Materials Choices for SCA Armour

Don Maelgwyn Dda

Introduction –Many SCA armouring traditions have been supplanted by improved scholarship and improved communication among people with practical experience with a wide variety of materials.  I don’t have all the answers but I hope to provide some useful information and at least get you asking the right questions.  As you consider materials for the next armour you make or purchase, you might consider the value of your time vs. the cost of more historically accurate and aesthetically pleasing materials. Assembling a full set of armour takes a lot of effort, time and money.  It would be a shame to go through that and end up with a result that you will want to hide rather than a result in which you can take pride.

Most materials choices involve some compromise.  Each material offers a different blend of workability, density, yield strength, hardness, thermal conduction, thickness, rust/corrosion resistance, cost, and tooling needed.  By comparing accurate information about these materials you will be able to make better-informed choices.

Plastic - Plastic strong enough for armor is much thicker but lighter weight than steel, typically between 1/8 and 1/4 inch thick.  In many locations it will just look bulky and clunky. Plastic in a suitable color can be formed into shapes like leather or horn, and when used that way it can be very hard to detect. Many people confuse my plastic lamellar for leather, but no one is fooled by a plastic knee cop. Well-formed plastic vambraces or cuisses can also be hard to distinguish from well-formed leather armour, and are visually superior to crudely made leather or steel armor. If the plastic is used for hidden safety gear in an area where the historical precedent was to have no armour at all, then it is no less authentic than steel for that purpose. It might allow more authentic combat because of reduced weight.  

Some plastics commonly used for armour include Kydex, ABS and HDPE.  All are available from local industrial suppliers or through the Internet.  There are many other kinds of plastics and many variations within each kind, so if you are trying some unknown or new material it may be too brittle or degrade in sunlight or be otherwise unsuitable for armour. Some plastics become brittle in below-freezing temperatures but this is rarely a problem for Ansteorran fighters.  Used HDPE plastic 55-gallon barrels are available cheaply or free in many communities. 

Dark colored plastic exposed to sunlight absorbs light/heat and conducts it to you.  Plastic armour does not radiate heat like metal armour.  It is immune to rust or mildew, making it fairly maintenance-free and durable.  Some plastic armour may crack under repeated battering or flexing but most well made plastic armour will last as long as you wish to wear it. 

Common tools like saws, shop scissors, sandpaper and drills work great on plastic.  A heat gun or oven can be used to form plastic but check on the properties of each before heating…some mistakes could be toxic. Vacuum forming requires more sophisticated setup but produces amazing results.  HDPE barrel plastic will return to original curve under moderate heat like that found in the typical Ansteorran car trunk.

Visibly apparent plastic armour detracts from the look of any medieval game, but so does visibly welded steel, un-dyed and untreated leather, and any piece of armour with a shape and finish that is poorly executed, poorly maintained, or designed without reference to historical models.

Aluminum - Aluminum is very light weight but has a distinctly different look and usually requires much more thickness of metal than steel to achieve an armour-appropriate strength, which can make it look clunky in some applications, especially when overlapping layers are involved.  A brushed finish can minimize the distinctive look of aluminum, or aluminum can be used for hidden armour, internal splints or covered plates.  Aluminum comes in a variety of alloys and tempers with significantly different properties. Most types of aluminum will crack under repeated bending or shaping, so complex dished shapes are difficult to achieve without frequent annealing. 6061 or 7075 alloy aluminum at T6 temper is popular for armour and for shields.  Typically shields and armour are made of .06 to .125 inch thick aluminum depending on the alloy, temper and armour location. Used highway signs may be obtained from city, county or district maintenance shops, but they tend to be a more brittle alloy/temper than you might otherwise select.   Aluminum conducts and radiates heat well.  It does not rust but will form some black aluminum oxide if left in contact with moisture.  

Titanium - A piece of titanium can be formed into the same shape as a piece of steel. It may be the best material for hardness and durability/weight but it comes at a high cost in raw materials, tools, time and safety gear.  It has an appearance similar to steel but with enough difference to be noticed by those familiar with metals or with historical armour.  Titanium burns when heated in air and the dust is harmful to human lungs, so extreme care must be used during machining.  Titanium requires a great deal of force to bend or shape and it tends to work-harden so frequent annealing is required. This may be a material best left to professionals or to experienced metalworkers who can research and carry out appropriate precautions. At www.knifecenter.com it states, “a nonferrous metal alloy, the most common form of titanium is 6AL/4V: 6% aluminum, 4% vanadium, and 90% pure titanium. This is a lightweight metal alloy that offers unsurpassed corrosion resistance”.  With up to a 60% reduction in weight as compared to mild steel armour, titanium is very tempting for SCA fighters but only those willing and able to pay very high prices are likely to use it.  As you will see, other materials offer a comparable weight savings without incurring such high costs.

Steels – Steel is the classic material for the “Knight in shining armour”.  Many shapes and styles of steel armour are specific to a particular time and place.  For example, while steel may be authentic, steel articulated plate legs are not authentic when worn with a Roman cuirass. Crudely formed or badly welded steel will look as bad or worse than any other non-historic armour.  Poorly maintained steel armour will also fail to convey the image of the well-armoured medieval nobility.  Some historical methods for reducing rust on iron/steel armour include wax, oil, oil burned on, paint, tinning, bronze plating, blueing, and russeting. 

Most extant steel armour is thinner than typical SCA armour and shows evidence of heat-treating or case hardening.  The guy in coat-hanger-wire butted mail and 12-gauge plate is not historical or authentic, just overburdened.  Current fighters who use well-formed hardened carbon steel plate are finding that this more authentic armour is more protective and at least as mobile as most "sport" armours. 

· Mild 1018 – This is widely used and readily available from local industrial suppliers.  From 18 gauge for articulation and gauntlet pieces to 16g for elbow cops up to 12 g for dent-resistant helms this material has been the standard for modern medievalists for many years. Too many SCA fighters still use over-thick mild steel to compensate for the lack of hardness and dent resistance in their armour.  Mild steel offers the worst performance/weight and rusting problems of any material mentioned here but it is also the cheapest. It can be worked with modest tools but does require the development of some skills not widely taught outside of armouring circles.
· Stainless – Tougher and harder than mild steel, stainless also offers the advantage of rust resistance.  In situations where some weight is needed for safety, or where rust is a major concern, stainless steel may be ideal.  I suggest 18g for elbows, 14g for helms, 20g for lamellar lames.  In general you can achieve the strength of mild steel with stainless steel two gauges thinner, like 18g stainless in place of 16g mild steel.  Stainless is usually less expensive and difficult than titanium but much more difficult to work than mild or carbon steel and not as good for performance/weight as hardened carbon steel.
· Carbon 1050 – Carbon steel or “spring steel” seems to give the best performance/weight of any armouring material except titanium and can be worked "soft" and then hardened which is a big advantage. Disadvantages include cost of material and heat-treating equipment, and vulnerability to rust. In general you can achieve the strength of mild steel with heat treated carbon steel four or more gauges thinner, like 22g carbon steel in place of 16g mild steel. I suggest using 22g for all but breastplates or large cuisses, which may need 20g.  Helms still need 16g minimum and I’d suggest 14g just for the weight in bascinets or other helms with minimal overlapping metal.  A 14g carbon steel bascinet properly hardened and tempered should be nearly impossible to dent.  Carbon steel treated to resist rust is the most authentic and lightweight material for reproducing medieval steel armours.

· Chrome-Moly 4130 – 4130 steel has similar properties to 1050 carbon steel but much more forgiving in heat-treating and tempering temperatures.  Unless you are concerned about authenticity on a molecular level I recommend 4130 for all of your steel armour needs.  Seriously.  Accept no substitutes.  Treatment can be summarized as:  Heat to 1600 degrees or bright glowing orange, quench in a warm bucket of transmission oil, then temper at about 450 degrees until dark golden yellow or just past that to blue-purple.  Despite the chrome content, 4130 steel rusts easily so a good coat of wax is recommended.
Leather – The armour of King Tut and of many ancient cultures was made of leather.  Historical leather armour examples can be found in each century of the medieval period but the form and decoration of leather armour for any particular time and place needs careful research.  Just because they had leather, belts and heraldry does not mean that your heraldic kidney belt is authentic.  Leather used in places where there should be steel just never looks right, so if you make cops out of leather they should be hidden under a tunic or pants.  Leather offers light weight and workability with common tools, but it is one of the most expensive raw materials used in SCA armour.  With proper treatment leather can be as supple or as rigid as each armour location requires.  Suede leather begins to appear in the late 1600s but has little application in armour, while chrome-tanned leather is entirely modern.  Leather thickness is measured in ounces per square foot.

· Oil tanned or Latigo – Good for straps and for a resilient backing under splints or as the outer layer in a coat of plates. Most useful in 6-8 oz range, up to 10 oz for vambraces or cuisses.  Oil tanned leather is dyed during the tanning process and cannot readily be re-dyed or tooled or hardened.

· Rawhide – Great for shield edging or for rigid plates or scales.  Cheaply available as dog chews or in quantity from Tandy or other leather suppliers.  Easily formed, cut or sewn while wet but very rigid when dry.  When sealed with wax or varnish it may be ideal for crafting hidden armour for under mail or a tunic or pants.

· Vegetable tanned – Heavily used both in history and by SCA combatants, vegetable tanned leather remains a popular choice.  “Oak tanned” is one popular variety of vegetable tanned leather.  This leather can be tooled, shaped, dished and dyed.  With water soaking leather can be formed into complex curves and shapes that will be retained when dry.  Many fighters have used heavy 12-16oz. leather to get more rigidity in their armour, but I would suggest applying one of the following methods to roughly 10 oz leather instead:
1. Wax hardened – While wax was used to harden historical drinking vessels and bottles, I know of no evidence for its use in armour.  This seems logical for a couple of reasons.  The waxes available in medieval Europe would get soft at common summer temperatures.  Also, waxed leather cuts fairly easily.  Waxed leather is still good for SCA purposes if the right waxes are used (including paraffin or carnauba wax in the mix), but far from ideal.  Wax adds weight as well as rigidity and it tends to soften under repeated movement or pounding.  10 oz leather should be sturdy enough for most armour purposes but thicker leather might be desired if the wax does not provide enough rigidity.  
2. Water hardened or Baked– After vegetable tanned leather has been tooled, shaped and dyed it can be soaked again, pressed by hand into its final shape, and baked at low temperature.  For more precise shaping the leather can be nailed to a wooden last.  Use an oven thermometer to ensure that a temperature of 180-200 degrees Fahrenheit is maintained.  Bake until dry, usually 30-60 minutes.  Higher temperatures will produce brittle leather with a soft core that cracks easily.  The final product should be sealed with a waterproof finish like mink oil, wax or hide glue.  At least one extant 13th century upper arm guard appears to have been done this way.
3. Glue hardened – For armour even tougher than baked leather you can add hide glue.  This has an effect like a modern composite material with the leather fibers forming a matrix that holds the resilient dried glue.  Rabbit glue in particular seems to have been used, both as a glue and as the main ingredient in gesso (a mix of glue and white powder, usually gypsum).   Most leather armours in 13th and 14th century artwork are painted in bright colors, but paint will not adhere to a base of waxed or oiled leather.  Trace remains of gesso and hide glue have been found on extant pieces of leather armour.  The process for glue hardening is much like that for water hardening, only once the leather is warm you start adding coats of rabbit glue.  The glue soaks into the leather so another coat can be added every 10 minutes or so.  After 3-4 coats the leather can be baked dry.  If you want to paint the piece it is important to add one or more coats of gesso to give a solid white background.  The gesso can also serve to fill in any nail holes if you used a last to form the leather. This leather can also be gilded by first adding at least two coats of bole (hide glue, plaster and red clay) to the area that will be gilded and then applying a sheet of gold leaf.
Mail: A special case – Mail is not a raw material, but advances in the modern techniques of mail manufacture have made much of the mail used in the SCA…well…out-of date.  Until recently most modern re-enactors have made mail of thick wire cut into links with the ends butted together.  The strength of the link depends on the toughness of the wire.  Medieval mail used much thinner wire hammered flat like a washer with the ends overlapped and riveted together.  While more labor-intensive, such links are roughly 1/3 the weight of a butted link and hold up much better to repeated battering in SCA combat.  (That’s 15 lbs instead of 45 lbs for a hauberk!) 

Some armour scholars from the SCA and other groups have taught several Indian companies to manufacture riveted mail, making it widely available at comparatively low cost.  Those wanting the highest level of authenticity should note that most Roman and Eastern European mail used round-headed rivets, while most medieval mail in Western Europe used wedge-shaped rivets.  Another common variation in both Roman and medieval mail was to alternate rows of riveted links with solid links punched out of a metal sheet.  While each fighter should look into the specific type of mail worn in their chosen time and place, the ready availability of lightweight riveted mail makes heavy butted mail an anachronism that we can happily live without.

Armour Padding

· Foam – This high-tech insulation will trap heat and moisture against your body.  It comes in a wide array of colors, some of which may be found in nature.
· Quilted linen – This wonderful fabric will wick moisture away from your skin and spread it out so that it rapidly evaporates, cooling you down.  Stuffed with natural fiber materials like raw cotton, raw wool, tow (short un-spun linen fibers), horsehair or rags this padding can keep you safe and cool(er) all at once.  Good for helm linings, gambesons, cuisses, and any other padding need you might have.
· Felt – Wool felt provides a good, dense padding material for lining knee or elbow cops if they are not worn over a gambeson or a gambesized cuisse.  Also good for shins and forearms where the body provides little natural padding around the bone.
· Sheepskin – A layer of sheepskin with the wool still attached makes a resilient lining for a gorget or any other location where a bit of padding is desired.  It is suspected but not well documented that some Roman troops may have used sheepskin across their shoulders to make their Lorica Segmentata or banded armour more comfortable.


 
Conclusion - I feel that water or glue hardened leather and tempered carbon steel are the best choices for re-creating most historical armour. Well-formed plastic can be a reasonable substitute for the leather parts if you need to save cost and improve durability, and stainless can be reasonably used to reduce the maintenance of the steel parts. Both of these are compromises but they can be done with minimal visual impact if done well. For hidden armour including the plates in a coat of plates/brigandine/jack the composition of the materials is less relevant than the cost, weight, rigidity, heat retention and workability factors. For any armour, natural fiber padding will be equally protective and more comfortable than foam padding.  With appropriate armour materials and padding you can make a full set of gear for SCA combat that is authentic in appearance, protective, light weight, and provides full mobility.  As we learn more and get better at finding appropriate materials, authentic medieval armour appears to get more and more practical while our modern "shortcuts" seem less and less justified. Who knew those medieval folks were so smart? 
Vendors

Plastic
Armour - 
EGG Armory at http://eggarmour.tripod.com



Alchemy Armory at http://www.alchemyarmory.com

Material - 
San Diego Plastics at http://www.sdplastics.com/ or local supplier

Leather – Armour - 
House of the Wolf at http://www.houseofthewolf.com



Torvaldr’s Leatherworks at http://skaldic.com



Viking Leathercrafts at http://www.vikingleathercrafts.com

    Material - 
Tandy Leather at http://www.tandy.com or local store




Brettun’s village at http://www.brettunsvillage.com/leather
Titanium – Armour - 
Hammerhand Armoury at http://tiarmour.com
       Material - Titanium Joe at http://www.titaniumjoe.com
Steel – Armour - 
Stonekeep Armory at http://www.shop.store.yahoo.com/spiers-   saddlery/scagearandar.html for inexpensive munitions-grade armour




Many SCA armourers offer fine mild and stainless armour


Materials – 
Local industrial suppliers…look in local yellow pages




For rivets see McMaster-Carr at http://www.mcmaster.com 

Carbon steel – Armour – Historic Enterprises at http://www.historicenterprises.com 




     Mandrake armory at http://www.mandrakearmory.com 

      Materials – Admiral Steel at http://www.admiralsteel.com/products/200/hra1050.html
         AED Motorsports at  http://aedmotorsport.com/Chromoly/4130.html#Sheets
Mail – Armour- 
Historic Enterprises at http://www.historicenterprises.com 




Highland Arms at http://www.highland-arms.com 




Forth Armoury at http://www.forth-armoury.com 




Kingslance at http://stores.ebay.com/The-Kings-Lance 

        Rings and tools - Forth Armoury at http://www.forth-armoury.com 

Linen – Material – 
The Fabrics Store at http://fabrics-store.com
Further reading

The Knight and the Blast Furnace by Alan Williams, 2003
“As Tough as Old Boots? A Study of Hardened Leather Armour. Part One: Techniques 

of Manufacture” in Dobson, Christopher (2003), Art and Arms: Florence, City of 

the Medici. 
“Hardening 1050 Carbon Steel” by Craig W. Nadler, 2003 at 

http://www.eskimo.com/~cwn/hardening.html
“An Introduction to Making Hardened Steel Armour” by Dave Wise at 

http://www.armourarchive.org/essays/essay__heat_treating.shtml
The Armour Archive at http://Armourarchive.org
