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     Our poor people are trapped in a benited time with a bunch of savages who must be taught everything for our people to survive.  NOT!!!  Much Ado has been Adone about “the tools to build the tools—“.  Let’s take an objective look at what was actually known and in use in 163X in the field of steel working.  There are four major methods employed in making useable shapes of iron or steel. Casting, forging, rolling and drawing.  I have seen beautiful lost wax castings over eight thousand years old.  In India, they were casting iron into huge statues two thousand years ago.  Steel forging goes back at least three thousand years.  The Rolling mill was invented almost one hundred and fifty years before 1632 by Leonardo DeVinci, to make lead strips for stained glass windows.  Wire drawing was invented in Italy about the same time for gold wire and was widely used for steel and brass wire in Germany by our time.  It might just be that they can teach us a few tricks.  What do we need to teach them?  Basically, two things; The alloying of cast iron and steel and the use of high power tools to make bigger parts.  WE also should include some heat treat points to that short list, but most heat treat knowledge was in use at least by some long before our time.
     Casting size is only limited by the amount of molten metal that can be transported and pored into a mold.  Multiple pots of molten metal must be pored almost at once to avoid partial solidification (cold shuts) of the metal or excessive “super heat” (temperature over the melting point of the metal) must be used.  We can devise ways to transport the molten metal with steam power for use in making very large castings or tap directly from the      furnace to the mold, as the Indians did.  Given a wooden pattern of a train wheel, for example, a master caster of 1632 would make sand molds on the foundry floor to reproduce the outside of the wheel with the flange or inside of the wheel up.  Copper rings for chills could be placed around the outer edge of the wheel to fast cool the contact aria of the wheel to White Iron.  The heavy hub section in the center will act as a reserve of molten metal as the casting solidifies, putting the shrink cavity in a place where it will be machined out later.  The thickness of the casting is controlled by the volume of metal pored, no top (cope section) mold is used.  The frames for large machines such as forge presses and rolling mills can be cast the same way, limited in size only by how much metal can be melted at one time.
     Drop forges had long been in use, but I do not think steam power had yet been used to increase the size of billet that can be forged.  Rapid cycling of the press is necessary to keep the billet from loosing heat while being shaped. Forge presses of the time were of two types, open die and closed die.  Open die forging used nothing more than flat, parallel surfaces on the dies to force the metal into simple flat or round shapes.  Vertical alignment of the dies was not of much importance.  Closed die forgings require die sets with cavities shaped to form the required parts.  Vertical alignment of the dies is very important and requires much more accurate equipment to do correctly. Small parts are made in die sets that are self-guided with alignment posts, so the machine itself need not be as accurately made.
     The size of the forge press needed is dictated by the size of the ingot we wish to reduce and the temperature we may use to do the reduction.  As cast steel has a large grain size and may well show segregation of carbon and other alloying agents.  Just as bread dough must be kneaded, as cast steel must be worked to arrive at its best properties.  The forge press is almost always the starting place for this mechanical work.  Forging is always done at the lowest practical temperature for the job at hand.  The presses in use in the United States in the 1870s are a good design point for our first machines.  The lower die was free-standing on the shop floor, little more than a massive block of cast iron toped with a replaceable steel face.  This arrangement eliminated tensile forces from the upper frame of the machine, allowing cast iron to be used for the frame.  Two “A” frames form the sides of the press with steel supports across the top and back bolted to them. The required weight, again usually cast iron with a replaceable steel face is lifted up to the top of the frame and dropped down on the metal to be forged.  As the weight is re-lifted, the forged metal is relocated for the next hit.  It well may be necessary to reheat the ingot several times before the final shape is reached, usually round bar or flat plate for additional work.  Steam power is ideal for this work because much waste heat is available from the furnaces. High carbon steel with eight to ten percent Manganese is a good choice for our die sets. 
     The rolling mill is often the next step in steel making.  Cast iron rollers supported on bronze bushings in heavy housings, usually water cooled, continue the breakdown of the raw steel to a more useable form with improved microstructure.  The more we can work the steel at the lowest practical temperature, the better the end product will be.  A cast iron alloy of three to four percent Chromium and five or six percent Nickel will serve our needs.  Again going to the 1870s as a reference, they were using rolls of thirty six inches in diameter and seventy six or one hundred and twenty four inches long for plate steel production.  The rolls MUST be accurately machined.  As we roll to thinner gages, smaller diameter rolls must be used to get the force per unit aria ratios down.  This leads to roll distortion and uneven thickness across the sheet.  Crowned rolls slightly bigger in diameter at the center than at the ends counteract this tendency.  To go even thinner, we must use stacked rolls with bigger rolls above and below the working rolls to support them.  Until the early twentieth century, rolling mills required constant hand adjustment to keep the sheet or plate moving in the right direction.  Modern multi-ganged mill lines that go from thick plate to thin gage sheet continuously are in the future, not 163X.  Bar rolling uses the same basic equipment except the rolls are much shorter.  Shapes, such as rails, are easy to roll once the right size starting stock is forged. Two or three passes through progressive rolls are required.  Steel “re-bar” for pre-stressed concrete is also easy to roll. Round bar may be rolled, but almost all modern production has gone to rotary swaging for the much more exact size and shape control it gives.  Again, steam power is ideal for the low speed, high torque requirements of rolling mills.
     Wire drawing, as the name would imply, simply involves pulling a wire through a small hole to make the wire smaller in diameter.  Hydraulic power is best suited for this work.  The Germans were already adept at wire drawing, so our contribution will be in the field of power and die material.  For high strength (work hardened) wire, Tungsten Carbide bounded with Cobalt is the material of choice.  Tungsten is a byproduct of Tin mining and Cobalt is a byproduct of Copper so these can be had.  Drilling the tiny holes required for fine wire will require electrochemical machining or electrodischarge  machining.  ECM is far easier to do.  For making Tungsten wire in very fine gages, diamonds with holes cut by lacers are best.  Check the local Dentist to se if he has one.  Don’t forget to put an ink spot at the point you wish to drill or the beam will just shine through. 
The one big thing we have to contribute to the art of Iron and steel making is our knowledge of alloying and the new heat treatment possibilities that opens.  A bit of Magnesium converts brittle cast iron into ductile nodular iron.  A little Chromium and Nickel and we have heat treatable nodular.  I personally usually call for grade “C” which is one hundred and fifty thousand pounds per square inch tensile material and has fantastic ware resistance.  It is also easy to machine in that condition.  The heat treatment requires only heating to about 1550F and quenching in molten salt at about 550F  This will make fine rails and wheels for our railroads, for example, as well as cannon many times stronger and tougher then anything down-time.  Stainless steel (304-316) wire can easily be drawn to over 300,000psi tensile.  The music people should love it.  
This is not some high tech thing that will take life times to do.  All the basic processes are well known and have been in use for a long time.  We just need to spur a little BIGGER  FASTER  STRONGER  The Master Black Smith of 163X will know exactly what to do.
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