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  CHAPTER 1


 


   


  THE CHARACTERISTICS OF A GOOD PLANE

  
  If your plane is to perform satisfactorily, there are certain essential conditions that must be met, and others which are very desirable. Some of these are not readily apparent on casual examination of the prototype tool. Such requirements should really be stressed for each of the planes to be described, but this would be boring repetition. Let’s discuss them here, and simply refer to sections of this chapter in the later ones. Reference to Fig. 2:1 should make clear the location of plane parts whose names you do not recognize.


  MATERIAL The body (stock) of a wooden plane must be hard and wear resistant. A plane made of a soft wood such as pine might serve for a one-time job in a pinch, but will otherwise not repay the effort of making it (unless you make it as a practice run before starting with a less available wood).


  The stock must be resistant to changes in size or shape. Any warping or bowing that affects the shape of its bottom (sole) will cause poor performance indeed. For this reason planemakers were quite particular about choosing stable, well-dried wood for their products. Most early planes predate the extensive availability of kiln dried wood. (Some modern workers regard this as having been a blessing, as they feel that air dried wood is preferable.) Hardwoods today (except for some tropical species) are normally kiln dried. However the moisture is removed, your material should be allowed to equilibrate with the humidity conditions of your shop for a month or more before cutting to a final shape. This stabilizes the moisture content, and allows the wood to settle down dimensionally before you start to work it.


  Except for the yellow birch planes of the early New England planemakers, by far the largest number of American and English planes were made of beechwood. Air dried stock was the norm in early times, and one year of air drying per inch of thickness was considered a bare minimum. At least one large producer steamed the beech logs to loosen bark and drive out sap, and followed this with bark removal and four years of air drying. The logs were then roughly cut into the sizes required for the various planes, and enough of these blanks to supply the factory for several years were stored in air drying sheds.


  Some early makers selected their dried plane blanks well in advance and immersed them in linseed oil until needed. While this may have given better penetration than surface oiling and perhaps lubricated the chisels during the necessary cutting operations, it is a bit messy and the practice did not survive.


  While beechwood was the workhorse of the planemaking trade, premium planes were offered in other woods as well in the catalogs of the large suppliers. The next step up was applewood, and top of the line was boxwood, rosewood or ebony. Maple, in my opinion a fine tool wood, was rarely used except by craftsmen making their own tools. Mahogany (except for the now almost unobtainable Cuban variety) is a bit soft for plane use, but will serve for a plane not in daily use. Lignum vitae and some other tropical woods perform well, and add an attractive appearance to good service.


  Today’s casual planemaker will find, in many parts of the country, that suitable hardwood of the required thickness is not easily found. Lumber suppliers prefer to handle one inch thick material, which requires less time in their drying kilns to reach acceptable moisture levels. Even when three-inch (or twelve-quarter, as dealers call it) thicknesses of a suitable hardwood are available, it may not include the quarter-sawn stock you should prefer. Telephone prospecting of lumber dealers in the Middle Atlantic states produced only stocks of maple and mahogany in the required size; small amounts of boxwood and ebony were found further afield. Suppliers’ inventories change with time, and you may have better luck. I was fortunate in acquiring a center plank of beech from a log privately sawn and well air dried. My supply of applewood, a most rewarding material to work, was from a hoard stored for many years by a woodworking friend. Finding suitable material for your plane is your first task.


  GRAIN Straight grain greatly simplifies the planemaker’s task and is very desirable. Although you will occasionally find an old professionally made plane with a tight knot or other defect in its stock, most of these have survived without warping. This is a tribute to the maker’s familiarity with his material, his ability to predict which defects would not interfere with plane performance. Without his experience, we learners are best advised to use only defect free lumber.


  Attention must be given to the orientation of the grain of the wood in the stock blank. Almost all old bench planes (smooth, jack, jointer etc.) will show a pattern of tree growth rings on their toe and heel that run nearly horizontally. They will all have the growth rings curving downward toward the sole, as sketched in Fig. 1:1. The way to provide this characteristic is to use only quarter-sawn stock, ideally from the center plank of the tree.
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  Figure 1:1


  Planemakers commonly believed that the wood nearest the bark of the tree was the hardest. Although modern tests do not find a difference, it is probably true that generations of experience taught the old makers that plane soles wore better if they were cut in this way. Saying “harder” might have been their way of expressing this observation. Noting which face of the blank was nearest to the bark while it was in the tree, and choosing this as the plane sole, produces the observed growth ring orientation. The same choice is noted in the most common molders, the hollows and rounds. Other molders, and other types including plow planes, may be found in other orientations.


  It may be argued that vertical growth ring orientation is better, as dimensional change in the width of the stock with changes in moisture content is less in this case. I am content to rely on the preference of the old professionals for horizontal growth rings, as testified almost universally by their bench planes.


  While perfectly flat grain (in which the wood fibers run parallel to the sole) is ideal, this is seldom found in the real world. As you know, wood prefers to be planed in the direction in which its wood fibers slope upward as the plane moves forward. If you do not cater to this preference, the wood responds by producing a rough surface or tear-out. If you hand plane the sole of your body blank, you will select the preferred planing direction. This should become the toe-to-heel direction of your plane. To say this another way, the toe of the plane should show the outermost growth ring observable in the stock. This choice for the toe means that, in use, the fibers of the plane sole slope downward from toe to heel, as seen in Fig. 1:1. The possibility of having the sole catch on a defect in the surface being planed is reduced, and with it the risk of marring the sole.


  The proper grain orientation in the material to be used is not as critical as some of the other conditions described here. Useful planes can be made even if the grain preference cannot be satisfied. Some of my earlier planes stretch these requirements, and still work well. If your search for suitable wood is unsuccessful, do not let failure to achieve the desired grain orientation keep you from making a plane. However, the importance that the early planemakers attached to it, as indicated by observing the grain in the great majority of their planes, suggests that finding wood which will allow you to copy their practice is worth the hunt.


  SQUARING Having obtained your wood and decided how the plane body is to be oriented, the body blank is cut out. Whether done by hand or machine, pains must be taken to ensure that all corners are accurately square, that top and bottom are parallel and at right angles to the sides and to the front and back. The planemaker simply says “the blank is squared”. If you prefer to avoid the use of power tools, achieving this objective with hand planes will test your ability as a woodworker. Lack of accuracy in this task will cause no end of problems in laying out the cuts to be made, and in subsequent cutting. One early worker flatly stated that “a stock improperly squared is useless”.


  MOUTH When a knife or chisel cuts along the grain of wood, there is a tendency for the cut to propagate in front of the cutting edge as a split, a separation of the wood fibers. This is not too important as long as the shaving removed is thin and bends readily. A thicker shaving climbs the face of the cutting tool, and tends to be pried up and generate splits in the wood ahead of the cutting edge. This splitting gives a rougher surface than cutting does. The function of the plane body is to permit taking a thicker shaving by cutting, rather than splitting. Its most important task is to apply pressure on the wood surface immediately in front of the cutting edge. This presses down on the part that is being forced upward by the shaving, and combats the tendency to split ahead of the edge. Fig. 1:2 (the cutting blades in black) illustrates a heavy chisel cut in the top sketch, and a cut of the same depth by a plane in the lower one.


  The slit in the sole through which the cutting edge of the plane blade peeks is called the mouth of the plane. Obviously, the nearer the front of this slit is to the cutting edge (the smaller the mouth opening), the more effective it is in preventing splitting. The limitation, of course, is that the mouth must allow the passage of the thickest shaving to be taken. Metal planes, and the so-called “reform” wooden planes, allow for adjustment of the clearance for the shaving by either moving the blade support (metal planes) or a segment of the sole (reform planes). The early woodworkers had another solution. They kept more than one smooth plane, with different mouth openings. The plane used for the final finish (the German name for this tool may be translated as “polishing plane”) has a mouth only large enough to pass a very fine shaving.
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   Figure 1:2


  This requirement of a narrow gap between the cutting edge and the front of the mouth is one of the more difficult to meet in making a plane. It is very easy to overcut your layout lines in the process of flattening the blade bed, and this is the most common flaw in first planes. A jack plane, used to take deep cuts and requiring a more open mouth than a smooth plane, might be a good first project. Plan your work to make the mouth opening small. It is much easier to expand it than to shrink it.


  Another important aid in controlling splitting in front of the cutting edge is the cap iron. This serves to break the shaving before it can climb the face of the iron far enough to develop leverage and cause splitting. The lower sketch of Fig. 1:2 shows the shaving being broken by the cap iron.


  It is not enough simply to have a small mouth opening. If the sole is not flat, the portion of the sole in front of the blade may not touch the workpiece and thus cannot perform its function of pressing down on it. The final flattening of the sole is an important step in finishing any bench plane. The procedure for doing this is covered on page 15.


  BLADE MOUNTING Another very important factor in plane performance is holding the cutting edge rigidly in position. There are a number of ways of accomplishing this, but all must guarantee that the lower end of the blade is held so tightly that it cannot vibrate under the stress of use. If it does, the blade will “chatter” and produce corrugations or ridges across the width of the cut. The need to allow room for the shavings to escape means that the wedge or other holding device cannot press on the cutter too close to the cutting edge. The design of the mounting must be such that the heaviest pressure on the cutter is exerted as near to the cutting edge as possible. The bed, the surface which supports the back of the cutter, must have no projections which prevent this. It must be flat (or very slightly hollow) so that the full width of the cutting edge is supported. Any irregularity in the bed which prevents either side of the cutting edge from receiving sturdy support must be corrected. The wedge must be fitted to the plane carefully, to assure that it bears most heavily on the lower end of the cutter.


  THROAT FRONT The passage through the stock in front of the cutter (the throat) should offer no obstacle to the passage of shavings. Even the best design will occasionally “choke”, filling this escape path with packed curls of wood and preventing further cutting. The “eyes” of the plane (seen in Fig. 2:1) are there to make it more comfortable for fingers entering the throat to remove shavings. A careful worker does this often, not waiting until a choke occurs.


  A plane that chokes too often is a frustrating tool. Some remedies for this are covered in Chapter 3. An obstacle in the throat (such as the core pin of Chapter 4) may restrict the use of the tool to light cuts unless it is carefully planned.


  Were shavings clearance the only consideration, the throat would be made as open as possible (as in metal planes). Because wooden bench planes are subject to much more rapid sole wear and scarring than metal planes are, they are designed to allow for periodic dressing of the sole by planing. As wood is removed from the sole, the mouth opening will widen unless the throat front slopes backward at the same angle as the cutter. However, this would allow only a narrow shavings passage and would be subject to shavings hangup and choking. The classic design (seen in the lower sketch of Fig. 1:2) slopes the lower throat front backward (toward the heel) at an angle which is a compromise between the conflicting requirements of preventing choking and maintaining the proper mouth opening as the sole wears. This backward slope continues for a short distance, beyond the expected loss of sole. The throat front then breaks to a forward slope for easier shavings exit and to allow easier access for the fingers trying to clear a choke. Further details of the classic throat design are given in Chapter 6.





   

   

  CHAPTER 2


   


   


  HOW THE OLD PLANES WERE MADE


  Contemporaneous accounts of the style and use of the wooden plane are scarce enough, but accounts of how they were made are almost nonexistent. Those few contemporaries who wrote about the woodworking crafts were primarily interested in describing the tools and how they were used, rather than how they were made. To learn how the earliest makers proceeded, we must for the most part read from their works in wood, not on paper.


  Before the end of the eighteenth century, professional planemaking was largely accomplished in small shops, by the master and at most a few apprentices and journeymen. There was little specialization. The workers made whatever type of plane was required for orders or for stock. To be sure, the master was more likely to make the more difficult planes, such as plows and filletsters. Perhaps he was the only one trusted to do the more difficult tasks such as the intricate dovetail fitting required for installing the wear resistant boxwood implants.
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   Figure 2:1


  These enterprises supplied only a local market, no larger than one that could be reached by horse-drawn wagon transport. This pattern was forced to change in the America of the first half of the nineteenth century, as demand for woodworking tools expanded. Larger shops employed a number of planemakers, and specialization began. The tools and methods did not change much initially, and some of the tools in the kits of workers of this period are probably representative of those used by the earliest professionals.


  With piece work providing a strong incentive to speed each step, the planemakers designed and made implements to do this (long before “time and motion study” became the rage). Simple patterns or templates were made which removed the need for measurement in layout. The proper guide was simply laid against the stock and the layout line was scribed. Fixtures for holding the plane bodies during the several operations were developed, saving the time needed to readjust the bench vice. Such specialized gadgets are useful only if you make many copies of the same plane, so that they will get no more than a brief mention here.


  WILDUNG COLLECTION A glimpse into the methods used is offered by several collections of planemaker’s tools which have survived. One of these, 41 tools amassed by a planemaker who began his career with the Sandusky Tool Co. in 1882, is now in the Wildung collection of the Shelburne Museum in Vermont. Photographs of these, and pictures of their use in the several stages of making a jack plane, accompany an article (Wildung 1955) describing this sequence of steps as performed in the days before mechanization. The same sequence is described by a number of other workers, and is undoubtedly the preferred method if power tools are not used. The block is squared. After laying out locations of mouth and throat, the mouth is drilled with a ⅛" bit. The stock is turned over, and holes are bored in the top to remove waste wood between the bed and the front of the throat. (Some chisel the throat before drilling the mouth.) The rest of the waste is chiseled away, making sure that the bed is perfectly flat by using a heavy, wide “bedding” chisel. Clean up the mouth of the plane and cut the wedge abutments. These are made perfectly even with floats (tools described later on p. 61). The cheeks (sides of the throat) are cut with “cheeking” chisels (broad skew chisels). The account continues with the finishing steps essentially as covered in the descriptions of our later chapters. It concludes with “Making a plane by hand requires much care and skill.”


  OTHER COLLECTIONS Kenneth Roberts Volume II (1983) contains much further information on hand planemaking. The tool kit of Alfred Tovey, who worked in the Doscher Plane Co. around the turn of the twentieth century, is described. Photographs show his chisels, gouges and floats, as well as a number of wooden templates and the fixtures used to hold the stocks during the several operations. There are also photographs of a portion of the Woolcott collection of “backing” or “mother” planes, used to form the sole profiles of molding planes. The collection is preserved by Colonial Williamsburg.


  In this same volume, Mr. Edward Ingraham describes his methods for reproduction of eighteenth century molding planes, copying the hand methods by which they were made originally. The procedures given here later parallel these, as adapted for power tool use.


  BRITISH An admirable summary of available information on British planemaking is given by Jane and Mark Rees (Rees 1993). The recollections of one of the planemakers employed by Charles Nurse and Co. in the 1920’s include a workday of eleven hours, with half-days on Saturdays, for the staff of six. They were paid at piecework rates.


  Small scale manufacture of wooden planes by hand continued in England until the second half of the twentieth century. A photograph of the planemaking shop of Wm. Marples & Sons in their 1909 catalog (reprinted in Rees) shows ten men at work at individual benches. Marples continued this operation into the 1960’s. At that time, the staff was divided only into “bench” hands (who made the bench planes) and those who made all other types. All hands furnished their own tools and fixtures, save for the molding plane makers who used the firm’s “mother” planes to shape the patterned sole.


  The Rees volume contains photographs of several stages in the formation of both a jack and a molding plane, and a number of the tools and jigs that the Marples workers used. Shortly before this shop was closed, some of these last few professionals who made planes by hand were interviewed by Ken Hawley. He arranged for one of them to make a cinematographic record of the process, an invaluable document recording a skill which you and I are trying to relearn. The paring of the bed of a bench plane to form a true flat surface is seen as requiring much physical effort. The driving force for the “bedding” chisel was the shoulder. The worker stated that it took a week after returning from holiday to “get his shoulder back in shape”, and in the interim it became badly bruised. The speed with which he formed a flat bed will amaze you if you see the film after having done the same job yourself.


  COMMERCIAL PRODUCTION By the middle of the nineteenth century, increased demand and increased means of commercial transportation changed the pattern of planemaking. Workshops became larger, with benches for a dozen or more workers. These planemakers made only one type of plane. A usual division was into bench, molding, and “stop work”, that is, plows, filletsters and grooving planes. Hermon Chapin had work agreements with sixteen planemakers in 1837, and led the transition to larger scale production.


  The more efficient planemakers expanded and sought faster and more economical means of production. In the United States, specialization was carried much further as the demand for planes grew faster than the supply of skilled plane makers. Machines were designed and made to accomplish, wherever possible, individual steps in the process and operators (even prison inmates) were trained to use these. Workshops expanded into factories with machine tools driven by water power.


  The Sandusky Tool Co. at the turn of the twentieth century reduced handwork as much as was possible at that time. According to an account by William Lorenzen, an official of the company at that time, they had 36 planemaker’s benches. These produced a maximum of 1200 planes a day (Wildung 1955). No matter how much was done by machines, it is hard to believe that a plane could be finished in only eighteen minutes of bench work, as required by these figures. The average rate of production from the financial figures of the company (Roberts 1978 p.234) was at most about 70,000 planes per year or about seven planes per bench per workday. Even this will appear unbelievable after you have made a plane. But then, you will not have had the machine work done for you.


  The bench plane stocks were cut to length on a twin saw and planed on two sides at once by a twin machine planer, turned and planed square top and bottom. The beginning of the throat and bed was machine cut with a “beater”, then the mouth and cheeks were cut by another machine. The bed was pared by machine, another machine cut the “eyes”. The nearly complete stock was turned over to the “fitter” to fit the wedges and irons (the irons being from another department), who could accomplish this (on piecework) at a rate of 200 per day. (One every three minutes!) The “finisher” then applied the finishing touches (I presume this meant the chamfers, etc.) at the same rate of production. They went to the inspector, then were finished with linseed oil before they reached the packing room.


  Molding planes required more hand work, although not nearly as much as we go through. Their stocks were cut and planed to size by machine, and the sole was profiled by a molding machine called a “sticker”. They were then turned over to a “finisher” who cut the wedge mortise, fitted the iron, and used a drum sander to complete the body trimming. In contrast to the bench plane irons, which were available from stock ready for use, the molding plane irons were supplied unprofiled and not hardened. Hollows, rounds, and beads had their cutting edges scribed using a template. Every other type of molding plane had its iron individually inserted into its mortise and scribed to conform to the shape of its sole. The profile of the iron was roughly shaped in a punch press, then ground to its final shape and beveled. It was sent to another department to be hardened and tempered. The Roman numerals often seen on the shanks of molding plane irons were put there to ensure that the iron reached its own plane (which had been correspondingly marked in pencil) on return from this process.


  Although not spelled out in the account cited, the procedure for making molding plane wedges was to cut the finial for a dozen or more at a time using special planes.


  A more detailed description of the making of planes was presented by W.J. Armour in a magazine series in 1898. This has been reprinted (Roberts 1983); it is the best contemporaneous account that I am aware of. It is too lengthy to reprint here, but much of his description is recapitulated
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  AFTERWORD
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  Wooden planes have been made for a wide range of purposes, in a great variety of forms. Even attempting to catalog and describe all of the planes that have been made would call for an enormous volume (and several lifetimes). The twenty planes chosen for treatment here are only a small sample of the many planes that have been made in large numbers and offered commercially. We have, however, examined enough types to have considered the individual steps required to make almost any of them. Choose any plane that you would like to duplicate, and it is likely that you will find enough information here to assist you.


  The descriptions have been written with the intent of making them complete enough to allow duplication of the planes treated. I hope, however, that you do not follow the directions too closely. They record what was done in my shop, with the equipment that I had to hand, catering to my inclination of the moment; and they work. However, your shop and equipment will be different, as will your preferred methods of working. Get a prototype, a plane you would like to make. Duplicate it with the tools you have, in the way you wish to proceed. You will be in closer touch with the original, pre-professional, makers of planes; they adapted their everyday working tools to the making of the planes they needed. Make some of the tools they made to assist them. Shown in the above photograph are (top) scratch stock, mandrel for plow nuts, bedding gauge, with wedge gauges below; on the right, floats and planemaker’s saws.


  The photograph below shows a few of the planes my workshop has produced over the years. Most these are reproductions of tools of historical significance. Making them, and the planes described herein, has given me much pleasure. I wish you the same!
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  APPENDIX: CALCULATING THE ANGLES FOR SKEW MORTISES


  


   


  The equations below may seem intimidating if you haven’t used trigonometry for a while, but an inexpensive scientific hand calculator (one which includes the trigonometric functions and their inverse functions) solves them painlessly.


  The skew angle is defined as the angle between the bedline on top of the stock and the front (or back) of the stock. The bed angle is measured between the bedline on the side of the stock, and the sole. The blade angle is defined as the angle between the cutting edge and the side of the iron (the one less than 90°). These are shown in the sketch. Then the sine of the skew angle is equal to the cosine of the measured blade angle divided by the cosine of the bed angle you have chosen. This can be worked backward to calculate the required blade angle from the measured skew and bed angle. Cosine of bed angle times sine of skew angle gives the cosine of the blade angle.


  For cutting the bedline, the required tilt angle for the table saw blade may be calculated. The tangent of the tilt angle is equal to the cosine of the skew angle divided by the tangent of the bed angle.


  The angle between back and sides of the wedge differs from a right angle; the difference may be called the wedge skew. (It is the complement of the angle between the back of the wedge and its side). The tangent of the wedge skew is equal to the tangent of the skew angle times the sine of the bed angle.


  The wedge skew angle between the FRONT of the wedge and the side, in a side escapement type wedge, is calculated in the same way using, in place of the bed angle, the angle between the layout line for the front of the wedge mortise and the sole of the stock.
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