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  CHAPTER XXII.


  GENERAL REMARKS UPON CUTTING TOOLS.




    INTRODUCTION.




  THE title of the present volume appears to be sufficiently descriptive without additional explanation, consequently the author will alone offer a few words on the notions which led to the division of the volume into the eight chapters enumerated in the table of contents, and on their particular arrangement.




  The chisel was selected as the subject of the first chapter, as from the simplicity of its form and action, it may be viewed as a keen wedge, sometimes employed with quiet pressure, at other times used with percussion, as in tools of the character of axes and adzes; and the straight chisel mounted in a stock for its guidance becomes the plane. Further, the carpenter’s chisel may be used as a turning tool, and many tools of this kind, the second in the classification, follow the condition of chisels and planes, if we imagine the tool to be held at rest, and the work to revolve against it, on a fixed axis. The practice of turning is naturally associated with that of boring holes, although in most cases, the boring tool revolves whilst the work remains at rest. Turning and boring, each circulatory processes, led to the selection of the screw as the subject of the next chapter, for revolution combined with rectilinear advance, are exhibited in all the numerous modes of producing screws.




  Saws were ideally compared with some of the scraping chisels, but with a multiplication of points, and these sometimes arranged in continuous order as in the circular saw. The file from its vast assemblage of scraping teeth, was likened to a multiplication of the saw; but unfortunately the file has not been engrafted upon any machine, embodying the manipulation of the unassisted instrument. Shears and punches are next considered in great measure as parallel subjects, and the rectilinear edges of shears although mostly duplicated, nevertheless bear some resemblance to simple chisels, although from their duplication they act on both sides of the material; and lastly the ordinary punch is comparable with the rectilinear edges of the shears and chisels, if we do but conceive these to be bent into the circular form.




  Should these grounds for the arrangement adopted be deemed fanciful or visionary, it may be added that some order or selection was imperative, and it is hoped the present will serve as efficiently as any other that could be selected.




  SECT. I.—THE ANGLES AND POSITIONS OF TOOLS, AS REGARDS THE ACT OF CUTTING.




  THE section now to be commenced, refers exclusively to the principles and construction of cutting tools, which will be considered in a general manner, and without reference to any particular branches of mechanical art, the tools and applications being selected by their characters and principles alone.




  All edged tools may be considered to be wedges formed by the meeting of two straight, or of two curvilinear surfaces, or of one of each kind, meeting at angles varying from about 20 to 120 degrees.




  Some few tools are pointed, from the meeting of three or more planes or surfaces.




  Occasionally, as in the hatchet, the chipping chisel, and the turner’s chisel for soft wood, the tool is ground from both sides, or with two bevils or chamfers; at other times, as in the carpenter’s chisels and plane irons, the tool is ground from one side only, and in such cases, the general surface or shaft of the tool constitutes the second plane of the wedge; this difference does not affect the principle.




  The general characters of cutting tools, namely, their angles, and their relations to the surfaces to be produced, depend upon the hardness of the opposed substances, and the direction and nature of their fibres; these primary characters require especial consideration.




  The particular or specific characters of cutting tools, namely, the forms of their blades, stocks, or handles, are adapted to the convenience of the individual, or the structure of the machine by which they are guided; these secondary characters, the less require or admit of generalization.




  It will be now attempted to be shown that, granting the latitude usual in all classifications, cutting tools may be included in three groups, namely, Paring Tools, Scraping Tools, and Shearing Tools.




  First—Paring or splitting tools, with thin edges, the angles of which do not exceed sixty degrees; one plane of the edge being nearly coincident with the plane of the work produced (or with the tangent, in circular work). These tools remove the fibres principally in the direction of their length, or longitudinally; and they produce large coarse chips or shavings, by acting like the common wedge applied as a mechanical power.




  Secondly—Scraping tools with thick edges that measure from sixty to one hundred and twenty degrees. The planes of the edges form nearly equal angles with the surface produced; or else the one plane is nearly or quite perpendicular to the face of the work (or becomes as a radius to the circle). These tools remove the fibres in all directions with nearly equal facility, and they produce fine dust-like shavings by acting superficially.




  Thirdly—Shearing, or separating tools, with edges of from sixty to ninety degrees, generally duplex, and then applied on opposite sides of the substances. One plane of each tool, or of the single tool, coincident with the plane produced.




  In explanation of these views, the diagram, fig. 316, is supposed to represent seven different tools, the bevils or edges of which are all at the angle of sixty degrees, this may be considered as the medium angle of the paring, scraping, and shearing tools.




  The cutting and scraping tools are supposed to be moving from A to B, which line represents the face of the work; or the tools may be considered to be at rest, and the work to be moving from B to A.




  Or, in turning, the tool may be supposed to remain fixed, and the circle to represent the moving surface of the work; one plane of the tool then becomes a tangent or radius.




  The shearing tools, if in pairs, are proceeding towards each other on the line C D, whilst A B still represents the face of the work. The single tools act on the same principle, but the body of the material, or the surface of the bench or support, supplies the resistance otherwise offered by the second tool.




  The tools a, c, f, are bevilled or chamfered on both sides, the others from one side only; in these latter, the general face of the tool forms the second side of the angle, and allowing for exaggeration, both as to excess and deficiency, the diagram may be considered to represent the edges of the following tools.




  [a, b, c, d, Splitting and Paring Tools, proceeding from A to B.]


  a—The axe, or the cleaver for splitting.


  b—The side hatchet, adze, paring and drawing knives, paring chisels, and gouges, the razor, pen-knife, spokeshave, the engraver’s graver, and most of the engineer’s cutting, turning and planing tools for metal.
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   c—The turning chisel, for softwood; the chipping chisels, for iron, stone, &c.




  d—The joiner’s chisels, and carving tools, used with the bevils downwards, the joiner’s planes, the cross-cut chisel for metal, and some other metal tools.




  [e, f, Scraping Tools, proceeding from A to B.]


  e—When single, the scraping tools for turning the hardwoods, ivory, and brass, the hand-plane for metal, and when multiplied, the various saws, and files.




  f—When single, a triangular scraper for metal, and when multiplied, the cross-cut saw for wood, and also polygonal broaches or rimers with any number of sides, for metal.




  [e, f, Shearing Tools, proceeding from C to D.]


  e—When duplex, shears with edges from eighty to ninety degrees, commencing with delicate lace scissors for single threads, and ending with the engineer’s shears for cutting iron bars and plates upwards of two inches thick; also duplex punches with rectangular edges, for punching engines and fly-presses.




  e—When single, the carpenter’s firmer and mortise-chisels, the paring-knife moving on a hinge, and cutting punches for gun wadding and thin materials.




  f—When duplex, common nippers for wire; more generally, however, the blades are inclined, so that one bevil of each blade lies in one and the same plane, and which is vertical to A B, as at g g.




  f—When single, the smith’s cutting-off chisel.


  ____________




  In practice, the tools differ from the constant angle of sixty degrees assumed in the diagram for the convenience of explanation, as the angles of all tools are determined by the hardness, and the peculiarity of fibre or structure, of the several substances upon which they are employed. The woods and soft fibrous materials, require more acute angles than the metals and hard bodies; and the greater or less degree of violence to which the tools are subjected, greatly influences likewise the angles adopted for them.




  Thus, under the guidance of a little mechanism, the thin edge of a razor, which is sharpened at an angle of about 15 degrees, is used to cut minute slices or sections of woods, in all directions of the grain, for the purpose of the microscope. But the carpenter and others require more expeditious practice, and the first change is to thicken the edges of the tools to range from about 20 to 45 degrees, to meet the rough usage to which they are then exposed, whether arising from the knots and hard places in the woods, or the violence applied.




  In tools for iron and steel from 60 to 70 will be found a very common angle, in those for brass 80 to 90, in hexagonal broaches for metal it increases to 120, and in the octagonal broach sometimes employed the angle is still greater; in the circular broach required by clock and watchmakers, the angle disappears and the tool ceases either to cut or scrape, it resolves itself into an instrument acting by pressure, or becomes a burnisher.




  To a certain extent, every different material may be considered to demand tools of a particular angle, and again the angle is somewhat modified by the specific mode of employment: these conditions jointly determine the practical angles suited to every case, or the angles of greatest economy, or most productive effect.




  The diagram shows that, independently of the measure of the angle of the tool, we have to consider its position as regards the surface of the work, the broad distinction being that, in the paring tools, the one face of the wedge or tool, is applied nearly parallel with the face of the work; and in the scraping tools, it is applied nearly at right angles, as explained in the foregoing definitions. Indeed the paring tools, if left to themselves, will in some cases assume the position named; thus, for example, if we place a penknife at an elevated angle upon a cedar pencil, and attempt to carry it along as a carpenter’s plane, the penknife if held stiffly will follow the line of its lower side and dig into the wood; but if it be held slenderly, it will swing round in the hand until its blade lies flat on the pencil, and it will even require a little twisting or raising to cause it to penetrate the wood at all. This disposition appears to be equally true, in the thin edges of the penknife or razor, and in the thick edges of the strong paring tools for metal.




  The action of a cutting tool in motion is twofold. The moving force is first exerted on the point of the wedge, to sever or divide the substance particle from particle; the cohesion of the mass now directly opposes the entry of the tool, and keeps it back. But the primary motion impressed on the tool having severed a shaving, proceeds to bend or curl it out of the way; the shaving ascends the slope of the wedge, and the elasticity of the shaving confines the tool in the cleft, presses it against the lower side, disposes it to pursue that line, and therefore to dig into the substance.


  ____________




  In pursuing the more detailed examination of different cutting tools employed in the mechanical arts, amongst the several classifications which might be adopted, it appears to the author to be the more generally useful to consider the various tools in separate chapters under the following heads, namely, Chisels and Planes—Turning tools—Boring tools—Screw-cutting tools—Saws—Files—Shears and Punches—as some of all these kinds of tools may be found in every work-room.




  The several chapters and sections will be commenced with the tools for the woods, which are perhaps the more commonly used by the amateur, the corresponding tools for metal will generally be then considered, and lastly some illustrations will be given of the same tools applied to various machines, still further to prove the uniformity of principle upon which they act, throughout these several circumstances.




  These comparative views may serve to show the similitude of principle in tools for like purposes, whether the tools be large or small, whether they be used for wood or metal, and either by hand or machinery; and in cases of indecision or difficulty, a glance through any one section or chapter may denote, either the most appropriate of the ordinary tools, or may occasionally suggest some new modification to suit a particular case, in imitation of the numerous conversions which will be already found to exist amongst the tools used in the constructive arts.




  SECT. II.—THE FORMS AND MOTIONS OF TOOLS, AS REGARDS THE PRODUCTION OF LINES, SUPERFICIES, AND SOLIDS.




  THE principles of action of all cutting tools, and of some others, whether guided by hand or by machinery, resolve themselves into the simple condition, that the work is the combined copy of the form of the tool, and of the motion employed. Or in other words, that we exactly put into practice the geometrical definitions employed to convey to us the primary ideas of lines, superficies, and solids; namely, that the line results from the motion of a point, the superficies from the motion of a line, and the solid from the motion of a superficies.




  It therefore follows, as will be shown, that when the tool is a point having no measurable magnitude, that two motions must be impressed upon it, one equivalent to the breadth, and another equivalent to the length of the superficies. When the tool is wide, so as to represent the one dimension of the superficies, say its breadth, then only one motion is to be impressed, say a motion equivalent to the length of the superficies; and these two are either rectilinear or curvilinear, accordingly as straight or curved superficies are to be produced.




  To illustrate this in a more familiar way than by the ideal mathematical conceptions, that a point is without magnitude, a line is without breadth, and a superficies without thickness; we will suppose these to be materialised, and to become pieces of wood, and that the several results are formed through their agency on soft clay.


  [image: Fig. 317.]




  Thus supposing g g, to be two boards, the edges of which are parallel and exactly in one plane, and that the interval between them is filled with clay; by sliding the board p along the edges of g g, the point in p would produce a line, and if so many lines were ploughed, that every part of the clay were acted upon by the point, a level surface would at length result. The line l, such as a string or wire, carried along g g, would at one process reduce the clay to the level of the edges of the box.




  Either the point or the line, might be applied in any direction whatever, and still they would equally produce the plane, provided that every part of the material were acted upon; and this, because the section of a plane is everywhere a right line, and which conditions are fulfilled in the elementary apparatus, as the edges of g g are straight and give in every case the longitudinal guide; and with l, the second line is formed at once, either with a string, a wire, or a straight board; but in p the point requires a second or transverse guide, and which is furnished by the straight parts of the board p rubbing on the edges of g g and therefore the point obtains both a longitudinal and a transverse guide, which were stated to be essential.




  The board c, with a circular edge, and m, with a moulding, would respectively produce circular and moulded pieces, which would be straight in point of length in virtue of g g, the line of motion, and curved in width in virtue of c or m, the lines of the tools. But no c, and m, must always advance parallel with their starting positions, or the width of the moulding would vary; and this is true, whenever curved guides or curved tools are employed, as the angular relation of the tool must be then constantly maintained, which it is supposed to be by the external piece or guide attached to m.




  Supposing g g, each to have circular edges, as represented by the dotted arc a a, or to be curved into any arbitrary moulding, the same boards p, l, c, m, would produce results of the former transverse sections, but the clay would in each case present, longitudinally, the curved figure of the curved longitudinal boards a a; here also the line of the tool and the line of the motion would obtain in the result.




  If, to carry out the supposition, we conceive the board a a, to be continued until it produced the entire circle, we should obtain a cylinder at one single sweep, if the wire l, were carried round at right angles to a a. But to produce the same result with the point p, it must be done either by sweeping it round to make circular furrows very near together, or by traversing the point from side to side, to make a multitude of contiguous lines, parallel with the axis of the cylinder. In either case we should apply the point to every part of the surface of the cylinder, which is the object to be obtained, as we copy the circle of a a, (which is supposed to be complete,) and the line l; or the transverse motion of p, which is equivalent to a line.




  But it is obvious that, in every case referred to, there is the choice of moving either the clay or the tool, without variation in the effect. If in respect to the circular guide a a, we set the clay to rotate upon its center, we should produce all the results without the necessity for the guide boards a a, as the axis being fixed, and the tool also fixed, the distance from the circumference to the center would be everywhere alike, and we should obtain the condition of the circle by motion alone, instead of by the guide; and such, in effect, is turning.




  An every-day example of this identical supposition is seen in the potter’s wheel; and the potter also, instead of always describing the lines of his works with his hands, as in sketching, occasionally resorts to curved boards or templets, as for making the mouldings for the base of a column, or any other circular ornament. But here, as also in ordinary turning, we have choice, either to employ a figured tool, or to impress on a pointed tool a path identical with the one section; for example, the sphere is turned either by a semicircular tool applied parallel with the axis, or else by sweeping a narrow or pointed tool around the sphere, in the same semicircular path.




  Having shown that in every case, the superficies is a copy of the tool and of the one motion, or of the point and the two motions, it will be easily conceived that the numerous superficies and solids, emanating from the diagonal, spiral, oval, cycloid, epicycloid, and other acknowledged lines, which are mostly themselves the compositions of right lines and of circles, may be often mechanically produced in three different ways.




  First, by the employment of tools figured to the various shapes, and used with only one motion or traverse; secondly, by the use of figured guides, cams, or shaper-plates, by which the motion is constrained, just the same as p makes a right or a curved line, in virtue of its straight or curved guide; and thirdly, by the employment of a point actuated by two motions, by the composition of which most geometric lines are expressed.




  Thus when uniform motions are employed, two rectilinear motions produce a diagonal to themselves; one circular and one continued right-line motion, give the spiral, the screw, and the cycloid; also if during one circular revolution, either the circle or the point make one oscillation in a right line, we obtain the oval; by two circular movements we obtain the epicycloid, by three motions the compound or double epicycloid, and so on. And when one or both of the rectilinear or circular generating motions, are variable as to velocity, we obtain many different kinds of curves, as the parabola, hyperbola, and others; and thence the solids, arising from the revolutions of some of these curves upon an axis.




  We produce the practical composition of any two lines or movements, whether regular or irregular, by impressing these movements on the opposite extremities of an inflexible line or rod; from which rod we obtain a compounded line, if we trace the motion of a point inserted in any part of the rod, and we obtain a compounded superficies, if we copy the motion of the entire line. This may need explanation.




  Supposing that in fig. 317, the back guide g g, to remain a straight line, the front to become the circular arc a a, the board p, being now traversed in contact both with the straight and curved edges, the point p would describe a line if it were close against the line g g; or an arc if close against the arc a a; midway it would describe an arc of about half the original curvature. On the other hand, the line l would cut off the clay in a superficies, possessing at the three parts these same conditions, and merging gradually from the right line to the arc a a.




  But a similar composition of the two lines or motions would occur, were the lines g g, a a, to be exchanged for any others, similar or dissimilar, parallel or oblique, or irregular in two directions; and in mechanical practice we combine, in like manner, two motions to produce a compound line or a compound superficies. Indeed in many cases there is no alternative but to impart to two edges g a of a block, the marginal outlines of the superficies, and then, generally by hand-labour, to reduce all the intermediate portions under the guidance of a straight edge applied at short intervals upon the two edges, which thus become compounded or melted together in the superficies. Numbers of irregular surfaces can be produced by this mode alone.




  In fine, in mechanical processes, we translate the mathematical conceptions of the rectilinear, circular, and mixed motions of points and lines, into the mechanical realities of rectilinear, circular, and mixed motions of pointed or linear tools.




  It is not imperative, however, that the tools should have but one fixed point or edge, as without change of principle a succession of similar points may be arranged in a circle, to constitute a revolving cutter, which by its motions will continually present a new point, and multiply the rapidity of the effect. In most cases, the introduction of a tool with a figured outline, cancels the necessity for the means otherwise required to generate such figured line by the motion of a point; and a tool with a figured superficies, cancels also the remaining motion required to produce the superficies, and the tool is simply impressed as a stamp or die.


  ____________




  In tracing the method of applying these theoretical views to the explanation of the general employment of cutting tools, or the practice of the workshop, we may safely abandon all apprehension of complexity, notwithstanding the almost boundless variety of the elements of machinery, and other works of cutting tools. For although all the regular figures and solids referred to, are in reality met with, besides a still greater number of others of an irregular or arbitrary character, still by far the greater majority of pieces resolve themselves into very few and simple parts, namely, solids with plane superfices, such as prisms, pyramids, and wedges, and solids with circular superficies, such as cylinders, cones, and spheres. These are frequently as it were strung together in groups, either in their entire or dissected states; but as they are only wrought one surface at a time, the whole inquiry may be considered to resolve itself into the production of superficies.




  And it may be further stated that, the difference between the modes of accomplishing the same results, by hand tools or by machinery, bears a very close resemblance to the difference between the practices, of the artist who draws the right line and circle by aid of the unassisted hand, and of the mechanical draftsman, who obtains the same lines with more defined exactness, under the guidance of the rule and compasses.




  The guide principle is to be traced in most of our tools. In the joiner’s plane it exists in the form of the stock or sole of the plane, which commonly possesses the same superficies as it is desired to produce. For instance, the carpenter’s plane used for flat surfaces is itself flat, both in length and width, and therefore furnishes a double guide. The flat file is somewhat under the same circumstances, but as it cuts at every part of its surface, from thousands of points being grouped together, it is more treacherous than the plane, as regards the surface from which it derives its guidance, and from this and other reasons, it is far more difficult to manage than the carpenter’s plane.




  In many other cases the cutting instrument and the guide are entirely detached; this is strictly the case in ordinary turning, in which the circular guide is given by the revolution of the lathe mandrel which carries the work, the surface of which becomes the copy of the tool, or of the motion impressed upon the tool, either by the hand of the workman under the guidance of his eye alone, or by appropriate mechanism.




  When the lathe is employed under the most advantageous circumstances to produce the various geometrical solids or figures, the tool is placed under the guidance of a ruler or rather of a slide, by which its path is strictly limited to a rectilinear motion. Thus for a cylinder, the slide is placed exactly parallel with the rotary axis of the mandrel, and for a plain flat surface the tool is moved on a slide at right angles to the axis. Generally two slides fixed in these positions are attached to the lathe to carry and guide the tool, the machine being known as the sliding rest; but mostly the one slide only is used as a traversing or directional slide for guiding the tool, the other as an adjusting or position slide, for regulating the penetration of the tool into the work.




  Sometimes the two slides are moved simultaneously for the production of cones, but more generally the one slide is placed oblique and used alone. The lathe is employed with great effect in producing plane surfaces, but the more modern engine, the planing-machine, the offspring of the slide or traversing lathe recently adverted to, is now also very much employed for all kinds of rectilinear works.




  The planing-machine being intended principally for retilinear solids of all kinds, its movements are all rectilinear, and these are in general restricted to three, which are in the same relation to each other as the sides of a cube; namely, two are horizontal and at right angles to each other, and the third is vertical, and therefore perpendicular to the other two. The general outline of the machine will be conceived by imagining a horizontal railway to take the place of the revolving axis of the lathe, and the slide rest of the lathe to be fixed vertically against the face of a bridge stretching over the railway.




  In the general structure of this most invaluable machine, the railway is the cutting slide, upon which the work is slid to and fro. For producing a horizontal surface, the horizontal slide is employed for traversing the tool across the face of the work, which is thus reduced by ploughing a series of parallel grooves, not exceeding in distance the width of the pointed tool, so that first the line, and then the surface arise, exactly as in the geometrical suppositions. For vertical planes, the vertical is the traversing slide, the horizontal the adjusting; and for oblique planes, the vertical slide is swivelled round to the assigned angle, the imaginary railway being employed in all cases to give the cutting motion.




  To advance into greater detail would be to encroach on the subject of the succeeding chapters; although it may be added, that when we examine into almost any machine employed in cutting, it will be found that the end to be obtained is always a superficies, either plane or curved, and which superficies reduced to its elementary condition, presents length and breadth.




  When, therefore, we have put on one side the mechanism required for connecting and disconnecting the engine with the prime mover, whether animal, steam, or other power; it will be found that when the superficies is produced by a pointed tool, the primary motions resolve themselves into two, which may be considered representative of length and breadth. The velocity of the one primary motion, is suited to the speed proper for cutting the material with the most productive effect, which for the metals is sometimes as low as ten or twenty feet per minute, measured at the tool, and for the woods, the speed is above ten or twenty times as great.* The velocity of the other primary motion is generally very small, and often intermittent; and it becomes a mere creep or traverse motion, by which the pointed tool is gradually moved in the second direction of the superficies, under formation.




  In producing circular bodies, one of these primary motions becomes circulating or rotary, and in complex or irregular forms, an additional movement, making in all three, or sometimes four are compounded; and lastly, when linear or figured tools are employed, one of the motions is generally expunged.




  The other movements of cutting machines may be considered as secondary, and introduced either to effect the adjustment of position at starting, or the changes of position during the progress of the work; or the resettings by which the same superficies is repeated, as in the respective sides of a prism, or the teeth of a spur wheel, which may be viewed as a complex prism.




  The above two or three movements may in general be impressed wholly upon the tool, wholly upon the work, or partly upon each; and which explains the very many ways which, in cases of simple forms, may be adopted to attain the same result.




  In numerous instances likewise, all the movements are as it were linked together in a chain, so that they may recur at proper intervals, without the necessity for any other adjustment than that which is done prior to the first starting, such are very appropriately called self-acting machines, and these, in many cases, give rise to very curious arrangements and combinations of parts, quite distinct from the movements abstractedly required to produce the various superficies and solids, in which the mathematician and mechanician from necessity exactly agree, when their respective speculations are sifted to their elementary or primary laws, which are few, simple, and alike for all.




  Mr. Nasmyth has written an interesting paper, entitled, “Remarks on the Introduction of the Slide Principle, in Tools and Machines employed in the production of Machinery.”*




  This principle, although known for a far greater period, has within less than half a century, and in many respects even within less than the fourth of a century, wrought most wonderful changes in the means of constructing mechanism, possessed of nearly mathematical accuracy. The whole of this is traced to the employment of the two, or the three slide movements, to which method Mr. Nasmyth has judiciously applied the term “ Slide Principle,” but the object in this place is rather to examine in detail the principles and practices, than to refer to the influence these have had on manufacturing industry, and thence on the general condition of mankind, and upon our own nation in particular.




  

Footnotes


* The principal limit of velocity in cutting machines, appears to be the greatest speed the tool will safely endure, without becoming so heated by the friction of separating the fibres, as to lose its temper or proper degree of hardness.




  The cohesion of iron being very considerable, a velocity materially exceeding ten to twenty feet per minute, would soften and discolour the tool, whereas in general the tools for iron are left nearly or quite hard. Brass having much less cohesion than iron, allows a greater velocity to be used, lead and tin admit of still more speed, and the fibrous cohesion of the soft woods is so small, that when the angles of the tools are favourable, there is hardly a limit to the velocity which may be used. Water, soap and water, oil, milk, and other fluids, are in many cases employed, and especially with the more fibrous metals, for the purpose of lubricating the cutting edges of the tools to keep down the temperature, the fluids reduce the friction of separating the fibres, and cool both the tool and work, thereby allowing an increase of velocity; and at the same time they lessen the deterioration of the instrument, and which when blunted, excites far more friction, and is likewise more exposed to being softened, than when keen and in perfect working order. There are, however, Various objections to the constant use of lubricating fluids with cutting tools.


 * See Buchanan’s Mill Work, by G. Rennie, F.R.S. 1841. Page 393.


 




  

  
CHAPTER XXIII.CHISELS AND PLANES.



_______




 SECT. I.—INTRODUCTION; BENCH PLANES.




  IF we drive an axe, or a thin wedge, into the center of a block of wood, as at a, fig. 318, it will split the same into two parts through the natural line of the fibres, leaving rough uneven surfaces, and the rigidity of the mass will cause the rent to precede the edge of the tool. The same effect will partially occur, when we attempt to remove a stout chip from off the side of a block of wood with the hatchet, adze, paring or drawing knife, the paring chisel, or any similar tool. So long as the chip is too rigid to bend to the edge of the tool, the rent will precede the edge; and with a naked tool, the splitting will only finally cease when the instrument is so thin and sharp, and it is applied to so small a quantity of the material, that the shaving can bend or ply to the tool, and then only will the work be cut or will exhibit a true copy of the smooth edge of the instrument, in opposition to its being split or rent, and consequently showing the natural disruption or tearing asunder of the fibres.




  In fig. 318 are drawn to one scale several very different paring-tools, which agree however in similitude with the type, b, fig. 316, page 460, and also corroborate the remark on page 462, that “in the paring-tools, the one face of the wedge or tool is applied nearly parallel with the face of the work.” In tools ground with only one chamfer, this position not only assists in giving direction to the tool, but it also places the strongest line of the tool exactly in the line of resistance, or of the work to be done.




  For example, the axe or hatchet with two bevils, a, fig. 318, which is intended for hewing and splitting, when applied to paring the surface of a block, must be directed at the angle á which would be a much less convenient and less strong position than b, that of the side hatchet with only one chamfer; but for paring either a very large or a nearly horizontal surface, the side hatchet in its turn is greatly inferior to the adze c, in which the handle is elevated like a ladder, at some 60 or 70 degrees from the ground, the preference being given to the horizontal position for the surface to be wrought. The instrument is held in both hands, whilst the operator stands upon his work in a stooping position, the handle being from twenty-four to thirty inches long, and the weight of the blade from two to four pounds.




   [image: Figs. 318.]




  The adze is swung in a circular path almost of the same curvature as the blade, the shoulder-joint being the center of motion, and the entire arm and tool forming as it were one inflexible radius; the tool therefore makes a succession of small arcs, and in each blow the arm of the workman is brought in contact with the thigh, which thus serves as a stop to prevent accident. In coarse preparatory works, the workman directs the adze through the space between his two feet, he thus surprises us by the quantity of wood removed; in fine works, he frequently places his toes over the spot to be wrought, and the adze penetrates two or three inches beneath the sole of the shoe, and he thus surprises us by the apparent danger yet perfect working of the instrument, which in the hands of the shipwright in particular, almost rivals the joiner’s plane; it is with him the nearly universal paring instrument, and is used upon works in all positions.




  The small Indian adze or Bassōōlăh d, fig. 318, in place of being circular like the European adze, is formed at a direct angle of about 45 or 50 degrees; its handle is very short, and it is used with great precision by the nearly exclusive motion of the elbow joint.* In order to grind either of these adzes, or percussive chisels, it is necessary to remove the handle, which is easily accomplished as the eye of the tool is larger externally as in the common pickaxe, so that the tool cannot fly off when in use, but a blow on the end of the handle easily removes it.




  The chisel e, admits of being very carefully placed, as to position, and when the tool is strong, very flat, and not tilted up, it produces very true surfaces as seen in the mouths of planes. The chisel when applied with percussion, is struck with a wooden mallet, but in many cases it is merely thrust forward by its handle. It will shortly be shown that various other forms of the handle or stock of the chisel, enable it to receive a far more defined and effective thrust, which give it a different and most important character. The paring-knife, fig.8, p.26, Vol.I., exhibits also a peculiar but most valuable arrangement of the chisel, in which the thrust obtains a great increase of power and control; and in the drawing-knife, the narrow transverse blade and its two handles form three sides of a rectangle, so that it is actuated by traction, instead of by violent percussion or steady thrust.




  The most efficient and common paring-tool for metal, namely f, has been added to fig. 318 for comparison with the paring-tools for wood; its relations to the surface to be wrought are exactly the same as the rest of the group, notwithstanding that the angle of its edge is doubled on account of the hardness of the material, and that its shaft is mostly at right angles, to meet the construction of the slide rest of the lathe or planing machine.




  The chisel, when inserted in one of the several forms of stocks or guides, becomes the plane, the general objects being, to limit the extent to which the blade can penetrate the wood, to provide a definitive guide to its path or direction, and to restrain the splitting in favour of the cutting action.




  In general, the sole or stock of the plane is in all respects an accurate counterpart of the form it is intended to produce, and it therefore combines in itself the longitudinal and the transverse sections, or the two guides referred to in the theoretical diagram, page 464, and the annexed figure 319, the parts of which are all drawn to one scale, may be considered a parallel diagram to 317, page 464, so far as regards planes.




[image: Figs. 319.]




  Thus, although convex surfaces, such as the outside of a hoop, may be wrought by any of the straight planes, applied in the direction of a tangent as at a, it is obvious the concave plane, b, would be more convenient. For the inside of the hoop, the radius of curvature of the plane must not exceed the radius of the work: thus c, the compass plane, would exactly suit the curve, and it might be used for larger diameters, although in a less perfect manner. For the convenience of applying planes to very small circles, some are made very narrow or short, and with transverse handles such as d, the plane for the hand-rails of staircases, the radius of its curvature being three inches; it resembles the spokeshave e, as respects the transverse handles, although the hand-rail plane has an iron, wedge, and stop, much like those of other planes.




  The sections of planes, are also either straight, concave, convex, or mixed lines, and suited to all kinds of specific mouldings, but we have principally to consider their more common features, namely, the circumstances of their edges and guides; first, of those used for flat surfaces, called by the joiners, bench planes; secondly, the grooving planes; and thirdly, the moulding planes.




  The various surfacing planes are nearly alike, as regards the arrangement of the iron, the principal differences being in their magnitudes. Thus the maximum width is determined by the average strength of the individual, and the difficulty of maintaining with accuracy the rectilinear edge. In the ordinary bench planes the width of the iron ranges from about 2 to 2½ inches.*




  The lengths of planes are principally determined by the degree of straightness that is required in the work, and which may be thus explained. The joiner’s plane is always either balanced upon one point beneath its sole, or it rests upon two points at the same time, and acts by cropping off these two points, without descending to the hollow intermediate between them. It is therefore clear, that by supposing the work to be full of small undulations, the spokeshave, which is essentially a very short plane, would descend into all the hollows whose lengths were greater than that of the plane, and the instrument is therefore commonly used for curved lines. But the greater the length of the plane, the more nearly would its position assimilate to the general line of the work, and it would successively obliterate the minor errors or undulations; and provided the instrument were itself rectilinear, it would soon impart that character to the edge or superficies submitted to its action. The following table may be considered to contain the ordinary measures of surfacing planes.




  



	Names of Planes.

	Lengths, in inches.

	

	Widths, in inches.

	

	Widths of Irons.






	Modelling Planes, like Smoothing Planes

	1 to 5

	—

	¼ to 2

	—

	³/₁₆ to 1½






	Ordinary Smoothing Planes

	6½ to 8

	—

	2⅜ to 3⅛

	—

	1¾ to 2⅜






	Rebate Planes

	9½

	—

	⅜ to 2

	—

	⅜ to 2






	Jack Planes

	12 to 17

	—

	2½ to 3

	—

	2 to 2¼






	Panel Planes

	14½

	—

	3½

	—

	2½






	Trying Planes

	20 to 22

	—

	3¼ to 3⅜

	—

	2⅛ to 2½






	Long Planes

	24 to 26

	—

	3⅝

	—

	2⅝






	Jointer Planes

	28 to 30

	—

	3¾

	—

	2¾






	Cooper’s Jointer Planes

	60 to 72

	—

	5 to 5¼

	—

	3½ to 3¾









  The succession in which they are generally used, is the jack plane for the coarser work, the trying plane for finer work and trying its accuracy, and the smoothing plane for finishing.




  The diagram, fig. 320, is one quarter the full size, and may be considered to represent the ordinary surfacing planes, the mouths of which are alike, generally about one-third from the front of the plane, and thus constituted. The line a, b, is called the sole; c, d, upon which the blade is supported, is the bed, and this, in planes of common pitch, is usually at an angle of 45° with the perpendicular.


[image: Figs. 320.]




  The mouth of the plane is the narrow aperture between the face of the iron, and the line c, f, which latter is called the wear: the angle between these should be as small as possible, in order that the wearing away of the sole, or its occasional correction, may cause but little enlargement of the mouth of the plane; at the same time the angle must be sufficient to allow free egress for the shavings, otherwise the plane is said to choke. The line g, is called the front, its angle is unimportant, and in practice it is usually set out one quarter of an inch wider on the upper surface than the width of the iron.




  The wedge of the plane which fixes the iron, is commonly at an angle of 10°, and it is slightly driven between the face of the iron and the shoulder or abutment, c, e. It is shown by the two detached views, that the wedge w, is cut away at the central part, both to clear the screw which connects the double iron, and to allow room for the escape of the shavings. The wedge is loosened by a moderate blow, either on the end of the plane at h, on the top at i, or by tapping the side of the wedge, which may be then pulled out with the fingers; a blow on the front of the plane at j, sets the iron forward or deeper, but it is not resorted to.




  In all the bench planes, the iron is somewhat narrower than the stock, and the mouth is a wedge-formed cavity; in some of the narrow planes the cutting edge of the iron extends the full width of the sole, as in the rebate plane f, fig. 319, page 475; in these and others, the narrow shaft of the iron and the thin wedge alone proceed through the stock, and there is a curvilinear mouth extending through the plane; the mouth is taper, to turn the shavings out on the more convenient side. When the planes only cut on the one part of the sole, as in fig. 332, page 485, the angular mouth extends only part way through the plane, and the curvilinear perforation is uncalled for.




  In the diagram, fig. 320, when the stock terminates at the dotted line, s, s, it represents the smoothing plane; when it is of the full length, and furnished with the handle or toat, it is the jack plane or panel plane; the still longer planes have the toat further removed from the iron, and it is then of the form shown in fig. 330, page 483.




  Fig. 321 represents, one-eighth the full size, a very effective plane, which is commonly used on the continent for roughing out, or as our jack plane, the horn h, being intended for the left hand, whilst the right is placed on the back of the stock. The Indians and Chinese bore a hole through the front of the plane for a transverse stick, by which a boy assists in pulling the plane across the work. When the plane is very large, it is by the Chinese, and others, placed at the end of the bench at an angle, and allowed to rest on the ground, whilst the work is slid down its face; and a similar position is employed by the coopers in our own country, for planing the staves of casks, the plane being in such cases, five or six feet long and very unwieldy, the upper part is supported on a prop, and the lower rests on a transverse piece of wood or sleeper.


[image: Figs. 321.]




  The amount of force required to work each plane is dependent on the angle and relation of the edge, on the hardness of the material, and on the magnitude of the shaving; but the required force is in addition greatly influenced by the degree in which the shaving is bent for its removal in the most perfect manner.




  The diagrams 322 to 326 represent, of their full size, parts of the irons and mouths of various planes, each in the act of removing a shaving. The sole or surface of the plane rests upon the face of the work, and the cutter stands as much in advance of the sole of the plane, as the thickness of the shaving, which is in each case so bent as to enable it to creep up the face of the inclined iron, through the narrow slit of the plane, called its mouth, the width of which determines the extent to which the fibre of the wood can tear up or split with the grain.




  The spokeshave, fig. 322, cuts perhaps the most easily of all the planes, and it closely assimilates to the penknife; the angle of the blade is about 25 degrees, one of its planes lies almost in contact with the work, the inclination of the shaving is slight, and the mouth is very contracted. The spokeshave works very easily in the direction of the grain, but it is only applicable to small and rounded surfaces and cannot be extended to suit large flat superficies, as the sole of the plane cannot be cut away for such an iron, and the perfection of the mouth is comparatively soon lost in grinding the blade.



[image: Figs. 322. 323.]





 

  The diagrams, figs. 323, 4, and 5, suppose the plane irons to be ground at the angle of 25°, and to be sharpened on the more refined oilstone at 35°, so as to make a second bevel or slight facet, as shown by the dotted lines a, in each of the figures; the irons so ground are placed at the angle of 45°, or that of common pitch; it therefore follows, that the ultimate bevel, which should be very narrow, lies at an elevation of 10° from the surface to be planed.




  Fig. 323 represents the mouth of an old jack plane, from the sole of which about half an inch of wood has been lost by wear and correction, which is no uncommon case. The wide mouth allows a partial splitting of the fibres before they creep up the face of the single iron; this plane works easily, and does not greatly alter the shavings, which come off in spiral curls, but the work is left rough and torn.




 
[image: Figs. 324. 325. 326.]





 

  Fig. 324, a similar but less worn plane with a closer mouth, allows less of the splitting to occur, as the shaving is more suddenly bent in passing its narrower mouth, so that the cutting now begins to exceed the splitting, as the wood is held down by the closer mouth: the shaving is more broken and polygonal, but the work is left smoother.




  The same effects are obtained in a much superior manner in the planes with double irons, such as in fig. 325, the top iron is not intended to cut, but to present a more nearly perpendicular wall for the ascent of the shavings, the top iron more effectually breaks the shavings, and is thence sometimes called the break iron.




  Now therefore, the shaving being very thin, and constrained between two approximate edges, it is as it were bent out of the way to make room for the cutting edge, so that the shaving is removed by absolute cutting, and without being in any degree split or rent off.




  The compound or double iron is represented detached, and of half size in fig. 327: in this figure the lower piece c, is the one used for cutting, the upper piece t or the top iron, has a true edge, which is also moderately sharp, the top iron is placed from one-sixteenth to one-fiftieth of an inch from the edge of the cutter, the two are held together so closely by the screw which passes through a long mortise in c, and fits in a tapped hole in t, that no shaving can get between them.


[image: Figs. 327.]




  The constant employment of the top iron in all available cases, shows the value of the improvement; and the circumstances of the plane working the smoother, but harder, when it is added, and the more so the closer it is down, demonstrate that its action is to break or bend the fibres. This is particularly observable in the coarse thick shavings of a double-iron jack plane, compared with those of the same thickness from a single-iron plane; the latter are simply spiral and in easy curves, whereas those from the double-iron are broken across at short intervals, making their character more nearly polygonal; and the same difference is equally seen in thinner shavings, although of course less in degree.




  Fig. 326 represents the iron of a plane intended “for the use of cabinet-makers and others, who require to cut either hard or coarse-grained wood,” the upper bevel given to the iron, being considered to dispense with the necessity for the top-iron; but it is obviously much more difficult to produce a true right-lined edge, by the meeting of two planes, each subject to error in sharpening, than when one exists permanently flat as in the broad surface of the blade.*




  The same edge may be obtained by a blade with a single chamfer, the flat side of which is placed in either of the dotted positions of fig. 326. The first, or b, is that previously in common use in the ordinary moulding planes for mahogany, and c is almost the position of the bed for the iron of the mitre-plane, also previously common: in all three planes, the ultimate angle of the face of the cutter is just 60 degrees from the horizontal.




  Fig. 328 represents the mouth of the mitre-plane full size, and fig. 329 the entire instrument one-eighth size. The stock is much less in height than in ordinary planes, and the iron lies at an angle of about 25°, and is sharpened at about the ordinary angle of 35°, making a total elevation of 60°, which, together with the delicate metallic mouth, render the absence of the top iron unimportant, even when the plane is used lengthways of the fibres, although its ostensible purpose is to plane obliquely across their ends, as in the formation of mitre joints.



[image: Figs. 328. 329.]





   In all ordinary planes the mouth gets wider as the iron is ground away, because of the unequal thickness or taper form of the blade as seen at c, fig. 327. In the mitre plane this is avoided by placing the chamfer upwards, now therefore the position of the blade is determined by its broad flat face which rests on the bed of the instrument d, and maintains one constant position as regards the mouth, uninfluenced by the gradual loss of thickness in the iron.




  The smoothing and trying planes are also made with metal soles, and with single irons of ordinary angles, as one great purpose of the top iron is to compensate for the enlargement of the mouth of the plane by wear, this defect is almost expunged from those with iron soles, and which are gradually becoming common, both with single and with double irons. See Appendix, Note A.H., page 978.


____________




  Some variation is made in the angles at which plane irons are inserted in their stocks. The spokeshave is the lowest of the series, and commences with the small inclination of 25 to 30 degrees; and the general angles, and purposes of ordinary planes, are nearly as follows. Common pitch, or 45 degrees from the horizontal line is used for all the bench planes for deal, and similar soft woods. York pitch, or 50 degrees from the horizontal, for the bench planes for mahogany, wainscot, and hard or stringy woods. Middle pitch, or 55 degrees, for moulding planes for deal, and smoothing planes for mahogany, and similar woods. Half pitch, or 60 degrees, for moulding planes for mahogany, and woods difficult to work, of which bird’s-eye maple is considered one of the worst.




  Boxwood, and other close hard woods, may be smoothly scraped, if not cut, in any direction of the grain, when the angle constituting the pitch entirely disappears; or with a common smoothing-plane, in which the cutter is perpendicular, or even leans slightly forward; this tool is called a scraping plane, and is used for scraping the ivory keys of piano-fortes, and works inlaid with ivory, brass, and hardwoods; this is quite analogous to the process of turning the hardwoods.




  The cabinet-maker also employs a scraping-plane, with a perpendicular iron, which is grooved on the face, to present a series of fine teeth instead of a continuous edge; this, which is called a toothing plane, is employed for roughing and scratching veneers, and the surfaces to which they are to be attached, to make a tooth for the better hold of the glue.




  The smith’s-plane for brass, iron, and steel, fig. 380, has likewise a perpendicular cutter, ground to 70 or 80 degrees; it is adjusted by a vertical screw, and the wedge is replaced by an end screw and block, as shown in the figure, which is one-eighth size. In the planes with vertical irons, the necessity for the narrow mouth ceases; and in the smith’s plane some of the irons, or more properly cutters, are also grooved on the faces, by which their edges are virtually divided into several narrow pieces; this enables the instrument to be more easily employed in roughing-out works, by abstracting so much of the width of the iron, and by giving it a greater degree of penetration, but the finishing is done with smooth-edged cutters, and those not exceeding from five-eighths of an inch to one inch wide.


[image: Figs. 330.]


____________




  It is well known that most pieces of wood will plane better from the one end than from the other, and that when such pieces are turned over, they must be changed end for end likewise; the necessity for this will immediately appear, if we consider the shade-lines under the plane-irons a, b, fig. 331, to represent the natural fibres of the wood, which are rarely parallel with the face of the work. The plane a, working with the grain, would cut smoothly, as it would rather press down the fibres than otherwise; whereas b would work against the grain, or would meet the fibres cropping out, and he liable to tear them up.


[image: Figs. 331.]




  It was explained in Chap. IV., Vol. I., that the handsome characters of showy woods, greatly depend on all kinds of irregularities in the fibres: so that the conditions a and b, fig. 331, continually occur in the same piece of wood, and in which we can therefore scarcely produce one straight and smooth cut in any direction. Even the most experienced workmen will apply the smoothing-plane at various angles across the different parts of such wood according to his judgment; in extreme cases, where the wood is very curly, knotty, and cross-grained, the plane can scarcely be used at all, and such pieces are finished with the steel scraper.




  This simple tool was originally a piece of broken window-glass, and such it still remains in the hands of some of the gun-stock makers; but as the cabinet-maker requires the rectilinear edge. he employs a thin piece of saw-plate, which is represented black and highly magnified at s, fig. 331. The edge is first sharpened at right angles upon the oilstone, and it is then mostly burnished, either square or at a small angle, so as to throw up a trifling burr, or wire-edge. The scraper is held on the wood at about 60°, and as the minute edge takes a much slighter hold, it may be used where planes cannot be well applied. The scraper does not work so smoothly as a plane in perfect order upon ordinary wood, and as its edge is rougher and less keen, it drags up some of the fibres, and leaves a minute roughness, interspersed with a few longer fibres.




 SECT. II.—GROOVING PLANES.




  We may plane across the grain of hard mahogany and boxwood with comparative facility, as the fibres are packed so closely, like the loose leaves of a book when squeezed in a press, that they may be cut in all directions of the grain with nearly equal facility, both with the flat and moulding planes. But the weaker and more open fibres of deal and other soft woods, cannot withstand a cutting edge applied to them parallel with themselves, or laterally, as they are torn up, and leave a rough unfinished surface. The joiner uses therefore, for deal and soft woods, a very keen plane of low pitch, and slides it across obliquely, so as to attack the fibre from the one end, and virtually to remove it in the direction of its length; so that the force is divided and applied to each part of the fibre in succession.




  The moulding planes cannot be thus used, and all mouldings made in deal, and woods of similar open soft grain, are consequently always planed lengthways of the grain, and added as separate pieces. As however many cases occur in carpentry, in which rebates and grooves are required directly across the grain of deal, the obliquity is then given to the iron, which is inserted at an angle, as in the skew-rebate and fillister, and the stock of the plane is used in various ways to guide its transit.




  Many of these planes present much ingenuity and adaptation to their particular cases: for example fig. 382 is the side view, and fig. 333 the back of the side-fillister, which is intended to plane both with and across the grain, as in planing a rebate around the margin of a panel. The loose slip, or the fence f, is adjusted to expose so much of the oblique iron as the width of the rebate; the screw-stop s, at the side, is raised as much above the sole of the plane as the depth of the rebate, and the little tooth t, or scoring point (shown detached, in two views a, b), precedes the bevelled iron, so as to shear or divide the fibres as with the point of a penknife, to make the perpendicular edge keen and square. This plane is therefore a four-fold combination of two measures and two cutters. The oblique iron, and the tooth or cutter, are pretty constantly met with in the planes used across the grain.



[image: Figs. 332. 333. 334.]





  Others of these planes have less power of adjustment; for instance the grooving plane fig. 334, for planing across the grain, has two separate teeth, or else a single tooth with two points c, in addition to the cutting-iron which is commonly placed square across the face of the plane; the groove is only used for the reception of a shelf, its sides are therefore the more important parts, and the obliquity of the iron may be safely omitted. The fence can no longer be a part of the instrument, as it is often used in the middle of a long piece, a wooden straight-edge s, is therefore temporarily nailed down to guide the plane; and the stop is sometimes a piece of boxwood fitted stiffly in a mortise through the stock, at other times it is adjusted by a thumb-screw, as in the figure 334.




  The plough, fig. 335, is a grooving plane, to work with the grain; it has similar powers to the fillister, but with a greater horizontal range. The width of the groove is determined by that of the blade, of which each plough has several; they are retained in the perpendicular position by a thin iron plate, which enters a central angular groove in the back of the blade. The teeth or scoring points are now uncalled for, as the iron works perfectly well the lengthway of the fibre. The screw-stop is the same as before; but the fence f, is built upon two transverse stems s s, one only seen, passing through mortises in the body of the plane, and fixed by wedges. In the German plough the position of the fence f, is determined and maintained by two wooden screws, instead of the stems s s, and there are two wooden nuts to each screw, one on each side of the stock of the plough.



[image: Figs. 335. 336. 337. 338. 339.]





  Other grooving planes for working with the grain are also made without teeth, examples of which may be seen in the drawer-bottom plane 336, and the slit deal planes, of which 337 makes the groove, and 338 the tongue, used for connecting boards for partitions and other purposes, with the groove and tongue-joint 339. The planes of this class being generally used for one specific purpose and measure, are unprovided with loose parts, as they are worked until the sole of the plane, or some of its edges come in contact with the wood, and stop the further progress of the cutter.




  Fig. 340, the reglet plane, is of this kind, it derives its name from being employed in making the parallel slips of wood, or reglet, used by the printer for the wide separation of the lines of metal type; the adjustable fences are screwed fast, as much in advance of the sole of the plane as the required thickness of the reglets or rules, which are then planed away until, from the slips resting on the bench, the tool will cut no longer.



[image: Figs. 340. 341. 342. 343.]





  Fig. 341 is a router plane; it has a broad surface carrying in its center one of the cutters belonging to the plough, it is used for levelling the bottoms of cavities, the stock must be more than twice the width of the recess, and the projection of the iron determines the depth, the sides of the cavities are prepared before-hand with the chisel and mallet. The ordinary name for this plane is not remarkable for its propriety or elegance, it is generally called the “old woman’s tooth.” See Appendix, Note A.I., page 979.




  The carpenters’ gages, for setting out lines and grooves parallel with the margin of the work, are closely associated with the system of fences or rails. The stem of the gage, fig. 342, is retained in the head, or stock, by means of a small wedge, and the cutter is fixed in a hole at right angles to the face of the stem, by another wedge. The marking-gage, for setting out lines, has a simple conical point; the cutting-gage, for cutting veneers and thin wood, has a lancet-shaped knife, and is a very effective tool; the router-gage, for inlaying small lines of wood and brass, has a tooth like a narrow chisel.




  There are other forms of gages, some of these have screw adjustments; in the most simple, the stem is a wooden screw, flattened on one side, and the head of the gage consists of two wooden nuts, which become fixed when screwed fast against each other. The mortise-gage, which is much used, has two points that may be adjusted to scribe the widths of mortises and tenons. In the bisecting gage there are two sliding pieces or heads, which are made to embrace the object to be bisected, and the scribing point is in the center of two equal arms jointed respectively to the two sliding heads.*




  The cooper’s croze is used for making the grooves for the heading of casks, after the ends of the staves have been levelled by a tool called a sun plane, like a jack-plane, but of a circular plan. The croze is similar to the gages, except that it is very much larger; the head is now nearly semicircular, and terminates in two handles; the stem, which is proportionally large, is also secured by a wedge, but the cutter is composed of three or four saw-teeth, closely followed by a hooked router, which sweeps out the bottom of the groove.




  The banding-plane† is allied to the gages, and is intended for cutting out grooves, and inlaying strings and bands in straight and circular works, as in the rounded corners of piano-fortes and similar objects. It bears a general resemblance to the plough, fig. 335, but it is furnished in addition with the double tooth c, of the grooving plane, fig. 334. In the banding plane, the central plate of the plough is retained as a guide for the central positions of the router and cutter, which are inserted, so as to meet in an angle of about 80 degrees, between two short projections of the central plate; the whole of the parts entering the groove are compressed within the length of one inch, to pass through curvatures of small radius; there are various cutters and fences, both straight and circular, according to the nature of the work. See Appendix, Note A.J., page 979.




  Fig. 343 is a plane which is the link betwixt carpentry and turning; the conical hole in the plane is furnished with a cutter placed as a tangent to the circle, so that the wood enters in the rough octagonal form, and leaves it rounded, fit for a broom, an umbrella handle, or an office ruler; sometimes either the work or plane is driven by machinery, with the addition of one or two preparatory gouges, for removing the rougher parts.




 SECT. III.—MOULDING PLANES.




  All the planes hitherto considered, whether used parallel with the surfaces, as in straight works, or as tangents to the curves, as in curved works, are applied under precisely the same circumstances, as regards the angular relation of the mouth, because the edge of the blade is a right line parallel with the sole of the plane; but when the outline of the blade is curved, some new conditions arise which interfere with the perfect action of the instrument. It is now proposed to examine these conditions in respect to the semicircle, from which the generality of mouldings may be considered to be derived.




  In the astragal, a, b, c, d, e, fig. 344, a small central portion at c, may be considered to be a horizontal line; two other small portions at b, and d, may be considered as parts of the vertical dotted lines, b, f, and d, g; and the intermediate parts of the semicircle are seen to merge from the horizontal to the vertical line.




  The reason why one moulding plane figured to the astragal cannot, under the usual construction, be made to work the vertical parts of the moulding with the same perfection as the horizontal, consists in the fact, that whereas the ordinary plane iron presents an angle of some 45 to 60 degrees to the sole of the plane, which part is meant to cut, it presents a right angle to the side of the plane, which part is not meant to cut. Thus if the parts of the iron of the square rebate plane, which protrude through the sides of the stock, were sharpened ever so keenly, they would only scrape and not cut, just the same as the scraping plane with a perpendicular iron.




  When, however, the rebate plane is meant to cut at the side, it is called the side-rebate plane, and its construction is then just reversed, as shown in the three views, fig. 346; that is, the iron is inserted perpendicularly to the sole of the plane, but at a horizontal angle x x, or obliquely to the side of the plane, so that the cut is now only on the one side z z, of the plane, and which side virtually becomes the sole. A second plane sloped the opposite way, is required for the opposite side, or the planes are made in pairs, and are used for the sides of grooves, and places inaccessible to the ordinary rebate plane.
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  In the figures 344 and 345, the square rebate planes 1 and 2, will cut the horizontal surfaces a, b, and c, perfectly, because the irons present the proper slopes to these surfaces; but in attempting to plane the vertical line b f, with the side of 1, we should fail, because the cutter is at right angles to that superficies, and it would only scrape, or be said to drag. The plane 3, when laid on its side, would act perfectly on the vertical face, but now it would be ineffective as regards the horizontal. The square rebate plane, if applied all round the semicircle, would be everywhere effective so long as its shaft stood as a radius to the curve, in fact as at 2, and 3, as then the angle of the iron would be in the right direction in each of its temporary situations. But in this mode a plane to be effective throughout, demands either numerous positions of the plane, or an iron of such a kind as to combine these several positions.




  Theoretically speaking therefore, the face of the cutter suitable to working the entire semicircle or bead, would become a cone, or like a tube of steel bored with a hole of the same diameter as the bead, turned at one end externally like a cone, and split in two parts. Fig. 347 would represent such a cutter, and which just resembles a half round gouge applied horizontally and sharpened externally. But this theoretical cutter would present all the difficulties of the spokeshave iron; as to the trouble of fixing it, its interference with the sole of the plane, and the difficulty of maintaining the form of the mouth of the instrument, if made as a spokeshave, owing to the reduction of the cutter in sharpening.*




  But as the iron 3, and also the side-rebate, fig. 346, work perfectly well in their respective positions, or when the cutters are inclined horizontally, whilst the central iron 2, only requires to be inclined vertically, it occurred to me that by employing a cutter in all respects as usual, except that its face should be curved as in the are connecting the three irons in fig. 345, the one tool would cut equally well at every point of the curve; and experience proved the truth of the supposition. The precise form of the iron will be readily arrived at, by cutting out in card the diagram, fig. 348, and bending it to a circular sweep, until the parts exterior to the dotted lines b f,—d g, just meet the spring of the bead, at about the angle of half or middle pitch, or 30 or 35 degrees from the right angle, and it will be then found necessary to cut away the corners to the lines b s,—d s, or so much of them as dip below the straight surface of the fillet, as seen in fig. 349.




  The author had a plane constructed exactly in agreement with the above particulars, that is, with an iron curved to about the third of a circle, the mouth of the plane was curved to correspond, and in every other respect the instrument was as usual; it was found entirely successful.




  The inclination of the tool to each part of the work is very nearly alike, and it assimilates at different parts to each of the ordinary rebate planes, all of which work well. Namely, at the crown of the moulding c, to the square rebate planes; at the spring b and d, to the side rebate planes; and at the fillets a b, d e, to the skew rebate. And notwithstanding the fluted form of the iron, no greater difficulty is experienced in sharpening the iron in the new form like a gouge, than in the old like a chisel, the figure of the end being nearly alike in each case.*




  As all the imperfections in the actions of moulding-planes occur at the vertical parts, there is a general attempt to avoid these difficulties by keeping the mouldings flat or nearly without vertical lines. For example, concave and convex planes, called hollows and rounds, include generally the fifth or sixth, sometimes about the third of the circle; and it is principally in the part between the third and the semicircle that the dragging is found to exist; and therefore, when a large part of the circle is wanted, the plane is applied at two or more positions in succession.




  In a similar manner large complex mouldings often require to be worked from two or more positions with different planes, even when none of their parts are undercut, but in which latter case this is of course indispensable. And in nearly all mouldings the plane is not placed perpendicularly to the moulding, but at an angle so as to remove all the nearly vertical parts, as far towards the horizontal position as circumstances will admit.




  Thus the plane for the moulding, fig. 352, would have its stock perpendicular to the dotted line a b, connecting the extreme parts of the moulding, the angular deviation being generally called the spring. The spring is also partly determined by the position which is most favourable to the maintenance of the form of the cutter in sharpening it; as the obliquity of the sole of the plane causes the cutter, when advanced through it, also to shift sideways and cause a disagreement between their figures.
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  In the act of working, or, as it is called, in sticking the moulding, the wood is always first accurately squared to its dimensions to serve as a guide, and it is then sometimes roughly bevelled nearly to the line a b; the plane is applied in the dotted position, the blank edge o, of the plane, rests against the edge of the prepared wood, and determines what is called the “on” of the moulding, that is, how far the plane can proceed upon the wood; and the planing is continued vertically until the blank edge d stops the further action, or determines the “down,” by resting upon the solid wood beneath it. In some cases where the planes are unprovided with fences or blank edges, or that they are applied in places where fences in the ordinary form are inapplicable, a slip of wood is nailed down for their guidance, as in fig. 334, page 485.




  Wide moulding planes have been occasionally worked by two individuals, one to guide and thrust as usual, the other to pull with a rope. The top iron is however absent from the whole of the group, if we except the capping-plane used for the upper surfaces of staircase rails, which are faintly rounded. The absence of the top iron is partly compensated for, by the pitch of moulding planes being, as stated on page 482, about 10 degrees more upright than in bench planes for the same materials. The angles and edges of many of the small planes are box slipped, that is, slips of boxwood are inlaid in the beech-wood, in order that the projecting edges or the quirks may possess greater durability.




 
SECT. IV.—REMARKS ON THE BENCH, AND USE OF THE PLANE.





  It is not the present intention to resume the consideration of the joiner’s planes in this work, it therefore appears desirable before quitting the subject to add a few instructions respecting the modes of keeping them in order, and of using them, in which some kind of bench or support for the work is always required.




  The benches are made in various ways, from a few rough boards nailed together, to the structure shown in fig. 353, which represents one of the most complete kind of cabinet-makers’ benches, carefully connected by screw-bolts and nuts: its surface is a thick plank planed very flat and true, with a trough to receive small tools, without interfering with the surface of the bench.
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  The wood to be planed is laid on the bench, and is stayed by an iron bench-hook a, which is fitted in a mortise, so that it may be placed at any required elevation, or flush with the surface of the bench. The bench-hook has teeth projecting from its face, intended to stick into the wood, and retain it from moving sideways; but to avoid the injury which would be inflicted by the teeth on nearly finished works, there is also a square wooden stop b, fitted tight into a square mortise. These are shown removed, and on a much larger scale, at the foot of the engraving, the same letters of reference being repeated.




  The two side screws c, d, constitute with the chop e, a kind of vice; the screw c, simply compresses, the screw d, has a piece f, called a garter (shown detached), which enters a groove in the cylindrical neck of the screw d, so that when the screws are both opened, d serves to bring the chop e outwards. The chops are greatly used for fixing work by the sides or edges, and as they open many inches, small boxes, drawers, and other works, may be pinched between them.




  There are other constructions of benches which it is unnecessary to describe; some have only one of the screws c, d, the other being replaced by a square bar fixed in e, and many are not furnished with the end screw g, which draws out the sliding piece h, that is very carefully fitted. The end screw serves also as a vice for thin works which are more conveniently held at right angles to the position of the side screws; but its more valuable purpose is for holding work by the two ends, which mode is exceedingly convenient, especially in making grooves, rebates, and mouldings, as the work is in no danger of slipping away from the tools. There are several square holes along the front of the bench, for an iron stop i, which has a perpendicular and slightly roughened face, and a similar stop j, is also placed in h, and as the latter slides a quantity not less than the interval between the holes, pieces of any length below the longest may be securely held.




  For holding squared pieces of wood upon the bench, as in making mortises or dovetails, the holdfast k, is used in the manner shown, it is an L formed iron, the straight arm of which fits loosely in a hole in the bench; the work is fixed by driving on the top at k, and it is released by a blow on the back at l. Sometimes also the holdfast is made in two parts jointed together like the letter T, with a screw at the one end of the transverse piece, by which the work can be fixed without the hammer, but the former mode is far more common and is sufficiently manageable. And m is a pin which is placed in any of the holes in the leg of the bench, to support the end of long boards, which are fixed at their other extremity by the screws, c, d. We will now proceed to the management of the planes. See Appendix, notes A K, A L, and A M, pp. 979 and 980.




  Of the bench planes enumerated in the list on page 476, the following are most generally used, namely, the jack plane for the coarser work, the trying plane for giving the work a better figure or trying its straightness and accuracy, and the smoothing plane for finishing the surface, without detracting from the truth obtained by the trying plane. Sometimes when the wood is very rough and dirty, two jack planes are used still more to divide the work, and these instruments are managed in the following manner.




  The remarks on pages 477-8 explain that, for long planes, the iron is released by a blow of the hammer on the top of the plane at the front; the smoothing, and all short planes, are struck at the back of the plane, and never on the top, or the wedge may be tapped sideways, and pulled out with the fingers.




  The top iron is then removed, by loosening the screw, and sliding it up the mortise, until its head can pass through the circular hole in the cutting iron.




  The plane iron having been ground to an angle of some 25 degrees, with the stone running towards the edge, it is next sharpened at an angle of about 35 degrees on the oilstone. The iron is first grasped in the right hand, with the fore finger only above and near the side of the iron, and with the thumb below; the left hand is then applied with the left thumb lapping over the right, and the whole of the fingers of that hand on the surface of the iron; the edge should be kept nearly square across the oilstone, as when one corner precedes the other the foremost angle is the more worn.




  When the iron is required to be very flat, as for the finishing planes, the surface of the oilstone should be kept quite level, and the blade must be held at one constant angle; but when it is required to be round on the edge, a slight roll of the blade is required edgeways; lastly, the flat face of the iron is laid quite flat on the oilstone, to remove the wire edge, and if required, the edge is drawn through a piece of wood to tear off this film, after which the iron is again touched on the oilstone, both on the chamfer and flat surface, as the edge when finished should be perfectly keen and acute.




  The iron is frequently held too high to expedite the sharpening; it is clear, that should it be elevated above 45°, or the pitch of the plane, the bevil would be in effect reversed, and it could only act as a burnisher; exactly at 45° the keen edge would be soon worn away, and the condition of the burnisher would remain; and, within certain limits, the lower or thinner the edge is sharpened the better. Perhaps the angle of 35° which is assumed, is as favourable as any, as if the edge be too acute the durability greatly decreases, and therefore some regard is also shown to the degree of wear and fatigue the iron is called upon to endure.*




  The edge of the iron is likewise ground to different forms according to the work; thus, the jack plane is found to work more easily when the iron is rounded as an are, so that whether it project in the center more or less than one-sixteenth of an inch, the common measure, the angles of the iron should sink down to the sole of the plane at the corners of the mouth.




  The case thus afforded appears more or less due to three causes. The rounded iron makes its first penetration more easily, as it commences as it were with a point, or very narrow edge: the iron has to penetrate the wood as a wedge, first to cut and then to bend the shaving; and it is likely that the reduction of labour in the cutting, by the narrow portion of the edge being employed, is greater than the increase, in bending a thicker but narrower shaving; and lastly, the curved iron distantly approaches the condition of the skew-iron, and in all inclined blades there is a partial sliding or saw-like motion, which is highly favourable to cutting. The irons for the finishing planes, although sharpened as flat as possible at other parts, are faintly rounded at the corners to prevent their leaving marks upon the wood.




  The cutting iron having been sharpened, the top iron is screwed fast at the required distance from the edge, say for coarse works one-sixteenth, and for fine work, one fortieth or fiftieth of an inch. The compound iron is placed in the mouth of the plane, and the eye is directed from the front along the sole, to see that it projects uniformly and the required quantity; the wedge is then put in with the right hand, and slightly tapped with the hammer. If this should by chance carry forward the iron also, a blow on the back of the plane at h, fig. 320, p. 477, or on the upper surface of the long planes at i, partially withdraws the iron, and in this manner, by a few slight blows on the end or either edge of the iron, and on the end of the wedge, the adjustment is readily effected. Violence should be avoided, as the wedge if overdriven might split the plane, and long before that it would distort the sole and drive the back wood up, which means that the wood behind the iron would be driven so as to stand slightly in advance of that before the iron, the two parts of the sole becoming slightly discontinuous or out of line. The iron should be always so slenderly held, that one or two moderate blows would release the iron and wedge.




  There is a very ingenious modification of the double iron plane,* in which the cutter is a thin unperforated blade of steel placed between a brass bed and an iron top-piece; the cutter, instead of being fixed and adjusted in the ordinary manner by taps of the hammer, is managed by the quiet action of various screws.




  In a plane patented in America, in 1832, the bottom or cutting iron is made as usual, but without any mortise; the top iron has a thumb-screw at its upper end, and moves on two lateral pins or fulcrums ¾-inch from its lower edge; the pins fit into two grooved pieces of metal let into the sides of the plane, the lengths of the grooves exactly determine the situation of the top iron. When therefore the cutter is placed in its required position, the thumbscrew is turned, it bears on the upper part of the cutter, and tilts the top iron, until its lower edge also bears hard against the usual part of the cutter, and thereby fixes it without a wedge.




  The main hindrances to the general employment of these constructions appear to be their increased cost, and the great dexterity with which the required adjustments are accomplished by the accustomed hand with the apparently rude, yet sufficient, means of the hammer.†


____________


  The planes being respectively in good working condition, the board to be planed is laid on the bench, and if it should be obviously higher, either at the opposite corners from being “in winding,” or in the middle, or at the edges from being “cast and rounding,” these partial prominences are first removed with the jack plane; but in general the shavings should be of the full length of the work, or at any rate a yard long.




  The toat of the plane is held in the right hand, the front being grasped with the left hand, the thumb towards the workman; the planes require to be pressed down on the work during the cut, this is done less by an exertion of the muscles, than by slightly inclining the body, to cause its weight to rest partly upon the plane. During the return stroke, the pressure should be discontinued to avoid friction on the edge, which would be thereby rounded, and there is just an approximation to lifting the heel of the plane off the work: or in short pieces it is entirely lifted. The general attempt should be to plane the work somewhat hollow, an effect which cannot however really occur, when the plane is proportionally long and quite straight.




  The sole of a long plane is in a great measure the test of the straightness of the work; thus when the rough outside has been removed with the jack plane, the trying plane is employed, which is set with a much finer cut, and the workman will in a great measure tell the condition of the surface by the continuity and equality of the shavings. It is however also needful to examine its accuracy with a straight-edge; the edge of the plane applied obliquely across the board is in general the primary test, but as the work approaches to perfection, the straight-edge is laid parallel with the sides of the work, and also diagonally across it; and towards the last, the work if small is raised to the level of the eye, or in large pieces, the workman stoops to attain the same relative position.




  In using the straight-edge the workman is partly guided by the eye, or the line of light that is observable between the instrument and the work, and partly by the sense of touch, as he tries whether the straight-edge, when it is very slightly rotated as on a center, bears hardest at the ends or in the middle, and he applies the plane accordingly.*




  The foregoing mode refers to surfaces of moderate width, but when the pieces are narrow, or two or more distant parts alone are required to be in one level, the winding sticks are employed. These are two straight-edges, say twenty to thirty inches long, which are placed transversely upon the ends of the work and parallel with each other, they receive their direction from the respective ends or transverse sections, and should these be inclined to each other, or in winding instead of parallel, the winding sticks would magnify the error. This is explained by the diagram fig. 354, the eye placed on the level of the imaginary plane, bounded by the edges a b, c d, of the winding sticks, would find the edge of a b exactly parallel with that of c d, but if c d were situated as in the dotted lines, the disagreement of position arising from the twist or inclination of the edge would be immediately apparent. It is important that the winding sticks should be parallel, as then the eye may be directed to their upper edges, thereby avoiding the interference of the work itself. If the work be perfect, the two sticks appear in exact parallelism, when from the foreshortening, c d, is nearly eclipsed.
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  Nearly all the works in carpentry are first prepared as parallelograms of various proportions, whether they are to be subsequently used in that simple form, or to be worked with grooves, rebates, or mouldings; or to be connected by joints of various kinds. We will now follow up the formation of one flat surface, by explaining the order in which to produce the three pairs of parallel rectangular surfaces in fig. 355, namely, A a, the two faces, B b, the two sides, and C c, the two ends; and in this and every work possessing flat surfaces, it is of the utmost consequence that one face A, should be first wrought in the most careful and exact manner as above described, to serve as the foundation or base, from which all the other measures are to be successively derived.




  The works are generally sawn out a trifle above the required sizes, and the subsequent modes of proceeding depend upon the proportions of the pieces, or whether they are thick as in carpentry, or thin as in joinery and cabinet making. In thick pieces, after the face A, has been planed quite flat, the side B is next wrought, and a short square is used to examine whether the two are exactly at right angles, for this purpose the stock of the square is rested against A, and the blade on B at various parts of the work; or indeed the square is slowly traversed to ascertain that the angle is everywhere in agreement with the square. The angle A B, is then marked with pencil lines extending on the face and side, to denote that this angle is to serve as the foundation for the subsequent measures.




  Before proceeding to plane the second face a, the marking gage, fig. 342, p. 487, is adjusted until its point stands exactly as far from the head of the gage as the intended thickness of the work. The gage is then rubbed forcibly against the finished face A, so as to scratch a line on the edges of B b, indicative of the intended new surface a, and which is then worked with the same care and precaution as its companion A. After this b, is similarly worked, when the width of the faces A a, have been also scored by the marking gage applied against the true side B. In planing a and b, the square is applied from B and A respectively, to ensure the rectangular forms of the edges, and the gage is also used together with the square to test the parallelism of the work; and lastly, the ends C c are marked on all four sides with the square, preparatory to the use of the saw, or the formation of the tenons, mortises, or dovetails by which the parts are attached. When the works are planed with rebates, grooves, or mouldings, the squaring up of the four sides is always the preliminary step, although in some cases the principal attention is devoted to the two surfaces A B, especially when they are only required to serve for the attachment of other parts of the work.




  In squaring up works cut out of thin plank, the mode is different, the pit-saw leaves the board nearly parallel, and when the piece has been cut out with the hand-saw, the face A is first tried up, that is, corrected with the trying plane, the piece is next gaged to thickness, either at the ends only, or on all four edges, and the second face a, is planed up. The rectangular piece is next fixed in the screw clamp of the bench, with the edge B upwards, and which is made quite straight with the trying plane in its ordinary position, and tested with the square; the two ends C c, are next marked off with the square, and planed from the corrected edge B, and lastly b is gaged and shot down to the width. By these means, should the fibres have been split, or spalled off in shooting the ends, the removal of the edge b, as the last process would correct the evil. There are some very useful contrivances employed in planing the edges of thin works, and which will be next adverted to.




  In squaring or shooting the edges of boards, the shooting board drawn in figs. 356 and 357, is very much used; it is a contrivance to enable the side A, of the work (the ends of which are shaded in each of these views), to be laid flat on a bed e, whilst the plane lies on its side, either on the bench, or upon the additional piece f; and provided the shooting board is parallel and straight, and that the sole of the plane is at right angles to its side, the rectangular forms of the edges are much more readily attained. The work is, nevertheless, examined with the square, as if the set of the iron be imperfect it will introduce a little error, and which is corrected by tapping the iron sideways, to correct its position.
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  In squaring the ends C c, the transverse block g of the shooting board, is the rectangular gage, and the cross piece also partly supports the fibres from tearing away; for bevils, corresponding blocks are fitted to it as represented at h, but the mitre, or the angle of forty-five degrees there shown is the one principally required. To plane the edges, B or C, to the mitre or other angle, the respective beds upon which the work and plane are supported, are required to be to each other in that particular angular relation, as in figs. 358 and 359, which represent the mitre block for angles of forty-five degrees.




  These contrivances of external fences materially assist in pieces much narrower than the face of the plane, and the order in which the six faces are dressed, is very closely followed, although with different tools, in other arts, in which the works consist of like surfaces requiring a similarly strict relation to each other.




  SECT. V.—PLANING MACHINES FOR WOOD.




  In using hand-tools the instrument rests immediately upon the face of the work under formation; and in repeating any one result, the same careful attention is again required in every successive piece. But it was explained in the last chapter, that in the machines acting by cutting, the accuracy is ensured far more readily, by running either the work or the tool, upon a straight slide, an axis, or other guide, the perfection of which has been carefully adjusted in the first formation of the machine; and the slide or movement copies upon the work, its own relative degree of perfection. The economy of these applications is therefore generally very great, and they are frequently most interesting, on account of the curious transitions to be observed from the hand-processes to the machines, in some cases with but little, in others with considerable change in the general mode of procedure.




  The first planing machine for wood is supposed to have been that invented by General Bentham, who took out a patent for it in 1791; it was based on the action of the ordinary plane, the movements of which it closely followed. This contrivance reduced the amount of skill required in the workman, but not that of the labour; it appears to have been but little used. The board to be planed was sometimes laid on a bench, at other times fixed by long cheeks having teeth which penetrated its edges; the iron of the plane extended the full width of the board, and the stock of the plane had slips to rest on the bench and check the cutting action, when the board was reduced to the intended thickness, much the same as in the reglet plane, fig. 340.




  For feather-edged boards, the two slips were of unequal thicknesses; for those intended to be taper in their length, the guide rails had a corresponding obliquity, and were fixed to the bench. The plane was moved to and fro by a crank, it was held down to its work by weights, and the plane was lifted up in the back stroke to remove the friction against the cutter.*




  The scale-board plane, abbreviated into scabbard-plane, for cutting off the wide chips used for making hat and bonnet boxes, is, in like manner, a plane exceeding the width of the board; it is loaded with weights, and dragged along by a rope and windlass, the projection of the iron determines the thickness of each shaving or scale-board. This construction is also reversed, by employing a fixed-iron, drawing the wood over it, and letting the scale-board descend through an aperture in the bench; each of these modes is distinctly based on the common plane. See Appendix, Note A. N., page 981.




  The late Mr. Joseph Bramah took out a patent in 1802 for a planing machine for wood; one of which may be seen in the Gun Carriage Department, Woolwich Arsenal. The timber is passed under a large horizontal wheel, driven by the steam-engine at about ninety revolutions per minute; the face of the wheel is armed with a series of twenty-eight gouges, placed horizontally and in succession around it; the first gouge is a little more distant from the center, and a little more elevated than the next, and so on. The finishing tools are two double irons, just like those of the joiner, but without the advantage of the mouth.




  Mr. Bramah employed the principle of his famous hydrostatic press (patented in 1791), both for raising the cutter wheel to suit the different thicknesses of wood, and also for traversing the timber under the cutters upon guide rails; the latter, by means of an endless chain connected with the piston of the pump, by a rack, pinion, and drum. The bottom of the axis of the cutter wheel is cylindrical to the extent of its vertical adjustment, and is fitted in a tube terminating at its upper part, in a cupped leather collar, impervious to oil or water, as in the hydrostatic press. The injection of water into the tube by a small force-pump, lengthens the column of fluid, upon which the wheel is supported as on a solid post; the descent of the wheel is effected by allowing a portion of water to escape by a valve.†




  A more recent machine for planing flooring boards, and other wood works, consists of a series of knives placed parallel with, and around the axis of, a small cylinder; the board is passed underneath the cutter whilst it is in rapid motion; this may be called an adzing machine, and the knives are of the full width of the board.




  In Mr. Muir’s patent planing machine for flooring boards, a rotary adze roughly planes the bottom, another operates on the top of the board; afterwards, two oblique fixed cutters, like the skew-rebate irons, but with top irons, remove each a shaving of the full length and width of the deal; two cutters make the sides parallel, and two others groove the edges for the tongues, or in fact, these are four revolving planes or saws in order to expedite their effect. The board enters the machine as left from the saw-mill, it is thrust forward by the engine, and comes out very speedily in a condition nearly ready for fixing, the eight operations being simultaneous; but sometimes a little finishing with the hand-smoothing plane is required at those parts where the grain is unfavourable to smooth cutting. Other machines, by Paxton, by Burnett and Poyer, and others, are used for preparing sash-bars, and similar works.* See Appendix, Notes A.O., & A.P., pages 981 & 982.




  The preceding machines are mostly intended to work with the grain; and I am only acquainted with one rectilinear planing machine that is exclusively intended for cutting across the grain, namely, the mortising engine, one of the series of machines erected at Portsmouth in 1807, by Mr. Brunel, for the manufacture of ships’ blocks.†




  A hole is first bored through the block at the commencement of the intended groove for the sheave, and it is extended by the successive action of a mortising or paring tool, which rides perpendicularly up and down; just before the tool descends, the block is traversed a quantity equal to each cut or shaving.




  The cutter is made cylindrical, and is formed just like a quill pen, but solid and with an elliptical cutting edge instead of the points. “The chisels are provided with small teeth, which are fitted into dove-tailed notches formed in the blade of the chisel. These are called scribers, they have a sharp edge projecting a short distance beyond the inside edge of the chisel, and therefore in descending through the mortise, the scribers cut the sides of the mortise fair, and make two clefts which separate the chip (which will be cut out at the next stroke), at its edges from the inside of the mortise, so that the chip conies out clean without splitting at the edges, and this makes the inside of the mortise as clean and smooth as possible.”* A hole is drilled nearly in the axis of the cylinder, for the insertion of a pin, by which the shavings are thrust out when they happen to clog the hole.




  By forming the tool of a semicircular section and with two small fins, or edges projecting at right angles from the ends of the diameter, and then sharpening it so that the diameter becomes a straight chisel-edge, the scribing points are formed in the solid with the chisel, and are continually restored as the toolis sharpened. The tool is then perfectly analogous to fig. 334, page 485, if we suppose the plane condensed into a long chisel of semicircular section, equal to the diameter of the hole, the progressive elongation of which it has to effect.




  There are many useful applications of revolving figured planes, moving through curved paths, by which we obtain figures of double curvature, as explained in the theoretical diagram, fig. 317, page 464. Mr. Brunel introduced an example of this in the scoring engine, one of the machines recently adverted to, for the manufacture of ships’ blocks.




  It is intended to form the groove around the block, for the rope by which it is attached to the rigging. The revolving plane is a disk of brass with a round edge and two cutters, inserted at an angle of about 30° with the radius; it traverses around the one side of the block, and receives its direction from a shaper plate or pattern placed parallel with the block, by which arrangement the cutter makes the groove deep at the ends, but shallow where it passes the pin or axis of the sheave. The same method has been subsequently extended to shaping the entire block with cutters of the full width, applied at four times.*


____________




  These several machines are compounds of slides and guides, and of fixed or revolving planes: the relative degrees of perfection attained, depend on the stability of the machines, and their respective agreement with the principles of the ordinary hand tools, which are generally themselves, the last stages of a long series of gradual improvements.




  But the absence of some of the true characters of the plane, in nearly the whole of the machines for wood, namely, the proper obliquities of the iron, the frequent want of the mouth of the plane, and of the top or breaker iron, which so greatly restrains the splitting and tearing up of the fibres, prevent the machines from producing, in the softer woods, the smooth finished work of hand tools, in the management of which the judgment of the operator can be employed to combat the peculiarities of fibre. But the enormous productive powers of such machines, outweigh these drawbacks, and the more especially so, as the general forms or outlines are repeated by them in a most exact manner, and a little after-trimming by hand imparts the necessary finish.




  In speaking of the apparatus for ornamental turning, there will be occasion to show that these same principles are strictly embodied in miniature, in the various parts of the complex lathe for ornamental turning; but as the hardwood and ivory therein generally used, admit of the employment of scraping-tools, not requiring either the obliquity of the cutter, or the mouth of the plane, the above objections do not apply to them, and their several results exhibit a much nearer approach to perfection.




Footnotes




  * “This very useful instrument (says Sir John Robison), varies a little in different districts, in weight and in the angle which the cutting face forms with the line of the handle, but the form shown is the most general, and the weight averages about 1 lb. 12 oz. The length of handle is about twelve or thirteen inches, and in use it is grasped so near the head, that the forefinger rests on the metal, the thumb nearly on the back of the handle, the other fingers grasp the front of it, the nails approaching the ball of the thumb. The wrist is held firmly, the stroke being made principally from the elbow, the inclination of the cutting face being nearly a tangent to the circle described by the instrument round the elbow joint as a center, the exact adjustment being made by the grasp and the inclination of the wrist, which is soon acquired by a little practice. In this way very hard woods may be dressed for the lathe with a degree of ease and accuracy not attainable with the small axe used in this country.”




 

  * The “iron,” is scarcely a proper name for the plane-iron, which is a cutter or blade, composed partly of iron and steel; but no confusion can arise from the indiscriminate use of any of these terms.


 * See Transactions of the Society of Arts, 1825, vol. xliii. p. 85.




 

  * See H. R. Palmer’s gage for marking center lines.—Trans. Soc. of Arts, 1813, vol. xxxi. p. 248.




  † Mr. R Onwin’s banding plane.—Trans. Soc. of Arts, 1817, vol. xxxv. p. 122.




 

  * The cutter 347, is used for making the cylindrical rollers upon which ribbons are wound; the cutter is fixed at the end of a slide, and is worked by a lever, the cylinders are made at two cuts in lengths of 8 or 10 inches, and afterwards divided.




  * The above forms of cutters suggested for mouldings, are each applicable to most mouldings, but from their nature they are too troublesome for ordinary use.




  For instance, we may employ a cutter such as 347, the lower surface of which, as in 350, is the astragal or any other moulding, the general slope or chamfer, will cause the tool to cut at the fillets and at c, which parts are horizontal; but the lines of the mouldings, which are vertical, require the tool to be fluted to obtain the horizontal angle, x, shown in dotted lines in 351, and there is all the inconvenience of the nearly horizontal position of the spokeshave iron.




  The iron, when sloped at the accustomed angle of pitch, requires to be convex for a convex moulding, and to be sharpened behind; and by the converse, for a concave moulding the tool must be also concave and sharpened in front, and all vertical lines in the moulding require the cutter to be fluted as in fig. 351, at x. Mixed or flowing mouldings will require, on the same principle, the cutter to have nearly the sections of the mouldings, and to be sharpened always in front, in the spokeshave form of iron; but partly in front and partly behind in the sloping irons; but these conditions are far too complex except in some favourable cases. The cutters are always made flat on the face, and to lessen the difficulty, the mouldings are drawn shallow, with but few or no vertical parts, or else they are wrought by two or more different planes.




  * When the minute chamfer of the plane-iron is almost parallel with the sole of the plane, it will for a short time be entirely effective. Thus, as an experiment, drive the iron a very small quantity through the sole, and sharpen it by allowing the oilstone to rub both on the edge and on the wood behind; this will produce a very accurate edge, and the iron when set back, will cut beautifully.




 

  * Invented by Mr. H. Bellingham. See Trans. Soc. of Arts, 1836, vol. li.


 † The same remark applies to Mr. F. E. Franklin’s Screw Bench Hook, (idem vol. liii.) intended to supersede a or j, fig. 353, page 494.




  * The straight-edge is simply a wide thin bar of wood or metal, made as accurately straight as possible; the truth of a straight-edge can be only proved by the examination of a series of at least three. Thus, supposing A to be perfect, B to be slightly concave, and C to be slightly convex; it might happen that B and C exactly agreed, but A could not agree with either of them.




  Or supposing A to be concave exactly like B, or to become B′, then B and C would also agree, but B and B′ would disagree; therefore the rectilinear form can only be proved to exist when A, B, and C will bear a strict comparison in each binary combination.


 * See the Encyclopmdia Metropolitana, &c. &c.


† Mr. Bramah’s patent includes many modifications of fixed and revolving cutters, for planing and cutting wood and metal works; also a machine for turning spheres, and for cutting wooden bowls one out of the other, and likewise other mechanical contrivances. See Specification, Gregory’s Mechanics, vol. ii. p. 415.




  * See the description of Paxton’s machine, Trans. Soc. of Arts, vol. liii. p. 97; see also specification of Burnett and Poyer’s patent.




  The reader is likewise referred to the foot-note, page 32, vol. i., on Taylor’s patent machine for chopping out the staves for casks; a similar mode was previously employed for chipping into fragments the dye-woods, the logs of which fell against the revolving disk through an inclined shoot.


† Now Sir Mark Isambard Brunel.




  

  * Rees’s Cyclopedia, article “Machinery for manufacturing Ships’ Blocks.”




  * In revolving planes for wood, the cutters should always present an obliquity of about 30° to the radius, otherwise, or when the cutters are placed radially, they only scrape, or act like saws. Some of these planes are made of one disk of steel, in which case there are four, five, or six openings, like the mouths of rebate planes; the one side of each wedge or cutter is now a part of the circumference, the other is elevated some 20 or 30 degrees, thereby resembling the spokeshave iron. This form of cutter, although nearly perfect, is very expensive, and difficult to maintain in order.
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