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  Trigger-Pull Adjustment

  Stoning-off the sear-notch face of a Krag cocking-piece, to obtain a cleaner pull. The proper placing of the notch face between the vise jaws, in order to retain a square bearing, is of greatest importance, as is also the frequent use of the magnifying glass to examine progress of the work. Use only fine-grained slip-stones for this operation—the shapes illustrated will all come in useful at times.
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EDITOR’S NOTE
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  W. F. VICKERY’S

  ADVANCED GUNSMITHING

  [image: Image]

  by Dr. Jim Casada

  Wayne F. Vickery was one of the many experts who became a part of Thomas Samworth’s stable of writers for his Small-Arms Technical Publishing Company. “Mr. Sam” had an uncanny knack for locating what he described as “gun cranks” and then getting them to bring their knowledge to the printed page. Some of his contributors—individuals such as Townsend Whelen, E. C. Crossman, Elmer Keith, Charles Askins, Sr., and Julian Hatcher—were professional freelance writers. Others, including Henry Edwards Davis, Paul Estey, John B. George, and Vickery, were simply men who possessed exceptional wisdom and experience in the fields they covered. Frequently, and this was the case with Vickery, they wrote a single book.

  Precisely how Samworth initially established contact with Vickery is not known, although it seems likely he would have corresponded with him (or at least become familiar with Vickery’s work as a gunsmith) while Samworth was still with the National Rifle Association serving as editor of The American Rifleman. Geographically they were a continent apart. Vickery lived in Boise, Idaho, while Samworth, once he left the NRA, lived in Delaware, North Carolina, and finally South Carolina. My researches revealed little about Vickery, although Samworth’s promotional material for this book is helpful. “W. F. Vickery,” he wrote, “is a professional gunsmith of long experience, and is also a gun-crank and experimenter of advance degree—one who fully understands the complex ideas and requirements of the modern rifleman.”

  Gunsmiths are ordinarily thought of in the context of repair or modification, but Vickery not only worked on guns, he made them. Custom rifles from talented craftsmen such as Kenny Jarrett are all the rage in today’s gun world, but it is worth remembering that similar work was being done generations ago. Vickery was nationally known in this regard, and he probably manufactured scores, if not hundreds, of custom rifles. Unless he had someone to whom he subcontracted the woodworking, he handled not only the metal aspects of producing a finished custom gun but the entire process. He apparently put aftermarket barrels on rifles, did woodwork, tinkered with actions, and indeed was capable if not highly skilled in all phases of gunsmithing. However, the book being reprinted is restricted to coverage of the metalworking portion of the craft.

  There can be no question that Vickery knew his stuff. For many years this book was reckoned to be the bible of gunsmithing, and even today it has not been fully supplanted by modern texts. That is because it gives precise, easily understood instructions; features plenty of drawings (by Oliver B. Hamilton) to clarify complex matters; and is written in a fashion that makes a potentially dry-as-dust subject quite readable.

  Some indication of its enduring value is provided by the many printings and editions of the book. While under the Small-Arms imprint, the book went through at least six printings or issues. The differences in these printings are minimal and involve things like the color or material used in the binding, changes in paper stock, the listing of Samworth titles published subsequent to the true first edition, and altered narrative information on the inside flaps of the dust jacket. The textual material remained unchanged.

  The publishing rights left Samworth apparently sometime in the 1950s, although that is confusing because a reprint from the Telegraph Press in my personal collection predates, by a year, the final Samworth offering as listed by Brian R. Smith in his Samworth Books: A Descriptive Bibliography. The copy in question, dated 1955, has “Small-Arms Technical Publishing Company” on the title page but lists the Telegraph Press (a forerunner of Stackpole Books) on the reverse of that page. This is perhaps a mystery best left to bibliophiles, although it does suggest one crying need—for a detailed, annotated bibliography of Stack-pole sporting and firearms titles.

  Advanced Gunsmithing was but one of numerous works Samworth published in this field, and the fact that he produced books that might have seemed, at least on the surface, to be competitive volumes attests to the widespread interest in the subject. Other related Samworth titles include Clyde Baker’s Modern Gunsmithing (1928), R. H. Angier’s Firearm Blueing and Browning (1936), Perry Frazer’s Elementary Gunsmithing (1938), Walter Howe’s Professional Gunsmithing (1946), A. D. Newell’s Gunstock Finishing and Care (1949), Roy Dunlap’s Gunsmithing (1950), Monty Kennedy’s The Checkering and Carving of Gunstocks (1952), and three books by Alvin Linden on various aspects of gunstocks. There was also a reprint of J. P. Stelle and William B. Harrison’s The Gunsmith’s Manual, which was originally published in 1883. Admittedly, some of these books focus on specialized branches of the gunsmithing trade, but there are six titles that could be construed as competitive with Vickery’s work.

  Exactly how Samworth squared this with the various authors is unknown, but such an approach seems a bit unusual. Possibly he viewed the various gunsmithing books as being complementary rather than competitive, and the Small-Arms advertising material suggests that this may have been his conception. He wrote that the work was one “in our series of related manuals devoted to various phases of the craft of gunsmithing.” This might hold true for Frazer’s Elementary Gunsmithing and books on specialized subjects such as gun stocking and blueing, but a pretty solid argument could be made for Vickery’s book being directly competitive with the books by Baker, Dunlap, and Howe.

  Such matters may have raised some author hackles at the time, but Samworth clearly weathered any business-related storms. When he finally wound down the publishing operation, it was more because of age than of anything else.

  Although no sales records are available, the current work in its various manifestations may well have been one of his better-selling efforts. Samworth titles—even titles such as Davis’ The American Wild Turkey, which did not sell particularly well at the time (today a pristine copy with the dust jacket intact is worth around $1,500-$2,000)—had staying power in terms of literary merit and, in many cases, the value of their contents. Advanced Gunsmithing is distinctive on both fronts. It also remains surprisingly elusive in the out-of-print market. A decent copy of any of the Samworth editions will cost somewhere near or north of $100, and even the 1988 Wolfe Publishing Company reprint in a numbered edition of 1,500 copies is pricey.

  Advanced Gunsmithing has multiple features that recommend it: historical noteworthiness, enduring practicality, the fact that it is not readily available, and the consideration that it belongs in the front rank of all titles ever published on the subject. Vickery’s only book, in short, ensured that he left a solid literary legacy.

  Jim Casada

  ROCK HILL, SOUTH CAROLINA


  
FOREWORD

  The following pages contain a number of suggestions and ideas which I hope will prove useful and instructive to the reader. Some of the operations described may be beyond his equipment or facilities, especially in producing tools necessary to do the work. Should this prove to be the case, this part of the job may be done in a local or the nearest city machine-shop which has the tool equipment to handle it.

  I have tried to avoid the highly technical descriptions often found in books of this character, and have given alternate methods where possible, in order to reduce tool requirements. This has resulted in a larger work than was first contemplated—and at that, I have not even touched upon much basic data and many operations essential to the beginner. However, there was no need to do so, as all this information can be found in Frazer’s splendid “Elementary Gunsmithing,” a companion book to this one. Also, in order to avoid further duplication, I have restricted the scope of this work to the barreling, chambering, action and other metal-working operations involved and have not touched upon the equally essential operations of remodeling, stocking, stock finishing and gunstock design; these subjects will be comprehensively treated in a companion volume, to come later.

  A book of this character is necessarily the work of many men, each of whom contributes some methods of his own, some invention forced upon him by the circumstances, to make the whole. Many of us are located in large cities, where intricate parts of the work can be farmed out to specialists in those lines. Others of us are located in small towns or in the tall timber, where we must produce the work entire and alone. I have endeavored to make this book practicable and workable in either case.

  Different parts of the country use different firearms, thus producing specialists in the building and repairing of each type; rifle, shotgun or handgun—but the rifle rules as king. A man will specialize also in the branch of the work that appeals to him most strongly, or he may possibly be temperamentally unfitted for doing certain parts of the work. No matter what branch of it he takes up, it will teach him one thing, that is—patience.

  Guns have been my love from early days, preceded only by my attachment for tools. This combination soon resulted in alterations to guns in my personal collection and was later followed by desires for guns not in existence but which, after study and experiment, were produced. As my ambitions grew I acquired more tools and machinery, still making or remaking my own guns as a hobby. Friends with whom I hunted soon began to ask for small repairs or alterations to their own guns and I was gradually forced to the point where I gave up all other work to devote my entire time to professional gunsmithing.

  I recall that almost twenty years ago I tried to persuade a leading gunsmith to produce for me a .22 caliber rifle, by necking down the .250–3000 cartridge to .22 caliber and rebarreling a Springfield action for it. This man refused to do so, telling me that the cost of the experimental work would be prohibitive and that very likely a balanced load could not be produced for it. What a name he could have made for himself and his business if he had produced that requested rifle at that time! Remembering this experience, I have often since given my time, with small profit, to experimental work to fulfill someone’s desires—and what a satisfaction it was when successful.

  If, by the writing of this book, I can kindle in some reader the spark that will enable him to follow in the footsteps of such a man as John M. Browning, I shall feel amply repaid for the work it has involved.

  W. F. VICKERY

  1021 Hays Street,

  Boise, Idaho

  November, 1939


  
ADVANCED GUNSMITHING

  Chapter 1

  SHOP EQUIPMENT

  The first requirement of the gunsmith is tools. He never has enough, in fact, no matter how many he acquires a job is sure to turn up on which he could use some tool he does not have. As a great many of these tools must be made by the gunsmith himself, he needs machine tool equipment.

  As the lathe is the tool from which all other machine tools derive it is the major machine tool, in fact at a pinch it can be made to perform almost any operation performed by other machine tools, such as drilling, grinding, milling, shaping and profiling.

  A lathe of large swing is not required for the gunsmith’s work but it should have length enough between centers to handle the longest barrel ordinarily used. Another thing in a lathe that is of great advantage is a hole through the head spindle large enough to take the largest diameter barrel, which is about [image: Image]” usually. Many of the older lathes of ten to twelve-inch swing lack this large spindle hole, but the more modern lathes now have it. Lathes of this type are made by the Sebastian Lathe Company of Cincinnati, Ohio, in ten and twelve-inch sizes, in three price ranges, one of them very moderate. Pratt & Whitney Company of Hartford, Connecticut, make small lathes with large spindle holes in a higher price range, the construction of which are very good.

  Chucks are a major requirement of lathes and a good set of collet chucks will pay for themselves in handling round bar work, as they run true with no adjustment necessary as long as they are kept clean.

  Jaw chucks are necessary for work of such size or shape that it cannot be held in a collet chuck. These jaw chucks come in two, three or four-jaw models, either with concentric or with independently adjusted jaws. At least one four-jaw chuck of the independent jaw type should be on hand, to handle odd shaped work which must be centered. The two-jaw type of chuck is one that is seldom required by the gunsmith but he will find use for a good three-jaw chuck of the concentric type.

  A chuck, or rather a pair of them, which the gunsmith should make for himself is the barrel chuck. These are merely a shell of steel or cast iron, threaded to screw onto each end of the head spindle of the lathe. Through the body of these chucks, at right-angles to their bore, four set-screw holes are tapped, 90-degrees apart and headless set-screws of the socket type are used in each chuck. With these chucks in place on each end of the lathe spindle a barrel may be centered by the set-screws for many operations on either end.

  A small and a large drill chuck mounted on taper shanks are necessary for using drills, taps, reamers, laps, etc., in the lathe.

  A protractor collar, graduated in degrees, is a very handy item on the lathe spindle. This is made by boring a hole in a piece of steel so that it is a press fit over the lathe spindle at the head or chuck end. Press this piece in place, right up against the shoulder on the spindle, then machine it square with the spindle on its outer face for a distance of about half an inch from the outer diameter of the spindle. From this point to its outer edge, face it back on a bevel of 15 or 20 degrees and machine its outer edge true. Polish the beveled face and the edge, then divide the beveled face into 360 degrees. This can be done with a sharp-pointed tool in the tool holder to mark the beveled face and a circular protractor of the cheap variety fastened on a piece of round stock by a machine screw and held in a drill chuck on a taper shank in the lathe spindle. A pointer is fastened to the tail stock spindle so that it almost touches the face of this circular protractor, then the lathe spindle carrying the circular protractor is revolved to bring each division in turn to the pointer and a division is then marked on the beveled face of the protractor machined on the lathe spindle.

  [image: Image]

  Protractor mounted on lathe spindle.

  This protractor will speed-up a job of facing back the shoulder of a barrel, as when the action is screwed up to the barrel shoulder you can see just what fraction of a complete turn, in degrees, it lacks to come to place and, knowing how many threads per inch the barrel has, this will tell you how many thousandths of an inch to face back the barrel shoulder to bring the barrel and receiver to their proper meeting place.

  The protractor can also be used to lay out reamer flutes, flutes in special taps or any other divisions on circular work.

  The companion tool to the protractor is the micrometer carriage stop. This is merely a piece of steel or cast-iron, with a clamp screw so that it may be fastened to the lathe bed, and with a hole through it parallel to the bed in which a micrometer head can be fastened so that the end of the micrometer spindle comes against the end of the lathe carriage, so that it can measure the travel of the lathe carriage on the lathe bed in thousandths of an inch. These micrometer stops can be purchased from the lathe companies or a micrometer head can be bought for four or five dollars and fitted to a piece of metal cut to fit on the bed of the lathe.

  [image: Image]

  Micrometer carriage stop for lathe carriage. Uses a standard 1” micrometer head mounted in a shop-made clamp.

  The lathe is equipped at the factory with pointed or male centers but a useful item is a pair or at least one female center, to support small-diameter work which is too small to carry a hole for a male center. These female centers should be hardened and be polished to a high degree in the 60-degree center-hole. One of these female centers in the tail stock may be used as a ball-bearing center, to reduce friction, by inserting a single ball-bearing in it and bringing the center-hole of the work against the opposite side of the ball. This is especially useful in turning work with the tail stock set over to produce a taper.

  [image: Image]

  Plate I

  Making rim cut in chamber end of barrel with lathe—using micrometer carriage stop for depth. In cutting this rim space in the chamber end of a barrel for a rim-type cartridge, the barrel is centered in the lathe chuck so that the bore or chamber runs true. The cutting tool is then brought against the rear end of the barrel and the micrometer carriage stop is brought against the end of the lathe tool carriage and a reading taken from it. The micrometer carriage stop spindle is then backed off the required number of thousandths for the rim space and is locked. The rim space is then cut into the rear end of the barrel until the carriage comes against the micrometer stop.
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  Female tail center for lathe.

  If possible the lathe should be equipped with a taper turning attachment, for it isn’t always easy to set over a tail stock just the right amount nor is it easy to return it to its true center position. The taper attachment is graduated in degrees on one end and in inches on the other end, so it is easily and quickly put in the proper adjustment for the taper desired.

  A milling attachment is very desirable on a lathe, if a milling machine is not available. The type sold by the South Bend Lathe Co. is low in price and, with a few homemade attachments, can do a variety of work. A small set of index centers can be made, to be held in the vise of this milling attachment with the centers extending far enough out from the vise so that a reamer or tap can be held in them and fluted with a cutter on a taper arbor in the lathe spindle. As the vise of this milling attachment tilts and is graduated in degrees, taper reamers can easily be fluted with it. A small square-type machine vise, such as those put out under the Yankee trademark by North Bros. of Philadelphia, can be held in the clamp-type vise of this milling attachment and small parts can be held in this vise.

  Another attachment for this milling attachment is a second milling attachment with a simple-type live spindle mounted on a piece of cast-iron or a piece of heavy steel plate, which also carries a small motor of [image: Image] horse power, driving this live spindle with a vee-belt. As this live spindle is to turn slowly, it may be mounted in bronze bearings or Timken roller bearings may be used. The spindle should be about one inch in diameter, so that it will be stiff enough to carry milling cutters on one end. A small pulley is used on the motor shaft and a large one on the live spindle, of the proper size to give the correct speed to the milling cutter used. This attachment is clamped in the vise of the regular milling attachment and as this vise has an elevating screw, a reamer blank held in the lathe chuck can be fluted with this attachment without removing the blank from the lathe chuck, then after being fluted an electric grinding attachment may be mounted on the lathe in place of the milling attachment and the reamer can be ground.
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  Indexing attachment for South Bend type milling attachment for lathe—so that taper or straight reamers may be fluted with a milling cutter on a mandrel in the lathe spindle.

  Another lathe attachment that is a necessity for tool making is an electric tool post grinder. As this is a precision tool and works to close limits it pays to have a first-class one. About the best commercial model will be found in the Dumore line of grinders, made by the Dumore Company, of Racine, Wisconsin. These grinders are made in a number of different sizes to fit various size lathes and are built in a wide price range.

  A grinder is a necessity to keep the lathe centers in proper condition and these centers, to be accurate, must be ground while in the live spindle of the lathe. Reamers can be ground in the lathe with this tool post grinder and taps can be resharpened with it. A good tool post grinder is also an excellent tool to remove a small amount of metal from the outside of a rifle barrel, either to lighten the weight of the barrel, to change its contour slightly or to smooth up the military-type barrel for refinishing. The grinder leaves no scratches on the surface of the barrel, so that all that is required after grinding the barrel is the fine polishing of it. Grinding the barrel is not nearly so liable to cause it to warp as machining it with a lathe tool bit, because the grinding wheel exerts an almost negligible amount of pressure against the barrel while a cutting bit exerts quite a bit of pressure. Needless to say, the vees, or sliding ways on the top of the lathe bed, should be well protected from the grinding wheel particles when using a grinder upon the lathe. These vees should be well washed with kerosene after using the grinder and should then be reoiled.

  An electric tool post grinder can be built in the shop, if you desire, by buying good high-grade annular ball-bearings for the spindle and a high-speed type motor for the power. One advantage of the high-speed type motor is that for the power developed the body diameter of the motor is small and the weight is light. The Dumore Company can supply these motors. The ball-bearings must be of the high-speed type, which are more expensive than the usual run of ball-bearings. The frame of the grinder need not be elaborate but must be stiff enough to be vibration proof. An iron casting of simple design will best accomplish this.
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  Home-made electric tool post grinder for lathe.

  This casting should be as wide as the top of the compound rest of the lathe. A flat portion ¾” thick or a trifle less, about as long as the compound rest, with a heavier cylindrical portion large enough to bore out to carry the spindle bearings, extending across one end. This heavier section should be bored out for the spindle and its bearings, at the same height above the top of the compound rest as the height of the lathe centers above the rest.

  These spindle bearings must be protected with dust-tight caps on the outer sides and a hole can be bored in the casting between the two bearings and threaded for a plug, so that lubricating oil can be introduced between the bearings in the hollow portion of the casting. The motor is mounted on the flat tail-portion of the casting and before boring out for the spindle bearings, the casting should be surfaced on the bottom. It can be clamped to the tool post slot of the compound rest by a bolt, or two bolts through the flat part of the casting engaging nuts in the tee slot of the rest.

  The grinder, whether purchased or built in the shop, should be provided with a diamond dresser to shape the wheel, as desired for the work in hand, and to true up the wheel. A wheel must always be trued up when placed upon the spindle, or the wheel will leave chatter marks upon the work and also may burst with disastrous results to the operator.

  For reamer and tap grinding, a thin finger-type rest must be provided to support the reamer teeth at the proper height for grinding. This must be adjustable in height so that the correct height may be made for different size reamers, as the tooth is ground in a different position when making a reamer than when sharpening it.

  If the reamer is ground on two centers, as is done when it is being resharpened, a coil-spring of the pull-type is fastened to a face plate stud by one end and to the dog on the reamer shank at the other end, so that the reamer is held down against the finger supporting the tooth. In resharpening, reamers are ground on the face of the tooth with a cup wheel and not on top of the tooth, which would reduce their diameter. Taps are ground in the same manner for sharpening, as are formed-type milling cutters.

  Another lathe attachment, which is sometimes almost a necessity, is a dial gauge indicator. This mounts in the tool post as a regular tool holder does and carries a pointer with two ball tips, one of which touches the work held in the chuck and the other bears against the plunger of a dial gauge whose face is divided into thousandths of an inch, which on the dial appear about [image: Image]” apart. With this tool, work can be centered in the chuck either by its outside or its internal diameter, so that it runs dead-true. This is very handy in chucking a barrel, to cut it off one or more threads, to set it back in the receiver and is equally valuable for chucking other finished work, to do additional machining upon it. This tool may also be used in the milling machine to equal advantage in cutting tapers or flat surfaces. The L. S. Starrett Co., of Athol, Mass. and The Brown & Sharpe Mfg. Co., of Providence, Rhode Island, both make this type tool.

  The milling machine is a great asset to the gunsmith in making parts, complete actions, integral sight bases on barrels, barrel ribs, extractor cuts, tools and, according to some gunsmiths, in rifling barrels. This operation however, requires a universal milling machine of fairly large size and these run into real money.

  If the gunsmith does not wish to buy a universal miller, but still desires a milling machine of wider scope than the plain type miller, the VanNorman Machine Co., of Springfield, Mass. make a miller called the VanNorman Duplex which has a universal head that can be swung into any position, from vertical to horizontal, so that cuts can be taken at different angles without changing the position of the work in the vise or without a lot of expensive fixtures to hold the work in various positions. These milling machines are made in various sizes, so that the size of machine to fit the type of work can be chosen.

  The milling machine is really at its best as a production tool in producing duplicate parts with formed milling cutters, yet it is almost a necessity to the custom gunsmith, saving as it does hours of hand work and at the same time producing a more accurate surface. With it, with the aid of standard cutters and index heads, reamers of all sizes and shapes can be grooved, as well as special cutters to use in the milling machine itself for cutting dovetail sight slots, etc. However, most of the cuts upon gun parts can be accomplished with standard cutters which are supplied in a wide range by cutter manufacturers.

  Not many fixtures are required for the milling machine, the two principal ones being a vise to hold the work in machining small parts and a set of index centers for holding reamer and tap blanks to be grooved. Barrels can be clamped directly onto the table of the milling machine, with simple clamps, for machining ribs and sight bases. In some operations a circular milling attachment is desirable, but these are expensive and often there is not enough work of this type to justify them. These are usually hand operated and consist of a stationary base bolted to the table of the miller, upon which is mounted a circular top equipped with slots upon which a vise or angle plate can be bolted. This top is fitted with a worm gear and worm turned by a hand wheel, so that work can be turned in a circle while being milled.

  Of late years a small milling machine is being offered by the Lewis Machine Tool Co., of 550 Fifth St., San Francisco, California. This is a bench type machine and is offered in three price ranges, as rough castings only, as semi-machined and as completely finished. The semi-machined miller can be finished with the aid of a small lathe and a drill press. These machines are for light operations only or for use on small parts, not having length enough to machine a rib the full length of a rifle barrel.

  A drill press is, of course, a necessity in the gun shop and today a very wide range of types is available. A heavy drill press is not necessary in the gun shop and usually one with a capacity of half-inch holes is sufficiently large, as most of the drilling required is sight mounting or for action pins, screws and sling swivels. Tool making will sometimes require larger holes than half-inch, but not very often, and these can be drilled in the lathe or taken to a jobbing shop cheaper than the larger drill press of required accuracy can be purchased with its greater power requirements.

  Accuracy is the essential requirement in a drill press for the gunsmith and the new, so-called home shop line of drill presses, such as Atlas, Driver, Duro, Delta, etc., with their annular ball-bearing spindles answer this requirement admirably. The highest grade Jacobs chuck should be obtained with the drill. This is the one called the Jacobs Super chuck, which takes drills from the smallest to half-inch. Unless only high-speed steel drills are to be used, buy your drill with a low-speed attachment or it will be too high speed for carbon steel drills. Either the bench-type or the floor-type drill may be chosen, personally I prefer the floor-type, because it is sometimes desirable to drill a hole in the end of a piece too long for the bench-type drill.

  Twist drills may be obtained in two types; carbon-steel and high-speed steel, and in four size ranges; the wire gauge, the alphabetical, the fractional inch and the millimeter sizes. The first two size ranges cover small sizes only but the last two go on up through the large sizes.

  In smaller sizes, the four size ranges enable you to obtain drills only a very few thousandths of an inch apart, which is a great advantage in drilling holes that are afterward to be reamed, as it speeds up the work, lessens wear on reamers and gives a better finish to the hole.

  Another type of twist drill besides the common two-groove type, is the three and four-groove type, which are more properly reamers than drills, as they are used only for enlarging drilled or cored holes, not for drilling holes in solid stock. They are more properly machine reamers, except that they will remove far more stock than can be handled by a machine reamer, due to their deeper grooves. They leave a very good finish in the hole and can be supplied with pilots, but are only supplied in fractional inch sizes from [image: Image]” up in size.

  In connection with drills there is still another type to be mentioned, which is the combination drill and countersink. This is used to cut centers in pieces to be machined on centers in the lathe and is also used to locate holes to be drilled from a center-punch mark. These drills consist of a large straight body tapering on a sixty degree included angle to a small point, which is made like an ordinary twist drill. This point has a short straight body of its own and is sharpened like an ordinary twist drill, the two grooves of which lose their helix when they meet the taper of the larger body which forms the countersink, and run up the taper of this in straight grooves, giving it a cutting edge. These combination drill and countersinks are supplied either double-ended with a straight body, to be used in a drill chuck or are supplied in a single-end type with a taper shank. The double-end type are least expensive and more economical, but the taper-shank type is usually a little more accurate.

  High-speed steel drills usually do not pay in the gun shop, as they are much more expensive than the carbon-steel types; more drills are broken than are worn out and high-speed steel drills break about as easily as carbon-steel drills. There is, however, an exception to this statement that high-speed drills do not pay in the gun shop, and that is in the sizes used for drilling holes to mount receiver sights and telescope sight base blocks. It is often necessary to mount these two items on hardened receivers, and while it is always necessary to soften these receivers at the point at which they are to be drilled, it is not always easy to soften them enough at this point to be easily drilled with a carbon-steel drill, without extending the softening process farther than you wish it to reach. In this case, a high-speed steel drill will easily drill through steel that is still too hard to be drilled readily with a carbon-steel drill, thus making it unnecessary to soften the receiver so completely at this point that the heat used extends farther than you wish. A tap will cut threads in steel that is too hard to be drilled readily with a carbon-steel drill.

  An important tool in the gun shop is the tool grinder, and we can again thank the home workshop for the development of annular ball-bearing grinders at a reasonable price. A one-third or one-half horse power electric grinder is sufficient in size and these can be purchased at prices ranging from about eighteen dollars upward, equipped with tool rests and two grinding wheels.

  A good investment in connection with the grinder is a disc grinding attachment. This can be purchased with some makes of grinders, but can always be made in the shop if necessary. It is simply a metal disc of seven or eight inches diameter, with a thickened hub, threaded to screw onto one end of the grinder spindle. It must run true as to both face and edge, and discs of either sandpaper or carborundum cloth are cemented onto its outer face with a quick-setting cement. These discs are used, in connection with an enlarged tool rest across the face of the disc, to surface flat metal parts, thinning them down to the point of final hard fitting by hand and at the same time giving them a good finish. For this reason, the work rest should be solid and at exact right-angles to the face of the disc, or should be capable of angular adjustment to the face of the disc. This disc is also useful for finishing the edges of recoil pads fitted to gun stocks. Sandpaper is used on the disc for this purpose.

  Cloth or canvas buffers can be used on a grinder spindle for polishing metal parts such as gun barrels and receivers. For this purpose, emery cake is applied to the revolving buffer until the surface of the buff is impregnated with it. This cake can be purchased in various grades from coarse to fine.

  One of the most important attachments for the grinder, which is often neglected in the small shop, is a drill sharpening attachment. Remember that the man never lived who can sharpen a twist drill accurately by the free-hand method, and the smaller the drill the harder it is to sharpen. A dull or poorly ground drill will not drill an accurate hole, and accurate holes are important in gun work. A properly sharpened drill is not so liable to break, and as broken or very dull drills will not drill holes the salvage in twist drills soon pays for a moderate-priced drill sharpening attachment, as drills are used up to the limit of their life instead of being thrown away and replaced by new ones. These drill sharpening attachments cost from about twelve to twenty-five dollars and the Atlas, a notably good one selling at $21.75, is thoroughly modern in design.

  The air compressor, while not a necessity to the gun shop, is a very handy adjunct. A gun action can be blown clean of drill chips from a sight mounting operation in an instant with a good blast of air; the locking lug recesses of a bolt action can be quickly cleaned with it; parts can be dried with it. A simple nozzle can be made by closing down a piece of copper tubing at one end, drilling a small hole in it and attaching a second piece of tubing to the first near the rear in a vee shape, so that this second piece can be put down into a can of gasoline and the air hose attached to the large end of the first piece to wash out the cuts inside of a receiver to clear them of oil, sand or other grit in no time.

  [image: Image]

  Commercial-type air-blast nozzle to attach to air hose.

  Another use of the air compressor is to supply air to air-driven tools and by that I do not mean riveting hammers but the line of small hand grinders, filers and chisellers made by the Madison Kipp Corp. of Madison, Wisconsin. While the gunsmith does not have much, if any, use of the filing or chisel tools, he can make good use of the grinders. These tools weigh but a few ounces, cost from $7.75 up, handle mounted grinding points of various shapes, also small grinding wheels, polishing points of any shape in small sizes, small metal-cutting burrs and have speeds up to 100,000 revolutions per minute. The exhaust air from these tools is expelled at the lower end, just back of the grinding or cutting point being used, and by this keeps the work blown clean at all times, and this blast also keeps small metal particles away from your face and eyes. They do, however, howl like a banshee and take about four to five cubic feet of free air at 40 to 50 pounds pressure per minute. This air requirement means that it will require the average garage-size compressor to supply them.

  Small electric hand grinders with speeds of 25,000 to 27,000 revolutions per minute can be purchased for $16.00 to $18.50 and these tools use the same grinding points, polishing points and cutting burrs as the air grinders mentioned above. These speeds are too high for cutting burrs, except the smallest sizes, for use on steel but these electric grinders can be reduced in speed by foot-controlled rheostats, such as those used on an electric sewing machine. Incidentally these burrs, running at low speeds, will drill harder steel than a twist drill will penetrate, but the feed is necessarily slower.

  [image: Image]

  Washing nozzle. Air hose connects to large tube. Small tube goes into can of gasoline or kerosene.

  The regular dental engine or drill must be mentioned in connection with these power-driven hand tools mainly because of it being exactly the proper speed for using the cutting burrs on steel. Another reason for mentioning it is that it can often be obtained from a dentist for next to nothing, after it has been replaced by a later type. Also old burrs may be obtained from the dentist that are too dull to cut teeth well but will still cut steel easily. These dental burrs may be purchased new, from dental supply houses, if your dentist cannot supply certain shapes or sizes that you desire. These dental engines do not usually have a high enough speed to do good work on steel with grinding points or with polishing wheels, but can be used for this purpose at a pinch. The flexible-shaft style dental engine made by the Dumore company has a double speed range, one by attaching the shaft directly to the motor spindle and the second by attaching it to a reduction gear at the opposite end of the motor spindle. These give a high enough speed to handle grinding and polishing points in good shape while the low-speed side does well with the cutting burrs.

  [image: Image]

  Dental engine or drill fitted with a dental burr being used to cut out a sight blade slot in a ramp. A line of small holes being first drilled. Above are shown felt buffers and abrasive sleeves, etc., while tungsten steel cutting burrs are shown below.

  A hammer attachment may be obtained for these dental engines that changes the revolving motion into a reciprocating one. It looks a good deal like an ordinary dental handpiece and slips onto the lower end of the regular handpiece. It has removable points or tips, and you can shape the ends of these tips into various shaped points, such as sharp point, diamond point, etc., and do matting work on receiver rings, bridges, barrels or anywhere else you wish. The stroke of these hammer attachments can be regulated from light to heavy, after some practice very good work can be done much faster and more evenly than can be done with a hammer and punch.

  An arbor press should be in every gun shop, as the gunsmith is sometimes called upon to do experimental work which requires special cartridge cases to be formed in a die, special bullets to be made in dies, all of which work can be done much faster and easier in a press than with a vise. Also, full-length case resizing is best done in a press and it is very good, with a few shop-made attachments, for regular reloading. Besides this work, the press is needed for press-fits in tool making quite often and for fitting new hinge pins in double or single-barrel shotguns, as well as for straightening or bending work.

  [image: Image]

  Hammer attachment for dental engine and its use for matting receiver ring.

  An anvil of small size should be provided, because just as sure as you don’t have one you will be pounding things on vise bars and jaws; vises were never designed for this service and won’t stand it very long either.

  A good vise must be in the shop of course, in fact, two of them, one a regular bench type of good size with swivel base and also a swivel body if possible, so that the vise may be laid upon its side with the jaws vertical instead of horizontal. Until you use a vise of this type, you cannot realize how much superior to the horizontal jaw type it is. The usual thickness of a vise jaw from top to bottom is slightly more than an inch and in working on the ends of rods, barrels or gun stocks this gives you very little gripping power, but your vise jaws are five or six inches in length and when the vise is turned onto its side you have all this length available for grip, which makes a great improvement in the holding power of the vise. There are several makes of vise which can be turned upon its side in this manner.

  There is one point to watch for in picking out or fastening a bench vise, and that is to see that the inner jaw-face extends beyond the edge of the bench, so that the bench edge will not interfere with long work held in the vise and extending down toward the floor.

  The second type of vise necessary is the so-called machine vise with smooth and square bottom and sides, so that it may be used upon the drill press or milling machine to hold work being machined. These come in a number of sizes and types, a low-cost type of several sizes being made of cast-iron by North Bros. Mfg. Co. of Philadelphia, under the Yankee brand. These vises have swivel bench bases which enable you to use them upon the bench, but by loosening one screw you can remove them from the bench base to use on the drilling or milling machine. Other machine vises made of steel or semi-steel are supplied by various companies at various prices. One made by the Chicago Tool & Engineering Co. can be tilted upon its base to various angles. This vise, in cast-iron, sells reasonably.

  Vise jaws of various types should be on hand, of copper, lead, brass, fiber and of heavy felt, such as rubbing felt. These felt jaws will last a great deal longer if they are cemented to a fiber back-piece about [image: Image]” thick. Bakelite jaws are useful for holding small finished steel parts and they are tougher than the fiber. Old style radio panels will supply the bakelite at low cost, these can be picked up from any junk dealer.
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  Plate II

  Lathe setup for rough boring a chamber in a rifle barrel. In rough chambering a barrel in the lathe by using a boring tool, the barrel is adjusted in the chucks so that the bore runs true. The compound rest is then set at the proper angle to the center line to bore the chamber at its correct taper, but undersize so that a finishing type chambering reamer can afterwards be used by hand to complete the chamber. All feeding of the boring tool in this operation is done by the compound rest screw.

  A taper steel jaw should be supplied for the bench vise, to hold barrels and rough stocks or other tapered pieces. If the vise manufacturer does not supply this it can be easily made by taking a piece of steel half an inch or more thick, the same size as the face of the vise jaws, and grinding it on a taper on one side from the center point to a thin edge at each end. To hold it in position at the proper height, drill a [image: Image]” hole in the lower edge at the center and fit a piece of [image: Image]” rod into this hole to reach into a [image: Image]” hole in the top of the vise bar in front of the outer or movable jaw. This will keep the taper jaw at the proper height and it will move back and forth with the movable jaw.
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  Vice jaws necessary for gunsmithing jobs. A are heavy felt jaws, backed with [image: Image]” red or black hard fibre. B are soft-type jaws, made of lead, brass or copper. C are of [image: Image]” sheet Bakelite.

  A rifle barrel clamp, for removing barrels and replacing them in receivers, can be made of cast-iron, cast at a foundry from a pattern like a pillow block of the split type, with the top or cap fully removable and held to the base half with two steel bolts of at least half-inch diameter. This casting should be bored out in the bearing portion to about [image: Image]” diameter. It should be about 3” wide and 8” to 10” long, so that it can be bolted or clamped to a heavy bench leg or a roof supporting post. Steel bushings 3” long and [image: Image]” outside diameter are bored to a taper to fit the contour of the outside of the rifle barrel to be removed and this bushing is then split lengthwise, so that it matches the split in the pillow block.
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  Vee-block jaw for machine-type vise and swivel-jaw of steel to hold tapered work.

  The gunsmith has more use for the Swiss-type files than for the ordinary type. The Swiss-type is more expensive but is a longer-lived file, leaves a better finish and is supplied in more shapes, especially in the small sizes, than is the common file. Swiss-type files are made in this country by the American Swiss File & Tool Co. of Elizabeth, New Jersey, by Nicholson File Co. of Providence, Rhode Island, Heller Bros. Co. of Newark, New Jersey and Carson-Newton Co. of Newark, New Jersey. Imported Swiss files of Antoine Glardon (the famous fish brand) are supplied by William Dixon, Inc. of Newark, New Jersey.

  In looking over these file catalogs you will notice files with double ends, sharpened at the ends only, called die sinkers rifflers in the small sizes and silver-smiths rifflers in the large sizes. This type of file will be found very handy, as they are extremely sharp clear to the point and in a place where you can get a stroke of only a very short length, where an ordinary shape or type file will not work, these rifflers cut nicely.

  Another advantage of the Swiss-type file of the needle file and escapement file series, is that the edge-type files, three-square, slitting, etc., really come to a knife edge, which the ordinary file does not do.

  A few large flat files of the pillar type, in a fine cut, are necessary for striking barrels and in squaring flat surfaces, which is very hard to do with a small file. Remember, in buying files, that the larger the file is the coarser the cut becomes for the same number. This means that a #2 cut file in a 6” length is a very much finer cut than a #2 cut in a 12” file.

  For laying-out checking on steel surfaces there is a file available called a checking file. It is a flat file and the teeth on it are set in rows, so that when used it cuts shallow grooves. These may be obtained cutting various numbers of lines per inch. They are used only for marking-out the checking, which is then finished and brought up to points with a three-square file of the escapement or needle type.

  Files may be bent to various shapes by heating them red-hot and bending the points against a piece of brass, meanwhile keeping the file red-hot. The file may be rehardened by heating it to a cherry-red and plunging it into cold water. If a file is heated in a forge or blow-torch flame, the teeth must be protected to prevent them from scaling, which is caused by oxidation. For protecting the teeth, a substance called file hardening compound is used. This is made of one part pulverized charred leather (put this through a #45 sieve) one and one-half parts fine family flour and two parts fine table salt. Mix these dry and add water slowly while stirring, to avoid lumps, until the mixture is about as thick as varnish, then apply it to the file teeth, before heating the file, in a thin, even coat with a brush and dry it thoroughly over a slow fire. After the file has been heated and bent, brush the compound from the teeth and recoat them, drying the compound as before, then heat the file to a cherry-red and plunge it into cold water to reharden it.

  If the file is heated, to be either bent or hardened, in a flame of acetylene gas such as Prest-O-Lite gas, it is not necessary to protect the teeth in any way, as the oxygen is burned in the gas flame and oxidation of the surface of the steel does not occur. If the gas torch has an air line on it for compressed air, be sure that this air line is shut off while heating the file, as this excess air will cause oxidation of the file teeth.

  Dental chisels are a useful item to the gunsmith as they are made of very good steel, can be obtained in a variety of shapes and widths and will cut soft steels easily. They are excellent as small scrapers. When front sight ramps are soldered to barrels, they will remove excess solder squeezed out from under the ramp better than anything else.

  Standard-type reamers may be obtained in two types, hand and machine, both types in either solid or expansion. In the machine reamers two types are also supplied; the rose reamer, which has no radial clearance ground on the teeth and cuts on the end only; and the chucking reamer, which has clearance ground on the teeth so that they cut on the sides or edges as well as upon the ends. In the expansion-type reamers there are also two kinds; the solid blade type, which expands only a few thousandths of an inch; and the Critchley type, in which the blades are inserted separately in a solid body, with an expansion of [image: Image]”.

  Reamers of the above types are supplied in both fractional-inch sizes and in millimeter sizes. These millimeter sizes are made by The Morse Twist Drill & Machine Co. of New Bedford, Massachusetts. The Alvord-Polk Tool Co. of Millersburg, Pennsylvania, supplies Critchley type reamers in sizes as small as [image: Image]”. The Greenfield Tap & Die Corp. of Greenfield, Massachusetts, makes an expansion reamer of the Critchley type from ⅜” up called the Reamrite Hand Adjustable Reamer, in which shims are inserted beside the blades. To sharpen these reamers, you place the shims in front of the blades, insert the reamer in the lathe on centers and proceed to grind the blades circular while the reamer is turning, by using an electric tool post grinder, just as you would grind a shaft to reduce its diameter. After the blades have been ground sharp, the shims are removed from in front of the blades and are placed behind them, thus moving the cutting edge ahead of center and giving a circular relief to the cutting edge of the blades. These reamers can be sharpened by a novice in one-third of the time necessary to sharpen the other type.

  Fine taper reamers in wire gauge sizes, called English broaches, are listed by William Dixon, Inc. of Newark, New Jersey. These are fine reamers for enlarging peep sight holes and also for tapering firing-pin holes in single-shot rifle actions and in shotguns, after bushing the breech-block for a smaller firing-pin nose.

  Taps and dies are supplied by Greenfield Tap & Die Corp. and in dies, their Little Giant type are the easiest to adjust oversize or undersize, for tight or loose fits.

  Gun screws are a finer thread than standard threads and must either be cut on a lathe or by a special die. Special dies are usually expensive, so it is cheaper to cut these screws on a lathe, unless there are certain sizes quite often in demand and if this is the case a simple button die of the solid type can be easily made.

  The screws used to fasten receiver sights and telescope sight base blocks to rifles are at times stripped or broken, or sometimes you need a longer screw of this size for the job on hand, so it is a good idea to make dies for these screws. They are both the same size, #6 screw, and the same thread, 48 per inch, but the receiver sight screws are a U-thread and the scope base screws are a V-thread, so get a new tap for each from a sight company, then cut a disc of tool steel the size to fit a button die holder. Mark the center of this disc with a fine prick-punch mark and, using dividers, make a circle around this punch mark of the proper diameter, so that [image: Image]” holes drilled on this circle will cut into a number 6 screw hole drilled on the prick-punch mark. Make three center-punch marks equidistant from each other on this scribed circle and drill three [image: Image]” holes. Plug these holes with [image: Image]” soft steel pins and then drill the center hole on the prick-punch mark with a #32 wire gauge drill. Tap this hole out carefully with one of the new taps, then drive out the soft steel plugs and slightly taper out one side of the die for starting the thread, using a small file for this work. Now heat the die to cherry-red and plunge it into an oil bath, then polish it and heat until it just starts to turn a pale straw color and then quench it again in the oil bath. Make a second die just like this, using the other tap to cut the thread with and you can then turn out any length screw you need in a very few minutes. Dies for other size screws are made in the same way, but for large sizes use a larger drill than [image: Image]” to drill the relief holes.
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  Stages in the making of a button die blank for cutting small receiver and sight base screws.

  Special taps may be made on the lathe and hardened by the same method as was used for the dies. These may be relieved by hand with a file, using a standard tap of the same diameter for a pattern. In making taps on the lathe, cut the grooves first before cutting the thread on the blank, or metal from the grooves will be turned out in a burr into the threads and it is very difficult to clean out. Use drill-rod to make the tap blank, as this hardens easily, and in tempering the taps heat from the shank end, letting the shank and the first thread or two below the shank come to a purple color before quenching.

  Hack saws are supplied in several different thicknesses, for cutting and slotting purposes. For ordinary cutting work, the standard high-speed steel blade works the best, and for slotting the L. S. Starrett Co. of Athol, Massachusetts makes several different thicknesses of blades, thicker than the standard blade, in both fine teeth and coarse teeth, in 8” length. A thinner blade, which is also narrower and about 6” long, can be obtained in most hardware and ten-cent stores, this is good for slotting screws for standard screw-driver blades.

  The hack saw frame should be of a heavy type, adjustable for different length blades up to 12” and this is the length blade to buy for ordinary purposes.

  For some reason the American screw-driver manufacturers do not see fit to make screw-driver blades of the proper form to fit screw slots, they make the blades wedge-shaped so that very often the screwdriver blade slips out of the slot of a tight screw because of the fact that the greatest pressure comes on the weakest point of the screw slot, the top, instead of at the bottom of the slot as it should. Sometimes the commercial blade may be reshaped by being ground or filed back of the edge, so that the blade is thicker right at the edge than it is just back of the edge, which is the proper shape for a screw-driver blade. After doing this, the blade must usually be retempered, as the degree of hardness and toughness that was proper for the wedge-shaped blade is not proper for it after it has been made thinner, and that is where the trouble begins, for often these blades are of a steel that requires some special heat treatment, and while ordinary methods used for carbon-steel will often harden these blades, it is impossible to maintain the correct degree of toughness unless you know the proper temperature at which this steel should be drawn. It is, therefore, usually necessary for the gunsmith to make his own screwdrivers out of octagonal chisel-steel. This is better than drill-rod, as it has a lower carbon content and is not quite so brittle.
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  Proper shape and construction of screw driver blades.

  The blades of these screw-drivers should be rather short, [image: Image]” to 3” long below the handles, as this gives you a better control over the screw-driver. The blades should be made in five or six different widths and thicknesses, governed by the size of screw slots in various gun screws, from butt-plate and guard screws down to sight screws. The handles should be made of hard-wood, treated with linseed oil, and they should be larger than like sizes of commercial screw-drivers. The handles should be fluted to give a good grip and a fairly heavy brass ferrule should be used. The blade is pinned to the handle by a cross-pin through the ferrule, handle and blade. These pins should be of steel and be a tight, driving fit through the blade shank.

  The blades should be brought to a low cherry heat and quenched in oil, then polished and heated slowly until the color just changes to blue from purple, upon which they are again quenched in the oil.

  A few center-punches and a prick-punch, which is a slender, pointed center-punch, will be required. Commercial punches are alright if you choose a standard brand.

  Straight pin-punches from [image: Image]” up to about ⅜” will be necessary to handle action pins of revolvers, some rifles and of shotguns.

  Scribers for marking and laying out cuts are best made of steel phonograph needles, as these are very hard, have true-ground surfaces and are cheap. They may be set in a handle made of [image: Image]” rod by drilling a small hole in one end of the rod, holding the needle in the vise jaws and tapping the rod onto the needle, or the needle may be held in a Starrett #162 pin vise. When dull, the needle is discarded and a new one inserted.

  These #162 Starrett pin vises are very handy for holding small pins to taper them slightly, reduce them in size or to round the ends of them. They come in four sizes and are inexpensive.

  Steel scales in various widths, lengths and thicknesses are a necessity and in this connection I wish to call your attention to the set #423 of Starrett short rules, with handle. These come in four lengths in this set; [image: Image]”, ⅜”, [image: Image]” and 1”. The handle clamps onto them at any point, making it easy to reach into small spaces to make measurements. A scale graduated in tenths of an inch is very useful in setting scope bases the proper distance apart for target scopes.

  A bevel protractor will be needed to measure angles or slope of cartridge cases in body and shoulder and tapers of other items such as ramps, sear angles, etc.

  Two small hardened squares are used in setting scope blocks and receiver sights, these should be of high-grade such as Starrett or Brown & Sharpe make.

  Starrett makes an adjustable small square, the #457 Improved Die Makers’ square, which adjusts eight degrees each way from center, with which it is often possible to take an angular measurement in places into which nothing else will reach. It has two narrow blades, one of which is offset.

  A center gauge is necessary for setting thread tools in the lathe and for checking lathe centers when re-grinding them.

  Screw pitch gauges will be needed to measure the threads per inch of screws, as gun screws are not standard pitch.

  Inside and outside calipers and dividers must be in the tool kit and in this connection I wish to mention that the round-leg dividers are much easier to sharpen than the flat-leg type.

  The smaller sizes of telescoping gauges, such as the #229 Starrett, can be used to measure the diameter of holes from [image: Image]” up and the gauge may then be measured by an outside micrometer to get the dimensions in thousandths of an inch for close fits.

  In buying micrometers, the one inch size should be graduated to read to ten-thousandths of an inch. The larger sizes will do well enough graduated to thousandths of an inch. Do not buy cheap micrometers, but buy standard makes, the service they give will be worth the price paid.

  For measuring the diameter of small holes the Starrett company make a tapered gauge of eight leaves, graduated to read in thousandths of an inch. This is the number 269, it sells for $5.50 and will measure holes from [image: Image]” to [image: Image]” Both Brown & Sharpe and Starrett make an inside micrometer graduated in thousandths of an inch to measure from [image: Image]” to 1”. This is operated by turning the spindle, just as an outside micrometer is, but it reads in the opposite direction. These each sell for $14.00 and are well worth their cost.

  Parallel clamps are used to hold receiver sight bases and scope bases in place, while drilling holes for screws. They are also handy for other uses in the shop, such as holding small parts for filing, by putting the small part in the clamp and putting the clamp in a vise. The small jaws of the clamp make it easier to get at the part for filing than if the part is placed directly in the vise jaws.

  A pair of parallels or true-blocks make the best thing to place beneath the action of bolt-action rifles to square it up on the surface plate for mounting receiver sights, scope blocks or lining up a front sight straight.

  Vee-blocks are used beneath the barrel, in connection with the parallels under the action on the surface plate. Vee-blocks are also used beneath the barrel on the drill press, or for holding any round stock to be drilled. One of these vee-blocks should be equipped with a clamp, so that work placed in them will stay in position.

  A good inexpensive surface plate can be made from a piece of heavy plate-glass. Get a piece eight or ten inches wide and forty inches long and mount this on a piece of flat board, placing padding beneath the glass next to the board. Felt can be used for this padding, or newspapers do very well if used in thicknesses of ten or twelve pages, simply to take up small inequalities in the board. The glass can be held in place with a few wire lath nails driven in carefully around the edge, so that one side of the nail heads extend just over the top of the glass.

  A good powerful magnifying glass is a very good thing to have to examine or measure fine threads, sear and hammer surfaces, bullet bases, etc. Swift & Anderson of Boston make a two-lens glass of ten diopters power with a pen-type flashlight inserted in one side of the barrel to act as a handle and to supply light for the subject being examined.

  Small flat, square and triangular carborundum stones may be bought from the Carborundum Company and white Arkansas stones, either soft or hard, can be bought from the Norton Company. These are used for hard fitting of small parts and for dressing sears and hammers in adjusting trigger-pulls.

  Abrasive cloth in rolls 1” to [image: Image]” wide is about the most economical way to buy it, but you will need a few sheets of the abrasive cloth also in the standard [image: Image]” × 11” size. These come in almost any grit, down to crocus cloth. The wet or dry black sandpaper sold for automobile finish work is fast cutting and gives a smooth finish also and it is cheaper than carborundum cloth, but the backing, of course, is not so strong.

  Emery cake can be bought in various grits for use in muslin or canvas buffing wheels. Carborundum powder in various grain sizes and flour of emery are used for lapping. Automobile valve-grinding compound makes a fast cutting lapping or polishing compound, but is too fast for use in barrels, although it does well on bolt smoothing jobs.

  The gas welding torch is a better tool on almost all gun work than the electric welding machine. The gas torch is better for joining two pieces of metal, as it heats the metal more thoroughly and makes a better bond thereby, for the electric welder heats only the point of contact in the small sizes applicable to gun work. On the other hand the electric welder of the spot-weld type is, perhaps, a little better for building up parts, especially hard parts, for the reason that it does not spread its heat so far as the gas torch does. Another drawback to the small type electric welder is that it often leaves a scale as hard as glass, that can be machined only by grinding. As much of the welding work on gun parts is done on very small parts, the airplane-type of gas torch is the easiest to handle on account of the fact that it can be cut down to a smaller flame than the larger type torch.

  A small forge can be used for much work in the gun shop such as case-hardening, bending jobs, etc., but is not so good as a gas furnace for tempering work.

  A gas furnace is usually an expensive item to buy, but a very serviceable one can be built cheaply by experimenting somewhat on the type and size burner necessary. The furnace itself is built of firebrick, cemented with asbestos. A sheet-iron form is bent to the shape of a half-circle and the bricks are laid over this to form the upper part of the furnace. This is set on a fire brick and asbestos cement base and the steel form is withdrawn after the cement has set. One end is bricked and cemented up, leaving a small hole for an outlet flue pipe connected to a chimney. The other end is fitted with a steel door faced on the inside with asbestos cement in or on expanded metal lath. After the cement is all set hard, the whole interior should be lined with fire-clay.

  The burner may be made of [image: Image]” iron pipe, a line of pipe running along each side of the furnace, inside, about two inches away from the wall and from the floor. These pipes are connected to a ¾” supply-line. Along the sides of the [image: Image]” burner-pipes a line of small holes should be drilled, facing inward and upward toward the center of the furnace, and here is where the experimental work comes in, getting these holes the proper size for the furnace you build. Your gas company may be helpful in designing this burner. The inner ends of these burner-pipes are capped, of course, and the connection to the ¾” Along the sides of the [image: Image]” burner-pipes a line of small holes should be drilled, facing inward and upward toward the center of the furnace, and here is where the experimental work comes in, getting these holes the proper size for the furnace you build. Your gas company may be helpful in designing this burner. The inner ends of these burner-pipes are capped, of course, and the connection to the ¾” supply-line should be on the outside of the furnace, with a good needle-valve between the supply line and each burner-pipe, so that proper adjustment of the gas supply can be made. Cast-iron pipe with screw caps on the ends can be used to place parts in while being tempered as they should not be exposed directly to the flame. For pack-hardening, parts are packed in charcoal, bone or whatever you use inside this cast-iron pipe. The caps of this cast-iron pipe should have a few small vent holes drilled in them on the upper side. Cast-iron pots can also be used inside this furnace, with sand, lead, nitre or other mediums in them, in which to place small parts. The cast-iron pipe and the pots can be set up on firebrick, or on cast-iron holders, to bring them about to the center of the furnace or a little above center. The size of the furnace you build will depend upon the largest size items you think you will ever wish to put into it for heat treatment. If you think you will wish to use high temperatures of two thousand degrees or more, an air-blast must be added to the gas flame. This can be run into each [image: Image]” burner-line after the line leaves the ¾” supply-pipe and each air line should have a needle valve on it for fine adjustment to get the best results. Pyrometers to control temperatures inside the furnace, or rather to show temperatures inside the furnace so that they may be controlled, can be bought from Russel Electric Co. of 338 W. Huron St., Chicago, at very reasonable prices or from Illinois Testing Laboratories, Inc., 420 N. LaSalle St., Chicago.
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