by firing as they appeared, 1t
would no doubt have been ranked with the best
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the world had to offer. The ultra-security mcas-
urcs of the Italians did more to retard the de-
velopment of the weapon than anything else.
T'he gun, having been in existence for so long
without any proof of its efliciency, was for this
reason considered outmoded before it had been
adequately proved. The Perino heads the list of
hne machine gun principles that have been
stifled bv over-security.



Chapter 10

CARR MACHINE GUN

The Navy's Burcau of Ordnance on 14 April
1901 was requested by the Driggs-Seabury Gun
and Ammunition Co., 43 Cedar Street, New York
City, to arrange a test of a new machine gun at
the Naval Proving Ground, Indian Head, Md.
The inventor ol the gun, produced by this com-
pany, was Howard Carr of San Francisco.

The Navy assured Driggs-Seabury that it would
give the weapon a trial and consider it for adop-
tion if it proved capable ol meeting certain re-
quirements. 1'he date for the test was set for 16
July 1901, at which time the weapon would be
given an official rating on rapidity of fire, ef-
ficiency, accuracy, durability, and simplicity of
design.

Since the request did not originate with the
Navy, it was specified thar all ammunition used
would be provided by the Government but paid
for by the promoters of the weapon. This was
agreed upon and Mr. Carr, the inventor, arrived
at the appomted time with his gun, having
clected to fire the weapon himself.

The following account is taken [rom ofhcial
records of two trials. Lt. Francis Broughton,
USN, Inspector of Ordnance, was ofhcer in
charge. _

The gun, which was chambered for the caliber
30 Krag-Jorgensen rifle cartridge, was recoil
operated and drum fed, having a single barrel. A
hire regulator allowed both single shot and auto-
matic firing. The gun was mounted on a tripod,
fitted with a seat for the operator. Changes in
both train and clevation were obtained by gear
and screw attachments, which could be thrown
quickly out of action and the gun aimed by the
pistol grip or shoulder stock.

The magazine was circular in shape, and
slipped into position on top of the breech end
of the receiver. The drum was divided into 62
radial compartments, each holding 4 cartridges,
making it hold 218 i all. An even larger drum,
holding 310 rounds. 5 to a compartment, was
also brought with the gun.

Carr, in describing the weapon's action to the
Navy Board, gave the tollowing cycle ol opera-
tion:

“Upon discharge, the barrel recoils about one
inch, extending a heavy return spring fitted un-
derncath the receiver. The barrel and bolt, at
the moment ol firing, are held sccurely locked by
a jointed lever. The end of this lever engages
a scar located 1n the pistol-grip. After unlocking,
the barrel is returned o battery by the barrel
return, while the lock continues to travel rear-
ward.

“When about half of the recoil movement is
accomplished, the empty cartridge case is ex-
tractedd trom the chamber and e¢jected down-
wards through a slot in the bottom of the re-
ceiver. A lug on the side of the receiver revolves
the magazine and at the same time places a car-
tridge in position, forcing it down in hine with
the chamber. The driving spring then completely
closes the breech, throwing the toggle lever into
a straight line with the breech block, and, in
case of automatic firing, releasing the firing pin.

“Automatic or single firing can he obtained hy
placing the fire regulator in the position desired.
Fitted on the right side of the breech 1s a lever
for charging the mechanism by hand. It 1s used
to clear feed failures or any other malfunction
that might arise, obviating any considcrable
delay in firing.”

Mr. Carr, in order to demonstrate the general
action of the gun to the assembled officers, fired
20 shots singlv and 20 full automatic. It worked
pertectly during this part of the test. To show
how rapidly it was possible to assemble the
weapon in the field, the gun, feeder, and tripod
were brought mn separately. In 40 scconds they
were assembled and the first shot [ired.

To prove the general efliciency of the mecha.
nism, the Carr gun was tested under the follow-:
ing conditions:

(a) Twenty-five rounds were fired, with a
dummy cartridge everv fifth round. It was

224



CARR MACHINE GUN

§ .
|

found that the "dud” was in every case quickly
removed by means ol the hand charger.

(by "T'wenty-five ronnds were fired with one
vacant space at the end ol the fivst five rounds,
two at the end of the second five rounds, three
at the end ot the third hve rounds. and tour
at the end of the fourth five rounds. The gun
ceascd Tunctioning upon coming to the vacant
spaces. T'o resume fiving. 1t was necessary by
means ol the hand chareer to revolve the maga-
sinc until the next cartridae was cdropped. Ten
rounds were then placed in the eeder, one of
them beme a cartridge that had been pur-
posely deformed so that it would not cnter
the chamber. When fed into the cun, it
jammed the mechanism, but was extracted
manually without difliculty.

() ity rounds were successfully lived with
the gun clevated 157, and another 50 with the
aun depressed the same amount.

(v On two different occasions a handful of
dust was thrown into the mechanism, the time

Carr Machine Gun.
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taken to clean the lock and fire the first shot
bemng 35 and 40 scconds. respectivelv. Carr did
not deem it NECCssary 1o dismaount A1y ]}m'lirm
ol the mechanism Tor cleaning, but chareed
the gun by the hand-operating lever until all
parts worked freely.

Three targets were made ar a range of 120
vards. using the Ay B target. Seventeen rounds
were hred smele shot, using the clevating and
tratmming gear. Fitty rounds were fired full auto-
matic, usig the elevating and training gear.
Twentv rounds were fired singly. with the ele-
vatimg and tramme gear thrown out of action,
the gun being held by means of the pistol grip.

Carr experienced considerable  difficulty  in
holdimg on the target. so that only a few shots
hit the bull’'s-eve. He attempted to account for
this by stating that the sicht had not vet been
adjusted for drift. As the shoulder bar had not
been sent with the gun, it was not deemed safe
to endeavor to make a target with the gun firing
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Targat Made oy Carr Gun in 1901 Trials.

automatic, while the elevating and training gear
was disconnected. A velocity check showed 1,966
feet per second 88 feet from the muzzle. The
velocity obtamned with this cartridge in the Army
rifle is given as 1,954 feet per sccond b3 feet
[rom the rifle.

The bolt was withdrawn by the inventor and
entircly taken apart in 50 seconds without the
use ol any tools. Tt was reassembled 1n 3 minutes.
There were very few screws, those in use being
principally for the purpose of holding small
springs. Durmg the test a great many empty car-
tridge cases were pulled apart upon extraction,
breaking at a point about one-half inch from the
base. This part was extracted and cjected, the
rest of the case remaining in the gun. It was not
found difhcult to remove i1t with an ordimary
cleaning rod.

In order to ascertain whether the ammunition
was defective, 100 rounds were fired i the Colt
automatic gun. None ol the cartridge cases pulled
apart nor showed any signs of breakimg. Tt
was, therefore. considered that the defect lay
with the gun, and was due cither to a swelling of
the rear portion of the chamber or 1o a failure
of the breech-block in holding the cartridge home
sufficiently secure. The ammunition used came
[rom Frankford Arscnal. It was loaded with W.
A. powder and primed with H-48 primer.

[t had been intended to test the gun for dura-
bility by firing 1,000 rounds as rapidly as pos
sible. observing alterwards the condition of the
barrel, the rifline. and the mechanism, and ob-
laining velocities and targets. As the hring was
imm'rﬁplcc frequently !}}' rcason of the spliltinﬂ'
ol the cartridge cases, it was considered 1111']:.-uﬂ:r
sible to carrv out this test. .

Another barrel fitted with a small water jacket
was sent with the gun. This also would have been
used in the durability test, had it not been post-
poned until the inventor thought his weapon
could meet the required demands.

On 25 July 1901 the second and final phase of
the trial began, Carr having declared his wcapon
reacdly for the endurance and rate of fire test.

It was lound that 4 minutes and 45 seconds
were required for one man to load a drum with
248 rounds. To test the extractor, six cartridges
were coated with varnish, so as to stick n the
chamber. They were extracted satislactorily. In
85 seconds 192 cartridges were fired full auto-
matic; in 40 seconds, 240 cartridges were fired in
a singlc burst. This was at a rate of 360 rounds
per minute.

The endurance test of 1,000 rounds of sus
tained fire was attempted, but interruptions were
so frequent that it was not completed. The fail-
ures were due principally to: (1) A lack ol op-
erating powcer, the magazine gear not leaving
enough force to close the brecech: and (2 failure
to extract, the extractor slipping [rom under
the rim of the cartridge.

The splitting of the cartridge cases in the first
trial was found to be due to the lact that the car-
tridge was not shoved completely home. This was
remedied by screwing the barrel one thirty-sec-
ond of an inch [urther into the brecch casing,
thus forming a more perfect head space. Why
the weapon started to rupture cases during the
latter part of the second trial was not determined
by the board.

The test was then stopped by the oflicer i
charge as the weapon had not shown a degree of
reliability that warranted further consideration.
Overheating was of such a nature as to cause
the u-‘n:‘;lprm’i operating mechanism to seize and
slow it until there was not enough encrgy o
rotate the feeder and lock the hc:]t.

It was interesting that this machine gun em-
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ployed the drum-type feed that was used so
much at a later date. While Hiram Maxim was
the originator of this method of feeding, Howard
Carr was the first to attemnpt to put 1t to prac-
tical use. T he unusually large number of rounds
in the feeder made the weapon breech heavy
and when this large mass rotated, 1t was found
that unless the weapon was securcly fastened
to the front mount it was exceedingly hard to
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hold on the target. It also added greatly to the
clumsy appearance of the gun.

These were the only ofhcial tests run on the
Carr weapon. By this tine the Inventor no
doubt realized it had fallen so far short of Navy
requirements that to meet them would require
complete redesign. On the whole, the weapon
was quite inferior to many guns that had alrecady
been proved reliable.



Chapter 11

SCHWARZLOSE MACHINE GUN

Andreas Wilhelm Schwarzlose ol Charlotten-
burg, Germany, was an Inventor who was al-
ready well known on the continent by 1900, hav-
ing produced many designs for seli-loading
pistols. His first one used a locked breech with
short-recoil action. It was later developed into
what was known as the blow-forward system, 1n
which the breech remains motionless while the
entire mechanism, including the barrel, goes
forward when the shot is fired.

Schwarzlose 15 best remembered for his ma-
chine gun, patented in 1902 but [lirst manufac-
tured in 1905 by the Steyr arms works in Austria.
He was perhaps the hirst machine gun designer
to accomplish true simplicity ol mechanism. He
determined to eliminate the hard-to-manulacture
lock and moving bharrel of the Maxim and also
to avoid any of the gas-operating features ot the
Hotchkiss. A straight blow-back mechanism. as
used in several successful self-loading hand arms,
was out of the question; all smokeless-powder
high-pressure ritle-caliber cartridges ruptured
unless the inital extraction was slow enough to
permit pressure to drop to a degree where they
would not stick to the chamber.

Schwarzlosce solved the problem in an unusual
manncer. A powerful mainspring and heavy bolt
were used that provided inertia enough to resist
the first rearward thrust of the exploding powder
charge. But this alone was not sufficient, A com-
paratively short barrel was also employed,
coupled with an arrangement of levers that
caused the bolt to act at a mechanical disadvan-
tage when trying to compress the mainspring
suddenly.

To fire the weapon, a tag at the beginning
of the cariridege belt, on the under side of which
arc held the rounds, 1s mserted 1n the belt guide
at the lower right side of the feed. The belt 1s
then pulled to the left and over the sprocket
wheel of the feeder untl the first cartridge en-
gages a tooth. The charging handle is pulled

smartly to the rcar three tines and released. The
driving spring, in taking the parts to battery on
the third return, alines the round with the
chamber.

The gun has a double trigger actuated by the
thumbs. In order to fire, one thumb has to keep
an automatic satety catch to the left belore the
other can depress the trigger releasing the sear.
When the powder charge 1s detonated, the barrcl,
not being locked to the bolt, does not recoil as
in other automatic weapons. The pressure cx-
crted on the base of the cartridge is transmitted
to the face of the bolt. In order to keep the action
in a closed position as long as the bullet is in the
barrel, the bolt is so constructed that when in
battery it forms a linkage. An clbow joint is at-
tached to the bolt with another arm pivoted to
a hixed axis in the receiver.

During the initial movement rcarward the
elbow has to move through an arc. Since there
is a very small angle between the linkage and
crank when the breech 1s closed, much of the
shock of initial recotl 15 absorbed by the re-
ceiver. This movement is utilized first Lo with-
draw the firing pin from the primer and cock
the weapon by engaging the crank handle in the
receiver with a camming toe on the cocking
piece.

Afrer the retarding action the bolt starts to re-
coil. Tt carries the empty cartridge which the ex-
tractor is holding by the rim in position to be
struck and thrown out ol the left side of the
receiver by the ejector. The movement of the
bolt is completed, against the resistance ot the
unusually strong return spring, by the acquired
momentum of the heavy moving parts of the
mechanism. The bolt then starts counterrecoil
from the stored energy ot the driving spring.
When the incoming round from the feed is rolled
into position and chambered, the striker is seared
off automatically. This operation will continue
as long as the two thumb triggers are actuated.
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Schwarzlcse Machine Gun, Model 1907 /1912,

The breech mechanism of the Schwarzlose
weapon is never positively locked. The necessary
delay m opening the breech 1s largely dependent
upon the merta furnished by the elbow-type
linkage, the resistance of a strong spring, and
the absorption ol the hrst shock of the early
stage of peak pressure by the recciver. However,
the major factor is the use ot a 203/4-inch barrel.
This 1s the maximum length that can be used to
msure the bullet’s clearing the bore hefore recoil
ot the bolt begins. If any longcr barrel were to
be used, with the mifle caliber cartridge it was
designed for, the mechanism, to be sale. would
assume such large proportions that it could not
remain in the portable machine gun class.

T'he Schwarzlose is constructed so that it can
be disassembled in a few seconds. In its desion
the theme of simplicity is followed so closely
that operating parts are kept at a minimum. One

outstanding example ol elliciency is the employ-
ment ol a single large rear-positioned spring
that serves as a bufter, bolt rceturn, and firing
pin spring. performing each cycle m tarn.

The feed is unique, being a star-wheel type
located on the lower right side. It consists of only
two working parts, the feed roller and the detent
slide. The roller engages the cartridges i its
sprockets as the belt 1s pulled into the mecha-
nism by action of the bolt on the roller. As the
ammunition passes through the wheel, the
rounds are slowly cammed rearward lor a short
cdistance before the extractor claw on the bolt
makes a final withdrawal. This initial movement
adds greatly to the case of feeding. as contrasted
with other weapons of a similar nature which
attempt to pull the round from the belt by a
sudden jerk rearward.

The roller is synchronized with the bolt so
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Schwarzloge Machine Gun, 8 mm.

that, when the latrer is at its rearmost position,
the top sprocket wheel rolls the cartridge upon
an inclined shelf directly 1n line with the cham-
ber. It is so confined in this recess that the rim
alwavs makes contact with the bolt face that
pushes it forward into the chamber.

This system is appropriately designated re-
tarded blow-back. Due to the fact that the car-
tridge 1s extracted undcer relatively high gas pres-
sure, it was found necessary to lubricate the am-
munition. Schwarzlose settled this problem by
installing, as an integral part of the weapon, a
pumnp to lubricate the cases. This device pumped
a squirt of oil in the chamber between cach ex-
traction and loading. The combimation ol the
lubricated ammunition. heavy spring. large bolt
assembly, and short barrel allowed the use of an
unlocked action which proved quite satisfactory.

The Schwarzlose was fairly popular with Furo-
pean governments and was used by a number
ol foreign powers at one time or another. The

cun was waler cooled, belt fed, and tripod
mounted, with all typical blow-back peculiari-
tics, including the low rate of fire of 400 rounds
a minute. It was originally chambered for the
Austrian service rifle 8 mm rim cartridge, and
came in three models, the 1905, 1907, and 1912.

The 1912 model was redesigned to fire dry
ammunition, no oil pump being required for
its lunctioning, This was done by adding more
weight to the bolt, a heavier driving spring and
slightly more angle in the linkage action. Having
no breech lock. this new toggle design put the
blow-back forces to a still greater mechanical
disadvantage, allowing the crank to be moved far
cnough ofl center to permit the pressure to push
the bolt back more slowly, When the 1912 gun
is in battery, the crank is not quite on dead cen-
ter, so that the first action of the gas pressure 1%
to raise the crank out of line. This longer delay
in starting the mass in recoil is just enough ro dis-
pense with the lubrication of the ammunition.



Chapter 12

McCLEAN MACHINE GUN

Before going mto the description and back-
eground ol the McClean automatic weapons, ivst
patented m 1902 and government-tested bhoth
1903-05 and in 191618, it 1s necessary to bring
attention to the tact that the mventor 1s often
confused with Dr. James H. Mclean, patent
medicine salesman and so-called machine gun
mventor of the manual-operated period. 'T'he de-
signer ol the weapons under discussion resem-

bles the St. Louis doctor only in the close spelling

of the last name.

Samnuel Neal McClean at an early age bcgan
to patent improvements on magazine repeating
arms. e then progressed to designing a full-au-
tomatic firing mechanism and formed the Mc-
Clean Ordnance & Arms Co. of Cleveland, Ohio,
to produce it in both rille and shell gun caliber.

The first gun made by this new company had
a bore of 37 millimeters and was commonly
called a one-pounder. This truck-mounted can-
non was completelv automatic in action and ac-
cording to the company would revolutionize
artillery through its rapidity of fire and mobility.

McClean. feeling that the weapon should be
introduced by an oflicial capable of insuring 1ts
being brought 1o the attention of the proper peo-
ple. cmployed Gen. Joseph Wheeler, United
States Army. Retired. ro present the weapon to
the Army board for purposes of trial and adop-
tion. The request for an official test was granted
and Brig. Gen. William Crozier, Chief of Army
Ordnance, ordered that 1t be scheduled on 10
November 1904, The inventor was allowed to
conduct two earlier lirings in order to bring Lo
light and correct any malfunctions that might
jeopardize the performance during ollicial con-
siderations.

The Sandy Hook Proving Ground was se-
lected tor the test. While 670 rounds were hred
in the preliminary stages between 8 March and
2 April 1901, many stoppages resulted. It was
decided to ship the weapon back to the place of

manulacture after McClean concluded that cer-
tain modifications would be necessary.

Aflter the needed changes it was returned and
518 rounds were expended between 17 June and
26 August 1904, While the reworking of the
components showed a marked nmprovement m
performance, the gun was again sent to the [lac
tory to incorporate i it other rehnements in
order to be i frst-class condition for the ot
ficial test in November.

In these two warm-up runs, McClean did the
firing and other members of the company were
present to assist. The Chielf of Army Ordnance
was also an interested spectator during these at-
tempts. For the final trial an Army board con-
vened at the time set by General Crozier and the
weapon was presented and described by the in-
ventor. As each component was disassembled, its
function was outlined. The speed with which 1t
could be put into action and its mobility were
especially stressed.

The McClean cannon is clip fed and gas-pis-
ton actuated, with a non-recoiling barrel. The
principal parts are the barrel, the receiver to
which 1t 1s fastened, the gas cylinder located
directly beneath the barrel, and the bolt assem-
bly that operates from and i conjunction with
the gas piston. The ammunition is fed into rhe
mechanism by means ol two sizes of clips. hold-
ing five and ten cartridges respectively. |

In order to reduce the shock of recorl, which,
il not taken into consideration, would make
mobile mounting of such a large bore gun 1m-
possible, a device located at the [ront end ol the
barrel has been added. This serves as a muzzle
brake through the action of the expanding gases
striking angular slots in the acttachment after
the projectile clears. The application of blast at
this nstant countcracts the recoil forces to a
marked degree.

The operating mechanism consists of a recipro-
cating and rotating breech lock as an integral
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part of the bolt, a gas-actuated piston, a sear,
and a trigeer so constructed that single-shot hr
mg can be converred to full automatic without
the gunner aking his inecr from the riguer.
The port in the barrel through which the gas
bleeds for action on the piston has a regulator
that controls the size of the oriflice. The rate of
fire 1s governed by the setting of this device.
T'he gas-driven piston is so constructed that by
a series of consecutive steps it controls the entire
cvcle ol automatic fire. It has a cam engagement
with the breech lock which regulates positively
the unlocking, reciprocating, and locking action
of the bolt by the breech lock. It also has another
cam that e¢ngages the cartridge feed to insure
the alternate positioning ol the incoming car-
tridges. Finallv, an inertia-type firing pin and
sear notch lor engagement with the sear controls
firing action lor either automatic or single shot.
T he heavy steel recerver screws to the breech
end ol the barrel. It has a cylinder housing in
which the bole travels and a companion open-
g in which the piston rod moves. On the under
side there is a pistol grip encasing the trigger
and a dial that can be set to reculate the rate
of fire. The upper right hand side has a short
426612° —=01=—117

Samusl M. McClean Demonstreting His 27 mm Aulomatic Cannon.
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slotted post arrangement i which are shipped
the loaded clips. A latch permits the instant
hreeing of the chips after msertion.

An easilv removable gas-actuating assembly
1s connected at one end to the gun barrel, a short
chstance from the muzzle, and at the other to
the frame. The piston rod 1s a hollow tube. A
piston at the forward end 1s screw-threaded mnto
the bar to permit a coiled return spring to be
added to, or removed from, the piece. The rear
part ot the piston is provided with an upwardly
projecting arm to the forward end of which the
firing pin is attached. 1t has a cam that mates
with one on the breechblock to give positive
control over the locking action of the gun. An-
other cam on its right side cneages the leed 1n
such a manner as to position and then chamber
the incomineg cartridge.

The breechblock is a evlindrical bolt having
an interrupted serew thread. This forms a series
of Tues that are cammed down mto the locking
recesses cut in the receiver near the chamber. A
heavy conical-shaped hiring pin 1s also fastened to
the piston. The lugs have to be in position for
engagement betore the piston can advance all
the way into battery and drive the firing pin
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McClean Machine (Gun, Cal. .30, Being Fired by the Inventor,

imto the primer. The bolt also houses the ex-
tractor hooks which are shore suff hooks so
Formed as to lock into the extractor scats and
fasten over the vim ol the cartridee in a modi
ficd form of T slot. Tt is not released until the
cmpty case has been fullv withdrawn.,

A swineme lever, which s a part ol the bolt,
is designed so that when the empty cavtridge
1s over the cjection opening in the receiver. the
rear of the ejector rvides up on an angle and
pivots the front down. The spent round s thus
knocked clear ol the operating parts.

The whole exuractor and ejection system  1s
carriecdd on the bolt in three preces. two exiractors
and the ejector. which could be removed from
the gun and replaced v a mattrer of seconds. The

firing indicator lever, with a dial showing the
tvpe of firing desived, is located on the right side
ol the pistol arip. T'he entire mechanism can be
completely disassembled and put back together
without the aid of wrenches or tools other than
a speciallv designed shoulder bar,

The cartridge slips are formed of sheet metal
and have a Hanged euide that form a T slot to
cnvage the vims of the shell cases. Thev were de-
siened for [ive or ten rounds as desived. The am-
munition 1s the standard service hxed one
pounder or 37-millimeter with a muzzle velocity
of 2,100 feer per second and capable ol generat-
mg a maximum chamber pressure ol 25,000
pounds.

Five proof charges were fired with the Me
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McClean Machine Gun,

Clean automatic cannon that reached a peak
pressure of 39,700 pounds and a close visual n-
spection showed no breakage or deformation of
parts. But when the official tests for automatc
fire got under way, numerous stoppages were
cncountered, most ol them heing feed jams.
When these were cleared, an attempt was made
to fire 100 rounds in two 50-round bursts: during
this try there were eight malfunctions. The stop-
pages were the result of the piston slowmg up
and finally halting. The ofhcers present thought
this was duc 1o the expansion of the moving
parts from heat.

A total of 200 rounds were tried next in one
burst: this was done i O minutes and b1 seconds.
It also was not accomplished without piston
seizurce taking place. "l'emperature of the hore
at the muszle was taken before startine and re-
corded at 2307 F.; at the end of the burst 1t was
428°.

It was observed thar all stoppages took place
when the end of the feed pawl was in the cam
groove at the rear position of the piston’s stroke.
The board was asked that McClean be allowed
to change the angle of the cam slightly with a
view to mmproving conditions. This was per-
mitted; however, the time delay was charged to

the gun. When firing resumed. the same type of
stoppage persisted. Alter 1.182 rounds had been
fired. the wial was terminated. McClean ex-
pressed a desire to send the piston back to the
[actory and merease 1ts drameter i order 1o give
It Mmore operating power.

The weapon had a very improved buller for
this earlv date. It operated by compressed air,
the recoiling parts striking the piston backed up
LBy a Ingh amr pressure.

The [ollowime conclusions are taken from the
ofhcial reports of the Armyv board:

“The results of the trals of the gun and
1 he muzzle at-
tachment takes up a considerable pereentage of
the recotl i a useful manner: the reciprocating
piston rod and its control ot the breechblock is
simple and effective and its action has not, so tar
as obscrved in these mals. heen matenally inter-
fered with by fouling of the piston from the
powder 2ases. 'The mechanism of the cun other-
wise comprises a4 large number of springs and
small parts which govern important functions n
operation and the trials have been chavacterized
by a great number ot breakages and interrup-
tions, mcluding especially the feed mechanism,
the extractors, the ejector, and the cushion pis-

mount are not .-'..'Hirif;n'lm“j.-‘.
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ton, The sights are not satisfactory, nor the
traming gear. T he rate of aimed fire is very low.
It has not been practicable to secure a good rate
of continuous fire at will. and the accuracy of
fire at lixed targets, and especially at moving
targets, shows a very low standard generally.

“T'he tailure . . . [of the piston rod] . . . to
work properly especially in the 200 rounds con-
tinuous automatic action test and also in the dust
and rust tests renders the trials unsanstactory. It
1s thought a gun ol this character should be
capable of delivering a considerably greater num-
ber than 200 rounds continuous fire without
trouble, and the number of rounds for this test
In onc-pounder automatic guns 1n future may
properly be mcreased to 5007

The members of the board were: Charles S.
Smith, Coloncl, Ordnance Department, presi-
dent; R. Birnle, Major, Ordnance Department;
George L. Anderson, Major, Artillery Corps;

[ g 3
4 3 3
f LT
e ? A
> e :
i b g : ' ; ] ot ¥ o
: : : = r 3 ; :
i i 8 ¥ o g R
o F s A bk 2
gui i et E . =
i L 2 %fc -
i b s ; el
LR LRy T i
gﬁ' Tt P ARk d aen S LG
Bl
;:ﬁ-:' {E-“:. et e o
o LI o= i
E 2 )
:;"_,':,. AR L y L 2y B
[ E: i o R
b il F et 2
[razes B R R TR R
o
i :
]
i -
%
i SRR RS T
G
iR oo
x i b
S e
s TR
T i £ S
t = i A
o = a
.; :-'Es S . ik -c-:\
o AL ¥ e A
e 3 .
&. T im e
s 3
SRl
o
iy
| i
g .
EE Ry
o 555 3
Fre [
B : g
i U
e :
g_% 25 ¢
e ke o A e
e o
4 P AR oo
o Aok e 2 i e o o
FaTe I i i = s 00 2 R
Pt -- el
o . £
!.-\.::.-:-\- e iﬁfﬁ?w-c R
o
e R gl MR e B - omr 0 o R S
o

.......
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THE MACHINE GUN

and B. W. Dunn, Major, Ordnance Department.

To fire the McClean one-pounder, the gunner
drops five loaded rounds into the hopper feed
and pulls the operating mechanisin rearward by
means of a drawbar, When released, the parts
are driven lorward as the compression ol the
driving spring sirips the round [rom the feeder
and chambers 1it. Continued movement lorward
locks and cocks the picce.

When the trigger is pulled. the exploding
powder charge starts the projectile through the
bore. After it has passed a port in the barrel.
the expanding gases enter the gas cylinder and
impel the actuating piston rearward. Mounted
on the piston is the unlocking lug to which 1s
attached the firing pin. '1'he first movement rear-
ward withdraws the pin, which works in a slide
wav in the piston, and [urther travel of the pis-
ton rotates the bolt body with 1ts lugs, thus un-
locking the action.
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The projectile has now safely cleared the muz-
zle. The empty shell case withdrawn by the
extractors is held by these pieces until the open-
ing in the bottom of the receiver is reached. A
pivoting ejector then snaps over the bolt lace,
striking the empty case and knocking it through
the ejection slot.

The operating parts continue to recoil until
the rear buffer is struck. The latter absorbs all
surplus energy and, aided by the fully compressed
driving spring, starts counterrecoil movement.
A raised part of the bolt body makes contact
with the first round in the hopper and starts to
chamber it. At a distance of one and a half
inches [rom battery, the firing pin is held in a
retracted position while the gas piston, in going
home, {ully rotates the bolt body, engaging its
lugs in their locking recesses. The obstruction in
front of the firing pin is removed by this means,
and if the trigger continues to be held back,
the striker flies forward to drive the firing pin
into the primer.

The stockholders of the McClean Arms &
Ordnance Co. were so disappointed at the per-
[ormance ol the automatic cannon that they
would not underwrite another venture on the
weapon and for the most part dropped all finan-
cial backing of the company. Reorganization fol-
lowed, but instead of developing the larger gun,
this time all encrgy was placed an producing a
caliber .30 automatic lightweight machine gun,
chambered lor a service rifle cartridge. For pro-
motional work the services ol Lt. Col. O. M.
Lissak, United States Army Ordnance, were se-
cured. The weapon when produced was cven
called the McClean-Lissak machine gun, al-
though there is nothing to show that Lissak con-
tributed anvthing bevond his business ability.
The weapon was still McClean’s carly inven-
tion with many features of the automatic can-
non being scaled down to rifle caliber and used
i this model.

It was quite apparent that the designers tried
to creatc a weapon that excelled any known
weapon in every feature. The McClean-Lissak
weighed only 19 pounds and the operating parts
were fewer in number than those of the Benét-
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Merci¢. The company claimed the barrel could
be removed in one-half the time required by
any other machine gun.

The McClean cannon, which never passed a
successful proving ground test either for the
Army or the Navy, dropped out of existence for
a whilc. During World War I, Russia, desperately
in need of any kind of armament, did buy quite
a number from its new producer, the Poole
Engineering Co. of Baltimore, Maryland. As late
as 1916 the United States gave Poole Co. of-
ficials another chance to demonstrate the “im-
proved” model, but it also [ailed as miserably as
its predecessors.

This gun, with its uncnviable rccord, still
has a leading place in weapon history. The fea-
tures patented by Mr. 8. N. McClean werc as-
signhed by him to the Auto Ordnance Co., ol
Buffalo, New York, and were later used in the
devisement of one of the outstanding early air-
craft machine guns. A close study reveals the
similarity of construction in the two arms.

After McClean had sold his patents to the Buf-
[alo firm and their utilization 1n an adapted form
had turned out to be highly successtul, he tried
once again to produce a machine gun by a
mcthod known as reversing the principle.

The flat drum feed was moved from the top to
the side, making the weapon very cumbersome
and heavily unbalanced at the part to which
the feed was artached. The mechanism itself was
practically identical with the one-pounder. In
May 1919 McClean finally mterested the Navy
to the extent that he was allowed to demonstrate
this model to the Burean of Ordnance at the
Naval Air Station, Anacostia, D. C. While he
did firc the weapon to a more or less satislactory
degree, it did not warrant, 1n the opimon of
the Chiel ol the Bureau of Ordnance, any fur-
ther testing and on 31 May 1919 McClean was
so notihed.

This decision ended his long period of ma-
chine gun development. And while 1t takes con-
siderable research o identify his name with pro-
ductive machine gun design, nevertheless auto-
matic arms devclopment owes much to his pa-
tient inventive efforts.



Chapter 13

CHAUCHAT MACHINE GUN

In 1903 the French Government, having what
it felt was an adequate heavy machine gun,
started looking about lor a machine rifle as a
companion arm. Of the numerous rypes taken
under study, the I'rench Army board became 1n-
terested m an extremely lightweight automatic
arm that could be fived cither -ainu;l:: shot or full
automatic and be carried by the soldier with as
little difficulty as the standard infantry rifle. Tt
bhecame known as the Chauchat.

This weapon, while originally made at the
Irench Government arsenals, was most certainly
not native in design. It was undoubrtedly inspired
by the experimental weapon invented by the
[Tungarian arms designer. Rudoll IFrommer, who
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had already become well known for his weapons
built on the long-recoil system and had dem-
onstrated a similar design at an earlier date. The
fact that this machine rifle employed the long-
recoil system for its operaton s i isell ol great
interest, as it represents the only automatic ma-
chine gun ever produced by France that did not
use eas as the actuating force. Although 1t has
been experimented with by inventors of every
country in the world, the French for some rca-
son have always looked upon the operation of
machine guns by gas as a specialty of their own.
That they should deviate at this time indicates
an outside influcnce in the matter of design.
The Chauchat employs a front-locking bolt
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Chauchat Machine Rifle, Maodel 1915, 8 mm.
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that releases on the straight-pull principle found
both in Mannlicher and Frommer self-loading
pistols. This rotary bolt has tour locking lugs. 1s
of heavy construction, and is actuated by a re-
coiling non-rotating sleeve. In this piece are in-
corporated the striker, a hook to engage the
sear, the feed bar which projects forward under
thc bolt, and the cocking picce which in turn
carries a rod Lo operate the feed block.

The tail of the bolt has two cams which en-
gage in helical slots cut in the sleeve. They are
locked together in the retracted position by a
spring-loaded stud which is released only when
the bolt is in the act of turning in battery posi-
tion. The helical slots 1n the sleeve are cut on
a shallow pitch, so that the sleeve carrying the
striker must advance one full half inch after the
bolt is closed and locked before the striker can
make contact with the primer of the chambered
cartridge. Another unusual satety feature is that
a spring-loaded plunger projecting [rom the face
of the bolt must be compressed by the rim of the
seated cartridee in order to remove the plunger
from alinement with the striker pomt. In ellect,
the bolt must be home, securely locked, and the
plunger cammed back by a round in the cham-
ber before the primer can be touched.

The feed is semicircular in construction and
holds twenty 8-mm Lecbel cartridges. Its unusu-
ally clumsy design 1s very adaptable to the steeply
conical round. A swinging feed block operating
in conjunction with the cocking piece during the
cycle of operation first positions and then guides
the incoming rounds from the circular magazine
into the chamber.

To fire the Chauchat, a loaded magazine is in-
serted between the side plate and bottom ol the
barrel. The rear end 1s then pushed up until the
magazine cacch snaps, holding it in position. To
fire single shot, the fire regulator 1s changed [rom
U8, or safe (“sur” in French), to “C.” or conlrol
(“controle” in French). If automatic fire 1s re-
quircd, the regulator 1s moved to “M,” machine
sun or aulomatic fire (“mitrailleuse’” in French).

Assuming that automatic firing is desired and
the regulator is properly set, the operating knob
1s pulled to the rear until the sear engages the
notch in the feed piece holding the action in the
cocked-bolt position, Pulling the trigger rear-
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Sertion Drawing of Chauchat Model 1918, Cal. .30,
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ward releases the operating mechanism, allowing
it to fly forward under energy ol the compressed
driving spring. The rolling action of the cock-
ing assembly pushes a cartridge from the maga-
zinc mouth, where i1t 1s picked up by the bolt and
chambering of the round begins. This action 1s
assisted by the cartridge guide which cams the
pomt ol the bullet up mnto the entrance ol the
chamber. A cam then moves the cuide out of
the way of the magazine mouth.

As the bolt travels forward, the locking lTugs
are vertical. To insure their remaining tempo-
rarily in this position, the bolt stop is used. This
consists of a comical plug that fits partly in the
bolt body and partly in the bolt head, thus pre-
venting a torque motion between the two parts
except when released. When the cartridge is
firmly seated. the bolt stop rides inside the breech
housing [orcing the bolt head to turn. This locks
the assembly securely when the movement for-
ward has reached 1ts limit. The driving spring
continues to drive forward the portion of the
bolt body that carries the striker, since the final
rotary motion of the locking lugs frees the
striker to detonate the primer.

The bolt, barrel, and barrel extension recoil
rearward, still locked together, for a distance
greater than the combined overall length ol the
cartridge case and bullet. At a point slightly less
than 1ts full recotl stroke, the bolt Tugs unlock
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the bolt from the barrel extension and barrel.
The bolt 15 then held to the rear by a scarin
device and the barrel extension and barr
counter recoil. As the rim of the fired «

is held secure by the extractor in the buic ace,
the barrel and barrel extension, in starting for-
ward to battery, pull awayv from the spent brass.
When the barrel has traveled a distance that
will permit 1t, a spring-loaded ejector bearing on
the empty case Kicks 1t from the ejection slot
in the right side of the receiver.

If the trigger remains depressed, the barrel as-
sembly cams the sear off just belore 1t reaches
hattery, releasing the bolt that had been held to
the rear and the cycle 1s repeated.

No more crudely designed nor uglier auto-
matic weapon has ever heen put 1n the hands of
soldiers ol a first-rate power than this weapon.

The Chauchat was cheap to construct and casy,

L0 ;.i{lupl. L0y TILASS [.JI'LJI:'.hu':Lh]H mcthods, as s care-
less manutacturing tolerances were of such a na-

ture that anvthing could be accepted. When the
danger of war became immiment, 1t was made by

the thousands. To cite mstances ol 1ts simple
construction, the barrel jacket, barrel extensinon.
and recever were constructed of convent
tubing. Fven the lockmg lugs were stampir:
shrunk on, and the remamder ol the {frame oo,
sisted ol assembled stampings that were screwed
together., Anvthing resembling refinement was

American Troops Training with the Chauchat Machine Rifle,

-ty
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-onspicuously absent. The handle did not even
~+he appearance ol a pistol grip, being only
“ngled picce of wood screwed onto a
rigeer guard and [rame. And while the
total production ran into many thousands, there
was no mterchangeability ol parts, as the French
methods did not call for such close gaging of
componcnts. Thus, the weapon could be consid-
cred hand finished as [ar as interchangeability 1s
concerned.

The weight of the Chauchat weapon (19
pounds, including folding bipod) dehnitely
placed it in the lightweight machine rifle class.
The extreme distance of travel ol the operating
parts, brought about by the long recoil action.
macde it difficult to hold on a target and conse-
quently it was very inaccurate. 1t 1s to be con-
sidered incomparably the worst machine gun
St its class used by any belligerent in World
War 1.

At the time the United States entered the con-
Tict, the country did not possess anythmg com-
sarable even to the Chauchat, and when the
\. E. F. landed overseas, the Government con-
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tracted with the Ivench for enough ol these weap-
ons to arm cach division as it arrived. While the
American troops read glowing accounts of pro-
duction leats at home with the superior Brown-
g automatic machine guns, thev were com-
pelled to fight the war to the end armed with
Chauchats. 1o s a matter ol record that their
issune to American troops was ncarly twice what
was anticipated as they were almost mvariably
thrown away n action.

The use of a weapon designed for the Irench
cartridge made 1t necessary lor our supply de-
partment to carry two kinds of rifle annnuni-
tion as all combat units had guns with both calt-
bers. This sitnation was undcesirable [Tom a logis-
tics viewpoint, It was found that with licedde dif-
ficulty and few changes the 8-mm Chauchat
could be rechambered to take our caliber 350
service cartridge. On 17 August 1917, 5 months
alter we were in the war, an order was placed
with the Trench commission to alter 25,000
weapons in such a manner. The revised gun was
to be known as the caliber .30 Model 1918, with
the reworking to be carried out by the original
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The Chauchat in Aston with American Trocos.
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producers of the basic mechanism. As a result
it was practically the same arm as belore, cxcept
for the chamber. The magazine was cut [rom
20- to l6-cartridge capacity and there was a
slight increase in rate of fire. The modihed gun
did not even approach expectations, being more
unrcliable than the original. The most prevalent
malfunctions were parts breakage, feed jams,
and cartridges sticking in the chamber as soon
as the barrel became slightly hot.

Despite many requests from the field lor cer-
tain changes, it was impossible to incorporate
them bhecause of the way the contract with thc
French was drawn. All modification and inspec-
tion was placed in their hands and the guns, as
soon as passed by the I'rench inspectors, were
shipped to this country to arm divisions about
to go ovcerseas.

From 31 December 1917 to 3 April 1918, 37.-
864 Chauchats were purchased in 8-mm or al-
tered to caliber .30, and nine American combat

THE MACHINE GUN

divisions were armed with them 1n the United
States before sailing for Europe.

The gun got its name from Colonel Chauchat,
chairman of the French commission that adopted
it. It was customary in European countries, for
some reason that can only be surmised, to name
a weapon for a high government official, par-
ticularly if the said pcrson showed an especial
interest in the adoption of the piece under con-
sideration. By the same token, this machine rifle
is sometimes called the C. 8. R. G., paying trib-
ute to all members of the board that selected the
automatic rifle for the French Army. The board
was composed of Messrs. Chauchat, Sutcrre.
Ribeyrolle, and Gladiator.

The last named member of the board at a later
date went to Greece and manufactured the iden-
tical weapon with his own name on the piece in
lieu of that of Chauchat. From the character of
the gun’s reputation, one can only marvel that
anyone cared to have his name so implicated.



Chapter 14

The French Army, Irom the carliest days of
automatic arms, has considered gas operation as
the most logical method of deriving the neces-
sary forces to actuate the firing mechanisim. As
was customary at the tnne, practically every
voung ofhicer showing any aptitude in advanced
weapon design was given a chance 1o carvy out
his 1deas. Most notable ol these was L. André
Virgtle Paul Marie Berthier, who, leeling that
the Hotchkiss heavy machine gun was adequate
in its hield, ied to make for the imfantrviman a
lichtweight machine gun that could be carried
with the case ot a carbime and at the same tume
had the five power of the heavier weapon.

As carly as 1905 Berthier applied for a patent
i Belgium while sevving in Constantinople,
Turkey. His first gun was simply a straight pull
rifle of the Mannlicher type. A gas cylinder with
piston was mstalled on the right side of the re-
cewver. It drove the bolt handle rearward by
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means ol gas pressure beme exerted on the lace
ol the piston. The bolt and handle were ve-
turncd by drnving-spring  compression. | he
weapon used a conventional magazine feed lo-
cated underncath it. This model was known on
the continent as the berthier-Pacha, 'I'he lateer
name. also spelled “Pasha,” was added as an
honorary title granted by the "Turkish Govern
ment in recognition ol Berthier's conribution
to ordnance.

Three years later he perfected another design
that would fit the specilications demanded for
an infantyman and still be rueced enough to
stand the rigorous trials of the French proving
egrounds. "T'he weapon, when ot st appeared,
wis known as the Berthier Model 1908,

The rate of fire on this carlv Berthier was
approximately 150 rounds per minute. Tt was
first manuftactured by the Anciens Frablissements
Picper at Herstal, Belgium, and a pamphlet pub-
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lished by rhe company not only gave its many
teatures as an infantry arm but also poimnted out
its adaptability to cavalry tactics. Like all air-
cooled machine rifles that were forced to use
lichtweight barrels, heating was the paramount
problem. As a solution Berthier devised a system
that permitted him to cool the barrel with water
and still retain its low weight. The barrel was
covered by a fairly close-fitting jacket made n
two compartnents. Using two small connecting
rubber bags containing water, the gunner's as-
sistant torced the liquid through the jacket [rom
one contamner to another. This system was
found to be adequate for up to 600 rounds of
sustained five. As a further remedy, the barrel
and receiver were joined by an nterrupted
thread that allowed the barrel to be changed in
a matter of seconds.

It is gas operated and locked by the “prop-up”
method. That 1s, a part of the bolt when in bat-
tery is cammed in a vertical plane by the gas
piston arm that actuates it as it continues on
in a horizontal path. The barrcl and receiver are
designed so that the gun can use both air and
water cooling. It is fed from a 30-cartridge clip
located on top of the receiver. 'T'he cocking lever

THE MACHINE GUN

is placed on the side of the breech cover, allow-
ing the operator o pull it w the cocked-bol
position, where it is held until released by the
trigecr. The firing pin, being attached to the
gas-piston-actuating arm, detonates the primer
from the continued forward travel ol the gas
piston arm alter it has cammed or “propped” the
bolt up into locking position.

'I'he main component parts may be divided for
purposcs of description into four main assem-
blies: Barrel group, consisting of the barrel, fir-
ing regulator, and gas block: receiver compo-
nents, being the gas cylinder, buffer, wrigger
mechanism, and shoulder stock: recoiling parts,
consisting of the bolt, piston, and driving spring:
and the feed, which is in the form of a semcir-
cular spring-loaded magazine.

All of the barrel assembly is casily detached
as a unit. A (rap, called the gas block, located
about onc-third of the wav back from the muz-
sle, houses the cylinder and when removed can
be inspected or readily cleaned. The group also
has a regulator that has four scttings to allow
additional gas pressure to be vented to the face
of the operating piston.

T'he receiver is milled from solid stock, the
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front being threaded to take the barrel, below
which is constructed the gas cylinder. A recess is
cut in the rear into which can be fitred a detach-
able stock, while a rectangular piece 1s formed on
top of the receiver which locks the magazine in
place. An ejection slot in the right side of the
receiver is closed by a spring-loaded catch except
at the time of firing. Immediately behind the
magazine housing is the locking shoulder, con-
sisting of a transverse picce of case-hardened
stecl, set into the roof of the recetver and beveled
on its leading lower edge to engage the rear of
the tilted bolt. There are also four additional
removable hardened cams (these comprise the
feed piece) and the bullet guides that govern the
cartridge’s position on approaching the chamber.
A recess to house the bulfer is milled at the rear
above the mainspring tunnel. This absorbs sur-
plus energy and accelerates the return to battery
of the recoiling bolt and gas piston assembly.

The recoiling group is summarized as follows.
The head of the piston 1s slightly cupped with
three annular grooves cut into the body to pre-
vent formation of carbon. Its rear 1s constructed
with a projection to form what is known as the
cross head. This carries two cams which engage
with inclined grooves inside the bolt. A third
cam 1n the rear, known as the actnating cam,
fits into a recess in the rear of the bolt body. A
flat is cut on the bottom of the cross head with
a notch to contact the sear. In front of the cross
head is a shoulder to engage the piston stop cut
into the recciver. It holds the entire assembly
in the rear position when the rigger is released.

The bolt is a long rectangular block that not
only slides horizontally between its recesses in
the receiver wall but at the end of its travel is
allowed a certain degree of tilting in a vertical
plane. It 1s milled out on the rear underside to
permiit insertion and necessary lateral movement
ot the cross head. A groove is also cut on the
hottom forward part to furnish a shideway for
the lock lifting cam. The extractor is located
on the right side and the feed guide on the top
portion.

The left side of the bolt is cut away sufficiently
to accommodate the ejector. 'I'he rear upper part
of the piece that engages the locking shoulder 1s
cut with a corresponding angle and casehardened
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to coincide with its mating part in the locking
shoulder.

The cocking piece on the right side of the gun
does not form part of the recoiling group. In
order to cock the picce, the handle 1s drawn to
the rear and its catch engages the notch in the
auide key on the right side of the cross head.
This pulls both bolt and piston back together
until the latter engages the sear. The cocking lug
1s then pushed forward until it snaps into a one-
way arrangement that prevents its recoiling with
the operating mechanism.

The Berthier weapon represented the lightest
water-cooled rifle-caliber machme gun that had
vel been developed. Why it did not more than
[ulfill the requirements of the infantryman is not
known, as it most certainly was an advance over
the alleged machine rifles that were making their
appcarance at the time. One cannot help but
note the comparison between the operating
mechanism of the weapon upon which Berthier
based his patent claim in 1909 and the later
Browning automatic rifle that has proved so re-
liable in United States military service. The gas-
operated rotating bolt in Berthier’s first design
of 1905 was a system that time has also proved to
be among the best. It is hard to conceive that the
‘rench Army, having in its possession the nuclei
of two fine automatic rifles, could have veered so
far away as to consider the Chauchat. Only one
conclusion can be drawn, namely, that mass pro-
duction, so necessary 1o win wars, could not be
geared to produce this well-balanced but hard-
to-manufacture weapon, whereas the Chauchat,
although admittedly inferior, could be turned
out in practically any plumbing shop.

To fire the Berthier gun, a loaded magazine is
slipped into a recess on top of the barrel until it
engages its holding catch. 'I'he charging knob is
pulled to the rear and then shoved forward. The
selector located at the right rear is turned to au-
tomatic fire. This cams down one of the two
sears that lock the piston. The other 1s released
when the trigger is pulled and permits the bolt
to leave the cocked position. Driven forward by
the energy of the compressed driving spring, the
upper face of the bolt strips a cartridge from the
mouth of the magazine and starts to chamber 1t
During this act the extractor rides over the car-
tridge rim and snaps in the cannelure. Coinci-
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Berthier Machine Gun, Water Cecoled.

dental to reaching its extreme forward travel. the
rear of the bolt goes slightly beyond a locking
step that is machined in the top of the recciver
body. The bolt has an opening machined in 1ts
rear portion in which is riding the camming lug
ol the cross arm. This is all connected dr a part
ol the gas piston. When the bolt reaches its lock-
ing recess, the speed and inertia of the piston
causc the camming lug of the cross arm to engage
a corresponding angle inside the bolt body,
pivoting the rear of the bolt up and against the
locking step in the receiver body.

This swinging, or propping up, of the rcar end
of the bolt removes the obstruction that has heen
holding back the cross arm on which the firing
pin 1s attached. Being forced by the sudden pivot-
ing of the rear portion of the bolt body, the cross
arm and firing pin can continue to advance with
areal speed for one halt inch. 'The firing pin then
enters its tunnel and 1s up smashes nto the
primer of the chambered round.

After the powder charge explodes and the
bullet has passed a port about two-thirds ol the
way up the barrel, gas 1s admitted through a con-
trolled orifice that acts on the tace of the gas
piston. The latter's first movement rearward
withdraws the firing pin tip from the primer,
and alter the cross arm 1s driven back approxi-
mately one-hall inch it disengages the two cams
that are holding the rear of the bolt against the
locking step. The rear ol the bolt assumecs the
horizontal in its shdeway and starts to the rear.

A spring loaded extractor withdraws the empty
case and holds it closc to the bolt face until the
ejection slot is reached in the receiver. At this
time the ejector fastened in the receiver collides
with the base of the cartridge, pivoting and
throwing it through the opening and to the right.
The spring-loaded magazine pushes another
round in position and the recoiling parts con-
tinuc on against the loading forces of the driving
spring. Full recoil takes place when the moving
parts make contact with a spring-loaded buffer
that not only absorbs the surplus energy but ac-
celerates the operating mechanism during coun-
ter recoil, If the trigger remains to the rear, the
recurn movement results in repetition of the
cycle,

During the ycars between the weapon’s con-
ception and World War 1, there was only ecnough
interest shown bv the various governments to
which it was demonstrated to keep it from being
totally forgotten. Many countries madc inquiries
and experimented at odd times with this ma-
chine rifle. However, France, the home of the
inventor, seemed ta go to great lengths to ignore
iL.

In 1916 Berthier, who had risen to the rank
of general in the French Army, came to the
United States to develop the weapon further,
more by refinement of components lor the pur-
pose of being mass-produced than anything else,
as the operating principles remained the same.
On its flirst official trial by the United States
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Air-Cocled Berthier Machine (Gun Testad by the United States Army, 12917,

Army in May 1917 the gun did not mcet require-
ments. On 29 June of the same vear, the Marine
Corps after a very comprehensive test, reported
it suitable for its use. The Ordnance Board
tested the weapon again shortly after the Marine
Corps made its report and this later Army board
concurrcd with the Marines, who had again con-
ducted trials that resulted in another favorable
report.

'The Army then ordered, on 2 October 1917,
the manulacture for ssue of 5,000 of these suns
chambered for our caliber 30,06 infantry car-
tridge, provided the order did not conllict with
other machine rifle production that was being
planned. It was found that the Hopkins & Allen
Co. of Norwich, Connecticut, was under contract
by foreign interests that controlled the Berthier
manufacturing rights. It was estimated that the
firm could start producing within 8 months, as
it was 80 percent tooled up. Contracts were given
for the Army’s 5,000 guns. An additional 2,000
were ordered by the Navy tor the Marine Corps,
and given the designation Mark IV. This divi-
sion of Hopkins & Allen had been incorporated,
after receiving the contract, under the name of
the United States Machine Gun Co. But finan-
cial and other complications arose and the par-
ent firm was forced to drop all plans for manu-
facturing the weapons. As no other source was
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avallable that could give any promise ol delivery
within a reasonable time, all contracts were can-
celed. Gonsequently the guns were never manu-
factured in the United States, except for a few
handmade pilot models.

T'his weapon 1s onc of the best examples of a
aood 1dea developed at a tume of peace when 1ts
perfection was cut short by lack of interest and
money for development. When it was urgently
needed in war, it had still not been proved to a
point that justified the expensive and time-de-
laying job of tooling up to make the components
with the precision demanded of such a weapon.

Had any country, at the introduction of the
Berthier 1908 model, seen it to function hre and
correct the inevitable errors of design that ap-
pear during this experimental stage, it undoubt-
edly would have had In its possession at the be-
oinning of World War I one of the world's most
reliable and eflicient machine rifles. There 1s
very little question that the mystery ol mass pro-
duction to Europeans, and especially the Irench,
was the contributing factor that made them treat
the gun as being simply non-existent. That the
basic principles were sound is shown by the fact
that at a much later date several battle-tested
licht machine guns and rifles have used iden-
tically the same operating teatures first presented
by Berthier in his two designs of machine rifies.



Chapter 15

KIELLMAN MACHINE GUN

Sweden made the next contribution to auto-
matic weapon development with a very interest-
ing automatic machine gun. Oflicially known as
the Kjellman, it was the result of what could be
called “two-stage” progression. Originally de-
signed for the 6.5-mm Swedish Army rifle car-
tridge. it was water cooled, belt fed, recoil oper-
ated, and had a rate of fire of 500 to 600 rounds
per minute. The weight of the weapon, minus
water 1n the jacket, was only 28 pounds, which
puts it 1n the hghtweight class. 'The rcar-scared
firing mechanism left it at the end of a burst in
a cocked-bolt position. The operating energy de-
rived [rom what 15 known as the short recoil
systemn.

By “two-stage” development, it is meant that
the basic operating principles were originally
conceived and patented by Lt. D. H. Friberg ol
the Swedish Arymy as tar back as 1870, in an at-
tempt to design for his country an efhcient man-
nally operated machine gun. His endeavors re-
sulted in the development and patenting of
many features, especially the locking system. His
death, however, cut short any attempt at actu-
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Locking System Designed by Fricerg and Used by Kjellman.

ally producing a shooting model of his designs.
In 1907, 37 years later, a civilian gun mechanic,
Rudoll Henrik Kjellman of Stockholm, Sweden,
in trying to enter the automatic machine gun
icld, became interested in Friberg’s basic prin-
ciples. In line with the Swedish licutenant’s con-
ception, he made a pilot model of an automatic
firing mechanism that employed short recoil to
actuate the components,

On the Kjellman-Friberg automatic machine
gun, the barrel and bolt recoil sccurcly locked
tocether for a distance of 18 millimeters. At this
point the bolt is unlocked from the barrel and
continucs to the rear, accelerated by a pivoted
lever. Two projections at the point of unlocking
hold the barrel and barrel extension to the rear
against the barrel return spring and the bolt
continues to compress the driving spring. The
hred cartridge case 1s extracted by a T slot on the
face of the bolt and the empty brass travels with
the bolt to the extreme rear position. It 1s ejected
on counterrecoil by the introduction of the in-
coming round in the T slot, l:-lu.'s contact with a
gradual angle that engages the empty core dur-
ing this part ol its forward movement.

The round being chambered 1s lirst positioned
by a movcement of a sliding bolt face very similar
to that of the Maxim. When the counterrecoil-
ing bolt has reached a distance of 18 millimeters
Irom battery, it strikes the pivoting breech locks.
This simultaneously releases the barrel and bar-
rel extension and locks them to the bolt, and all
continue as a unit towards battery. If the trigger
is held back, the [iring pin is automatically re-
leased just before the entire recoiling mass makes
contact with the recciver. The safety feature 1s
also controlled by the breech locks which serve
as an adequate obstruction in the path of the lir-
ing pin until the firing mechanism 1is securely
locked. |

A fire rcgulator is located on the left side of
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When the last round has been fired from a
belt, the operating mechanism is automatically
seared to the rear. This feature facilitates load-
ing as the bolt has to be in a retracted position
when the first round 1s positioned. The conven-
tional fabric belt is employed. It holds a total of
250 rounds, already packed in a light wooden
container.

This weapon was given official consideration
by the Swedish Army. Extensive trials were held
and, for its stage of devclopment, it held up re-
markably well. Sweden, however, like the United
States, not only had long been at peace, but saw
no immediate prospcct of war, Nothing but tests
by the Army and a passive Government interest,
as shown by the purchase of less than half a
dozen of these weapons, cver resulted from the
combined efforts of the two inventors.

Kjellman, thinking he could possibly arouse
more interest if he refined the weapon to a point

THE MACHINE GUN

where it could be used by the infantryman as a
machine rifle, did reduce the profile and stream-
lined the gun by adding a lightweight swock and
tripod. For some unknown reason he retained
the water-cooling feature with its bulky jacket.
Had he chosen to make an air-cooled gun along
these lines, he no doubt would have given the
Madsen machine rifle severe competition.

Captain Lindengren, of the Swedish Army,
who was considered one of the lcading author-
ities on small arms, made many complimentary
statcments in writing about both weapons after
witnessing the official trials, He wrote an article
pointing out that, while the gun employed a very
short recoil to work the mechanism, it was more
securely locked than any other known automatic
arm. To prove his statement he showed by spark
photography that the bullet was 98 feet from the
muzzle of the weapon before unlocking of the
breech began.
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REVELLI MACHINE GUN

A voung Italian inventor in the yvear 1908 ap-
phed for his fivst patent on machine guns. Tt was
to be followed by many others during the years
in which his name was practically synonymous
with Ttalian automatic weapon design. This pro-
lific designer, later to become a high ranking

military officer. was Bethel Abiel Revelli, a resi-
dent ol Rome.

The automatic firing mechanism he had de-
veloped was a water-cooled machine gun with a
box magazine, chamnbered for the 6.5-mm service
rifle cartridge and weighing 38 pounds without
The maximum rate of fire was othcially
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set at 500 rounds per minute. It was one ol the
few medium-weight machine suns to employ a
magazine instead ot the customary belt. Its
unique method of feeding employed a metal box
with 10 compartments ol 5 rounds each, making
a total of 50 shots per magazine. The amnmuni-
tion container, when inserted In the feedway,
wis so constructed that, after the hirst hve shots,
the magazine usell was mmdexed over one comne-
partment. When these additional five rounds
had been fed through, the process was repeated
until the entire contents were expended without
mterruption of fire. An o1l pump for automatic
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lubrication ot each round was an integral part
of the recerver.

There being no immediate prospect of war,
nothing was done about the manufacture of the
weapon except for the few handmade working
models produced locally by the inventor. Revelli
early became associated with the Fiat automo-
bile plant located at Turin, Italy, and it was this
company that first became mtercsted enough to
make a [ew demonstration models. There is an
ofticial record ol the submission of a Revelli
machine gun to an United States Army board
in 1911, and in 1913 a test report by the Italian
Government stated the weapon was suitable for
service usc. The gun employed at the time a
100-round magazine mm hen of the 50-round de-
vice. While it funcuoned sausfactorily, it was
thought to exert too much weight at the left side
of the mechanism when first positioned in the
feedway, and restoration of the smaller bhox was
recommended.

Italy’s entury into World War | gave Revelli
and his theories of machine pun construction a
great opportunity, of which he took full advan-
tage. This water-cooled model was turned out in
ereat numbers by the Fiat Co. along with many
other designs by this creator of Italian machine
guns. The main Italian automatic infantry
weapons stemmed from the earlier trial and de-
velopment projects initiated by Fiat. The tests
had been personally conducted by Revelli, who
by this time held a captain’s commission in rec-
ognition of his being instrumental in furnishing
Italy with a machine gun ol native origin.

To fire the weapon, the selector switch 1s
moved from “Sicura” (safe) to “Rapido” (fast,
or full automatic) and the trigger button pushed
forward, bringing the sear out of contact with
the bolt. This permits the striker to be thrust
forward under compression of its driving spring,
sending the firing pin into the primer to explode
the powder charge in the cartridge. As the bullet
travels down the barrel, the rearward action of
the gas pressure against the cartridge base pushes
with corresponding force against the breech-
block.

The barrcl slceve and breechblock move back
locked together [or a distance of a hall inch. The
barrel extension is stopped at this point by a
cross bar fixed to the receiver. Unlocking now

THE MACHINE GUN

begins by means of a wedge which starts 1o vo-
tate abont a fixed axis at right angles with the
bore. As the breechblock goes back, the wedge
15 torced to swing to the rear.

The wedge passes through a slot in the under
side of the sleeve at an angle that camns the sleeve
and barrel to the rear. This slight delay permits
the bullet to clear the bore and the gas pressure
to drop to a sate operaung lmit. At this point
the wedge is moved entirely out ol engagement
with the breechblock. The latter travels back-
ward under the momentum mmparted to 1t by
the blow-back gases. A nose on the under side
of the breechblock holds the wedge down for
the remainder of the rearward acuon. During
the retracting movement the extractor guides the
emply cartridge case out ol the chamber, hold-
ing it to the face of the bolt unul 1ts base col-
lides with the ¢jector which hurls 1t through the
top opening in the gun. As each magazine com-
partment is emptied, the projecting tip at the
rear of the compartment raises a pawl which
permits the feed ratchet arm to index the next
compartment of the magazine.

A strong coil 5p1‘i11£f_. which 1s extended during
the rearward motion, provides energy lor return.
It is attached to a connecting rod, one end of
which hooks to a claw on the bottom of the ro-
tating wedge and the other end to an adjustable
spring fastened to the frame of the gun.

As the breechblock continues traveling to the
rear, its spring is compressed against the head
of the receiver. When the force ol the recoiling
action has been dissipated, the spring attached
to one end of the frame in the lower part of the
receiver exerts tension on the clamp at the bot-
tom of the wedge. The sleeve and barrel are
drawn forward as the firing-pin spring acts to
force the breechblock forward at the same time
that the sear holds the striker back out of en-
cagement.

In counterrecoil the breechblock strips the
cartridge [rom the magazine, then positions, and
finally chambers it. The operating parts are now
in battery, ready for the release of the firing pin,
which will start the cycle all over again.

An unusual feature of the Revelli is that the
cocking handle 1s incorporated n the rear por-
tion ol the bolt, and protrudes unhoused from
the rear of the gun. It is shaped like a cross per-
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mitting the fingers to be locked around both
semicircular projections so that it may be drawn
back agwinst the tension ol the hrimg-pin spring,.
T his allows the gunner 1o cock the piece inde-
pendent ol the recoll action.

There as also a lever device, located directly
above the thumb trigger piece, which permits
both single shot and automartic firine at the will
of the gunner. When aiflglt shots are destred, the
selector switch s moved to “Lento” (slow) on
the lelt side ol the safety switch, permitting one
shot 1o be fed each tune the trigger s pressed.
Pushed to “Rapido™ (fast, or full aufomatic) at
the extreme right, 1t hres automatically as long
as the trigger 1y depressed. The vernical center
position ol the lever 1s marked “Sircura” (safe).

To load the magazine, the Revell uses a wrick
magazine leeding systemn known as the “mousc-

Emerican Troops Eecaiving Instruclicns cn the Revelli Mocel 1214,
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trap action.” In theory, the device provides far
more lexibility than is possible [rom a beli-led
mechanism, "1 he magazines arce small and com-
pact. 1 hey can be mserted rapidly and e ex-
pelled avtomaucally from the gun when empiy,
In actual warlare, however. 1t was found that the
magazines damage very casilv. This iwlone ollsets
the apparent advantage ol the system.

A tip on the magazine tollower on cach see-
tion protrudes from the back. "T'his pare may be
pressed down by the thumb of the lelc hand while
the base ol the carividge 15 loreed down i Iront
ol the follower and slides m under the locking
lips ol each scetion. Five cartridges may thus be
Led o cach ol the magazine wells, thereby e
plenishing the ammumtion without removing
the box from the gun.

Tomstall the mazazine, it is mserted i cuides
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in the feedway from the left-hand side of the
eun. As each cartridge 1s chambered, the mdi-
vidual spring in the compartment forces the next
cartridge up the line tw be picked up by the
forward motion of the breechblock. When the
htth and last cartridge in the compartment has
been fired, the tip protruding trom the back of
the magazine engages a part of the mechanism.
T'he latter shitts the box over to the right far
enough to bring the next magazine compartment
into line with the counter-recoiling bolt. When
completely empty, the magazine is expelled
from the gun on the right side. |

A hinged plate covers the ejection slot on top
of the gun. When ready to fire, the operator lifts
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it up to allow the empty carrridge cases to be
thrown out through the opening,

The method of operation employed in the
Revelll 1s known as “recoil and blow-back,” or,
In other words, retarded blow-back. The rear-
ward thrust of gases in the firing chamber acting
against the case pushes it back against the breech-
block, causing a slight delay in unlocking. In the
true sense of the word, the weapon 15 at no time
securely locked, as in reccil-operated mecha-
nisms, but utilizes hesitation to drop the gas
pressure to a safe operating limit. The breech is
then opened by the rorating wedge which con-
nects the breechblock and barrel during the first
stage of recoll movement to the rear.



Chapter 17

LAIRD-MENTEYNE MACHINE GUN

On 15 September 1913 a test of an English-
made machine gun was ordered at Springheld
Armory, Springfield. Mass. In the trial that fol-
lowed it [ailed so miserably that it is mentioned
here only to straighten out the classification of
the weapon. It has been reterred to as the Cov-
entry machine gun, the C. 0. W. rifle-caliber ma-
chine gun, and the Laird-Menteyne automatic
gun. The first two designations were acquired
because the Coventry Ordnance Works ot Cov-
entry, England, manufactured and promoted it
in the testing at Springfield. A representative of
the company was present to hre the piece.

The mechanism really was the invention of
two French mechanical engineers, Paul M. Men-
teyne and Pierrc A. Degaille, who as early as 20
October 1909 filed for a patent on the newly
designed gun. Lacking capital, they spent 4
years before they finally mterested a responsible
ocun manufacturing company in making a work-
ing model. The Coventry Ordnance Works pro-
duced two guns and offered them for trial by
the United States Army. Charles W. Laird, a
British engineer, was associated with the firm’s
development of the gun.

The weapon is best described as an anr-cooled.
magazine-fed, recoil-operated machine rifle using
our standard service cartridge. The bolt is re-

volved to lock and unlock by engaging cams in
the receiver, and the gun was loaded from be-
neath. It was so arranged that when the last
cartridge was fed into position for chambering,
the empty magazine automatically detached 1t-
self and fell to the ground. A fully loaded one
was then inserted. It could be fired single shot
or full automatic by the movement ol a post
device that was located directly in front ol the
rigger. A safety feature was incorporated in its
construction whereby the cams that rotated thce
bolt for locking also revolved into alincment the
firing pin with its tunnel in the bolt body. It
was an impossibility to fire the weapon betore
the action was securely locked. The large main
spring served also as firing-pm spring, since the
mertia of the mass going into battery drove the
end of the firing pin into the primer after cams
turned the lugs on the bolt into the mating re-
cesses 1n the recelver.

Considering the date of application for patent,
this weapon had many advanced features that
were used successfully in later guns, despite the
failure of the Laird-Menteyne when subjected
to the vigorous Springheld Armory test. The 1n-
ventors stated in their claims that the mecha-
nism was more adaptable to a larger shell gun
than to the commercial rifle caliber as demon-
strated.
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Chapter 1

Aerial History Before Kitty Hawk

The development of the automatic machine
gun was so far ahead ot the rest of the mechan-
ical world that shortly after the turn of the twen-
tiecth century, as if by a predetermined agree-
ment, progress in this field of endcavor tem-
porarily ccased. It seemed to be waiting for a
companion achievement, the airplane, 1o join in
a combination that would result in man’'s most
devastating instrumcent ol war.

Of all the classes ol society, perhaps the highly
practical gun designer heaped the most ridicule
on the “crackpots” who conunually rinkered
with horseless carriages and contraptions with
wings. During this era some of the world’s most
skilled mechanics worked on the pevfection of
weapons, since this work represented a certain
means for inventors to be reimbursed financially
for their cHorts. Ilaving accomplished them-
selves what heretolore was considered impos-
sible, they very humanly did not credit others
with being able to do the same. The ability of
man to fly in the air was thought to be hardly
more than childish fantasy, but paticnee and in-
genuity were at last making a [act of the unbe-
lievable.

As early as the vision of the wonders ot Hight
itself came premomtions ol the inevitable horror
that would surely [ollow the phenomenon. Even
the early legends of India contain prophecies
that in time theve would he built “uan aerial
chariot with sides of iron and clad with wings
which hurled down upon the city missiles that
destroyed everything on which they fell.”

During and following the ancient and medi-
eval ages, men wrote boldly of flying but did
little or no expermmenting. Most of their theories
during these sterile centuries were naturally
based on the flight of birds. Roger Bacon, of gun-
powder lame, described in his writings an “in-
strument to flie withall so that one sitting in the
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midst of the instrument doe turn an cngine by
which the wings, being artificially composed,
may beat the ayre after the manner of a flving
bird.” Leonardo da Vinci, another prophet of
the future, conceived the parachute, “a domed
roof of starched linen, 18 feet wide and 18 feet
long,” by means of which a man could “throw
himself trom any great height without [ear or
danger.” Theoretical discussion of flying con-
tinued to increase throughout the sixteenth, sev-
enteenth, and cighteenth centuries until at last
something practical in the way of flight was at-
tempted. ' .

On 19 Scptember 1783, the Montgolfier
brothers of Paris, France, built the first success-
ful hot air balloon. Their gas-filled envelope was
sent aloft with a sheep, a rooster, and a duck as
passcngers before the assembled court of louis
XVI. Three days after all had returned in good
shape, a brave individual named Jean Frangois
Pilatre de Rozier became the first human aerial
passcnger. He had hardly landed sately when
M. de Vilette, a representative of the Journal de
Paris, went aloft with de Rozier. While the news-
papers made much ot a I'renchman being the
first human being to make an ascent, greatest
emphasis was placed in pointing out the advan-
tages the balloon would give to an army on land
and 10 a navy at sea. In short order, books werc
being hawked on the streets ol cities in every
land close to France predicting that the French
would descend upon them some still night, with
troops being transported by noiscless balloons,
This psychological scare seemed o excite almost
everyone about the possibility of the balloon in
warfarc except the French, who took 1t simply
as a greal national achievement and very little
else.

A morc important discovery took placc across
the channel in England in 1810 when Sir George
Cayley built the world's first glider. It worked to
the extent of successfully carrying a man in the
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air. 'T'he glider was a brilliant achievement in
that 1t not only lifted a man in [ree Hight and
landed without killing the operator, but also
laid down the first sound acrodynamic principles
upon which heavier-than-air machines are based.
For in order to be successful, Cayley had to mas-
ter many complex problems that worked in di-
rect opposition to each other, such as cross-wind
stresses, drag, and the constant pull of gravity.
Sir George patiently sought by experience just
how things actually worked instead of going by
mental calculations that were based for the most
part on hypothesis. 1.ike many others belore him
he died thinking himself a failure, whereas in
reality he left a great contribution in his chosen
field. He undoubtedly was the pioncer in the
study and development of elementary aerody-
namics.

Although Cayley proved that a man-carrying
heavier-than-air machine could be kept aloft by
alr currents, practically all cffort in this direc-
tion was dropped in favor of the balloon, the
popularity of which was growing by leaps and
bounds. The French Revolution gave 1t its
greatest impetus and its first use as a military
device. Scarcely a war followed in which the gas-
filled bags did not play a conspicuous part.

In this country a Professor Lowe organized the
United States Army’s aeronautical corps, which
saw much active service during the Civil War,
The protessor himself logged more than 3,000
ascents in captive balloons, often staying aloft
all day to observe movements ol the Contederate
troops. One of his companions on numerous
ascents was a young German military attache,
Col. Ferdimand von ?’.{tppt‘lin, who at the time
was serving as an observer for his governunent.
He scemed to be more interested in the possi-
bilives of the balloon in wartare than 1in the tac-
tics employed by the opposing lorces.

Its desperate position in the Franco-Prussian
War caused France to authorize the formation
by Felix Nadar of the "Ballon Poste™” in order to
float mail and passengers out of the besieged city
of Paris. Later, the entire French Government
used this method ol escape when it seemed cer-
tain the city would be capturced.

It was during the blockade of Paris that Amer-
ican citizens were first subjected to antiaircraft
fire. W. W. Reynolds, an agent tor the Reming-
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ton Arms Co., and C. W. Way, a New York mer-
chant, were caught in the sicge. '1'hey persuaded
the authorities to build them a balloon, and on
7 October 1870, they ascended, accompanied by
two I'rench aeronauts. ©T'he basket was hcavily
loaded, mostly with French gold in payment lor
armament sold to the Emperor Napoleon, and
failed to rise properly. As it dritted low toward
the German lines, 1t was shelled by Prussian ar-
tillery, sniped at by infantry and followed by
troops of galloping horsemen. After several per-
1lous escapes they were finally blown out of range
of their pursuers and landed safely beyond the
Prussian lines in a field near Amiens.

With the development of a power source
known as the gasoline engine, the construction
ol balloons made with a longitudinal lattice
framework of ribs with a ligcht aluminum skin
followed. '1'he namce “'dirigible” was given to this
type of awrship. The designers believed the day
had at last arrived when a balloon could be
guided by an outside power source to and [rom
any destination and not be dependent on change-
able currents of air for its motive power.

An airship of this type was devised by the
French in 1897 but it was [ar Irom successful.
Two years later Germany developed the first
practical aircraft along these lines. Santos-Du-
mont, a Brazilian living in France, working on
different principles from the German inventor,
also succeeded In constructing a  successful
lighter-than-air ship.

The French Army, however, had other ideas
concerning aircralt and paid little attention to
the successes of the dirigibles. As carly as 1891
it had commissioned Clement Ader, considered
the loremost aeronautical enthusiast 1 France,
to build for the army its first military heavier-
than-air plane. Ader, an clectrical engineer by
profession, was closely associated with the de-
velopment of the telephone in France. In ob-
serving the activities ot balloons at that time, he
thought the nation could best protect hersell by
the construction of flying machines. After select-
ing the bat as the best model to mmitate, he
started to build a craft similar in appearance to
this creature, which he called the “Avion.” It
was provided with a 40 horscpower motor driv-
ing 2 propellers.

The whole project was kept in great secrecy.
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Ader's Avion, the First Government-Sporsored Flying Machine.

The French Government, considering the Ader
flving machine already an accomplishment, ap-
propriated $100,000 far the founding ol an ar-
senal to construct and subsequently arm a Heet
of the planes. 'The plan proved disastrous to both
Ader and his military backers, for on 14 October
1897, atter 6 vears of hard work, the amrcralt was
completely wrecked m 1is initial attempt at flight
and the authorities retused to advance any more
moncey for further experiments. No doubt the
covernment wis anxious to avold criticism over
its already vast expenditure which had nothing
to show for it beyond a totally wrecked aircralt.

Sir Hiram Maxim, who originated the world’s
first successful automatic machine gun, was ap-
proached by the DBritish Government which
agreed to finance the building of a flying ma-
chine if Maxim would design it. The inventor,
never a modest man about his ability in any
field, agreed to construct a large aircratt of the
multiplane type with a wing spread of 120 feet.
He provided it with 2 steam engines, cach capa-
ble of gencerating 175 horsepower. 'lhe com-
pleted assembly weighed 7,000 pounds, but like
Ader’s plane it too was wrecked In its first at-
tempt to fly and the project was abandoned. "T'he
British Government, evidently expecting perfect
performance as in the case of Maxim's lirst model
of his machine gun, was disappointed and with-
drew 1ts support.

Ader’'s and Maxim’s efforts can best be summed
up as scrious efforts to ly but with no proved re-
sults. However, Maxnn did contribute one thing
to aviation. He argued successfully that an air-
plane, because it was intended to Hy, did not

necessarily have to flap its wings like a bird. As
he stated, "If airplanes should be constructed
like birds to be more efticient, then by the same
token locomotives should be built like horses.”

Samuel P. Langley was a great ploncer in
American aviation who was continually harassed
by bad fortune. This former architect, in asso-
ciation with Charles E. Manly, built several con-
traptions called “Acrodromes”™ and while they
never managed to fly, present-day authorities
have adjudged them magnificent fairlurcs. That
is, they were of sound construction and as ad-
vanced as it was possible to be at the time, espe-
cially in respect to motive power.

Langley was lortunate in having the services
of Manly, a typical American inventive genius.
He had designed gasoline engines, weighing only
125 pounds and capable of developing 52 horse-
power, which were far in advance of anything
known at the time. One of these engines othaally
generated 1 horsepower to 2.4 pounds 1 weight,
It was successfully Tun in spite of the assurances
of many emincent engincers and experts that it
was impossible for a power plant w be designed
under eight pounds per horsepower. The five-
cylindered liquid-cooled motor ran, in an oth-
cial test, 10 hours without stopping. This hap-
pened during an era when it took practically
that much time to get the conventional automo-
bile engine started.

In 1903 the Board of Ordnance and Fortihica-
tion of the United States Army directed Langley
to construct a large model of his Aerodrome and
appropriated 350,000 to defray the cost of the
experiment. "T'his craft with 1ts 52-horsepower
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The Launching cf Largley's Aerodrome, 7 Octoner 1903,

engine weighed only 830 pounds. Its dimensions
were 48 [eet in widih and 52 feet in length. Two
attempts were made to launch the craft from
Langley's houscboat on the Potomac River, near
Washington, D. C., on 7 October and again on
8 December 1903. During both ecfforts, accord-
Ing to witnesses, the Aerodrome became entan-
gled 1n the launching gear and fell headlong 1n
the Potomac. Following the last attempt, the
press ridiculed the whole project so much that
Congress refused o vole any more money for
the venture, Regardless of its apparent good de-
sten, the fact remains that it did not fly and cach
effort to do so resulted 1n the complete wreckage
of the craft in an inglorious manner. As one of
the spectators put 1t, the Aerodrome “'shd mnto
the water like a handtul of mortar.”

The Wright Brothers and Other
Early Pilots

It became the lot of two modcest young men,
Orville and Wilbur Wright, whose background
consisted mainly in the building of bicycles, to
tulfill the age-old dream that had bested man-
kind from the earliest davs to the twentieth cen-
tury. For on 17 December 1903, their “con-
temptible orange crate,” held together with glue
and wire and powered by a wheezing 4-cylinder
cgasoline engine, became air-borne after being

launched into a 27-mile wind at Kitty Hawk,
N. C. Orville Wright was at the controls through
the element of chance, the brothers having tossed
a coin as to which one would have the signal
honor. Wilbur had won, but the first attempted
launching 3 days earlier had been unsuccesstul
because of a broken guy wire at the time of take-
off, and it was now Orville’s turn. This act, like
almost all others ol world-shaking importance,
took place in the humblest ol surroundings, as
the sand dunes on this blecak shore were hardly
an appropriate backdrop for what was destined
to become both the wonder and the scourge of
civilization.

In a halting erratic flight of 120 feet, aviation,
as we know it today, came to life. The 12-second
phenomenon was witnessed by five herctofore
skeptical local residents and by a conhident Wil-
bur Wright. The watchers were John Ward, a
bay of 16, John T. Daniels, W. 5. Dough, and
AL D. Etheridge, all of the nearby Kill Devil lile-
saving station; and W. C. Brinkley, a lumber
buyer. Threc of the five had come only to give
help in case of disaster, but all had attended the
most astounding event ol the twentieth century.

Three other flichts were made that day. The
final one, with Wilbur piloting, started at 12
noon. '1'he distance covered was 852 feet and the
tinie of fight B9 seconds. Tmmediately following
a successtul landing, a sudden gust of wind blew
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the airplane over and damaged it so severely it
was never own again.

‘The Wright brothers” accomplishment was no
accident. Their great advance was not in the
butlding of a superior power plant, as Manly,
by every known standard of comparison, had
surpassed them 1n the Langley plane. Rather,
the real basis of this success was their brilliant
achievement in obtaining balance in flight and
control of direction by means of wires which
acted as rudders and warped the wings of the
biplane in any manner desired.

The inventors had prepared carefully for the
eventuality ol fhieht, having taken advantage of
what little trustworthy science was known on the
subject. They then set about to solve for them-
selves  heretofore unmastered diliculties by
dogged persistence and great natural aptitude,
For example, m consuucung thewr propellers,
they profited from what they considered a mis-
take 1n Langlev's propcller design, and buile a
homemade wind tunnel to prove the prolessor’s
scientific approach on this feature was wrong.

Likewise they gaimmed much from the carlier
glhider studies of Sir George Cayley and the great
German experimenter, Lilienthal. They actually
built and llew identical ghiders 1in order to see
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The First Flight by Man. The Wright Brothers at Kitty Hawk,
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17 December 1903,

tor themselves how these men had arrived at
therr basic principles of acrodynamics. That they
were ever watchlul for any possibility of better-
ment mn design can best be judged by Orville
Wright's statement that he got the idea of wing
warping (a means of lateral control n lieu of
atlerons or wing flaps) from twisting the top on
a cardboard box when wrapping a package 1n
his bicycle store,

The brothers from the lirst realized that, if
they ever got an airplane into the air, they must
learn to control 1t. "We thought,” said Wilbur,
“that il some mecthod could be found by which
it would bhe possible to practice by the hour in-
stead ot by the second there would be hope of
advancing the solution of a very diflicult prob-
lem.”

The Wrizhts decided that the best wav to do
this was to hind some place where the wind com-
monly blew at about 20 miles an hour, which
they estimated was the best velocity in which te
practice. They lound such a place at Kitty Hawk
in the late summer of 1900.

Using various models of ghiders, they observed
the effects ol speed, lilt, and pull in varying posi-
tions so that they slowly began to learn exactly
what to ¢xpect when they first attempted to fly,
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They experimented with new shapes of wings
and found that, by twisting its surface 1 con-
junction with a pivoting rudder, the glider could
be balanced in flight.

When not making glider flights, the Wrights
utilized all kinds of wing surlace materials In
the wind tunnel they had made for themselves.
Thousands of tests were conducted i this de-
vice, 16 inches square and 6 teet long. During
the greater part of 1902 they not only sought to
find the most ethcient manner in which to con-
struct a propeller, but actually designed and
built an engine to drive it

The first aircraft to bhe successfully air-borne
was 4 mixture ol bicycle manufacturing knowl-
edge with considerable aeronautical experience,
plus a large measure of genius. Its total weight,
including the pilot, was 750 pounds. The motor
was officially rated at 12 horscpower, and car-
ried air-borne 63 pounds of weight per horse-
power. It had a maximum motor revolution of
1,020 per minute, while each ol the 2 propellers
had a revolution of 340 times per minute when
in flight.

The event was heralded in the press with ban-
ner headlines and the public accepted it with
both skepticism and awe. People were hardly
able to visualize man flying through the skies
when the roads and streets were cluttered by
“cranks” trying to nurse the “one-lungers” of
their horseless carriages back to lite. At the same
time many individuals realized the military po-
tentialities of aircraft if refinement did follow
and a reliable motor could be made that allowed
such a device to be used for these purposes. That
is, practically everyone realized this but military
men themselves, who seemed very content to
tinized nitroglycerin with cellulose to form a pro-
gressive burning propellant.

This situation was true in all countries, doubt-
less as a result of the earlier failures of craft de-
signed by Ader, Maxim, and Langley. Neverthe-
less, the successtul flight ol the Wright airplane
was destined to affect warfare, and especially
machine-gun design, just as much as did Vicille's
discovery of smokeless powder by rolling gela-
tinized nitroglycerin to form a progressive burn-
ing propellant.

In 1904 the Wright brothers continued their
experiments on Hulfman Prairie, near Dayton,
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Ohio, with a new machine. Over a hundred
llights were carried out. In 1905 distances up to
24 miles were covered. In the next 2 years the
brothers devoted a great deal of their energies
to the construction ol ncw machines and to busi-
ness negotiations. Still very little attention was
attracted to their remarkable flights.

In the fall of 1907 the Acrial Experiment As-
sociation was orvanized by Dr. Alexander Gra-
ham Bell, inventor ol the telephone. Commenc-
ing in 1908, simultaneously with the Wright
brothers’ activities, the association carried on its
experiments, with headquarters at Hammonds-
port, N. Y. The organization was composed of
Dr. Bell, Glenn H. Curtiss, Thomas L. Selfridgze,
I. W. Baldwin, and J. A. D. McCurdy, the latter
two being Canadians.

The association built a number of machines,
the design of each being credited to an individ-
ual member. The first plane constructed was the
“Red Wing,” which covered a distance ol 319
feet on 12 March 1908, Sellridge was given credit
for its general plan although the test flights were
conducted by Baldwin.

On 8 Auzust 1908, Wilbur Wright captured
the imagination ol Curope when he flcw his ma-
chine over a race course near Le Mans, France.
Actually there had been earlier short flights in
Europe. Alberto Santos-Dumont, for stance,
had flown his biplane lor a distance of 150 feet
in October 1906 and made other brief hops the
same fall. And in 1907 Henry Farman had pi-
loted a Voisin machine at Issy, France, in a cir-
cular flicht ot 1 kilomecter.

At Le Mans, Wright was air-borne for only a
minute and forty-seven seconds, but 3 days later
he was aloft for 4 minutes, during which time he
executed all kinds of maneuvers. On 21 Sep-
tember 1908, he remained in the air for more
than an hour and a half, flying a distance offi-
cially estimated at 42 miles, and afterwards made
many other prolonged flights.

The successes of the Wright brothers started
a frantic renewal of effort on the part of Euro-
pean inventors and flying machines were con-
structed in every major country ol Europe. The
next b years were spent in atlempts to create
new air records. In the middle of 1909 flights of
unusual proportions became an everyday oc-
currence.
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Men like Bleriot, Santos-Dumont, Farman,
Latham, and Voisin were among the most prom-
inent to contribute to the rapid growth of avi-
ation. They flew great distances and at unbe-
lievable heights in their rickety contraptions,
On 15 July 1909, Bleriot crossed the English
Channel from Calais to Dover, a distance of 31
miles, 1n 37 minutes. He landed in a meadow
only a tew teet away from the spot where Blan-
chard and an American doctor, Jefters, had as-
cended in their balloon for the first aerial chan-
nel crossing 120 years before. On 16 November
1909, Farman covered 134 miles in 4 houts, 17
minutes, and 53 seconds.

An American, Glenn Curtiss, carried away the
Gordon Benneit prize when an air show was
staged at Rheims, France. He did it in a plane
of his own construction that averaged the un-
heard-of spced of 47 miles per hour over the
whole course. Curtiss came back to America and
won $10,000 offered by the New York World
for the trst flight trom Albany to New York
down the Hudson River. By this time he had
invented and patented a system whereby a mov-
able hinged aileron controlled a machine in
flight, a fteature considered by many to be one
of the greatest contributions to aviation.,

Beginnings of Military Aviation

In this country Congtess, having already spon-
sored 4 signal failure, was reluctant o give aid to
aviation, but in 1908 the Army did show an in-
terest. In October ol that year the first test flight
for the United States Army took place at Fort
Mver, Va. It reserved the right to pay the de-
signer 525,000 provided the machine met certain
specifications, which were incidentally above and
beyond anything thought remotely possible. One
was that the aircraft’s speed must hold a continu-
ous 40 miles per hour and fly a distance of 100
miles. The Wrights were the only applicants to
submit a complete machine and [ulfill the re-
quirements. In the official test the Wright plane
Hew shightly faster than the specihied speed and
covered the maximum distance ol 1ts [uel load,
a total of 125 miles. The entire trial was con-
ducted without any scrious mishap. Specihica-
tiemns [or the machine, prepared in the adminis-
tration of Theodore Roosevelt, lather ol the
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modern Navy, gave the United States Army the
hirst airplane ever used [or military purposes.

This test, purposely carried out over Washing-
ton, D. C., where all could sce for themselves,
created much more ol a sensation than did the
Kitty Hawk flight b vears earlier. In tact the press
could hardly hind sufhcient adjectives to describe
this new tool ol war. Enthusiasm was dampened
areatly a lew days later by an untimely and tragic
accident when Orville Wright, with Lt. Thomas
E. Sellridge as co-pilot, on taking oft from Fort
Myer entangled his propeller with a guy wire,
causing the plane to fall to earth. Seltridge be-
came the [irst airplane [atality, while Wright was
severely injured. The public was brought face
to face with the sobering fact that, although Hy-
ing was at length accomplished, the price for fu-
ture advancement would have to be paid for in
blood by 1ts pioneers.

The year 1909 also marked the beginning of
aeronautics in Russia. It was started principally
as a sport. A private school, located in Moscow,
was operated by a civilian named Maslenicoff.
It was soon taken over by the government and
known from then on as the Aviation School of
the Moscow lmperial Aeronautic Assoclation.
Later another school was organized at Odessa,
and at each army maneuver held atter this, ofhcer
graduates were invited to show their piloting
skill. Any proved ability was recognized by pro-
motion. The training became so popular with
the army that a third government flying school
was established at Sebastapol. The honor gradu-
ates of the earlier classes of the Imperial School,
Captain Ulianin and Lieutenants Rudneff, Pio-
trovsky and Matsievitch, were placed in charge,
after first having been ordered to France to ob-
serve the latest techniques 1n the art of handling
planes.

The Russian Army Aviation Force was a part
of the Engineering Corps, known as the General
Military Technical Department, with headquar-
ters at Petrograd. The Russians have always been
air minded and their progress was steady
throughout this carly development period.

The specifications set by the United States
Army in 1908 for testing aircraft formed the
standard by which the rest of the military world
judged the value ol planes until 1910. The

French then organized what was called the
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French Military Competition, which was origi-
nated to [urther the refinement and betterment
of design of airplanes 1n that country.

The conditions to be met by the competing
aircratt and the prizes to be awarded the winners
were based on the following requirements:

The airplanc and engine must have been con-
structed in France and be capable of a flight of
180 miles without stop, carrying at the same time
660 pounds above the [uel load; the speed must
average a minimum of 37.3 miles per hour; and
if this much of the test 1s completed successtully,
then altitude flights must be made during which
the machine must rise with a full load to a
hcight of 1,460 fect within 15 minutes of taking
off.

The machine turning in the best performance
would be bought by the Ministry of War for the
sumn of 100,000 francs, and the manulacturer
eiven an order for 10 additional machines of
identical design at 40,000 francs cach. An cxtra
bonus of 500 francs would be allowed lor each
mile an hour reached above the 37.3 minimum.

The makers of the machines turning in the
second and third best performance would receive
orders for six and four machines respectively, at
the same price. If only one machine came up to
specifications, the designers would receive an
order for all 20 aircraft.

FEncouraged by the monetary inducements of-
fered, 16 French producers designed and con-
structed special types of airplanes, 34 in number,
for trial in the 1911 Military Competition. The
final test was over the 496-mile course between
Rheims and Amiens. Eight planes passed the
test, the winner being a pilot named Weyman,
flyving a Nicuport monoplane with a Gnéme mo-
tor. He had an average speed of 73 miles per
hour.

This unique plan to give an incentive to air-
craft development proved the most benehcial
thing that could be done for aviation and, as 1t
turned out, was the salvation of France. The
I'rench proceceded from this point to outstrip
the world in aircraft design, especially with re-
spect to military types, which were tried as an aid
to scouting during army mancuvers. Trials un-
der field conditions showed the officers the mini-
mum amount ot service that a plane could con-
tribute while still being of value to the ground
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[orces, and the requirements that would have to
be met by an airplane in order to be suitable for
general military work.

France’s great strides forward in acronautics
were watched closelv by her old enemy, Ger-
many. When it became apparent that the French
were leaving cvervone else far behind in this
field, the Kaiser, on 27 January 1912, offered
prize of 50,000 marks as an incentive to 1mprove
aviation for German military use. The contest
was to be arranged and awards made by members
of the Imperial Automobile Club, Imperial Aero
Club, members of the German Automobile Con-
structors’ Association, and delegates of the Navy
and War Departments,

'T'his gesture from the Kaiser was the signal tor
the German nation to concentrate on ayiation.
The Aerial League of Germany started a public
subscription which brought in 7,234,506 marks
the first year. The plan of the league was to train
the largest number of pilots in the shortest. time
in order to form an adequate reserve, thus en-
couraging civilian interest in the scheme. Its suc-
cess was out of the ordinary: by the end of 1912,
230 military pilots were registered and by the
next yvear 600 were graduated. The number of
builders grew from 20 in 1912 to 50 the follow-
ing vear. These successes of the Aerial League
were Instrumental in causing the Reichstag to
pass a bill authorizing 35,000,000 marks for mih-
tary aeronautics for the next 5 vears.

This was all that was needed to bring German
aviation to a point of cfliciency where record
alter record began o fall. The year 1913 saw the
endurance mark raised by Reinhold Boehm to
24 hours and 12 minutes, and an altitude hgure
sct by Heinrich Oelrich at 26,246 leet. In this
one year over a hundred other records were estab-
lished. For instance. an aviator named Lands-
mann covered 1,335 miles in a single flight which
was at the time the longest distance ever traveled
by man in one day, 1'he secret ol the plane lay in
the design of its Mercedes motor, which was a
direct result of the interest created by the Kaiser's
award to encourage mventors.

After the accident that cost the life of Lieu-
tenant Selfridge, there was a stalemate in Amert-
can military aviation. | he next ofhcial Hiight took
place at Fort Myer agam. although not unul
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July 1909 The machine, which was another
Wright, successtully passed the tests and was
bought by the Government. Lits. Frank P, Lahm
and Benjamin DL Foulois were assigned o re-
ceive flying lessons from the Wrights, An aviation
ficld was cstablished at College Park, Md., and
a young captain, Charles DelForest Chandler,
then disbursing oflicer of the Signal Corps, was
made ollicer i charge ol the Acronautics Divi-
sion ol the Signal Corps.

Wilbur Wright served as the instructor and
taught Captamn Chandler and Lts. F. P. Lahm,
Benjamin D. Foulots, Frederick E. Humphreys,
1 DeWire Milling, FL L Arnold, and George
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(L. Sweet. the latter bemg assiened to the school
for mstruction by the Navy Department.

1'he next venture by the Army m aviation was
the acceptance of 1ts brst dirigible 1 October
1009, Tt was commanded by Capt. Thomas G,
Baldwin. It too was imually tested at Fort Myer,
with Licutenant Lahm m charge, After success-
lully meeting all requirements, 1t was flown to
Omaha and turned over to Lts. R. S, Bamberger
and John G. Winter, both of the Cavalry.

These developments were followed by the fail-
ure of Congress to allow adequate appropriations
for aviation. Aegain things came to a standstall as
far as the Army was concerned through 1910-11,

Oz of the Airplanss Used by the Constitucicnalistas in Maxico to Bomb Federal Gun Boals,
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while officers of the newly formed Army Aero-
nautics Division attended voluntarily nonmili-
tary aviation mects and followed the literature
on the work done by civilian enthusiasts.

Furopean countries were in the midst of pre-
paring for the day when airplanes would be used
in conflict, but to Mcxico goes the distinction of
beiny the first country to employ aircraft in war-
fare. During the Constitucionalista campaigns
against the Diaz regime in late 1910, a conglom-
erate assortinent of aircralt was purchased from
civilian builders in the United States and Ameri-
can aviators employed to fly the planes. In spite
of the questionable quality ol the flying ma-
tériel that was assembled and the still more dubi-
ous military value of the acrial maneuvers, this
small flying force did do patrol and reconnais-
sance work, particularly in locating guerrilla
troops in their mountain retreats. With the vic-
tory of the Constitucionalista regime, the Ameri-
can professionals were released and the Flying
Corps of the Republic of Mexico formed.

During the Mexican border incident of 1911
the United States Army found itself without a
single plane 1o send ro the troops in the held.
This greatly agitated the few aeronautically
minded oflicers who were in the service, as they
could see that any good work done at this time
by a flying machine would be invaluable 1n fu-
ture planning and a wonderful incentive for ask-
ing Congress to appropriate desperately needed
funds.

With air development left in the hands of
civilians and with military authorities still taking
a dim view of the role aircraft could play mn
warfare, by an odd quirk of fate the United
States was still the first government to use an air-
plane under conditions that approximated war
between major powers. The border incident with
Mexico was a logical opportunity for this to oc-
cur and the ever-alert civilian promoters did not
let it go unheeded. A Wright [lving machine, the
personal property of Mr. Robert J. Collier, presi-
dent of the Aero Club of America, was loaned to
the United States Government for use on the
border. With this machine Lt. B. D. Foulois and
a civilian, Mr. ’. O. Parmalce, made a number of
flights along the border carrying messages he-
tween officers in command.
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Pioneer Attempts at Aerial Armament

Civilian enthusiasts in the United States we ©
aware of the fact that without Government ha -+
ing they could never progress beyond the novi.. ¢
stage of {lying. They continuously planned e it

calculated to im prt:r.r. or at lcast interest the mili-
tary high command. This was often done with
the aid of aeronautically minded Army personnc
who willingly donated their services w}u:nfrj"-. a1
possible to further the cause. -

Onc of the most colorful of these den.cuisua
tions, which was to have a far reaching effect, was
carried out belore a crowd at Sheepshead Bay
race track on Long Island, N. Y. in August 1910.
A pusher plane piloted by Glenn Curtiss, an avi-
ation pioneer sccond only to the Wrights, also
carried 27-year-old Second I.t. Jacob E. Fickel,
who had won a reputation as an expert marks
man in his 3 vears of military service since enlist
Ing as 4 private.

All afternoon the tense crowd had been watch-
ing the antics ol the flimsily constructed flying
111.-1Lhmt1~. The spectators had been pr omised a
act that had never before been attempted, 2
they waited paticntly as the young st-;#.
climbed aboard carrving with him a regulat:
caliber .30 Springfield infantry rifle. 4

Lieutenant Fickel's intention was to fire o«
first shot from an airplane in flight at a target
the ground. Because of his proved marksmanshiy;
he was chosen to perform in the opening act of a
drama the final outcome of which no one can
even imagine.

With Curtiss at the controls and Fickel clutch-
ing the rifle with onc hand and a wing strut with
the other, the plane took off. After gaining an
altitude of 300 feet it circled the target that had
been erected in the center field of the race track.
Four times the young oflicer, when he was not
clinging for dear life, took aim and fired. Two of
his four shots were bull’s-eyes. The startled crowd
roarcd its admiration of his skill and at the same
time must have sensed the beginning of things
certain to follow.

At the time just to keep a machine air-borne
was a feat 1n 1sell, but to possess also the power
to bring an adversary to carth stimulated the
imagination, and the press made the most of it.
Soldiers were pictured being lnnspurted by
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planes or silent gliders and noiseless invisible
wars were predicted by the use ol smokeless
powder and rifleemullling devices. The mmpact
on the public was terrific, but military minds re
nained skeptical. They mustered mathematical
calculations to prove that nothing but a rifle
could be fired [rom a plane, one shot at a time,
and under certain conditions only since succes-
sive and rapid explosions would upset the plane.
And under no conditions could any oreat weight
be dropped m fhight since its sudden release
would be certain to make the plane fall out of
control.

1 he development of speedy amrcraft was also
discounted by the “experts” as being wholly un-
necessary as far as their use lor war was con-
cerned. Those who expressed the possibility of
cquipping airplanes  with two motors were
laughed at loudly. A principle of aerodynamics

The First Shct Fired from an Airp.ane. Glenn Curtiss, Filol, ard 2nd Lt Jaceb E. Fickel Helding Lhe Eille.
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was claimed that, if two Cneimnes were mounted,
one would exert a mere Iraction ol 1ts power due
to 1ts proximity to the other. It was happily con-

cluded that no single engine could possibly lift

the additional one, and that, in case such an 1m-
possibility was accomplished, tailure of one mo-
tor would force the plane mmto a power-driven
spin. But these theories and calculations soon
went the way of most expert advice from people
who have been educated bevond their own ca-
pacity for mtelligence.

On 11 November 1910, a Curtiss plane piloted
by Lt. Fugene Ely took oll Trom the United
States cruiser Birmingham and on 18 January
1911, another Curtiss plane, also piloted by Lieu-
tenant Ely, landed on the quarter deck of the
armored cruiser Pennsylvania, anchored 1 San
Francisco Bay. A crude arresting gear, with
hooks tastenced on the under carriage of the plane
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and an ingenious mrTangement of ropes attached
to sand baos stretched across the wooden deck,
brouzht the machie to a stop withm 30 feet
after Landing. v hall hour Later the pilot vaced
his machine down the boarded Linding strip and
became air-borne belore reaching the cedge ol the
deck.

This was the first step to adapt aireraft to
naval use. A\ week later, on 20 January 1911,
Glenn Cuantass, alter one unsuccesslhul artempt to
make a hydrvoplane out of his machine, the * June
Bug,” put lloats under another plane and took
off after a shore run. A Frenchman, Henr Fabre,
on 28 March 1910, had previously arisen from
the water and flown about 1,000 feet but was
completely wrecked o trving 1o land. Curtiss
made the first successtul take oft and landing.

On 17 February 1911, Curtss made another
advance in naval aviation, for on that date he
[lew his pontoon-equipped atrcralt alongside the
Pennsylvania in the harbor at San Dicgo, Calil.,
and was hoisted aboard with the ship’s crane.
After a shore stay aboard the vessel, the machine
was lifted over the side and Curtiss flew it back
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The Successful Trial of the Charblis Catapult at the Washington Navy Yard, 12 Noverper 1912,
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to 1ts hangar on North Island. The system of
hotsting a seaplane on board and puttimg it over
the side with a crane 1s sull followed by Briush
battleships and cruisers.

While development in land plines was un-
questionably ereater i several other nations, the
Amertcan Navy was making her bid tor world
supretacy  in naval aviagion. An acronautical
school was ¢stablished on the academy grounds
at Annapolis, Md. The study ol gewing an air-
crafe mio hight Irom a battleship’s deck was the
first major problem taken up at the school.

It was the opimion of United States naval archi-
tects that a more practical method ol launching
an aircralt than putting 1t over the side was
nceeded if the airplane itself was to play a domi-
nant role m fature wars. The daily papers. ap-
proximatelv 13 months after Curtss made his
novel experiment, announced the successful test
ol a launcher tor catapulting plancs from the
deck of a ship. The device was constructed at
the Navy Yard, Washington, D. C., and a suc-
cesstul trial was held there on 12 November
1912, Naval authorities announced throuch the
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press that the device would make possible the
use of older and outmoded ships as [oating
hangars and launching platforms. Planes trom
these vessels could be used prolitably in conjunc-
tion with the main fighting units ol the Heet for
scouting and spotting work.

Navy mathematicians also brought out the
startling informauton that 1f an ancralt so used
could maintain a speed of 47.4 miles per hour it
was absolutely sale from enemy antiaircraft fire.
Such phenomenal speed would at the same time
render the craft useless for anything other than
close observation work. No rifleman in the air-
craft, they said, could possibly hit anything from
an object moving at such a rate, and, as they fur-
ther pointed out, any sudden relcase of a heavy
object would be certain to upset the plane. Drop-
ping a bomb was thus out of the question, and
as there was no lmﬁihility ot damaging a battle-
ship, the airplane in wartare :.r:::mer.l to qualify
only as a harmless nuisance.

The Italians were the hrst to destroy the myth
that heavy bombs could not be dropped. During
the Italian-Turkish War of 1911, they not only
used heavier-than-air ships initially in actual war-
fare between major powers, but also were the hirst
to drop bombs on an encmy. Previously, Lt.
Mvyron S. Crissy, United States Army, in January
1911, had dropped a small bomb in San Fran-
cisco Bay, and gained the distinction of dropping
the first such projectile from the air. His pilot
was a civilian, P. O. Parmalee.

[taly had already made secret tests to deter-
mine the effect on airplanes of releasing heavy
objects while in flight. Capt. Alessandro Guidoni
of the Royal Italian Navy, considered in his
country a leading authority on aerodynamics,
was in charge. The plane used was an English-
built Farman capable of lifting torpedoes weigh-
g 700 pounds. Captain Guidoni became so cf-
ficient in this type of launching that he is re-
corded as making 9 direct hits out of 10 tries on
a target a mile and a halt distant. [le exploded
the accepted theory that a plane is upset by the
sudden release of a heavy object 1n describing
his plane’s reaction during the successful tor-
pedo droppings.

“When thc motic n forward is uniform, therc
is 2 dynamic equilibrinm betwen the different
forces. As soon as the launching has taken place,

two resultants will act upon the plane, one ver-
tical due to the difference between the lift and
the weight and one horizontal duoe 10 the ditfer-
ence between the thrust and head resistance.
“Owing to these two forces the plane acquires
two corresponding  accelerations until the dy-
namic equilibrium is regained, the verucal ac-
celeration giving a rising motion to the machine.
Thus there alwavs exists an equilibrium between
the applied force when the forces of inertia and
the resistance mecet in the ascending motion.”
The Italians hrst put this information into
application by dropping sizable bombs on the
Turks. The damage was slight because of the
fact that no sight other than the aviator’s guess
was employed in putting the bombs on the tar-
get. The event contributed nothing other than a
glimpse of the kind of warlare that was to follow.
The year 1912 in the United States found our
Army interested 1in establishing aviation 1n the
Phillippines. Lt. Frank P. Lahm .with a single
Wright plane, was sent to the islands for the pur-
pose ol establishing a flying school. This was
again followed by a lack ol congressional appro-
priations and even such meager plans were pre-
vented {rom being put into eftect. What a few
vears before promised o be the nucleus of an air
force had by now practically ceased to exist.
Finally on 24 August 1912, Congress did ap-
propriate §100,000 for the purchase, mainte-
nance, and operation of Army aircratt. Twelve
planes were contracted for in that year, and Ma).
Samuel Reber was put in charge ol the so-called
Aeronautics Division. The appointment came
close to being an empty honor. When an in-
ventorv was taken nearlv a year later in June
1913, it showed the exact distribution of ma-
chines and pilots to be: Texas City, Tex., 11
pilots, 6 training machines and 4 suitable lor
military use; North Island, San Diego, Calif., 5
pilots, 1 training plane, and 1 military plane;
Phillippine Islands, 1 pilot, 1 training plane and
no plane suitable for military use. The general
cquipment of this handful of aviators consisted
ol the barest necessities. as the allowance made
by Congress was too slight to afford more than
the most necessary spare parts, with a few tents
to house both matériel and men.
The next fiscal vear's appropriation was
scarcely bhetter, being only $125,000. This made
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tt impossible to acquire the motor rrucks, repair
shops, extra motors, and other equipment con-
sidered absolutely vital.

With so little money the Signal Corps was
unable to extend the aviation branch bevond a
mere hand to-mouth existence. Progress in this
branch of the service naturally ceased, althoush
1t was able to muster two machines and fhive pilots
for the war mancuvers held in Connecticut be-
ainning 24 August 1912, "T'his represented the
first official use of aircratt on United States Army
mancuvers. 1'he pilots were Capt. F. B. Hennessy,
and Lts. B. D. Foulois, Harold Gerger, T. DeWitt
Milling, and Harry Graham.

Lieutenants Milling and Geiger barely averted
a serious accident when their plane was slow to
get airborne alter take-off with the wind, and
missed a head-on collision with a stone wall by
inches. An alert Signal Corps cameraman re-
corded the incident for posterity. An investiga-
tion later proved the ncar accident was due to
the manner m which Army engineers had built
the field. The only way pilots could take off was
to the north, since the south ¢nd came to an
abrupt end flush with a forest ol tall trees. Un-
fortunately the prevailing winds were such as to
be always behind the craft. The Army learned
[rom this experience that air fields had wo be con-
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structed with the winds taken into consideration.

The Briush Admiralty, which must have
known about the successtul dropping of acrial
torpedoes by Ttaly, did not accept completely the
American Nav v's theory that the bautleship could
not be harmed by the cmpl e, In order to come
to a definite conclusion, the Bricish built at Hen-
don, FEngland, a mock battleship and  then
bombed it with exact duplicates of the lalian
high explosive and mcendiary bombs. 'The latier
dl(l the most damage 1o the dummy vessel. The
report on the imcident shows more than anvthing
clse the size and over-all damage porenualities of
the bombs.

“The harm done by bombs dropped from air-
planes on batteships is stll little more than a
theory. There are some who think the battleship
still adequately protected hrom acrial bombs, but
we must not take lor granted that aertal bombs
will never be made heavier than 10 or 15 pounds,
and an airplanc will never be able to drop a
welght heavy enough to harm a bactleship with-
out losing its control. Actual experiments have
shown that such a weight up o 175 pounds can
be dropped without the plane being thrown out
of control, and, needless 1o sav, a bomb or a simi-
lar load of explosives from 26 to 100 pounds can
do harm to the most heavilv armored batdleship.”™

A Curtiss Airplane, the First to Accompany *he Army in Maneuvers, Clearing a Stone Wall,
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This report showed for one thing that the
British, aware of both the Ttalian weight drop-
ping and the contradictory theory of the Ameri-
cans, were still as confused at the end of the ex-
periment as they were at its beginning.

College Park, Md., had become the United
States Army's chiel aeronautical experiment sta-
tion. When the possibility of bombing became
an accepted fact, 1t was approached from the
typical American viewpoint. What good was the
dropping of high explosives unless they could be
placed where they would do the desired damage?
First Lt. R. E. Scot, U. S. Coast Artillery, was
ingenious enough to find a workable solution to
the problem. For hc originated a device that
could be aimed at the target. It made a simple
computation whereby speed, drift, and time of
[all were calculated and the world's first practical
bombsight came into being. What is now known
as the timing-sight principle was used.

As carly as October 1911, Scott made experi-
mental bomb droppings from an airplane at Col-
lege Park, piloted by Lt. T. DeWitt Milling.
Scowt simplified the problem of air bombing by
combiming a gunner's quadrant, a telescope, and
a stop watch. With this device he could deter-
mine ground speed quickly and with the known
altitude, ranspose from a set ol tables the proper
angle at which to aim the telescope. The bomb
was released when the target appeared in the
sight and reasonable accuracy was assured.

The telescope was mounted on gimbals and
could be pivoted along the graduated arc [rom
vertical to a horizontal position. To operate the
hombsight, Scott, when approaching the target
at a known alutude, read from a baromecter.
would first find his ground speed. He did this by
setting the telescope at 45¢ and sighting an ob-
ject. The telescope was then swung to the vertical
position and the stop watch clocked the time in-
terval necessary for the object to reappear. With
this information he would read from a chart the
proper angular setting of the telescope to hit the
target. When the target then passed in view, the
bomb was released.

From the experience of hundreds of drops,
Scott made himself a set of prepared tables that
took in practically every speed and height that
were commonly used and accepted in bombing
tests. The most difhicult was the obtaining of
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accurate data from which he could compute the
angular table for dctermining the exact instant
of drop.

Following these experiments, Army aviators
who witnessed them agreed that the device was
a complete success, and that only target practice
was needed. It was also decided that the pilot’s
skill would play no small part in the successful
hitting of targets and that a reasonable degree of
accuracy could be obtained from altitudes ex-
ceeding 3,000 feet. Below this height 1t was not
thought that an airplane would be sufhciently
mmune from hostile fire to warrant its usc.

When this practical sighting system had been
developed, the Army found that further trials
were not possible on its small appropriations and
all experiments were ordered discontinued.
Scott, being very disappointed at this turn of
events, carried his sight abroad where 1t aroused
great interest. He entered the Michelin compe-
titton held in France, which oftered as much as
330,000 in prizes for the best bomb drop on a
target 20 meters in diameter al various altitudes
from 200 to 1,000 meters. Scott won first prize at
the 200-meters altitude by placing his bomb
within 11 meters of the target center. He hit in
the target at every height up to 1,000 meters.

Scott was faced with the decision many other
American mmventors belore him were forced to
consider. He realized that inducements abroad
were such as to preclude wasting his time on
further developments of a device that was not
wanted at home. Patriotism alone could not con-
tribute suflicient material inducement for staying
in the service of his own government and he re-
luctantly resigned his commission to exploit his
IMVENTION OVETSES.

The Navy at its aviation station at Annapolis
also made a great contribution to flying at this
time, On 26 July 1912, the first wireless message
ever sent from an aircraft was transmitted from
a hydroplane to the United States torpedo boat
Stringham. The message, radiocast by Ensign
Charles Hamilton Maddox from a height of 300
feet and a distance of 1 mile, consisted of, “"We
arc off the water, going ahead full speed on
course for Naval Academy.”

The entire apparatus was designed by Maddox
and had many new improvements over previous
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unsuccessful experiments. Besides making it
much lighter, a few other teatures were added
that included a new type of aerial and a shield-
ing device that overcame the noise of the engine.
The achievement was truly remarkable as the
lifting capacity of hydroplanes was so limited it
was thought to be impossible to design a light
cnough sending set capable of transmission.
This weight [actor was so critical that the
Army was searching for a substitute for radio,
then being used universally on land. The efforts
o develop another means of arrcraft communica-
tion resulted in consideration and testing of a
device that today can hardly be taken seriously.
This gadget was known as the Means Smoke
Telegraph System. The signal apparatus, fas-
tened on the leading edge on the upper wing ot
the plane, was first tried out at Signal Corps
Aviation Field in College Park. A trigger ar-
rangement was located beside the pilot who
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could control the length of time for opening a
valve that allowed dense smoke to be expelled.
The aviator could then fly along puffing out dots
and dashes, a long puff for the dash and a ball of
smoke for the dot. Much publicity was given the
contrivance by the promoter and even the con-
servative Litevary Digest predicted that bulky
wireless instruments, and perhaps even the con-
ventional telegraph, were doomed by this clever
machine.

It may be true that the Army’s test of the
Means smoke telegraph today has a humorous
angle, but most certainly the next experiment
successfully carried out by the Army at its Col-
lege Park flying field has proved anything but
lunny. From the day ol 1ts conception 1t has
presented to cvery nation on earth onc of the
most serious problems to confront it. For the
combination of machine-gun fire with mobility
of aircraft then made its first appearance.
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The First Aerial Machine Gun

A week atter the world was saddened by news
ol Wilbur Wright's death from typhoid tever on
Memorial Day, 1912, an event concerning avia-
tion took place on 7 June 1912, that would 1n
time directly aflect mankind far more than did
the pioneer Hight at Kittv Hawk. For on this
day. Capt. Charles DeForest Chandler success
[ully fired a full automatic weapon from an an-
cralt in flight for the first time in aviation history.

The experiment was carried out unothcally.
Lt. Col. Isaac N. Lewis, Couast Arullery, United
States Army, had devised a weapon for the Auto-
matic Arms Co. ol Buftalo, N. Y. Fecling 1t was a
most progressive step in machine-gun construc-
tion, he visualized its use in the most promising
development ol the day, the Hying machinc.
With this in mind and knowing that success ol
his experiment would guarantee endless favor-
able publicity, he arrived at College Park with
no introduction other than his rank. The sug-
gestion that the weapon be air fired as an incen
tive both to aviation and machine-gun develop-
ment was placed before Captain Chandler, the
commanding othcer at Coliege Park. The latter
not only granted the request but offered to five 1t
personally.

This carly model of the T.ewis air-cooled auto-
matic machine gun weighed 25 pounds, 6 ounces,
and was chambered [or the caliber (3006 United
States Army infantry rifle cartridge. The ammu-
nition was contained m a circular drum that
slipped over a post on top ol the receiver. The
rate of fire of the weapon was given as well above
750 rounds per minute. For this trial, however,
it was slowed down by putting unusual tension
on the return spring. Lewis thought the best rate
for the occasion to be H00 shots a minute, allow-
ing the gunner to empty the drum in 6 seconds.
The gun had no sighting arrangement other than
looking along the top of the unusually large
aluminum barrel jacket.

Chandler, alter being shown by Lewis how to
operate the weapon and being made lamiliar
with the kick and amount of jump when operat-
g it full automatic, ok his place in the "T'ype

......

Lt. Col. Isaze N. Lewis, U, 5. A.
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B Wright pusher plane with the muzzle of the
gun resting on the cross bar upon which pilot
and obscrver placed their feet. [t had been agreed
that the firing was to take place a short distance
in front of the hangar. In the intcrest of safety a
decision was made to fly at a low alutude.

A target, consisting of a piece of cheesecloth
6 by 7 feet in size, was laid on the ground. Lewis
calculated that the planc would travel over the
length of the target in one-tenth of a second.
Lt. T. DeWitt Milling, who was piloting the
plane, made three approaches at an altitude of
250 feet. Fach time a short burst was hred. Ix-
amination showed five hits on the target and
several bullet holes directly in front of the cheese-
cloth. Chandler could not see where the bullets
were hitting on the ground and when circling
over some adjacent fish ponds, he fired the re-
mainder of the drum into the water to observe
the spacing of the bullets by the splashes.

This unscheduled burst caused the colonel
much concern. Thinking that Chandler may
have fired the weapon accidentally, he asked the
observers to take cover in the hangars as a pre-
cautionary measure. He concluded that if the
trigger had been pulled once accidentally, it
might be done again. Later Lewis was much re-
lieved by the captain’s explanation [or firing into
the pond.

Rcalizing they had contributed to aviation his-
tory, they jubilantly planned another trial the
following day. This time a target 2 yards wide
and 18 vards in length was used, and again the
2 officers, Chandler and Milling, ook ofl. From
cxperience gained the day before, they decided
to raise the altitude to 550 fect. Even at the -
creased height, 14 shots out of 44 fired hit the
target, and the remainder of the bullets lelt holes
in the ground close by. As the limited space
allowed the gunner practically no raverse, ac-
curacy depended much on steering the machine
steadily over the target.

For once the newspapers were caught by sur-
prise and although the firing was done almost
within sight of the Nation’s capitol, thc news did
not reach the public until the fullowing day. Had
it not been for an enthusiastic amatceur photog-
rapher named MacCartee, who journcyed to Col-
leze Park and asked Captain Chandler to pose
with the gun in the plane, no picture of the
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event would be in existence today. At the time,
Lieutenant Milling was away on duty and l.ieu-
tenant Kirkland had to “'stand in” as the pilot
when the picture was being made.

Newspapers and magazines everywhere carried
the picture and much was written about the fu-
ture ol aircraft in warfare. The experiment
proved that sustained fire would not upset a
plane’s balance, as the experts had accepted as a
certainty. In accordance with a customary jour-
nalistic privilege, reporters assigned to the War
Department used the incident to interview a
spokesman of the General Staff. They came away
with a very clear understanding from the high
command that aircraft were suitable for scouting
only. Any drcam of acrial conflict was simply the
product of a too [ertile imagination, a failing
often found in younger men with insufficient
scrvice to recognize certain things as utterly ab-
surd. Besides the experiment had been run with-
out official sanction, which, as far as the military
authorities were concerned, left it in the category
of having ncver happened.

There is no desire at this point to take advan-
tace ol the hindsight that the passage of timc
affords. The limited [lying and erratic perform-
ance of aircraft in the United States had 1m-
pressed officials only with their possibilities for
scouting and message carrying. On the other
hand, officers, mentally capable of mastering the
problems of staying aloft with their itricate
machines, were also the type who had not only
vision but the means ol extending it to reality.
Fven so, 1t was cxtremely doubtful 1f a single
officer at College Park at the time could foresee
the mighty surge of aircraft armament develop-
ment that was to occur in the next b years, par-
ticularly in Europe where war was only months
away.

It the high military authorities had any idea of
dampening Lewis's enthusiasm for the potential
uses of his machine cun in aircraft, they certainly
overlooked his reputation. The colonel was a
man who did not discourage easily. When dedi-
cating himsclf to a purpose, he was no respecter
ol person, rank, or position in life, and he had
already acquired the utle, “the stormy petrel of
the service.” Having been a successful mventor
throughout his military career, he had the ut
most contempt for those who could not see the
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_antain Cheandler, tae First Man to fire a Machine (zur trom the Air, with Lt Rirklard
at Collecge Park, Maryland,
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obvious possibilities of anvthing that had re-
-:1uir::d so much of his time and labor to conceive
and construct,

Early Development of the Lewis Gun

Isaac Newton Lewis was born at New Salem,
Pa., on 12 October 1858, and was taken west by
his parents while he was still a child. He was ap-
pointed to the United States Military Academy
lvom Kansas in 1880 when 21 vears of age. He
oraduated eleventh in a class of 37 in 1884, and
was commissioned a second lieutenant i the
Coast Artillery. I'rom 1894 to 1898 he was a mem-
ber of the board on regulation of Coast Artillery
fire in New York Harbor. In 1898 he became re-
corder ol the Board ol Ordnance and Fortihica-
tion of Washington, D. C., and the following
vear made a study ol weapons in Europe. This
led to the reorganization and rearmament of our
field artillery. He later invented a number of
ranzelinders and mechanical and electric instru-
ments used for conurolling artillery fire. I'rom
1904 to 1911 he was instructor and director of
the Coast Artillery School at Fortress Monroe,
Va., and rose to the rank of hieutenant colonel.

In the early part ol 1910 Lewis was approached
by ofhcials of the Automatic Arms Co., Buftalo,
N. Y., in relation to assigning him substantial
stock in the company if he would produce a ma-
chine cun based either on patents they already
owned or on anything he cared to originate. He
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agreed to the proposal and joined the firm. "T'his
business union resulted in his devising an anr-
cooled machine gun. In 1911 when the prototype
rcached a stage he felt was advanced enough to
be exhibited, he brought a handmade model to
Vashineton, D. C., and showed it to Maj. Gen,
L.conard Wood. then Army Chiefl of Stall.

\ short time later Lewis made four more guns
patterned after the prototype he had shown the
Army Chiel ol Staff. These weapons were also
pre sented in person to the Secretary of War and
other high ranking Army oflicers. He fired them
many times before these dignitaries on the Fort
Myer rifle range and, while in no ways was 1t an
official test, many were distinctly impressed. The
ouns were chambered for the standard United
States infantry rifle cartridge caliber .30 /06.

After the College Park demonstration of aerial
firing, the weapons were formally presented
the Board ol Ordnance and Fortifications for
consideration. When no definite decision was
reached by the Board, Lewis became annoyed by
what he called “a strictly negative attitude,” and
like practically all successful machine-gun in-
ventors before him, he turned to Europe for a
ready market and appreciation ol his effort. He
asked for leave of absence and in January 1913
sailed to Liége, Belgium, taking with him the
four guns manufactured originally for testing by
the United States Army.

These weapons were exhibited in various
countries in Europe and resulted in the forma-

Lewis Machine Gun, Cal. .303, British.
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tion in Liége of a company known as the “Armes
Automatiques Lewis.” While manufacture was
originally centered at Liége, the whole program
was later removed to the British Small Arms Co.,
of Birmingham, England, which at the time was
the world’s largest producer of small arms. Its
ofhcials, after having scen the demonstration of
the Lewis gun and the enthusiasm ol the gener-
ally conservative DBritush oflicers, immediately
offered to erect necessary buildings and take over
large-scale fabrication of the weapons. The pro-
posal was agreeable to the president and stock-
holders of the Automatic Arms Co., who did
everything possible to help the English company
to attain mass production of the lightweight au-
tomatic weapon.

Just as Maxim was the first to introduce the
full automatic gun, so Lewis was the father of
the lightweight automatic machine gun. Its
weight and self-contained feed system holding
47 or 96 cartridges without use of links or belting
made it possible for one man to represent the
threat formerly offered by a three- or four-man
machine-gun crew.

Without detracting from the skill Colonel
Lewis showed in assembling one of the lightest
and most reliable firing mechanisms ever de-
vised, it must be remembered that the basic op-
erating principles were already the property ol
the Automatic Arms Co. before Lewis became a
member of the firm in late 1910. At the time of
the firm’s organization Samuel Neal McClean
assigned to it all patent rights to his machine
cun, better known as the McClean-Lissak auto-
matic rifle. The producers of the weapon made
several unsuccessful attempts to interest the Gov-
ernment in it but McClean, like many other in-
ventors, could not leave well enough alone. Hav-
ing the basic principles for a reliable automatic
machine gun, he added various other gadgets
until the assembly was so overburdened 1t lost
practically all value as a compact and efficient
military weapon. .

Lewis deserves full credit for concentrating on
the problem at hand and refining the original
idea down to the barest necessities that would
permit reliable operation, especially for lengthy
bursts. The McClean gun was originally made to
use both water and air cooling and to be tripod
mounted. The gun could also be detached for
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shoulder firing. This intended all-purpose
weapon, as is usually the case, was too bulky for
any specified purpose.

L.ewis's own originality and inventive abihty
were displayed when he overcame obstacles in
the difficult task of improvement. His solutions
to the various problems were patented and as-
signed to the Automatic Arms Co. Among the
most notable innovations were the cooling jacket,
the clock-type spring and the rate-of-fire regu-
lator. The finished weapon is rightfully called
the Lewis gun, as the colonel redesigned, assem-
bled, refined, and, in some features, created an
automatic machine gun that soon became the
most discussed instrument of war of its dav.

After 25 years of active duty in the Coast Ar-
tillery, Lewis retired in order to be able to de-
vote his entire time to further improvement and
promotion of his gun. When he left, he held the
rank of colonel.

The Lewis Gun in World War 1

A Serbian student named Princip, armed with
an American-designed auto-loading pistol, on 28
June 1914, assassinated Archduke Francis Fer-
dinand of Austria to start what might well be
called the First Great Machine Gun War. The
automatic weapon had heretofore been employed
only in minor conflicts, which had served to show
its potentialities. In the 1914-18 war it was esti-
mated that 92 percent of all casualties were in-
flicted with this highly lethal type of weapon.

After the declaration of war, the entire ca-
pacity of the Birmingham Small Arms Co. was
turned over to the production of Lewis guns. It
was estimated by the manufacturers that six
Lewis guns could be made to one Maxim-Vickers.
Lewis must be credited with knowing the value
of being able to produce a weapon quickly 1n an
emergency. lo this end he worked diligently,
simplifying all components that required skill
above normal to fabricate.

The demand of the British and Belgians for
Lewis guns was so great that their factories could
not begin to keep pace with the use, and the
Savage Arms Corp., of Utica, N. Y., was con-
tracted with to make the weapons in the United
States. The Savage Co. was organized in 1894 to
manufacture a hammerless repeating high-power
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rifle invented by Arthur Savage, a rifle designer
far in advance of his time. By 1915 it was manu-
facturing, in addition to high-power rifles and
ammunition, several .22 caliber rifles and an au-
tomatic pistol. In that year the corporation was
merged with the Driggs-Seabury Ordnance Co.,
which held a number of basic patents on auto-
MALIC arms.

In 2 years, this plant reached an output of 400
[.ewis guns per week. After production was well
under way and thousands had been delivered,
the Lewis was adopted by the British as its first-
line light machine gun. By that time all modifi-
cations were established and the weapon was
made without any basic changes throughout the
WAar.

The action of the weapon is quite simple. The
locking of the breech depends upon the semi-
circular movement of locking lugs at the rear of
a rotating bolt, a principle first used by the
Mannlicher straight-pull rifle and later by the
Schmidt-Rubin. The striker is located on a post
fixed at the rear ol the gas piston and reciprocates
in a helical slot cut in the bolt body.

When the piston is engaged by a sear, the bolt
1s held retracted in what 1s known as the cocked
bolt position. Upon its release by pulling rear-

ward on the trigger, the piston and bolt are

driven forward by the stored cnergy of the clock-
type return spring. The [ace ol the bolt shoves
the already indexed cartridge ahead of it into
the chamber.

At this point the striker post 1s held securely
in a recess at the rear of the bolt slot, with 1ts
left side bearing against an inner portion of the
curved part ol the slot. The locking lugs on the
bolt engage with the guide grooves on the ac-
tion body and prevent the bolt from being ro-
tated until such time as the lugs are opposite
their locking recesses. The continued [orward
motion of the striker post along the curved por-
tion of its slot rotates the bolt body and lugs in
their recesses, while the striker continues on
along a straight path in the slot until i1ts point
smashes into the primer of the chambered car-
tridge.

The barrel, bolt, and piston are all securely
locked until the bullet has passed an orithce in
the barrel at which point gas is bled into a cylin-
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der and force brought to bear on the head of the
gas piston. By the time the action begins a rear-
ward movement, the bullet has safely cleared the
bore and the gas piston 1s then suddenly thrust
back with great lorce.

This movement of the piston withdraws the
striker and next the rotation of the belt unlocks
the action. The extractor holding to the base ol
the cartridee then withdraws it from the cham-
ber and a pivoting ejector knocks the empty case
to the ground. The continued action rearward
of the gas piston actuates the crcular drum type
[eeder, by means of a lug, causing it to rotate a
fraction ol a revolution and index the incoming
round in position to be picked up by the bolt for
chambering,.

Some ol the distinctive features of the weapon
are the positive safeguard against firing until the
bolt is securely locked, and the design of the re-
turn spring mechanism. The latter consists ol a
clock-type spring mounted inside a pinion which
engages a rack on the under side of the gas piston.
The entire spring mechanism is mounted in a
casing on the pistol grip unit. The advantages of
this simple and ingenious arrangement arc many.
The easily accessible spring is located out of the
way of the reciprocating parts. It is practically
impossible to get dirt and other forcign matter
mto its housing. The whole umt can be removed
in a matter of seconds along with the trigger as-
sembly, also located on the pistol grip. Any de-
sired amount of tension can be attained without
stopping the gun, as the clocklike spring can be
wound cxternally until the desired result 1s
reached. This permits to a limited degree the
control of rate ol fire. The trigger assembly also
has a very simple design with very low inertia.
An unusual feature 1s that no provision 1s made
for firing single shots, the weapon being designed
[or tull automatic only.

Another radical departure from conventional
machine-gun design is the unique feed system.
Although Maxim in 1889 successtully used such
a cartridge container and the American Govern-
ment likewise had tested the Carr gun with a
similar flat rotating drum feed, it remained for
Lewis to lighten it by practical design. By using
a reasonable cartridge content ol 47 for ground
usc and 96 for air, both weight and profile are
held to a minimum. T'he Carr drum held as many



282

THE MACHINE GUN

Lewis Aircraft Machine (Gun, Model 1914, Cal, .303, B-itish.

as 305 rounds, which made the gun too clumsy
and breech heavy to be handled without tripod.

The standard Lewis drum holds 47 rounds in
two circular rows and is fastened horizontally by
a clip to a top post located to the rear in line with
the chamber. During operation the drum is ro-
tated counterclockwise by a ratchet pawl work-
ing oft the reciprocating piston body. It can be
exchanged i a tew scconds, 1n fact so tast that
only a slight pause 1in a long burst is apparent,
since belt or links are not required and firing is
eenerally interrupted anyway after 50 shots. This
1s one ol the weapon's many desirable features
for military service.

The Briush made a shight change n the gun
by using a closer-fitting metal tube of aluminum
in place of the conventional radiator in order to
lighten the weapon for aircraft use. This model
was employed 1n the first aerial firing of a ma-
chine gun 1 England. (A similar exhibition,
macde by Belgian pilots with the 1.ewis gun at the
Brasschaet Military Aeronautics Grounds in Bel-
otum in December 1912, was the first official
demonstration of its kind m Europe.) The Brit-
ish plane, a Graham White biplane, was piloted
by Marcus D. Manton, a civilian, and the dem-
onstration took place above the Bisley airheld
on 27 November 1913, A machine gunner, from
an improvised plattorm located between the
pilot and the landing gear, hired repeated bursts
with the Lewls machine gun at targets on the
eround and despite his precarious  position
scored a substantial number ol hits.

Although the above test was made a full 10
months before the start of World War I, the only
Briush aircralt equipped with machine guns at

the outbreak of hostilities were two seaplanes of
the Roval Navy Air Service, and cven then they
were not permanently mounted. All planes sent
to France by the Royal Flying Corps were un-
armed when the fvst British pilots crossed the
channel on 13 Aucust 1914, Aircratt at the ume
were constructed far too lightly to carry very
heavy armament. 'T'he planes were regarded ‘as
ol value only for scouting and observauon work.,
without being suitable for inflicting damage on
the enemy. Aenal warlare was as vet unknown,
although sometimes a pilot took with him a rifle.
revolver or a few hand grenades, with which o
answer the derisive and obscene gestures usu
ally tendered at such an encounter.

German observers, besides carrying standard
military bolt-action riHes, somctumes found 1t
convenient to be provided with a self-loading
arm. I'he most popular one was the highly ad-
vanced gas-operated Mondragon, the mvention
of a Mexican officer, Manuel Mondragon, pat-
ented on 8 August 1904, and adopted by his
country’s army in 1911, It was manufactured in
Switzerland by the Schwelzerische Industriel
Gesellschalt at Neuhausen on the German bor-
der. At the beginning of World War 1, all pro-
duction was diverted to Germany. Large num-
bers ol specially designed magazines holding 30
cartridges cach were made up and 1ssued to the
observers. They remained in use only until the
mounting of flexible full automatic guns.

On 22 August 1914, two voung Dritish pilots.
Lts. [.. A. Strange and Penn Gaskell, helped to
make aviation historyv. These two oflicers, acting
on their own initiative, placed a Lewis gun
aboard their aircraft and took off looking for the
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enemy. In a very short time, at an altitude of
2.000 feet, a Gernman Albatross was scen ap-
proaching. Using every known means ol coaxing
their aircratt along, the aviators could not get
closer than an estimated 1.000 vards. Sceing that
they were heing outdistanced, Gaskell took amm
with his Lewis cun and fired an entire drum at
the German plane. The pilot and observer ol the
German atreraft few on unharmed and perhaps
never knew they were the party of the sccond
part in another of aviation’s historical events.
For this was the first record ol a machime gun
being fired at an enemy in the air.

After returning to their home held the oflicers
recorded their initial attempt in a full report of
the incident. They stated that, although they did
not inflict any visible damage to the enemy, there
was every reason to believe that machine guns
could easily replace the rifles, bricks, pistols, etc.,
then carried by practically all pilots on both
sicles.

Strange and Gaskell were in for a rude awak-
ening if they thought progress would come from
their dramatic cffort. The report resulted in an
order by the High Command prohibiting the use
of machine guns in aircraft. Such a practce
would only cause the pilot to seek out other
enemy planes to try out this newfangled 1dea,
thereby diverting his attention from watching
troop movements and spotting artillery fire. 'The
latter, it was pomted out, was the [n*im:u‘}' duty
of the pilot and observer and the excuse for the
aircraft’s existence in warfare. For a brief time
this dircective stopped such unorthodox prac-
tices as [ar as the Driush were concerned. Such
an attitude is surprising since the Britsh orig-
inally became interested in the Lewis gun as a
superior aircraft weapon, and England was one
of the first European countries to fire a machine
gun trom the air. It 1s perhaps logical to assume
that the British did not desire to he the hrst to
introduce a type of warlare that could ecasily
have unpredictable consequences.

In any case the order did not stay in cffect too
long. DBelore it was rescinded, British aviators
had brought down a few German aircralt by
plane-to-plane rifle and pistol fire and. in one
instance, by a shotgun loaded with buckshot.
Only a few days later a machine gun was used by
Lts. C. W. Wilson and C. E. C. Rabaglhiau to
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A Cartridge Catcher, Lesigned to Keep Spent Cartridges
from Striking the Airman or his Ship when Firing a7 the
Eremy.

shoot down a German plane at L.e Quesnov be-
hind the British lines. By the end of September
1914 a few DBritish aircraft began to arrive at
French flying ficlds cach armed with a single
Lewis Irce gun,

T'he weapons were mounted to fire only back
wards, downwards, and upwards: forward firing
was prohibited by the whirling propeller of the
tractor-type plane. Because of this factor the
pusher plane was given high priority in devel-
opment for hghting purposes, although the trac-
tor in every other respect was much to be pre-
ferred. Soon afterwards Lewis gcuns  were
mounted on brackets outside ol the propeller
arc of tractor planes. The weapon was fired by a
mechanical triggering device operated by cither
the pilot or the observer.

From the stare the Lewis gun was considered
a superior weapon for use in the air. Dirt and
torcign material were precluded from getting in
the operating parts, and its extreme lightness
made it an ideal [ree gun. Issuance to the air
torce ol a 96-shot drum 1n place of the 47-shot
one lurnished a much needed ammunition re-
serve and gave Britush pilots the assurance of the
best possible aircralt weapon.

Shortly alter the larger drum made its appear.
ance during the Somme offensive ol 1916, the
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Ferward-Firing Lewis Machine Gun Mounted on a Pivoting Bracket

sc the Magazines Car Be Changed,

stock was removed and spade grips were substi-
tuted. This made a better balanced gun and the
change was met with enthusiasm by the English
fivers. The drum-fed gun, when used on a free
mount, could be maneuvered suddenly at any
chosen angle withour fear that the belt of car-
triddges would swing Inose, as in the case of a belt-
ted device.

Lews, encouraged by the success of his
weapon, mnformed  the United States  Navy,
through Commander ]. P. Jackson. on 23 May
1916, that he mtended to design an auto-
matic machine eun somewhat sumilar to the one
in current use. The hnished product, however,
would weigh onlv halt as much and have the
general appearance and silhouette of the Uniied
States infanury 1ifle. It would be clip ted and fire
full automatic. He pointed out that such an au-
tomatic rifle would be mvaluable not only for
aircraft armament, but also for quick assaults
as executed by Marine landing parues, since it

gave a small body of men the lire power of many
their number. Lewis further stated that, when
completed by the use of a device to reduce the
kick or recoil, it could be fired full automatic
from the shoulder of a comparativelv strong man.
[t seemed also to be his plan to permit the new
gun to be hred single shot, as he described 1o as
being as accurate when fired singly as our con-
ventional army vifle. Tt 13 not known whether
L.ewis ever undertook such a weapon. Ceriainly
all evidence secms to indicate he dd not.

The great powers hehting Germany used the
Lewis cun with such saushactory resales that
therr leaders. both civilian and military, seemed
pressed for words to pratse adequately its reli-
abilitv under baule conditions. Even the Ger-
mans complimented 1ts deadly performance by
mcknaming it the “Belgian Rattlesnake,” be
cause ol Belgin tactics i waiting concealed
with the Lewis and fhiving without warning othes
than the sudden hail of bullets.
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The Controversy over the Lewis (Gun

in America

It is 2 matter of record that Great Britain,
Belgium, and France bestowed many honors on
[.ewis, together with financial backing in pro-
ducing his weapon. At the same time a dispute
arose¢ between Lewis and this country’s Ord-
nance Department on the merits of the gun. Re-
oardless of who was at fault, no one but the
[uture enemy benefited frem it and an appalling
state of unpreparedness for machine-gun war-
fure resulted. While the colonel complained bit-
terly that his weapon was being considered with
a “strictly ncgative attitude,” written reports of
the office of the Army’s Chief of Ordnance indi-
cate that it was just as upset over mability to get
the Automatic Arms Co. to submit one or more
weapons for testing. [t wished to give the guns
[air field and endurance trials in accordance with
Army regulations.

A memorandum from the Chiet of Ordnance
at the time is given verbatim in order o show
that a conflict of opinion existed. It should be
remembered that well belore the report was
written, 40,000 Iewis guns had already heen
battle-tested both on the sround and in the air
and acclaimed by their users the “'greatest single
contribution to the Allied cause.” 'T'he report. of
General Crozier, Army Chief of Ordnance, dated
17 Junc 1916, is as follows:

“1. The Lewis Machine Gun was first offered
to the Board ol Ordunance and Fortilication by a
letter dated 2 May 1912, from the Automatc
Arms Company, inviting attentlon to an air-
cooled, gas-operated, automatic machine gun,
and asking for a field test. Mr. R. M. Caltee, at-
torney, and Mr, Huberty, machinist of the com-
pany, appearced before the Board and exhibited
the model of the gun. Arrangements were made
for the Board to witness a firing test ol the gun
at Fort Myer, on May 3. . ..

“? The Board, on June 6, 1912, resumed con-
sideration of the letter dated May 2, 1912, rom
the Automatic Arms Company, presenting an
antomatic machine gun and asking for a field
test. Members of the Board witnessed a firing
exhibition of the gun at Fort Myer, on May 0,
3. The Board recommended that the Auto-
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matic Arms Company be informed that ‘the kind
of test proposed by them has limitations which
the Board docs not care to accept, for the reason
that the field test proposed usually follows tests
made to determine the mechanical suitability of
a weapon; but if they will submit a gun for such
Lests as seem suitable to determine 1ts fitness Lor
the service, it will be subjected to the tests usual
for guns of this class under the Ordnance De-
partment, including a field test. Their represen-
tatives will be permitted to be present during
the tests, and the company will be furnished
with a copy of the report.

“4. The Board of Ordnance and Fortification,
at a meeting on July 2, 1912, considered a letter
dated July 1, 1912, lrom the Automatic Arms
Company, requesting reconsideration of the ac-
tion in regard to a field test of their gun. The
Board recommended that ‘the Automatic Arms
Company be informed that after careful consid-
eration of their letter the Board is of the opinion
that the usnal procedure should be tollowed,
namely, the gun must be submitted to a techmi-
cal test by the Ordnance Department. During
this test, the r-:':prcﬁtntaativﬁs of the company will
be permitted to be present and, preliminary tc
the test, to give such an exhibioon of the per-
formance of the gun as they may sce fit, 1n the
presence of the representatives of the Ordnance
Department charged with the technical cxam-
ination of the gun. After this demonstration 1s
completed the gun will then be submitted to
such tests as the Ordnance Department may
deem necessary. Ammunition for such exhibi-
tion and tests will be turnished by the Govern-
mcnt.

“ “T'he parties representing the gun may have
the privilege of declining to subject 1t to any
portions of the test which may be proposed to
which they may not wish to have 1t su bjected at
the time, but in respecting their wishes in this
regard the report of the test will, of course,
state the lacts.

““In the course of the complete test, the gun
will have the kind of held test which they desire,
and copies of all reports in regard to the test
will be [urnished the company.

““ It 15 also recommended that the company
be inlormed that the Board has no objection to
the gun being fired at Monterey, before the
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School of Musketry, or at College Park. bv the
Signal Corps, but such tests will hive no weight
whatever until the technical tests have demon-
strated the structural efhiciency ol the cun.

“h. The Bowrd of Ovdnance and Fortification,
at a meetine on March 6, 1913, considered a
letter dated March 5, 1913, from the Automatic
Arms Company, present e for consideration
with a view to its adoption as a type lor use in
service, their J30-caliber, air cooled ¢un, and re-
questing that the gun be given a thorough com-
petitive test by a board of ollicers Trom the sev-
eral arms ol the service enzaced in the manufac-
ture and tactical use of machime cuns. . ..

“Tt 1s recommended that the Board ol Ofh-
cers be appointed as requested by the Automatic
Arms Company, the Doard to carry out a coni-
petitive test of all models ol machine guns sub-
mitted. . . . The Doard should also make such
tests as will determine the value of the cuns tor
use for war purposes lrom airships, and the suit-
ability of guns and mounts tor use for attacking
airships Irom the ground. . ..

“6. In the above record. no mention is made
of the tact that the cun submitted by the Auto-
matic Arms Company 1s the "Lewis Machine

THE MACHINE GUN

s FPesting Between Attacks,

Gun.” However, m view ol the l[act that My
Calfee represented the Lewis gun at the test.
there can be no question but that the gun re-
terved 1o in the corvespondence with the Auto-
matic Arms Company is the Lewis Machme Gun,
“7. The Board convened for the competive
test ol automatic machine cuns submitted to i,
met at the Springlield Avmory an September 10,
1913, The Lewis cun submitted to this Board
and tested by it, was one of two model guns
manulactured 1 Fngland numbecrs
39153 and 39,930). It is presumed that the guns
were manulactured by the Birmaneham Small
Arms Company, ol Birmimgham, Fngland. m
vicw ol the fact that on July 18, 1913, Mr. Cal-
lee, as Secrctary ol the Automatic Arms Com-
pany, acknowledged receipt ol rille tools and
gages shipped to Colonel 1. N, Lewis in carc of
the Biommeham Small Arims Company.

"R, In the 1913 test, seven dillerent makes ol
automatic machine cuns were considered and
tricd o, The Doard consisted of two olhicers of
the Infantry, one ol the Cavalry, one of the Field
Artillery, and an Ovdnance officer. The arsenal
test narvowed the competiton down to the pres-
ent service machine gun—the automatic machine

(serial
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rille, caliber .30, model of 1909, and the Vickers
Rifle Caliber Gun, Light Model. [t was not de-
sired to adopt a gun on simply an arsenal test.
and three additional Vickers ouns and four auto-
matic rifles, caliber .30, model of 1909, were
submitted to the Doard For an extensive feld
test, which was held at Texas City and Leon
Springs, Texas. As a result ol this test, the Board
recommended the adoption of rhe Vickers Rille
Caliber Gun, Light Model. and the Vickers Tri-
pod, Model ].

“O. The new gun differs i one essential from
the present gun in that it is water-cooled instead
of air-cooled. Tt 1s shghtly heavier when lilied
with water than the present gun, the weights
being about 29 pounds and 56 pounds, respec-
tively. "'T'he cost of the new gun 1s about twice
that ot the present oun, unless a tripod be added
to the latter, in which case it would be about
one and one half times as oreat.

10, This test, m so Far as the Lewis gun s
concerned, indicated that the mechanism had
not been developed to a satislactory stage, hav-
mg, in the endurance test, 206 jams and mallunc-
tons, 523 broken parts, 15 parts not broken but
requiring replacement, as against respectively
23, 0 and 0 for the Vickers gun, and 59, 7 and 0
[or the [Benct-Merci¢] automatic machine rifle.
caliber .30, model of 1909,

“11. The Doard concluded, after a carelul
consideration of the data collected, tocether with
the knowledge of the suitability of the various
designs of machine guns eaimed by observadion
during the tests, that “the Lewis Automatic Ma-
chine Rille, as at present designed. 1s not con-
sidered superior to the service auntomatic ma-
chie rifle, on account ol failure to maintain
continuous fire, the large number of parts that
were broken, and the large number of jams.
many of the latter being reduced only after
much difhicultv and considerable time.’

“12. 'T'he Lewis gun was therefore not given
the held test, 1in view ol the fact that the Board
recommended a competitive test ol this naturc
for the Vickers gun and the Automatic Machine
Rille only.

“13. On the conclusion of the field tests at
Texas City and Leon Springs, the Board ex-
pressed the opinion that “when the present serv-
ice. machine rifle (automatic rifle, model of
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A Device for the Lewis Gun Allowing It to be Fired from the
Shoulder with Eaze,

1909} was originally tested some seven years
ago, it was then without doubt the best type ol
machine gun in existence, but during the past
seven years the Vickers Company have developed
a gun which not only overcomes all the serious
delects mherent to the service type obf Maxim
gun (model of 1904}, hut compares very favor-
ably in weight with the automatic machine rifle,
caliber .30, modcl of 19O,

“The service machime rilles Turmished the
Board lor test were well made and finished, and
only a small number of parts were cither broken
or replaced during the test, indicating that the
laroe number of jams and stoppages ol fire which
occurred, particularly during the ficld firing,
were not due to either delective material or
workmanship.’ |

“14. Effort has been made from time to time,
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within the past year and a halt, to obtain a Lewis
Machine Gun for further test. These effores have
not been successtul untl recently, when satis-
factory arrangements were made with the Sav-
age Arms Company, ol Unca, New York, the
Amentcan manutacturers ot the lLewis Machine
Gun, to submitt a egun to tests similar to those
held i the competitve trial ol machine guns,
m 1913, The Board testing this gun was coms-
posed of one officer ol Cavalry, one oflicer of
Infantry, and one oflicer of the Ordnance De-
partment. . .,

“15. In order to lurther test this weapon, ar-
rangements have been made for the purchase of
three Lewis Machine Guns, chambered tor Brit-
ish ammumtwon, which 1t 1s mtended 1o mount
on acroplanes on the Texas border and i Mex-
ico. These weapons have been procured with a
view to determining whether this particular type
of gun has peculiar and special adaptability for
:i:*:t'npl;:mt work.”

Very lew things in American military lostory
have produced as much controversy and as many
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contradictory opinions from people mn high office
as cdid the Tatlure to procure the Lewis gun fon
the services. A lew quotations are given to show
the position held by defenders of the Lewis gun
against the Army's claim that it was unservice
able when tested by it

Sidney Brooks, a Briush publicist and corre-
spondent, wrote in the Philadelphia Public
Ledger on 14 Tebruary 1917

“. .. But there has recently been an even more
striking stance of the discrepancy between
Britsh experience on the one hand and the
views of American oflictaldom on the other. |
reter to the controversy over the Lewis machine
gun. Here again 1 speak simply as a layman and
not at all as an expert. But I do know, and every
Fnglishman knows, that the following statements
are facts:

“First. That the present war is so largely a war
of machine suns—I remember Mr. Llovd George
stating that more than niety percent ol the
casualties were due to them alone—that whercas
at 1ts begimnimg we had only two to cach thou-
sand men, we now have thirtyv-two.

Flexible Lew:s Machine Gun Mounted on a Scarfi Ring.
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“Second. That of all the machine guns in use
in the Allied armies the Lewis gun is by far the
most popular and the most effective.

“Third. That some 4,000 othcers and about
400,000 men use it exclusivelv, and that in the
British, French, Italian and Russian armies there
are at this moment nearly 40,000 in actual and
daily operation,

“Fourth. That virtually all our aeroplanes are
armed with Lewis guns, and that of the seven
Zeppelins we have accounted for six were
brought down by the Lewis gun.

“Fifth. 'I'hat both on Salisbury Plam and at
the machine-gun school in France most of the
instruction is done with the Lewis gun.

“Sixth. That it owes 1ts pre-eminence partly
to its mobility, partly to its light weight, partly
to its capability of being nsed in any position
and partly to the simplicity of its working; and
that after fully two years of daily experience in
the battlefield it stands higher than ever in the
judgment of the British armies.

“Yet this 1s the eun the American Government
virtually turned down. 1 have heard all sorts of
explanation of its action, mainly of a personal
or political character, But I have never yet heard
it asserted that the Lewis machine gun was re-
jected by the authorities at Washington on 1its
merits or that they have any better gun or any
that i1s as good up their sleeve.

“Incidents such as these have a somewhat more
than depressing effect on an Englishman, who
has seen at first hand the terrible effects of a state
of unpreparedness and who has no dearer wish
than that the United States may be wise in
time.”

Maj. Gen. Leonard Wood, commander of the
Department of the East, declared, “'In my pri-
vatc opinion, the Lewis Machine Gun is the
best light-type gun yet developed for troops in
the field.” He added that he favored “having
... a reserve supply of 25.000 machine guns as
in the end one in ten men will carry a 26-1b. ma-
chine gun as he now carries a rifle.”

Will Irwin, war correspondent for the Satur-
day Evening Post, declared:

“Modern warfare had developed a real neces-
sity for machine guns both light and heavy, but
as far as [ saw, the Lewis Gun far outnumbered
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all other machine guns of the light type among
the Allied armies.

“In the last engagement I saw in the recent
Somme offensive, whole detachments were go-
g into the trenches with every man carrying
a Lewis gun as one would carry an ordinary
rifle.”

Charles Fdward Russell, an American sociol-
ogist, wrote in the Cleveland Press, in October
1916:

“Nothing the whole war had brought out has
been of so much real use to the British Army as
the lL.ewis machine gun. It has done wonders.
It has almost counteracted the Briush aversion
to tactics. .

“The merits of the Lewis gun arc long past
any discussion in British army cncles after so
many months of testing. It has also added a
much needed redecming quality to the fame of
American products in general.

“One odd little fact 1s that they nearly all be-
lieve the American army to be cquipped with
the Lewis guns. "But then vou have your Lew-
ises.” British armyv officers would say to me when
the United States was trylng to get an army (o
the Mexican border. ‘Rum country, rum coun-
try,” they would say when I told them we
hadn’t.”

And from the Army and Navy Register of 30
December 1916 is quoted:

“It appears to be conceded that between sixty
millions and seventy millions have been spent
for these cuns by the Entente Powers, and they
are used in all the French and English armies [or
the first line trenches. Heavier, more durable
and water-jacketed machine guns being pre-
ferred for the sccond line. Are all the war au-
thorities ol France, England and Russia at fault?
It not, why is not the Lewis gun good lor the
United States?”

There must have been a logical reason for the
failure of the Lewis gun to mecet the Army s re-
quirements. The most probable explanation was
brought to light vears later. If valid, it serves as
an outstanding cxample of how certain minute
dimensions, which are only slightly out ol ad-
justment, can ruin the performance of a weapon.

When Lewis presented his gun to the Board
of Ordnance and Foruhcation in 1913, 1t must
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Lewis Aircraft Mackire Gun, Model 1914, Cal. .303, Twin-Mourted, French.

be remembered that it represented a handmade
product in its earliest prototype stage. Constant
experimentation was daily being carried on in
an attempt to perlect the mechanism. Construc-
tion ol the gas-operated gun required the at-
tachment ol the barrel and receiver so that the
orifices in the barrel are at an exact place under-
neath it. "The weapon could then be mass pro-
duced and the components quickly assembled.
T'his precluded the conventional means ol ad-
Justing head space by screwing m or out on the
barrel, as head space was permanently fixed with
respect to the barrel and recetver. The only re-
maining adaptable factors were the angle ol the
locking cam on the bolt and the straight portion
cut in this piece that allowed the piston to recoil
a certain amount belore unlocking action coms-
menced.

This very critical dimension in first iring at-
tempts has always been determined by rial and
crrov. About the only help engmeering can give
15 Lo [urnish calculations for a sate stavting point.
The hirst Lewis cuns submitted to the Doard
were still i highly expermmental stage and the
cas piston had been designed for the highest rate
ol fire possible. After the bullet passed the ori-
fice and gas pressure was brought to bear on the
piston, the latter had a [ree movement ol 0,875
inches. The spiral cam ol the bolt was then en-
gaeged by the lng on the gas piston, causing 1t to
rotate and unlock.

The distance of the free movement was such
as to give the hirst weapons an unusually high

rate of hre, since unlocking took place while a
residual pressure too high for practical use re-
mained in the barrel. The free wravel ol only
(.375 inches hastened unlocking and caused the
holt to withdraw its support from the base of the
cartridge. T'his slight easing back ol the bolt had
the same effect as too much head space, and
manv resulting maltunctions thus occurred. Too,
the completed unlocking was done under such
pressures that when the empty cartridge cases
chid not stick or rupture, the bolt was carried
rearward with such force from the added blow-
back as to overstrain the other recoiling compo-
nents. This resulted in a parts breakage that was
all out of proportion.

Impatient at the delay of the Army Board,
Lewis sailed lor Furope taking his four guns
with him. Durimg his demonstravons abroad.
British and Belgian ordnance officers pointed
out that his rate ol hre was lar above what was
considered ideal lor battle use. In order to ve-
duce the rate, the straight l.n;n'l;i{m ol the cam
slot was redesigned until 1t had a Iree travel or
“dwell” of 1.0625 inches. The additonal free
movement permitted the chamber pressure to
drop belore the bolt started to relax behind the
base of the cartridee. It also established an aver
age rate of fire of around 600 shots per minute
when used m conjunction with a hxed gas orr
fice of .130, a dimension that produced a satis
factory rate of fire and the smoothest perform
ance.

As Encland was at war and the most trivial
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thing concerning machine-gun construction was
considered top secret, it is easy to undcrstand
why information on this redesigned part was
not made available. In fact it is possible that the
change may have been made by engineers of the
Sirmingham Small Arms Co. when the manu-
lacturing drawings were converted from our
measurements to the metric system and that
Colonel Lewis did not even know ol 1. When
the Savage Arms Co. contracted to make the
weapons here in the United States, this change
[rom the original drawings was noted for the
first four guns.

It was felt at first that the weapon would not
handle the United States inlantry ville cartridge
because of its higher velocity, chamber pres-
sure, etc. However, the theory was cxploded
when the Savage Arms Co. produced 1ts version
of the gun. It was basically the same as the un-
successful earlier models with the cxception of
the added dwell belore the bolt unlocked. The
Lewis guns made by the Savage Co. stood the
test.

Later Development and Production of the
Lewis Gun

General use ol the Lewis gun in the air led
to the construction of many accessorics that
made it even more cflicient. It was determined
by actual batile use that the wind blew the car-
tridge case deflector and canvas bag back and that
sharp maneuvers of the plane closed up the bag,
causing stoppages in the ejection chute., As a
result, a satisfactory sheet metal delector and
receptacle was designed, which was later replaced
by an even better device made ol die cast alu-
minum.

IFor aircratt mounting it was found convenient
to cut into the gear case above the pin to allow
suflicient clearance from the receiver locking
pin. Removal of the casing without unscrewing
the receiver from its locking piece was thus fa-
cilitated. To permit the fitting ol an adequate
sight, the gas chamber was modified so that the
front sight basc could be mounted on top with
a dovetail fit and retamning screw.

The most urgent demand from Lewis gunner
pilots was for a simple indicator to show thc
number of rounds, if any, left in the drum at the

end of a burst or engagement. Many devices were
tried, the most successtul one being designed and
made by the Veeder Manutacturing Co., Hart-
lord, Conn. The counter was mounted on top
ol the magazine plate and operated by a small
aear, the teeth of which engaged in the notches
of a latch lock located in rhe spacer ring. The
indicator was set at zero when the drum was
filicd; after firing commenced, the revolution of
the magazine’'s rim operated the ndicator
through its gearing. When only 19 rounds were
left in the drum, a luminous figurc “one” ap-
peared and stayed until only 9 rounds remained.
The number then disappeared and a red marker
came into view to indicate to the gunncr that
the drum should be changed at the lirst oppor-
fanity.

This reliable counter was very ruggedly con-
structed and was considered the most useful ac-
cessory on the Lewis gun. Its acceptance by air-
men was of such an enthusiastic nature that one
of the indicators was sent in cach carton con-
taining six spare drums. The early style drums
that were not designed to work with the indi-
cator were soon properly altered.

On 28 May 1918, the Office of the Chief of
Ordnance, United States Army, received the fol-
lowing cable from General Pershing: “Request
informaton as to what experimental work has
been done towards speeding up lLewis gun in
the United States. French are at present doing
considerable  experimenting along this line:
methods pursued being first to increase dura-
tion of gas pressure acting on piston by fitting
muzzle  attachment, which 1s approximately
equivalent to increasing length ol barrel by in-
creasing spring tension, adding more length 1o
barrel, and by adding bufler spring in rear end
of racks to soften blow against butt tang., Sug-
oest this matter be taken up with Savage Arms
Company and reports [orwarded to this office.”

The Ofhice ol the Chiet of Ordnance made an
inquiry to ascertain the new French rate of fire
and how much was desired by the American Lkx-
peditionary Force, and received the tollowimng
reply:

“The rate ol fire of Lewis guns should be as
high as possible consistent with reliable per-
formance of the gun. The French at present
have produced a reliable speed of about 850
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Lewis Aircraft Machine Gun, Madel 1518, Cal. .30, with 57-Round Magazine and Muzzle Booster.

shots per minute. A speed of over a thousand per
minute has been attained but performance of
cun has not been satistactory.”

No attempts had heen made in this country to
speed up the gun, as it had just been adjusted to
work satislactorily at its normal speed. But upon
General Pershing’s sugeestion an order was
placed with the Savage Arms Co. for experimen-
tal work of this nature. It was recommended that
a rate ol fire ol 900 rounds a munute would be
acceptable. The company made up a special
spade grip, with two bufters having heavy
springs to act against the end ol the feed operat-
ing stud and rack. A hardened bufter plug was
added at the end ot this part. And 1o increase the
force of recoil of the gas piston greatly the ori-
hce was opened up from (130 to .190. The latter
change was found upon test to be far too great
for smooth performance. It resulted only in hav-
ing the extractor tear through the rim of the
empty case which was sall under terrific gas
pressure. The company ofhcials were unable o
hive a single full drum of ammunition without
some serious malfunction or parts breakage.

Without L-xpcncling further effort, the Savage
Arms Co. asked permission to give up the ex-
periments as an impossibility. The Ordnance
Department was not so easily discouraged. It or-
dered Savage o reduce the gas orifice from .190
to .150 and put the Hazelton attachment on the
muzzle, The device trapped the gas momentarily
after the bullet had cleared the muzzle. A high

residual pressure was held in the bore to add
greater operating power and recoll to the piston
stroke. This modified assemblv increased rare
ol hire greatly but it resulted in wearing oft the
stop, rebound and leed pawls, afrer the firimg ol
a tew magazines. Innumerable failures to leed
resulred.

The fault was finally overcome by continued
firing and experimental heat treatment of the
alfected parts until the breakage stopped. There-
after one Lewis gun was [ired as much as 8,000
rounds, when the rate of fire was 800 to 850,
without what was considcered excessive wear. As
many as 1,000 shots a minute were obtained by
restricting the orihice in the muzzle attachment,
but a lgh percentage ol broken parts again re-
sulted when the orihee was thus choked. It was
decided that a maximum of 800 to 8H0 rounds
per minute could be fired without affecting the
reliability of the gun’s acuon. The most serious
difficulty encountered at the latter rate of five
was the tendency of the powder gas to blow back
into the operating parts and clog or foul up the
recotling mechanism. It was remedied by drill
ing three holes, 0.0620 inch in diameter. through
the cylinder and casing a little ahead ol the rear-
most position of the piston head on recoil.

All modifications were ollicially approved and
5,000 muzzle boosters were ordered from the
Savage Arms Co. to be attached overseas to Lewis
guns already in action. Betore this was done, 1t
was found more desirable to complete the
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specded-up gun at the factory, since it had been
apparent that the ramps on the receiver needed
a milled-out cut, This could be donc in a satis-
factory manner only in a well-equipped manu-
facturing plant. After the modihcaton was done,
only a limited number of the improved guns
were actually delivered.

The Savage Arms Co., having been a large and
ctheient armament lactory for halt a century be-
fore the war, was considered well equipped to
[urmsh all the standard-type Lewis guns needed
tor United States military scrvice and no con-
tracts were made with ather plants. 'The orig-
inal order for the ground gun was placed during
the latter months ot 1917. By May 1918 more
than 16,000 had been produced and delivered.
Over 10,000 of these were of the aircraft type;
the other 6,000 were delivered to the Navy for
Marine Corps use. By August 1918, 25,000 of
the aircratt type alone had been made and by
Armistice Day, 34,000 of this model had been
delivered.

The Savage Arms Co. must be credited from
the very start with keeping production ahead of
requirements and overseas supply was held up
only because ot shipping difficulties. There were
comparatively few 1msoluble manulacturing
problems i the production of the weapon. This
can be rightfully attributed to the ftoresight ot
Colonel Lewis in emphasizing simplicity of man-
ulacture.

Because the bolt was held 1n a cocked position,
the Lewis gun could not he synchronized to five
through the propeller arc as could front-seared
machine guns. This limited 1ts method of mount-
ing, although many novel ways ol firing outside
the propeller arc were tried, a number of which
werce successful,

The main use of the Tewis was as a free gun.
At first 1t was necessary to modity the ground
weapon to mount in a planc, but an aircraft
model was soon issued that could be easily
adapted to any kind of mounting desired. It was
first installed on biplanes over the observer's seat
by means of a tourelle. Often two guns were
placed together in a voke and the torque action
of the voke combined with a knuckle arrange-
ment permitted a perpendicular action of the
mounting. Aiming in all dircctions was thus
made possible. Both guns could be tired simul-
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taneously by means of a Bowden connection. A
recoil remforcer was sometimes added to (he
mounts to make the operating action more posi-
tive and to increase its rate of fire to a limited
extent.

When certain altitudes were reached, freezing
up of guns was a common complaint. In this
situation various methods were emploved o heat
the operating parts. An clectric heater, obtain-
ing 1s power from the motor’s generator, was
usually attached under the feed cover.

The [ront sight was originally made ol bronze
but combat conditions proved the metal too soft
to be satistactory, as the set screw could not hold
the sight in place. The easilv burred material
allowed the base to loosen. Stecl sights had to be
made to replace the original ones.

A simple set of magazine rim and spacer pin
gages for use in the lield by ordnance men was
developed. Thelr intended purpose was to give
a quick means of checking accurately the critical
dimensions ot these two parts. On the standard
oun firing at 600 rounds a minute, it was thought
a recoil check or muzzle brake, used over the
muzzle, would result 1n smoother perlormance
bv eliminating the kick. However, when a test
was made with such a brake designed by the
Irench, so much carbon and fouling was found
in the mechanism that the idea was dropped.

Use of the Lewis Gun by the Navy

One of the most peculiar things about the
l.ewis controversy 1s that the Navy did not con-
cur in the belict that the weapon was unreliable.
The Navy, in its effort to supply the Marine
Corps with an adequate hght machine gun, had
the Marines test the weapon. Complete satisfac-
tion with its performance was expresscd.

In Scptember 1917, an officer from the Avi-
ation Ordnance Section, Lieutenant Commander
Stone, who had been sent abroad to collect data
and spccimens ol foreign aircralt ordnance, re-
turned to the Bureau with voluminous informa-
tion and a quantity of English and lrench air-
craft armament, among which was a British
Lewis gun.

The Navy ordered the Savage Arms Co. to
modify the standard Lewis gun to conform to
the sample submitted so that it would be iden-



-
T

294 THE MACHINE GUN

tical with those used by Great Britain and France
for both aviation and ground use. "I'hese instruc-
tions were complied with and laree quantities
were dehivered to the Navy by 1 January 1918,
From that date the Navy never sultered lor Tack
ot machine guns. Since there was an ample sup-
ply for traming the Marimes at home and out-
fittine them belore going overseas, they were the
only American troops to arvive i France armed
with Lewis cuns. Other units were oiven what-
cver the French and English high command
could conveniently spare, the Chauchat being
ollered 1 most cases.

The Navy was long an interested party i ma-
chine-gun development. It had adopted the Coli
G5 mode]l while other branches ol the service
still clung doveedly to the hand-cranked Gatling,.
It was reahzed carly that the Lewis gun would
best suit Naval needs in World War I for both
land and air use. Having previously been satis.
fied with 1ts performance, the Navy ordered
enough weapons, in advance ot the war, to give
it an adequate supply for training purposes.
Once this need was mer, an ever-inereasing How
from the factory kept ahead of the demand.

Such loresizht was due to a large extent to the
efforts of the newly formed Naval Aviation Ord
nance Section, created alter 6 April 1917, as a
subsidiary of the Gun Mount and Small Arm
Section. On 1 October 1917, the unit became
ofhcially known as the Aviaunon Ordnance Sce-
rion. T he section had under its cognizance re-
sponsibilitv for obtaining machine guns, sights,
mounts, amnmunition, bombs, and pyrotechnics,
along with anv other large caliber guns as long
as they were intended tor use e anveralt. Adter
war was declared, Lieutenant Commander Stone,
an oflicer [rom this section, was sent to the front.
as menuoned above, to gather samples of the best
weapons with which to fight an acrial war.

While the new section’s complement was very
small and  its quarters cramped. 1t certainly
proved competent in every respect. The reason
fov its existence was best stated in its letter of
organization:

“lTo plan and develop by years of experience,
the needs ol Naval aviation and base 168 require-
ments under conditions of war, and ncever upon
thosce ol peace. The principal fanction ol this
orcanization is to harness authority and respon-
sibility so that they can never be separated .. ..
so that a desiegner cannot design a gun, then
throw credit or blame onto the producer, or
later escape the final issue and responsibility
therclor. One man is to be responsible tor each
bit ol material or development from its start to
completion . its issue, its service perform-
ance, and later its overhaul or repadr, Given this
responsibility, he 1s to be dlothed with  the
requisite authority over all s derals.”

One ol the unit’s first acts was 1o }ll:u'-.- COI-
tracts for the Lewis oun. It had expressed dis
satislaction with the heavy water- and ar-cooled
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automatic weapons that had been previously
tested. ['he Savage Arms Co., alrcady tooled up
for the caliber .503 Lewis gun lor the Briush,
had been approached as early as 5 February 1917
{before the section was set up) on the production
of sufhcient caliber .30/06 guns for Marine
Corps tesung. Through the hard labor of an al-
ready overworked factory at the urgent insist-
ence of the Navy, this was done and by 5 April
1917, one day belore declaration of war, success-
[ul acceptance tests were run by both Navy and
Marines. On 25 April 1917, the first contract
with the Savage Arms Co. was given for 3,500
guns. A sccond followed on 22 Junc 1917, tor
350 more; a third on 6 April 1918, for 2,500;
and a final one on 13 June 1918, involving 3,000
additional guns.

A total ol 9,350 guns with spare barrels and
accessories was delivered in time for actual serv-
ice before Armistice Day. All reports concerning
use of the Lewis gun under combat conditions
stated it was indeed most reliable, and could be
lired and serviced by a single gunner. Although
jams and stoppages were mfrequent, hitle difh-
culty was experienced in clearing them when
they did occur.

One of the most inexplicable acts of World
War I, and one that curtailed American combat
use of the Lewis guns, happened when the Ma-
rine divisions arvived in France, fully equipped
with the weapon. They were soon attached to
Army units and under the command of the lat-
ter, they were ordered to wturn their Lewis
models in. Greatly inferior Chauchats were 1s-
sucd as replacements.

The Routing of the Zeprelin Menace

If the Lewis gun had not fired another shot
during World War I, its part in breaking up the
Zeppelin raids over England would have more
than compensated the Allies for the cost and
effort expended on 1ts production. The German
aircralt was named for its mnventor, Count Fer-
dinand von Zeppelin. He was born on 8 July
1838 i Constance, Baden, Germany, and after
over 30 years ol service in the German Army re-
tived in 1890 with the rank of general. He an-
nounced his intention of devoting the remainder
of his life to the study of aeronautics and the
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building of lighter-than-air machines. His deci-
sion was inHuenced partially by his term as mili-
tary attach¢ in the United States during the Civil
War, at which time he made his first balloon
ascension with Professor Lowe to reconnoiter
the Confederate forces.

Unable to find financial backing at first, Count
von Zeppelin sold his family estate and all other
valuables in order to raise the S150,000 needed
to conduct his first experiment. Within 2 years
the inventor had his first airship, using a 16-
horsepower Daimler motor for power, ready for
flight. After a short trial in the air, 1t was de-
stroved by an accident, as were also Zeppelins
II, III, and IV. The mdomitable count was
financially ruined after so many failures and
very low in morale, when the German Govern-
ment agreed to finance the next airship, to be
known as the Deutschland. Through tireless ef-
[ort on the part ol the inventor and his assist-
ants, a cratt was produced capable of carrying
passengers with comparative safety. In 1910 1t
made such a flight for a distance of 300 miles.
Tlus feat stirred the imagination of the German
people and over $1,500,000 poured in for the
purpose of more experimentation.

The Deutschiand was also wrecked by a sud-
den and violent wind as it attempted to land,
but the government now had implicit faith in
the Zeppelins. Further experiments showed that
greater engine power was needed, and onc of the
dingibles powered with 75-horsepower cnginces
successfully rode out a storm ftor 3 davs with
gales at times of 80 miles per hour. Between
1900 and 1914 the Zeppelin Corp. constructed
over 115 airships of the rigid type.

Up to this point Germany had practically a
monopoly on dirigibles as other Furdpean coun-
tries had dropped them in favor of heavier-than-
air models. The German military command real-
ized that it had at its disposal what might consti-
tute a powerful weapon, as the Zeppelins could
stay alolt hours longer than conventional air-
planes. They could also reach a greater alutude
than any plane. Their speed, especially with a
favorable wind, was far in excess of that of stand-
ard military aivcraft. Dest of all, the designers
reasoned that the huge area and unlimited car-
rying power of the dirigibles furnished a plat-
form upon which to mount weapons. This would
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allow them to ficht oft anything that dared ap-
proach the flying arsenal.

As one very enthusiastic supporter explained,
“For an airplane to engage a Zeppelin with the
Iimited armament the plane could carry would
be like a canoe attacking a battleship.” Since the
Zeppelin could reach prohibitive altitudes and
nceded no weight limitation on the number of
machine guns and even cannon that could be
mounted, the arguments of its supporters scemed
to be too one-sided even to be logically disputed.

Although Germany had built up a mighty
Zeppelin fleet, she most certainly had not done
so at the expense of her heavier-than-air ma-
chines. Her military leaders knew, however, that
every other major power in Europe had an amr
torce of conventional-type planes equal and, in
some instances superior to, her own. They
earnestly believed that the Zeppelin was Ger-
many's ace weapon and that, when “the day”
arrived, the mighty ships would cruise unmo-
lested to and from strategic targets deep in enemy
territory.

This beliel was not a German monopoly, as
the French and British begruduingly accepted
it every respect. Such a generally conceded
point of superiority gave the Germans a psy-
chological weapon in itseif. From the outbreak
ot hostilities, they released propaganda building
up horror in the Allied countries that Zeppelin
raids and the destruction of unprotected cities
were certain to follow,

As a result of constant predictions of impend-
ing doom by journalists and military experts,
the egeneral public was lelt in a state of near hys-

teria at the mere thought of the incvitable Zep-
pelin raids to come.

It was fortunate that the Germans also be-
lieved in the invincibility of their " Air Armada.”
Feeling so secure, they disregarded observations
supplied by their secret operatives that British
pilots had been firing in their Lewis guns newly
designed ammunition recently  patented l:rjf!|
George Thomas Buckham of London. i

The first Zeppelin assault on England took
place at Great Yarmouth on 19 January 1915
It resulted in minor damage and was considered
merely a token raid, a dress rehearsal for the
main event. An English newspaper made the
statement: “What made the people indignant
wias not so much the ruthlessness of the Ger-
mans, but the failure of their own mnaval and
military to offer any protection . . . or even to
harass them when they came.”

It took years in time and millions 1n money
to build up the Zeppelin myth, but it was shat-
tered quickly when Dritish airmen found the
tatal weakness of the huge airships. The follow-
ing rcport on bringing down a Zeppclin, the
[.-53, by Lieutenant Culley, ol the Royal Air
Force, illustrates a typical encounter:

“I'he naval units informed me at 8:30 a. m.
there was a Zeppelin approaching from NE at
an estimated 153,000 feet altitude. 1 got my
‘Camel’” into the air at 8:41 a. m., and with the
sun at my back, 1 climbed upwards. When first
sigchted, the airship was broadside but evidently
having sighted me 1t had turned end on and had
climbed to 19,000 feet. As we approached, the
Camel sat tail down unable to climb another
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inch of altitude. At this close point the aiship
started to pass slowly overhead. I pressed the
trigeer of my two Lewis cuns mounted above
the wing and after firing a long burst observed
the bullets strike and flash as they hit the metal
in the under belly structure of the huge ship.

\ propeller on an engime on the port side
was seen 1o stop and as nothing else scemed to
happen I dived my plane. followed a moment
later by an explosion as the whole anship ex-
ploded in flames. One of the crew succeeded in
jumping with a parachute and was saved.”

Licutenant Culley could have menuoned the
act that he was using the new Buckham incen-
diary bullets in his guns.

Destruction of the Zeppelins with the deadly
combination of the Lewis gun and incendiary
bullets gave Fnglish and French morale 1ts great-
cst boost of the war. 'The weapon with s hnghly
intlznmable ammunition literally shot the dir-
icibles out of the air. Of the 12 Zeppelins de-
stroved in attacks over Londan, the Lewis is offi-
cially credited with shooting down 10 of them.

The Buckham incendiary bullet consisted of
a fHatnosed cupro-nickel jacket, containing in
its nose an 8-grain charge of yellow phosphorus.
The charge was held in place by a serrated plug
of lead backed up by a larger base plug ol the
smme material. A small hole through the jacket,
located near the junction of the two plugs, was
illed with a low fusible alloy. The latter melted
as the bullet passed through the bore and per-
mitted the phosphorus to ignite.

The vellow phosphorus, when brought mto
contact with the highly flammable hydrogen gas-
filled envelopes of the great amrships. resulted
m immediate fire and explosions. The metal
framework inside the dirigibles increased the
hazard as the flat-nosed bullets, upon striking
a support member, had a tendency o rupturce
and scatter the flaming mixture over a wide area,

Thus in a comparatively few months the death
knell was sounded Lor the great German menace,
the Zeppelin. The people of Great Britain and
France, being relieved of the horror ot mass
annihilation by the successtul employment of the
[.ewis gun, looked upon it with more admiration
than is usually accorded a common weapon of
war. They felt their governments could not give
too much oflicial praise and credit to it.

0925512° —hl—21
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Colonel 1. N, Lewis, U. S. A. (Retired),
Conclusion

[t would be possible to write an entire book
on why the United States seemed to 1gnore the
Lewis weapon when machime guns were so des-
perately needed. Regardless of who was right or
wrong, or for what particular motive, other than
intense patriotism, the fact remains that Colonel
l.ewis sent to the Secretary of War certified
checks for over a million dollars. representing
his portion of the royalties on Lewis guns bought
by the United States, during and following hos.
tilities. Lewis's notation was 1 will not accept
onc cent ol royalty for a single Lewss gun - pur-
chased by the government {:-f my country.’

l'ven the acceptance of the colonel’s first check
covering his royalties on guns sold to the War
Department involved him in a characteristic dis-
pute with General Crozier, the Army’'s Chietf of
Ordnance. The check, which was for $10,889.17,
was sent for deposit to the eredit of the United
States Government on 16 February 1917, Mr.
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W. G. McAdoo, the Secretary of the Treasury,
asked the War Department for an opinion on
the propriety of accepting the donation, espe-
cially since the Savage Arms Co., which paid the
royalties to Lewis, was still competing tor Gov-
ermment orders. General Crozier prepared al
mcmorandum saying that acceptance of the,
check would not embarrass the Department in
dealing with the Savage Co. Then he continued
with somc adverse comments on Lewis’s claims
that he had never sought pecuniary rccompense
from the United States Government [or his in-
ventions, and that he had never had any assist-
ance or encouragement from the Ordnance De-
piartment.

Colonel I.ewis was advised by the Secretary
of War, Mr. Baker, of the gencral’'s comments
and his reply follows:

“No. 1 RusserL 'TERRACE, MONTCLAIR, N. |,
May 12, 1917,

“THE HONORABLE THE SECRETARY OF WAR,
Washington, D. C,

“My Drar MRg. SECRETARY: Your letter of
April 29th, with its inclosed memorandum from
the Chief, of Ordnance, has been received and
very carcfully considered.

“I do care to have the money represented by
the check sent you in my letter of February 16th,
1917, deposited 1n the Treasury of the United

No. - 6802

DUPLICATEg

Treasury Depariment,

OFFICE OF THE TREASURER COF THE UNITED ETATES.

THE MACHINE GUN

States simply on the ground stated in my orig:
inal letter, without any understanding that you
are now cxamining or undertaking to determine
any controverted question as to the breach ¢

relations between me and the War Department
or any branch or division of it, and I now have
the honor to request again that you so accept
and deposit it.

“My letter of February lbth, 1917, was sent
you solely for the reasons stated theremn and [m
no other.

“I can sece no possible cmbarrassment to the
War Department nor o the Ordnance Depart-
ment in the acceptance of my check. It 1s pos-
sible, however, that your acceptance and deposit
of the check may embarrass the present Chief ol
Ordnance personally.

“The memorandum from the Chief of Ord
nance to which you invited my attention is so,
widely at variance with what I know from per-
sonal knowledge to be the facts in the case that
I can not fairly consider any ol the questions
raiscd by Gen. Crozier therein without contro
versy, and I understand i1t to bc your wish ane
direction that there be no turther controve

“In the present very grave national eme
gency 1 am directly instrumental in supplying.
delivering, and putting on the actual firing lines
against the fighting enemies of my country more
machine guns each week than the present Chief
of Ordnance has supplied for the use of om

$10,889.17

3 rerti ggm lsaac N Lewie

for which I have signed duplicate receipts.

TO BE RETAINED BY THE DEPOSITOR.

TREASURER'S Orfice—Form 5T38.

CaslUEE.—Ed. 10,000 sots—F. C., May lo-18. 15 A 411:&,_.;“

Washington, D. C., June 156 1917

Colonel USA Rtd
lotter dated June 12 1917--Chf of Pub Moneys Dvsn)

has this day DEPOSITED TO THE CREDIT OF THE UNITED STATES

Ten thousend eight hundred eighty-nine 17/100
on account of Donatlon to the Government

Deollars,

epl ty Avsisrani Treasurer

RS s
L mered Stares.

Eoyaliies REeturned by Colonel Lewis.
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swn Army of dcfense during the whole of the 14
ears that he has been in oflice. I have done, and
m doing, this without one penny of assistance
.d without onc word ol encouragement or ac-
inowledgment from anyone connected with the
Jrdnance Department and in spite of the long-
ontinued and active opposition of that depart-
merit.
“I am therefore content to now rest the mat-
ar with you simply as a personal appcal for
justice.
“Very respectfully, your obedient servant,
“I. N. LEwrs,
Colonel, United States Army (retired)”

General Crozier found no objection to accept-
1o the colonel’s check and it was deposited in
ne United States Treasury in the name of Isaac
N. Lewis, on account of “Donation to the Gov-

srnment.”” No such difficulties accompanied later
refunds made by Colonel Lewis.

As might be expected, the Lewis gun did not
y out of existence following World War 1. It

« much use in the hands of the United States

.ines in the Nicaragua campaign, and it was
1¢ favorite infantry arm for many smaller coun-
ries long after the major powers sought to re-
lace it with a more efficient weapon. The Nor-
vegians made it under license in a 6.5-mm cali-
er and it is the only light machine gun defi-
itely known to be used by their army. Japan

299

produced it under the designation Models 1929
and 1932,

In fact, the Lewis gun, although it had under-
gonc practically no change for three decades, was
still on hand by the thousands in this country
at the beginning of World War II, a fact that
was most lortunate for the Allied cause. When
the Germans practically disarmed the British
army in the debacle at Dunkirk, 80,000 Lewis
guns were purchased by Ingland from the
United States and other friendly powers. And
when the Japs struck at our fleet on 7 December
1941, the first pictures rushed back from Iawai
showed the old reliable I.ewis being used as a
makeshiflt antiaircraft gun, “

After the arms situation in DBritain got back
to normal, the thousands of Lewis guns were
given to the home guard and to small units 1n
the fleet. It is recorded that on more than one
occasion the outmoded guns brought down
plancs that made the fatal mistake of coming
within range ol the gunners, who in many cases
were veterans of the first World War and no
strangers to the Lewis gun,

Models of the Lewis Gun

The various modcels of the Lewis gun and the
countries using them were too numerous to list
in the text. As a handy relerence, they are tabu-
lated herewith:

ountry \ Dresignation | Bore
| (1) Ground
- Tl S. Test .o v Model 1911, (one, handmade) .30 /06
S. Lest ... ..., Model 1912, (4 manuftactured) .......... .. ... ... 30/06
Belgium ........... .. ... Model 1913, Liége (A few were made in Belgium dur-
ing this year, before contract was wtansferred to
Birmingham Small Arms.) . ... ... ... .. ... ... 303
Belgium ..... et ea e Modcl 1914, B. 5. A. ((T'his was called “the Belgian
Rattlesnake™ by the Germans.y ........... ... ... 303
Belgiom ................... Mark VIL, B. S A .o 303
Belotum ... ... Mark VIIL, B.S A ... o 308
Great Britain ......... .. ..., Mark I (Modcl 1915, B.S. At ..o oo oo oo 303
Great Britain . .............. Model 1915 (Savage) ... ..o i, 303
- Great Britain ........ ... MI1916 (Savage)' ...... ... .. .. .. .. ... 303

rm—

1 Between the world wars all these were modified to Mark 1 except those sold as ::urplus.
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Country I Diesign:ation
Great Britam ............... Model 19106 (Hk VI B.S. AN ...
Portueal . .................. Model 1917 ... i
U.S.Army .. ............... Model 1916 ..o iinn D
U.S.Army ..o Model 1917 ... e e
U. S Navy ... .o, Mark VI{also Mk VI Mod Iy ... .o,
Honduras ........ ..o Ex U. 8. MIYLT . i e e it ianee e
NICATAZUA .o vvvvvnninnnns s, Ex—U. S . MIOIT .. e
Commercial ... ... . . ... Model 1010 ... .. et et ettt e e ae e
Holland ................... Model 1020 ... ..ottt ettt s e s n e neneannanas
France ... enrneanas Model 10922 ... i e ettt
RUSsla ...t iiininenrncnnns SameasBritish Mk I .. ... .. . . e
Japan ... Model 1932 . ... . .. it isierenenanosnnonnnns
(2) Aireraft
Great Britain ............... MEk VII Model 1916 ... ...ttt it eessnnanns
Great Dritain . .............. AT S 1)
Great Britain . .............. NS 0 1 8 PP
France ..................... Model 1916 (Darne) . ... ..o,
U.S.AF. ... .. Model 1017 . i et i ane ey
U.S.AF. . . i, Model 1018 ... e e e
.S A . . e Model 1910 .. . it st saasanranonesns
U.S.Navy .................. Mark X .. i ieer et
Italy ... o Same as Brivish Mk IT . ........ P R
Russia ......iiiiienennnna. Same as British Mk IT . ... i i
Japan ... ...l Model 1929 . . . e
Japan ... oo Model 19832 .

1 Between the world wars all these were modified to Mark 1T excepr those sold as surplus.

30,06
80,06

30,06
30,06
303
6.5 mm

8 mm

7.62 mm

:30,/06

.30 /06




Chapter 3

VICKERS AIRCRAFI' MACHINE GUN

In the ecarly months of 1916 the British Royal
Air Force first attempted to adapt the Vickers-
- Maxim rifle caliber machine gun to aircraft use.
[Teretofore planes had in most instances served
as flying platforms upon which weapons were
mounted to be aimed and maneuvered by the
operator. The propeller served as an- effective
barrier against mounting guns permanently to
shoot straight forward. It the latter could be ac-
complished, it would change the cralt into a
gun-laying device, as had been donce previously
by Roland Garros, the great French awr highier,
The plane’s flight attitude would then govern at
all times the bullet trajectory of the forward-
- hiring weapons. "The R. AL . was very conscious
of this unused firing area and tried in many ways
to put it to use.

By actual test in late 1914 it was found that
only 2 percent of the shots fired by a machine
gun through the arc of an air screw would hit the
blade and that it then required quite a number
of caliber .303 bullets to weaken the propeller
- to the point ot being unserviceable. This, the
authorities thoughe, justified the mounting of
one Vickers machine gun to fire straight ahcad
for use in an emergency only. As a result, every
pilot upon engagement with the enemy naturally
~considered it an emergency situation and used
the weapon upon all occasions, The arrange-
ment turned out to be a faulty makeshift, for in
more instances than deemed necessary a gunner
pilot had started home after a victorious fight
only to have his propeller disintegrate from bul-
let holes of his own making. Crash landings re-
sulted, with numerous fatalities or capture by
the enemy of valuable ace fighters.

Since the Vickers was belt fed and therelore
of little use as a free gun, its part in the early
stages of aerial warfare of 1914 was indced lim-
ited. Its streamlining though had been under-
taken [rom the start, many things having been

done to cut down its weight and make it more
cthicient for air use. An example was the replace-
ment ol the water jacket with a skeletonized
tube and cap to allow cooling by air circulation.
This device not only supported the barrel ade-
quately but reduced the weapon’s weight to 30
pounds. The handle block was replaced by a
flat plate and the front and rear of the covers
were milled out to permit various triggering in-
stallations. One of the most radical changes was
the redesign of the left-hand cartridge box and
feed to allow the mounting of two guns adja-
cent to each other. As another refinement a re-
tracting handle was added which allowed ad-
justinent of the return spring's tension frem
the rear end of the gun.

But the device that made the Vickers machine
gun a superb aircraft weapon was the invention
of a reliable synchronizing gcar. This brilliant
achievement came [rom the cllorts ol George
Constantinesco, a Rumanian engincer living in
London, who had specialized in devices for trans-
mitting power by impulse.

Actually the Rumanian was only one of many
attempting to solve this problem. There came
into being at about the same time the Scarff-
Dibovsky synchronizing gear, developed by War-
rant Ofhicer Irederick William Scarfl, R. AL A S,
who had made aviation history by inventing the
Scarff gunners’ ring. and Lt. Victor V. Dibovsky,
of the ITmperial Russian Navy. It was a4 mechani-
cal gear consisting of cogs and teeth operating
off the propeller shalt. Another such contrivance
was invented by Maj. Al V. Bettington, com-
manding ofthcer of the Acroplane Repair Sec-
tion No. I. Aircratt Depot. This was known as
the “Arsiad’ synchronizer, the name arising from
the initials of the major’'s command. It also was
an arrangement of gears, cams, and levers at-
tached from the propeller shaft to the machine-
gun trigger. Still another was the Vickers trigger
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Vickers Aircraft Mzchine Gun, Model 1915, Equivped for Synchronizing, Mount is for Purpeses of Photographing Orly.

aciuator, designed by George H. Challenger. an
engineer of the Vickers establishment. 'T'he num-
ber of approaches from various angles shows the
ereat importance placed upon a solution to this
vital problem.

All three of these synchronizing gears de-
pended on mechanical means for fiving the gun
at the requisite instant. The mam operating
principle was that a cam driven by the engine
and working through a scrics of push rods and
levers tripped the trigger at mtervals and was
so regulated that the revolving propeller was
clear of the Tine of fire. The mechanism was set
in action with a trigger controlled by the pilot.
Although cffective, these devices were crude and

mechanically unreliable, since adjustment of the
rods had to be extremely accurate and continued
firing might jar the original setting.

The Constantinesco synchronizer, however.
did not employ such features in its design. It
was based on one of the inventor’s carlier patents
concerning the operation of a hydraulic rock
drill. The impulses transmitted through a col-
umn ol nonlreezing oil under pressurc in a pipe-
line furnished the energy to depress the trigeer
at intervals rceulated by the position of the
blades. A cam on the prapeller shaft engaged a
lug on an oil pump at the instant the trailing
edge of the propcller was clear of the bore of
the gun and continued to hold the trigger actua-
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Vickera Machine Gun, Synchrenized with Propeller in a Pursuit Plane, World War 1.

tor down until the leading edge approached. The
lug then ran off rthe cam and the spring-loaded
trigger depressor let up on the sear interrupting
the fire. The device was operated by a simple oil
pump that furnished pressure until the leading
edge of the propeller started to line up with the
cun muzzle. At this pomnt 1t released tension
only o take 1t up after the blade passed.
Overnmight  all mechanically  operated  svn-
chronizer gears were obsolete. Manufacture was
started at once by the Vickers Co. and the first
model made by this firm was successfully demon-
strated on a BE2C 10 Auenst 1916, Tt showed
perfect reliability and was adaptable to any type
of arrplane engine. From then on until the end
ol the war, the units were fitted to all aircralt
as last as both could he produced. Over 6,000
were installed on British planes alone between
March and December 1917, and 20,000 mnore
were added between January and October 1918,
‘The first planes to go into combat with the
hydraulic synchronizer were a squadron of

.-
o S e i

DH-1"s which arrived on the contiment on 6
March 1917. Two days later two groups ob Dris-
tol fichters were fitted with the same arrange-
ment. From then on aireraflt with this aid to five
power were delivered at regular intervals. Now
the planes could fire straight ahead, in addition
to mancuvering one ot two machine guns on a
[ree mount.

At first the Constantinesco gear was designed
to fire only onc¢ machine gun, but 1t was soon
adapted to operate two mounted parallel to each
other. The Sopwith “Camel” was the first plane
so equipped. It had a fire power of 1.60U shots a
minute or, as the Bridsh figure it, 40 pounds of
projectiles in the same period.,

The synchronizing device was so successtul
that 1t became a must in Britsh aircraft arma-
ment. It was placed in all subsequent models as
fast as they appeared. As a result of 1ts introduc-
tion on the DH—1s and Bristol fighters, the Al-
lics recaptured supremacy of the air from the
CGermans, and while there were times when it was
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gravely in jeopardy, it was never relinquished
tor the remainder ol the war.

The Vickers gun was ideal for s}fncln'uui;{inq
because it employed a spring-loaded firing pm
This was released only when the weapon was in
battery and the bolt 5{*{.11[‘{:1}* locked.

The next oflicially adopted modification was a
spceding-up device invented by Lt. Comdr.
George Hazelton ol the British Navy., It con-
sisted ol a specially designed sleeve and conical
spring between the followers and barrel discs.
The only other change in the gun was the hard-
ening of the front left recoil plate and the sub-
stitution of a much heavier roller washer pin.
The latter change was necessitated because ex-
perimental firing showed that the ordinary pmn
vibrated loose.

While the IHazelton attachment accelerated
firing up to 1,000 rounds a minute, and one
Vickers, so modified, went 14,000 rounds on a
test belore the first eritical break of a component
part, this rate was thought to be oo high for re-
liable performance. The booster was then al-
tered o slow the weapon to 850 shots per min-
ute, which was the optimum speed decided upon
othcially.

The first British planes equipped with the
fully modihed speeded-up Vickers guns were or-
dered not to iy beyond their own lines as the
changes were classified as “Top Secret” and the
Royal Air Force wished to battle-test the m-
provements thoroughly behind its own linces be-
fore beginning mass production. It did not want
the Germans to salvage one of its test plancs
through being shot down behind encmy lines.
No doubt memories were still vivid of the forc-
ing down of Roland Garros in German territory
and the capture of his bullet dellector which
resulted in the reliable Fokker synchronization
System.

kae‘ars Alrt:raft Maehmﬂ Gun Mmdﬂ] 1918 11 ™ Miﬂl"‘t*‘l r'Lu"ed Ly Colt's Patent Fire Arms Co.
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Another increased rate-of-fire attachment
under consideration at the time of the Hazelton
device was the mvention of Lieutenant Dibovsky
of the Russian Navy, who had earlier been un-
successtul 1n getting his synchronizer adopted
While his booster did get the Vickers well over
1,000 rounds per minute, the action ol the gun
was so violent that it required many other com-
pensating adjustments to keep breakage lrom
being prohibitive. The parts of the Dibovsky at-
tachment were also very complicated to manu-
facture. Since the speeds ol both the Dibovsky
and the Hazelton were practically identical, it
was logical that the British adopted the latter.

Both devices utilized the blast following the
bullet’s clearance of the murzle to add to the
recoil lorces and furnish surplus energy to ac-
celerate the recoiling mechanism. The trapped
oas expanded in the chamber and. acting on the
lace of the barrel, shoved it rapidly to the rear.

A great deal of difficulty was experienced 1n
using cloth or fabric ammunition belts in air
firing the Vickers, because during a “dog flight”
the empty end of the belt would blow back 1in
the piloUs [ace or become entangled with some
part of the plane. The problem was remedied
by the adoption of the metal link disintegrating
belt. As cach carwridge was extracted and fed
into the eun, the link would separate from the
rest of the belt and either drop in a canvas bag
or fall harmlessly over the side. This unique but
practical method of feeding the Vickers was in-
vented in 1917 by William de Courcey Prideaux
of Weymouth, Fngland, a French civilian who
at the time was residing in Great Britain. One
of the best features ol the disintegrating links
was that all Vickers could be modified to use
them simply by changing two small parts in the
feed system.

As each new problem in aerial warfare pre-
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sented itself, it was solved by some eager inven-
tor. Difliculty in sighting was overcome by the
appearance of tracer ammunition m which the
base of the bullet contained a mixture that ig-
nited when going through the bore and provided
2 luminous trajectory from the muzzle to the
target. The mixture first used consisted of
barium oxide, a very high oxidizing agent, com-
bined with powdered magnesium, a substance
that burns rapidly with a visible flame. This, like
the other refinements. only added to the deadli-
ness of the weapon, The tracer not only allowed
the gunner pilot to correct the course of his
plane unnil his bullets made contact. but in many
cases, 1t ignited gas or inflammable surfaces upon
hitting the plane and the victim plunged to
earth 1n Aames.

Within a lew months armament on all figchting
planes had increased tremendously without basic
changes merely by refinement of an existing ma-
chine gun. The effectiveness of air combat in-
creased proportionately. This short perind re-
moved for all time the early semicomical aspect
of militarv aviation; in fact it was an unusual
month after Januvary 1917 that did not bring

Viccers Alrcrall Mach ne Gur, Class "FY, Cal, (303,
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cither some radical refinement or an accessory
that contributed to the deadliness of air warkare.
T'he machine gun was already lar ahead of avia-
tion and only needed application of various

- theories to make it as eflicient in the air as it was

on the ground.

During 1917 the Allied air command saw
nced for an acrial machine gun larger in caliber
than the conventional rille hore [or use against
observation balloons. The French were the first
to modify the Vickers to take their [1-mm Des-
vignes cartridge in order to provide more of the
tracer and incendiary elements.

The Russians were using a larger caliber Vick-
ers than the other Allies and this fact made it
the easiest of the various Vickers to modily for
the large French cartridge. An order was placed
with Colt’s Patent Fire Arms Co., Hartford,
Conn., to alter a thousand Russian guns to shoot
the 11-mm cartridee. When this was done, early
firing tests showed that the rifling pitch was too
pronounced and threw the tracer clement out of
the bullet soon alter leaving the murzle. The
difficulty was caused by the rifling which cut the
bullet jacket too decp and made the rear of the
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bullet fan out. When the pitch was changed
from one turn in ten to a complete revolution in
22 1nches, the pérfm'muncﬁ of the bullet was
satislactory.

The design of the weapons, except for the
caliber, was identical with that of the smaller
bore guns, and they were accepted with such en
thusiasm that large orders were placed both
Fngland and America. An additional order was
placed with Colt lor 1,700 guns atter the com-
pany had flled the initial order. The weapon
fired at a rate of 600 rounds a minute with an
cifective mcendiary tracer range ol 1.850 yards.

American ammunition factories were also or-
dered to make the new French incendiary bullet.
T'his cartridge and the conventional gun madce an
cxcellent combination for attacking observation
balloons and firing the gas tanks of ighter planes.

The Russian Vickers was chosen to be altered
largely because at this time a revolution was rag-
ing in Russia and the Colt Co. could not deliver
weapons ordered by the Czarist Government.
The Allies, knowing they would have to recham-
ber the barrels anyway m order to usc them,
felt they were the most logical ones to alier [or
the larger cartridge.

The inlerior French ammunition, inadequate
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as it was in some respects, showed aviation au-
thorities that a large bore machine gun or auto-
matic cannon was a necessity in air warlare ol
the lature.

The Vickers-Maxim mechanism was so reliably
constructed that an attempt was even made to
convert it to an observer’s gun, n spite of the
fact the Royal Air Force believed it already had
the world’s best gun of this type. T'he conversion
consisted in putting a 97-shot drum feed on the
weapon although belted cartridges could be used
il need be. The drum was actuated by recoil of
the barrel and barrel extension which engaged a
lug with a cam on the circular feed and rotated
it enough to index a round in line with the rising
T slot on the bolt face.

This large drum protruding above the already
high receiver did not make a very compact
weapon. Most certainly it could not compare
with other machine guns which were more in
keeping with conditions of limited space and
mancuverability. The location ol the drum across
the line of sight also made necessary an unusu-
ally high and unsatstactory sighting arrange-
ment. The weapon remained in a protoype form
for a lfew vears following World War 1.

When motors capable of high altitudes were

Vickers Machine Gun, Mark C, Cal. .50,
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finally designed, naturally air fights took place
at the new heights and pilots began to have new
kinds of malfunctions that were traced to the
extreme cold at cthese altitudes. Reports ol stop-
pages became so prevalent that electric heaters
were improvised by ordnance mechanics in col-
laboration with field electricians. Finally when
a heater was made that proved adequate, manu-
[acturing drawings were sent to the Vickers Co.
and 1t was mass produced.

The greatest percentage ol stoppages at high-
altitude firing came from the gumming up of oil
on the mechanism and the resulting sluegish
movement caused excessive jams. To correct the
situation. the parts were heated by copper pads
on cach side of the weapon, held in place by the
same bolts that secured the cam. As all the mov-
ing parts were at one time or another brought
mnto contact with the cam, it was felt that, il the
latter was kept hot, it would in turn keep them
warm enough to function smoothly under any

cold encountered. The weapons were also aided
by the type of mountings used. In most cases
they were placed in recesses in the cowling with
only the top halt ot the jacket and the bore ol
the barrel uncovered.

To operate the Vickers high-speed aircralt ma-
chine gun. the pilot gunner first places the brass
tag end ol the cartridge belt, if a fabric bele is
used, through the feed block from the right side.
With the left hand he pulls it through as far
as it will go. At the same time the crank handle s
rocked back on itsroller to its full limit, and while
in its rearward position the belt is again pulled
one more space, indexing the incoming round.

The crank handle is now released and flies
forward under its spring tension. The shiding
face on the bolt moves up when all parts are 1n
battery, allowing its T slot to ship over the car-
tridge rim. Again the handle s pulled rearward
and at the same time the ammunition belt is
pulled over the space of one round. When the

Vickers Machine GGun, Mark V, Cal. .50,
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belt moves left as far as it will go, the handle is
released.

This second cycle places the first cartridge in
the chamber and the T slot is over the incoming
round in the feed belt. The weapon is now
charged for firing. The pilot, when ready, de-
presses the trigger fastened on his stick and by
either a mechanical or oil pump arrangcment
the synchronizing device sears oft the first shot,
with the powder gases driving the bullet down
the bore. The barrel and bolt remain locked to-
gcther until the bullet clears.

The Hazelton device is located on the end
and as soon as the bullet leaves the muzzle, 1t
enters an orifice that is slightly larger than the
bore. The gas that has been driving the bullet
expands in the trap back of the orifice, and acts
on the face of the barrel. Tt accelerates the rear-
ward action, not only hastening unlocking but
greatly speeding up the recoiling parts.

As the weapon's toggle joint is being broken
to unlock, it exerts initial extraction on the
empty case and loosens it in the chamber. By
the time it unlocks, the cartridge case 1s free as
the T-slot extractor carries 1t rearward., The T
slot withdraws the incoming round from the belt
and the bolt face is forced down by action of the
side cams. When the recoiling parts reach the ex-
treme rearward position, they encounter the
modified buffer which returns the mechanism at
high speed. As the bolt moves to battery, the live
round is put into position for chambering and at
the same time knocks the empty case free of the
T slot through the opening beneath the receiver.
In the last fraction of travel into battery the T
slot is cammed up over the rim of the incoming
round. The sear 1s released when the toggle
locking joint advances beyond the center line. As
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long as the sear remains depressed, the cycle is
rcpeated.

Following World War 1, a vast number ot Vick-
ers aircraft machine guns were left in stock, but
their manufacture had been such that the inter-
changeability of parts could not be assured. They
had been fabricated by many different compa-
nies under war conditions. With the let-down
in ordnance development that followed the con-
flict the difficult task of overhauling these guns
was undertaken, mcluding the modihcatnion ot
certain parts to improve reliability and insure
the casc ol changing parts.

The guns, when completely gone over, were
designated Mark V. It ook from five to eight
of the earlier modcls to make one of the 1m-
proved versions. Englund [inally wound up with
a sizable quantity of the weapons and felt secure
as far as aircraft armament was concerned until
the decision was made to arm its future fighters
with eight guns apiece. Then the director of
equipment realize that the guns in storage would
not last any time in the event of war.

The Vickers-Maxim guns on hand at the begin-
ning ol World War Il included the outmoded
class E of World War I vintage, and the class F
observer’s gun that fed from both drum and belt.
Both weapons were in rille caliber. In caliber .50
were the Mark C, a peculiarly designed weapon
intended for use against armored vehicles and
for antiaircraft work and the Mark D for anti-
aircraft use. The latter fired a high velocity
projectile having a rate ol 3.000) feet per second.

While these weapons were admittedly out of
date, they were not replaced by better aircraft
cuns until alter they had carried the Royal Air
Force victoriously through the battle of Britain
in a decisive struggle lor air supremacy from the
Alhies’” point of view.



Chapter 4

GERMAN MAXIM-TYPE AIRCRAFT WEAPONS

Early Adaplations

The German Government had prepared well
lor the mevitable conthct known as World War
[. It decided early that machine guns would play
a dommant role and concluded from secret tests
that the Maxum machine eun. as 1t was still
tnown m Germanv, was the most reliable firing
mechanism yet designed. The Model "08 Maxim
was adopted as its first line machine gun. A later
rehnement to the standard "08 model resulted
in a highter version known as the '08/15. The
water-cooled weapon was still fairly heavy and
its bO-round belt with container could be at-
tached on the side. A shoulder stock was also

added together with a lightweight bipod of 214
pounds. The total weight without water but with
bipod was 31 pounds. The "08/15 differed [rom
the 08 gun principally by its method ot cool-
ing, On this version the water jacket was shimply
filled and the jacket plug screwed in. There was
no way to circulate the water as provided for
the heavier gun.

The weapon was produced in unusually great
quantities as its modilication [rom the original
08 model was comparatively casy. Allied intel-
ligence agents estimated that at the outbreak of
the war Germany had at least 12,500 Maxnn-
tvpe guns stored in huge warehouses and 50,000
more on order. That the nation’s existence was

Mazxim Machine (Gun, Model '08/15, 7.92 mm, (German.
309
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entrusted to this one type of machine-gun mecha-
nism shows-the exrent of German confidence 1n
the principles developed by an American, Hiram
Stevens Maxim.

 The 08 and '08/1% madels were both used
extensively in arming Zeppelins against hostile
aircraft. The Germans felt that the tops of the
dirigibles made unusually stable platlorms from
which to fire bursts of any length desired, thanks
to the water cooling of the barrels. The lack of
a critical weight factor with the Zeppcling al-
lowed German airship commanders to install
water-cooled Maxims both on the top gun plat-
forms and along the sides of the gondolas.

As carly as a year belore the war, the German
press publicized the remarkable successes scored
by machine gunners firing from the decks of Zep-
pelins. Part of a story appearing in September
1913 1s here quoted to show the conhdent at-
titude of the crews that manned the airships:

“As could be foreseen from the absolute stable
nature of that gun platform and from the entire
lack of vibration and swaying, these tests were
almost as successful as they would have heen had
the machine been discharged trom the top of a
mountain. The writer speaks from cxperience
having made tests in aiming from the window of
the cabin of the Zeppelin in flight. . . . We can
depend upon seeing cannon appear on the large
dirigibles in strict accordance with this stage ol
devclopment by the enemy just as we saw ma-
chine guns appear which are now ample protec-
tion against airplanes.”

But with all their planning, the Germans did
not foresee the incendiary bullet and its effects.
The British shot the Zeppelin and its superior
armament out of the sky by puncturing its huge
hydrogen-filled envelopes with faming bullets.
In a tew short months the reign of the much-
dreaded airship ended.

Parabellum Machine (Gun

The German Government a good many vears
prior to the war placed large orders for machine
guns with its main arms-producing factory, the
Deutsche Walffen- und Munitionsfabriken, lo-
cated in Berlin. This company had unquestion-
ably the greatest stall ol gun experts to be found
in any country. Its original head engineer had
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been an American, Hugo Borchard, the inventor
of a pistol afterwards erroneously named for his
assistant and succcssor, Georg Luger. Farly in
1911 a gun designer, Karl Heinemann, joined
the irm. He had already made a name for him-
self in the field of automatic weapons. Heine-
mann was given the all-important job ol refining
the Maxim gun. His resulting achievement was
one ol the most outstanding efforts to come {rom
World War L. The German Army, comunitted to
the Maxim gun which was already under pro-
duction, specified the mechanism must be ot this
type. It requested a lightweight high-speed gun
that would fire the samc 7.9-mm Mauser car-
tridge as did its heavy machine guns and infantry
riflc. To make a definite improvement on such
a time- and bartle-tested weapon required the
utmost skill and Karl Heinemann proved equal
to the occasion.

The product of his effort was labcled the
“Parabellum,” which was the code name ol the
D. W. M. plant when referred to in correspond-
ence. This superb weapon. like so many ol 1ts
contemporaries in other countries, did not at-
tract the attention it deserved until the necessity
of war gave it a place among the finest automatic
firing mechanisms,

Heinemann made the toggle joint break up in-
stead of down, as in the original Maxim. The
return spring was placed centrally against the
crank and stored energy during the recoil stroke.
The act of feeding was performed by a pawl
working off the lock instcad of by vertical move-
ment of the lock itsell. A differential action was
also incorporated to speed up feeding ol the
next to the indexed round. This was done by
forcing the barrel forward by cams before the
recoiling lock had reached its extreme travel
rearward. A faster rate of fire was madc possible
by such utilization of the feed pawl. The leed
belt was made of cloth or fabric wound on a
spool fastened to the gun's receiver, thus allow-
ing it to swing with the gun. In contrast with
the earlier model the fusec spring was not adjust-
able.

This refinement by Karl Hetnemann was the
lightest Maxim-action gun cver designed, It
weighed only 22 pounds without accessories, with
a 700-round-a-minute rate of fire. Needless to
say, it was the very thing the German Air Force
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Farabellum Aircratt Machine Gun, Mad=l 1913, 7.92 mm. Thia

was looking for when its Zeppelin threat was
cexploded by Dritish machine-gun fire, 'T'he Para-
bellum was the German first-line airceraft ma-
chine gun throughout the war. A few have also
been ftound equipped with water jackets for
ground use or perhaps more logically for Zep-
pelin mounting.

The following cycle of operation of Karl
Heinemann’s Parabellum, or refined Maxim gun,
15 glven:

When the carwridege is fired, the whole inside
portion travels backward with the breechblock

Early Tvpe Used the Water-Cocled Jacket Slotted for Alr Cooling,

still firmly locked to the barrel until the outside
crank comes in contact with the resistance roller.
The crank then begins to turn downward, carry-
ing with it the connecting rod, the other end of
which draws the breechblock away from the bar-
rel.

The weapon has a sliding T slot that also re-
cedes, with the live cartridge drawn [rom the belt
and the empty case from the barrel. It is guided
and supported by the projections extending side-
wise [rom its upper end, which ride over the
straight part of the side cam, riveted to the side
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plates, until the cartridge just drawn out of the
belt is clear of the feed way. Then the projec-
tions follow the downward-curved cdge of these
cams, guided from the top by an inversely curved
cam, formed on the guide picce for the breech-
block and riveted to the under side of the cover.

During this period the connecting rod in its
downward movement presses against the tail of
the tumbler, which, in s turn, draws back the
firing pin and compresses the mainspring. The
sear cngages into a notch in the tumbler and the
safety sear re-engages with a shoulder on the hiring
pin. When necarly at the end stroke of the breech-
block, the T slot’s projections leave the points
of the side cams and the T slot drops into its hot-
tom stop by its own gravity assisted by the guide
directly above 1. |

This alines the cartridge with the chamber ol
the barrel, which pushes the empty case clear of
the bolt lace and through the slot in the bottom
of the receiver. The crank, having now com-
pleted its rearward turn, begins its return stroke,
and the advancing breechblock forces the live
-artridge into the chamber.

In this opcration the Parabellum’s T slot is
steadied, as its projections are kept in contact
with the lower surface of the side cams. As the
crank returns toward its horizontal position,
projecting cams, or side levers of the connecting
rod, come in contact with the ends of the lifting
levers, pivoted to the breechblock and thereto by
the pin. The other ends of these lifting levers
are cngaged between two lugs on the carrier.
When thev are pivoted by leverage of the cams
on the connecting rod, the carrier rises with a
steadily incrcasing velocity and the lower part
of the upper stop slides over the head of the live
cartridge in the chamber. At the same time the
upper part of the T slot slips over a [resh car-
tridge in the feed way and retains it in position
between the grooves of the T slot and the upper
and lower parts of the stop.

When the T slot arrives at the top. the end
of a leaf spring. riveted to the right-hand recoil
plate, drops into a notch cut on its side and keeps
it in that position until, in its rearward travel,
the projections slide onto the side cams and
support it.

The crank and connecting rod, having re-
sumed their firing position, brace the breech-
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block hard against the breech. At the last mo-
ment the connecung rod lifts the safety sear. The
effort of the mainspring is thrown upon the hand
sear. [f now the trigger bar at the bottom of the
oun casing is held to the rear by continued pres-
surc on the trigger connected thereto, the tail of
the sear will strike against the lug at the free end
of this bar and set free the firing pin, the point
of which will pass through its tunnel in the bolt
face and explode the primer. The cycle described
will continue as long as the trigger is kept de-
pressed.

The Fokker Synchronizer

Since the action of the Parabellum was tront
scared, it was ideal for synchronizing when cim-
ployed as an observer's gun. It was used in such
a manner alter Antonv H. G. Fokker, the famed
aircraft designer, developed a mechanical method
of firing salely through the propeller blades.

He conceived his idea when shown the crude
arrangement of a I'rench plane that had been
shot down when attempting to firc through the
air screw. Bringing his inventive genius to play
after examining the enemy device, Fokker pro-
duced an interrupter gear. While he was ac-
claimed for his feat, his invention was actually
bascd on a patent issued in 1913 to Iranz
Schuerder, a Swiss acronantical engineer, who
had offeved his invention to the German Army as
carly as 1912, After examination, it had been re-
jected as unnccessary, since there was no possi-
bility that the airplane would ever become a
fighting machine. At the time the Zeppelin so
dominated the German mind as the perfect aerial
weapon that the value of Schneider’s patent
could not be foreseen. It was only in an hour of
desperation that Germany was provided with
Fokker’s version of the Schneider synchronizer.

Antony Fokker was born in Batavia. Java, in
1890 and at an early age showed a genius for in-
vention. This brilliant Netherlander was already
an experienced aviator and airplane designer
when World War I broke out. He had previously
offered his designing talents to his own country.
then to France and to Britain, only to be ignored
by each. Germany accepted his services at once
and the resulting relationship came within a
hairbreadth of costing the Allies the war. Eng-
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Parabelum Aircrat Machine Gun, Model 1913, 7.22 mm, with Fetnex Barrel Jacket.

land, which had paid no attention to the “young
[anatic,” later secretly offered him (2,000,000
for his services.

[t 1s hard to believe that this man who gave
(Giermany domination of the air for 6 months
was barcly 24 vears old at the time. The act that
accomplished it was but incidental 1o his really
notable work in the design and construction of
the Fokker highter planes. Within 48 hours alter
examining the makeshift French device, he pro-
duced a reliable mterrupter gear bascd on
Schneider’s patents. It added a hundredfold to the
deadliness of the superb fighting craft of his own
design. The fact that he had never handled a
machine gun before in his lile made his feat even
more astounding. The German stall was highly
incredulous that he could turn out anvthing
worthwhile in such a short time, and Fokker
cained its confidence only by repeated demon-
strations with a motor on the ground.

The first German pilot to use the synchronizer
against the enemy was Lt. Oswald Boelke, later
to hecome Germany’s pioncer ace In great part
because of this device. The next flyer to 1nstall
one on his plane was Lt. Max Immelmann, also
destined to become a great air highter. Atter hest-
tation m the beginning, the General Staff be-
came wildly enthusiastic about the new weapon.
They had a right to be as the synchromizer gave
them a superiority that took many months for
the Allies to overcome.

While there was great similarity between the
German and the later British mechanical firing
devices, except the Constantincsco type, the
secret of the Fokker-Schneider systemn was that
the interrupter gear kept the trigger depressed
while the propeller arc was clear. It let up on the

925512°—51

23

scar at the approach ol the lcading cdge of the
blade which acted as an mterrupter only m a
burst. The Briush device worked just the op-
posite in that it tried to release the sear by a
series of lugs striking cams. This allowed bullets
lo hit the blade 1f anything worked loose or if
anything happened to change the timing of the
weapon, since each individnal impulse hired a
shot. The German synchronizer fired a con-
tinucus burst except when the approach of the
propeller and its corresponding lug on the shatt
interrupted fire until the tratling edge of the
blace had cleared.

The German highting plane’s propeller 1n nor-
mal flight rotated 1,200 times per minute. and
as this made the blades pass a given place 2,400
times, it can readily be understood that the tim-
ing device must be toolproot in design. With a
6-inch space passing a given point 2,400 times a
minute, the fundamental fact underlying the
successful operation of any synchronizer is the
relatively greater velocity with which the bullet
15 traveling to that of the turning blade.

The lrst Fokker planes, the F1, E2, and ES3,
equipped with the Dutch inventor’s interrupter
zear. appeared on the Western Front in Decem-
ber 1915, They gave the Allies a decided sechack
and caused many casualties until something as
ctheient was produced as a countermeasure. The
Fokker fire interrupter was one of the German
Air Force's top secrets, although mm April 1914
Frans Schneider not only had allowed the New
York publication, the Scientific American, to
print an article deseribing the deviee, but had
furnished drawings showing its construction.
The Allies. however, did not realize its value
until much later.
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Maxim Machine Gun, Mode! 08715, 7.22 mm, Maodified {or Synchronizing. This Weapon Manufactured at the Spandeu Arsena. is
Obten Called the Spendau Machins Gur.

In connection with the first test of the syn-
chronizer, the lollowing graphic story 1s told n
Fokker’s own words:

“While I was flying around about 6,000 feet
high, a Farman two-scater biplane, similar to
the ones which had bombed me, appcared out
of a cloud two or three thousand feet below.
That was my opportunity to show what the gun
would do, and I dived rapidly toward ic. The
planc, an observation type with propeller in the
rear, was [lying leisurely along. It may even have
been that the Frenchman didn’t see me. It takes
long practice and constant vigilance to guard
against surprise air attack, for the enemy can as-
sail one [rom any point in the sphere.

“Fven though they had seen me, they would
have no reason to fear bullets through my pro-
peller. While approaching, I thought of what a
deadly accurate stream of lead T could send into
the plane. It would be just like shooting a rabbit
on the sit, because the pilot just couldn’t shoot
back through his pusher propeller at me.

“As the distance between us narrowed, the
plane grew larger in my sights. My 1magination
could vision my shots puncruring the gasoline
tanks in front of the engine. The tank would
catch fire. Even il my bullets failed to kill the
pilot and the ohserver, the ship would fall down
in flames. I had my finger on the trigger. . .. I
had no personal animosity toward the French;
I was flying merely to prove that a certain mecha-
nism I had invented would work. By this time
[ was near enough to open fire and the French

pilots were watching me curiously, wondering,
no doubt, why I was {lying up behind them. In a
moment 1t would he all over for them.
“Suddenly I decided that the whole job could
co to hell. Tt was too much like ‘cold meat’ to suit
me. I had no stomach for the whole business, nor
any wish to kill Frenchmen for Germans. Let

prr

them do their own killing!

Introduction of Armored Planes

In 1917 the Gotha Waggon(abrik Co. designed
and built for the German Air Force a battle plane
that had great influence on tuture machine-gun
design. This aircraft was known as the Gotha
biplane, a huge affair with a wing span of 78 feet
and an over-all length of 41 feet. The motors
were encased in nacelles resting in the lower
wing. It was a three-seater, with space for two
observer gunners and a pilot. The armament
consisted of three machine guns, two Parabel-
lums and a water-cooled Maxim. The latter was
mounted in an ingenious tunnel under the aft
part of the fuselage so that the rear gunner could
fire with an unobstructed view below and to the
rear of the machine.

IHaving grcat lifting power and with weight
not being a critical [actor, the Gotha had armor
placed over vital parts in the engine and around
crew members. The unusual fire power, armor
and absence of unprotected blind spots made 1t a
formidable foe to encounter. The Allies lost
many pilots who tried to attack the ship from
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beneath only to be cut down by the concealed
gunner, using a water-cooled gun that permitted
bursts of any necessary length.

Quentin Roosevelt, an American pilot and
son of ex-President Theodore Roosevell, was
killed while attacking one of these Gotha planes
from below. Witnesses of the hght saw many
of Roosevelt’s tracers hit the Gotha only to
bounce harmlessly off the armor. The young
pilot's death and the impotency of his guns
made our ordnance oflicers realize something had
to be done at once to overcome this tremendous
advantage.

The caliber .30 was definitely outmoded from
then on. The first thing done was to use the
principle of Thorsten Nordenfelt and produce
an armor-piercing bullet. The next was to de-
mand the design of a larger caliber higher veloc-
ity cartridge and a machine gun to fire it. The
Gotha battle plane was the first incentive for
larger bore guns. It was only a few days alter
Quentin Roaosevelt’s death that Gen. |. J. Persh-
ing cabled our Ordnance Department giving
minimum specifications that he considered
necessary [or an adequate machine gun. In this
correspondence he stated that the velocity should
not be under 2,750 feet per second and the cali-
ber be a minimum ol one-half inch. While the
passing vears have proved the general’s wisdom,
it was the German Gotha biplanc which showed
to all concerned that the day was over when
an infantry type machine gun could bring to
carth a military fighting ship.

The T. u. F. Machine Gun

T'he Germans, being the first to armor their
own plancs. knew that by doing so their existing
rifle-caliber machine guns likewise would be
made obsolete for aircraft use. They proceeded
with typical thoroughness to prepare for the day
when their airmen would have o contend with
armor on enemy planes. This vital need for a
machine gun firing a bullet large enough and
with enough velocity to penetrate heavy armor
was brought to their attention in a more force-
[ul way by the British use in 1917 of heavy ar-
mored motor-propelled land vehicles called
tanks.
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To combat this new weapon, the Germans
quickly scaled up their 7.9-mm infantry rifle
cartridge to 12.7 millimeters, having a 770-grain
boat-tailed bullet with a muzzle velocity of 2.650
feet per second. When a tungsten steel core was
used, to their agreeable surprise it penetrated
the sides of captured British and French tanks
easily at 100 yards. The armor was in some places
as much as onc and a fifth inches in thickness.
The newly designed cartridges were then being
fired in a clumsy bolt-action single-shot rifle,
emploved through desperation as an antitank
weapon. It was realized that, 1f an auromatic
firing mechanism could be produced capable of
handling the new ammunition, the British ad-
vantage from the use of armored tanks would be
quickly overcome.

As the Maxim Model '08 caliber 7.9-mm ma-
chine gun was Germanyv's main standby in its
highlv efhicient automatic weapon units, and as
the German ordnance designers had seen the
identical mechanism used in a shell oun of 37-
mm hore, called the “pom-pom,” the most logical
solution for the problem seemed to be the de-
signing of a Maxim action between these two ex-
tremes that would successfully handle the high-
velocity 12.7-mm antitank rifle cartridge. In
carly 1918 this was done in great secrecy and
with a manulacturing priority second only to
that of the high cvclic rate Gast aircraft machine
gun. I'he latter weapon was counted on to give
the nation air superiority.

The German high command felt that the
large caliber machine gun would simply annihi-
late the armored units of the enemy both on the
ground and in the air. Consequently they named
their new and deadly devisement the “T. u. F.”
(Tank und Flieger, meaning Tank and aircraft)
machinc gun. The intended use was clear from
its name. But regardless of the excellence of the
idea, the fabrication of components did not reach
a stage where it ever saw action against the en-
emy. There were 4,000 T. u. F. machine guns
on the point of delivery when the Armistice
was signed.

With the coming of the army of occupation,
the German Army’s ordnance section, which sup-
posedly did not exist, according to the Versailles
treaty, but was nevertheless highly active, or-
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dered that the weapons be hidden and that all
correspondence concerning them be done in
code.

Two ol the code designations given the
weapon were U Machine gun 087 and “SS ma-
chine gun.” The Germans believed that the Al-
lied intelligence had knowledge of the develop-
ment ol a super antitank and aircralt machine
gun, but felt the weapons could be concealed
since none had ever been on a battlefront. The
designation “Machine gun 08" was used to
create conlusion with the ordinary 7.92-mm in-
fantry-type machine gun. During the war nu-
merous model 08 Maxims were altered to take
a Schwere cartridge having a slightly different
shaped bullet, and these guns were marked with
a large letter S on top of the receiver to show
modification. The Maxims so labeled were
known in an unofficial wav as the “S” machine
guns. T'he Germans hoped that the addition of a
second "S7 n therr code lor the T. u. I, wonld
obscure its existence,

Photographing ot the gun and its movement
to storage without first being covered were not
permitted. However, an Allied commission sent
into Germany not only learned of the existence
of the weapons but also seized all correspondence
between the underground German ordnance
eroup and the companies that manufactured and
asscmbled the components. They found beside
the 4.000 originally promised for fall delivery
that an additional 2,000 had been ordered as late
as October 1918, Thus the German Army ex-
pected to have on hand 6,000 such weapons to

mect the well-advertised Allied spring ollensive
that the Armistice canceled.

The T, u. F.owas made up ol 250 components,
manufactured by 60 dillerent companies. T'hese
parts were delivered to the Maschinenfabrik
Augsburg-Nuremburg,  which  was  especially
charged with assembling and mounting the
weapon. All steel used in this high priority work
was delivered exclusively by the Siegen-Solingen-
Gusstahl A, V., located in Solingen.

The Germans succeeded, after inding that the
Allics had possession ol all facts concerning the
gun, in destroving practically all assembled ones
and it was with the greatest difhculty that ord-
nance men of the United States Avmvy in August
1921 finallv located a T". u. F. with 82 cartridgzes.
This gun, along with the small amount of am-
munition, was eventually shipped to Springheld
Armory for test. There being only the tew car
tridges available at the time, no conclusion as to
its merit could be reached. Besides, there was
under development by Colt’s Patent Firearms
Co., of New Iaven. a caliber .50 machine gun
that was considered by all to be a genuine m-
provement on the German version. The cartridge
used by the American gun, however. was later
copied from the one fired by the T. u. F., it hav-
ing better ballistic characteristics than the one
bemg developed in this country.

The unusually high regard the German au
thoritics had for the weapon is shown by the
[ollowing: Even after practically all of the sup-
ply had been destroyed, as a resalt of the Inter-
Allicd Control Commission’s discovery, the out-
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Jawed German ordnance authoritics notified by
telephone the 60 plants previously engaged in
making the components not to stop fabrication
of these parts. A written order was later found
that guaranteed payment to the companies for
the finished parts even if they were seized by the
Allied occupation [orces, and that directed them
to “continue to manufacture them at all costs.”
The Allies in duc time stopped all production
on the gun in Germany but it took several years
to accomplish it.
- 1n 1923 it was reported to the United States
Army Ordnance Department that German pat-
ents had been granted on the design of the T.
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u. ., which had been sold to Czechoslovakia by
My, A. Ten Bosch, a civil engineer of the Hague,
Holland, to whom they had been assigned. Ten
Bosch had rctained the rights for production of
the weapon in the United States, but the Army
was not interested.

Models of Maxim Guns

At the conclusion of the discussion of Maxim-
type weapons in this publication, a tabulation is
given, for ready reference, of the various Maxim
systems and maodels used by the nations of the
world:

SvsLem | Country | Designation | Bovre
Vickers ... ... .. Holland ........... Model 1918 . ........... 7.92 mm
Maxmm ................ Germany ... ... ... Model 1899 . ........... 7.92 mm
Maxim ................ C:ermany ... Model 1901 .. ... ... ... /.92 mm
Maxim ... .......... Germany ............. Model 1908 ............ 7.92mm
Maxim ................ Germanv ... ... ... Mod. 08,15 ............ 7.92 mm
Maxim ................ Germanvy ............. Mod. 08/18 .. ... ..... 7.92 mm
Parabellum ............ Germany ............. Model 1914 ... ... ... ... 7.92 mm
Parabellum ............ Germany ... ... .. Model '14/17 ........... 7.92mm
Maxim T.u. F. ......... Germany ............. Model 1918 3 mm
Maxim DWM .......... Germany ............. {circa 1902) 37 mm
Maxim ................ United States . ......... Model 1904 ... ......... cal. .30
Vickers ................ United States . ......... Model 1915 ... ........ cal. .30
Vickers AVN. .. ........ ['nited States . ... ...... Model 1918 ... .. ... .... cal. .30
Vickers AVN. .......... ["nited States .. ........ Model 1918 ... ......... |1 mm
Vickers AVN. .......... Japan Navy ......... I'ype 97 ..., .. 7.7 mimn
Vickers AVN. .. ... . ... Japan Army ... ... Type 8% ..o 7.7 mm
Vickers ................ Japan ...... .. ........ Type 98 .. ... ... ... 7.7 mm
Vickers AVA. ... o o0 Japan L. Model 17, Type 1 ... ... 40 1nm
Maximm (captured) ...... Greece ............... German type ........ ... 7.95 mim
Vickers TNK. ....... ... (ireece DBritish type ............ 7.9 mm
Maxim ... ... ... Austria-Hungary .. ... .. Model 1889 ... ....... § mim
Maxim Austria-Hungary ... .. .. Mod. 8904 ... .. ... ... 8 mm
Maxim (F.N.) .......... Belginm ..ol Model 1911 .. ...t 7.65 mm
Maxim' ............... eleium ..o Model 1903 ............ 7.65
Maxumt ... ... Belgiom ..o Mod. '08/15 ............ 7.65 mm
Vickers AVN. ....... ... France ............... Briash type ............ 7.7 mm
Vickers AVN. .......... France ............... British type ............ 1l mm
Vickers . ............... France ............... Model 1909 ......... ... 7.7 mm

1 Converted Gormun.
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System | Country 1 Designation | Bore
Vickers .........cc0vu.n. France ............... Model 1909 8 mmn

Maxim (ex-(-crman)

||||||||||||||||

Maxim

Maxim ........... 0.0
Vickers-Maxim

lllllllll

Maxim
Maxim

----------------

Maxim ................
Maxim
Maxim ................
Maximconv. Mk I ......
Maxim conv. Mk TI

llllllllllllllll

lllll

Vickers
Vickers

----------------

Vickers TNK. ..........
Vickers TNK., ..........
Vickers TNK. ..........
Vickers T'NK. ..........
Vickers TNK. ..........

Vickers AVN,
Vickers AVN.
Vickers AVN,

Vickers AVN,

llllllllll
----------

llllllllll

Vickers AVN.,
Vickers AVN,

----------

Vickers AVN.

Vicker TNK. ...........
Vickers TNK. .........
Vickers TNK. .. ........

Vickers TNK. ..........

Vickers TNK. ..........
Vickers Naval

Vickers

----------------

. Great Britain

. Great Britain

--------------

Poland
{ Poland

lllllllllllllll
llllllllllllllll
IIIIIIIIIIIIIIII

lllllllllllllllll

rrrrrrrrrrrrrrrrr

----------

Great Britain ..., ... .
Great Britain
Great Britain
Great Britain

- m om ow W Om o om oW W oW
----------

;;;;;;;;;;

Great Britam
Great Britain

----------

++++++++++

Great Britain
Great Britain
Great Britain
Great Britamn
Great Britain

llllllllll
----------
++++++++++
----------

llllllllll

Great Britain .. ........
Great Britain .. ... .. ...
Great Britain

----------

Great Britain

iiiiiiiiii

Great Britain .. .. ... .. .

llllllllll

Great Britain ... ..... ]

Great Britain

llllllllll

llllllllll

Great Britain .. .. ...

Great Britain .. .. .. ..

Great Britain
Great Britain

----------

Portugal

--------------

llllllllllll

Mod. 08 ............... 7.92 mm
Mod.'08/15 ............ 7.92 mm
Model 1902 ... ......... 7.92 mm
Model 1935 ... ..., ... 7.92 mm
Model 1906 ............ 6.5 mm
Model 1911 ............ 6.5 mm
Model 1901 ............ cal. .301
Model 1911 ... ......... cal. .301
(circa 1891) ... .. ... ... cal. .45
(Martini-Henr

(circa 1893) ............ cal. .303
(circa 1899y ... ... ...... cal. .303
(circa 1902) ............ cal. .303
(circa I898) ... ... ... 37 mm
Mark I (circa 1912) ... ... cal. .303*
Mark I ... ... ......... cal. .803%
Mark VII .............. cal. .303
Mark IVa . ............. cal..303
Mark IV . ... ... ..., cal. .303
Mark VI ............... cal. .303
Mark VI¥® ... .. ... .. ... . cal. .503
Mark I1 ............... cal. .303
Mark Ila ... ... ....... cal. .303
Mark IIT .............. cal. .303
Mark V (rebuilt from MK

I1la and 111y .......... cal. .303
Mark VI (new mfg.) .. ... cal. .303

Mark VI* (converted circu-
lator)

aaaaaaaaaaaaaaa

..503

Mark VII (new mfg.) .... cal. .303
Mark I ....... ... ... .... cal. .50
Mark II ............... cal. .50
Mark IVa (converted Mk

) ... ... cal. B0
Mark IVb (converted MKk

cal. .h0
Mark V. ... .. .. ... cal. .50
Mark IT ............... cal. .50
Model 1917 .. .......... 7.7 mm

2 Ground.

3 Air, converted from grmmd_




GERMAN MAXIM-TYPE AIRCRAFT WEAPONS 319

System i Country | Designation ‘ Bore
Vickers ................ Portugal ........ Model 1930 ............ 7.7 mm
Vickers ................ Portugal .............. Model 1937 ... ... ... ... 7.92 mm
Maxim ................ Switzerland Model 1894 ............ 7.45 mm
Maxim ................ Switzerland ........... Model 1900 ............ 7.45 mm
Maxim ................ Switzerland ........... Model 1911 ............ 7.45 mm
Vickers AVN. .......... Czechoslovakia ........ British type ............ 7.92 mm
Maxim (former G Y. | Turkey ....... ... ..., Model 1908 ............ 7.92 mm

(lormer German). | Turkey .. .. Mod.'08/15 ............ 7.92 mm
Vickers ................ Turkey ............... British type ............ 7.92 mm
Maxim (former German). Lithuania ............. Model 1908 ............ 7.92 mm
Maxim ................ Esthonia ............. German type ........... 7.7 mm
Maxim ................ Finland .............. Model 1982 ... ......... 7.62 mm
Maxim ................ Russia ............... Model 1905 .. 7.62 mm
Maxim ................ Russia ............... Model 1910 ............ 7.62 mm
Maxim Tokarov ........ Russia ............... (circa 1924) ............ 7.62 mm
Maxim Kolesnikov .. .. .. Russia ............... (circa 1924) .. 7.62 mm
Vickers ................ Bulgaria ............. British type ............ 7.7 mm
Maxim ................ Serbia ... oo Model 1909 ... ......... 7 mm
Maxim ................ Bulgaria .............. Model 1909 ...... ... 8 mm
Maxim ................ Yugoslavia ............ Model MSM*' ... ... 7.92 mm

mam o e — 2 =

1 Converted spoils of war. Serbian and Bulgarian Model 1909

Maxim, 7 and 8 mun, respectively,

both changed to 7.92 mm.



Chapter 5

MARLIN AIRCRAFT MACHINE GUNS

The mounting of Browning-desiened machime
guns 1n aircraft dates back to the Colt Browning
maodel, nmicknamed the “Potato Digger™ by the
infantry because the operating lever after each
shot swung down in pendulum fashion under
neath the barrel. Due to a scaveiry of machine
aguns, a few ol these were placed in French and
British pusher-type planes during the early stages
ol World War I. When this country entered the
conflict, there was desperate need for any kind
ol machine gun. I'he type that could be mounted
readily m ancralt without demanding too much
of the already Imited space or requiring any
protruding accessories was espectally in demand,
While the swinging lever of the "85 model gun
had the advantage ol eiving smoother action and
exceptional rehability o ground operation, 1t
was lound to be very much mn the way for aerial
firing.

The Marlin-Rockwell Corp., New laven,
Conn., which had been eiven the contract to

Carl 3. Swebilius.

produce many thousands of the Colt-Browning
95 model for infantry use, undertook to remedy
the situation and make the weapon acceptable
for aircralt use. Marlin was no new name in the
eun manufacturing business. In 1870, the foun-
der, J. M. Marlin, began making single-shot pis-
tols and revolvers under the Ballard patents in a
small New IHaven shop. Later he brought out
the |. M. Marhin-Ballard single-shot rifle that be-
came one ol the world’s outstanding target arms
becausc of its simple strong action and deep Bal-
lard rifling. In 1880 Marlin himsell designed a
repeating lever action rifle that has been a spe-
clalty ol the plant ever sinee.

Ten years later the Marlin Firearms Co. intro-
duced a silent side-cjection big game rifle that
was a notable contribution to salety and con-
venience. This lever-action magazine repeating
arm created a sensation. Sturdy vet light, it was
amazingly simple and practical in design and a
reliable, accurate repeater.

In 1915 the firm was taken over by the Marlin
Rockwell Corp., which was established in New
Haven for the production of machine guns on a
vast scale. Carl G. Swebilius was placed in charge
ol experimental work., The Swedish-born Swe-
bilius came 1o America in 1896 at the age of 16,
taking a position with the Marhn Co. Beginning
as a gun-barrel driller, he soon became one of
the outstanding American firearm designers.

In World War 1, Swebihus modified the Colt-
Browning gun by doimg away with the lever and
substituting a straight-line gas-actuated piston.
Such a change presented problems of 1ts own.
Instead of giving a slow and gradually acceler-
ated backward thrust through a connecting rod
arrangement, as in the case ol the lever-operated
weapon, the piston was driven back hard at the
very beginning ol its stroke. This caused a loss
ol initial extraction and resulted more otten than
not in tearing oftf the cartridee head mstead of
extracting the cmpty case. The lault was soon

320
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remedied by further modifying the action
through the addition ol greater weight to the
piston, The first rearward movement of the bolt
was thereby somewhat retarded.

Swebilius deserves great credit [or accomplish-
ing this most difficult task, especially since 1t was
performed 1 a few weeks time. In this short
period he made the Marhn gun a reliable auto-
matic arm that was used throughout the war and
for 3 years afterwards as the principal synchro-
nized automatic machine gun of the American air
force. Later 1t was also adapted to tank use. The
weapon met with considerable enthusiasm on
the western front as the following cablegram
from A. F. F. headquarters in February 1918
shows: “Marlin aircralt cuns have been fired suc-
cesstully on four trips lrom 13,000 to 15,000 feet
altitudes at a temperature ol —20 degrees Fahren
heit. On one trip guns completely covered with
ice. Both metaliic links and fabric belts proved
satisfactory.”

Development of the Marlin amrcraft gun was
primarily one of modification and refinement
from the gas swinging lever Colt "95 modecl. Mar
Im was so successful in the undertaking that new
features were constantly being added. On 1 Janu-
ary 1918, the Signal Corps requested the design
of a different firing mechanism that would per-
mit single or automatic shots when used with
tour-bladed propellers and with the new and 1m-
proved Nelson mechanical synchronmizing gear.
An arrangement whereby the hydraulic and me-
chanical trigecr motors could be attached to the
[ront of the lock contaimer was also desired. The
lock container was to be redesigned and the
hammer materially lightened to increase the rate
ol lire.

An informal test was held on 27 December
1917, at which time another type of hydraulic
synchronizing gear, also manufactured by the
Marlin-Rockwell Corp. and similar to the Con-
stantinesco gear, was tried out at rates varving
from 200 to 600 rounds per mimute with a total
angle of dispersion of 637, Tt was the closest and
most. accurate synchronization accomplished 1n
this country with any type of machine gun so far.
1'he Marlin aircraft machine gun has the distine-
rion of heing the first gas-operated weapon to be
synchronized successtully.

The arm employed cither a fabric or a dism-
tegrating metal link belt that could be made up
with as many as 500 rounds. Actually metallic
links were generally used in aircratt through-
out the war because of the inconvenience of
disposing of the fabric belt’s loose end after
firing.

On & January 1918, a conference was held by
the Armv Ordnance Department at New Haven
to decide on changes to be incorporated in the
firing mechanism. Both the Signal Corps and the
Marlin-Rockwell Corp. submitted new designs.
Tests in the last days ol that month proved the
Marlin-Rockwell device satistactory and the Sig-
nal Corps design a total failure because of easy
breakage of parts. This was accountable for both
by inferior material and by generally poor con-
struction, A new hydraulic trigger motor was
adopted at the same time and a contract for
15,000 motors and modified firing mechanisms
was placed with Marlin-Rockwell. By this time
the alteration and redesign of so many parts
meant that they were not mterchangeable with
similar components ol the old guns. To distin-
cuish it in nomenclature from its original parts,

Marlin Aircraft Machins Gun, Moedel 1917, Cal. .30.
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the improved product was called the Marlin Air-
craft Machine Gun, Model 1918,

The modified weapon’'s principal point ol dif-
lerence from the 1917 model lay basically in its
ability to be adapted to five single shot or [ull
automatic. 'his permitted much closer synchro-
nization than full automatic alone. At the con-
ventional propeller speeds of the day, however,
the rate ol lire was ahmost as great as with the
automatic principle.

Onc of 1ts main points ol diflerence from the
components ol the 1917 model was a reduced
gas pressure in order to cut down the parts break-
ages and stoppages causcd by recoil. It was ac-
commplished by enlarging the size of the gas piston
and by drilling out less of the gas adjuster screw.
The latter mcreased the volume of expansion of
the gas chamber in the cylinder and cushioned
its action. By milling three slots about one six-
teenth ol an inch in diameter throuch the side
of the gas adjuster barrel, a vent was provided
for the gas in the cylinder. It could be opened or
closed at will by means ol the adjuster. The
double purpose was thus achieved ol satisfac-
torily cushioning the recoil and also affording a
wide range ol adjustment ol gas pressure acting
on the piston. The increased recoll power neces-
sitated a change in the bolt’s cam slot pin to
eliminate excessive breakage. More stock was
added to the rear end of this picce to strengthen
the cross section at a point where fracture was
most frequent.

The fin was also given a glass-hard treatment
followed by spot annealing. Material of the bolt
pin was changed to chrome nickel steel to in-
crease its durability as breakage often resulted
from the severe wear on it alter the first few hun-
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dred rounds. The newly designed and more
powerful hammer action also proved too strenu-
ous [or the firing pin assembly and the pin had
to be redesigned with a long gradual taper
throughout 1ts cntire length., This made 1t not
only stronger but at the same time more [lexible,

In order to eliminate accdental hring by con:
tact ol the firing pin with the extractor, a three
sixteenth nch piece of stock was added at the
top of the latter’s lug employed to support the
front ol the bolt. It was also [ound necessary to
bevel off the end ol the recerver on the lelt hand
side directly behind the ammunition belt. Inter-
ference at this pomnt with the base of the car
tridge had a tendency to twist the belt and cause
stoppage. A hole was drilled through the right
side ol the lock contaimer in which a key. known
as the functioning operating cam, was mserted.
Rotation of this key raised the trigger, thus en-
abling the gun to fire full automatic for testing
and firing without the synchronizing gear.

An interesting device added to the new Marlin
was known as the jam preventer. It consisted of
a small steel stamping which was applied without
[urther alteration to the ratchet lever in place
ot the ratchet lever pin washer. Its function was
to prevent the lever’'s pawl from engaging the
feed wheel when the cartridge was in the act of
[ceding and thus blocking the stop against fur-
ther rotation ol the wheel. The device would
have been more appropriately named an anti-
double-feedmg device. According rto reports from
the field a reduction ol stoppages resulted from
usc of the jam preventer. Unloading ol the gun
could also be accomplished by this arrangement
without removing the belt as was heretofore
tound to be necessary.




MARLIN AIRCRAFT MACHINE GUNS

One more improved [eature was the placement
of the trigger motor at the forward end of the
lock container and connccting it with the trigger
by means of a timing gear. With this attachment
the bolt could be removed without dismounting
the trigger motor and carrier as was necessary
with the 1917 model.

The eun’s wide range of gas adjustments made
it very dependable and it would hre positively
under the most extreme conditions. Although
originally adopted as a temporary substitute, the
cun was improved by continued effort to such a
highly satistactory degree as to be pronounced
the equal of the Vickers and other aircraft ma-
chine suns in excellence, synchromization and
general reliability. Its success overseas was phe-
nomenal. It was enthusiastically received by both
the A. E. F. and the French as soon as pilots had
mastered its few idiosyncrasies. The [lollowing
reports bear witness to 1Ls competence.

“Pershing. 8§10-2. 5-29-18. Further test Mar-
lin guns with both flexible and synchronized
mounting made at 20,000 tect altitude, tempera-
ture below zero. Both guns tunctioned perfectly
throughout the test.”

“Pershing. 859-6. 4-12-18. Nine flights madc
to date with Marlin machine guns at altitades
ranging from 10,000 to 20,000 feet. T'empcra-
tures ranging from zero to well below zero
Fahrenheit. Total rounds fired 1700. Guns used
ont both standard fixed and improvised flexible
mounts. Both metallic and [abric helts used. No
difficulties encountered and no stoppages. Rec-
ommend shipment of this gun continued rapidly
as possible.”

Various aerial squadrons added their praise
with such words as the following: “In fact, all
pilots have expressed a decided preference lor
the Marlin, as they shoot laster than the Vickers
and are easily cleared of teed troubles.” " I'hc
four Marlins we are using have kept up their
perfect record.” And ""Thus far no Marlin guns
have jammed in the air and they are m high
favor among all pilots.”

A report from the Chief Ordnance Oflicer of
the A. E. F., dated 23 November 1918, stated that
22 squadrons at the front were either partially or
fully equipped with Marlins having both hy-
draulic synchronizing gear and mechanical syn-
chronizing gear. They gave thorough satistac-
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tion, bemng used on various planes siuech as the
U. S. D-4, Spad 8, Spad 7, Salmson, and Breguet
observation planes. Some difliculty was encoun-
tered in adapting the Marlin to planes bought
from the French and British Governments since
the fittings of these planes alrcady had teeding
arrangerents intended for caliber .303 Vickers.
But this trouble was soon overcome and in Au-
cust 1918 the first squadron ol Irench plancs
equipped with Marlin guns arrived at the [ront.

The last gun of this type made, which was the
thirty-eight thousandth, was taken from the as-
semnbly line and subjected to an endurance test
of 10,000 rounds without a single stoppage or
malfunction. At the end of the test it was found
that only the replacement of a cracked shell ex-
tractor was necessary. There had been no ap-
preciable increase in headspace and the condr
tion of the gun after this firing was apparently
as good as at the beginning. It passed imspection
and was shipped as a ncw gun. .

The first large shipment ol 2,000 was sent to
France on 11 October 1918, one month exactly
before the end of the war, but it was not re-
ceived in time for use at the [ront. The develop-
ment of the Marlin as a flexible gun was also un-
dertaken with promising success. The war was
over, however, before much could be done with
this typc of gun.

All model 1918 Marlin aircraft guns were sup-
plied with a trigger motor attached to the lock
container, adapted for connections with both the
Nelson and the C. C. synchronizing gear. The
trigger motor, consisting of a piston and spring,
was contained in a bronze cylinder which was
screwed into the forward end of the lock con-
tainer. The cylinder was provided with a coup-
ling nut and tube into which the main pipe lead-
ing from the synchronizer could be soldered. A
small vent screw located on top of this cylinder
allowed the release ol air from thc system by
bleeding. The C. C. synchronizing trigger motor
was very similar (o that used with the model 1917
awrcralt gun.

These weapons also had electric heaters in
ordcr to prevent oil gumming up at the low tem-
peratures accompanying extreme altitudes. 'I'hc
heaters were developed for both models of the
Marlin aircraft machine gun. Each unit con-
sisted of a resistance grid surrounded by 1nsulat-
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ing material and was riveted to the inside of the
oun’s bottom plate. Tt was connected with a
bavonet plug on the under side of the bottom
plate providing connection with the leads. The
heater consumed 60 watts at 12 volts and was led
from the generator supplying the plane’s light-
ing and hcating system.

The Marlin gun, as issued, was belt fed, gas
operated, and air cooled. It had a weight of 2214
pounds and without any speeding-up accessories
normally fired 630 shots a minute.

To place the weapon in operation, a brass tip
ol the loading belt nsually contamming 250 vounds
1s inserted through the belt opening in the left-
side plate and the first cartridge 1s forced up into
position on the feed wheel. By pulling the charg-
ing handle lever twice to the rear, the cartridges
are forced lirst into the feedway and then into
the chamber. The gun 1s now ready lor liring.
When the trigeer motor releases the sear, the
nose of the trigger 1s disengaged and the hammer

torced lorward by the spring tension, suiriking

‘the firing pin and firing the piece.

When the bullet passes the gas port near the
muzzle on the barrel, a small portion ol the live
powder gas goes through the port and through a
corresponding aperture i the gas chamber.
There it strikes the piston forcing it to the rear
and compressing the action spring. The spring
then furnishes power for the forward movement.
The lug on the shide strikes the feed lever lovc-
ing it to the rear. A pin located on the lever op-
erates in the cam slot of the ratchet lever to lorce
it upward, while the ratchet lever pawl becomes
engaged in the feed wheel. As the shde which 1s
fastened to the piston rod moves to the rear, it
carrics with it the bolt and exwractor. The ex-
tractor claw withdraws a cartridge from the belt
and places it on the carrier for chambering. ‘Fhe
bolt pin working in the cam slot underneatly the
bolt forces its aft end upward and unlocks the
picce. As the recoiling parts go to the rear, the
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cmpty shell 1s pulled Trom the chamber by the
extractor.

The base ol the cartridge case during this
movement strikes the shoulder of the ejector,
ancl 1t 1s thrown out of the ejection slot on the
right side ol the recciver. "'The bolt on its con-
tinucd backward motion strikes the hammer and
[orces 1t upward, compressing the strong ham-
mer spring. T'he hammer then rides on the bolt
for the balance of the recoil movement which
ends as the slide strikes the springs on the buffer
block. At this point counterrecoil movement be-
2ins, actuated by the force of the compressed ac-
tion spring. The slide starts to move [orward
carrying the bolt with it. The cam on the bottom
ol the slide working against the carrier dog
forces the carrier upward and alines the car-
tridge in front of the bolt. Continucd movement
forward then positions the round in the cham
ber.

As the bolt locks securcly, the extractor cams
itself over the vim ol the cartridge case. At the
same time the luz on the shide strikes the feed
lever forcing it forward, During this final move-
ment the [eed lever pin working in the cam slot
in the ratchet lever torces it downward. As a re-
sult the ratchet lever pawl turns the teed wheel.
This action places the incoming carrmridge in po-
sition to be engaged by the extractor.

T'he extractor claw then takes its position over
the rim of the cartridge in the belt. Just belore
the bolt drops into the locked positon, the ham-
mer engages in the sear and trigger notch, pro-
vided the sear is not depressed. If the trigger is
held down, the cam cut on the slide works on 1ts

correspond.ng lug on the fiving mechanism fore-
ing 1t out ol engagement. T'his frees the sear
[rom its notch and allows the hammer to strike
the firing pin which discharges the cartridge. The
cycle of operation continues until the trigeer is
released or the ammunition is exhausted.

Il the trigger 15 released betore all the car-
tridees have been fired, the bolt closes over a
shell in the chamber but the hammer does not o
forward. I[ the wrigeer is held down until the
ammunition is exhausted, the bolt closes over an
emptly chamber.

The total number of the 1918 model Marlins
manufactured was 15,000, as compared with
23,000 of the 1917 model. Conclusion as to
whether the Marlin 1918 model machine gun
was the U. §. Army’s first line aviation weapon
m World War I can be drawn from the report
ol a4 board of ofhicers convened 1 1920 by the
War Department. 'The board was to meet as
often as necessary for the purpose ol considering
the development ol amrcrate machine guns and
aircraft cannon. The meetings took place regu-
larly over a period of years until 1925 when 1t
made its final report from which the lollowing s
quoted:

“The Board recommends that the Marlin ma-
chine gun, model ol 1918, be continued 1n serv-
ice, but that no further steps to improve the de-
velopment ol the gun itself be undertaken, n
view of the present state of its development and a
desire on the part of the Board to have all funds
available for development work expended on the
Browning aircraft machine gun.

“It 1s further believed that this gun 1s a satis-
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lactory air service weapon, although 1its limita-
tions are acknowledged. It is not so ellicient as
to ease of assembly. Its clearances are smaller. It
i1s more sensitive to dirt and rust than other guns
examined by the Board. And it must be removed
from its mountings for the purpose of cleaning
and repairing in the airdromes. It i3 made to
function with the Nelson mechanical gear and
aside from the Browning aircraft machine gun
no other machine guns have been made with
that end in view. And these are the only two
weapons now in the possession of the United

THE MACHINE GUN

States which as issued will so function. The ques-
tion therefore solves itself, as the Marlin aircraft
machine gun, model of 1918, is the only gun at
present which can be issued to function with the
Nelson gear. In the event that a more satistac-
tory type of gun passes successtul tests and 1s ac-
cepted by the Air Service as a satisfactory ma-
chine gun for their use, upon completion of the
redesien and tests now in progress it is recom-
mended that these Marlin models of 1918 be
withdrawn from service and held in reserve for
emergency use only.”
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