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PREFACE.



THE object of this book is to impart a knowledge of Pattern Making that shall be useful to apprentice Pattern Makers, and also to practical machinists, because the drawings of the designer do not as a rule give any instructions as to the construction of the patterns, while at the same time that construction may affect to a considerable degree, the manipulations of the machinist.


Furthermore, it often occurs in the experience of a general machinist, that he is required to make a pattern either in iron or wood, and the complete isolation which usually exists between the pattern shop and the machine shop, is an effective bar to the acquisition of knowledge by obser vation.


The information is given from actual pattern shop practice, and in the ordinary workshop parlance.


The tables have been selected with a view to a collection comprising all that the Pattern Maker of the widest experience requires; arranged for his convenience, although in as compact a form as possible.









THE
PATTERN MAKER’S ASSISTANT.

CHAPTER I.

PATTERN MAKING.


THOSE savans who have read, our old earth’s unwrittenhistory in and from its strata, tell us that, in ages far remote,men made tools and contrivances of bronze, which, being analloy, necessitated the fusion and casting of the metal. Th iscasting involves the use of patterns, and pattern makingmay therefore lay claim to the highest antiquity. Butthe modern idea of the division of labor has exalted it to bea distinctive art; in the last generation, for instance, a goodmachinist (or rather engineer or millwright, for those termswere then applied to builders of machinery,) was required tobe alike expert in working upon both wood and metal. Heconstructed his framing of wood, and made the patterns forhis cast metal work; he was to-day a lathe hand, to-morrowa vise hand.

As, however, the present age of iron dawned, it becameapparent that working in wood and in metal must be separated, not only because the handiwork could be more chea plyproduced by reason of the increased skill arising from continuous practice, but also because the amount of knowledgerequired to make an artisan skillful in either the manufacture of wood or of iron, was too great to be thoroughlymastered in the working lifetime of an ordinary, or even anunusually expert workman. Hence modern intelligence  soon discovered that better as well as cheaper workcould be obtained by a practical education in one particularbranch of usefulness, and hence pattern making has takenits place as a specialty. The field of usefulness of cast ironhas developed to a remarkable extent during the lasttwenty years, and the same remark applies to cast steelduring the last ten years; both of these materials aresteadily encroaching upon the domain of usefulness ofwrought iron, stone, and bricks and mortar. So that thefield of application for pattern making is stretching outward and onward, to the discomfiture of its rivals. Fromthese considerations, we may readily perceive that a realproficiency in pattern making will exercise to the utmostthe skill of the workman, on account of the unceasing variety of the patterns, in form and in the purposes for whichthey are designed; and the advantage of a retentive memory is evident when we consider that years may elapse erethe same pattern maker may be called upon to exercisehis skill upon the same or a similar piece of work. In thisart, there are to be considered many details that are seldomor never shown in drawings; such, for instance, as theamount necessary to allow on the pattern for finishingcertain parts of a casting, and on what part such allowance is required; and the method which has been provedby experience to be the safest and most expeditious inmolding from a certain kind of pattern. But above allthese considerations lies the fact that drawings merely showthe shape which the finished pattern is required to have,leaving it entirely to the judgment of the pattern maker toelect in what way the various pieces of wood (of which thepattern is constructed) shall have the grain lie, and howthey ehall bo fastened or held together. There is, it is true,an unwritten practice which has obtained universal observance in particular branches of pattern making; but in thenewer fields into which the art has advanced and is  advancing, this unwritten practice is merely in the processof formation, which state of things must continue so longas casting is discovered to have new arenas of application. A goodly store of well remembered experience is thereforeinvaluable to the pattern maker; and this being so, thequicker it is obtained the better. Hence the learner shouldalways keep a record of the work which falls under hisobservation, in which record the sizes and proportions ofthe work, the method of putting it together, the time takenin its production, and (if possible) whether the castingswere satisfactory, noting the defects in the latter, if any,together with suggestions for the remedy of those defects. A pen and ink sketch of the pattern made in the marginwill add to the usefulness of the record, besides accustoming the hand to making correct sketches and elucidatingthe explanation. The operative’s intelligence will be muchexercised in the shaping and building-up of patterns, depending as this does on the strength of the material ofwhich the casting is to be made, the strength of the patternitself, and the desirability of its molding well. Dr. Andrews has well said (in the English Mechanic): “The correct forms to be given to the materials employed in theconstruction of tools or machinery depend entirely uponnatural principles. Natural form consists in giving to eachpart the exact proportion that will enable it to fulfill itsassigned duty with the smallest expenditure of material,and in placing each portion of the materials under the mostfavorable conditions of position that the circumstances willadmit of. Such natural form is not only the most economical, but, strange to say, it is always correct in every respect,and is invariably beautiful and lovely in its outlines.”

I may now mention the qualifications necessary to enable an artisan to become a good pattern maker: First: As the idea of the size and contour of the article or workrequired will be conveyed to him by drawings, it is neceesary  that he should be conversant with the principles ofmechanical and architectural drawing; and it may be ofgreat advantage to him, though it is not absolutely necessary, to be able to make such drawings. It is too oftenthe case that the apprentice pattern maker gains his knowledge of drawing from tlxe drawings from which he operates,which, being simple in the first case, and becoming complicated only after the lapse of two or three years, makes theacquisition of a knowledge of drawing possible withouteither study or application; but the result is that, so soonas he is called upon in a new field of action, upon a description of work different from that to which he has been accustomed, he becomes timid, gets confused, finds it necessary to ask many questions upon and concerning variousparts of the drawings, and then does not obtain credit forthe amount of ability to which his skill in handling his toolsperhaps entitles him. Furthermore, a knowledge of drawing will enable him to learn his trade in a comparativelyshort space of time, and give him confidence in, and a retention of, that which he has already learned. Secondly: He should be perfectly familiar with the operations of thebrass and iron founder, as it is by him that patterns willbe used to produce the required forms. The pattern mustbe so made that a mold can be made from it, and that itmay be made in the most expeditious manner. The patternmaker, it must be remembered, determines how the mold-er is to mold the pattern, so that the latter is controlled inhis operations by the former. For the benefit of thosewho have been unable to devote sufficient time to thework of the foundery, it will be necessary, as we proceed,to explain the operations of molding different kinds of patterns, selectiug those which will best serve as a key to thewhole. Thirdly: The pattern maker must be acquaintedwith some, at least, of the properties of the metals ofwhich the castings from his patterns are to foe made; such,  for instance, as how they behave in passing from the fluid,to the solid state, the strains to which a casting is subject during this transition, to what extent those strainsmay be modified by alterations of proportion or shape inthe pattern, the shrinkage of castings, and the alterationin form which takes place in the cooling of castings ofvarious sizes and shapes. Fourthly: He should, if possible, add to the above qualifications a general knowledgeof the manner of fitting up the different kinds of work forwhich patterns are used.

With regard to the first requirement, itis not my purposeto enter into the subject of mechanical drawing, which istreated of in books devoted exclusively to that subject. With regard to the second, I shall, as already stated, referto it hereafter. The third I shall consider after I havetreated upon timber, and tools; and the fourth can only beobtained by watchfulness on the part of the student as towhat is being done in the workshop in which lie is engaged. This latter may seem a trivial matter; but I have onseveral occasions, by watching where certain castings required to be most operated upon in the machine or vise, had a pattern altered, making it apparently of an incorrectform, with the result that the time necessary to fit the workwas reduced by one half. This subject, however, will betreated upon in its proper place.

Of the different kinds of wood serviceable to the patternmaker, pine is, for many reasons, usually employed. Itshould be of the best quality, straight-grained, and free fromknots; it is then easy to work in any direction, possessingat the same time sufficient strength for all but the most delicate kinds of work, and having besides the quality of cheapness to recommend it. Care taken in its selection at the lumber yard will be amply repaid in the workshop. When itis straight-grained, the marks left by the saw will show aneven roughness throughout the whole length of the plank;  and the rougher the appearance, the softer the plank. That which is sawn comparatively smooth will be foundhard and troublesome to work. If the plank has an uneven appearance—that is to say, if it is rough in some partsand smooth in others—the grain is crooked. Such timberis known to the trade as catfaced. In planing it, thegrain tears up, and a nice smooth surface cannot be obtained. Before purchasing timber, it is well to note, what convenience the yard possesses for storing. Lumber on thepile, though it be out in all weathers, does not. deteriorate,but becomes seasoned; nevertheless its value is much increased if it has an extemporized roof to protect it fromthe sun and rain; but as it is not convenient to visit thepile for every customer, quantities are usually taken downto await sale, and for such, a shelter must be provided,otherwise it will be impossible to insure that the lumber isdry, sound, and fit for pattern ma king; it being obvious thatthe foregoing remarks on the storage of lumber apply toall woods.

The superiority of pine for for attern making is not, however, maintained when we come to fine delicate patterns orpatterns requiring great durability. When patterns forfine work, from which a great many castings are to be made,are required, a pattern wherefrom to cast an iron patternis improvised, because, if pine were employed, it would notonly become rapidly worn out, but would soon warp and become useless. It is true that a pine pattern will straighten more easily than one made of a hard wood; but itssphere of usefulness in fine patterns is, for the above reasons, somewhat limited. Iron patterns are very desirableon account of their durability, and because they leave thesand easily and cleanly, and because they not only do notwarp, but are also less liable than wooden ones to give wayto the sand, while the latter is being rammed around themby the molder—a defect that is often experienced with light  patterns, especially if they are made of pine. Iron patterns,however, are expensive things to make, and therefore it isthat mahogany is extensively employed for fine or durablepattern work. Other woods are sometimes employed, because they stand the rough usage of the molding shopbetter and retain the sharp comers, which, if pine be used,in time become rounded, impairing the appearance of thecasting. Mahogany is not liable to warp, nor subject todecay; and is for these reasons the most desirable of allwoods employed in pattern making, providing that firstcost is not a primary consideration. There are variouskinds of this beautiful wood, that known as South American mahogany being chiefly used for patterns.

Next to mahogany we may rank cherry, which is a verydurable wood, but more liable to twist or warp than mahogany, and it is a little harsh to the tool edge. If, however,it is stored in the workshop for a length of time before being used, reliable patterns may be made from it. In addition to these woods, walnut, beech, and teak are sometimes employed in pattern making.

The one property in all timber to be specially guardedagainst is its tendency to warp, bend, expand, and contract, according to the amount of humidity in the atmosphere. Under ordinary conditions, we shall be right insupposing a moisture to be constantly given off from allthe exposed surfaces of timber; therefore planks stored inthe shop should be placed in a rack so contrived that theydo not touch one another, so that the air may circulate between the planks, and dry all surfaces as nearly alike aspossible. If a plank newly planed be lying on the benchon its flat side, the moisture will be given off freely fromthe upper surface, but will, on the under surface, be confined between the bench and the plank: the result beingthat a plank, planed straight and left· lying as described,will be found, even in an hour, to be curved, from the  contraction of the upper surface due to its extra exposure; and therefore it is that lumber newly planed should be stored on end or placed on edge. Lumber expands and contracts with considerable force across the grain; hence if a piece even of a dry plank, be rigidly held and confined at the edges, it will shrink and rend in twain, often with a loud report. There is no appreciable alteration lengthwise in timber from the above causes; and if two pieoes be glued together so that the grain of one crosses that of the other, they can never safely be relied upon to hold. Hence they had better be screwed, so that there will be a little liberty for the operation or play of the above forces, while the screws retain their hold. The shrinkage, expansion, and warping of timber may perhaps be better understood by considering as follows: The pores of wood run lengthwise, or with its grain, and hence the moisture contained in these passes off more readily endwise or from any surface on which the pores terminate. Then again the wood shrinks precisely in proportion in which the moisture leaves it; and if we have full knowledge of the direction of the grain, and of the position in which a piece of timber stands or lies, we can (all other things being equal, that is to say, supposing there to be no artificial heat or other disturbing cause operating on one more than on another side of it) predicate in what direction it will warp. Thus, let A, Fig. 1, be a piece of timber having the direction
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of its grain as denoted by the lines; then its surface, B B, which has the grain and pores terminating upon it, would allow free exit of the moisture, and that face would dry first  (especially if it lay uppermost) and would contract the most, so that after a time the shape of the piece would be curved, as shown in Fig. 2. Now if it had been placed to lay with the face, C, uppermost, the warping would have been much less, because the extra porosity of the face, B B, would have been counteracted by the lack of circulation of air. If, on the other hand, it was placed endwise, the warping, though it would have taken place, would have been appreciably less. It must not be supposed that thoroughly seasoning the timber will remove the tendency to warp, for timber, however long and carefully it has been dried or seasoned, undergoes considerable transformation of shape so soon as much of its outer surface is removed, making it appear that the seasoning or drying process takes place mainly at and near the outer surfaces, and is renewed every time an entirely new surface is presented to the action of the atmosphere. Thus, if we take a thoroughly seasoned piece of wood 3 inches square and 1 foot long, and cut it into strips 1 inch square and 1 foot long, the pieces will warp in a day or so; and if, after a few days, we take those inch strips and cut them into strips ¼ inch square and 1 foot long, these latter will again warp; and no matter what pains might be taken with these last strips to season them and let them assume their new shape, were we to cut them into thin veneers the warping process would again set in. It is well, therefore, in particular work, to cut out roughly the various parts of the pattern, so that, while some parts are being operated upon, the others may be assuming their new shape, and thus become not so liable to warp after being worked up in the pattern.
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TOOLS, ETO.



One of our first requisites in the way of tools and appliances will be a carpenter’s bench, which may be made as follows: Three pieces of stuff, 2x5 inches and 3 feet long, will serve for supports for the top. Two 12 inch boards, 12 feet long and 1 inch thick, will do for the sides. Nail these side boards firmly to the 2x5 inch cross pieces, and put on a top of suitable material, and the bench is ready for the legs. Now take four pieces of stuff, 2x5 inches, and of the requisite hight for the legs, and frame a piece 1x3 inches across each pair of legs, about 6 inches from the bottom, placing the legs at the distance apart necessary for the width of the bench. Then cut a fork or slit in the top end of each leg, so as to straddle the cross piece at the ends, and put a bolt 3½X⅜ inches through each leg and through the side boards, and the bench will be complete; and it will possess the advantage that it can be taken down in a few minutes by removing the bolts from the legs.
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The jack plane is employed for roughing off the surface timber; the stock is made of beech and the blade of cast steel. The blade acts most effectively when it is ground well away toward the corners, thus producing a curved edge, as shown in Fig. 3. When the blade is placed in the stock, and in position to cut off the largest amount of stuff, its cutting edge should protrude through the face of the stook  about a sixteenth of an inch, while the corners, A B, are about level with the face of the stock. The beveled face should stand at about an angle of 50° to the flat face. The grindstone should be kept true and liberally supplied with water; the straight face should not be ground away, nor indeed touched upon the stone. The pressure with which the blade is held against the grindstone should be slight at and toward the finishing part of the grinding process, so as not to leave a long ragged burr 0:1 the end of the blade, as is sure to be the case if much pressure is applied; and it will occur to a slight extent even with the greatest of care. The blade should not be held still upon the grindstone, no matter how true, flat, or smooth the latter may be; but it should be moved back and forth across the width of the stone, which will not only grind the blade bevel even and level, but will also tend to keep the grindstone in good order.
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If a grindstone is in excellent condition (that is, true, flat, and level, or slightly rounding), as it should be, it tempts the workman to grind the plane blade with the stone running toward him, as shown in Fig. 4, for the following reasons: If the stone, A, travels in the direction of the arrow, C, the plane blade, B, will relieve the abrasion of the stone at the cutting edge first, thus leaving it clean and with no tendency to leave a long ragged edge; but if the blade were  held on the other side of the stone, that is to say, with the stone running from the operator, as shown in Fig. 5, the result will be a long ragged edge on the plane blade, especially if much pressure be placed on the blade.
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In Fig. 5, A represents the grindstone, B the plane blade, and G the direction in which the grindstone is supposed to revolve: in which case it becomes evident that the plane blade will receive at its edge some pressure in the direction of the arrow, D; and the metal at the cutting edge of the blade, being very thin, gives way to this pressure and bends back instead of abrading off, leaving a long feather edge, as shown in Fig. 6, from A to B. This edge breaks off in many cases further back than it should do, and inevitably breaks off when the blade is applied to the oil-stone, leaving upon the face of the oilstone particles of steel which must be removed before a good edge can be secured to the tool. As a rule, however, this feather edge is broken off by tapping the blade on the palm of the hand, or it may  be removed by passing the edge lengthwise on a piece ofwood. It is, however, better to hold the blade as shown in Fig. 4; but there are other considerations which sometimesrender this impracticable. For instance, if the stone is outof true, the high spots will strike against the cutting edge,and render it impossible to hold the blade steadily, andhence impossible to grind it true. If the stone has softspots in it, as most stones have, the blade will dig in thosesoft spots, and will also be thrown off the stone when encountering an unusually hard spot. If, in consequence ofdigging in a soft spot, the blade catches, the cutting edgewill be ground completely off; so that it is only under exceptional and unusual circumstances that the blade can beground in the position shown in Fig. 4. It is better, therefore, to grind it in the position shown in Fig. 4, which is safer and surer. In oilstoning a plane blade, the straight faceshould be held quite level with the face of the oilstone, so thatthe cutting edge may not be beveled off. Not much application to the oilstone is necessary to the straight face, becausethat face is not ground upon the grindstone, and it onlyrequires to have the wire edge or burr removed, leaving anoilstone polish all along the cutting edge. The oilstoningshould be performed alternately on the flat and beveledfaces, the blade being pressed very lightly on the oilstonetoward the last part of the operation, so as to leave as fine awire edge as possible. The wire is the edge or burr whichbends or turns over at the extreme edge of the tool, in consequence of that extreme edge giving way to the pressureof the abrading tool, be it a grindstone or an oilstone. Thiswire edge is reduced to a minimum by the oilstone, and isthen so fine that it is practically of but little account; to remove it, however, the plane blade or iron may be buffedbackwards and forwards on the palm of the hand.

The iron being sharpened, we may screw the cover on, adjusting it so that its edge stands a shade below the corners  of the iron, and then screwing it tight; the blade or iron andthe cover must now be placed in the mouth of the planestock, and adjusted in the following manner: The planeiron should be passed through the mouth of the stock untilas much in depth of it is seen to protrude from the bottomface of the stock as is equal to the thickness of shaving it isintended to cut: to estimate which, place the back end ofthe plane upon the bench, holding the stock in the left handwith the thumb in the plane mouth, so as to retain the ironand wedge in position, the wedge being turned toward theworkman. A glance down the face of the stock will besufficient to inform the operator how much or how little thecutting edge of the iron protrudes from tbe face of the planestock, and hence how thick his shaving will be. When thedistance is adjusted as nearly as possible, the wedge may betightened by a few light blows of the hammer. If, aftertightening the wedge, the blade is found to protrude toomuch, a light blow on the fore end of the top face of theplane will cause it to retire. The wedge should be tightened by a light blow after it is finally adjusted.

In using a jack plane, we commence each stroke by exerting a pressure mostly on the fore part of the plane, commencing at the end and towards the edge of the board, andtaking off a shaving as long as the arms can convenientlyreach. If the board is longer than can be reached withoutmoving, we pass across the board, planing it all across atone standing; then we step sufficiently forward, and carrythe planing forward, repeating this until the jack planingis completed. To try the level of the board, the edge orcomer of the plane may be employed; and if the plane ismoved back and forth on the corner or edge, it will indent,and so point out the high place.

The fore plane (or truing plane, as it is sometimes called) is made large, so as to cover more surface, and therefore tocut more truly. It is ground and set in the same manner  as the jack plane, with the exception that the comers ofthe iron or blade, for about one eighth inch only, should beground to a very little below the level of the rest of thecutting edge, the latter being made perfectly straight (or asnear so as practically attainable) and square with the edgeof the iron. If the end edge of the cover is made squarewith the side edge, and the iron is ground with the coveron, the latter will form a guide whereby to grind the ironedge true and square; but in such case the cover shouldbe set back so that there will be no danger of the grindstone touching it. The oilstoning should be performed inthe manner described for the jack plane, bearing in mindthat the object to be aimed at is to be able to make asbroad and fine a shaving as possible without the comers ofthe plane iron digging into the work. The plane ironshould be so set that its cutting edge can only just be seenprojecting evenly through the stock. In using the foreor truing plane, it is usual, on the back stroke, to twist thebody of the plane so that it will slide along the board on itsedge, there being no contact between the cutting edge of theplane iron and the face of the board, which is to preserve thecutting edge of the plane iron from abrasion by the wood;as it is obvious that such abrasion would be much moredestructive to the edge than the cutting duty performedduring the front stroke would be. The face of the fore planemust be kept perfectly flat on the under side, which shouldbe square with the sides of the plane. If the under side behollow, the plane iron edge will have to protrude furtherthrough the plane face to compensate for the hollowness ofthe latter; and in that case it will be impossible to takefine shavings off thin stuff, because the blade or iron willprotrude too much, and as a consequence there will be anunnecessary amount of labor incurred in setting and resetting the plane iron. The reason that the under surfaceshould be square, that is to say, at a right angle to the sides  of the body of the plane, is because tlie plane is sometimes used on its side on a shooting board.
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When the under surface of the plane is worn out of true, let the irou be wedged in the plane mouth, but let the cutting edge of the iron be well below the surface of the plane stock. Then, with another fore plane, freshly sharpened and set very fine, true up the surface, and be sure the surface does not wind, which may be ascertained by the application of a pair of winding strips, the manner of applying which will be explained hereafter. If the mouth of a fore plane wears too wide, as it is apt in time to do, short little shavings, tightly curled up, will fall half in and half out of the mouth, and prevent the iron from cutting, and will cause it to leave scores in the work, entailing a great loss of time, in removing them at every few strokes. The smoothing plane is used for smoothing rather than truing work, and is made shorter than the truing plane, so as to be handier in using. It is sometimes impracticable to make a surface as smooth as desirable with a truing plane, because of the direction of the grain of the wood. Thus in Fig. 7, let E represent a piece of stuff requiring to be planed on the upper surface, and let us plane it, cutting in the direction of the arrow, D. It is evident that the edge of the plane iron, when cutting the surface from B to A, will strike against the edge or end of the grain of the wood, tending to rough it up; whereas, while passing from A to C, the tendency of the pressure of the iron edge would  be to smooth the grain of the wood downwards, the difference between the two tendencies being sufficient to make it necessary in many cases to use a smoothing plane, cutting in both directions, as shown in Fig. 7, first from A to B, cutting in the direction of the arrow, F, mid then from A to C, cutting in the direction of the arrow, G. Thus the cutting will be at all times performed in the direction tending to smooth down and not rough up the grain of the wood. That this method of planing is necessary is demonstrated in planing across the end grain of wood, for which purpose the smoothing plane is almost indispensable, and in which operation it is necessary to use it, on small surfaces, with a side as well as with a forward sweep, thus producing a curved motion, the most desirable direction of which is determined by the direction of the grain of the wood.
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Fig. 8 represents an ordinary compass plane, which is a necessary and very useful tool for planing the surfaces of hollow sweeps. This tool is sometimes made adjustable by means of a piece dovetailed in the front end of the plane, as shown in Fig. 9, at A; which, by being lowered, alters the sweep and finally converts it from a convex to a concave. There is now, however, in the market a compass plane, the  body of which is made of malleable iron with a sole made of a blade of spring steel, which, by the operation of two screws, can be set to any curvature, either concave or convex, within the capacity of the instrument.
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Another very useful species of plane is the router, shown in Fig. 10, which represents one of these planes in operation, A being the router, and B the work. The use of this tool is to plane out recesses (exactly to any given depth) such  as are required to receive rapping plates. The wood in tlie plane stock is cut away just over the edge of the iron, to give clearance for the shavings, and so that the cutter may be seen at work.
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Rabbet planes are narrow planes having the sole or side of a conformation to suit the work. Fig. 11 represents a rabbet plane t,o suit a round edge, Fig. 12, a similar plane for a groove, and Fig. 13 a side rabbet plane. The latter is, however, very seldom used, but is especially useful in planing hard wood cogs fitted to iron wheels, or the teeth of wheel  patterns, or other similar work. One or two flat bottomed ones will also be required. Small thumb rabbet planes, haviug an iron stock, with the blade near the front end, are now supplied, and are very usef ul for cutting out half checks that are not cut right across the stuff.
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