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FOREWORD


I received a copy of Hatchers Notebook on my fifteenth birthday. The math was a little over my head, but the information contained in this remarkable work was to guide me through the sometimes mystifying task of learning the finer points of firearms and how they functioned as they did. General Hatcher’s book opened my youthful eyes to the fact that a lot of things have to happen for a firearm to discharge properly. I also found his observations on military firearms interesting and instructive. Over the ensuing five decades, Hatchers Notebook has continued to be an important source of historical and technical information to me both professionally and personally.


Hatchers is really two books in one. In the first part of the work, Hatcher discusses the 1903 Springfield, the 1917 Enfield, .30 caliber cartridges, the design and function of automatic firearms, the history of machine guns, and military semi-automatic rifles from the early designs to the Ml Garand. Each chapter and firearm is described in great detail with historical background as well as technical information. Much of General Hatcher’s observations are based on actual hands-on experience, which adds authority to his commentary. What I found most useful about these early chapters was the author’s personal comments on various aspects of each firearm discussed. Hatcher’s personal experience spans from before the outbreak of the First World War to the end of World War II. General Hatcher has handled and fired the weapons he writes about, which brings color and vibrancy to what otherwise might be a dry recitation of technical data. For example, his assertion that a machine gun would get red hot when fired extensively was challenged by a military official who claimed it was impossible to fire a gun that long without it jamming. Hatcher then demonstrated the firing of a Benet-Mercie machine gun thousand-round without stopping. After seven hundred rounds, the barrel became red hot, and after one thousand, the receiver began to glow. The official who questioned Hatcher stood corrected.


Perhaps the most insightful part of Hatcher’s work is the second part of his book where he describes a wide variety of firearms-related topics. These topics help establish a foundation of greater understanding for the reader. General Hatcher discusses subjects such as receiver steels, headspace, recoil theory, gunpowder, ammunition, set triggers, and his invaluable “Random Notes” on various subjects. He begins this section with his personal recollections of legendary gun designers he has known and worked with over the years. Included are John M. Browning, John C. Garand, J.D. Pedersen, Colonel Townsend Whelen, Melvin Johnson, and several others. The balance of “Random Notes” covers subjects from National Match ammunition to cartridge dimensions and identification tables. Just about every aspect of internal and external ballistics, bullet comparisons, chamber and bore measurements, wind deflection, and many other constructive topics are covered without complicated theory.


There is no doubt in my mind that General Hatcher’s book is a timeless study in all aspects of firearms, both internally and externally. Its width and breadth have never been surpassed.


NED SCHWING









PREFACE TO THE 1962 EDITION


IT is gratifying to me to note the continued interest in Hatcher’s Notebook and the increased demand for this collection of reference material which I have found so useful.


This 1962 edition includes new material in Chapter 19 on recent progress in military small-arms research, specifically project “Salvo” of the U.S. Army, which resulted first in the Remington .222 Magnum cartridge, and then in two experimental lightweight rifles, the .224 Winchester Military Rifle and Colt’s AR-15 “Armalite” rifle shooting the Remington .223 Military cartridge.


Also in Chapter 19 I have added some notes on commercial hunting cartridges that have appeared since the 1957 edition—the .222 Remington Magnum, the .22 Winchester Rim Fire Magnum, the .338 Winchester Magnum, and the .264 Winchester Magnum; also, in revolver cartridges, the .22 Remington Jet and the .256 Winchester Magnum.


A new and rather comprehensive chapter (22) has been added on a subject of fundamental interest to every shooter: “How Far Will My Gun Shoot?” Some of this material, written by me, is quoted from the September 1961 issue of the magazine The American Rifleman, on whose staff I serve as Technical Editor. In preparing this chapter I gathered about everything that is known on the subject, including tabular ballistic data, then boiled it down to basic essentials. I am glad to include such helpful data here in permanent form for future reference.


JULIAN S. HATCHER
Major General, U.S.A., Retired


Falls Church, Virginia,
January, 1962.









PREFACE TO THE 1957 EDITION


WHEN in 1946, after 41 years service, I retired from the Army and became Technical Editor of The American Rifleman, I collected together a number of reference notes for my own use. These proved so useful to me that 1 thought it would be nice to have them permanently available in book form, so I arranged for their publication under the title of Hatcher’s Notebook.

As the supply on hand sold out, the book has been reprinted from time to time; now, nine years after the book’s first appearance, the publisher’s stock is again nearing exhaustion, and it again becomes necessary to print a fresh supply. For that reason this seems an appropriate time to add some chapters covering additional subjects which my experience as head of the National Rifleman’s Technical Service has shown to be of interest to members of that association and to readers of the Rifleman.

Accordingly, all of the original material of Hatcher’s Notebook has now been reprinted without change as Part One, and four new chapters have been added as Part Two which will give much important information not included in the original volume. The original index is retained at the end of Part One and an index of the new material appears at the end of Part Two.

First of the new chapters covers the development and adoption of a new non-corrosive primer, a new rifle and machine gun cartridge, a new service rifle, and a new all-purpose machine gun by the Army, as well as the development and marketing of a number of new rifle cartridges by the commercial ammunition companies.

The second new chapter covers the subject of explosions and powder fires, as well as the behavior of ammunition when it is exploded, accidentally or otherwise, while it is not in a gun. The many inquiries on this subject that I received from Police and Fire Departments, state and municipal authorities, and from readers of the magazine caused me to make a large number of interesting experiments to be able to answer their questions with certainty. The information thus developed is of great value, and is so important that it should be preserved permanentlv in convenient form for reference.

The third new chapter covers the fascinating and little understood subject of what happens when a bullet is fired straight un. Many experimenters have fired bullets vertically upwards and tried to note their return to earth; but in most instances such bullets simply disappear into the wild blue yonder and no sign of their return is ever detected. The reason is here explained and well documented by the results of official tests taken from Ordnance files.

The fourth chapter, on the subject of exterior ballistics, is again the result of my urgent desire to have available a handy bound reference book for which I can reach when I want to make any of a number of simple but necessary ballistic calculations arising out of such questions as—What is the ballistic coefficient of a newly designed bullet of which I have just received a sample? If the chronograph shows a certain velocity at 25 feet in front of the gun, what is the real muzzle velocity? If it loses 125 feet of its original velocity in the first 100 yards, how much will it lose in the next hundred and the next? What will be its time of flight over any given distance and how much will the bullet drop below the line of departure at various ranges? And other similar questions.

As technical Editor, I often receive requests for the name of a book on exterior ballistics that will give such information; and I am always distressed to have to reply that the books that I use for that work are out of print and unobtainable. The ballistic tables and references that I use are contained in six different books, and in this new chapter I have endeavored to include material that will enable me to throw those six books away and never miss them.

The best exterior ballistic tables for use in small arms work are those of Ingalls, published years ago by the Ordnance Department in the now out-of-print Artillery Circular M. Ingalls’ highly useful Table I has been included in full, together with an abridged form of his Table II. In addition the history and principles of exterior ballistics have been stated in a simplified form, together with a comparative tabulation of the hard-to-find basic retardation functions as determined by several different experimental firings in various countries.

Mr. Walter J. Howe, editor of The American Rifleman, on whose great knowledge and excellent judgement I rely greatly, has been most helpful. Col. E. H. Harrison, Ordnance Corps, U.S. Army, retired, of The American Rifleman editorial staff, has made numerous valuable suggestions, and has pointed out several errors in my work that without his help would have gone undetected. Mr. Homer S. Powley, of Shaker Heights, Ohio, who is extremely accomplished in the field of exterior ballistics, has been of incalculable help to me in my efforts to obtain a better understanding of this subiect, and has furnished me valuable material which I have included. To these three men I offer my sincere thanks for the assistance they have so generously given.

JULIAN S. HATCHER,
Major General, US.A., Retired

Falls Church, Virginia.
July, 1957.
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PART ONE







I
Brief History of the Springfield U. S. Rifle, Caliber .30, Model of 1903

IN the Spanish American War of 1898, our Army was armed partly with Krag Jorgensen .30 caliber repeaters and partly with the old .45 caliber Springfield single shots, while the Navy used the Lee Straight Pull rifles in a caliber called 6 mm U.S.N., which in inches was equal to .236 caliber.

The Mauser rifles used by the Spaniards proved to be formidable weapons, and gained a reputation which caused our weapons to be regarded so critically that immediately after the war the Chief of Ordnance ordered the preparation of the pilot model of a new rifle. This gun had a 30 inch barrel and was fitted with a rod bayonet housed in the stock beneath the barrel. The mechanism was a modification of the Mauser action; it had two locking lugs at the front of the bolt instead of one at the rear as did the Krag, The rimmed cartridge was fed from 5 shot clips into a single row magazine extending below the stock.

The pilot model was forwarded to the War Department on August 25, 1900 for examination, after which it was tested at Springfield by a board which on October 2, 1900, recommended that the form of the magazine should be changed “to allow the cartridges to lie in a zig-zag manner, thus avoiding the necessity of having the magazine project below the stock” and that the rifle should use cannelured cartridges. A new model was then made which was basically the same as the M 1903 Springfield except that the barrel was 30 inches long and the rod bayonet was used. After test, this rifle was approved for experimental manufacture as the Model of 1901.

The construction of 5000 of these guns was authorized, but first the machinery had to be changed, and this took a long time, so it was not until April 7, 1902 that an appropriation of $1700 was made for the manufacture of 100 experimental rifles. (Thirty years later an order was given for the production of 80 experimental Garands at $1000 apiece.)

The 100 rifles were tested at Springfield Armory on Feb. 16, 1903, bv a board which recommended that the barrel and bayonet each be shortened six inches to permit the gun to be used by the mounted services as well as by the Infantry, and thus avoid the necessity for a carbine.

On the recommendation of Brigadier General William Crozier, Chief of Ordnance, this new model was on June 19, 1903, approved as standard by the Secretary of War and designated as the U. S. Magazine Rifle, Model of 1903, Caliber .30.

On June 20, 1903, orders were given to begin immediately the manufacture of the fixtures, dies, tools gauges, etc., required for making 225 of these rifles per 8 hour day at Springfield Armory and 125 per 8 hour day at Rock Island Arsenal. The following month these instructions were changed to direct the manufacture of sufficient fixtures, etc., for making 400 rifles per 8 hour day at Springfield Armory.

These fixtures, etc., were made with such rapidity that quantity production of the rifles was begun in November, 1904, and continued without interruption until after the close of World War I.

Various changes were made from time to time in the components of the rifle and the methods of manufacture, some of the more important of which were as follows:

During the fiscal year of 1904, the first year of manufacture, 30,503 rifles were made. These had the rod bayonet and claw-hammer rear sight. During this period the cocking piece and safety lock were redesigned so that the rifle might more satisfactorily meet the requirements imposed by the Infantry Drill Regulations of that time.

During the fiscal year 1905, (starting July 1, 1904) 43,905 rifles with rod bayonets were made. On Jan. 11, 1905, work on the rod bayonet was stopped, following a letter dated Jan. 4, 1905, from President Theodore Roosevelt to the Secretary of War, which stated in part: “I must say I think the rod bayonet about as poor an invention as I ever saw. As you observed, it broke off as soon as hit with even moderate violence. It would have no moral effect and mighty little physical effect… This ramrod bayonet business does not make me think we can afford to trust too much to theory …”

The Army was then experimenting with a trowel shaped combination bayonet and intrenching tool, but this idea was dropped, and a knife bayonet was approved on April 3, 1905 by Secretary of War Howard Taft as the Model of 1905. All rifles were altered to take this new bayonet.

In this period also, all work on the rear sight was suspended pending the outcome of trials of an improved sight, which was finally adopted. All rifles equipped with the old sight were changed so as to have the improved model.

The cartridge used with this gun was known as the Ball Cartridge, Caliber .30, Model of 1903. It had a rimless case and a 220 grain round nosed full metal jacketed bullet, with a muzzle velocity of 2300 feet per second. In the meantime, experiments had been underway with a sharp pointed bullet of lighter weight and higher velocity. On October 15, this improved cartridge was approved by the Secretary of War, under the designation of Cartridge, Caliber .30, Model of 1906. It had the same case as the older one, except that the neck was shortened .07 inch; the bullet was of the sharp pointed or so-called spitzer type, weighing 150 grains, and having a muzzle velocity of 2700 feet per second.

This sharp pointed bullet did not extend as far forward as did the older round nosed one, and it therefore became necessary to alter the design of the bullet seat in the barrel of the rifle to fit the changed bullet contour. During the months of November and December 1906 and January and February 1907, no rifles were assembled, owing to the necessity of rechambering the barrels to fit the changed ammunition. All rifles previously made were afterward brought back to the Armory and rechambered. This was done by taking out the barrels, cutting them off at the rear end for a distance of two threads of the breech screw (two tenths of an inch), rethreading, putting back the barrels, and then reaming the chamber to the new size.

Up to the beginning of World War I, there had been manufactured at Springfield Armory a grand total of 606,924 rifles. In addition there had been manufactured nearly a third as many at Rock Island Arsenal, using tools, fixtures, gauges, etc., made at Springfield Armory and furnished to Rock Island.

The production of the M 1903 Springfield Rifle from its adoption up until the beginning of World War I was as follows:





	Fiscal
	Year
	of
	1904
	(July 1, 1903 to July 1, 1904)
	30,503
	rifle





	“
	“
	“
	1905
	
	43,905
	“



	“
	“
	“
	1906
	
	97,603
	“



	“
	“
	“
	1907
	
	102,116
	“



	“
	“
	“
	1908
	
	62,565
	“



	“
	“
	“
	1909
	
	25,662
	“



	“
	“
	“
	1910
	
	46,797
	“



	“
	“
	“
	1911
	
	49,697
	“



	“
	“
	“
	1912
	
	35,179
	“



	“
	“
	“
	1913
	
	38,070
	“



	“
	“
	“
	1914
	
	26,545
	“



	“
	“
	“
	1915
	
	25,977
	“



	“
	“
	“
	1916
	
	13,631
	“



	“
	“
	“
	1917
	to declaration of War, Apr. 6, 1917
	8,674
	“







Production by months during the War of 1917-1918 is given on Page 6.

On February 20, 1918, at rifle No. 800,000, a major change was made in the heat treatment of the receiver and bolt, which resulted in a rifle of far greater strength than before.

On May 11, 1918, at receiver No, 285,507, Rock Island Arsenal
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adopted an improved heat treatment for carbon steel M 1903 receivers and bolts. Around August 1, 1918, at about receiver No. 319,921, that arsenal began using nickel steel for part of the production of receivers and bolts, but at the same time continued to make these parts of carbon steel also.

On April 1, 1927, at rifle No. 1,275,767, Springfield Armory changed the material in the bolt and receiver to nickel steel. The receivers in this series, while not quite as strong as the double heat treated ones which preceded them, still had ample strength, and the manufacture was simpler, as the complicated double heat treatment was avoided. In changing to the nickel steel, another advantage of the double heat treated receivers and bolts was lost, and this was the surface skin of very hard metal which gave a superb wearing surface, and made for a very smooth working action, without the “stickiness” of the relatively soft nickel steel. These nickel steel actions, are, however, highly satisfactory, everything considered. In the rare event of a failure, it occurs by a gradual stretching rather than by a sudden rupture.

Nickel steel receivers and bolts of rifles numbered in the 3,000,000 series made by the Remington Arms Co. during World War II were surface carburized, making them quite hard on the outside and thus avoiding the stickiness above mentioned.

During the years after World War I, it was the custom to make up each year several thousand rifles which were especially selected for use at the National Matches. In general these were the regular rifles, with star-gauged barrels, which simply means that the barrels were measured with a device called a star-gauge, so that any not within tolerances could be thrown out. In addition, the actions were carefully fitted for good trigger pull and the best possible functioning.

At one time the National Match rifles were made with headless cocking pieces, the idea being to get a faster firing pin action. The regular firing pin required .0057 second to travel through its six-tenths inch fall, while the headless pin required .0049 second; an advantage which was very likely more imaginary than real. It was found that the lessened inertia of these headless firing pins encouraged ruptured primers or primer blow-backs, and they were declared dangerous by the Ordnance Department and discontinued.

Several different kinds of pistol grip stock were tried on the National Match Springfields, and eventually one of these, which had undergone extensive tests by the service boards was adopted as standard in place of the old straight grip stock. This new stock was the one submitted for test under the designation of “Type C” Besides having a pistol grip, it omitted the finger grooves on the sides of the stock.

This was standardized on March 15, 1928, by Ordnance Committee Minute No. 6860, and the rifle so altered was known as the M 1903 A1. A1, of course, stands in Army nomenclature for Alteration 1.

Alteration 2 is one which is not seen by the ordinary user of the M 1903. It is a stripped barrel and action used inside a tank cannon for subcaliber practice; the only interest it has here is to let the reader know what the M 1903 A2 is, and so fill the gap in the record.

Along about the 1930’s, the Ordnance Department made up a few thousand Springfield rifles with sporting stocks and Lyman No. 48 rear sights for sale to the members of the National Rifle Association. This was known as the Rifle, Caliber .30, M 1903, Style N.R.A.

Some heavy barrelled target rifles were also made up on sporting type stocks. These were known as the Rifle, Caliber .30, M 1903, Style T.

Occasionally a Springfield M 1903 will be seen that has an ejection port in the left side of the receiver, and the words Mark I on the receiver ring. This is one of the rifles that was made up for use with the Pedersen Device during the latter part of World War I.

During the early 1930’s, the rifle production at Springfield Armory was confined to replacement parts for use in overhaul, plus a few National Match Rifles assembled in those years when the matches were held. By 1936, the Armory was being tooled up for the production of the Garand, and no Springfields were made that year, though a few were made after the tooling was completed.

Ordnance records show that in each of the calendar years in which these rifles were made at Springfield, receivers produced at the beginning of January had serial numbers according to the list which follows:





	Year
	Serial number of receiver Produced at start of Year
	Year
	Serial number of receiver Produced at start of Year





	1907
	269,451
	1922
	1,239,641



	1908
	337,862
	1923
	1,252,387



	1909
	358,085
	1924
	1,261,487



	1910
	398,276
	1925
	1,267,101



	1911
	456,376
	1926
	1,270,301



	1912
	502,046
	1927
	1,274,765



	1913
	531,521
	1928
	1,285,266



	1914
	570,561
	1929
	1,305,901



	1915
	595,601
	1930
	1,338,406



	1916
	620,121
	1931
	1,369,761



	1917
	632,826
	1932
	1,404,026



	1918
	761,758
	1933
	1,25,934



	1919
	1,055,092
	1934
	1,441,812



	1920
	1,162,501
	1935
	1,491,532



	1921
	1,211,300
	
	







In 1936, during the tooling up for the Garand, production of the Springfield was suspended, but it was resumed in a small way in 1937. The last receiver made was in October 1939, and it had the number 1,532,878.

On November 12, 1941, the production of Springfields was again resumed at the plant of the Remington Arms Co., Ilion, N. Y., and the first rifle produced by them under this contract was 3,000,001. There are therefore no Springfields with numbers between 1,534,878, the last one made at Springfield Armory, and 3,000,001, the first one made on commercial contract during World War II.

At first, Remington made the ordinary M 1903, with some options as to the form of stock and other details. They started making receivers and bolts with the same 3½% nickel steel used in the Springfields, afterward changing to a chrome-nickel-molybdenum steel with only .20% to .40% nickel, or on the average, about one tenth as much as had been used formerly, but with the same amount of chromium, that is, .20% to .40%, plus a small percentage of molybdenum.

In the effort to gain increased production, this firm immediately began studies and experiments on design changes to make manufacture simpler and easier. One change was to omit two of the four grooves used in rifling the barrel. As it was found that there was little difference in the performance of the two grooved barrel and the four grooved one, this was approved. There were a number of other changes, and one which was a distinct improvement was the provision of a receiver peep sight.

On May 21, 1942, this simplified form of Springfield was approved for manufacture under the name of Rifle Caliber .30, Model of 1903 A 3.

Other changes on the A 3 model are:

Stock. Similar to that on the ’03, except that the pistol grip is optional

Barrel Guard. Replaces the handguard of the ’03, also covers the space formerly occupied by the rear sight.


[image: fig_8_1.jpg]
Forms of rifling used in the M1903 Springfield rifles.

Left: standard four groove rifling used previous to 1943. The grooves are three times as wide as the lands, and the twist is one turn in ten inches, right handed.

Nominal dimensions are: bore diameter, .300 inch, groove diameter .308 inch; width of grooves, .1767 inch. However, these exact dimensions are rarely encountered, as the manufacturing tolerances permit the bore to be anything trom .2995 inch to .3015 inch, with grooves from .167 inch to .177 inch, and a groove diameter from .3075 to .3095 inch.

Right: two groove rifling approved in 1943 for use in the M1903 A3 rifle and for replacement barrels for the M1917 Enfield. This is simply the four groove rifling with two of the grooves omitted.



Upper Band Assembly. Is made of sheet metal stampings. The bayonet stud band, which replaces the upper band of the ’03, is shorter, solid on top, and has two bayonet mounting stud bands on the bottom. The stacking swivel and its band are stampings.

Lower Band and Lower Band Swivel. These are made from sheet steel stampings.

Trigger Guard Magazine Assembly. This is the new nomenclature for the stamped, staked, and welded magazine, trigger guard and floor plate.

Front Sight Group. This is composed of a flat front sight pinned in a slot in a ring type sight base which is keyed and pinned to the barrel near the muzzle. The front sight blades are furnished in five heights from 0.477 t0 0.537 inches. In targeting the rifles the proper height of blade is used to make the gun shoot as nearly as possible in agreement with the rear sight graduations.



[image: fig_9_1.jpg]
U. S. Rifle, Caliber .30, M1903A4—Sniper’s.

Weight (without sight)—8 pounds, 10 ounces. Sight magnification—2½ power.

Weight (with Model 330 Weaver Sight)—9 pounds, 2 ounces. Eye Relief—3 to 5 inches.

Weight (with Lyman Alaskan Sight)—9 pounds, 6 ounces.



Butt Plate Group. This is made of stampings.

Butt Swivel Group. This is made of two plates welded together with the swivel between them.

Bolt Group. While it is basically the same as that for the 1903, some parts differ in design and will not interchange with the 1903.

Follower Group. This is made from a stamping, but will interchange with the same part from the 1903.

Serial Numbers of the 1903 A 3. Before the approval of these changes the Remington Arms Co. had produced 348,085 M 1903 Springfields with serial numbers lying between the numbers 3,000,001 and 3,348,085. They continued to produce rifles, but these were now of the M 1903 A 3 type lying within blocks of serial numbers assigned to this firm. These blocks of numbers, not all of which were used, however, are as follows:







	3,348,086 to 3,607,999
	inclusive



	3,708,000 to 4,707,999
	“



	4,992,001 to 5,784,000
	“







Rifle Caliber .30 Model 1903 A 4. On June 14, 1943, the 1903 rifle similar to the A 3, but fitted with a telescopic sight was approved as the Rifle Caliber .30, Model of 1903 A 4. The sight used was the Weaver 330 3-power telescopic sight, slightly modified, and called by the Army the M 73 B 1. Redfield Junior Mounts were used to attach these Weaver Telescope sights to these Sniper’s Rifles.

The rifle, caliber .30, M 1903 A 4, with Weaver telescopic sight and Redfield Junior Mounts was made by the Remington Arms Co., with serial numbers in the blocks given below:







	3,407,088 to 3,427,087
	inclusive



	4,992,001 to 4,997,045
	“



	Z4,000,000 to Z4,002,920
	“







Springfield Made by L. C. Smith-Corona Typewriters, Inc. This firm was the only other besides Remington which produced Springfield Rifles during World War II. This plant started on the production of M 1903 A 3 rifles on Oct. 24, 1942, and actually began to turn out rifles in volume early in 1943. Blocks of numbers were assigned to this firm as follows:







	3,608,000 to 3,707,999
	inclusive



	4,708,000 to 4,992,000
	“







Production at this plant stopped February 19, 1944, with rifle No. 4,845,831, after a total of 234,580 rifles had been produced. Again it will be noted that not all the numbers were actually used, as the total produced does not agree with the difference between the serial number of the first and the last rifle. This is because of the loss of numbered receivers through rejections, experimental tests, etc.


Principal Dimensions and Weights of U. S. Magazine Rifle, Model of 1903





	Barrel:
	Dimensions
	Inches





	 Diameter of bore
	0.30



	 Exterior diameter at muzzle
	0.619



	 Exterior diameter at breech
	1.14



	 Length of chamber and bore
	23.79



	 Length of barrel, total
	24.006



	 Length of travel of bullet in bore
	21.697



	 Diameter of chamber, rear end
	0.4716



	 Diameter of chamber, front end
	0442



	 Diameter of neck of chamber, rear end
	0.3425



	 Diameter of neck of chamber, front end
	0.3405



	 Length of body of chamber
	1.793



	 Length of shoulder of chamber
	0.16



	 Length of neck of chamber
	0.396



	 Length of chamber, total
	2.3716



	Rifling:
	



	 Number of grooves, 4.
	



	 Twist, uniform, one turn in
	10.00



	 Width of grooves
	0.1767



	 Width of lands
	0.0589



	 Depth of grooves
	0.004



	 Height of front sight above axis of bore
	1.05



	 Distance from top of front sight to rear side of leaf, leaf raised
	22.1254



	Stock:
	



	 Length, with butt plate
	40.166



	 Crook, i.e., distance from axis of bore to heel of butt
	2.089



	 Distance from trigger to butt plate
	12.74



	Length of gun complete
	43.212



	Sight radius
	12.1254



	Width of single division on windage scale
	0.0267



	
	Weights
	Pounds



	Barrel
	2.79



	Barrel, with rear sight base and front sight stud
	3



	Butt plate
	0.26



	Receiver
	0.98



	Bolt mechanism
	1



	Magazine and trigger guard
	0.44



	Magazine mechanism, including floor plate
	0.17



	Bayonet
	1



	Stock
	1.58



	Hand guard
	0.13



	Front and rear bands, including swivels
	0.25



	Rear sight, not including base
	0.20



	Total weight of metal parts
	7.30



	Oiler and thong case
	.19



	Total weight of arm, including oiler and thong case, with bayonet
	9.69



	Total weight of arm, including oiler and thong case, without bayonet
	8.69



	Weight to compress mainspring
	16 to 18



	Trigger pull (measured at middle point of bow of trigger)
	3 to 4½







MAKERS OF RIFLE HISTORY

“Major Hatcher, explaining to Expert Stock Maker Taylor, the details of the new .22 caliber Springfield.

“About the time that Europe blazed into war, a young officer of the United States Army was becoming known as an authority on rapid firers. As the war progressed, he turned his attention to military small arms, and having been interested in rifle and pistol shooting all his life, soon became even a more prominent human factor in the development of our army rifles than he had been in his work with machine guns.

“For the three years past, which have seen the greatest strides made in perfecting the most accurate of weapons for our riflemen. Major Julian S. Hatcher has been actively concerned with the production of super-accurate rifles at Springfield Armory. He has served with the Ordnance branch of the National Match Staffs of 1918, 1919, 1920 and 1921, has personally competed in the matches and applied his practical knowledge of the needs of the rifleman, thus gained, to the problem of producing for the National and International Matches the best possible weapons. In addition, Major Hatcher has been a member of three boards appointed to select ammunition for the National Matches, and has contributed scientific articles to the ‘Encyclopedia Britannica,’ ‘The Saturday Evening Post,’ ‘The Scientific American’ and “Arms and the Man.’”

From the February 1, 1922 issue of “Arms and the Man.”







II
Brief History of the Enfield, U.S. Rifle Caliber .30, Model of 1917

IN 1907 the British adopted the Lee-Enfield rifle that now is known as the Short Model Lee-Enfield, (S.M.L-E.), using a rimmed cartridge of .303 caliber that somewhat resembled our old Krag cartridge.

Three years later, they began the development of a new rifle to permit the use of a higher powered rimless cartridge with improved ballistics. By 1914 the new rifle and cartridge had been perfected and had undergone the official trials and was about to be adopted under the name of Rifle, Enfield, Caliber .276, Pattern of 1913.

The name Enfield came from the fact that the rifle was developed at the Royal Small Arms Factory at Enfield Lock, in Middlesex, 11 miles north of London Bridge.

At that period Britain became involved in World War I, and time limitations prevented the intended change to a new caliber of small arms cartridge. As the need for rifles was urgent, existing plants in England which had previously made the .303 S.M.L-E. were put into high gear and production of the old model was stepped up to the maximum possible.

This, however, did not seem to be enough, so Britain turned to the U. S. for further supplies of small arms, and placed contracts for the establishing of three huge rifle plants.

These were the enormous plant built at Eddystone by a newly incorporated firm, the Remington Arms Company of Delaware, to have a capacity of 6000 rifles per day; the Winchester Repeating Arms Company, New Haven, Connecticut, 2000 rifles a day; and the Remington Arms Company, Ilion, N. Y., capacity, 3000 rifles per day.

The rifle to be made in these factories was the Enfield, Pattern of 1914 (the .276 Pattern ’13 converted to take the .303 cartridge) which, while it did not work as well through the magazine as the rimless cartridge, was and still is a good military small arms cartridge.

These plants proved to be more or less of a disappointment to the British, for they were slow getting tooled up and into full production, and by the time a satisfactory volume was achieved, the British had overcome their rifle shortage by production in their home plants. By the early part of 1917, the British had started reducing these contracts, and before the U. S. entered the war on April 6 of that year, large lay-offs were taking place, and the remainder of the



[image: fig_13_1.jpg]
U.S. Rifle caliber .30, M1917.



work on these contracts was to be terminated by about June i, June 21, and July 21, for the three plants respectively.

The rifle that was being produced for the British was of highly advanced design, making it the best military rifle used in World War I. Though it was basically a typical Mauser, it was improved in several respects, and had a bolt and receiver of high grade nickel steel that gave it a superbly strong action. The well protected peep sight, mounted on the receiver, close to the shooter’s eye, with a front sight likewise protected by strong steel ears, gave a sighting combination that was far superior to that on the Springfield, and by a considerable margin the best and most practical of any seen in that war.

The bolt mechanism, like that of the S.M. L.-E., was designed to cock on the closing motion. This was to make the extraction easier in rapid fire, when the heat always tightens things up. With the Springfield, the work of cocking the firing mechanism is added to that of extracting the cartridge, with the result that unless very hard brass is used, the bolt becomes very difficult to open after a few rounds of rapid fire. This feature, considered a great advantage by the British, was in general not liked by our people who were thoroughly used to the Springfield, which cocks on the opening of the bolt.

The .303 Enfield had a set of auxiliary long range sights for musketry work at extreme ranges. These were attached to the left side of the rifle, but were omitted in our M. 1917.

When we entered World War I on April 6, 1917, we had on hand about 600,000 M 1903 Springfields, and some 140,000 Krags. Springfield Armory had a capacity of 1000 rifles per day, and Rock Island Armory could turn out 400 Springfield Rifles per day.

With the rapid mobilization of our forces, the need for rifles was urgent; our newly inducted soldiers were actually using broomsticks instead of rifles for their basic drill instruction.

It was obvious therefore that these three great rifle plants should be gotten into production at the earliest possible moment, making rifles for our own use. To convert them to make the Springfield rifle would take months; therefore it was decided that we would use the Enfield, but that first it would be converted to use our .30-’06 cartridge.

The only really poorly designed feature on the rifle was the ejector, which had the ejector spring formed integral with it by milling a slot in one side and letting the thin part thus separated act as the spring. This often breaks in service, but fortunately the ejector with its spring is cheap and easy to replace.

For this rifle the British used the Enfield type of rifling, with wide lands and deep grooves, which had been adopted as a result of years of research to obtain a form of rifling that would best resist the Severe erosion and barrel wear of the hot nitro-glycerine powder used in the British service. This had a left hand twist, with five lands and five grooves of equal width, the grooves being .0058 inch deep in a bore of .303 inch diameter.

We retained the Enfield form of rifling, but changed the bore and groove dimensions to suit our own bullet diameter of .3086 inch. To accomplish this we changed the bore from .303 inch to .300, and made the grooves .005 inch deep instead of .0058 as in the .303.


[image: fig_15_1.jpg]
Left: Form of rifling used in the M1917 Enfields. There are five lands and five grooves, and lands and grooves are of equal width. Nominal dimensions call for a bore of .300 inch, the same as for the Springfield. Grooves are .005 inch deep, and have a twist of one turn in ten inches, left handed. During World War II, many 1917 Enfields were rebarrelled with two grooved barrels, with right hand twist, the same as used in the M 1903 A3 as to form and dimensions of rifling and direction of twist.

Right: Rifling of the “Metford” type, as used in the Model 99 (1939) 7.7mm Japanese rifle. Grooves are .006 deep in the center, and have a twist of 1 turn in 9.5 inches, right handed. Other Japanese rifles and pistols use a similar form of rifling. This Metford rifling was developed in England, and was used in the Lee-Metford Rifle, but was superseded by the Enfield form of rifling to permit longer barrel life.



This gave a somewhat tighter barrel than was used on the Springfield, as will be seen when it is remembered that in the M 1903 the grooves are three times as wide as the lands, while in the 1917 the lands and grooves are equal.

In the M 1903 Springfield the bore diameter is .300 inch, but only one fourth of it is left this size. The other three fourths has the groove diameter of .308 inch, so that the average diameter is .306 inch.

In the 1917 the bore is likewise .300 inch, but this comprises one half of the entire inside surface, instead of only one fourth as in the Springfield. The other half consists of grooves, and as they are .005 deep, the equivalent groove diameter is .310 inch though as each groove is opposite to a land there is no actual place where the groove diameter can be measured directly. With half the bore having a diameter of .300 inch and half having a diameter of .310 inch, the average would be .305 inch as against .306 inch for the ’03 Springfield.

While this is, as shown above, somewhat tighter than the rifling we had been using on the M 1903, it was adopted because after careful tests it seemed to give the best results for that form of rifling with the diameter of bullet we were already using.

This has been gone into at some length because we so often see in print the erroneous statement that the 1917 has a bore that is too loose for our bullet, because we “used the British dimensions” when we took over the manufacture of the Enfield.

The statement that this is not so is from first hand knowledge, because during a large part of the First World War, I was Chief of the Machine Gun and Small Arms Section, Engineering Division, Ordnance, or in other words, Chief of Engineering and Design for Small Arms for the Army, and had personal contact with this matter at the time these rifles were being made.

It is interesting to note in this connection, that many tests made during the years since then have shown that the 1917 barrels will always outwear the ’03 Springfield barrels. At this writing, March, 1947, there is serious consideration being given to adopting some such form of rifling as that on the Enfield for all future small arms manufacture.

At the present time, not all 1917 Enfield Rifles have barrels of the type described above, for some were rebarreled with 4 groove barrels having a right hand twist, of which the Hi-Standard Manufacturing Co., of New Haven, Conn., made 61,250, and some were rebarreled with 2 groove barrels, of which Johnson Automatics, Inc., of Providence, R. I., made 81,571. Recent Ordnance tests show that the accuracy of all these barrels is comparable, but that the 2 groove barrels give slightly lower pressures with high powered hunting loads. The difference is not, however, great enough to give these two-groove barrels much advantage over the four groove type.

During the First World War the three plants mentioned above turned out a total of 2,202,429 Model 1917 Enfields, at a cost of approximately $26 each.


Principal Dimensions and Weights of United States Rifle, Cal. .30, Model 1917




	Barrel:
	Dimensions
	Inches





	 Diameter of bore
	0.30



	 Exterior diameter at muzzle
	0.60



	 Exterior diameter at breech
	1.32



	 Length of chamber and bore (from face of bolt to muzzle)
	26.



	 Diameter of chamber, rear end
	0.4716



	 Diameter of chamber, front end
	0.442



	 Diameter or necK of chamber, rear euti
	0.3425



	 Diameter of neck of chamber, front end
	0.3405



	 Length of body of chamber
	1.785



	 Length of shoulder of chamber
	0.16



	 length of neck of chamber
	0.396



	 Length of chamber, total
	2.341



	Rifling:



	 Number of grooves, 5.
	



	 Twist, uniform, left hand, one turn in
	10.



	 Width of grooves
	0.0936



	 Width of lands
	0.0936



	 Depth of grooves
	0.005



	 Height of front sight above axis of bore (mean)
	1.06



	 Distance from top of front sight to rear side of leaf, leaf raised
	31.76



	Stock:



	 Length, with butt plate
	42.62



	 Crook, i.e., distance from axis of bare to heel butt
	2.12



	 Distance from trigger to butt plate
	13.5



	 Length of gun complete
	46.3



	 Sight radius
	31.76



	 Sight radius (battle sight)
	31.69












	Weights





	Bayonet
	1 lb.
	2 oz.



	Oiler and thong case
	
	3 oz.



	Total weight of arm with oiler and thong case and bayonet
	10 lbs.
	5 oz.



	Total weight of arm with thong case without bayonet
	9 lbs.
	3 oz.



	Weight to compress mainspring
	16 to
	18 lbs.



	Trigger pull (measured at middle of bow of trigger)
	4½ to
	6½ lbs.









RIFLE PRODUCTION TO NOV. 9, 1918




	Months
	Eddystone
	Winchester
	Ilion
	Springfield Armory
	Rock Island Arsenal
	Total



	






	Before August, 1917
	
	
	
	14,986
	1,680
	16,666



	Aug. 1, 1917 to Dec. 31, 1917
	174,160
	102,363
	26,364
	89,479
	11,330
	414,696



	1918
	
	
	
	
	
	



	January
	81,846
	39,200
	32,453
	23,890
	7,680
	185,069



	February
	98,345
	32,660
	39,852
	6,910
	1,460
	180,117



	March
	68,404
	42,200
	49,538
	120
	420
	160,681



	April
	87,508
	43,600
	36,377
	2,631
	
	170,116



	May
	84,929
	41,628
	54,477
	3,420
	550
	185,004



	June
	104,110
	34,429
	52,995
	6,140
	619
	198,113



	July
	135,080
	35,700
	60,413
	14,841
	2,038
	148,072



	August
	106,595
	20,030
	65,144
	27,020
	1,597
	220,386



	September
	110,058
	31,550
	58,027
	29,770
	3,813
	233,118



	October
	100,214
	33,700
	53,563
	35,920
	3,256
	226,653



	Nov. 1–9, 1918
	30,659


	9,100


	16,338


	10,500


	808


	67,405





	 Total
	1,181,908
	465,980
	545.541
	265,617
	47,251
	2,506,307






Note: Eddystone, Winchester, and Ilion plants turned out the Enfield, while the Springfield Armory and the Rock Island Arsenal produced the Springfield. The months marked by a drop in the production at Springfield and at Rock Island were months in which the components manufactured were not assembled but were used for spate parts.










III
A Brief History of the .30-’06, the .30 M1 and the .30 M2 Cartridges

WHEN the M 1903 rifle was first adopted, the cartridge designed to go with it had a rimless case, which, except for very minor changes, is the same as that we have now. The bullet was of round nosed shape, weighing 220 grains, with a muzzle velocity of 2300 feet per second.

In 1906 we adopted a lighter bullet weighing 150 grains, having a sharp or “spitzer” point, and with a muzzle velocity of 2700 feet per second. This bullet had a cupro-nickel jacket, and a core composed of 1 part tin to 39 parts of lead. The maximum range was given in the handbooks as 4700 yards.

For use in long range matches, the commercial companies furnished a cartridge with a 180 grain bullet, having better wind bucking qualities, and longer range.

In 1911 to 1913, when I was a lieutenant of Artillery stationed in Florida, I did a lot of shooting, and one of the things I tried was to see how far I could shoot a Springfield rifle along the beach. To my disappointment, I just never could seem to get it to shoot as far as the book said it would.

As Chief of the Machine Gun and Small Arms Section, Engineering Division, Ordnance, during World War I, I decided to solve this mystery, so I got one of my Mexican Border Machine Gun School assistants, with whom I had often collaborated in similar experiments, and set him to check the range tables. This was the late Lt. Col. Glenn P. Wilhelm, and the work was started at Borden Brook Reservoir, near Springfield Armory, and later was continued at Miami, then at Daytona Beach. The late noted firearms writer, Capt. Edward C. Crossman was one of Col. Wilhelm’s assistants in this work, as was my brother, Major James L. Hatcher, 65th Artillery, who was firing his 9.2 inch howitzers on the fortress of Metz the day of the Armistice and returned to this country immediately afterward. The troops he was to take back to France were cancelled in view of the Armistice, and while waiting for another assignment he worked on this project with Col. Wilhelm. This started him on a long and brilliant career in the Ordnance Department as a small arms expert.

Col. Wilhelm and his crew soon found, as I had suspected from my Florida experience, that the .30-’06 bullet would not go anywhere nearly as far as the book said it would The maximum range was found to be 3300 to 3400 yards at an angle of about 29 degrees, and the same up to about 45 degrees, after which the range began to shorten.

When the reason for this discrepancy was investigated, it was found that the original tables of fire had been made at Springfield Armory as a result of test firings at Longmeadow, along the Connecticut River not far from the Armory. Up to 1200 yards, the results were quite accurate; beyond this range, the target became harder and harder to hit, and had to be made larger and larger. Then, even with the largest practicable targets, some bullets would be on and some off, and the center of impact had to be more or less estimated. When the range went beyond 1800 yards, it became impossible to get results, and the figures on out to extreme range were then calculated according to the best information available in those days, which, however, was not good enough. The figures for the extreme range were about 38% too big.


[image: fig_20_1.jpg]
Beginnings of the investigation to check the small arms range tables, Borden Brook Reservoir, Mass., 1918. Center, Lt. Col. Glenn P. Wilhelm. Right, nearest the camera, Lt. Col. Wallace L. Clay.



When this long range firing program was initiated, I felt certain that sooner or later our forces in France would demand greater range in the Small Arms cartridges, as the Heavy Machine Gun was being much used at that period and extreme range was an important characteristic. I had been head of the Machine Gun Schools, first on the Mexican Border, then at Sandy Hook and later at Springfield, and had just written a book, with Wilhelm and Malony on Machine Guns, their tactics, fire control, etc., and felt that when the users of these guns in France found that their bullets were inferior in striking power at long ranges to some others, trouble would start. So to be ready with some kind of solution, I ordered 100,000 rounds of 180 grain match ammunition, and made range firings with that also.


[image: fig_21_1.jpg]
Col. Wilhelm’s Ballistic Station at Miami in 1918, Officer in center of top platform under range clock is Major (now Colonel) James L. Hatcher, brother of the author.



Our Army had practically no machine guns when the war started, so we armed our first troops in France with British Vickers guns and with the French Hotchkiss. The Vickers used the .303 Mark VII



[image: fig_22_1.jpg]
Col. Wilhelm’s Ballistic Station, Daytona, Fla., 1919. Firing the .30 Caliber rifle with Swiss boat tailed bullets for maximum range.



cartridge, having a 174 grain flat based bullet, and the French Hotchkiss used the “Balle D,” a solid bronze boat tailed bullet weighing about 198 grains.

Very soon the users of these guns found that these bullets had an extreme range nearly 50% greater than did our .30-’06. When the Vickers and Hotchkiss guns gave way to the new Brownings, and the troops found that they could no longer lay down barrages at the same long ranges as before, cablegrams came back hot and heavy demanding that something be done about it. Fortunately we were already well along toward finding out what our ammunition would really do and what it wouldn’t, and the reasons for the condition. An officer from my office who was in France on temporary duty told them about the 180 grain Match bullets we were trying, and immediately a demand was cabled back for some of this to try, and it was sent. We were then told that a longer range for our small arms cartridges was necessary and work was started on developing such a cartridge. Not long afterward the Armistice of November 11, 1918 put and end to the work for the time.

In France, the Fiske Board, with Col. Earl McFarland, Maj. Lee O. Wright, and Lt. Col. J. S. Hatcher as Ordnance Members, visited each Division, Corps, and Army headquarters and interviewed the Commanding General as to the actual charactertistics that should be embodied in the new cartridge. It was determined that the same ammunition should be provided for both rifle and machine gun, and that it should have the longest possible range and the flattest possible trajectory that would still permit it to be used in the rifle.

After the end of the War, the development of this new ammunition proceeded, with much advice from the Infantry Board and the Cavalry Board, and with some of the experimental types being tried out at the National Matches at Camp Perry each year.

In connection with these tests we had our attention directed by Col. Lucian B. Moody to the Swiss Service Ammunition, which had a 174 grain boat tailed bullet of the same diameter, as our own service bullet, that is, .308 inch. Very early in the game Col. W. L. Clay, Commanding Officer of Frankford Arsenal conducted a series of firings with this ammunition that showed it to be immensely superior to ours at long ranges. Conveniently enough, these Swiss bullets could be loaded into our own cases and fired in our guns.

Col. Townsend Whelen succeeded Col. Clay in command of Frankford Arsenal, and made up a series of bullets with boat tails from 2 degrees on up to 12 degrees taper. These were fired at Aberdeen Proving Ground, and it turned out that the 9 degree bullet gave the best performance.

Meantime, in 1923, I succeeded Col. Whelen in charge of the Frankford Small Arms Ammunition Plant, and in 1925 the type E 9 degree boat tailed bullet was adopted as standard for both rifles



[image: fig_24_1.jpg]
The Ballistic Station at Daytona, Fla., 1919. Arrangement for obtaining the actual angle of departure by firing through a screen and measuring the height of the bullet hole above that of the bore.



and machine guns, and the ammunition was called the .30 caliber M 1. The bullet had a gilding metal jacket, and a new and improved ogive, of 7 calibers radius, giving it a slightly better form factor than the very similar looking ogive on the 1906 bullet. The muzzle velocity was 2700 feet per second, and the extreme range was 5900 yards, as against 3400 for the 1906.

To get 2700 feet per second muzzle velocity with this heavy bullet and still keep within a desirable pressure range was found to be so difficult that many lots of powder were eliminated; as a result, Col. Clay, Chief of the Small Arms Division, pushed through a reduction of the velocity to 2640 f. s. at the muzzle or 2595 at 78 feet. This reduced the extreme range to about 5500 yards.

The old .30-’06 bullet had been made with a core of 29 parts lead to 1 part tin; this was found to be too soft for the boat tailed bullet, which, in the early samples at least, seemed to require a very hard core, so the metal used was 1 part antimony to 7 parts lead. The .30-’06 bullet had a cupro-nickel jacket; the M1 had one of gilding metal, hence there was no difficulty in distinguishing between them by appearance. The bullet on the ’06 looked silvery, the M1 looked like gold;

At this time we had on hand about two billion of the war-time .30-’06 cartridges, and as ammunition is perishable, the policy was to use up the oldest ammunition first, keeping the newer for war reserve. Thus the shooters on Army, National Guard and Civilian rifle ranges had to use the old war time stuff, while wishing for the happy day to come when they could get some of the good new ammunition to use.

Finally about 1936 that wished-for day arrived, and with it trouble of an unexpected sort. The new ammunition had so much longer range and carrying power that it began to shoot beyond the previous danger zones of the existing ranges. The National Guard Bureau then requested the War Department to make up some ammunition like the old 1906, to use on the restricted ranges, and the order was given to make up 10,000,000 rounds of it.

This short range ammunition was made as much like the 1906 as possible. It had a 150 grain flat base bullet, but the jacket was of course made of gilding metal instead of the old cupro-nickel. It was, however, colored to look like the 1906 by the use of a stannic stain, so it could be de distinguished from the M 1. The ogive was of the same shape as the M 1, and differed a bit from the shape of the 1906, but the difference was so slight as to be imperceptible.

Some of this ammunition reached the Service Boards, which by now had lost all of the old World War I machine gunners who so keenly felt the inadequacy of our ammunition in 1918. Our soldiers liked the lessened recoil of the new ammunition. More rounds could be carried for the same weight, etc., so the suggestion was made and carried through that it should be substituted for the M 1. In 1940 this ammunition 



[image: fig_26_1.jpg]
Cartridge, Ball, cal. .30 M2 (Gilded) and M2 alternative (Steel Socketed).





[image: fig_27_1.jpg]
Case for caliber .30 Service Cartridge.





[image: fig_28_1.jpg]
Bullet, Ball, caliber .30 M2.



with some slight further changes, was standardized as Cartridge, Ball, Caliber .30 M 2.

By the time this ammunition was standardized, tin and antimony were getting scarce, and it was found that it was satisfactory to make the bullet core of lead without the addition of any alloying material. As the lead used is secondary lead, that is, reclaimed from batteries, etc., it will have some hardening material in it, but not much. This results in a slightly increased bullet weight of 152 grains instead of 150. The muzzle velocity was also boosted from 2700 f. s. to 2805 f. s.

While we were going backward, the Germans were going to the osite extreme. During the first World War, their standard infantry bullet weighed 154 grains, and was a flat based type, with a cone shaped depression in the base.

For machine gun use during that war, they developed a boat tailed bullet weighing 196 grains. This was adopted by them as standard and was the one used in the recent war.

In our own Army, the tendency is definitely to use armor piercing ammunition for everything, and to do away with plain ball. The Armor Piercing Ammunition that we use now is nearly identical with that developed immediately after World War I by Col. Clay, known as the M 1922. Our present type is known as Cartridge, Armor Piercing, Caliber .30, M 2. A black tip on the bullet indicates that it is armor piercing. The bullet weight is 168.5 grains,


Characteristics of the Various Types




	Type
	Bullet weigh, grains.
	Muzzle Velocity foot seconds.
	Instrumental velocity @ 53 Ft.
	Instrumental velocity @ 78 Ft
	Muzzle Energy Ft. lbs.



	






	cal. .30-’06
	150
	2700
	2655
	2640
	2419 Ft. lb.



	Cal. .30 M 1
	174.5*

	2647
	2620
	2600
	2675 Ft. lb.



	Cal. .30 M 2
	152*

	2805
	2755
	2740
	2656 Ft. lb.



	cal. .30 A.P. M 2
	168.5*

	2775
	2730
	2715
	2780 Ft. lb.






* Maximum weight minimum 3 grains less.






Tables of Fire




	Range, yards
	cal. .30-’06 Angle of Departure, Minutes.



	






	100
	2.6



	200
	5.2



	300
	8.3



	400
	11.7



	500
	15.8



	600
	20.7



	700
	26.33



	800
	32.4



	900
	39.8



	1000
	48.3








Cartridge, Ball, Caliber .30, M1




	Range Yards
	Angle of elev. minutes
	Time of flight seconds
	Maximum ordinate feet
	Angle of fall minutes



	






	100
	2.7
	0.12
	…
	2.7



	200
	5.4
	0.25
	0.3
	6.1



	300
	8.4
	0.39
	0.6
	10.1



	400
	11.8
	0.54
	1.17
	14.9



	500
	15.9
	0.70
	2.01
	20.25



	600
	20.25
	0.88
	3.09
	27.3



	700
	25.31
	1.07
	4.56
	35.8



	800
	30.7
	1.27
	6.45
	46.2



	900
	36.8
	1.50
	9.00
	95.9



	1000
	43.5
	1.75
	12.3
	74.3








Cartridge, Ball, Cal. .30, M2




	Range Yards
	Angle of elev. minutes
	Time of flight seconds
	Maximum ordinate feet
	Angle of fall minutes



	






	100
	2.4
	0.12
	…
	3.4



	200
	5.1
	0.25
	0.3
	6.8



	300
	8.1
	0.38
	0.6
	10.1



	400
	11.5
	0.53
	1.2
	13.5



	500
	15.5
	0.70
	1.8
	20.3



	600
	20.3
	0.89
	3.0
	30.4



	700
	26.0
	1.11
	5.1
	40.5



	800
	32.4
	1.35
	7.2
	57.4



	500
	40.2
	1.62
	10.8
	74.3



	1000
	49.3
	1.91
	15.3
	94.5








Cartridge, Ball Caliber .30 Armor Piercing M2




	Range Yards
	Angle of elev. minutes
	Time of flight seconds
	Maximum ordinate feet
	Angle of fall minutes



	






	200
	5.1
	0.24
	0.3
	5.7



	400
	11.5
	0.52
	1.2
	14.5



	600
	19.6
	0.87
	3.0
	29.7



	800
	30.7
	1.30
	6.9
	54.0



	1000
	46.2
	1.82
	13.5
	90.1








Table of Fire for the .22 Caliber Long Rifle Cartridge




	Range, yards
	Velocity, f.s.
	Energy, ft. lbs.
	Time of flight sec
	Drop at target, inches
	Mid range ordinate inches
	Angle of departure, minutes



	






	0
	1,100
	102
	
	
	
	



	25
	1,070
	95
	0.068
	0.89
	0.24
	3.5



	50
	1,020
	89
	0.140
	3.17
	0.98
	7.6



	75
	980
	84
	0.214
	8.06
	2.28
	11.7



	100
	950
	79
	0.292
	14.82
	4.08
	15.8



	125
	920
	75
	0.372
	24.73
	6.78
	20.5



	150
	890
	71
	0.455
	36.64
	10.02
	24.9



	175
	860
	67
	0.541
	50.80
	14.20
	29.6



	200
	840
	64
	0.630
	72.93
	19.10
	34.3



	225
	810
	61
	0.720
	93.04
	28.30
	39.7



	250
	790
	58
	0.812
	118.21
	31.87
	44.7



	275
	770
	55
	0.911
	147.20
	39.87
	50.8



	300
	750
	52
	1.005
	177.12
	48.69
	55.7








Table of Fire for the Cartridge, Ball, Cal. .45 M1911




	Range, Yards
	Time of Flight Seconds
	Drop, Inches
	Deflection due to drift, inches (To the Left)



	






	10
	0.037
	0.3
	0.1



	20
	0.75
	1.1
	0.2



	30
	0.113
	2.4
	0.3



	40
	0.151
	4.4
	0.4



	60
	0.229
	9.9
	0.8



	80
	0.308
	18.0
	1.3



	100
	0.388
	28.0
	2.0














IV
Automatic Gun Mechanisms

AN automatic firearm is one which fires, throws out the empty cartridge, and reloads itself when the trigger is pulled. Strictly automatic firearms will also keep on firing as long as the trigger is held down; but the term automatic pistol, or automatic shotgun, etc., is often used to designate what is more properly called a semiautomatic or self-loading gun, which is one that unloads and reloads itself but which fires only one shot for each pull of the trigger. Thus on the Government automatic pistols the trigger must be released and pulled again for each shot fired.

The first automatic firearm was the Maxim machine gun. Machine guns were known for many years before the advent of the Maxim gun in 1884 but these older machine guns were hand-operated. In other words, they were worked with a crank like a sausage grinder, the cartridges being fed into a hopper, or feed-way, by one hand while the other one turned the crank. In 1880 Sir Hiram Maxim constructed a mechanism in which the barrel of the gun was allowed to kick back for about three-quarters of an inch when the shot was fired, and this backward motion was utilized to unlock the breech, eject the empty cartridge and feed a new one in. Maxim’s gun was, therefore, what is known as a recoil-operated gun.

It was not very long after this that John M. Browning, a gunsmith of Ogden, Utah, conceived the idea of making an automatic gun that would operate like a little gas engine. He bored a hole in the barrel of the gun about a foot from the muzzle and fitted this hole with a piston on the end of a swinging lever. When the gun was fired, the bullet first passed this little hole in the barrel, then the gas under very high pressure struck on the piston resting in this hole and drove it downward with great force. This piston was on the end of a lever which was swung downward and to the rear by the force of the gas, operating a connecting rod which worked the breech mechanism. This gun was said to be gas-operated. The invention of the Colt gun by Browning in 1889, was almost immediately followed by the invention by Baron Von Odkolek, in Austria, of a gun in which the gas acted on a piston moving straight to the rear in a tube under the barrel. This gun, also gas-operated, was subsequently developed into the Hotchkiss. More about these inventions will be found in a later chapter.

As soon as the first successful machine gun was produced, this very fact turned the attention of inventors to the subject of automatic
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Browing designed colt Macine Gun.



firearms and almost immediately there were a large number of inventions produced along this line. Many of the early efforts turned to pistols and some successful ones such as the Mauser, Luger, and Colt, were soon produced. All these guns worked on the recoil-operated principle.

During the half century that has elapsed since the automatic machine guns first demonstrated their success, there have been hundreds of attempts to make machine guns, semi-automatic rifles and automatic pistols, and the patent offices and war departments of the world have been inundated by a constant flood of inventions of this general category. It is really amazing to see the different ingenious devices that were thought of in an effort to produce a successful semiautomatic shoulder rifle. Most models of such guns were either recoil-operated or gas-operated, but there have been dozens of models based on novel principles, such as operation by the movement of the primer in the cartridge case; inertia-operated shoulder guns in which a sliding weight remains relatively stationary while the gun recoils; guns with movable butt plate resting on the shoulder of the firer and operating through a system of rods to unlock the gun when the kick pushed the butt plate against the firer’s shoulder; guns in which the breech was held stationary and the barrel allowed to move forward; and many others, the principal ones of which will be described in detail later.

Much of the mechanism of the machine gun is involved in the locking and unlocking of the breech block. A high-powered rifle cartridge generates a pressure of 50,000 pounds to the square inch when the gun is fired, and this pressure, acting on the head of the cartridge case, tends to force the breech block to the rear. Accordingly, when high pressure cartridges are used, the breech block must be securely locked to the rear end of the barrel in order to hold the cartridge in the chamber of the gun during the explosion. However, the force of the explosion of a cartridge is gone in a very small fraction of a second. The high pressure of 50,000 pounds to the square inch lasts less than one-thousandth of a second and then drops rapidly off to zero.

If we had a fairly heavy breech block, it would not move enough to do any harm during the very short time the pressure lasts. If the weight of the breech block could be chosen correctly, it would be possible to make a breech mechanism in which no locking device would be necessary. The pressure on the cartridge case would be just sufficient to give the heavy breech block enough movement so that the breech would open after the cartridge is fired, and if the proper spring were put behind the breech block it would close again, pushing a new cartridge in at the same time.



Blow-back Mechanisms


Actually this type of breech mechanism, called the straight blow-back system, is perfectly practical for low-powered cartridges, and such mechanisms are used on almost all pocket automatic pistols and on caliber .22 pistols and rifles. The breech block is simply held against the head of the cartridge by a spring, and when the gun is fired, the powder pressure blows the bullet out through the muzzle with very great rapidity, and at the same time pushes the breech block back with just the right speed to extract the fired case after the powder pressure has fallen to zero. If the breech block is made too light, it will open too quickly, and if it opens while pressure is still in the cartridge case, the cartridge case will be ruptured and gas will escape to the rear.

Calculations and experiments have shown that for the caliber .30 cartridge, such as is used in the Springfield rifle, the breech block would have to weigh in the neighborhood of twenty-seven pounds to operate satisfactorily on the blow-back principle. As the Springfield rifle itself weighs only nine pounds, the use of this kind of breech mechanism is obviously impracticable for a semiautomatic shoulder rifle using the Springfield cartridge, where the weight must be kept down to the lowest possible figure. Moreover, such a breech block is entirely too heavy for even a machine gun using the full powered Army rifle cartridge.

However, straight blow-back guns powerful enough for hunting have been produced but these guns are considerably less powerful than the Army rifle. The most powerful hunting rifle built on the blow-back principle is the Winchester self-loading rifle which was made in .32, .35, .351 and .401 calibers, with a straight cartridge shaped somewhat like a large pistol cartridge.

Even though the mechanisms of the blow-back type do not seem to be suited for military machine guns or semiautomatic rifles, the straight blow-back principle was applied to the Springfield rifle in the production of the Pedersen device, described elsewhere in this volume. This remarkable weapon was an automatic bolt for the Springfield rifle, enabling the rifle to be converted in a few seconds into a semiautomatic gun capable of firing forty shots with one reloading and having detachable magazines so that after the forty shots were fired new magazines containing forty more cartridges could be attached almost instantly.

The application of the blow-back principle to the military rifle in this case was made possible by the fact that instead of using the full powered military cartridge, the device used a caliber .30 pistol cartridge of very much the same size and dimensions as the cartridge for the caliber .32 automatic pocket pistol but considerably more powerful. The device was in reality nothing more or less than an automatic
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Fig. 1. Diagram of straight blow-back breech closure principle as used in the Winchester self-loading rifle.



pistol specially shaped so that it could be attached in the breech of the rifle in place of the regular bolt. The additional power of the cartridge was taken care of by a weight attached to the breech block of the device.

Fig. 1 is a diagram showing the principle of the Winchester self-loading rifle, the most powerful blow-back gun. In order to handle the powerful cartridge used in this rifle, the breech block must have a considerable amount of weight, which is provided by attaching to it a large bar of iron which lies inside the hollow wooden forearm under the barrel. The weight of this large piece of metal lying inside the forearm of the gun, gives a rather curious balance to these self-loading rifles, but aside from this they are very satisfactory guns.

Referring to Fig. 1, B is the breech block proper, but B, C, and D are all one piece of metal, as the sliding weight, D, lying inside the hollow wooden forearm of the gun is connected to the breech block, B, by the slotted section, C, which straddles the magazine well and the hammer. When the gun is fired the breech block slides to the rear, ejecting the empty cartridge case and at the same time compressing the return spring E. This return spring then forces the breech block forward again, feeding in a new cartridge from the magazine. The rearward motion of the breech block also serves to force the hammer down into the cocked position. The straight blow-back guns are the simplest of all automatic firearms as regards mechanism.




Submachine Guns

Submachine guns are called machine pistols by the Germans. They are weapons larger than a pistol and smaller than a rifle, intended to be fired from the shoulder or with two hands from the hip. They use high powered pistol cartridges, and can usually be fired either full or semi-automatically.

These weapons were much used during World War II, and there are numerous types in existence. They have one thing in common, and that is the fact they are built on the straight blow-back principle, with no locking mechanism for the breech, an exception being the early model Thompson which had a retarding wedge. This however was removed in later models.

It requires little or no ingenuity or engineering ability to build a submachine gun, and the existing models exhibit so few design features of interest that not much space will be given to them in this work.

There is just one outlet for really fine engineering in the field of submachine guns, and that is in simplifying the manufacturing processes as was done by Col. Studler in the U. S. M3 type.





“Blow-Forward” Mechanisms


We have seen above that some method must be provided to hold the breech block against the barrel when the gun is fired, because otherwise the pressure of the powder gas pushing back on the cartridge case would drive the breech block back away from the barrel and let the cartridge out while the explosion was going on. With the blow-back gun the breech block is allowed to move in this manner, but is made heavy enough so that the movement does not occur too quickly.

Instead of allowing the breech block to move back, it would be quite possible to attach the stock and all the frame-work of the gun firmly to the breech block and then allow the barrel to move forward when the gun is fired.

In 1917 an inventor appeared at Springfield Armory with a machine gun made to fire the Krag army cartridge, having the framework of the gun solidly fixed and the barrel loosely mounted so that it could move forward against the action of a spring when the gun was fired. This gun operated, but it was necessary to grease the cartridge case to prevent the front part of the case, expanded by the pressure, from sticking to the barrel as it moved forward.

While nothing came of this effort, it should be noted that several automatic pistols, notably the Schwarzlose and a model by Von Mannlicher have been constructed on this principle.




Retarded Blow-back Mechanism

We have mentioned above that with light cartridges giving low pressure it is quite possible to use what is known as the straight blow-back breech mechanism, which depends entirely on the weight of the breech block to keep it from opening too quickly. We also stated that with the full power army cartridge the breech block would have to weigh about twenty-seven pounds to prevent it from opening too soon if we depended on weight alone.

There are other things that we can depend on besides weight to retard a blow-back action. In a straight blow-back the cartridge merely pushes the breech block directly to the rear so that the full thrust is exerted in the direction of the motion. Instead of using extra weight to slow up the action, we can slow it up by arranging so that the thrust is working at a mechanical disadvantage; in other words, so that it takes more push to produce the same amount of motion or the same push to produce less motion.

If we arrange the breech block like the piston of a gas engine so that it is attached to a crank and connecting rod, it is quite obvious that if the crank and connecting rod are exactly on dead center the breech block will be prevented from moving, and all the force will be transmitted to the crank shaft. If the gun were made like this it would never operate at all. However, if it is made so that the crank, instead of being on dead center, is just slightly to one side or the other of it, then most of the thrust of the breech block will be transmitted to the crank shaft, or in this case, the pin supporting the connecting rod; but there will be a certain component of it that will tend to drive the crank pin around in a circle just as the explosion does in the cylinder of an automobile. If the crank is almost exactly on dead center when the explosion starts, so little of the force in the breech block is directly applicable at once to moving the crank away from dead center that the motion is retarded sufficiently to enable the explosion to be largely completed before the breech block moves away far. The further away the crank goes from dead center, however, the more power the breech block has to accelerate the motion.

The Schwarzlose machine gun is made on this principle of the retarded blow-back, with the crank and connecting rod attached to the breech block as described above. In addition, the breech block is made fairly heavy and there is a very strong spring behind it. All these elements combine together to retard the motion enough so that full powered military cartridges can be handled successfully, though the breech is not actually locked to the barrel

The diagram of the Schwarzlose machine gun (Fig. 2) shows how the crank and connecting rod work.

There is one queer thing, however, that is common to almost all blow-back and retarded blow-back guns, and that is that there is a tendency to rupture the cartridges unless they are lubricated. This is because the moment the explosion occurs the thin front end of the cartridge case swells up from the internal pressure and tightly grips the walls of the chamber. Cartridge cases are made with a strong solid brass head and a thick wall near the rear end, but the wall tapers in thickness until the front end is quite thin so that it will expand under pressure of the explosion and seal the chamber against the escape of gas to the rear. When the gun is fired the thin front section expands as intended and tightly grips the walls of the chamber, while the thick rear portion does not expand enough to produce serious friction. The same pressure that operates to expand the walls of the case laterally, also pushes back with the force of fifty thousand pounds to the square inch on the head of the cartridge, and the whole cartridge being made of elastic brass stretches to the rear and, in effect, gives the breech block a sharp blow which starts it backward. The front end of the cartridge being tightly held by the friction against the walls of the chamber, and the rear end being free to move back in this manner under the internal pressure, either one of two things will happen. In the first case, the breech block and the head of the cartridge may continue to move back, tearing the cartridge in two and leaving the front end tightly stuck in the chamber;
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Figure 2. Diagram of the retarded blow-back closure principle as used in the Schwarzlose machine gun.



or, if the breech block is sufficiently retarded so that it does not allow a very violent backward motion, the result may simply be that the breech block moves back a short distance and the jerk of the extractor on the cartridge case stops it, and the gun will not operate.

However, this difficulty can be overcome entirely by lubricating the cartridges in some way. In the Schwarzlose machine gun there is a little pump installed in the mechanism which squirts a single drop of oil into the chamber each time the breech block goes back. In the Thompson Auto-Rifle there are oil-soaked pads in the magazine which contains the cartridge. In the Pedersen semiautomatic rifle the lubrication is taken care of by coating the cartridge with a light film of wax.




Pedersen Semiautomatic Rifle

About the year 1927 Mr. J. D. Pedersen perfected a semiautomatic rifle on the retarded blow-back principle, which rifl e gave an especially satisfactory account of itself in trials. It also has a crank and connecting rod as does the Schwarzlose gun, but the mechanical arrangement is somewhat different. The operation of the Pedersen rifle is shown in Fig. 3. A is the breech block which is held against the head of the cartridge by the blocks B and G which are in line with each other and which transmit the thrust of the breech block to the heavy pin, D, which goes through the receiver. These three parts, A, B and G, form a toggle joint, and C, the point of contact between B and G, is just slightly above the line of thrust between the head of the cartridge case and the pin, D. Thus when there is a very heavy pressure on the front end of the breech block, A, there is tendency for the toggle joint to “break” and the piece, B—G, to move upward as shown in the cut marked “After Firing.” If the point of contact at C were directly on the line of thrust, the toggle joint would remain locked and the breech would not open, but as this point, C, is just above the line of thrust the breech does fly open as soon as the pressure comes on the head of the bolt, but this opening is retarded because the two pieces, B—G, roll on each other in starting to open in such a manner that the contact point, C, continues for some little time to remain near the line of thrust. The shape of the rolling surface is worked out very skillfully in order to insure this result. As the breech opens the spring, F, is compressed and as soon as the motion is completed this spring causes the breech to close again.

However, like the Thompson gun, this mechanism starts to open while the high pressure is still on, and therefore it was necessary to lubricate the cartridges. Instead of lubricating them with oil, each cartridge was coated with a very thin film of hard wax which had a very high melting point, so that the cartridges would not pick up dirt when dropped as they would if oily or greasy.
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Figure 3. Diagram of retarded blow-back breech closure principle as used in the Pedersen semiautomatic rifle.



There was a good deal of talk about the disadvantage of “lubrication” in this gun; but after all, it seems that this disadvantage is more fancied than real, as the cartridges are not greasy or oily. Moreover, it has been found that corrosion is one of the greatest causes of season cracking in brass cartridge shells, and if this wax prevents the cartridge brass from corroding it may be quite possible that it would eliminate deterioration of cartridges from season cracking.


[image: fig_43_1.jpg]
Pedersen .276 cartridges in his ten shot “en block” clip designed by him for his semiautomatic rifle. U. S. cal. .30 clip for comparison.



Up to that time, all the semi-automatic rifles submitted for test had been required to be of .30 caliber, adapted to use the service cartridge. Mr. Pedersen presented very convincing arguments to the effect that the .30 caliber cartridge was more powerful than was required for the shoulder rifle, and that to reduce the caliber to the ballistically ideal 7 mm or .276 would result in a number of advantages, to wit; saving in weight; saving in material, reduction of heating in rapid fire; ability of the soldier to have a larger number of cartridges available; etc.

The Army made an extended study of this question, including a series of firings at live animals with .256, .276, and .30 caliber bullets. It was found that the, .256 was apparently the worst killer, on account of the fact that the bullet had less diameter, hence less gyrostatic stability, and would yaw badly upon impact, and make very lethal woulds. The .276 was found to be about as effective, and as it had certain advantages over the .256, its adoption was decided on for the new semi-automatic rifle that it was hoped would soon be adopted.

The cartridge selected had been designed by Mr. Pedersen with features making it especially suitable for automatic firearms, such as an increased taper for easy extraction. The ammunition was first made with a solid bronze bullet weighing 125 grains; later with a 126 grain jacketed boat tail bullet. The bullet diameter was .2845. The charge was about 30 grains of duPont IMR No. 25. At one time a small lot of this ammunition was made with flat base bullets.

The Pedersen gun was made with what is called the block clip. This is an arrangement whereby a packet of ten cartridges is shoved bodily into the magazine, clip and all. After firing ten shots, the clip automatically jumps out of the rifle and the bolt stays open, ready for the next clip to be inserted.

After the Pedersen rifle, using the special .276 caliber cartridge designed by Mr. Pedersen, had successfully passed the severe Army tests, it seemed on the point of adoption by our armed forces; but a high command decision was made not to change the caliber of the service cartridge, and the final action to adopt this gun was never taken.




Blish Principle

Some experiments by Commander Blish, U. S. Navy, retired, led him to believe that inclined surfaces which would slide on each other under light pressure would not slide when the pressure was heavier. He is said to have been started on this investigation through observing that when heavy naval guns were fired with full charges the breech remained locked, whereas when they were fired with light charges the breech had a tendency to unscrew by itself. Accordingly he took out U. S. Patent No. 1,131,319, dated March 9, 1915, covering the application of this principle to firearms and describing his findings in detail with elaborate diagrams.

Utilizing this theory, the Thompson Autorifle is constructed so that the breech block is locked to the barrel by a steep thread. The pitch of this thread is made just steep enough so that the gun will not unlock too quickly under the full pressure of the explosion. The supposition is that while the full pressure is on the breech block, adhesion of the threads on the breech block to the threads in the receiver will prevent any motion, but as soon as the pressure drops slightly this adhesion will no longer operate and the threads will then unscrew, allowing the breech block to open.

A diagram of this breech closure is shown in Fig. 4. The breech block, B, has steep threads, D, engaging the receiver, C. When the
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Figure 4. Diagram of the Blish type breech closure principle as used in the Thompson Autorifle.



gun is fired the breech block unscrews from the pressure and opens against the action of the return spring which immediately shuts the breech block again and causes it to rotate into the locked position when the threads engage each other. The locking of the breech block is assisted by the action of a knob on the end of the bolt handle which adds a sort of flywheel effect to the motion of the bolt and thus assists in locking it securely.

There is no doubt that this mechanism can be made to operate as described, provided the cartridges are lubricated, but there has been some dispute among engineers as to whether or not the Blish principle really exists. Some of them claim that this is merely a retarded blow-back breech mechanism and that as soon as the pressure comes on the end of the bolt it starts to unscrew; but on account of the fact that the angle of the thread is so slow it takes a great deal of pressure to unscrew it, and for this reason the bullet is gone before the bolt has unscrewed enough to do any damage. That this type of mechanism actually opens while there is still considerable pressure in the cartridge case is evident from the fact that the gun does not operate satisfactorily unless the cartridges are lubricated.




Thompson Sub-Machine Gun

The Thompson sub-machine gun, utilized to fire pistol cartridges at a rapid rate from magazines holding 20, 30, 50 or 100 cartridges, was also constructed on the Blish theory, but instead of having a screwed breech block with a steep thread as does the Thompson Auto-rifle, it simply has the breech resting against a vertical sliding wedge held in its upper position by spring pressure. When the breech block is pushed backward a sloping surface on the rear end of the breech block resting on a similar surface of the wedge, cams the wedge downward as the breech block moves to the rear. This downward motion of the sliding wedge is supposed to retard the breech block in its rearward motion and thus assist in reliable functioning. Owing to the low pressure involved in the pistol cartridge, it is not necessary to lubricate the case.




Recoil Operated Guns

It has already been mentioned that the first machine gun, the Maxim, was recoil-operated, and that the barrel moved back about three-quarters of an inch. A gun in which the barrel moves only a short distance and the breech block moves through the rest of its travel from the momentum imparted to it by this motion of the barrel, is called a “short-recoil” gun.

There is another kind in which the barrel moves all the way to the rear along with the breech block and then leaves the breech block back in the rearward position while the barrel goes forward. This is called the “long-recoil” type.

Both of these will be described in turn, and as the simplest example of the short-recoil type of action we will take the Service automatic pistol shown in Fig. 5.




Colt Automatic Pistol

In this mechanism the barrel and breech are locked together, and when the gun is fired the recoil drives them bath back at one time. However, it takes only about one-quarter of an inch of motion to unlock the breech block from the barrel and as soon as this one-quarter inch has been completed, the barrel strikes sharply against a stop and remains in position while the breech block continues on back through the momentum imparted to it by the one-quarter inch kick, coupled with a residual pressure that may remain in the case.

The action in detail is as follows: (Refer to Fig. 5)

Referring to the diagram marked “Before Firing,” it will be observed that the barrel, A, is locked to the slide, B (which is in one piece with the breech block), by the locking shoulder, C, formed on top of the barrel and fitting into the recesses, D, in the slide. When the gun is fired the recoil pushes the slide and breech block, B to the rear and as the slide is locked to the barrel, the barrel is also carried to the rear. However, the barrel is pivoted to the frame of the pistol by means of the link, E, and as the barrel continues its rearward motion, the top end of this link first moves backward in the arc of a circle and then downward around the lower pin as an axis. This motion swings the back end of the barrel downward, and disengages the locking shoulders in the slide, which continues to the rear, leaving the barrel in position with its bottom lug against the stop shoulder in the frame. This rearward motion of the slide throws out the empty cartridge and at the same time compresses the return spring, F, which immediately returns the slide to its forward position, at the same time feeding a new cartridge into the chamber from the magazine in the handle (not shown in the drawing). As the slide completes its forward motion, it strikes against the rear end of the barrel and as the barrel goes forward it swings upward through the action of the link, causing the locking shoulders, C, to engage in the recesses, D, in the slide.




Maxim and Browning Machine Guns

These two guns are also examples of the short-recoil type of mechanism, but in a much more refined form. As described above for the Colt pistol, the barrel goes back about one-quarter of an inch carrying the breech block with it and stops with a bang against the solid shoulder and lets the breech block go on to the rear by its own momentum. This will work with a low-powered cartridge like that used in the pistol, but even so the shock to the action of
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Figure 5. Diagram of the short-recoil type breech closure principle as used in the Colt automatic pistol.
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Figure 6. Diagram of the shorr-recoil type breech closure principle as used in the Maxim machine gun.





the gun is severe, and with a high powered cartridge it is necessary to resort to some device by which the barrel is gradually brought to a stop through transferring its energy to the breech block and then allowing it to be gradually absorbed through a fairly long travel of the breech block against the return spring.

In the Maxim machine gun (Fig. 6) the locking of the breech is accomplished by having the breech block (called in this gun the “lock”) attached to the barrel extension (called in this gun the “recoil plates”) through the medium of a crank and connecting rod (called in this gun the “slide lever”) as was discussed under the subject of retarded blow-back guns. However, in the Maxim gun the crank is on dead center when the explosion comes, so that the lock cannot move back in relation to the barrel, and the thrust of the cartridge on the lock is transmitted through the side lever and crank to the crank axle and thence to the recoil plates through which the crank axle passes. Hence the barrel, lock and recoil plates all move back together as a unit, under the force of the recoil.

On the right-hand end of the crank axle is a handle with a convex shaped bottom, and this handle rests on a roller attached to the side of the gun. As the barrel, lock and recoil plates move back together, this handle, which is on the axis of the crank, also moves back, while the roller is fixed in position on the side of the gun. An examination of the figure will readily show that this backward motion of the roller handle against the roller causes it to rotate so that the back end of the handle moves upward. This rotation of the crank axle by means of the roller handle throws the crank and connecting lever off dead center and draws the lock away from the barrel. In other words, as soon as the roller encounters the cam on the roller handle, the action of the cam is to slow down the barrel and transfer its motion into an accelerated rearward motion of the breech block. However, as the rotation of the roller handle continues, the tail of the roller handle strikes on the roller and by the action of these two surfaces on each other the rotation of the roller handle is checked and the recoil plates are pushed forward, shoving the barrel to battery.

On the left-hand side of the gun there is a strong spring attached to the extension on the end of the crank axle. This recoil spring tends to do two things; first, to keep the barrel pulled into battery and resist any rearward motion, and second, to keep the roller handle rotated so that the lock is in the closed position. As soon, therefore, as the barrel has been returned to battery by the reaction of the tail of the roller handle against the roller, assisted by the pull of the recoil spring, a further pull of the spring rotates the handle back into the original position, and closes the breech of the gun, putting the lock back in the firing position. This action can be very easily understood from the diagrams.

However, the drawing does not show the method of feeding the cartridges into the gun. They are supplied in a fabric belt and there is a feed crank operated by the recoil of the barrel which advances a fresh cartridge into position each time the barrel moves to the rear.

The Browning gun accomplishes the same thing in a somewhat different manner. In this gun the barrel moves to the rear about five-eighths of an inch. There is a frame screwed onto the back end of the barrel. This frame is called the barrel extension, and the heavy breech bolt is locked to this frame through the medium of a
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Figure 7. Diagram of short recoil type breech closure principle as used in the Browning machine gun.



vertical sliding bolt, called the breech lock, which is actuated by a cam on the bottom of the gun. Thus when the barrel and barrel extension are in the forward position, the bolt is locked securely to the barrel extension. However, when the barrel recoils about one-half inch the breech lock cam is drawn down out of engagement with the bolt and the bolt is entirely free from the barrel and barrel extension. As the barrel continues its backward motion it strikes against the convex side of a curved lever, the point of which rests against the breech block. The continued motion of the barrel to the rear swings this lever backward in such a manner as to separate the breech block from the barrel; in other words, to slow up the barrel and speed up the breech block, throwing it forcibly from the barrel and at the same time extracting the cartridge case. Of course the breech block already had a rearward motion imparted to it while the barrel was recoiling, but this motion is increased or accelerated by the action of the curved lever which is accordingly called an accelerator.

The mechanism of this gun, which is shown in Fig. 7, will now be described in detail. The barrel, A, is screwed into the barrel extension, B, which extends to the rear for several inches and carries in a slot in its rear end the vertical sliding breech lock, C. In the closed position the breech lock cam, D, in the bottom of the gun, holds the breech lock up so that its top end engages in a slot in the bolt, E, and locks it to the barrel extension.

When the gun is fired, the barrel, A, recoils about five-eighths of an inch carrying with it the barrel extension, B, the breech lock, C, and the breech bolt, E, all locked together. However, as the parts move to the rear the breech lock moves off the high surface on the breech lock cam and a transverse pin through the breech lock strikes a slanting surface on the lock frame, G, which forces the breech lock down out of engagement with the breech block.

Just under the breech bolt there is an accelerator, F, pivoted on a horizontal axis. As the barrel extension, B, moves to the rear it swings this accelerator backward and the point of the accelerator catches in a notch in the bolt and throws the bolt forcibly to the rear, compressing the return spring which immediately returns the bolt to its forward position.

While the bolt is in the rearward position, the barrel extension and lock frame are fastened together by the accelerator in such a position that the barrel cannot move forward. However, when the bolt goes forward far enough to strike the accelerator, it disengages the barrel extension from the lock frame and allows the barrel and barrel extension to move forward with the bolt as it completes its motion. The forward motion of the barrel extension carries along with it the breech lock which rides up the sloped surface of the breech lock cam and again locks the bolt to the extension ready for firing.

The backward motion of the bolt extracts the empty cartridge case and the forward motion feeds a new one in. The top of the bolt has a cam slot in it which actuates the lever which feeds the belt of cartridges in, the width of one cartridge each time the bolt moves to the rear.


Lang-Recoil Type

The long-recoil type of automatic mechanism, in which the barrel and breech bolt, locked together, recoil for several inches, and then the breech bolt is held back while the barrel goes forward, is used for the Remington auto-loading rifle, the Remington, Winchester and Browning automatic shotguns, and the Chauchat machine rifle.

In a typical gun of this type there are two return springs, one to return the barrel and a separate one to return the breech block. The breech block being locked to the barrel when the cartridge is fired, the pressure on the head of the breech block drives it three or four inches to the rear until it is arrested by striking a stop provided for this purpose. The barrel being locked to the breech block, also goes to the rear and this rearward motion compresses both the breech block return spring and the barrel return spring. When the breech block has reached the limit of its rearward motion, it is caught and held in that position by a latch. The barrel return spring then pushes the barrel forward and the lock on the breech block is so constructed that when the breech block is held and the barrel is pulled forward, the bolt will unlock itself from the barrel and allow the barrel to go forward. As the barrel goes forward, the empty cartridge, held to the breech block by the extractor, is ejected. As the barrel reaches its forward position, it strikes a lever which drops the latch and allows the breech block to come forward, feeding in a new cartridge.




Remington Auto-Loading Rifle

The action of this type of breech closure can be followed in detail by reference to Fig. 8 showing the Remington auto-loading rifle. The barrel, A, is supported in a barrel jacket, B, and is held forward by the coil spring, I, surrounding the barrel. The breech block, E, has a turning bolt head, D arranged to be rotated by the action of two pins, F, working in cam slots cut in the sides of the bolt head, D.

This bolt head is arranged to lock in the barrel extension, D, by the action of the pins, F, in the cam slots, turning the bolt head. There is a separate return spring, G, for holding the breech block in the forward position.

When the gun is fired, the parts recoil into the extreme rearward position, as shown in the figure marked “End of Recoil.” At this point the breech block is locked in its rearward position by the latch, H, and the barrel then starts forward under the impulse of the barrel return spring, I. As the barrel moves forward it draws with it the bolt head, D, but this forward motion of the bolt head causes the pins, F,
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Figure 8. Diagram of the long-recoil type breech closure principle as used in the Remington autoloading rifle.



to act in the cam slots so as to turn the bolt head and release it entirely from the barrel. As the barrel continues forward it leaves the empty cartridge case held by the extractor and when the barrel is entirely off the cartridge case a spring ejector in the bolt head kicks the cartridge out of the gun. At this moment the parts have reached the position marked “End of Counter-recoil” and the curved surface on the bottom of the barrel at the rear end strikes against the lever, K, which in turn disengages the latch, H, allowing the breech block to be pushed forward again by the spring, G. As the breech block goes forward it feeds a new cartridge into the barrel from the magazine (not shown). As the bolt approaches its forward position, the bolt head, D, enters the recess, C, in the barrel and then a further motion of the bolt causes the pins, F, to act on the cam slots in the bolt head in such manner as to turn the bolt head and lock it to the barrel so that the gun is again ready for firing.




Gas-Operated Type

While the original machine gun was built on the recoil-operated principle and while nearly all automatic pistols are made on that principle, the gas-operated system has also been a great favorite, especially with inventors of semiautomatic shoulder rifles, as it does away with the necessity for mounting the barrel so that it can slide, which is a great complication in making a rifle.

One of the earliest successful machine guns, the Colt, invented by Mr. Browning in 1889, was gas-operated. The Hotchkiss gun, invented about the same time, was also gas-operated, and both of these guns have been used extensively ever since. During World War I the Colt gun was modified somewhat by the Marlin Arms Corporation, of New Haven, though the breech mechanism remained the same in principle, as did the construction of most of the parts.

A light form of the Hotchkiss, known as the Benet-Mercié, was adopted as the standard of the U. S. Army in 1909 and remained standard until 1916. This also was a gas-operated gun.

Then at the beginning of the World War, Mr. Browning submitted a model of what he called a light machine gun built on the gas-operated principle. This gun, afterward known as the Browning Automatic Rifle, was adopted and many thousands of them were used during the World Wars I and II. While it is called an automatic rifle, the reader should clearly distinguish between this type of automatic rifle which is really a light machine gun, and the semiautomatic rifle which is a self-loading shoulder rifle to take the place of the Springfield. Bear in mind that the “automatic rifle” and the “machine rifle” are really light machine guns.

While the recoil-operated principle as embodied in the Maxim, Vickers and Browning guns was more widely used than any other, the gas-operated type as exemplified in the Colt, the Hotchkiss and the Marlin machine guns and the Browning, Bren and other auto matic rifles, have been a close second in popularity.

As mentioned above, the gas-operated system has been the favorite for semiautomatic shoulder rifles, but while a great many guns have been produced which operate on this principle, none of them prior to the Garand attained any lasting popularity or wide use. Among the more prominent early ones may be mentioned the Mondragon, adopted by the Mexican Government in 1911 but never very extensively used; the “Standard” automatic shoulder rifle manufactured about 1915 as a sporting rifle, and the St. Etienne semiautomatic shoulder rifle used to a limited extent by the French during the first World War.

In the conventional gas-operated system there is a hole drilled in the barrel, and some of the gas of the explosion passes through this hole and acts on a piston driving it to the rear with sufficient force to unlock and open the breech. One of the great troubles with rifles of this kind has been the fact that it is difficult to control this gas under extremely high pressure so as to prevent it from operating too quickly. In the Army tests of the 1930’s an inventor named White submitted a gas-operated shoulder rifle in which the front end of the gas piston is hollow and the gas port is bored not only through the barrel and through the gas cylinder, but through the walls of this hollow piston so that as soon as the piston starts to move the gas port is cut off after the manner of the slide valve in a steam engine. Thus gas can go into the hollow piston only before it starts its motion; as soon as it begins to move the gas supply is shut off and the gas which is already in the piston is supposed to act by expansion, therefore producing a less violent action than would otherwise occur. So reasons the inventor. However, other designers state that inasmuch as the gas pressure in the barrel lasts only about a thousandth of a second, it makes no difference whether this cut-off action is used or not.

Another inventor who attempted to get away from the brusque action of the gas is Mr. Hudson, who invented a machine gun in which he used the gas to compress a spring which then operates the mechanism.

In order to give the reader an opportunity to study the mechanical action of the gas-operated breech closure in detail, three different examples of this type of mechanism will be illustrated with drawings and descriptions. The guns chosen for illustrations are the modified Colt, known as the Marlin, the Browning automatic rifle and the Garand semiautomatic rifle.




Marlin Machine Gun

The mechanism of the Marlin machine gun, shown in Fig 9, operates as follows: The barrel, A, has a gas port, D, drilled in it
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Figure 9. Diagram of the gas-operated type breech closure principle as used in the Marlin machine gun.



at some distance from the muzzle. This gas port communicates with a gas cylinder lying under the barrel containing a piston held in its forward position by a spring. This piston is attached to the bolt, B, through a connecting rod, F, which is fastened to a pin, G, riding in a cam slot in a wing on the bottom of the bolt. When the piston is forward the bolt is forward and the rear end of the bolt is drawn down by the action of the pin, G, in the cam slot, until the back surface of the bolt rests against the locking shoulder, C, cut in the receiver. When the gun is fired the cartridge is held firmly in place by the bolt, which is locked in position against the shoulder, C. After the bullet passes the gas port, D, near the muzzle of the barrel, some of the gas rushes into the gas cylinder and impinges on the head of the piston, D, driving it violently to the rear, together with its connecting rod, F, and the pin, G, which is in the slot in the bolt. As the pin, G, goes to the rear, the first action is to press on the top of the cam slot and raise the bolt up out of engagement with the shoulder, C, after which the bolt is carried to the rear as shown in the cut marked “After Firing.” This rearward motion of the bolt ejects the empty cartridge. The compressed return spring immediately causes the piston to move forward, carrying the bolt with it, until the shoulder, C, is reached, when the action of the pin, G, in the cam slot again locks the bolt down behind this shoulder and the gun is ready for firing once more.




Browning Automatic Rifle

The operation of the Browning automatic rifle is shown in Fig. 10. In this gun the barrel, has a gas port, and there is a piston, C, lying in the gas cylinder under the barrel. This piston connects with the bolt, G, by means of the connecting rod, D. However, instead of being connected to the bolt by means of a pin in a cam slot, the connection in this case is by means of a linkage consisting of the bolt link, E, and the bolt lock, F. In the firing position the bolt lock, F, presses against the shoulder, H, in the top of the receiver and this holds the bolt firmly in position against the head of the cartridge. When the gas impinges on the end of the piston, C, and drives it to the rear, the bolt link, E, draws the bolt lock down out of engagement with the shoulder, H, and then draws the bolt to the rear, as shown in the cut, “After Firing.”




Garand Semiautomatic Rifle

The principle of the Garand rifle is shown in Fig. 11, which illustrates the gas take-off used in the first examples of this gun. These early Garands, instead of having a conventional gas port drilled in the barrel, had a muzzle cap, B, screwed on to the end. After the bullet had left the rifled portion of the barrel, some gas Went down
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Figure 10. Diagram of gas-operated type breech closure principle as used in the Browning automatic rifle.
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Figure 11. Diagram of gas-operated type breech closure principle as used in the Garand semiautomatic rifle.
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Figure 12. Diagram of the operating principle as used in the Bang semiautomatic rifle	.



between this muzzle cap and the end of the barrel, to strike on the piston, C, driving it to the rear, together with the operating rod, D, which works the bolt through a cam slot and a lug, E.

The bolt is of the ordinary rotating type, locked to the receiver by locking lugs engaging in suitable recesses. As the piston goes back, the cam slot, working on the lug, E, first rotates the bolt, then carries it to the rear.

As soon as the rearward motion is completed, the return spring pushes the operating rod forward, closing the bolt and rotating it into the locked position.

This muzzle cap arrangement was soon abandoned in favor of a convential gas port drilled near the muzzle. Otherwise the principle of the gun remains the same.




Bang Principle

In 1911 Soren H. Bang, of the Danish Recoil Rifle Syndicate, presented a semiautomatic shoulder rifle to the United States Government for test, and this rifle functioned exceptionally well The principle on which it operated is shown in Fig. 12.

The barrel had a sliding cap, A, fitting over the muzzle. When the bullet passed out, some of the gas acting in the space between this cap and the end of the barrel, pulled the cap forward as shown in the figure marked “After Firing.” The cap, A, was fastened to a connecting rod, B, which operated a lever, C. This lever in turn acted against a sliding breech cover, D, having in it a cam-cut acting with a lug, E, on the bolt. In the position of rest, the bolt is locked to the barrel by the locking lugs, F, in the locking recess, G. When the gun is fired, the gas escaping from the muzzle pulls the muzzle piece, A, forward, thus causing the lever, C, to throw the sliding breech cover, D, quickly to the rear. As this cover goes to the rear, the cam slot acting on the lug, E, turns the bolt so as to unlock it and then carries the bolt to the rear along with the breech cover. There is a return spring under the barrel which is connected to the breech cover through a rod, H. As soon as the rearward motion is arrested, the spring pulls the breech cover forward again and when the forward motion of the bolt is completed the cam slot in the cover acting on the lug, E, again locks the bolt to the rear end of the barrel.




Primer Actuated Type

Among the many novel ideas for operating a semiautomatic rifle, is the scheme for allowing the primer to move enough in the cartridge case to unlock the breech mechanism. If the head of the cartridge were supported around the edge only, leaving the primer free, the primer would move back under the pressure of the gas when the gun is fired, and if it were allowed enough freedom it would be blown entirely out of the cartridge case. However, it is possible to control this motion and allow the primer to move back just a few hundredths of an inch, utilizing this short but powerful motion to impart energy enough to the moving actuator to cause it to unlock the breech.




Garand’s Invention

In the first World War, John C. Garand, a machine designer living in New York, began working on the design of a light machine gun to be operated by the set-back of the primer in its pocket. The primer was to be allowed to move back slightly, and in so doing, it was to transmit this motion through the firing pin to an actuator which would open the breech and extract the empty cartridge, after which the gun would be reloaded by the action of a spring which had been compressed during the first motion. The United States Bureau of Standards at Washington being anxious to aid the war effort, employed Mr. Garand and provided him with facilities to work on the invention.

When the gun was examined by the Ordnance Department in 1919, it was seen to be exceptionally well designed, and was considered to have such promise that Mr. Garand was hired and sent to Springfield Armory, where he has remained as an Ordnance Engineer ever since.

Early models of Mr. Garand’s gun worked well in tests, but just about the time he had his second and much improved model nearly perfected and ready for adoption, the type of powder was changed from the old fast burning pyro to the progressive burning Improved Military Rifle power, in which the first rise in pressure was not nearly so rapid.

Mr. Garand was much disappointed when his mechanism, which up to now had done so well, failed to function reliably with the new type of powder. He thereupon dropped the primer actuated system and switched over to the gas operated type of gun for his future work along this line which eventually resulted in the production of the present U. S. Rifle Cal. .30 M 1.

In spite of the fact that this rifle is not now being used, a description of the mechanism is included here because the novelty of this principle makes it interesting to any student of firearms.

Referring to Fig. 13, A is the barrel screwed onto the receiver, B. C is the breech block containing inside of it a moving actuator, G, arranged to have motion imparted to it by a slight motion of the firing pin, F. When the gun is fired the firing pin moves back about three-hundredths of an inch. This motion is very quick and imparts a considerable blow to the actuator, G, which travels rapidly to the rear.

The bolt up to this time has been locked to the receiver, by the locking block, D, bearing on the shoulder, E, As the actuator goes
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Garand’s first semiautomatic rifle, a primer actuated model built at Springfield in 1920. It used the service .30 caliber cartridge.
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Garand’s second primer actuated .30 caliber model, produced at Springfield Armory in 1921, It did not use a turning bolt, as did the first model. The bolt, which moves back and forth in a straight line, was locked by a piece of steel hinged at its rear end, and fitted to be lifted or depressed by the motion of an actuator inside the breech block. When the gun was fired, the primer was allowed to move back .035 inch, and this motion, transmitted through the firing pin to the actuator, operated the gun.
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Figure 13. Diagram of primer-actuated type breech closure principle used in an early experimental Garand semiautomatic rifle.



to the rear the cam surface lifts this locking block out of engagement with the receiver and the bolt then moves to the rear with the actuator against the action of the return spring, which causes the parts to move forward again as soon as the rearward motion is completed.




Caliber .22 Machine Gun

While most of the principal methods of operating machine guns and semiautomatic rifles have been described above, one can never be sure when an inventor will come in with something entirely new and different. For example some time ago a desire was expressed by the Army for some means of shooting caliber .22 cartridges in a machine gun. It was desired to do this for two reasons; first, because it was thought that by using the very cheap and inexpensive caliber .22 cartridges for machine gun practice in time of peace, a great deal of training could be obtained without expending the expensive full powered cartridges and, consequently, much money would be saved; and in addition, it was desired to find some safe method of allowing troops to obtain antiaircraft practice with machine guns, which in most military posts cannot be accomplished with full powered cartridges because the great power and range of the Army cartridge makes it dangerous to fire at high elevation.

At first glance it seemed very difficult to construct a machine gun that would work with the low powered caliber .22 cartridge, but a young mechanic, David M. Williams, of Godwin, North Carolina, appeared in the Ordnance Office and offered, not to make a special machine gun for, 22’s, but to take a heavy Browning gun and operate its massive mechanism with the .22 cartridge. This feat appeared so absolutely impossible that the arms experts had not even given it any consideration, but when this young inventor outlined his proposed method of doing the job he was given the order to proceed. In six weeks he modified a Browning machine gun so that it operated in a normal manner with the caliber .22 cartridges with never a malfunction. The Browning gun is a recoil-operated gun and the caliber .22 cartridge does not have a fraction of the recoil power to operate this gun, but Mr. Williams accomplished his job by making the chamber of the gun in a separate piece from the barrel, somewhat in the same way as the cylinder of the revolver is separate from the barrel. The separate chamber, however, instead of being outside the barrel is in the form of a hollow piston fitting into the rear end of the barrel. When the gun is fired the gas of the explosion gets into the space between the face of the chamber and the rear end of the barrel, and the pressure of the gas is sufficient to force the separate chamber backward with more than enough recoil to operate almost any mechanism.
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