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PREFACE.
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THE author was led to undertake the present work on Turning and Mechanical Manipulation, from the circumstance of there being no general treatise in the English language for the guidance of the Amateur in these pursuits. The original works by Plumier and Bergeron, although they were suited to the periods at which they were produced, are neither of them sufficient to convey instruction adequate to the present state of the Art; and the more recent French works leave unnoticed a large portion of the machines and instruments now used by Amateurs.


The greatest difficulty the author has encountered in his task, has been that of selection and arrangement; so as to produce, from materials so numerous and dissimilar, a work of general reference and practical instruction, at once sufficiently copious and accessible. But he hopes this difficulty has been satisfactorily met, by the division of the work into five volumes, upon parts of the subject which are broadly distinguished, and which thereby render the volumes in a great measure independent of each other. This plan is also carried out in the subdivision of the volumes into chapters, which may be considered severally to include all that was deemed necessary to be stated upon the respective subjects; or to be, so far as they extend, distinct treatises; and which, in cases of doubt, he has not hesitated to submit to various practical friends for confirmation or extension.


These appeals have been answered with an alacrity which calls for his warmest thanks; and the author gladly avails himself of this opportunity of acknowledging these services, which have given a great additional value to his labours.


The work being of a technical nature, the author hopes to escape literary criticism, his main object having been to treat each subject in clear and concise language. As, however, notwithstanding his utmost care, he cannot expect to have been so fortunate as entirely to have escaped errors, ambiguities, or omissions, he requests of his readers the favor of the communication of any such defects, in order that those of most material import may be noticed in the Appendix to the second and ensuing volume, a great part of which is already completed.


CHARING CROSS,


January 1, 1843.
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VOL. I.


MATERIALS, THEIR DIFFERENCES, CHOICE, AND PREPARATION; VARIOUS MODES OF WORKING THEM, GENERALLY WITHOUT CUTTING TOOLS.


Introduction.—Materials from the Vegetable, the Animal, and the Mineral Kingdoms.—Their uses in the Mechanical Arts depend on their structural differences, and physical characters. The modes of severally preparing, working, and joining the materials, with the practical description of a variety of Processes, which do not, generally, require the use of Tools with cutting edges.


VOL. II.


THE PRINCIPLES OF CONSTRUCTION, AND PURPOSES, OF CUTTING TOOLS; ABRASIVE AND MISCELLANEOUS PROCESSES.


The principles and descriptions of Cutting Tools generally—namely, Chisels and Planes, Turning Tools, Boring Tools, Screw-cutting Tools, Saws, Files, Shears, and Punches.


Grinding and Polishing, extremes of the same process, and applied both to the production of form, and the embellishment of surface. Varnishing and Miscellanea.


VOL. III.


THE PRINCIPLES AND PRACTICE OF HAND OR SIMPLE TURNING.


Descriptions of various Lathes;—applications of numerous Chucks, or apparatus for fixing works in the Lathe. Elementary instructions in turning the soft and hard woods, ivory and metals, and also in Screw-cutting, with numerous Practical Examples; some plain and simple, others difficult and complex, to show how much may be done with hand tools alone.


VOL. IV.


THE PRINCIPLES AND PRACTICE OF ORNAMENTAL OR COMPLEX TURNING.


Sliding Rest with Fixed Tools—Revolving Cutters, used in the Sliding Rest with the Division Plate and Overhead Motion. Various kinds of Eccentric, Oval, Spherical, Right-line and other Chucks. Ibbetson’s Geometric Chuck. The Rose Engine, and analogous contrivances, &c.


With numerous Practical Examples.


VOL. V.


THE PRINCIPLES AND PRACTICE OF AMATEUR ENGINEERING.


Lathes with Sliding Rests for metal turning, Self-acting and Screw-cutting Lathes—Drilling Machines—Planing Engines—Key-groove, Slotting and Paring Machines—Wheel-cutting and Shaping Engines, &c.


With numerous Practical Examples.









   _________________


  The first and second are written as accompanying volumes, and will have an Index in common, so as to constitute a general and preliminary work, the addition to which of either of the other volumes, will render the subject complete for each of the three classes of Amateurs referred to in the introductory chapter.




  A few additional copies of the Index for Vols. I. and II., will be printed for the convenience of those who may desire to bind the Index with each of the volumes.




  _________________









  
ADDENDA.





  During the period in which this Volume has been passing through the press, some new matters having relation to its pages have been published; a few of them are noticed in the APPENDIX, and by the insertion of the following references, these Notes will come under observation at their appropriate places.




  Insert at foot of page 46, See Appendix, Note A.


  

  ________________ 116, ___________ Note B.




  ________________ 234, ___________ Notes C.D.E.




  ________________ 372, ___________ Note F.




  _____ after 2nd par. 440, ___________ Note G.


 






  
ERRATA.



  

PAGE


 35, at the foot of Fig. 1, insert the letter A.


 89, line 8 from bottom, after Page 160, read, of Vol. L. Trans. Soc. of Arts.


120, line 18 from top, for bullock, read buttock.


129, line 6 from top, for clean linen, read clean wet linen.


150, line 10 from top, for second volume, read third volume.


158, for CHAPTER VIII., read CHAPTER IX.


170, line 5 from bottom, for stamping, read tamping.


179, line 13 from bottom, for introduced, read employed.


218, line 8 from top, for swells, read holes.


318, line 12 from bottom, for The mould, read The mould, however complex,


318, line 8 from bottom, for in raising the mould, read supposing the lower half to be depressed.


354, line 3 from top, for A read C.
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  CHAPTER I. INTRODUCION.




  IN offering these pages to the public, it may be expected that in conformity with the usual custom, I should state briefly the general nature and purpose of my subject, noticing the principal works which have already been written upon it, and lastly, the method and arrangement adopted in the execution of my task.




  It may, therefore, be premised that the practice of the Art of Turning constitutes the basis of the work, whilst the various mechanical arts associated with it, or derived directly from it, will form collateral branches of comment and inquiry.




  The importance of the lathe towards the promotion of the useful arts will be readily admitted, when it is considered how large a proportion of the indispensable objects we daily use, are either immediately produced by its agency, or in a greater or less degree are dependent upon this machine. Indeed it may be truly asserted, that nearly all solid objects, (particularly those of wood or metal,) in which the circle or any of its modifications can be discovered, are the offspring of the lathe, which produces, from solid materials of every description, an almost endless number and variety of forms, the origin of which can be traced to that most simple, symmetrical, and best defined of all the mathematical figures, the circle.




  No perfect or definite form is so easily or so accurately described as that of the circle; thus the compasses by placing one point on a sheet of paper or other material, and sweeping the pencil or style around the same, trace a line which returns into itself, and form a figure equi-distant at every part from the point within, termed its center; or the proceeding may be reversed, by giving the paper a rotary motion beneath the pencil, which is kept stationary, whereby the same figure is produced.




  The latter modification constitutes the principle of the lathe; the fixed center of the compasses being equivalent to the fixed axis upon which the solid material is made to revolve by some mechanical arrangement; the tracing pencil is supplanted by the cutting tool, which being held in a certain position towards the axis of rotation, cuts a circular groove in the revolving material; or if it be applied to its edge, reduces the object to a circular form.




  This proceeding includes the three primary elements which constitute the ordinary practice of turning; namely, an immoveable axis; the revolution of the material upon that axis; and a fixed position of the cutting tool, in order that it may pare away all the parts of the body that oppose it. But the application of these elements must be modified and extended, if we desire to produce a compound form, such for instance as a vase; the first two elements, or the fixed axis and the revolution of the material, are retained, whilst the tool is moved by slow degrees along the outline or contour of the vase, both within and without, so as to remove all those parts of the material which are in excess, or project beyond the ideal line to be produced: and the continued, though temporary application of the tool, at each individual point of the vase or other object, renders every section taken at right angles to its axis, a circle. There are other less important modifications of the lathe, in which the position of the axis is changed and rendered moveable during the revolution of the work, as in oval and rose-engine turning, but these variations need only be adverted to here.




  The art of turning must be admitted to be an auxiliary of great importance in the economy of mankind, as to it we are more or less immediately indebted, for nearly all the component parts of the machines and instruments, which are conducive in a thousand ways, to the support and clothing of the person, and the advancement of the mind.




  How, for instance, could the engines which are now habitually and almost universally employed, in converting the numerous raw products of the earth to our most urgent, as well as to our most refined necessities and pleasures exist, in the absence of the tools indispensably required for the accurate production of the circular parts, that enter so largely and in so important a manner, into their respective structures?




  How again could we without the lathe, possess another machine in which the circle abounds, namely the steam-engine? which like an obedient automaton endowed with power and endurance almost unlimited, is equally subservient, either in converting the raw materials into their manufactured products, or in transporting them, in either state, across the ocean, or over the surface of the earth, along with the individuals, through whose energies they have been collected, transformed, and distributed.




  Nor amongst our obligations to the mechanical arts, is that the least which is afforded by them in the cause of science, the delicate apparatus for pursuing which, is due to the skill of the mechanist, whose instruments enable us to discover, and likewise to measure the planetary orbs, or to inspect in the cabinet the wonderful particles of the world we inhabit; and by means of which we find our earth to be teeming with creation, exquisite in symmetry, and beautifully adapted to the purposes of organic life; indeed, in whatever direction, and with whatever purpose the man of science may look, prospects of similar grandeur, and of equal wonder, still open in endless succession to repay the labour of research, an effort wherein the instruments, (due in great measure to the turner’s skill,) are only secondary in importance to man’s own mental faculties.




  How largely also, do the circle and its many combinations enter into the elegancies and ornaments of life: more particularly in the useful and indispensable creations of taste and fancy obtained from the wheel of the manufacturer of pottery and porcelain; and more or less so in all the arts of design and embellishment, whether applied to the useful and agreeable purpose of ornamenting the costume of nations; assisting towards the prosecution of the art of engraving; or in that most important of engines the printing-machine, which disseminates in millions of channels, the thoughts and speculations of the human mind; throughout all of which, the turner’s primary element, the circle, is equally pervading and indispensable.




  The important and different results to which we have cursorily referred, are in most cases greatly, and in others exclusively indebted for their formation, to an instrument based upon the law of rotary motion, (one of the most simple though perfect yet discovered,) the turning lathe, to which and its numerous accessories and subordinates, we must attribute the extension of the arts, by which our comfort and well-being have been materially augmented: whilst their abstraction from our hands would deprive us of numerous sources of industrious employment, and the constructive and mechanical arts would, in all probability, eventually degenerate to the low condition in which they may be still observed, amongst the few primitive aboriginal races yet remaining at the present day.




  Will it therefore be taking too high a ground to call the lathe,—that primary machine which has conferred all these benefits upon us,—an engine of civilization? and may it not also be further asserted, that the extension of its employment in the higher and more important branches of manufactures and arts, especially in Great Britain, coupled with the talent, perseverance and industry of those who have developed its powers, have aided in elevating our country to its eminence among nations, by administering to its productive means, and its knowledge, and consequently, to its wealth and dominions?




  I will now advert to the works that have been published on the art of turning, the honour attached to priority in which, belongs to France, the first treatise written exclusively upon the subject, being a folio volume entitled, “L’ Art de Tourner en Perfection,” by “le Père Charles Plumier, (Religieux Minime,”) and printed at Lyons in 1701. The author herein goes so far back as to refer the practice of the art to Tubal Cain, who is recorded in Sacred Writ to have been the first worker in metal; whilst others attribute to him the invention of wind instruments, the organ, and various machines. Plumier considered it impossible that the circular parts of such works could have been made otherwise than by the process of turning, which therefore he presumes to have been known to mankind at an extremely remote period; he also considers that the numerous circular works and objects recorded to have existed in Solomon’s Temple, including the lamps and musical instruments used therein, could not have been produced otherwise than by the use of the lathe.




  That account of the origin of the art which ascribes it to Dædalus, and which is quoted by Plumier and the various Encyclopedists, appears to be derived from Felibien, (who wrote in 1690,) as will be seen by this literal extract from his pages.




  “L’ invention du Tour est tres ancienne; Diodore de Sicile dit que le premier qui le mit en usage estoit un neveu de Dedale nommé Talus. Pline veut que ce soit un Theodore de Samos; et il parle d’un Thericles qui se rendit celebre dans ces sortes d’ouvrages.”




  Liv. 7, c. 56.




   Liv. 16, c. 40.




  “C’estoit avec cette machine qu’ils tournoient toutes sortes de vases, dont quelques-uns estoient enrichis de figures, et d’ornemens en demy-bosse. Les Auteurs Grecs et Latins en parlent souvent, et Ciceron appelle ceux qui les formoient au Tour, Vascularii. C estoit un proverbe parmy les Anciens, de dire que les choses estoient faites au tour, pour en exprimer la justesse, et la délicatesse*.”




  Lenta quibus torno facilis super addita vitis. Virg. Egl. 3. Vascularios convocari jubet. Cic. Orat. in Ver.




  

  In conclusion the writer adverts to the great extent to which the art of turning had been practised by various persons, (gens libres,) as a source of amusing occupation. Without pursuing these researches it may suffice to observe, that sufficient evidence exists that the art of turning has been successfully practised during a period of not less than two thousand years, although until a comparatively recent date, no description has been given of the methods pursued.




  Plumier adverts to the following old authors on various subjects, in which, amongst other matters, some brief allusions to the art are made, and which in point of date stand as follows:




  1582. Besson’s work, “Theotrum Instrumentorum et Machinarum,” has three engravings of complex lathes for screw-cutting, and oblique turning, with very slight descriptions.




  1624. De Cans, “Les Raisons des Forces Mouvantes,” contains one engraving, and a few lines explanatory of a mode of turning the oval and of screw-cutting.




  1677-83. “Moxon’s Mechanick Exercises, or the Doctrine of Handy-Works,” published in London, in monthly parts. Vol. I. contains, “Smithing, Joinery, Carpentry, Turning, Bricklayery, and Mechanick Dyalling,” with a. good description of the apparatus for turning. Vol. II., “Handy-Works applied to the Art of Printing.”




  1690. Felibien, “Des Principes de l’Architecture, de la Sculpture, de la Peinture, et des autres Arts qui en dépendent:” Paris. This author has devoted twelve pages to his remarks on the lathe, with a few words relative to the modes of oval turning, and to rose-engine work.




  In 1719, (that is, eighteen years after Plumier’s book,) a quarto volume was published at Lyons, styled “Recueil d’Ouvrages curieux, de Mathématique et de Mécanique; ou description du Cabinet de M. Grollier de Serviere, par son petit-fils.” This work contains eighty plates, with etchings of his grandfather’s designs for time-pieces, hydraulic machines, various bridges, military and other works, preceded by twelve plates of several of his highly ornamental works executed in the lathe.




  And lastly, in 1724-7, Leupold published at Leipzic eight folio volumes, entitled “Theatrum Machinarum,” &c., which include a vast store of curious and useful matter, containing the germs and principles of many contrivances that are now commonly and abundantly used.




  All these books are contained in the library of the British Museum, except that of Plumier*, who appears not to have seen a rare book of more remote date than any of the above, namely, “Panoplia Omnium,” &c., by Hartman Schopperum, printed at Frankfort-on-the-Maine in 1548, about twenty years after the Reformation: this old work contains 180 highly characteristic engravings, cut plank-ways on wood, and taken from every grade of life, civil, religious, and military, not forgetting the liberal and constructive arts, amongst which are included that of the turner, and those of a variety of artisans whose pursuits are intimately allied to our present subject. This work, which will be again referred to, shows that a great degree of perfection and subdivision in the practice of the mechanical arts existed even at that early period.




  The execution of Plumier’s work is honorable to its author, from the industrious care and exactness which it exhibits, more especially when it is considered that it is almost the first work published upon the subject: a second edition, with extra plates and additional text, was published in Paris, 1749, when it also, appeared in folio. It formed the basis of the article on the art of Turning, published in 1791, in “l’ Encyclopédie Méthodique,” (begun in 1782,) by Diderot, D’ Alembert, and others, wherein forty crowded engravings of turning machinery are contained: various other French works on the same subject quickly followed.




  First, the earlier edition of the “Manuel du Tourneur,” 2 vols. quarto, 1792-4, Paris, by L. E. Bergeron: this work is highly satisfactory, and is a record of all the material improvements introduced in the mechanism of the lathe by our Continental neighbours, subsequent to the period at which Plumier wrote; and from these machines many of our modern contrivances are taken, although during the interval which has since elapsed, considerable changes have been introduced, as well in the manner of turning as in the material of the apparatus, wood being in many cases supplanted by metal, a more useful change as regards the excellence of construction, and also the strength and durability of the machinery.




  A second edition of Bergeron’s work, revised by his son-in-law, Hamelin Bergeron, was published in 1816; another smaller publication, entitled “L’ Art du Tourneur, par M. Pauline Desormeux,” in 2 vols. 12mo, with an atlas, was printed in Paris in 1824; and lastly, two small volumes 16mo, with plates, entitled “Nouveau Manuel du Tourneur, ou Traité complet et simplifié de cet Art, rédigé par M. Dessables,” the second edition of which, printed in 1839, and forming a part of the “Encyclopédie-Roret,” completes the list of French works devoted to the subject, the last two being in some respects compilations from Bergeron; the latter works only include the practice of hand-turning, leaving unnoticed the rose­engine, the eccentric-chuck, and various apparatus described in the old books, although the “Manuel-Roret” contains, in an appendix, some extracts relative to the art of turning, from more recent scientific journals, and the printed transactions of various societies, with explanatory notes, by Mapod, “Tourneur-mécanicien.”




  In England, where, during the last half-century, the art has perhaps been far more extensively practised, both as a source of emolument and of amusement, we find in addition to the brief articles in the various encyclopædias, periodicals, and a few works devoted to mechanical subjects, only the following treatises on detached portions of the art, namely:




  1817. “Specimens of Eccentric Circular Turning, with Practical Illustrations for producing Corresponding Pieces in that Art. By John Holt Ibbetson, Esq.”




  1819. “Specimens of the Art of Ornamental Turning, in Eccentric and Concentric Patterns, with 6 copper-plate engravings; by Charles H. Rich, Esq., Southampton.”




  1819. “Tables; by which are exhibited at one view all the divisions of each circle on the dividing plate. By C. H. Rich, Esq.”




  1825. A second edition of Ibbetson’s Specimens.




  1833. “A Brief Account of Ibbetson’s Geometric Chuck, manufactured by Holtzapffel & Co., with a selection of 32 Specimens, illustrative of some of its powers. By J. H. Ibbetson, Esq.”*




  1838. A third edition of Ibbetson’s Specimens of Eccentric Circular Turning. “With considerable Additions, including a description and copperplate engravings of the Compound Eccentric Chuck, constructed by the Author, and used by him in the execution of his Specimens.”




  The mention of the above publications by Mr. Ibbetson, enables me to particularize the services he has rendered to his fellow amateurs; and their inspection will abundantly show the great care and perseverance that he has devoted to the pursuits of turning, and the deserved eminence he has attained therein.




  He has not only attended to the production of numerous highly ornamental combinations and effects, many of which are displayed in the treatises before cited; others in his “Practical View of an invention for the better protecting Bank Notes against Forgery,” editions 1 and 2,—1820 and 21, and in numerous communications to the Mechanics’ Magazine; he has done more than this by constructing with his own hands the major part of the apparatus that he has used, many of which are original and will be duly noticed in their appropriate places, in this work.




  The best notices in our language of the general application of the art, are probably those contained in Rees’s Cyclopredia under the heads of “Turning,” “Lathe,” and “Rose Engine.”




  Several amateurs have undertaken the translation of Bergeron’s Manuel into the English language, and others have commenced new works, but none of these have been carried to completion. The former proceeding would have called for a re-construction of the book, which, although it abounds with a great deal of original, useful, and practical matter, is rather diffuse, and refers to apparatus that has been so far altered and superseded by others of more recent construction, and subsequent invention, that such a translation, if adapted to the present state of the art, would almost amount to a new work.




  The author of these pages has been repeatedly urged, by many amateurs, to write a work upon the subject, but by no one more than by his late father, in conjunction with whom he made several beginnings; but the pressure of other business has prevented their efforts from arriving at maturity, and the delay has been materially lengthened by the difficulty of determining upon the most suitable arrangement. The first intention was to have written the book as a series of lessons; to have begun with the description of the plain or simple lathe, and so to have selected the examples, as to have successively described the more important and valuable of those instruments and methods which are now used.




  The writer still pursued the same views after the loss of his father, in 1835, and the work was somewhat advanced on that plan, but ultimately abandoned, as he found the information upon each individual topic would then be scattered, difficult of reference, and introduced without any apparent order. That arrangement of the work would also have prevented him from introducing the notice of many useful contrivances, and from instituting a variety of comparisons between different methods, the insertion of which would greatly facilitate the explanations, and present a choice of proceeding.




  Moreover, as the art now embraces a much more extensive and still increasing range of objects and instruments, than it did at the time when Bergeron wrote, the difficulties of arrangement that he experienced, are now proportionally increased. The author also felt some doubt as to his ability to produce, upon the first method, a work that should satisfactorily meet the wants of amateur turners generally, in reflecting upon the widely different views with which they had, even for some centuries, practised turning and the mechanical arts.




  Many persons have pursued these arts as a source of active and industrious employment, accessible at all hours, in the intervals between their other pursuits; a source of amusement that renders the amateur independent of the ordinary artizan for the supply of a great variety of works of utility for the common wants of life, including those constantly required either for the domestic establishment, or those personally experienced by its inhabitants, of every age or choice of occupation.




  Other amateurs have pursued the art of turning as a source of elegant recreation, and of inventive and skilful pastime; one closely allied to the fine arts, insomuch as its greatest success depends upon a just appreciation of sculpture and painting, and for the attainment of which the education and opportunities of the man of independent leisure eminently qualify him; whilst the embellishment of the drawing-room, cabinet, and boudoir, stimulate him to apply his knowledge and skill to that end, and in which he frequently administers at the same time to the extension and cultivation of tasteful form in ordinary manufactures.




  There is also a class of amateurs who have preferred the pursuit of such branches of the art as unite, with taste and design, a certain admixture of the more exact acquirements connected with mathematical and general science, and the arts of construction; and who have devoted their time and ingenuity to the production of models, embracing a variety of objects relative to the arts of peace and war; and also various machines and apparatus, or in the still more praiseworthy attempt of improving those already in use, or of inventing new ones; and the services that have been thus rendered by men of independence and education are neither few nor slight. In all such cases the progress is more rapid and certain, when the pencil is devoted to the production of the drawing, and the tool to the formation of the rough model, as proceedings in common, prior to making the finished apparatus.




  In selecting topics from the very numerous branches of the subject, the author has endeavoured to supply the more immediate wants of all classes of amateurs, and under these circumstances he has thought it best, for the convenience and choice of the general reader, to separate the practical division of the subject of Turning into three distinct and different parts, to be preceded by two general or preliminary volumes, to contain miscellaneous information required nearly alike in the pursuit of every branch of the mechanical arts; thus dividing the entire work into five volumes—namely,




  VOL. I.




  Materials, their Differences, Choice, and Preparation; various Modes of Working them, generally without Cutting Tools.




  VOL. II.




  The Principles of Construction, and Purposes of Cutting Tools; Abrasive and Miscellaneous Processes.




  VOL. III.




  The Principles and Practice of Hand or Simple Turning,




  VOL. IV.




  The Principles and Practice of Ornamental or Complex Turning.




  VOL. V.




  The Principles and Practice of Amateur Engineering.




  The first volume, which is now in the hands of the reader, relates principally, to the materials for turning and the mechanical arts, arranged under the heads of the three great sources from which they are respectively derived; namely, the vegetable, the animal, and the mineral departments of nature; it includes also their treatment in the extended sense of the word, so far as regards their preparation for the Lathe, and their employment in various distinct branches of mechanical art, the practices of which do not in general require the use of tools with cutting edges.




  The metallic materials are submitted to the greatest variety of processes, and which mainly depend on their properties of fusibility, malleability, and ductility; and consequently, the formation and qualities of alloys are considered, as also the arts of founding and soldering; those of forging works in iron and steel which are comparatively thick, and the nearly analogous treatment of thin works, or those in sheet metals; drawing tubes and wires, hardening and tempering, and a variety of co-relative information is also offered, for the particulars of which the reader is referred to the Table of Contents.




  The second volume, on cutting tools, and abrasive processes, is intended first to explain the general principles of cutting tools, which are few and simple; the forms and proportions of tools are however extensively modified, to adapt them to the different materials; to the various shapes to be produced; and to the convenience of the operator, or of the machine in which they are fixed. The remarks on the tools will inevitably be somewhat commingled with the account of their practical use, and the consideration of the machines with which they are allied, as indeed it is difficult to say where the appellation of tool ends, and that of machine or engine begins. The tools will be treated in different chapters, on Chisels and Planes, Turning Tools, Boring Tools, &c., as before enumerated.




  The subsequent part of the second volume will be devoted to the description of abrasive processes; namely, those for restoring or sharpening the edges of the cutting tools; those for working upon substances to which, from their hardness or crystalline structure, the cutting tools are quite inapplicable; and also to the modes of polishing, which may be viewed as a delicate and extreme application of the abrasive process, and the final operation after the cutting tools; and lastly, to the ordinary modes of staining, lackering, varnishing, and other miscellaneous subjects.




  The title of volumes III., IV., and V., are it is expected sufficiently descriptive of their contents, which will be arranged with a similar attempt at order and classification, upon which it is unnecessary here to enlarge. From the systematic arrangement which has been attempted throughout the five volumes, it is hoped that instead of the numerous descriptions and instructions, being indiscriminately mixed and scattered, they will assume the shape of so many brief and separate treatises, and will in a great measure condense into a few consecutive pages, the remarks offered under each head; a form that will admit of any subject being selected, and of a more easy and distinct reference and comparison, when the reader may find it necessary; a facility that has been particularly studied.




  Each of the five volumes may be considered as a distinct work and complete in itself; this will admit of any selection being made from their number. At the same time it is to be observed that the first and second are written as accompanying volumes, and will have an index in common, so as to constitute a general and preliminary work; the addition to which, of one of the other volumes, will render the subject complete for each of the three classes of amateurs before referred to, should the entire work be deemed too extensive.




  Footnotes


  * Pages 376-7.




  * It is rather singular that not only Plumier’s, but all the subsequent French and English works, written exclusively on turning (except Rich’s,) should be absent from that extensive and national collection of books.


  

  * For Mr. Ibbetson’s first description of his modification of the Geometric Chuck, see Mechanics’ Magazine, 30th Dec., 1826.









   

  


  

  CHAPTER II. MATERIALS FROM THE VEGETABLE KINGDOM.




  ____


   

  SECT. I.—THEIR GROWTH, STRUCTURE, AND PREPARATION.




  THE materials used in turning and the mechanical arts are exceedingly numerous: we obtain from the Vegetable Kingdom an extensive variety of woods of different characters, colours, and degrees of hardness, and also a few other substances.




  The most costly and beautiful products of the Animal Kingdom, are the tusks of the elephant, the tortoise and pearl shells; but the horns, hoofs, and some of the bones of the ox, buffalo, and other animals, are also extensively used for more common purposes.




  From the Mineral Kingdom are obtained many substances which are used in their natural states, and also the important products of the metallic ores.




  It would be altogether misplaced to attempt minute and general description of these varied materials, as a they will be found in their more appropriate places in works on natural history, physiology, mineralogy, and metallurgy; and it is the less necessary, as those which are more commonly used, are familiar to us in the buildings, machinery, implements, furniture, and ornaments, by which we are surrounded: others of less extensive supply are, in many respects, only varieties which are subject to similar usage. I shall therefore principally restrict myself, to the description of those characters of the usual materials which lead the artizan to select them for his several purposes, and that also direct the choice of the tools by means of which they are respectively worked.




  By far the most numerous and important of the materials from the Vegetable Kingdom are the woods, with which most parts of our globe are abundantly supplied; great numbers of them are used in their respective countries, and are known to the naturalist, although but very inconsiderable portion of them are familiar to us in our several a local practices.




 The woods that are the most commonly employed in this country, are enumerated in an alplutbetical list, together with the most authentic information I could obtain concerning them; in collecting which, the assistance of various kind friends has been obtained, amongst whom are numbered travellers, naturalists, merchants, and manufacturers. Various museums, collections, and works, have been carefully examined, so as to include in the list, the more important of the various names of the woods, their countries, general and mechanical characters, and their principal uses in the arts of construction.




  The alphabetical catalogue is preceded by a tabular view, intended to classify the woods that are the most generally selected by our artizans for certain ordinary uses; it will also serve, in a slight degree, to throw them into groups according to some of the differences between them, referable principally to their fibrous structures, by which they are distinguished as hard or soft, elastic or non-elastic, of plain or variegated appearance, of permanent figure or the reverse.




  Their other varieties, in respect to colour and scent, and the oils, resins, gums, medicinal and various other matters, they respectively contain, are questions of equal importance, but they are more connected with the chemical and economic arts, and but slightly concern this inquiry. I shall therefore, nearly restrict myself to the questions arising from the mechanical structure and treatment of the woods, which it is proposed to consider under separate heads, in the present and three following chapters.




  The general understanding of the principal differences of the woods will be greatly assisted by a brief examination into their structure, which is now so commonly and beautifully developed by the sections for the microscope. The figures 1, 2,3 are drawn from thin cuttings of beech-wood, prepared by the 2, optician for that instrument; the principal lines alone are represented, and these are magnified to about twice their linear distances, for greater perspicuity.
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  Fig. 1, which represents the horizontal or transverse section of a young tree or a branch, shows the arrangement of the annual rings around the center or pith; these rings are surrounded by an exterior covering, consisting also of several thinner layers, which it will suffice to consider collectively, in their common acceptation, or as the bark. The fibres which are seen as rays proceeding from the pith to the bark, are the medullary rays or plates.




  Figs. 2 and 3 are vertical sections of an older piece of beech­wood. Fig 2 is cut through a plane, such as from a to a, in which the edges of the annual rings appear as tolerably parallel fibres running in one direction, or lengthways through the stem; the few thicker stripes are the edges of some of the medullary rays.




  Fig. 3 is cut radially, or through the heart, as from b to b. In this the fibres are observed to be arranged in two sets, or to run crossways; there are first the edges of the annual rings, as in fig. 2, and secondly, the broad medullary rays or plates.




  The whole of these figures, but especially the last, show the character of all the proper woods, namely, those possessing two sets of fibres, and in which the growth of the plant is accomplished, by the yearly addition of the external ring of the wood, and the internal ring of the bark, whence these rings are called annual rings, and the plants are said to be exogenous, from the growth of the wood being external.




  In fig. 1 the medullary rays are the more distinctly drawn, in accordance with the appearance of the section, as they seem to constitute more determinate lines; whereas the annual rings consist rather of series of tubes arranged side by side, and in contact with each other, and which could not be represented on so small a scale. At the outer part of each annual ring these tubes or pores appear to be smaller and closer; the substance is consequently more dense, from the greater proportion of the matter forming the walls of the tubes; and the inner or the softer parts of the annual rings have in general larger vessels, and therefore less density.




  In many plants the wedge-form plates, intermediate between the medullary rays, only appear as an irregular cellular tissue full of small tubes or pores, without any very definite arrangement*. The medullary rays constitute however, the most characteristic part of the structure, and greatly assist in determining the difference between the varieties of the exogenous plants, as well as the wide distinction between the entire group and those shortly to be described. The medullary rays also appear, by their distinct continuity, to constitute the principal source of combination and strength in the substance of the woods; most of the medullary rays, in proceeding from the center to the circumference, divide into parts to fill out the increased space.




  In the general way, the vertical fibres of the annual rings, and the horizontal fibres of the medullary rays, are closely and uniformly intermingled; they form collectively the substance of the wood, and they also constitute two series of minute interstices, which are viewed to be either separate cells or vessels, the majority ef which proceed vertically, the others radially. In many, as the oak, sycamore, maple, and sweet chesnut, the medullary rays, when dissected, exhibit a more expanded or foliated character, and pervade the structure, not as simple radial tubes, but as broad septœ or divisions, which resemble flattened cells or clefts amongst the general groups of pores, giving rise to the term silver-grain, derived from their light and glossy appearance: they vary considerably in size and number.




  The beechwood, fig. 3, has been selected as a medium example between this peculiarity and the ordinary crossings of the fibres, which in the firs and severai others seem as straight as if they were lines mechanically ruled; and even in the most dense woods are in general easily made out under the microscope.




  The vessels or cells running amidst the fibres are to the plant what the blood-vessels and air-cells are to the animal; a part of them convey the crude sap from the roots, or the mouths of the plant, through the external layers of the wood to the leaves, in which it is evaporated and prepared; the fluid afterwards returns through the bark as the elaborated sap, and combines with that in the external layers of the wood, the two constituting the cambium. The latter ultimately becomes consolidated for the production of the new annual ring that is deposited beneath the loosened bark, and which is eventually to constitute a part of the general substance or wood; the bark, also receives a minute addition yearly, and the remainder of the fluid returns to the earth as an excretion*.




  The other order of plants grows in an entirely different manner, namely by a deposition from within, whence they are said to be endogenous; these include all the grasses, bamboos, palms, &c. Endogensare mostly hollow, and have only one set of fibres, the vertical, which appear in the transverse section, (fig. 4,) as irregular dots closely congregated around the margin, and gradually more distant towards the center, until they finally disappear, and leave a central cavity, or a loose cellular structure. Fig. 5 represents the horizontal, and fig. 6 the vertical section of portions of the same, or the cocoa-nut palm, (Cocos nucifera,) of half their full size.
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  All the endogens are considered to commence from a circular pithy stem which is entirely solid; some, as the canes, maintain this solidity, with the exception of the tubes or pores extending throughout their length. The bamboos extend greatly in diameter, so as to become hollow, except the diaphragms at the knots; these are often used as cases for rolls of papers. The palms generally enlarge still more considerably to their extreme size, which in some cases is fifty times the diameter of the original stem, the center being soft and pithy.




  Some of the palms, &c. denote each yearly increase by one of the rings or markings upon their stems, which are always soft in the upper part, like a green vegetable, and terminate in a cluster of broad pendent leaves, generally annual, and when they drop off they leave circular marks upon the stem, which are sometimes permanent, and indicate by their number the age of the plant. The vertical fibres above referred to, proceed from the leaves, and are considered to be analogous to their roots, and likewise to assimilate in function to the downward flow of the sap from the leaves of the exogens: whereas in the palms they constitute separate and detached fibres, that first proceed inwards, and then again outwards, with a very long and gradual sweep, thereby causing the fibres to be arranged in part vertically, and partly inclined, as in the figure*.




  The substance of the stems of the palms, is not allowed by physiological botanists to be proper wood, (which in all cases grows exteriorly, and possesses the two sets of fibres shown in fig. 3;) whereas the endogenous plants have only the one set, or the vertical fibres; and although many of this tribe yield an abundance of valuable gifts to the natives of the tropical climates in which they flourish, only a portion of the lower part of the shell of the tree is available as wood; amongst other purposes, the smaller kinds are used by the natives as tubes for the conveyance of water, and the larger pieces as joists, &c. &c.




  The larger palms generally reach us in slabs measuring about the sixth or eighth part of the circle, as in fig. 4, the smaller sizes are sent entire; fig. 5 represents a small piece near the outside, with the fibres half size; but the different palms vary considerably in the shapes, magnitudes and distances of the fibres, and the colours and densities of the two parts.




  In the vertical section, fig. 6, which is also drawn half size, the fibres look like streaks or wires embedded in substance similar to cement or pith, which is devoid of fibrous a structure; the inhabitants of the Isthmus of Darien pick out the fibres from some of the palms and use them as nails, they are generally pointed, and in the specimens from which the drawing was made, they arc as hard as rosewood, whereas the pithy substance is quite friable. Some of the smallest palms are imported into this country for walking-sticks, under the names of partridge and Penang canes, &c. The ordinary canes and bamboos are too well known to require more than to be named.—See article PALMS, in the catalogue.




  To return to the more particular examination of the woods that most concern us, it will be observed that the central pith in fig. 1, happens to be of an irregular triangular shape. This, the primary portion of the plant, is in the first instance always cylindrical; it is supposed to assume its accidental form, (which is very frequently hexagonal,) from the compression to which it is subjected. The pith governs, in a considerable degree, the general figure or section, as all the series of rings will be observed, in fig. 1, page 14, t o have a disposition to project at three points; but with tho successive additions, the angular form is gradually lost, as it would be if we wound a ribbon upon a small triangular wire; for after a time, no material departure from the circular form would be observable.




  A greater variation amongst the rings is due to the more or less favourable growth of the successive years, and to the different exposure of the tree to the sun and air, which develop that side of the plant in an additional degree; whereas the tree growing against a wall or any other obstruction, becomes remarkably stunted on that side of its axis, from being so shielded.




  The growth of a tree is seldom so exactly uniform that its section is circular, or its heart central, often far from it; and as each of the annual rings is more consolidated, and of a deeper colour on its outer surface, they frequently serve to denote very accurately, in the woods growing in cold and temperate climates, the age of the plant, the differences of the seasons, the circumstances of its situation, and the general rapidity of its growth. ”But in many hot countries the difference between the growing­season and that of rest, if any occur, is so small, that the zones are, as it were, counfounded, and the observer finds himself incapable of distinguishing with exactness the formation of one year from that of another*.”




  It is, however, difficult to arrive at any satisfactory conclusion respecting the qualities of woods, from the appearance of their annual rings; for instance, in two specimens of larch, considered by Mr. Fincham† to be exceedingly simila, in specific gravity, strength and durability; in the one, Scotch larch, there were three annual rings in five-eighths of an inch, whereas in Italian larch there were twenty-four layers in the same spacer. In some of the tropical woods the appearance of the rings can scarcely be defined, and in a specimen of the lower or butt end of teak, now before me, three annual rings cover the great space of one inch and three-eighths.




  The horizontal section of a tree, occasionally looks as if it were the result of two, three, or more separate shoots or stems consolidated into one; in some of the foreign woods in particular, this irregularity often gives rise to deep indentations, and most strange shapes, which become eventually surrounded by one single covering of sap; so that a stem of considerable girth may yield only an insignificant piece of wood, scarcely available for the smallest purposes of turnery, much less for cabinet work*.




  The circulation of the sap is considered to be limited to a few of the external layers, or those of the sap-wood, or alburnum, which are in a less matured state than the perfect wood, or duramen, beneath. The last act of the circulation, as regards the heart-wood, is supposed to be the deposition of the colouring matter, resin or gum, through the agency of the medullary rays, that proceed from the bark towards the center, and leave their contents in the layer outside the true wood perfected the year previous. We may fairly suppose by analogy, that as one ring is added each year, so one is perfected annually, and thrown out of the circulatory system.




  That the circulation has ceased in the heart-wood, and that the connexion between it and the bark has become broken, is further proved by the fact, that numbers of trees may be found in tolerably vigorous growth within the bark, whereas at the heart they are decayed and rotten. In fact some of the hardest foreign woods, as king-wood, tulip-wood, and others, are rarely sound in the center, and thus indicate very clearly that their decay commenced whilst they were in their parent soil; and as in these, the appearance of annual rings is scarcely to be made out, this also appears to indicate a great term of age, enough to account for this relatively premature decay.




  The quantity of sap-wood is various in different plants, and the line of division is usually most distinctly marked; in some, as boxwood, the sap-wood is very inconsiderable, and together with the bark is on the average only about the thickness of a stout card, whereas in others, as the snake-wood, it constitutes fully two-thirds of the diameter, so that a large tree yields but an inconsiderable stick of wood, of one third or fourth the external diameter.




  It may be presumed that in the same variety of wood, about an average number of the layers exist as sap-wood, as in cutting up a number of pieces of the same kind, such as the black Botany-Bay wood, and others, it is found that in those measuring about two inches diameter, the piece of heart-wood is only about as large as the finger, but in pieces one, two, or three inches larger, the heart-wood is also respectively one, two or three inches larger, or nearly to the full extent of the increase of the diameter.




  The sap-wood may be therefore, in general, considered as of about an average thickness in each kind of wood: it is mostly softer, lighter, more even in colour, and more disposed to decay than the heart-wood, which prove it to be in a less matured or useful state, whether for mechanical or chemical purposes.




  _____________


  

  At the time the tree is separated from its root, its organic life ceases, and then commences the gradual evaporation of the sap, and the drying and contracting of the tubes, or tissues, previously distended by its presence.




  The woods arc in general felled during the cold months, when the vegetative powers of the plant are nearly dormant, and when they are the most free from sap; but none of the woods are fit for use in the state in which they are cut down, for although no distinct circulation is going on within the heart-wood, still the capillary vessels keep the trees continually moist throughout their substance, in which state they should not be employed.




  If the green or wet woods are placed in confined situations, the tree or plank, first becomes stained or doated, and this speedily leads to its decomposition or decay, effects that are averted by careful drying with free access of air*.




  Other mischiefs almost as fatal as decay also occur; blocks cut out of the entire circular stem of green wood, or the same pieces divided into quarterings, split in the direction of the medullary rays, or radially, also though less frequently upon the annual rings. The entire sections or round blocks contract pretty equally, and retain their circular form, but the quarterings become oval from their unequal shrinking.




  As a general observation it may be said the woods do not alter in any material degree in respect to length. Boards and flat pieces contract however in width, they warp and twist, and when they are fitted as panels into loose grooves, they shrink away from that edge which happens to be the most slightly held; but when restrained by nails, mortices, or other unyielding attachments, which do not allow them the power of contraction, they split with irresistible force, and the materials and labour thus improperly employed will render no useful service.




  In general, the softest woods shrink the most in width, but no correct observations on this subject have been published. Mr. Fincham considers the rock-elm to shrink as much as any wood, namely, about half an inch in the foot, whereas the teak scarcely shrinks at all; in the “Tortoise” store-ship, when fifty years old, no openings were found to exist between the boards.




  In the woods that have been partially dried, some of these effects are lessened when they are defended by paint or varnish, but they do not then cease, and with dry wood, every time a new surface is exposed to the air, even should the work have been made for many years, these perplexing alterations will in a degree recommence, even independently of the changes of the atmosphere, the fluctuations of which the woods are at all times too freely disposed to obey.




  The disposition to shrink and warp from atmospheric influence, appears indeed to be never entirely subdued; some bogoak, supposed to have been buried in the island of Sheppy, not less than a thousand years, was dried for many months, and ultimately made into chairs and furniture; it was still found to shrink and cast, when divided into the small pieces required for the work.




  SECT. II.—SEASONING AND PREPARING THE WOODS.




  HAVING briefly alluded to the mischiefs consequent upon the use of woods in an improper condition, I shall proceed to describe the general modes pursued for avoiding such mischiefs by a proper course of preparation.




  The woods immediately after being felled, are sometimes immersed in running water for a few days, weeks, or months, at other times they are boiled or steamed; this appears to be done under the expectation of diluting and washing out the sap, after which it is said the drying is more rapidly and better accomplished, and also that the colours of the white woods are improved, (see article HOLLY in Catalogue, also EBONY,) but the ordinary course is simply to expose the logs to the air, the effect of which is assisted by the preparation of the wood into smaller pieces, approaching to the sizes and forms in which they will be ultimately used, such as square logs and beams, planks or boards of various thicknesses, short lengths or quarterings, &c.




  The stems and branohes of the woods of our own country, such as alder, birch, beech, &c., that are used by the turner, frequently require no reduction in diameter; but when they are beyond the size of the work, they are split into quarterings and stacked in heaps to dry, which latter proceeding should never be forgotten under any circumstances.




  We know but little of the early treatment of the foreign woods used for cabinet-work and turning; some few of them, as mahogany and satin-wood, are imported in square logs; others, as rosewood, ebony, Coromandel, &c., are sometimes shipped in the halves of trees, or in thick planks; but the generality of those used for turning are small, and do not require this reduction; these only reach us in billets, sometimes with the rind or bark upon them, and sometimes cleaned or trimmed.




  The smaller hard woods are very much more wasteful than the timber woods; in many of the former, independently of their thick bark, the section is very far from circular, as they are often exceedingly irregular, indented, and ill-defined; others are almost constantly unsound in their growth, and either present central hollows and cavities, or cracks and radial divisions, which separate the stem into three or four irregular pieces.




  Probably none of the hard woods are so defective as the black Botany-Bay wood, in which the available produce, when it is trimmed ready for the lathe, may be considered to be about one third or fourth of the original weight, sometimes still less; but unfortunately many oth rs approach too nearly to this condition, as a very large proportion of them partake of the imperfections referred to, more especially the cracks; the larger hard woods are by comparison much less wasteful.




  All the harder woods require increased care in the seasoning, which is often badly begun by exposure to the sun or hot winds in their native climates: their greater impenetrability to the air the more disposes them to crack, and their comparative scarcity and expense, are also powerful arguments on tho score of precaution. It is therefore desirable to prepare them for the transition from the yard or cellar to the turning room, by removing the parts which are necessarily wasted, the more intimately to expose them to the air before removal, and they should be always kept away from the fire, or at first in a room altogether without one.




  It is usual to begin by cutting the logs into pieces of eight or ten inches, or other lengths suited to the general size of the work; and if possible to prepare each piece into a round block, or into two or three, when the wood is irregular, hollow, or cracked. In the latter case, a thin wedge is inserted into the principal crack, and driven down with a wooden maul; or a cleaver such as fig. 7, which has a sharp edge, and a poll to receive the blow, is used in the same manner; these tools, or the hatchet, are likewise used in splitting up the English woods, when they are beyond the diameters required*. The cleft pieces are next roughly trimmed with the hatchet, or else with the paring-knife, a tool of safer and more economical application in the hands of the amateur: it is a lever knife, (the half of a pair of shears,) from two and a half, to three feet long; the cutting edge is near the end which terminates in a hook, the other extremity has transverse handle; an eye-bolt is screwed into the bench or block a for the hook, and a detached cutting board is fixed under the blade, to serve as the support for the wood, and for the knife to cut upon. To avoid waste of material, it is advisable to score with the compasses, upon each end of the rough block, as large circle as it will allow, to serve as a guide for the knife, until the a eye is well accustomed to the work.




  [image: Figs 7.]




  The block, represented in fig. 8, is adapted to the bearers of the lathe, but any other support will serve equally well. The paring-knife is also employed for other purposes besides those of the turner: it is sometimes made with a curved edge like a gouge, and is used in many shaping operations in wood, as in the manufacture of shoe-lasts, clogs, pattens, toys, &c. &c.*




  

  [image: Figs 8.]




  In the absence of the paring-knife or hatchet, the work is fixed in the vice, and rounded with a coarse rasp, but this is much less expeditious: by some manufacturers the preparation both of the foreign and English woods is prosecuted still further, by cutting the material into smaller pieces, rough turned and hollowed in the lathe, to the form of boxes, or other articles for which they are specifically intended, and in fact every measure that tends to make the change of circumstances gradual, assists also in the economy, perfection, and permanence of the work.




  _____________


  

  Many of the timber woods are divided at the saw-pit into planks or boards, at an early stage, in order to multiplythe surfaces upon which the air may act, and also to leave a less distance for its penetration: after sawing, they should never be allowed to rest in contact, as the partial admission of the air often causes stains or doating: but they are placed either perpendicularly or horizontally in racks, or they are more commonly stacked in horizontal piles, with parallel slips of wood placed between at distances from about three to six or eight feet, according to the quantity of support required; the pile forms a press to keep the whole flat and straight.




  Thin pieces will be sufficiently seasoned in about one year’s time, but thick wood requires two or three, before it is thoroughly fit to be removed to the warmer temperature of the house for the completion of the drying. Mahogany, cedar, rosewood, and the other large foreign woods, require to be carefully dried after they are cut into plank, as notwithstanding the length of time that sometimes intervenes between their being felled and brought into use, they still retain much of their moisture whilst they remain in the log*.




  In some manufactories the wood is placed for a few days before it is worked up, in a drying room heated by means of stoves, steam, or hot water, to several degrees beyond the temperature to which the finished work is likely to be subjected.




  Such rooms are frequently made as air-tight as possible, which appears to be a mistake, as the wood is then surrounded by warm but stagnant atmosphere, which retains whatever moisture a it may have evaporated from the wood. Of late a plan has been more successfully practised in seasoning timber for building purposes, by the employment of heated rooms with free circulation of air, which enters at the lower part in a hot a and dry state, and escapes at the upper charged with the moisture which it freely absorbs in the heated state. The continual ingress of hot dry air, greedy of moisture, so far expedites the drying, that of it is accomplished in one-third of the time that is required in the ordinary way in the open airt†.




  Footnotes




* In the Cissampelos Pareira, belonging to the natural order Menispermaceœ, this structure is singularly evident; the medullary rays are very thick, and almost detached from the intermediate wedge-form plates, which are nearly solid, except the few pores by which they are pierced, much like the substance of the common cane.


* The reader will find the articles in the three Editions of Dr. Lindley’s Introduction to Botany, “Exogenous structure,” and “Of the stem and origin of wood;” and also “Exogens,” and “Endogens,” by the same author in the Penny Cyclopedia, replete with physiological interest.


* The leaves of the exogens are by some thought to send down similar roots or fibres, between the bark and wood for the formation of the annual ring.


* Dr. Lindley’s Introduction to Botany, second edition, p. 74.


† Principal builder of Her Majesty’s Dock-yard, Chatham.


* This is not peculiar to the tropical woods; for example, some of the yew-trees in Hampton Court gardens, appear to have grown in this manner from three or four separate stems, that have joined into one a short distance above the ground. As an instance of the singular manner in which the separate branches of trees thus combine, I may mention that stones and pieces of metal, &c., are occasionally met with in the central parts of timber, from having been accidentally deposited in a cleft, or the fork of a branch, and entirely enclosed or overgrown by the subsequent increase of the plant.


* On this account the timbers for ships are usually cut out to their shape and dimensions for about a year before they are framed together, and they are commonly left a twelvemonth longer in the skeleton state, to complete the seasoning, as in that condition they are more favourably situated as regards exposure to the air than when they are closely covered in with the planking.


Mr. Fincham considers that the destruction of timber by the decay commonly known as dry-rot, cannot occur unless air, moisture, and heat, are each present, and that the entire exclusion of any of the three stays the mischief. By way of experiment, he bored a hole in one of the timbers of an old ship built of oak, whose wood was at the time perfectly sound; the admission of air, the third element, to the central part of the wood, (the two others being to a certain degree present,) caused the hole to be filled up in the course of twenty-four hours with mouldiness, a well-known vegetation, which very speedily became so compact a fungus as to admit of being withdrawn like a stick. He considers the shakes in timber to predispose it to decay, in damp and confined situations, from admitting the air in the same manner.


The woods differ amazingly in their resistance to decay; some perish in one or two years, whereas others are very durable, and even preserve their fragrance when they are opened after many years, or almost centuries.


Mr. G. Loddiges says, the oak boxes, for the plants in his green-houses, decay in two or three years, whereas he has found those of teak to last fully six or seven times as long: the situation is one of severe trial for the wood.


The process of Kyanizing is intended to prevent the re-vegetation of timber, by infusing into its pores an antiseptic salt: the corrosive sublimate is generally employed, other metallic salts are also considered to be applicable, but the general utility of the process, especially in thick timbers, or those exposed to much wet, is still unsettled amongst practical men.


The Kyanizing is sometimes done in open tanks, at others, (by Timperley’s process, Hull and Selby Railway,) in close vessels from which the air is first exhausted to the utmost, and the fluid is then admitted under a pressure of about 100 pounds on the inch.—See Minutes of Proceedings Inst. Civ. Eng., p. 83, 1841.


There are two quarto works on dry-rot; the one by Mr. M�William, 1818; the other by Mr. John Knowles, Surveyor of Her Majesty’s Navy, 1821.


*Sometimes the glazier’s chipping-knife is used for small pieces of wood instead of the cleaver represented.


*A paring-knife similar to the above, but working in a guide, and with an edge 12 or 14 inches long, is a most effective instrument in the hands of the toy-makers. The pieces of birch, alder, &c. are boiled in a cauldron for an hour to soften them, and whilst hot they may be worked with great expedition and perfection. The workmen pare off slices, the plankway of the grain, as large as 4 by 6 inches, almost as quickly as they can be counted: they are wedged tight in rows, like books, to cause them to dry flat and straight, and they seldom require any subsequent smoothing. In making the little wheels for carts, &c., say of one or two inches diameter, and one-quarter or three-eighths of an inch thick, they cut them the crossway of the grain, out of cylinders previously turned and bored; the flexibility of the hot moist wood being such, that it yields to the edge of the knife without breaking transversely as might be expected.


*Scientifically considered, the drying is only said to be complete when the wood ceases to lose weight from evaporation; this only occurs after twice or thrice the period usually allowed for the process of seasoning.


In many modern buildings small openings are left through the walls to the external air to allow a partial circulation amidst the beams and joists, &c., as a preservative from decay, and for the entire completion of the seasoning. a


† Price’s Patent.









  
CHAPTER III. USEFUL CHARACTERS OF WOODS.
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  SECT, I.—HARD AND SOFT WOODS, ETC.




  THE relative terms hard and soft, elastic or non-elastic, and the proportions of resins, gums, &c., as applied to the woods, appear to be in a great measure explained by their examination under the microscope, which develops their structure in a very satisfactory manner.




  The fibres of the various woods do not appear to differ so materially in individual size or bulk, as in their densities and distances: those of the soft woods, such as willow, alder, deal, &c., appear slight and loose; they are placed rather wide asunder, and present considerable intervals for the softer and more spongy cellular tissue between them; whereas in oak, mahogany, ebony, rose-wood, &c., the fibres appear rather smaller, but as if they possessed a similar quantity of matter (just as threads containing the same number of filaments are larger or smaller, according as they are spun). The fibres are also more closely arranged in the harder woods, the intervals between them are necessarily less, and the whole appears a more solid and compact formation.




  The very different tools used by the turner for the soft woods and hard woods respectively, may have assisted in fixing these denominations as regards his art; a division that is less specifically entertained by the joiner, who uses the same tools for the hard and soft woods, excepting a trifling difference in their angles and inclinations; whereas the turner employs for the soft woods, tools with keen edges of thirty or forty degrees, applied obliquely, and as a tangent to the circle; and for the hard woods, tools of from seventy to ninety degrees upon the edge, applied as a radius, and parallel with the fibres, if so required. The tools last described answer very properly for the dense woods, in which the fibres are close and well united; but applied to the softer kinds, in which the filaments are more tender and less firmly joined, the hard-wood tools produce rough, torn, and unfinished surfaces.




  In general the weight or specific gravity of the woods may be taken as a sure criterion of their hardness; for instance, the hard lignum-vitæ, box-wood, iron-wood, and others, are mostly so heavy as to sink in water; whereas the soft firs, poplar, willow, &c., do not, on the average, exceed half the weight of water, and others are of intermediate kind*.




  The density or weight of many of the woods may be materially increased by their mechanical compression, which may be carried to the extent of fully one third or fourth of their bulk, and the weight and hardness obtain a corresponding increase. This has been practised for the compression of tree-nails for ships, by driving the pins through a metal ring smaller than themselves directly into the hole in the ship’s side †; at othe times, (for railway purposes,) the woods have been passed through rollers, but this practice has been discontinued, as it is found to spread the fibres laterally, and to tear them asunder ‡; an injuy that does not occur when they are forced through ring, which condenses the wood at all parts alike without any a disturbance of its fibrous structure §, even when tested by the microscope; after compression the wood is so much harder, that it cuts very differently, and the pieces almost ring when they are struck together; fir may be thus compressed into substance as close as pitch-pinerr.




  In many of the more dense woods, we also find an abundance of gum or resin, which fills up many of those spaces that would be otherwise void: the gum not only makes the wood so much the heavier, but at the same time it appears to act in a mechanical manner, to mingle with the fibres as a cement, and to unite them into a stronger mass; for example, it is the turpentine that gives to the outer surface of each annual ring of the red and yellow deals, the hard horny character, and increases the elasticity*.




  Those woods which are the more completely impregnated with resin, gum, or oil, are in general also the more durable, as they are better defended from the attacks of moisture and insects.




  Timbers alternately exposed to wet and dry, are thought by Tredgold and others, to suffer from losing each time certain portion of their soluble parts; if so, those which are a naturally impregnated with substances insoluble in water, may in consequence, give out little or none of their component parts in the change from wet to dry, and on that account the better resist decay: this has been artificially imitated by forcing oil, tar, &c., through the pores of the wood from the one extremity†.




  Many of the woods are very durable when constantly wet; the generality are so when always dry, although but few are suited to withstand the continual change from one to the other state; but these particulars, and many points of information respecting timber-woods that concern the general practice of building, or naval architecture, such as their specific gravities, relative strengths, resistances to bending and compression, &c. &c., are treated of in Tredgold’s Elements of Carpentry, at considerable length‡.




  SECT. H.—ELASTIC AND NON-ELASTIC WOODS.




  THE most elastic woods are those, in which the annual or longitudinal fibres are the straightest, and the least interwoven with the medullary rays, and which are the least interrupted by the presence of knots; such are also the most easily rent, and the plainest in figure, as the lance-wood, hickory, ash, &c.; whereas others, in which the fibres are more crossed and interlaced, are considerably tougher and more rigid; they are also less disposed to split in a straight or economical manner, as oak, beech, mahogany, &c., which, although moderately elastic, do not bend with the facility of those before named.




  Fishing-rods, unless made of bamboo, have generally ash for the lower joint, hickory for the two middle pieces, and a strip cut out of a bamboo of three or four inches diameter as the top joint. Archery bows are another example of elastic works; the “single-piece bow” is made of one rod of hickory, lancewood, or yew-tree, which last, if perfectly free from knots, is considered the most suitable wood: the “back or union bow” is made of two or sometimes three pieces glued together. The back piece, or that furthest from the string, is of rectangular section, and always of lancewood or hickory; the belly, which is nearly of semicircular section, is made of any hard wood that can be obtained straight and clean, as ruby-wood, rose-wood, green­heart, king-wood, snake-wood, and several others: it is in a great measure a matter of taste, as the elasticity is principally due to the back piece; the palmyra is also used for bows*.




  The elasticity, or rather the flexibility of the woods, is greatly increased for the time, when they are heated by steaming or boiling, &c.; the process is continually employed for bending the oak and other timbers for ship-building, the lance-wood shafts for carriages, the staves of casks, and various other works.




  The woods are steamed in suitable vessels, and are screwed or wedged, at short intervals throughout their length, in contact with rigid patterns or moulds, and whilst under this restraint they are allowed to become perfectly cold; the pieces are then released. These bent works suffer very little departure from the forms thus given, and they possess the great advantage of the grain being parallel with the curve, which adds materially to their strength, saves much cost of material and time in the preparation, and gives, in fact, a new character to the timber.




  The inner and outer plankings of ships, &c. are steamed or boiled before they are applied; they are brought into contact with the ribs by temporary screw-bolts, which are ultimately replaced by the copper bolts inserted through the three thicknesses and rivetted: or they are secured by oak or locust tree­nails, which are caulked at each end*.




  Boiling and steaming are likewise employed for softening the woods, to facilitate the cutting as well as bending them†.




  When the two sets of fibres meet in confused angular directions, they produce the tough cross-grained woods, such as lignum-vitæ, elm, &c., and, like the diagonal braces in carpentry and shipping, they deprive the mass of elasticity, and dispose it rather to break than to bend, especially when the pieces are thin, and the fibres crop out on both sides of the same; the confusion of the fibres is, at the same time, a fertile source of beauty of appearance in most woods.




  Elm is perhaps the toughest of the European woods; it is considered to bear the driving of bolts and nails better than any other, and it is on this account, and also for its great durability under water, constantly employed for the keels of ships, for boat­building, and a variety of works requiring great strength and exposure to wet.




  A similar rigidity is also found to exist in the crooked and knotted limbs of trees from the confusion amongst the fibres, and such gnarled pieces of timber, especially those of oak, were in former days particularly valued for the knees of ships: of later years they have been in a great measure superseded by iron knees, which can be more accurately and effectively moulded at the forge to suit their respective places, and they cause a very great saving in the available room of the vessel.




  The lignum-vitæ is a most peculiar wood, as its fibres seem arranged in moderately thick layers, crossing each other obliquely, often at as great an angle as thirty degrees with tho axis of the tree; when the wood is split, it almost appears as if the one layer of annual fibres grew after the manner of an ordinary screw, and the succeeding layer wound the other way so as to cross them like a left-hand screw. The interlacement of the fibres in lignum-vitæ is so decided and rigid, although irregular, that it exceeds all other woods in resistance to splitting, which cannot be effected with economy; the wood is consequently always prepared with the saw. It is used for works that have to sustain great pressure and rough usage, several examples of which aro given under the head LIGNUM-VITÆ, in the Catalogue already referred to.




Footnotes


* The most dense wood I have met with is in Mr. Fincham’s collection; it is the Iron Bark wood from New South Wales: in appearance it resembles a close hard mahogany, but more brown than red; its specific gravity is 1̇426, and its strength, (compared with English oak, taken as usual at 1,000,) is 1557. On the other hand the lightest of the true woods is probably the Cortiça, or the Anona palustris, from Brazil, in Mr. Mier’s collection; the specific gravity of this is only 0̇206, (whereas that of cork is 0̇240,) it has only one-seventh the weight of the Iron Bark wood. The Cortiça resembles ash in colour and grain, except that it is paler, finer, and much softer; it is used by the natives for wooden shoes, &c.


The Pita wood, that of the Fourcroga gigantea, of the Brazils, an endogen almost like pith, (used by the fishermen of Rio de Janeiro, as a slow match, for lighting cigars, &c.; also like cork for lining the drawers of cabinets for insects,) and the rice paper plant of India and China, which is still lighter and more pithy, can hardly be taken into comparison.


† Mr. Annersley’s Patent, 1821, for building vessels of planks only, without ribs.


‡ Dublin and Kingston railway.


§ The mode at present practised by the Messrs. Ransome of Ipswich, (under their patent,) is to drive the pieces of oak into an iron ring by means of a screw press, and to expose them within the ring to a temperature of about 180° for twelve or sixteen hours before forcing them out again.


The tree-nails may be thus compressed into two-thirds their original size, and they recover three-fourths of the compression on being wetted; they are used for railway purposes, but appear equally desirable for ship-building, in which the tree-nails fulfil an important office, and in either case their after-expansion fixes them most securely.—See Minutes Inst. Civ. Eng. 1841, p. 83-7.


* See the treatment of the Firs in Norway, article FIRS, in Catalogue.




† The durability of pitch pine, when “wet and dry,” is however questioned.




‡ The work contains a variety of the most useful tables: the reader will likewise find a set of tables of similar experiments on American timbers, by Lieut. Denison, Royal Engineers, F.R.S., &c., in the Trans. Inst. Civ. Eng., vol. ii. p. 15, and also two other sets of experiments on Indian timber woods, by Captain H. C. Baker, late of the Bengal Artillery, superintendent of the half-wrought timber-yard, Calcutta, at pp. 123 and 230 of the Gleanings of Science, published at Calcutta, 1829.




* The union bow is considered to be “softer,” that is more agreeably elastic, than the single-piece bow, even when the two require the same weight to draw them to the length of the arrow. In the act of bending the bow, the back is put into tension, and the inner piece into a state of compression, and each wood is then employed in its most suitable manner. Sometimes the union bow is imitated by one solid piece of straight cocoa-wood, (of the West Indies, not that of the cocoa-nut palm,) in which case the tough fibrous sap is used for the back, and in its nature sufficiently resembles the lance-wood more generally used.


* See the description of Mr. William Hookey’s apparatus for bending ships’ timbers, rewarded by the Society of Arts in their Trans., vol. 32, p. 91.


Preference is now given to the “Steam Kiln” over the Water Kiln,” and the time allowed is one hour for each inch of the thickness of the timber; it loses much extractive matter in the process, which is never attempted a second time, as the wood then becomes brittle.


Colonel G. A. Lloyd devised an ingenious and economical mode of bending the timbers to constitute the ribs of a teak-bridge which he built in the Mauritius. Each rib was about 180 ft. long, and of 8 ft. rise, and consisted of five thicknesses of wood of various lengths and widths. The wood had been cut down about a month; it was well steamed and brought into contact with a strong mould, by means of an iron chain attached to a hook at the one extremity of the mould and passed under a roller fixed at the other; the chain was drawn tight by a powerful capstan. Whilst under restraint the neighbouring pieces were pinned together by treenails, after which a further portion of the rib was proceeded with: the seasoning of the timber was also effected by the process.


† Thus in Taylor’s Patent Machinery for making casks, the blocks intended for the staves are cut out of white Canada oak to the size of thirty inches by five, and smaller. They are well steamed, and then sliced into pieces one-half or five-eighths inch thick, at the rate of 200 in each minute, by a process far more rapid and economical than sawing; the instrument being a revolving iron plate of 12 or 14 feet diameter, with two radial knives, arranged somewhat like the irons of an ordinary plane or spokeshave.











  
CHAPTER IV.ORNAMENTAL CHARACTERS OF WOODS.





  ____




  SECT, I.—FIBRE OR GRAIN, KNOTS, ETC.




  THE ornamental figure or grain of many of the woods, appears to depend as much or more upon the particular directions and mixings of the fibres, as upon their differences of colour. I will first consider the effect of the fibre, assisted only by the slight variation of tint, observable between the inner and outer surfaces of the annual layers, and the lighter or more silky character of the medullary rays.




  If the tree consisted of a series of truly cylindrical rings, like the tubes of a telescope, the horizontal section would exhibit circles; the vertical, parallel straight lines; and the oblique section would present parts of ovals; but nature rarely works with such formality, and but few trees are either exactly circular or straight, and therefore although the three natural sections have a general disposition to the figures described, every little bend and twist in the tree disturbs the regularity of the fibres, and adds to the variety and ornament of the wood.




  The horizontal section, or that parallel with the earth, only displays the annual rings and medullary rays, as in fig. 1, p. 14, and this division of the wood is principally employed by the turner, as it is particularly appropriate to his works, the strength and shrinking being alike at all parts of the circumference, in the blocks and slices cut out of the entire tree, and tolerably so in those works turned out of the quarterings or parts of the transverse pieces.




  But as the cut is made intermediate between the horizontal line, and the one parallel with the axis, the figure gradually slides into that of the ordinary plank, magnified portions of which are shown in figs. 2 and 3 : and these are almost invariably selected for carpentry, &c.


  

  The oblique slices of the woods possess neither the uniformity of grain of the one, nor the strength of the other section, and it would be likewise a most wasteful method of cutting up the timber; it is therefore only resorted to for thin veneers, when some particular figure or arrangement of the fibres, has to be obtained for the purposes of ornamental cabinet-work.




  The perpendicular cut through the heart of the tree is not only the hardest but the most diversified, because therein occur the greatest mixture and variety of the fibres, the first and the last of which, in point of age, are then presented in the same plank; but of course the density and diversity lessen as the board is cut further away from the axis. In general the radial cut is also more ornamental than the tangental, as in the former the medullary rays produce the principal effect, they are then displayed in broader masses, and are considered to contain the greater proportion of the colouring matter of the wood.




  The section through the heart displays likewise the origin of most of the branches, which arise first as knots, in or near the central pith, and then work outwards in directions corresponding with the arms of the trees, some of which, as in the cypress and oak, grow out nearly horizontally, and others, as in the poplar, shoot up almost perpendicularly.




  Those parts of wood described as curls, are the result of the confused filling in of the space between the forks, or the springings of the branches. Fig. 9 represents the section of a piece of yew-tree, which shows remarkably well the direction of the main stem A B, and the origin of the branch C, and likewise the formation of the curl between B and C; in many woods, the mahogany especially, the curls are particularly large, handsome and variegated, although distinctly similar as to origin. The fig. 10 is the end view of the stem at A.





[image: Figs 9. 10]





It would appear as if the germs of the primary branches were set at a very early period of the growth of the central stem, and gave rise to the knots, many of which however fail to penetrate to the exterior so as to produce branches, but are covered over by the more vigorous deposition of the annual rings. All these knots and branches, act as so many disturbances and interruptions to the uniformity of the principal zones of fibres, which appear to divide to make way for the passage of the off-shoots, each of which possesses in its axis a filament of the pith, so that the branch resembles the general trunk in all respects except in bulk, and again from the principal branches smaller ones continually arise, ending at last in the most minute twigs, each of which is distinctly continuous with the central pith of the main stem, and fulfils its individual share in causing the diversity of figure in the wood.




  The knots are commonly harder than the general substance, and that more particularly in the softer woods; the knots of the deals, for example, begin near the axis of the tree, and at first show the mingling of the general fibres with those of the knot, much the same as in the origin of the branch of the yew in fig. 9, but after a little while it appears as if the branch, from elongating so much more rapidly than the deposition of the annual rings upon the main stem, soon became entirely detached, and the future rings of the trunk were bent and turned slightly aside when they encountered the knot, but without uniting with it in any respect.




  This may explain why the smooth cylindrical knots of the outer boards of white deal, pine, &c., so frequently drop out when exposed on both sides in thin boards; whereas the turpentine in the red and yellow deals may serve the part of a cement, and retain these kinds the more firmly.




  The elliptical form of the knots in the plank, is mostly due to the oblique direction in which they are cut, and their hardness, (equal to that of many of the tropical hard woods,) to the close grouping of the annual rings and fibres of which they are themselves composed. These are compressed by the surrounding wood of the parent stem, at the time of deposition; whereas the principal layers of the axis of the tree are opposed alone by the loosened and yielding bark, and only obtain the ordinary density.




  The knots of large trees are sometimes of considerable size. I have portions of one of those of the Norfolk Island pine, (Araucaria excelsa,) which attained the enormous size of about four feet long, and four to six inches diameter. In substance it is throughout compact and solid, of a semi-transparent hazel­brown, and it may be cut almost as well as ivory, and with the same tools, either into screws, or with eccentric or drilled work, &c.; it is an exceedingly appropriate material for ornamental turning*.




_________


  

  It is by some supposed that the root of a tree is divided into about as many parts or subdivisions as there are branches, and, that speaking generally, the roots spread around the same under ground, to about the same distance as the branches wave above; the little germs or knots from which they proceed being in the one case distributed throughout the length of the stem of the tree, and in the other crowded together in the shorter portion buried in the earth.




  If this be true, we have a sufficient reason for the beautiful but gnarled character of the roots of trees when they are cut up for the arts; many a block of the root of the walnut-tree, thus made up of small knots and curls, that was intended for the stock of a fowling-piece, has been cut into veneers and arranged in angular pieces to form the circular picture of a table, and few of this natural kind will be found more beautiful. The roots of many trees also display very pretty markings; some are cut into veneers, and those of the olive-tree, and others, are much used on the Continent for making snuff-boxes.




  The tops of the pollard trees, such as the red oak, elm, ash, &c., owe their beauty to a similar crowding together of the little germs, whence originate the numerous shoots which proceed from them after they have been lopped off. The burrs or excrescenses of the yew, and some other trees, appear to arise from a similar cause, apparently the unsuccessful attempts at the formation of branches from one individual spot, whence may arise those bosses or wens, which almost appear as the result of disease, and exhibit internally crowds of knots, with fibres surrounding them in the most fantastic shapes. Sometimes the burrs occur of immense size, so as to yield a large and thick slab of highly ornamental wood of most confused and irregular growth : such pieces are highly prized, and are cut into thin veneers to be used in cabinet-work.




  It appears extremely clear likewise, that the beautiful East Indian wood, called both kiabooca and Amboyna, is, in like manner, the excrescence of a large timber tree. Its character is very similar to the burr of the yew, but its knots are commonly smaller, closer, and the grain or fibre is more silky. It has also been supposed to be the base of the cocoa-nut palm, a surmise that is hardly to be maintained although the latter may resemble it, as the kiabooca is imported alone from the East Indies, whereas the cocoa-nut palm is common and abundant both in the eastern and western hemispheres. (See KIABOOCA in the Catalogue*.)
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Fig. 7.
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