
The Architecture of the Traditional 
Forge: A Comprehensive Analysis of 
Historical and Repurposed Construction 
Modalities 
The manipulation of ferrous metals through localized thermal application represents one of the 
foundational pillars of human technological and industrial advancement. Historical treatises, 
most notably Georgius Agricola’s 1556 masterwork De Re Metallica and Joseph Moxon’s 1683 
Mechanick Exercises, established the early documented principles of metallurgy, assaying, and 
smithing1. Agricola’s detailed woodcuts and analyses of mining, water-powered bellows, and 
smelting furnaces provided the first empirical codification of metallurgical thermodynamics3. 
Later, Moxon’s work translated these massive industrial practices into the mechanics of the 
localized blacksmith's shop, standardizing the tools and hearths required for the intricate 
shaping of iron1. 
While the scale of industrial metallurgy has evolved exponentially since the Renaissance, the 
fundamental thermodynamic, pneumatic, and chemical principles governing the small-scale 
traditional forge remain largely unchanged. For the contemporary hobbyist or novice 
blacksmith, constructing a functional solid-fuel forge involves a synthesis of these ancient 
principles and modern repurposed materials. The analysis presented herein provides an 
exhaustive, step-by-step procedural guide to constructing a highly efficient coal or charcoal 
forge using accessible DIY materials. Furthermore, this report dissects the chemical mechanics 
of historical refractory linings—specifically addressing the crystallographic challenges of 
thermal expansion—and details the fluid dynamics and fabrication of traditional manual bellows 
systems. 

Part I: Combustion Core Typologies and 
Thermodynamic Constraints 
The core function of a forge is to provide a controlled environment where solid fuel can 
combust at an accelerated rate via forced induction. This localized combustion must transfer 
maximum thermal energy to a specific section of a steel workpiece while simultaneously 
maintaining a highly controlled chemical atmosphere. The design of the combustion core—or 
firepot—dictates the fuel efficiency, the physical shape of the heat zone, and the operational 
ease of maintenance. 
Fuel Dynamics and Atmospheric Chemistry 
Before initiating the physical construction of a forge, the builder must understand the chemical 
interactions occurring within the firepot. A solid-fuel forge relies on deep fuel beds to process 
incoming oxygen before it makes contact with the steel workpiece. The internal geometry of 
the firepot must be strictly calibrated to control the chemical atmosphere, which transitions 



through three distinct zones based on depth and oxygen concentration. 
When ambient air is driven into the bottom or side of the fire, it first encounters the lower 
combustion zone. In this region, oxygen is highly abundant relative to the combusting carbon, 
creating an oxidizing atmosphere9. If a steel workpiece is placed at this depth, the excess 
oxygen reacts violently with the incandescent iron, rapidly forming iron oxide (forge scale). This 
not only depletes the mass of the workpiece but also creates a brittle barrier that makes forge 
welding impossible11. 
As the forced air travels higher through the glowing fuel bed, the carbon aggressively strips the 

oxygen to form carbon monoxide ( ) and carbon dioxide ( )13. At a specific 
elevation—ideally 4 inches above the air inlet—all free oxygen has been consumed, resulting in 
a neutral atmosphere14. This is the critical heating zone where the steel can reach forging or 
welding temperatures without scaling17. Higher still in the fuel mound, unburned carbon 
monoxide dominates, creating a reducing atmosphere which can actively strip oxygen from 
the metal, though this uppermost zone is generally cooler than the neutral zone9. Therefore, a 
well-designed firepot must be deep enough to physically support approximately 4 inches of 
fuel beneath the workpiece, and allow for 2 inches of fuel to be banked over the top of the 
workpiece to trap radiant heat and maintain the neutral environment15. 
 

Atmospheric Zone Relative Depth Chemical State Metallurgical 
Impact 

Oxidizing Zone Lowest (at air inlet) 
Excess  

Rapid scaling, 
material loss; 
unsuitable for 
forging9. 

Neutral Zone Middle (~4 inches 
above inlet) Balanced  /  

Ideal heating 
environment; 
prevents scale 
formation14. 

Reducing Zone Highest (top of fuel 
mound) Excess  

Deoxidizing; cooler 
temperatures, traps 
radiant heat12. 

The Carbonization of Bituminous Coal 
The physical construction of the forge is dictated by the chosen fuel. Bituminous (soft) coal is 
universally preferred over anthracite (hard) coal for bottom-blast forges18. Anthracite produces 
small, brittle fragments, requires a constant, uninterrupted air blast to remain ignited, and fails 
to form a cohesive structural dome over the fire18. Conversely, bituminous coal is rich in volatile 
organic compounds and moisture. 



When fresh, "green" bituminous coal is banked around the perimeter of the firepot, the radiant 
heat from the central core initiates a destructive distillation process20. The thermal energy 
drives off the moisture, sulfur, and volatile gases, which combust visibly as thick, 
yellowish-green smoke22. What remains is coke—a porous, highly pure, lightweight matrix of 
elemental carbon20. Coke burns intensely hot, emits virtually no smoke, and possesses the 
unique metallurgical property of fusing together, allowing the smith to build a structural dome 
or "cave" over the fire to trap immense heat18. As the central coke is consumed, the smith 
continuously pushes the newly coked coal from the perimeter into the center, replenishing the 
pure fuel supply in a continuous cycle22. 
Simultaneously, the non-combustible mineral impurities present in the coal—primarily silica (

), alumina ( ), and various iron oxides ( )—melt and fuse together in the 
extreme heat of the lower oxidizing zone22. These molten impurities form a dense, glassy, 
semi-solid mass known as clinker18. The clinker sinks to the absolute bottom of the firepot, 
coalescing into a toroidal mass directly over the air blast15. It must be periodically extracted 
with a customized hook to prevent it from suffocating the airflow and drawing thermal energy 
away from the neutral zone15. 

Part II: Step-by-Step Construction of the Bottom-Blast 
Brake Drum Forge 
The bottom-blast forge is the traditional and optimal configuration for burning bituminous coal. 
In this architectural design, the air is forced vertically upward through a grate at the base of a 
conical firepot, creating a deep, highly concentrated heat core. The most prevalent, durable, 
and economically accessible method for constructing a hobbyist bottom-blast forge involves 
the repurposing of automotive cast-iron brake drums or heavy-duty brake rotors24. Cast iron is 
ideally suited for this application due to its massive thermal capacity and resistance to 
degradation under extreme, cyclical temperature variations. 
Phase 1: Procurement and Preparation of the Firepot 
The primary vessel for the combustion core is the brake drum. The ideal candidate is a 
heavy-duty truck or large automotive brake drum featuring an internal diameter of 8 to 10 
inches and a depth of 2 to 4 inches29. Larger drums require excessive fuel to maintain a 
concentrated heat core, while shallower drums fail to provide the necessary 4-inch depth to 
achieve a neutral atmospheric zone without excessive mounding15. Under no circumstances 
should galvanized steel be utilized in any part of the forge construction; exposure to 

temperatures exceeding  rapidly vaporizes the zinc coating, producing highly toxic 
zinc oxide fumes capable of causing severe metal fume fever31. 
The drum is placed inverted (flat side down). The central hub opening will serve as the primary 
air inlet27. A 2-inch inner diameter (ID) black iron threaded floor flange is centered over this hub 
opening27. Using the flange as a template, the builder marks the mounting holes onto the cast 
iron drum, drills through the cast iron, and taps the holes to accept heavy-duty bolts (typically 



1/4-inch or 3/8-inch coarse threads)27. The flange is then mechanically secured to the underside 
of the drum. 
Phase 2: Assembly of the Plumbing Manifold 
The construction of the brake drum forge requires a specific sequence of heavy-duty black 
iron plumbing components to regulate incoming airflow and manage the downward flow of 
combustion by-products (ash and small clinkers)27. 

1.​ The Vertical Drop: A 5-inch to 6-inch threaded 2-inch black iron nipple is threaded 
directly into the floor flange descending from the brake drum27. This vertical pipe 
provides a gravity-fed channel for ash to fall out of the firepot. 

2.​ The Nexus Junction: A 2-inch cast iron T-connector is threaded onto the bottom of the 
vertical drop27. This T-connector acts as the directional nexus, separating the horizontal 
air supply from the vertical ash disposal system. 

3.​ The Ash Dump: Below the T-connector, another vertical pipe segment (approximately 4 
to 6 inches) descends27. This segment must be capped to prevent the forced air from 
escaping downward. While a standard threaded end cap can be used, the extreme heat 
cycles and corrosive ash environment frequently cause the threads to seize 
permanently24. A highly recommended alternative is the installation of a counterweighted 
hinged flap, or simply leaving the pipe uncapped and submersing the open end into a 
metal bucket filled with water27. The water creates an airtight seal that forces the air 
upward, while allowing the ash to fall cleanly into the bucket for immediate disposal 
during operation without interrupting the fire28. 

4.​ The Air Intake: Extending horizontally from the side port of the T-connector, a 6-inch to 
12-inch pipe connects the manifold to the air supply27. 

 

Component Optimal Specification Functional Purpose 

Firepot Cast Iron Brake Drum 
(8"-10" ID) 

Contains the 
high-temperature coal 
core; provides immense 
thermal mass29. 

Floor Flange 2-inch Black Iron Interfaces the flat bottom 
of the cast iron drum with 
the tubular plumbing27. 

Air Manifold 2-inch Black Iron 
T-Connector 

Separates the incoming 
horizontal forced air from 
the gravity-fed falling ash27. 

Ash Dump Submersed Pipe or Hinged Allows for ash removal 
without pressure loss or 



Flap thread seizing24. 

Phase 3: Grate Fabrication and Table Integration 
To prevent the solid fuel from collapsing downward into the plumbing manifold while still 
permitting maximum upward airflow, a robust grate must be installed directly over the 2-inch 
hub opening inside the brake drum27. This grate is subjected to the highest temperatures in the 
forge and must be fabricated from 1/4-inch to 1/2-inch thick steel plate27. The plate is typically 
drilled with a cloverleaf pattern of 3/8-inch holes, or forged into an hourglass shape27. This 
geometry maximizes the ratio of open air space to structural support while acting as a diffuser 
to spread the air blast evenly across the base of the fuel bed. 
With the firepot and manifold assembled, the unit must be mounted to a structural table to 
elevate it to a comfortable working height (typically anvil height, or knuckle-height of the 
smith). A common repurposed solution is an inverted 55-gallon steel drum27. A hole matching 
the external diameter of the brake drum is cut into the base of the 55-gallon drum using an 
angle grinder27. The brake drum is dropped into this hole, supported by its rim, while a 
secondary hole is cut into the side of the 55-gallon barrel to allow the horizontal air intake pipe 
to protrude, and to grant physical access to the ash dump mechanism27. Alternatively, a 
modular frame can be constructed using heavy steel angle iron bolted to a commercial metal 
tool stand or cinder blocks24. 
Phase 4: Modern Pneumatic Integration 
For builders opting for electrical propulsion over manual bellows, high-volume, low-pressure 
blowers are required. Successful repurposed options include bathroom exhaust fans or 
centrifugal mattress inflators27. Hair dryers can be used, provided the internal heating element 
is disabled27. The blower is connected to the horizontal intake pipe via flexible aluminum dryer 
ducting and secured with steel hose clamps27. 
Crucially, the airflow must be infinitely adjustable. A fire that receives too much air will consume 
fuel wastefully and rapidly oxidize the steel workpiece. To control a salvaged AC bathroom fan, 
the builder must wire a standard electrical dimmer switch (rheostat) in series with the fan 
motor, ideally housed in an outdoor-rated junction box27. For enhanced operational control and 
fuel conservation, this switch can be integrated into a momentary-on foot pedal, allowing the 
smith to cut the blast instantly when stepping away from the forge24. 

Part III: Step-by-Step Construction of the Side-Blast 
Trench Forge (JABOD) 
For applications utilizing charcoal, or for those seeking a highly efficient forge architecture that 
requires virtually no metal fabrication, drilling, or threading, the side-blast trench 
forge—commonly referred to in modern circles as the JABOD (Just A Box Of Dirt)—presents a 
historically accurate and highly capable alternative30. Derived from ancient African and Asian 
smelting and forging traditions, the side-blast forge completely eliminates the complex bottom 
plumbing manifold in favor of a horizontal tuyere (air pipe) entering the fire bed directly from 



the side37. 
Because side-blast forges inject air horizontally, the molten slag and clinker do not form 
directly over the air source; instead, they sink harmlessly below the air blast into the bottom of 
the trench, drastically reducing the frequency of clinker removal16. 
Phase 1: Constructing the Enclosure and Substrate Matrix 
The structural housing for the JABOD consists of a simple wooden box. The optimal 
dimensions are approximately 24 by 24 inches square, with a depth of 7 to 9 inches34. This box 
can be rapidly constructed using scrap 2x8 or 2x10 lumber, or salvaged wooden pallets34. 
Because the wood will be heavily insulated by the substrate, there is no risk of the enclosure 
combusting. 
The box is then filled to the brim with a tightly tamped matrix of non-combustible earthen 
materials. The ideal substrate is a mixture of heavy clay, loamy soil, and wood ash16. Pure sand 
should be avoided for the bulk fill, as its granular nature prevents it from holding a sculpted 
shape, and it offers poorer insulative properties than aerated ash and clay16. 
Phase 2: Sculpting the Firepot and Tuyere Placement 
Once the box is filled and tamped solid, the builder excavates an oval or trench-like depression 
into the center of the dirt matrix. For general forging, this trench should be roughly the size of 
two fists—approximately 4 inches wide, 8 to 9 inches long, and 4 to 5 inches deep35. The sides 
of the trench should be gently sloped rather than perfectly vertical to encourage the fuel to 
gravity-feed into the center39. 
A hole is drilled through one of the wooden side walls of the box to accommodate the tuyere. 
The tuyere for a charcoal side-blast forge is typically a 3/4-inch to 1-inch ID black iron pipe, 
approximately 18 to 24 inches long19. The pipe is driven horizontally through the wooden wall 
and through the dirt matrix until the tip terminates exactly flush with the side wall of the 
sculpted dirt trench19. 
Crucially, the tuyere must enter the trench 1 to 2 inches above the absolute bottom floor of the 
depression19. This empty space below the air blast serves as the catch-basin for molten slag 
and ash, ensuring the air pipe remains unobstructed during long forging sessions16. 
Phase 3: The Sacrificial Tuyere Mechanism 
In professional English side-blast forges, the iron tuyere protrudes deeply into the heart of the 

fire. To prevent this pipe from rapidly melting at , it is enveloped in a "bosh"—a 
massive water tank that uses thermosiphon convection to constantly circulate cold water 
around a double-walled nozzle32. Without this complex water jacket, a heavy cast-iron tuyere 
will quickly oxidize, melt, and collapse38. 
The JABOD entirely circumvents this massive engineering requirement through the concept of 
the sacrificial tuyere. By recessing the tip of an inexpensive standard black iron pipe slightly 
behind the face of the dirt/ash trench, the earth itself acts as the primary thermal insulator16. 
The exposed tip of the pipe will slowly oxidize and burn away over dozens of hours of use16. 
When the pipe eventually degrades too far back into the dirt, the smith simply disconnects the 
blower, hacksaws off the ruined inch of pipe, and advances the pipe forward through the dirt to 



its original position16. This highly modular, consumable approach drastically reduces the 
engineering complexity of the forge while maintaining optimal side-blast thermodynamic 
performance. 

Part IV: Refractory Engineering and the Quartz 
Inversion Phenomenon 
Whether utilizing the cast-iron brake drum or the wooden walls of the JABOD, the structural 
housing of a high-temperature forge must be protected, and the thermal energy must be 
efficiently reflected back into the combustion core24. The firepot is therefore lined with a 
refractory material. The selection and application of this material represent one of the most 
critical, yet frequently misunderstood, aspects of amateur forge construction. 
The Catastrophic Failure of Modern Ad-Hoc Binders 
A pervasive and dangerous error in DIY forge construction is the utilization of Plaster of Paris 
(calcium sulfate hemihydrate) or standard Portland cement as a refractory matrix44. These 
materials fail catastrophically under forging temperatures due to fundamental thermodynamic 
and crystallographic incompatibilities. 
Plaster of Paris cures through a hydration reaction, binding water molecules into its crystalline 

structure. When exposed to temperatures exceeding  (and reaching total calcination 

around ), this chemically bound water is violently driven off45. The plaster loses all 
structural integrity, decomposing back into a useless, chalky powder (calcium oxide), often 
spalling and ejecting hot shards as the trapped moisture rapidly turns to expanding steam45. 

Similarly, standard Portland cement begins to break down structurally at  to 
47. High-temperature environments induce severe thermal shock in conventional cements, 
leading to rapid expansion, cracking, and eventual mechanical collapse47. 
Furthermore, any refractory utilizing silica sand is subject to a violent crystallographic 

phenomenon known as quartz inversion48. At precisely , the crystalline structure of 
silica undergoes a sudden, reversible phase transition from alpha-quartz to beta-quartz48. This 
atomic rearrangement is accompanied by an immediate volumetric expansion of approximately 
2%49. In a rigid, non-accommodating matrix like concrete or plaster, this rapid expansion shears 
the internal bonds, causing the lining to spider-crack and crumble into dust49. 
Step-by-Step Application of Historical Refractory Matrices 
To survive the extreme heat and structurally accommodate the quartz inversion, historical 
blacksmiths developed a composite refractory lining that was slightly flexible, highly insulating, 
and chemically inert. The traditional recipe relies on a precise mixture of fireclay, fine silica sand 
(or grog), and organic temper52. 
 

Refractory Component Volumetric Ratio Primary Function 



Silica Sand 60% - 65% High-temperature 
aggregate; provides 
thermal mass52. 

Fireclay 25% - 30% Plastic binder; adheres the 
matrix to forge walls52. 

Horse Manure / Straw 5% - 10% Carbon burn-out agent; 
creates micro-porosity for 
thermal expansion55. 

Water Minimal Hydration; optimal 
consistency resembles stiff 
mortar52. 

Phase 1: Compounding the Matrix and Organic Temper 
The optimal ratio for a thermal-shock resistant lining is 2 to 3 parts high-silica sand to 1 part 
fireclay by volume52. The fireclay acts solely as a mechanical binder, holding the aggregate 
together without undergoing excessive shrinkage during the drying phase52. The sand provides 
structural bulk and extreme temperature resistance52. 

To mitigate the cracking caused by the  quartz inversion, the matrix must contain 
microscopic voids that allow the silica grains to expand volumetrically without fracturing the 
surrounding clay. This is achieved through the introduction of organic temper—historically, 
finely chopped straw or equine manure55. 
Horse manure is exceptionally well-suited for this application. The equine digestive system 
breaks down grasses into highly uniform, microscopic cellulose fibers. When horse manure 
(which possesses an ideal Carbon-to-Nitrogen ratio of approximately 25:1) is kneaded into the 
wet clay matrix, it serves two primary functions56. First, the bacterial fermentation of the 
manure releases enzymatic compounds that act as natural plasticizers, significantly increasing 
the workability and binding strength of the wet clay55. Second, it prepares the matrix for 
"carbon burn-out" during the curing phase56. 
The dry ingredients (sand and clay) are thoroughly mixed. Water is added sparingly, followed by 
the organic temper. The mixture is kneaded aggressively until it reaches the consistency of 
extremely stiff modeling clay or dry mortar; it should hold its shape when squeezed without 
dripping water52. 
Phase 2: Application and the Curing Protocol 
The application of this traditional refractory requires patience to prevent catastrophic steam 
fractures. The stiff clay is packed tightly against the walls of the forge to a uniform thickness of 
approximately 1 to 1.5 inches52. The surface is smoothed using a slightly damp sponge to 
compress the outer layer52. 
The curing process must be extended over several days. The lining is initially covered with 



plastic sheeting to retard moisture evaporation, forcing the clay to dry evenly and slowly from 
the inside out over a period of 5 to 7 days52. Once the clay feels dry to the touch, a small, 
low-temperature wood fire is built within the firepot52. This gentle heat drives off the remaining 
chemical water trapped within the clay lattice52. 
As the temperature is slowly escalated to forging heat, the organic cellulose fibers from the 
horse manure incinerate56. This carbon burn-out leaves behind a network of microscopic voids 
throughout the fired clay56. These voids act as physical expansion chambers, absorbing the 2% 
volumetric shift of the quartz inversion, while simultaneously drastically reducing the thermal 
conductivity of the lining, transforming it into a highly efficient insulator49. Finally, the extreme 
heat sinters the inner surface of the clay into a durable, glassy ceramic layer that reflects heat 
back into the core45. 

Part V: Pneumatic Propulsion: Manual Bellows 
Engineering 
While modern smiths frequently utilize electric blowers, the reliance on an electrical grid 
tethers the forge to a fixed location and often introduces a constant, deafening drone to the 
workspace60. Furthermore, electric blowers provide a continuous blast, which consumes 
valuable fuel rapidly when the iron is not actively being heated28. 
The traditional solution is the manual bellows. Unlike modern centrifugal fans, bellows provide 
volumetric, highly controllable airflow that scales perfectly with the physical effort of the 
smith61. This analysis details the step-by-step construction of the two pinnacle designs of 
historical pneumatic engineering: the European Double-Lung Accordion Bellows and the Asian 
Double-Acting Piston Bellows (Fuigo). 
Design 1: The Double-Lung Accordion Bellows 
The simple, primitive "pear-shaped" single-chamber bellows suffers from a critical flaw: it only 
delivers air on the compression stroke, causing the fire to pulse and drop in temperature during 
the intake stroke62. To rectify this, medieval European engineers developed the double-lung 
bellows, a three-chambered device that utilizes internal valving to provide a continuous, 
uninterrupted stream of air62. 
Phase 1: Board Fabrication and Geometric Layout 
The double-lung bellows is constructed from three rigid, teardrop-shaped or circular wooden 
boards: the bottom board, the middle board, and the top board64. Heavy-duty 1/2-inch to 
3/4-inch plywood is highly recommended for dimensional stability65. 
The middle board serves as the structural spine of the unit and remains stationary, securely 
mounted to the forge frame64. The primary air exhaust nozzle—the tuyere connection—is 
attached solely to the front nose of this middle board, specifically drawing air from the upper 
chamber62. 
The builder must cut large intake holes into both the bottom board and the middle board65. The 
top board remains solid, featuring no holes, but is heavily weighted to provide constant 
downward pressure62. 



Phase 2: Valving and Hinge Mechanics 
The operation relies on two precisely calibrated one-way flapper valves. The intake hole on the 
bottom board is covered by an inward-opening flap valve65. The middle board features a similar 
hole and an upward-opening valve, connecting the lower chamber to the upper chamber62. 
These valves are traditionally fabricated from stiff leather or modern canvas glued to a 
lightweight rigid backing (such as thin PVC or wood veneer)65. A leather strap is tacked over 
the valve to act as a limiter, preventing the valve from opening past 45 degrees, ensuring it 
snaps shut instantly upon pressure reversal65. 
The three boards are joined at the narrow front "nose" using heavy-duty forged metal hinges64. 
The hinges must allow the top and bottom boards to swing freely while remaining perfectly 
aligned with the fixed middle board64. 
Phase 3: Leather Sealing and Historical Sealant Treatment 
The flexible walls of the bellows are traditionally constructed from heavy canvas or leather, 
tacked meticulously around the perimeter of the boards in an accordion fashion64. To ensure 
the material remains supple, airtight, and resistant to the harsh, dry, spark-filled environment of 
the forge, a historical sealant must be applied. 
A highly effective, period-accurate sealant is compounded from a ratio of 2 parts beeswax to 1 
part rendered beef tallow, occasionally supplemented with a small volume of neatsfoot oil71. 

1.​ The tallow and neatsfoot oil are melted in a double boiler over low heat72. 
2.​ The beeswax is slowly shaved into the liquid fat until fully dissolved72. 
3.​ The hot liquid is aggressively brushed onto the leather or canvas75. 

The beeswax provides structural hardness and absolute waterproofing, while the tallow deeply 
penetrates the leather fibers, preventing desiccation and cracking under constant cyclical 
flexing72. The builder uses a heat gun (or the ambient heat of the forge) to melt the compound 
deep into the pores of the material until the surface feels waxy but not greasy73. 
Fluid Dynamics of the Pumping Cycle 
The genius of the double-lung design lies in its passive fluid dynamics: 

1.​ The Intake Stroke: The blacksmith pulls the bottom board downward via a lever. This 
creates negative pressure in the lower chamber, causing the bottom valve to snap open, 
flooding the lower lung with ambient air62. The negative pressure simultaneously pulls the 
middle valve tightly closed, preventing air from leaking backward out of the pressurized 
upper chamber62. 

2.​ The Compression Stroke: The smith pushes the bottom board upward. The sudden 
positive pressure in the lower lung slams the bottom intake valve shut62. The air forces 
the middle valve open and rushes into the upper chamber, inflating it62. 

3.​ Continuous Exhaust: Because the top board is weighted, it constantly exerts downward 
pressure on the air trapped in the upper chamber62. Even as the smith drops the bottom 
board to take another breath of air, the weighted top board continues to slowly descend, 
forcing a steady, uninterrupted blast of air out through the nozzle and into the fire62. 

Design 2: The Asian Double-Acting Piston Bellows (Fuigo) 



An entirely different, highly sophisticated approach to pneumatic engineering was developed in 
ancient China and perfected in Japan as the fuigo (box bellows)62. Used extensively in 
traditional katana bladesmithing and tatara iron smelting, the fuigo abandons flexible leather 
lungs in favor of a rigid, double-acting wooden piston moving within a sealed box76. 
Phase 1: Box and Piston Fabrication 
The fuigo is constructed as a long, rectangular wooden box, typically built from cedar, cypress, 
or modern smooth plywood77. Inside the box, a square wooden piston travels horizontally, 
driven by a long wooden or metal push-pull rod extending through a tightly toleranced hole in 
one end of the box63. To ensure a frictionless, airtight seal against the wooden walls, the outer 
edges of the piston are densely packed with badger or raccoon fur, or alternatively, folded 
traditional washi paper60. Modern builders often line the floor of the box with acrylic sheet or 
glass to minimize friction and wear on the piston seal60. 
Phase 2: The Four-Valve (Ben) and Plenum System 
The fuigo achieves a continuous air blast on both the push and the pull stroke through a brilliant 
orchestration of four wooden flap valves (known in Japanese as ben) and a secondary internal 
or external air channel called a plenum77. 
The main piston chamber is flanked by two intake valves (Valve 1 at the front, Valve 2 at the 
rear) on the outside walls, and two exhaust valves (Valve 3 at the front, Valve 4 at the rear) that 
open into a parallel side chamber (the plenum) which ultimately vents to the forge78. 

●​ The Push Stroke: As the piston is pushed forward, it compresses the air in the front of 
the box. This positive pressure slams the front intake valve (Valve 1) shut, and forces the 
front exhaust valve (Valve 3) open, driving air into the plenum62. Simultaneously, the 
vacuum created behind the advancing piston pulls the rear intake valve (Valve 2) open, 
flooding the rear chamber with fresh air62. 

●​ The Pull Stroke: When the direction of the handle is reversed, the physical dynamics 
instantaneously invert. The rear chamber now compresses, shutting Valve 2 and opening 
Valve 4 to push air into the plenum, while the front chamber draws a vacuum, opening 
Valve 1 to inhale fresh air62. 

Because both the front and rear exhaust valves empty into the same unified plenum chamber, 
the fire receives a powerful, uninterrupted blast regardless of which direction the handle is 
moving60. 
Phase 3: Engineering the Ben (Valves) 
The efficiency of the fuigo hinges entirely on the aerodynamic responsiveness of the wooden 
ben. Extensive historical analysis of antique fuigo reveals a highly specialized valve geometry. 
The wooden flaps are planed into a specific wedge shape—thick and heavy at the bottom 
(approximately 6mm), and thin at the top (approximately 3mm)77. This mass distribution ensures 
the valve swings open easily under minimal pneumatic pressure, yet possesses enough kinetic 
mass at the base to snap shut with aggressive authority the moment the pressure reverses77. 
Furthermore, traditional ben do not use metal hinges. They are suspended by a simple loop of 
linen string passing through angled holes drilled near the thin top edge of the flap, terminating 
in corresponding holes in the box wall77. This string hinge allows the valve to seat perfectly flat 



against the chamber wall without mechanical binding77. A layer of washi paper is adhered to 
the face of the valve using sokui (a traditional rice paste glue) to provide a micro-gasket that 
ensures absolute pneumatic sealing against the wood77. 

Part VI: Ancillary Systems and Workshop Integration 
No forge setup is complete without addressing the acoustic and kinetic management of the 
primary striking surface. When an anvil is struck by a hammer, the kinetic energy that is not 
absorbed by the plastic deformation of the hot steel is transferred directly into the massive 
steel body of the anvil. This creates extreme, high-frequency acoustic ringing81. This ringing is 
not only a severe occupational hazard to the smith's hearing, but it also indicates wasted kinetic 
energy that is dissipating as sound waves rather than moving the metal83. 
To silence an anvil and maximize forging efficiency, the mass of the anvil must be mechanically 
coupled to the mass of the earth. The traditional method involves spiking the anvil securely to a 
massive, vertically oriented hardwood log or a box filled with densely packed sand82. However, 
to eliminate the acoustic ring entirely, the microscopic gaps between the uneven bottom of the 
cast or forged anvil and the top of the wooden stand must be filled. 
Modern smiths achieve this by laying a thick, continuous bed of 100% pure silicone caulk 
across the top of the wooden stand81. The anvil is carefully lowered into the wet silicone (which 
is sometimes allowed to become semi-solid first) and aggressively bolted down with heavy 
steel strapping or forged staples83. As the silicone fully cures, it creates a custom-molded, 
elastomeric vibration dampener that perfectly bridges the two irregular surfaces83. The 
elastomeric properties of the silicone absorb the high-frequency vertical vibrations, 
transforming the ear-piercing ring into a dull, highly efficient thud, thereby focusing all kinetic 
energy back into the workpiece83. Wrapping heavy iron chains tightly around the narrow waist 
of the anvil can further dampen transverse vibrations through simple frictional mass damping82. 

Conclusion 
The construction of a traditional solid-fuel forge by the contemporary hobbyist is a profound 
exercise in applied thermodynamics, fluid mechanics, and material science. By understanding 
the chemical mechanisms of combustion—specifically the distillation of bituminous coal into 
coke and the maintenance of a neutral atmospheric zone at a precise depth—the smith can 
design a firepot with exact spatial dimensions to maximize thermal efficiency and protect the 
workpiece from destructive oxidation. 
Whether employing the heavy plumbing and cast-iron bottom-blast architecture of a 
repurposed brake drum, or the elegant, highly modular simplicity of a side-blast JABOD dirt 
trench, the longevity of the forge is fundamentally tied to its refractory lining. Eschewing 
incompatible modern cements in favor of historical matrices—specifically utilizing the 
expansion-absorbing properties of carbon-burnout generated by organic tempers like horse 
manure—ensures the forge can survive the violent crystallographic phase shifts of quartz 
inversion. 
Finally, the generation of the air blast itself bridges the gap between raw fuel and extreme 
metallurgical heat. By mastering the geometric and pneumatic principles of the European 



double-lung accordion bellows or the Asian double-acting fuigo, the smith reclaims total 
control over the forge's atmosphere, freeing the workshop from electrical dependence and 
returning the craft to its most intimate, historical roots. Through the synthesis of these historical 
paradigms and repurposed modern materials, the ancient architecture of the forge is 
preserved, optimized, and rendered highly accessible for modern application. 
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