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This text contains a comprehensive treatise on blacksmithing and welding. Complete with
detailed illustrations, helpful tips, and a wealth of useful information for the smith and welder, this
text constitutes an invaluable reference tool for anyone occupied in the aforementioned
practices, and constitutes a worthy addition to collections of antiquarian metalworking literature.
The chapters of this book include: Blacksmithing, Forge, Anvil, Tools, Procedure of Forging,
Heat Treating, Fires, Basic Shaping Operations, Calculation of Stock for Bent Shapes, Unit
Forging Operations, Safety Precautions, Equipment, Acetylene, etcetera. This text was originally
published in 1941, and is proudly republished now complete with a new introduction on
metalworking.



Technical Manual-The Blacksmith and the Welder-June 16, 1941Copyright © 2013 Read Books
Ltd.This book is copyright and may not bereproduced or copied in any way withoutthe express
permission of the publisher in writingBritish Library Cataloguing-in-Publication DataA catalogue
record for this book is available from theBritish LibraryMetal WorkMetalworking is the process of
working with metals to create individual parts, assemblies, or large-scale structures. The term
covers a wide range of work from large ships and bridges to precise engine parts and delicate
jewellery. It therefore includes a correspondingly wide range of skills, processes, and tools. The
oldest archaeological evidence of copper mining and working was the discovery of a copper
pendant in northern Iraq from 8,700 BC, and the oldest gold artefacts in the world come from the
Bulgarian Varna Necropolis and date from 4450BC. As time progressed, metal objects became
more common, and ever more complex. The need to further acquire and work metals grew in
importance. Fates and economies of entire civilizations were greatly affected by the availability
of metals and metalsmiths. The metalworker depends on the extraction of precious metals to
make jewellery, buildings, electronics and industrial applications, such as shipping containers,
rail, and air transport. Without metals, goods and services would cease to move around the
globe with the speed and scale we know today.One of the more common types of metal worker,
is an iron worker – who erect (or even dismantle) the structural steel framework of pre-
engineered metal buildings. This can even stretch to gigantic stadiums and arenas, hospitals,
towers, wind turbines and bridges. Historically ironworkers mainly worked with wrought iron, but
today they utilize many different materials including ferrous and non-ferrous metals, plastics,
glass, concrete and composites. Ironworkers also unload, place and tie reinforcing steel bars
(rebar) as well as install post-tensioning systems, both of which give strength to the concrete
used in piers, footings, slabs, buildings and bridges. Such labourers are also likely to finish
buildings by erecting curtain wall and window wall systems, precast concrete and stone, stairs
and handrails, metal doors, sheeting and elevator fronts – performing any maintenance
necessary.During the early twentieth century, steel buildings really gained in popularity. Their
use became more widespread during the Second World War and significantly expanded after
the war when steel became more available. This construction method has been widely
accepted, in part due to cost efficiency, yet also because of the vast range of application –
expanded with improved materials and computer-aided design. The main advantages of steel
over wood, are that steel is a ‘green’ product, structurally sound and manufactured to strict
specifications and tolerances, and 100% recyclable. Steel also does not warp, buckle, twist or
bend, and is therefore easy to modify and maintain, as well as offering design flexibility. Whilst
these advantages are substantial, from aesthetic as well as financial points of view, there are
some down-sides to steel construction. It conducts heat 310 times more efficiently than wood,
and faulty aspects of the design process can lead to the corrosion of the iron and steel
components – a costly problem.Sheet metal, often used to cover buildings in such processes, is



metal formed by an industrial process into thin, flat pieces. It is one of the fundamental forms
used in metalworking and it can be cut and bent into a variety of shapes. Countless everyday
objects are constructed with sheet metal, including bikes, lampshades, kitchen utensils, car and
aeroplane bodies and all manner of industrial / architectural items. The thickness of sheet metal
is commonly specified by a traditional, non-linear measure known as its gauge; the larger the
gauge number, the thinner the metal. Commonly used steel sheet metal ranges from 30 gauge
to about 8 gauge. There are many different metals that can be made into sheet metal, such as
aluminium, brass, copper, steel, tin, nickel and titanium, with silver, gold and platinum retaining
their importance for decorative uses. Historically, an important use of sheet metal was in plate
armour worn by cavalry, and sheet metal continues to have many ornamental uses, including in
horse tack. Sheet metal workers are also known as ‘tin bashers’ (or ‘tin knockers’), a name
derived from the hammering of panel seams when installing tin roofs.There are many different
forming processes for this type of metal, including ‘bending’ (a manufacturing process that
produces a V-shape, U-shape, or channel shape along a straight axis in ductile materials),
‘decambering’ (a process of removing camber, or horizontal bend, from strip shaped materials),
‘spinning’ (where a disc or tube of metal is rotated at high speed and formed into an axially
symmetric part) and ‘hydroforming.’ This latter technique is one of the most commonly used
industrial methods; a cost-effective method of shaping metals into lightweight, structurally stiff
and strong pieces. One of the largest applications of hydroforming is in the automotive industry,
which makes use of the complex shapes possible, to produce stronger, lighter, and more rigid
body-work, especially with regards to the high-end sports car industry.One of the most
important, and widely incorporating roles in metalwork, comes with the welding of all this steel,
iron and sheet metal together. ‘Welders’ have a range of options to accomplish such welds,
including forge welding (where the metals are heated to an intense yellow or white colour) or
more modern methods such as arc welding (which uses a welding power supply to create an
electric arc between an electrode and the base material to melt the metals at the welding point).
Any foreign material in the weld, such as the oxides or ‘scale’ that typically form in the fire, can
weaken it and potentially cause it to fail. Thus the mating surfaces to be joined must be kept
clean. To this end a welder will make sure the fire is a reducing fire: a fire where at the heart there
is a great deal of heat and very little oxygen. The expert will also carefully shape the mating
faces so that as they are brought together foreign material is squeezed out as the metal is joined.
Without the proper precautions, welding and metalwork more generally can be a dangerous and
unhealthy practice, and therefore only the most skilled practitioners are usually employed.As is
evident from this incredibly brief introduction, metalwork, and metalworkers more broadly, have
been, and still are – integral to society as we know it. Most of our modern buildings are
constructed using metal. The boats, aeroplanes, ships, trains and bikes that we travel on are
constructed via metalwork, and mining, metal forming and welding have provided jobs for
thousands of workers. It is a tough, often dangerous, but incredibly important field. We hope the
reader enjoys this book.BlacksmithingA blacksmith is a metalsmith who creates objects from



wrought iron or steel. He or she will forge the metal using tools to hammer, bend, and cut.
Blacksmiths produce objects such as gates, grilles, railings, light fixtures, furniture, sculpture,
tools, agricultural implements, decorative and religious items, cooking utensils, and weapons.
While there are many people who work with metal such as farriers, wheelwrights, and armorers,
the blacksmith had a general knowledge of how to make and repair many things, from the most
complex of weapons and armour to simple things like nails or lengths of chain.The term
‘blacksmith’ comes from the activity of forging iron or the ‘black’ metal - so named due to the
colour resulting from being heated red-hot (a key part of the blacksmithing process). This is the
black ‘fire scale’, a layer of oxides that forms on the metal during heating. The term ‘forging’
means to shape metal by heating and hammering, and ‘Smith’ is generally thought to have
derived either from the Proto-German ‘smithaz’ meaning ‘skilled worker’ or from the old English
‘smite’ (to hit). At any rate, a blacksmith is all of these things; a skilled worker who hits black
metal!Blacksmiths work by heating pieces of wrought iron or steel, until the metal becomes soft
enough to be shaped with hand tools, such as a hammer, anvil and chisel. Heating is
accomplished by the use of a forge fuelled by propane, natural gas, coal, charcoal, coke or oil.
Some modern blacksmiths may also employ an oxyacetylene or similar blowtorch for more
localized heating. Colour is incredibly important for indicating the temperature and workability of
the metal: As iron is heated to increasing temperatures, it first glows red, then orange, yellow,
and finally white. The ideal heat for most forging is the bright yellow-orange colour appropriately
known as a ‘forging heat’. Because they must be able to see the glowing colour of the metal,
some blacksmiths work in dim, low-light conditions. Most however, work in well-lit conditions; the
key is to have consistent lighting which is not too bright – not sunlight though, as this obscures
the colours.The techniques of smithing may be roughly divided into forging (sometimes called
‘sculpting’), welding, and finishing. Forging is the process in which metal is shaped by
hammering. ‘Forging’ generally relies on the iron being hammered into shape, whereas ‘welding’
involves the joining of the same, or similar kind of metal. Modern blacksmiths have a range of
options to accomplish such welds, including forge welding (where the metals are heated to an
intense yellow or white colour) or more modern methods such as arc welding (which uses a
welding power supply to create an electric arc between an electrode and the base material to
melt the metals at the welding point). Any foreign material in the weld, such as the oxides or
‘scale’ that typically form in the fire, can weaken it and potentially cause it to fail. Thus the mating
surfaces to be joined must be kept clean. To this end a smith will make sure the fire is a reducing
fire: a fire where at the heart there is a great deal of heat and very little oxygen. The smith will
also carefully shape the mating faces so that as they are brought together foreign material is
squeezed out as the metal is joined.Depending on the intended use of the piece, a blacksmith
may finish it in a number of ways. If the product is intended merely as a simple jig (a tool), it may
only get the minimum treatment: a rap on the anvil to break off scale and a brushing with a wire
brush. Alternatively, for greater precision, ‘files’ can be employed to bring a piece to final shape,
remove burrs and sharp edges, and smooth the surface. Grinding stones, abrasive paper, and



emery wheels can further shape, smooth and polish the surface. ‘Heat treatments’ are also often
used to achieve the desired hardness for the metal. There are a range of treatments and finishes
to inhibit oxidation of the metal and enhance or change the appearance of the piece. An
experienced smith selects the finish based on the metal and intended use of the item. Such
finishes include but are not limited to: paint, varnish, bluing, browning, oil and wax.Prior to the
industrial revolution, a ‘village smithy’ was a staple of every town. Factories and mass-production
reduced the demand for blacksmith-made tools and hardware however. During the 1790s, Henry
Maudslay (a British machine tool innovator) created the first screw-cutting lathe, a watershed
event that signalled the start of blacksmiths being replaced by machinists in factories. As
demand for their products declined, many more blacksmiths augmented their incomes by taking
in work shoeing horses (Farriery). With the introduction of automobiles, the number of
blacksmiths continued to decrease, with many former blacksmiths becoming the initial
generation of automobile mechanics. The nadir of blacksmithing in the United States was
reached during the 1960s, when most of the former blacksmiths had left the trade, and few if any
new people were entering it. By this time, most of the working blacksmiths were those
performing farrier work, so the term blacksmith was effectively co-opted by the farrier trade.More
recently, a renewed interest in blacksmithing has occurred as part of the trend in ‘do-it-yourself’
and ‘self-sufficiency’ that occurred during the 1970s. Currently there are many books,
organizations and individuals working to help educate the public about blacksmithing, including
local groups of smiths who have formed clubs, with some of those smiths demonstrating at
historical sites and living history events. Some modern blacksmiths who produce decorative
metalwork refer to themselves as artist-blacksmiths. In 1973, the Artist Blacksmiths’ Association
of North America was formed and by 2013 it had almost 4000 members. Likewise the British
Artist Blacksmiths Association was created in 1978, and now has about 600 members. There is
also an annual ‘World Championship Blacksmiths’/Farrier Competition’, held during the Calgary
Stampede (Canada). Every year since 1979, the world’s top blacksmiths compete, performing
their craft in front of thousands of spectators to educate and entertain the public with their skills
and abilities. We hope that the current reader enjoys this book, and is maybe encouraged to try,
with the correct training, some blacksmithing of their own.WAR DEPARTMENT,WASHINGTON,
June 16, 1941.THE BLACKSMITH AND THE WELDERPrepared under direction ofThe
Quartermaster GeneralSECTION I. General.GeneralGlossaryII.
Blacksmithing.GeneralForgeAnvilToolsProcedure of forgingHeat treatingFiresBasic shaping
operationsCalculation of stock for bent shapesUnit forging operationsIII. Gas welding and
cutting.GeneralSafety precautionsEquipmentAcetyleneOxygenRegulatorsWelding
torchesSetting up equipmentOxyacetylene flameAdjusting the flameJoint designWelding
methodsExpansion and contractionWelding iron and steelBronze welding or brazingWelding
aluminumWelding copperWelding brass and bronzeOxyacetylene cuttingBackfire and
flashbackSpecial precautionsIV. Electric welding.GeneralArc weldingCarbon arc methodMetal
arc methodAtomic hydrogen arc weldingResistance weldingElectric arc cuttingArc welding



equipmentWelding arcArc polarityMagnetic flareArc lengthArc voltageWelding currentDesign of
jointsExpansion and contractionPreparation of work for weldingStriking the arcLaying short
beadsArc welding cast iron, alloy steels, and nonferrous metalsAPPENDIX.
BibliographySECTION IGENERALGeneralGlossary1. General.—Every automotive maintenance
shop in the Army, stationary or mobile, should be prepared to do simple metalworking on sheet
metal or heavier stock. This work unsually involves blacksmithing, welding, or cutting, or all
three. The equipment and the procedure for such work are described in this manual.2. Glossary.
—For purposes of clarity and ready reference the following terms used in this text are
defined:Acetylene.—A colorless, inflammable, hydrocarbon gas (C2H2) with a distinctive odor.
Usually formed by the action of water on calcium carbide.Adhesion.—The molecular attraction
exerted between the surfaces of bodies in contact.Base metal.—The metal being welded—
opposed to filler metal added by welding rod or electrode.Bourdon tube.—A curved metal elastic
tube, oval in cross section, open at one end to gas, steam, or other fluid pressure and closed at
the other. Changes in pressure cause it to move and this movement is used to indicate the
pressure.Capillary attraction.—The action by which the surface of a liquid where it is in contact
with a solid (as in a capillary tube) is elevated or depressed.Carbon dioxide.—A heavy, colorless
gas (CO2) which extinguishes flame—popularly called carbonic acid gas. It is produced by the
action of acids on carbonates, by the fermentation of liquors, by the combustion and
decomposition of organic substances, etc. Water will absorb more than its own volume of
carbon dioxide under pressure, in which state it becomes soda, or carbonated, water.
Compressed to a liquid it is used in some fire extinguishers and when frozen it becomes dry
ice.Carbon monoxide.—A colorless, odorless gas (CO) composed of carbon and oxygen. It is a
product of the incomplete combustion of carbon, and burns with a pale blue flame to form
carbon dioxide. It is very poisonous when inhaled because it drives oxygen from the blood. Its
presence in the exhaust gases of internal-combustion engines has caused many
fatalities.Cohesion.—The molecular attraction exerted between the particles of a body which
unites them.Current density.—Amperes per square inch of surface.Deposited metal.—Filler
metal added from the electrode in arc welding.Diaphragm.—A thin, flexible partition.Dies.—A
pair of cutting or shaping tools which, when moved toward each other, shape an object or
surface between them by pressure or by a blow.Ductile.—Capable of being drawn out, as a
wire.Elastic.—Capable of being stretched or deformed by outside force, but returning to original
form after outside force is removed.Element.—One of the ninety some basic substances of
which all materials are composed.Extrude.—To shape by forcing through dies by pressure—
opposed to draw.

Technical Manual The Twitter Technical Manual The translate Technical Manual The twitch
Technical Manual The Target Technical Manual The TMobile Technical Manual The turbotax

http://ebook-download.neutronbyte.com/pdf-file/Wa18oYTP/e/EJBo/OPMw/XerRB/Technical-Manual-The-Blacksmith-and-the-Welder-June-16-1941
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