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Foreword

Wayne Goddard’s career making knives mirrors that of the modern custom knife-
making movement — that is, from the mid-1960s to the present. In that time he has
explored the gamut of knifemaking, from grinding blades via the stock-removal meth-
od to forging them to shape. In the interim he has won many awards for his knives and
has established himself as one of the most respected names in handmade cutlery.

In addition to being a product of “The Golden Age of Custom Knives,” Wayne is
one of the rarest of blade breeds. Not only does he make a premium knife but he also
teaches others how to do it and he does so without the slightest hint of reluctance some
makers have about sharing their “knifemaking secrets.” In fact, one “secret” to
Wayne’s success is that he has no secrets. He lays bare everything he knows about
making outstanding knives and scoffs at those who guard their tricks of the trade as if
they were some kind of Holy Grail. .

Whether in seminar form, where he turns so-called knifemaking mysteries into eas-
ily understandable, step-by-step procedures, or in the written word by way of his
“Question & Answer,” “Steels,” “BLADE Workshop,” “All About Grinders” and
“The $50 Knife Shop” columns in BLADE Magazine®, Wayne stands out as one of
the handmade industry’s foremost instructors. So has it been especially with his “The
$50 Knife Shop” series, which, of course, is the basis for this book.

One of the myths of knifemaking is that you must have the latest in expensive ma-
chinery and materials to craft a fine knife. In The $50 Knife Shop, Wayne shows you
how to build your own forge, heat-treating oven and other knife shop equipment and
also provides instruction on making fine knives from common, everyday items you
can obtain through yard sales, at junkyards or even find around the house. Then, he
takes you through the forging of a knife, a knife that can hold its own with just about
any similar piece made on today’s hi-tech cutlery machinery.

As most cutlers will admit, making knives is not brain surgery. Wayne not only ad-
mits it, he shows you, in his straightforward, no-nonsense writing style, how it is done
with the simplest of methods, materials and equipment. Even if you do not want to
make knives, this book is a must read just to see how easily it can be done. Of course,
Wayne cannot make you expend the hours of practice, hard work, and blood, sweat
and tears it takes to make a choice piece of cutlery. You will have to do that on your
own. But he can share more than three decades of experience and knowledge that he
has gained. I'd say that’s a pretty good bargain for the cover price.

Steve Shackleford
Editor,
BLADE Magazine®
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About the Author

Wayne Goddard was born in Hamilton, Montana in 1938 and spent time up in Mon-
tana, Kansas and Idaho while growing up. He has been married to Phyllis for 41 years.
They have two children and seven grandchildren.

Goddard has been making knives 37 years. It has been his full-time business for the
last 27 years.

“The first 10 years I made a lot of working knives. By 1974 it was becoming more
of a collectors’ market,” said Goddard. “I decided to specialize in folding knives start-
ing in 1974 and that was pretty much what I made until 1983 when I got into forging
and Damascus steel.”

Goddard has a Mastersmith rating in the American Bladesmith Society, is a charter mem-
ber of The Miniature Knifemakers Society and a member of its board of directors. He is also
a founding member of the Oregon Knife Collectors Association. As a Field Editor for
BLADFE Magazine for nine years Goddard provides two regular features, a Q & A column
and a series on Knifemaking Topics.

“My favorite knives to make are one-of-a-kind knives of Damascus steel and large
Bowie knives. I am probably best known for popularizing knives that are made of
forge welded steel cable,” said Goddard. “I make many, one-of-a-kind folding knives
that utilize weird antler parts for the handle. My influences include ancient weapons,
tribal knives and classic Bowie knives.
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Introduction

In 1963 1 had very little money or equipment, but [ had a burning desire to make
knives. I got started with a homemade grinder and an electric drill. It’s probably a
good thing that ¥ didn’t know about belt grinders because it would have held me back.

In the pages that follow the reader will find simple methods and equipment that can
be utilized to make very fine knives. The words, pictures and drawings will hopefully
smooth out the bumps on the trail that leads to a finished knife.

Unfortunately, I cannot furnish the most important element that is necessary to in-
sure this journey has a happy ending. The missing ingredient is what I refer to as the
“want-t0’s.” My experience shows that a sincere desire to make knives and a mindset
of never giving up will go farther towards attaining success than any “talent” an indi-
vidual may possess.

-

Wayne Goddard




Table of Contents

Chapter 1

THE BEGINNING ...cvvvrirtiennnreeneininnrcesreeeseesrerssneens 12
Chapter 2

THE FORGED KNIFE .....cccvveriercrieieceric s 21
Chapter 3

THE STOCK-REMOVAL METHOD

AND FINISHING .....vovereeeeeeeseeseessesesesesesss o, R 43
Chapter 4

BACKYARD HEAT TREATING ......covevvviireiverneeeeseesennn, 69
Chapter 5

DAMASCUS STEEL .oveeeevrenrvnnnnn.n. feeererireerenteeenresrersrenns 97
Chapter 6

HOME MADE GRINDERS.......cccovieiiirieeeneeenesereseeennn, 115
Chapter 7

TRIBAL KNIFEMAKING .....vociiitieneiceissrteceeeeeeeeessenn e 135

11



12



Chapter 1

THE BEGINNING

The $50 Knife Shop

Back in 1988, I took on a project that was
printed in Dixie Gun Works’ 1988 Black-
powder Annual. The plan was to make a
forged buckskinner knife with a minimum of
equipment. For that project, I built an anvil

out of railroad rail, made a coal forge from a
rusted-out barbecue and finished the knife by
hand without the use of any power tools. It
can be done.

That project helped to spawn “The $50
Knife Shop” series for BLADE® Magazine.
The column was really a continuation of my
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The buckyard smithy, 1988,
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earlier experiments. It was a reaction to the
“high-tech” methods that are being used to
create hand-made knives today. I’'m not say-
ing there is anything wrong with using tech-
nology and machine tools to their fullest
extent. What 1 am saying is that high-tech 1s
not for everyone and this book is for those
who want to simplify the process. Although
the equipment is simple and low-cost, a high-
quality knife can be made. It truly 1s possible
to set up Lo both forge and grind knives and
keep the budget under $50. The main
requirement is having the desire to do it, I
call it having the want-to’s.

In the pages that follow I will be teaching
my way through the two project knives fin-
ished in the magazine serics. Along the way
there will be some side trips to cover in-
depth the things that there wasn’t space for in
the magazine series.

The Forged Project

The magazine series started out with forg-
ing because it requires a minimum of tools to
get a finished knife. The “World’s Smallest
Forge” was used for forging the blade. The
forged-to-shape blade was cleaned up with
files and then hand-rubbed on “wet-rocks™
made from broken sandstone grinding
wheels to smooth up the filing marks. This
was in keeping with the aim to use no power
tools in the making of the forged blade. A
tree branch from my dad’s yard furnished the
handle for the forged blade.

The Stock-Removal Project

For this knife, I went back to 1963 and my
start in knifemaking by constructing a faith-
ful reproduction of my first grinder. It was
made from a washing machine motor and
some other junk. I used an abrasive saw on
my reproduction grinder to cut a lawnmower
blade into blanks. I then put a grinding wheel
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on it to shape the profile and grind the bevels.
[ used a disc sanding attachment on an elec-
tric drill to smooth it up and get it ready for
heat treatment. The heat source was a pro-
pane-torch blowing into the one-brick forge.
I used the “goop” quench to harden the two
blades. Blades were tempered in a toaster
oven. Scrap maple burl was used for the han-
dle slabs on the stock-removal blade. That’s
about as simple as 1t can get.

The Bottom Line

I started the magazine series with the
assumption that I could do the forged and
stock-removal project for $50. [ came in under
budget, at least on paper. The following 1s a
list of the materials and equipment that it took
to complete the series.

COAl FOTZE. ..ncvvreererceccrereeerrerecesreesensrenersnenns $5
Makeshift anvil and forge tools.................. $10
The Good News, Bad News Grinder............ $5
1955 Black and Decker Drill. ........coeeuee... $2
Drill press adapter. ...oeveoreevererceerrer e Free
TOASIER OVEIL. wvveeeverereeseccevecnreerteeessnsvenresssasaes $2
World’s smallest Forge. ....coooveeervnnrevnnennn, $10
Blade and handle material for two knives....$2

Total $36

At the end of the series I made the cornment
that I should use the leftover $14 build a belt
grinder. It was purely by luck that the 1X42
belt grinder was buitt for $16 worth of yard
sale parts, You'll find the details on it in the
section on homemade grinders,

So then, we are about to undertake a
couple projects that should teach you about
knifemaking on a budget. The {igure of $50
is really arbitrary. Tt is the philosophy of
working with the tools you have or can
acquire inexpensively that’s really impor-
tant. If you really want to, you can create a
serviceable knife shop for a lot less than
you think.



Knifemaking Simplified

There is a well known knifemaker who telis
newcomers that an investment of $20,000 is nec-
essary to fund a well equipped shop. On the other
hand, if a lot of tools were truly necessary I and
most of the makers who started in the ‘60s and
“70s would never have made our first knives.

It’s a fact that knifemakers shops get more
“high-tech” all the time. There are those indi-
viduals who want, and perhaps need to have
all the latest and best machinery. There is
nothing wrong with that. It’s just not neces-
sary for the beginner. A room full of expen-
sive tools won’t make anyone a knifemaker. It
will take months, perhaps years for the new
maker to become skillful enough to be com-
petitive in the marketplace. I'm convinced that
the best way to start any new enterprise is with
simple equipment. If it can’t be learned with
simple tools and methods it may not be possi-
ble to learn it with more “high-tech” equip-
ment. The cold, hard facts are that the latest
and best technology will not replace years of
practice with simple tools.

It’s often discouraging for a would-be
knifemaker to see a well equipped shop. A
simple beginning does not appeal to most of
them once they have seen all of my interesting
tools. They usually think everything they see
is necessary in order to get started. I heard this
comment one time, “lI won’t be able to make
knives, I can’t afford all this stuff!”

11like to tell people about the small table that
held all my equipment when I moved to my
present location in 1970. I tell them how I made
more than 300 knives before I had a belt grinder.
I explained that it had taken me more than 37
years to accurmulate all that I have. The damage
has been done, once they see it all, they decide
that's the way it has to be. Building a homemade
grinder and setting up shop with under the shade
tree in their backyard is not how they visualize
the knifemaking process.

I sometimes hear the excuse; “My knives
would be better if I had better equipment.” 1

have sad news for those folks. Machines don’t
come with the skill to do good work. It will
take many hours and days of practice to get
the skill necessary to do good work. I’ve seen
a few new makers who were frustrated by hav-
ing good equipment but insufficient skill to
get good work out of it.

Some people don’t stick with knifemaking
long enough to master it. Success usually
comes to those who never give up, The most
important ingredient for success with simple
methods is to have a sincere desire to do it.

Another excuse I sometimes hear is; “I want
to make knives but don’t have the time.” People
generally spend their time on what is most inter-
esting to them at that particular time. It’s a mat-
ter of priorities and if they want to bad enough
they will make time for knifemaking.

In order to teach the stock-removal method
on a simple basis I went back to the way 1
started in 1963. The forged part came out of
my experiments in the mid 1980s to make
knives without any power equipment. My suc-
cess with that project proved that the desire to
make knives is the only necessary ingredient
for the would-be knifemaker. Those two facets
of my career came together in the BLADE®
magazine series “The $50 Knife Shop.” This
book grew out of that series. No excuses now,
it’s time to get to work.

A Talent For
Knifemaking

There may be such a thing as a “talent” for
making knives. I didn’t have it when I started
and I can prove it. There’s & sheet-metal box in
my shop with a couple dozen knives in it that |
made in the 60s and 70s. Whenever someone
tries to tell me I have a talent for making knives
I show them the knives from the first five or six
years. I've heard comments like “How could
you have done that!” My excuse is that I didn’t
know any better. I didn’t have the talent for it
and had never seen any well made knives so I
didn’t have anything to work up to. My equip-
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ment was crude but ] can’t blame the knives on
it. With the skill I have today I can make first-
class knives with very little in the way of tools.
My opinton is that hard work, using good
methods, develops skill. Talent may help if you
are lucky enough to have it.

Teaching and Learning

T have a friend who tried to make a knife in
another maker’s shop but he wasn’t getting any-
where with the blade. The teacher finally said, ...
you don’t have what it takes” and threw the blade
away. I don’t quite understand that attinude. 1t
might be that the knifemaker/teacher had talent to
the extent that he didn’t have to work at develop-
ing skill. He must have assumed that training
wasn't reaily necessary if you had the talent, You
either had it or didn’t have it and he wasn’t going
to take the time to be a good teacher.

I’ve always said that anyone could learn to
make knives. As I get older I have modified
that statement to read like this. Anyone with
the sincere desire can learn to make knives.
My students come from all walks of life; den-
tists, loggers, crane operators, game wardens,
roofers, welders, school teachers; physicians;
and, no kidding, a butcher and a baker but no
candlestick maker. Age is no barrier, my
youngest student was 9, the oldest was 81.

If you want to learn the most about knife-
making, start teaching. Teaching forces an tndi-
vidual to get under the surface of methods and
techniques. Ask yourself these questions. Why
is a certain styie of knife shaped the way it 18?7
Which handle shape works best for a specific
blade shape? What does the relationship of the
handle to the blade have on function? Why does
one blade cut better than the next? What is bal-
ance? Finding the answers to these questions

The bladesmith/teacher/author/at work. Photo by Bob Lum
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and a whole lot more is where the true rewards
of knifemaking are found. Teach your kids,
neighbors or friends. You’ll be amazed at how
much your knifcmaking improves as you learn
the deeper aspects of the craft. And, the compe-
tition will do you good.

Learning From Our Mistakes

I was in the middle of a project that didn’t
work out when a friend came visiting. Seeing
the mess I was in, he was feeling sorry for me
because of the time he thought I had wasted. I
told him that I'd never be able to figure out
what worked without first eliminating all the
ideas that didn’t work. The inventor who makes
something work the first time is either very
wise or just lucky. Either way, many valuable
lessons were missed by skipping past the pro-
cess of making something that didn’t work.

The human eye can judge the difference
between millions of different colors, this is a
gift from our creator. The hand can make
adjustments of a fraction of a degree and
return to a previous angle, all without really
concentrating on it. For lack of a scientific
explanation, I'll call it a learned respense.
Practice is good!

Knifemaking is a touch and fee] kind of
thing, Most of what we do with our hands can-
not be reduced to formulas and methods. There
are some things I do that took many attempts
before I mastered the skill or methods neces-
sary to make them work. It’s the same way with
my inventions. My upside-down platen for flat-
tening dagger blades took me three years to
refine before I finally made it work. The secret
of success is to never give up.

The Shop

A large shop is not required to get started. I
use the term shop rather loosely but my first
one was the closed in the sun-porch of the
apartment in which we lived. A shade tree, an
apartment in New York City, a lean-to on the
back side of your house or garage will do. That

sun porch wasn’t very large but I didn’t have a
lot of tools. I didn’t have a vise at first, just my
homemade grinder and an electric hand drill. I
say this so no one will have an excuse that they
don’t have a place to make knives.

My shop today started out as a typical dou-
ble garage. It became a shop in 1975 when [
had the double door taken out and a wall put in.
I’ve spent a lot of time to set it up exactly the
way it should be and I feel real comfortable in
it. I did the numbers one time and I've spent
something like 67,000 hours in my shop since I
went full-time in 1973. It’s so full of equipment
and junk that there isn’t room to add anything
without a major shuffling of machines. It’s my
giant comfort zone and I'm always happiest
when I’'m in there making knives and experi-
menting with machines and methods.

My smithy is in a lean-to on the back side
of the shop. The dirt floor has a layer of loose
bricks on it that creates a fatigue-free surface.
The bricks are laid out with a small gap in
them. Loose dirt is swept into the cracks and
with use the floor gets a fairly solid feeling.
The irregularity keeps the feet and legs mov-
ing and that’s where the relief comes in. I've
got plans for a tribal smithy that will be next
to the existing lean-to. Four upright posts and
a tin roof will do it.

Setting Up The Shop

Think of it as needing two different areas,
one clean and one dirty. The grinders and drill
press are the dirty part. The finish bench and
leather work areas are the clean part. It would
be best to have a separate room for grinding
and many makers are doing that today. I rely
pretty heavily on good ventilation and haven’t
felt the need for a separate grinding room. I
keep the dirty operations in the back end of
the shop and the clean areas near the front,

You’ll be spending part of your life in the
shop so it is wise to set it up to be efficient and
safe. A sturdy workbench is the first and most
important item. Don’t scrimp on wood, 4X4
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. MICARTA & LEATHER
INSERTS TO
PROTECT THE BLADE

posts for the legs and a heavy top of particle
board or plywood over 2X4’s. Bolt and glue it
together and brace the ends and back with ply-
wood to make it stiff. It should have shelves
underneath for boxes or drawers to fill with
lots of heavy stuff. That’s so the bench doesn’t
move around when you’re filing or sanding on
a knife handle.

The work bench I made for the $50
knife shop project had three legs with a
post vise on the end with one leg. Three
legs keep it level on uneven ground but the
bench is top-heavy and isn’t very stable to
work on. It needs about 500 pounds of
steel on the bottom shelf for ballast.

A good vise 18 the first thing to put on
the new bench. I mount mine at an angle
on a piece of heavy steel that overhangs
the bench. This gives clearance to work
from either the side or end. If you have
room to work at the end of your bench the
vise can be mounted square with the
bench. [t will be more useful if it over-
hangs the bench by about eight inches. See
the photo.

A is the Wilton horizontally mounted vise.
B, the Micarta® jaws. C adapto-mount
made of Micarta®. D shows the bench top.
E, the knife-board with a blade secured
against it, When finishing a handle, the
blade is clamped in the vise jaws.
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A view of my most used workbench vise from
the top. The angle it is mounted at allows
work to be done from the side as well as the
end. Note the Micarta® and leather inserts to
protect the knife being held. The slots allow
folding or fixed-blade knives to be held with
trial pins in place,

I use knife boards a lot. A knife board is a
piece of wood or Micarta® that is cut to the
shape of the blade. It supports the blade for
drawfiling or hand-sanding. See the picture. I
hoid the knite board in a vise that has its jaws
horizontal with the floor. This vise is also
mounted at an angle to the bench.




To Forge Or To Grind,
Which Shall it Be?

There are advantages to each method, the
choice is yours. The main advantage of forg-
ing is that a grinder is not necessary. The
blade can be shaped with a hammer to the
place where there is very little metal to
remove to finish it. Once the blade is annealed
it can be finished with 100 percent hand work.
The stock-removal method can be done
indoors or in a basement where forging would
be impractical.

A large part of the knife world prefers statn-
less steel knives. I'd venture a guess that 70
percent of the knives being sold at handmade
knife shows are stainless steel. My opinion is
the only reasonabic way to make knives of
stainless is by stock removal. Stainless steel
can be forged but it is slow going and nothing
beneficial is gained.

Others prefer a Damascus blade. Most
Damascus blades are made by forge welding.
It is then usually forged trom the billet into a
bar or blade. If you want to make your own
Damascus you need to be set up for forging. I
tell my students the best reason for being a
bladesmith is to make Damascus stcel.

There are many stock-removal makers who
purchase Damascus bar stock and make knives
without forging. The pattern usually shows up
as paraliel lines and the biade just does not have
the beauty that that it would have is it was
forged to shape. With the development of parti-
cle metaliurgy Damascus, it is possiblc to make
Damascus blades where the only forging was
the reduction at the steel mill of 4 huge billet
into blade-sized bar stock or plate.

Tools Needed For
The $50 Knife Shop

It is assumed that you know about garage
sales, thrift stores, flea markets, scrap yards
and are adept at Dumpster diving. 1f not, you
may not be able to set up for both forging and
grinding and keep the budget under $50. As 1

write this it is Saturday, April 22, 2000 and a
fine spring day in Oregon. I visited some

garage sales in my neighborhoed. 1 only spent
$4 on tools but I got half a dozen items off the
free piles that will be used for future projects.

Bare Essentials, Tool,
and Material List

Safety Glasses or face mask.

Homemade grinder, or whatever you have.

3 Hand drill, or electric, with drilf bits to
match the pin size,

Sanding attachment for the electric dnill
and disks.

5 File for steel. Optional, wood rasp for
rough shaping handles.

6 Sharpening stone, silicon carbide wet or
dry paper will work if you don’t have a
stonc.

7 Heat source: First choice; a propane torch,
BemnzOmatic® type with the one-brick
forge. (See the chapter “The World's
Smallest Forge.”) Second choice, a coal
forge and blower.

8 One soft fire brick and several hard ones.
Required for the one-brick forge.

9 Blade material: Lawnmower blades, old
files, coil springs from automobile front
ends.

10 Sandpaper, coarse, medium and fine.

11 Steel wool (fine).

12 Magnet (salvaged from a blown speaker)
to check for the correct hardening temper-
ature.

13 Quenchant for heat treating. One to two gal-
lons of oll for quenching. Cooking otl and or
fat saved from the kitchen, automatc {rans-
mission or hydraulic oil. Mixtures of the
above listed things will work too. This
should be in a metal container with a lid so
that a flame up can be snuffed out.

14 Toaster oven, thrift store variety.

15 Back up stick for the sandpaper.

16 Wood for the knife handle and items 15

and 17.

P —
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17 Knife board, 27X 3/4” X 12" and wooden
knife vise. Sce the photo.

18 One or two “C” clamps.

19 Wire for pins, (nails, coat hanger, welding
wire, whatever)

The following are needed if you are going fo
forge a blade.

20 Steel chunk or anvil. (See the chapter on
makeshift anvils.)

21 Rake, poker, shovel, and a water dripper.
(Make them yourself or use fireplace
tools.)

22 Two metal five-galion buckets one for
water bucket, one for coal.

23 Tongs or Vise Grip-type pliers.

24 Hammer, 2- to 3-pound cross peen or
whatever.

25 Sdff wire brush

In keeping with the primittve approach,
everything T used in my experiments to make

20

Left to right:
Knife board with
blade in the work-
ing position,
“improved”
model wooden
knife vise, heavy-
duty knife vise.

knives without power equipment was scrap or
discarded material. Spring steel from junkyard
cars was used for the biades. Oak from pallet
boards and iree branches was used for the knife
board, blade vise, back up stick and handle
material. A steel coat hanger was used for pin

“material. Thrift store materials were utilized for

the forge and junkyard material for the anvil,

The photo on P. 8 shows all the major com-
ponents of the $50 knife shop.

I feel good about making beautiful knives
out of steel that otherwise would have ended
up in a landfill or being melted down to make
plowshares or toasters. It takes a tot of our
natural resources to make new steel. I like to
feel I am helping in some small way by recy-
cling everything possible. For more on this
approach to knifemaking see the chapter
“Tribal Knifemaking.”




Chapter 2

THE FORGED KNIFE

Forges with coal as a general rule. I prefer gas
because it is clean and efficient.
My smithy is in a residential neighborhood My propane forge/furnaces are all home-
and [ would have a difficult time trying to made. At present, all are a horizontal steel
work with coal. I don’t recomimend setting up tube lined with ceramic fiber that is coated

It’s called the “Dragon Breath” furnace because of the flame that comes out of the front when it’s
running wide open.
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with refractory cement. Take a look at the
photo. The burner tube is made of iron pipe-
fittings. The only new purchased parts are the
insulation, refractory cement, valves and pro-
pane bottles. I find used acetylene regulators
at yard sales and so I've never had to purchase
a new one. '

I no tonger offer plans for a gas forge
because it is too time consuming to deal with
those who modify the plans and build some-
thing that doesn’t work. You will find plans
for half a dozen different gas forges available
on the Internet.

Alternative Forges
I'made a dirt forge by digging a depression
in the ground and then placed a pipe into it for

an air supply. See the photo. A small blower
furnishes the blast for the charcoal or hardwood

fuel. To get more heat, place a cover of fire-
bricks ovet it to create a heat chamber. Once
the bricks get hot the metal will heat much
faster and the bonus is a larger work piece can
be heated than on the open fire. A pile of dirt on
any convenient table will work when prepared
as above. I did that one day to show a student
that almost anything would work as long as
fuel and a blower were present,

Make a box by stacking up firebricks, this
way any size forge/furnace can be made.
Mount a blower on a pipe and stick it into the
chamber. Real charcoal will do for a fuel.
Charcoal briquettes can be used but don’t
work very well because the additives make
them pop and spit when a blower is used to
speed up the burning,

See the chapter on tribal knifemaking for a
forge made of adobe and another 1n a washtub,

The Dirt Forge is shown here burning the grease out of wire rope prior to forge-welding it to make
wire Damascus. I then stacked fire bricks over the top of the fire chamber and forged a blade using a
hay rake tooth for material.
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The Tin-Can Forge

Gene Chapman used a coffee can to make
the first tin-can forge I ever saw. I've made
. half a dozen different sizes of a mini-forge in
tin cans that were lined with Kaowool® brand
ceramic fiber insulating material. The flame is
directed into the can through a hole in the
side. The goal is to direct the flame so that it
rolls around the inside of the liner, As the liner
heats up and the heat radiating from the liner
heats the work. The tin-can forge is simply a
miniature of the tube-type homemade gas
forges that are so popular with bladesmiths.

A Mapp or oxygen/acetylene gas torch can
also be used and either type will give more
heat than propane. Such torches make would
make it possible to heat larger pieces than
with propane. Steel should not be heated over
2100°F. Be very careful when using oxygen/
acetylene, the 5,000° F fiame will destroy any-
thing that gets too close.

A Cheap Coal Forge

The simplest and most economical forge to
make is the pipe tuyére coal forge. (Tuyere:
French, pronounced to-weer, means “stem of

a pipe” or air supply when applied to a forge.)
This is an ancient type forge and it was used
by the Hudson Bay Company where they set
up supply bases. Railroad blacksmiths have
described this type forge as being used in their
shops. One advantage is that it can be made
any size that 1s needed.

Making a Pipe Tuyeére

The pipe should be a minimum of 2 inches
in diameter and long enough to span the top of
the forge table or other base. Note the location
of the holes which should be between 1/4 and
3/8 of an inch in diameter. The number of
holes will depend on the type of blower and
somewhat on the coal. The pipe I used was
threaded and had a cap on the end opposite the
hair dryer used as a blower. A wooden plug
could be used as could the back end of an
unthreaded pipe. The plug or cap is removed
for the occasional cleaning of the tube.

The pipe can be laid on any type of table
with suitable insulation between it and the
table top. Fire bricks or dirt mixed with ash
will work. Plain dirt will bake into a hard clay
and might become difficult to maintain.

A pipe tuyére is simple to make, This illustration was made before I drilled more holes in the tuyére.
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Cross section of the tuyére in the bottom of the forge.

The Forge Body

The coal forge I constructed in 1988 for the
buckskinner knife project had a rusted out char-
coal barbecue for the base. All parts were pur-
chased at a local thrift store for a cost of less
than $5 and it took about an hour to assemble
it. The barbecue that [ used had some holes in
the rusty bottom. I put a piece of sheet metal
over the holes before building an insulating
bottom of fire bricks, and a mixture of dirt and
wood ash. The tuyere is situated on top of the
insulating material and is held in position by
packing the dirt/ash mix up onto the sides of it
and also over the end portion of the pipe. The
cheap forge worked well for the purpose of my
experiment with primitive forges. I also used it
for several weeks normal work with the only
drawback being the limited size of fire that
could be built because of the size of the barbe-
cue. See the photo in chapter one.

If an old barbecue is not available a wooden
frame can be constructed to make the forge.
The same type of tuyere on a table four feet
square would be adequate for the largest weld-
ing fire that a bladesmith might need. The bot-
tom of the forge top is lined with fire brick, a
layer of dirt or ash, or a mix of dirt and ash
which insulates the bottom of the pan.
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A coal fire that is constantly making coke
takes a lot of coal piled up around the border
of the fire. To keep the coal contained itis a
good idea to construct a rim on the forge that
is 3 or 4 inches high.

The Air Supply

I don’t necessarily recommend a hair dryer.
It just happened that one came along cheap at
the right time. One advantage is that the air
blast to the tuyere should be adjustable and
most hair dryers are so equipped. The main dis-
advantage of using a hair dryer made out of
plastic is it’s easy to melt one down. The hair
dryer could be replaced by almost any electric
blower. When a “squirrel cage” blower is used
it should be regulated by placing an adjustable
plate over the intake port. As the adjustable
plate on the intake is moved towards the closed
position the motor runs faster because there is
less air resistance on the fan blades. This causes
the pressure to stay more constant and this is
necessary to push the air through the burning
mass of coke. A rheostat will not always work
because as it slows the blower, pressure drops
and there may be insufficient pressure to force
the air blast through the burning fuel.




The World’s Smallest Forge

This little forge is not just a novelty item. I
use mine all the time for doing the finish forg-
ing on small blades or for heat treating small
blades and springs. It is my heat source of
choice for forging the rat-tails on my friction
folder blades and also the thong holder on the
end of a folding knife spring. See the photo.

You’ll need one soft firebrick for the forge
chamber and four or more heavy and hard fire-
bricks as a base. The base is necessary to
bring the opening in the brick up to the level
of the torch tip.

A hard brick won’t do for the forge cham-
ber. As an experiment I drilled a hard brick
with a masonry drill, fired up the torch and
after five minutes the chamber was not close
to glowing. If you don’t have any firebricks
lying around you will find them in the yellow
pages under ‘“Refractories.” If you don’t find
that, call a brick mason to find cut where he
gets firebricks.

Carve the I-inch diameter heat chamber
hole lengthwise completely through the brick
with a junk knife blade or drill it out with an
old drill bit. The I-inch hole in the side is

The one-brick forge, “The World’s Smallest.”

named the fire hole; it goes in only far enough
to reach the heat hole. The heat hole goes all
the way through the brick from end to end.

You’ll need a propane torch. Mine is a self
lighting BERNZOMATIC® model TS4000,
The tip puts out quite a bit of heat and there is
a difference in tips. The hotter the tip, the
quicker the steel will heat up. Don’t put the
torch tip directly in the heat hole, keep it an
inch or so from the opening and aimed so that
the flame curls around the heat chamber.
Experiment with your torch to see where the
flame is aimed to get the most heat. The torch
heats the chamber, the radiant heat, plus the
torch flame heats the steel. The base and hold-
ing device for the 16-o0z. propane bottle is a
large juice can which is hooked to the wood
holder with screws.

After using the mini brick forge for awhile
the brick started to crack and come apart. I
repaired it by wrapping it with iron wire that
is set down in a groove carved in the brick.
The photo shows the mini-forge sitting on the
hard bricks. When I use it inside my shop it is
surrounded on the back and top with hard
bricks to support it.

Carve a notch in the side of a soft fire brick to
make a cavity large enough for heating parts that
are larger than the hole in the mini forge. This
works for straightening out coil springs or other
curved pieces. The part to be heated is held in the
recess where the flame can wrap around it so that
it is being heated from all sides.

I've worked up a tempering jig for doing soft-
back tempering with the one-brick forge. See the
heat treating chapter for a description and picture.

When using the small forge, I put some
bricks at the back of the one-brick forge and
then place a heavy brick on top. That’s to keep
it in place. [ have plans to make a frame to

- hold the forge, that way the pile of bricks

won’t be necessary.

I'm getting great reports from those who
are using the one-brick forges. One phone
conversation with a maker who was success-
fully welding small folder-sized damascus bil-
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lets in & one-brick forge. 1 can’t give him
proper credit because the paper monster that
lives under my desk ate the sticky-note with
his name on it so. He used a “Turbo Torch”
from Granger with Mapp gas for fuel. His
only complaint was that the borax used for
flux would eat up the brick. A remedy that
may help this 1s to coat the bottom of the heat
chamber with a layer of fire clay. Parker brand
“Furnace and Retort Cement” is a 3,000-
degree F product which works well in my
large propane forge/furnaces.

My friend Dave Rider is having fun with
his one-brick forge. He demonstrated with it
during “Midnight Madness™ at a North West
Blacksmith Association conference. Those

present were very impressed at the amount of
work that can be done with it. A short time
later he took it camping and set it up with a
stump anvil. His anvil was a splitting wedge
that he reworked. It is driven into the stump
and then put to work. This type of anvil is a
very old thing and is sometimes called a
bench anvil. It has a short square tapered sec-
tion that is driven into a hole in the bench, or a
convenient stump.

Dave’s material was a hay rake tooth and
he forged a blade by the light of the Coleman
lantern.. The burner assembly on his one-brick
is on the back side and can’t be seen. He has it
set up to run off of a 20-pound (five gallon
size) propane bottle.

Dave Rider is up in the woods with his stump anvil and a one-brick forge.
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Anvils And Anvil Tools

A good-quality anvil is a specially shaped,
heavy chunk of steel with a hard surface, The hard
surface makes the work easier but is not essential.
Any heavy picce of steel will work and I would
say 100 pounds would be a minimum sive to start
with. The weight is necessary to absorb the blow
of the hammer. More weight is needed whenever
the anvil and base are bouncing around under the
hammer. The horn on a traditional blacksmith
anvil is rarely used by a bladesmith and ends up
being an unnecessary attachment, Somce blade-
smiths use the horn for drawing out but it is not
efficient for that. A rounded back edge on the face
of the anvil works much better.

Anvil Advice

Good brands of commercial anvils are Hay-
Budden, Trenton, Fisher and Peter Wright. These
arc usually close to 100 years old and are often
worth more to collectors than users. The above
listed brands in good condition are worth an aver-
age of $2 per pound. I've bought and sold over a
dozen anvils in the last 15 years. My mule is buy
cheap and sell high. The value of a hard face on
an anvil is not easy to grasp untit you have worked
on both hard and soft ones. I'd rather work on a
small hard one than a big one that is soft. When 1
first started forging I had a 150 Ib. Acme brand
cast anvil in my indoor forge area, that was about
as soft as an anvil could be. I sold it and replaced
it with an 85 Ib. Hay-Budden. The smaller but
harder anvil was much easier to forge on, Carry a
1-inch ball bearing with you when you go anvil
shopping. Drop the ball onto the face from
approximately 18 inches, The best anvils will put
the ball back into your hand.

The Makeshift Anvil

I'made a makeshift anvil for “The $50 Knife
Shop” series. It’s shown here. All materials were
obtained at no cost other than the labor and time to
haul them home. The main body is one half of a
coupling from a railroad car. | welded it to a base
plate, added an upright support and then added
steel plates to one side to make a 1-inch square

opening for my hardie tools. There is a tapered
concave surface on the top where [ welded the
plates to make the hardie hole. This works great
for decorative or other work where a straight bar is
bent into a curved section. The weight of the anvil,
(135 pounds) plus the heavy particleboard base
makes it more than adequate for kmife work. Note
the spring tuller in the hardie hole.

The Railroad Rail Anvil

I spent a lot of time making an anvil out of rail-
road rail for the buckskinner knife project. f got a
good anvil but my time could have been better
spent doing ita different way. If  do it again [ will
cut the top of the rail oft and then weld itto a
heavy rectangle of stecl. This saves the time of
boxing it in. '

The anvil I use at present is made of rail. Tt was
an exceptionally heavy picce, and worn as flat as
any Id ever seen, That means it's hard from all

A railroad car coupling was used to make the
anvil for the $50 Knife Shop.
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that use, work-hardened 1s the
correct metatlurgcal term. |
boxed it in with heavy sieel and
fabricated a 1-inch hardie
square hole that is 1 inch from
the right side. [ made 1t in two
pieces, the main anvil and a sub
base, it adds up to about 200
pounds total. The top is 3 inches
by 15 inches and there is no
hom. It feels the most natural of
any anvil I have worked on and
L believe 1t’s because [ can work
either from front end or the nor-
mal side position. [ think that’s
the way it is supposed to be. ..
that’s why it felt so natural. The
Japanese sword makers had 1t
right all along with their rectan-
gular anvils with no hom. In
order to forge right down to the
edge, the blade can’t be in the
center of the anvil, it necds to be
on an edge. That horn thing on
blacksmith anvils does not
allow the body to be in a posi-
tion to do that. Sce the Drawing
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The “improved” railroad rail
anvil. It’s just a big hunk of
ugly steel but it has everything I
need for forging blades.

i e e T A

r Blow

When the blade
blank is forged
in the center of
the anvil, (see

position “A”),
the hammer
overhangs the
blade bevel and

bangs into the
anvil face, Tt is
not only hard on
the anvil but the

blade bevels can
not be as easily
forged down to
the edge. By
locating the
edge of the
blade hlank

] even with the
. edge of the anvil,
] (see position

“B’"), the wedge

can be completely formed. The rectangnlar or square shaped anvil
makes the positioning of the blade for forging bevels much easier,




The Anvi] Base

Any anvil needs to be fastened securely to a
heavy base. The combined weight of the anvil
and base is too light if it bounces around from
the hammer blows, a heavier base will help the
problem. Another solution 1s to put a thick
chunk of steel between the anvil and base to
boost the weight of the anvil. My favorite anvil
bases are made of layers of particleboard,
which are glued and nailed together. This type

I made the base shown for
the first new Mankel anvil
at the ABS School. My
materials were the cut off
pieces of 2X4 from the test
procedures. The only anvil
bases there were stumps
that were not level. I like to
get close to the anvil at
times and the rectangular
base makes that much eas-
ier than a round stomp.

base is heavier than most wood and is always
fiat on the bottom and level on the top.

The Post Anvil

[ call this makeshift anvil a post anvil because it
looks like a post, narrow and skinny. The main
member of the anvil is a 32-inch-long piece of
forkhift fork. I'm told that is steel type 4140 or
4150. 1 welded some railroad rail and heavy
pieces of shaft along side the main member to get
the weight up to about 220 pounds. After using
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the post anvil for awhile T am beginning to like it a
lot. There is little noise or vibration from the
heavicst blow. It may be hard to prove but I
believe there is a harmonic characteristic to the
blacksmith anvil that may be detrimental to the
way they absorb energy. They are also top-heavy
and that may contribute to the vibration. The lack
of a hardie hole and the small work surface are the
only disadvantages of the post anvil.

The Granite Anvil

Ever since [ watched a video of modern Afri-
can iron makers using a rock for an anvil I've had
the craving to see how a rock would work. I
started my scarch for a rock with my friend and
fellow knifemaker Carl Sontag. He drives a truck
that hauls, among other things, rocks. I asked him
to find me a big piece of hard rock foran anvil. He
suggested that I contact a monument company to
see what they had for scrap. My first call to a
monument cormnpany was successful. They had a
pile of cut-oft pieces and obsolete head stones that
I could choose from. The best part, it was free for
hauling it away. With help from friend John Priest
I hauled home a 150-pound granite tombstone
and another rectangle of pretty pink granite. The
tombstone measures 11 inches by 22 inches by 6-
1/2 inches and I'm using it on end for my anvil
experiment. This stone has the large sides pol-
ished and the sides and ends are rough. I chose the
best end but it was still pretty irregular.

My first test was to see if it would handle
heavy blows. With a piece of cold muld steel on
it L hit it dead center on the end as hard as I could
with a 10-pound hammer. There was no damage
to the granite but it didn’t do the steel any good
because the rough end of the tombstone was
quite irregular with sharp peaks and divots. For
safety reasons I deliberately knocked the edges
off the square corners. [ didn’t want a misdi-
rected blow to send granite fragments in the
direction of any innocent bystanders. I had to do
some major work to get a good enough surface
for my forging experiment. T chipped at it and
then ground on it with a 16-grit Norizon® wheel
on nmy 2-horsepower Black and Decker “Wild-
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cat” grinder. I finally managed to get a flat spot
about 1-inch by 2 inches.

At present the tombstone is mounted in the
plastic bottom of an old shop vacuum. A mixture
of clay and dirt was tamped in to hold it. T went to
work forging on a blade on it and managed to do
pretty well, Good aim is required to keep the
blade on the small flat space and then hit it where
it is supposed to be hit. The forging surface of the
anvil took on a metallic appearance by time the
blade was finished, it almost had a shine to it I'1l
keep working on the striking surface to get a
larger flat. It is a very good anvil, no noise, and
solid as a rock. (Pardon the pun.) Bouncing a
hammer on the shiny work area indicated a hard-
ness that is close to the best anvils,

A Leather Tooling Anvil

Starrett makes pink granite surface plates
for inspection and layout work in tool rooms
and inspection departments. On the ground at
the monument company along with the junk
tombstones was the cut-off end of & S400 sur-
face-plate. I might not have recognized it but
the Starrctt name plate was still on it. [ asked
about it and it seems a family wanted the sur-
face plate made into a monument and this was
the leftover part. It’s the pretty pink rectangle
I lugged home with the tombstone mentioned
above. It measures 4 inches by 6 inches X 24
inches and at 55 pounds it’s just the right size
for a tooling anvil on my leatherwork bench,

Anvil Tools

Anvil tools are usually made to fit the hardie
hole, they're called hardie tools. Sometimes they
are called bottom tools and that’s because they
come with a top tool. Swages and fullers are in
that class. The exception is a cutiing plate which
is more like a saddle. The anvil becomes consid-
erably more useful when a good assortment of
anvil tools are available. There are five that are
essential to the way T forge blades. They are; cut-
off hardie, spring fuller, step-down hardie, wedge
hardie, and a cutting plate. See the drawings in the
next section, “Forging 'The Blade” The rounded




off back-side of an anvil is a vatuable tool for
drawing out tangs and distal taper in & heavy
blade. The hom on & blacksmith anvil will work
for drawing out but is not as efficient as it should
be. The homn is soft and also off center from the
anvils’s center of gravity. Hammer blows on the
horn are not very efficient unless it is an extremely
heavy anvil. When there is any movement in the
anvil or base, energy is being wasted.

Clean And Smooth Forgings

Follow these steps to achieve a precise and
well finished blade. Doing so will make the
fimshing much easier, It is especially impor-
tant when using the non-electric method with
file, stone and sandpaper.

Uneven hammer blows in forging out the
bevels will cause the blade to have an irregular
and wavy edge profile. As any protrusions
show up at the edge they should be pushed
back in with careful hammer work. Keep the
edge portion hot and with the back resting on
the anvil and as the protrusions are pushed
back into the blade remember to keep working
the sides to keep it even. Better yet, forge slow
and easy in order 1o keep from getting the
edge profile uneven. If the high spots are left
to be taken off with stock removal it will make
the biade thicker at the edge than it should be.
The resulting excess amount of steel to be
removed from the sides of the blade will make
the finishing difficult,

The blade must be kept free of scale as you
go along or the scale will be hammered deep
into the surface by each subsequent forging
heat. Overheating the blade will cause an
excess amount of scale. Those pits will mean
a ot of extra time with the file or grinder to
finish the bevels. Use careful and light ham-
mer blows and a minimum amount of heat as
you get close to the finished shape. Scale
hammered into the blade not only makes an
excess amount of stock removal necessary but
will result in a blade being much thinner than
was intended.
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To help keep scale at 4 minimum it is impor-
tant to keep the fire, either coal or gas, slightly

rich. A fire with excess oxygen will create a Jot

of unnecessary scale. A “butcher block™ brush
has very stiff, flat wires and works very good to
scrape the scale off each time the blade is taken
out of the fire. Obnoxious scale can be scraped
off with the flat end of a planer blade or old file.
Keep loose scate wiped off the anvil face
because it will be worked into the blade surface
if left to contact the hot blade with pressure
from hammer blows.

Wet forging is a Japanese method, it’s messy
but worth the effort. Before each forging heat,
Japanese swordmakers use a mop made of straw
to wet the face of the anvil. The hammer is dipped
in water to wet the head. When the wet surfaces
contact the hot blade it causes the scale to explode
and fall off. I've been using this method since
1983 when I saw it in a video of a Japanese sword
maker forging a blade,

Another technique 1 learned on that video
was to not keep the blade on the anvil between
blows. The swordsmith tapped a rhythm on the
anvil with the hot blade, each time the blade
touched the anvil the hammer contacted it, This
keeps the heat in the blade much longer and is
fun to practice and finally master.

Forging The Blade

I had been forging blades for about three
years when it dawned on me that there was a
major advantage of forging that I had never
heard of or seen in print. Most of the information
advocating the forging of blades had to do with
grain refinement, aligning the molecules or
something to do with mystical properties that
can be achieved by a process known as packing.

My enlightenment came during the time ' was
working on a tribal series of knives based on
primitive designs and methods of construction,
The simplicity of the construction details taught
me that knives could be made with only a forge
and a few very simple hand tools. I then did an
experiment to finish several knives without any
power equipment. The blades were forged very
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close 1o shape, annealed, draw filed, rough fin-
ished with hand stones, heat treated and then fin-
ished out with hand stones and sandpaper. The
forge eliminates the need for a grinder and with
the right design there is no need for a dril! for
making holes. The only electricity used was for
the hair dryer that served as air supply for the
homemade coal forge.

The magazine series started out working with
coal but I no longer recommend that. Half way
through the lessons on working with coal I made
the first one-brick forge. It worked so efficiently
that I used the “World’s Smallest Forge” as a heat
source for the forged project. It will be used for al
the projects in this book. The first project in the
$50 Knife Shop is to make a knife without any
power tools.

Perhaps the easiest material to obtain for
the project to make a knife without power
tools is a coil spring from an automobile
front-end. Automobile salvage yards usually
have obsolete or broken springs that can be
purchased cheap. I once bought 15 pairs of
Honda automobile coil-springs for $2 a pair.
Most of these are made from a round rod that
is approximately 1/2-inch diameter. One

advantage for the beginner using the 1/2-inch
diameter spring material is that it takes less
forging to make a small blude from it than if
you start with the common size of flat bar
which is usually 1/4-inch by 1 inch. The coil
spring material 18 usually 5160 chromium
steel and it's life as a spring usually does not
hurt it as a material for knives,

Most leaf spring material is also 5160 but is
much more difficult to work because it is too wide
to make the average knife. Splitting it with a hot
cutter is slow and hard work. An easier solution is
to use a cutting torch to split it into manageable
pieces. It is then necessary to get rid of the slag
and uneven edges with a grinder. That is one more
operation that takes time, time is money. Bargain
priced steel from the scrap yard can quickly
become expensive if there is very much labor
involved in preparing it to work.

You need to get your heat source going; either
the mini-propane forge made from a fire brick, the
homemade coal forge, or some other heat source.
The first step is straightening out enough of the
spring to have a manageable piece of material to
work with, It is easier if you don’t have to deal
with the whole spring at one time so If you don’t

‘ CUT-OFF HARDIE

have a cutting torch, find
someone with one and have
them cut it into pieces that
have two complete coils. If
you are using the one-brick
forge the spring material will
need to be short enough to
get in the heat chamber. If
you don’t have a way to get
the spring cut into pieces you
can do it with heat from the
coal forge. If you don’t have
an anvil with a hardie hole
and cut off hardie, you’ll
have to use a hot cutter or
just mush it off on the edge
of the anvil.

Take the first heat in the

Three methods for cutting hot steel,
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center of the spring section
and bring it up to a good




orange/yellow heat. Quickly pult it apart as far
as you can and cut it using one of the methods
from the illustration. If you have sufficient
heat left after cutting, start the straightening
process. Repeat this process until you have a
manageable length of spring stock.

If you are able to get two coils straight-
ened out 1t will give you a piece of knite
material between 20 and 30 inches long.
You’ll have a built-in handle with no need to
use a locking pliers or tongs 1o hold the
material while you forge vour first blade.
This 1s a real advantage while you are learn-
ing because there will usually be misplaced
hammer biows that will knock the blade out
of the holding device. This is not only frus-
trating but dangerous. The time spent work-
ing out a long piece of spring material to get
a built-in handle is time well spent.

You will need to get an orange/yellow
heat on at Jeast 4 to 8 inches of the spring
material. Hit the spring with the hammer
just hard enough to straighten it out. Flat-
ten the end of the spring material to make
it easier to hold with locking pliers or
tongs while straightening the other end. As
you progress to where approximately one
half of the spring section is somewhat
straight, grasp the straight end with the
locking pliers and straighten the other end.

When the material is reasonably straight it
is time to start shaping the blade.

Forging To Shape

Forging to shape can be described as hot
shaping the blade so that very little stock
removal is required. Our exercise to make a
knife without power tools will require that we
get the blade extremely close to the finished
shape by forging it. This is one part of knife-
making that hasn’t changed for thousands of
years. It may be the low-tech end of blade
making but it has onc big advantage in the
simplicity of tools required. The necessities
are few: a fire to heat the steel, some muscles
to swing a hammer and an anvil where the
steel and hammer will get acquainted.

The first smiths laid the foundation for
the machine age and that makes forging the
beginning of all technology. Forging is not
only the most basic metalworking process
but a lot of us find it’s great fun to heat a
piece of steel, take hammer-in-hand and
coax the orange-hot steef bar into a new and
exciting object.

The 5160 coil spring material used for
this project can be forged in the range of
1,600 to 2,200 F. T like to work in the range
of 1800 to 2,000 F. The first step in forging
a blade from the round spring stock is to

Using the edge of the
anvil as a bottom tool.
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make a flat section is 4-1/2 inches long
and 3/16 inch thick. The resulting rect-
angle will be between 3/4 and 1 inch
wide, depending on how rounded the
face of your hammer is. The tang area
is then drawn down to 3/8-inch wide.
There are several ways to do this.
Place the end of the bar that will be the
tang on the anvil with the blade part
overhanging. By placing blows on the
tang portion a step will be created. By
alternating the blows from one side to
the other it 1s possible to get the tang
started. The easiest way is touse a

spring fuller. This is a tool that you can
make for yourself, See the drawing.
The other way is to hold the area where you
want the tang to start over the edge of the
anvil. The hammer blow should be directly
over edge of the anvil. That creates a step
down where the blade meets the tang. By
turning the blade 180 degrees the step down
on the other side can be forged in with care-
ful hammer blows,

But let’s talk about the use of a spring
fuller. This the best way to make the tang. A
spring fuller is easily constructed from any 1/2-
inch diameter round bar stock. Coil spring mate-
rial or a handle for a

A spring fuller.

content that is not preheated will cause the
weld to crack out and fail.) If your anvil does
not have a square hole the spring fuller can
be held in a heavy vise.

When reducing the tang portion of a blade
to make a narrow tang, never turn it around
and around as you hit it with the hammer. It
should be reduced in a square or rectangular
section till near the right size and then have
the corners knocked down to make it round.
[f you turn it around and around as you forge
it down it can create a pipe or hollow in the

bumper jack will hold up
better than mild steel. The
photo of the makeshift
anvil has the spring fuller
made from the jack handle/
tire-iron in the hardie hole,
To make it, the center
section is forged down to
about 1/4-inch thick and
then heated and bent into
the shape shown. While
there is still some heat in
the bottom member arc
weld a square shank onto
it to fit the hardie hole in

your anvil. (Arc welding
steel with a high carbon
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The Step down hardie; it is useful for setting up the area where the
blade starts, for either full-tang or narrow-tang styles.




“A’* is the thickness of the bar stock, “B”’ desig-
nates the width and “C” the length.

center of the steel, that, in turn, will make it
weak. This could be a reason for a blade to
fail in the tang area.

The Pre-form

In order to forge a specific blade shape, a
pre-form of the blade must first be forged.
Each different blade shape has it’s own unique

pre-form. To make the lesson easier to explain
I’ve assigned A to the thickness, B to the
width and C to the length of the bar stock.
Note the A, B, and C dimensions for the bar of
steel illustrated below.

It a rectangular bar of steel is forged to a point
and beveled with no attempt at making a pre-
form it will make a wild, crescent-shaped blade
that T ¢all a “Buffalo Skinner.” This is the blade
shape that almost everyone makes with their first
forged blade. Learning to make the correct pre-
form for different blade shapes takes some of the
mystery out of forging to shape.

The pre-form is formed in the B dimension
with no attempt at forging in the bevels. As the
pre-form takes shape the thickness at A will
increase. This should be continually worked
down with the hammer as it forms. If you get
the pre-form correct but the point is fat in the A
dimension it will be difficult to get the bjade
shape you want. The excess material, when

This photo shows a flattened section of the spring material and above it is 2 general purpose preform.
The edge is forged into the straight side of the preform.
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The “belly” forms and the point rises as the bevels are completely formed.

This shows the sequence for forging to shape from a rectangular bar.

forged out into the bevel, will make the shape
of the point fat and rounded. As you are keep-
ing the A dimension from getting too thick you
can actually forge in a slight taper towards the
point. This is known as distal taper.

The belly of the blade 1s formed (almost)
automatically with very little hammer work on
the profile. If the blade gets too much curve or
“belly” it can be fixed by pushing the point back
down with light bending blows. With practice,
the point and blade shape can be forged exactly
to shape. When starting out it is allowable to do
some stock removal on the profile.
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Using a Hot-Cut Pre-form

Using a hot cutter to shape the pre-form of
the point is a quicker way. (see drawings) That
is the way many old-time smiths did it and
probably for good reason. Much of the steel
available at the time could not be pointed up
in thin sections without coming apart. 1 found
the following in the 1876 book, “American
Blacksmithing, Toolsmiths and Steelworkers
Manual” by John Gustaf Holstrom and Henry
I. Holford. “Never try to forge the point of the
knife, but cut it to shape with a chisel.” The
book does not say why.




To make a clip blade
the bar is hot cut as
per the drawing, as
the bevels are forged
in the tip turns up
and the belly forms.

The bar is hot cut
or “clipped” as per
the drawing to
make 2 butcher

knife styled blade.
The blade shape
almost forms itself
as the bevels are
forged in.
The Two Types Of made with the anvil surface away from where
. the blow is struck. The bending blow changes
Forging Blows the shape without reducing the size. Many of
There are two types of hammer blows that the kinks and twists that happen in a blade are
are used when shaping the blade. The first is the result of accidentat bending blows. This is
the forging blow and the anvil is always the blow that will push the'point of a blade
directly under the work. A bending blow is down or put the down turn in a fuil-tang handle.
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This drawing shows the position of the tang on the horn or back side of the anvil with off-set bending
blows.

See the drawing that shows a full tang
being forged. The bending blow is
struck just past the center line of the
horn or just off the back edge of the
anvil and pushes the end of the tang
down to the desired position. The
wedge hardie is a bottom tool that is
useful for getting curve into or out of a
blade. Secc the drawing.

The bevel in the blade is usually forged
down to within 20 percent of the finished
thickness. When power equipment 1$ used
the remaining material is taken off with a
grinding wheel or an abrasive belt. For the
project to finish a knife without power
tools it will be necessary to get it as close
as possible to the finished cross section. If
not, it will mean a lot more time required
with files to work it down prior to heat The wedge hardie.
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treatment. After heat treatment it will be all hand
stones and sandpaper, one more reason o get it
thin in the forging process,

Once the blade shape is nearly finished it is
time for some thermal treatments. The last
forging heats are actually the start of the hcat-
treating process. The sequence is as follows;
finishing heat, normalizing or thermal cycling
and then annealing. Go to the section on heat
treating for an cxplanation of these processes.

A Final Check
of Straightness

Kinks, twists and bends are hard to see while
the blade is hot. The following is the procedure
I use to get them ready for heat treatment.

1 Once the blade has cooled after the anneal-
ing process it should he cleaned up with a
grinder (o its finished profile. This is a
rather rough finish but it will allow a better
look at how straight it is.

2 The blade is first checked with a straight
edge for bends. I check the blade and tang
separately and straighten them as neces-
sary. Once I am satisfied with the two ends
I make sure the blade in line with the tang. I
do my normal straightened at room temper-
ature by using a three-point setup in 2 vise.

3 Twists are harder to spot so 1 lay the blade
on a flat piece of steel for a visual check.
Then I will touch first the tip, then the butt
portion to see if it has a warp or twist.
Check both sides this way.

4 T will then grind the blade to a little higher
degree of finish. Many times I will find
problems that the visual check did not find.

5 TI'll give it another normalizing treatment
when I have to do a lot of straightening or
grinding to get a blade evened up.

The Final Grind Prior
To Heat-Treating

The profile was finished earlier but this is
where the bevel is worked down to about 80
percent of the final thickness. Blades that are

ground too thin at this point will often warp or
even crack when quenched. There should be no
decp scratches around the profile. These can uct
as stress risers and start a crack. I like to have
the grinding marks running lengthwise on the
outline of a knife. This can be done by hand
with fine stones or sandpaper, or with a fine gnit
abrasive belt if a belt grinder is available,

Working With Coal

I don’t recommend working with coal but
have included the instructions here for those
who want to do so, and it was part of the orig-
inaj $50 Knife Shop serics.

Good quality coal is the best investment
you can make once you decide to use it for
fuel. You won’t be able to truly appreciate
first-class coal until you’ve had to work with
the bad variety. Blacksmith coal may be found
by searching the yellow pages under Farrier or
Blacksmith supplics. If you don’t find a sup-
plier, call a farrier or blacksmith and ask them
where they get their coal.

In 1991 when I taught at the ABS School in
Arkansas the coal was so bad it wouldn’t even
make coke. It put out more volume of difterent
colors of hazardous smoke and fumes than [ had
ever seen. It made my instruction and the learning
for the students very difficult. I told the managpe-
ment that I wouldn't be back unless they got some
gas forges. The last two classes [ taught went
much better with almost enough gas forges to go
around. The students got a lot more learning done
by not having to waste time with their coal fires.

The First Fire

Make sure that all the lumps in the coal are
broken up into pieces no larger than a walnut.
Most coal will make better coke if it has
soaked 1n water tor some time, but you may as
well go to work whenever it is broken up and
wet. Don’t worry about the fine dust and little
particles, they will all stick together in the
coke making process.
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“Now, that’s an ugly fire!”

The purpose of the first fire is to make
enough coke in order to get the second fire

going, one suitable for forging a blade. Coal is-

full of impurities and does not burn clean and
hot if it’s not put through the coke-making
process. Coke is the byproduct of bumning
(cooking) coal to get the impurities out.

To lay (start) your fire put an empty three-
pound coffee can on end over the air holes in
the home-made pipe tuyere. Dump enough of
the damp, broken-up coal into the forge to give
a depth of 3 to 4 inches, pack it down tight
around the coffee can. Remove the coftee can
so that you can build a fire in the cavity.

Some coal will start burning with the heat
from severai sheets of waded up newspaper.
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Other coal will need a fire made with small
wood scraps. Until you figure out the best way
for your coal, do it this way: Take four full
sheets of newspaper and wad them up one over
the other into a ball. After lighting the ball of
paper, place it over the air holes in the tuyere.
Add some small kindling and when the kin-
dling is burning well add a little air from the
blower, not too much or you will blow the fire
out. Add some small chunk-wood and increase
the blast. As the wood starts burning use the
rake to work loose coal up onto the sides of the
fire and increase the blast. Always keep a small
opening in the center for the flame to come out.
The flame will burn the smoke being emitted
and that will cut down the polluting of your




neighborhood. Common sense must be used
here as to how much coal to add and how much
air to put into the fire. All fires arc different
because of the vartances in coal.

Keep adding coal by raking it onto the fire
or adding it with the shovel until therc 1s a
burning mound of coal § to 10 inches deep
over the tuyére pipe. Pack the coal up onto the
sides of the burning coal with the rake or
shovel. Let it burn for five minutes or so and
then turn the fire over with the shovel and let it
burn for another five minutes. At this point use
your instinet and coramon sense to know how
much cooking is necessary to make coke. If
you run the blast too long the coke will be
burned up. If the blast is not run Jong enough
the coke-making process will not be com-
pleted. When you think it has burned long
enough, turn off the air and sprinkle the fire
lightly with water and allow it to burn out. I
remove the blower from the pipe after turning
off the aijr so that the heat buildup does not
damage it. Flammable gasses can back up into
the blower and start burning. It’s not good to
go off and leave a coke-making {ire until it’s
totally out. It’s good to check the fire occa-
sionally to make sure it does not flame up and
burn itself up. If the coal wants to keep burn-
ing just sprinkie more water on it,

In an hour or so, or whenever the fire cools
down, rake the unburned coal away from the
coke, pick out the coke and put it in a separate
container. The coke will have a gray crystal-
line appearance compared to the black color
of the coal. If everything went well there
should be enough coke to forge the knife
blade. When all the good coke and unburned
coal have been picked out there wili be a layer
of ash, clinker and coal particles in the bottom
of the forge. Scoop this out and discard 1t.

These instructions are for average coal.
Some coal will make coke well enough so that
the first fire can be used for forging a blade.
You’ll just have to figure this out as you
progress. The second, forging fire is started
with coke and if the coal is good you will

always be making enough coke to keep ahead
of the demand. Some coke will start burning
with kerosene poured on it. Coke from other
coal may need a firc started with paper and/or
wood scraps.

The most unpleasant part of working with
coal is cleaning out the forge prior to building
a fresh fire. Unburned coal is returned to the
coal bucket, Coke is picked out and put in a
separate container. Ash and clinker can be
brushed onto the fire shovel and discarded.

The Forging Fire

The forging fire is started just like the first
coke-making fire except coke instead of coal
15 put onto the burning wood or paper. The
packed coal will be transformed to coke dur-
ing the forging process. Add a little coke ata
time until it is burning clean and hot. T prefer
to build my blade-making coal fire by banking
green coal up on the sides to create a trough
that is about five inches wide. I then put two
or three fircbricks over the top to create a fur-
nace effect. This gives more heat with less
coke being burned. The fire is maintained by
feeding coke as it is needed imo the opening
at the front. This type of fire will do a lot of
work and not burn an excess amount of fuel.

With some coal it is possible to pile a lot of
it on top of the burning coke and let it burn
until a crust 1s formed over the fire. A poker is
used to make a hole 1n the front to insert the
material 10 be heated. This type firc is most
often used for forge welding. It s maintained
by feeding coke into the opening at the front.
As the crusty-shell burns out it can be caved in
to furnish coke for another covered fire or per-
haps an open-type fire.

Working with coal will keep vou busy. The fire
necds constant attention to keep the atmosphere
correct. The coke fire is capable of melting steel
so the material being heated needs to be watched
all the time. The proper forging fire will have a 3-
to 4-inch deep bed of burning coke under the
material being heated. As the fire burns down, the
poker is used to break up the newly formed coke
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The cross section of a coke making fire. “A” is the air supply, “B” is burning coke, *X” is where the
work is being heated, “C’ is coke being made from D, which is the green (fresh) coal.

80 that it can be worked to the center of the fire.
Add green coal to the outer edge of the fire and
use the water dripper to keep the coal in the trans-
formatton zone from burning up. Keep a good
supply of coal banked up onto the sides of the
burning coke. As mentioned earlier, keep the cen-
ter of the fire open with flame coming out and
there will be much less smoke,

A coal fire can be divided into four zones. Take
a look at the drawing. Zone A is the air supply, B
is burning coke, C is coal that is being trans-
formed into coke by the heat of the burning coke
and D is unburned or green coal. The area at the
top of the burning coke is the zone where the
work is heated. The area of the fire where you
want to keep the blade material is at the top edge
of the burning coke. The “deep” fire allows most
if not all of the oxygen introduced by the blower
to be burned before it reaches the work piece. The
fire is called “shallow” when it is allowed to burn
down close to the air supply. This is not good
because there is not only less heat but there will
be an excess amount of scale formed on the steel.
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Every so often the poker should be used to
clear any clinkers that have formed over the
air holes in the pipe tuyére. Small clinkers can
be pushed away from the air supply, the larger
ones can usually be hooked with the end of
the poker and pulled out. With good coal you
may be able to work several hours without
having a clean-out party.

It takes time and patience to learn to prop-
erly maintain an efficient coal fire but T think it
is worth it. Coal fires are more versatile than a
gas forge. This is good for the blacksmith but
not as important to the bladesmith.

If T lived in the country and didn’t have to
make my living making knives [ would proba-
bly burn coal for some of my forging. The
only true disadvantage other than the smoke
and dirt is in production time. There is always
the time involved for the clean-out party
before the next forging session and it takes
time to get the coal fire started. With gas, |
will have two or more blades forged by the
time I have a coal fire ready for the steel.




Chapter 3

THE STOCK-REMOVAL
METHOD AND FINISHING

The Stock-Removal Method

Making knives by the stock-removal
method is easy. Simply take a bar of steel and
grind away everything that doesn’t look like a
knife. That’s an old joke, but there 15 a lot of

B C

“A” js the shape of the grinding wheel, “B* shows one
side of the rectangle being transformed into a bevel,
“C” shows the finished cross section of the blade,

truth in it. A rectangle of steel is first ground
to the finished profile of the knife. This is the
easy part because very little coordination is
required. The fun starts when the bevels are
ground into the blade. The casiest way to cre-
ate the flat wedge is with a belt grinder.
Assuming the platen is-flat, the wedge will be
fairly flat. Using a grinding wheel creates a
challenge in finishing because all those little
grooves from the wheel have to be smoothed
out. See the drawing.

There are very few modern makers who
don’t use a belt grinder, but [ want to force the
point that making a knife can be done without
such a tool. James Black, William Scagel and
all those old-time makers did it that way. |
made my first several hundred knives with
only a grinding wheel and a disk sandcr, (My
excuse 1s that T didn’t know any better.) It’s
not a way I would recommend to be competi-
tive with the best of what is being done. I do
recommend it for those who want to make
some simple hard-working knives with a min-
imum of investment in equipment.

My First Knife

The year was 1955 and 1 was in my senior year
of high school. I watched my wood shop teacher
cut up Japanese sword blades and make hunting
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This is what a beet toping knife looks like.

knives out of them. (That’s the type of thing that
happens in a hick town in southern Idaho.) That’s
where I got the idea to make knives.

I found a couple of worn out beet topping
knives at a second-hand store. 1 marked out
the shape of kitchen-type knives with chalk
and had the Agriculture Shop teacher torch
cut them cut about 4 half-inch oversize. 1
ground on those blades with a bench grinder
for days and days. I was overly concerned
about getting them hot enough to spoil the
temper. [ went so slow that I doubt they ever
got over 100 degrees. Those blades were
smoothed up with a disk sander designed for
wood working. 1 finished them with wood
handles made from an old desk top. The han-
dles were riveted on with copper harness riv-
ets. I sold one of them to my teacher, two
more to a neighbor and have no idea what
happened to the others. I've never counted
those as a starting point for my career because
they were not made from raw steel.

It was 1963 when I made my first knife
from scratch. It was ground out of a lathe rasp
because it was the only material I had. The
choice of material was good because it did not
need to be hardened. The carbon content was
high enough 1o make an excellent cutting
blade. Tempering in the kitchen oven at 375 F
was all that was required.

The only drawback with the tathe rasp was
the thickness. My grinder was not very effi-
cient and [ didn’t know what I was doing so it
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was slow going. I could have made a blade out
of thinner material in much less time and |
would have had a better knife. The finished
blade was thick and clumsy but worked well
enough to field dress a couple of bucks I shot
with a muzzleloader, Back then I didn’t have
enough experienced to know when a blade
was too thick, I believed heavy was good.

That knife was for sale the first year I was
making and selling knives and it’s only by
pure luck I have it. Everyone wanted the
“improved” workmanship of the subsequent
models. By the end of that first year I decided
it would be a good one to keep. I'm glad to
have it because it helps me prove some points
with new or want-to-be makers. It shows that
a knife can be made with a $5 grinder and an
electric drill. It clearly shows that I didn’t
have any natural-born talent for knifemaking.
I believe the main requirement is a strong
desire to do it and that years of hard work and
practice will get a maker a lot closer to suc-
cess than any talent they may have at the start.

As time has gone by the working knives I
made have gotten thinner, lighter and simpler
in construction details. With that in mind I
cooked up a thin-bladed stock-removal project
for the Good News grinder, See the section on
homemade grinders.

I chose a lawn mower blade for material to
make the stock-removal knife for several good
reasons. 1) The rectangular shape made it easy
to cut the blade blanks with the abrasive cut-off
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This is the knife that got me started on my life’s work. My grinder was made from a washing
machine motor. The blade was ground from a lathe rasp, the steel for the guard was part of a
wrench. The slabs of Oregon myrtle wood are held on by rivets made from bolts.
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wheel. 2) The material was not too thick, and
that means less time grinding it to shape. 3) I
just happened to have a newly acquired blade
from a recently deceased Black and Decker
electric mower.

Other potential sources of steel that will make

good knives are saws, files, coil and leaf springs.

The Good News Grinder

(See the section on homemade grinders for
the details of this simple machine.) The photo
shows the Good News grinder fitted with a
work rest made of scrap plywood. The work
rest is essential for accurate profiling of a
blade and for safety when using the grinder as
an abrasive cut-off saw. The rest should be
constructed so that the work surface is just

The Good News Grinder
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under the centerline of the wheel. It is held in
position with a 3/8-inch bolt secured by the
wing nut visible between the wheel and motor.
The table of the work rest is slotted so it can
be removed without having to take the bolt
out. The adjustment also makes it simple to
keep the table adjusted close to the wheel. If a
gap is left between the work rest and the
revolving wheel the force can wedge a finger
or thumb against the wheel. When an abrasive
wheel traveling at a speed of 60 plus mph
meets flesh, the wheel usually wins the race.
Leather gloves and a heavy apron should
be worn when using grinding wheels. They
are absolutely required when using an abra-
sive cut-off wheel. These type wheels have
a fiberglass reinforced web built into them




and are extremely tough. They can be bro-
ken if the work being cut 1s not pushed
straight into the wheel and supported by a
work rest. Eye protection should be worn
100 percent of the time in the shop. I recom-
mend both a full-length face mask and
safety glasses whenever using grinding
wheels. Safety glasses will only slow down
a large piece of broken grinding wheel.
Modern face shields are designed to stop the
flying pieces.

An abrasive cut-off wheel was placed on
the grinder and the lawnmower blade was
sliced into five pieces. This type of cut-off
wheel is available at most industrial or weld-
ing supply stores. The one I used started out
on my 14-inch chop saw. When they wear
down to 10 inches and 8 inches, respective1y,
they are put on smaller machines.-

The largest piece, “E”, was used for the
stock-removal project knife. See the photo. It
will be a full-tang knife with an overall length
of 8 1/4 inches, the handle will be 4 1/16
inches, the width is 7/8 inches. The blade will
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Lewnmowex blade

be a drop point, the handle straight and in line
with the blade. This is as simple a knife as there
1s. It’s sort of a small Green River style knife. .
You may prefer to make a narrow-tang blade
or perhaps a longer, wider one. Cut the lawn-
mower blade or whatever material you choose
according to the size blade you prefer. Use a
scriber or other sharp object and mark the out-
line of the blade you want to make on the steel.

Profiling the Blade

The abrasive cut-of wheel is taken off and a
grinding wheel is mounted on the arbor. A grit
size of 40 to 60 is good for rough grinding. It’s
a shame to purchase new wheels when so
many are discarded by saw sharpening shops
and saw manufacturers. Check for these
sources before purchasing a new wheel.

When I'm grinding the profile I use a push
tool to force the steel into the wheel. These are
made out an old screwdriver or it would work
to drive a large nail into a piece of wood. A slot
is filed or cut through the center of the squared
off end. This slot rests on the top edge of the

The lawnmower blade has been cit into blade sized pieces.
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blade and kecps the push tool from slipping off
as pressure is applied. Don’t bog down the
grinding wheel, keep only enough pressure on
the blade to remove metal. Little bites taken
with the corner ot the wheel will speed things
up when the grinder is not strong enough to
take a full-width cut.

Grinding The Bevels

Profiling the blade was the easy part, now the
fun starts. Grinding the bevels 1s the process of
removing steel to make a wedge out of a rectan-
gular cross section. Sce the illustration at the front
of this chapter. It shows the action of a grinding
wheel to create the wedge shape of a knife blade.
The wheel makes a series of bites or grooves that
have to be smoothed out with a
disk sander, file, or band stone.
See the chapter that follows,
“Grinding Advice.”

A rotary wheel dresser is a
good thing to have when work-
ing with grinding wheels. The
wheel will load up at times, or
pet dull, use of a wheel dresser
helps keep the rim flat and the
wheel removing steel like it
should. You might get lucky and
find a “star” type dresser in your
neighborhood hardware store. If
not, then check your local yellow
pages for “Abrasives,” these
folks should be able to tell youa
current source for a rotary wheel
dresser. If you do not find a local
source, go on the Internet and
search for MSC, (Manhattan
Supply Corporation), they have
just about everything,

Smoothing Up
The Bevels

I used a disk sanding
attachment on an ¢lectric drill Bzl

from the grinding wheel. See the photo. The
knife is clamped to what I call a knife board.
I used coarse and then medium disks. The
drill in the photos 15 a garage sale special. [Us
a 1950’s model Black and Decker that is
exactly like the one I used in 1963 to smooth
the grinding marks out of my first blade. 1
did a rcal nice hand-rubbed finish on the
blade made of Tawnmower blade steel. Sce
the next chapter for instructions for hand-
rubbing a blade.

Blade Finishing

Japanese sword blades of the highest qual-
ity exhibit perfection in finish and it’s all done
by hand using natural stones and abrasives. It

to smooth the unevenness left
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Who needs a belt grinder?




has always amazed me that such a high degree
of blade finishing was accomplished without
the use of belt grinders and buffing wheels.
The high degree of finish allowed the sword-
smith to see if his blade was free of visible
defects and the purchaser to ascertain the
quality of the blade. It was only natural that a
high polish became one of the characteristics
of a quality blade.

Hand-finishing, when well done, results in
a crisp and clean definition of the surfaces that
gives a more tfrue appearance than a mirror-
fintsh does. The reflections from the surface of
a buffed and mirror-finished blade can cause a
vistble distortion of the lines and the actual
surfaces are not usually as flat and true.

Draw Filing

Draw filing is accomplished by holding the
file at each end and alternately pushing and
pulling it across the work. The action on a
blade would be to draw it the length of the
blade. The file is pushed in normal filing, the
teeth are always digging into the work. Draw
filing is best done with a standard mill bastard
file. A double cut file will remove material
more quickly but will leave small ridges that
have to be worked out with the mill bastard

{ This photo shows the
. prouper hand posi-

i tion for draw filing,

! The only difference

i is that the sanding

i block is replaced

t with a file.

LA .|

file. Draw filing, properly done, leaves a very
flat and smooth finish. Some draw filers like to
use chalk to lubricate the file teeth, it’s sup-
posed to keep the file from clogging. I've tried
it both ways and don’t see much ditference.

Good quality files along with the knowl-
edge of their proper use is a valuable resource
for the knifemaker working without power
tools. I draw filed the blade bevels on the
forged blade for the $50 Knife Shop series
down to the final shape.

Hand-Finishing With
Natural Stones

The stock-removal, edged-tool makers of
the Stone Age would have used natural stones
for their finish work. The “grinder” of choice
would have been the nearest rock that was
harder than the object being shaped and fin-
ished. It’s fun for me to think that several dif-
ferent schools of caveman grinding
technology evolved. I'm aimost sure there
were some who preferred a round stone and
others who were of the squarc or rectangular
persuaston.

To prepare the forged blade for heat-treating I
used “wet-rocks” which were pieces of broken
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wheels from old-time foot-powered grinders. I
have pieces of two ditferent kinds of sandstone to
work with. One was more coarse than the other,
so 1 used it to work out the scratches from draw
filing, I then went to the finest stone for the finish
prior to beat treat. I measured the grit size of the
two stones with a micrometer microscope. The
particle size of the coarse one was .002 to .008

inches. The finer stone had a grit size of .001 to
003 inch. The FEPA measuring system would
ralc the coarse one at approximately 80-grit and
150-grit for the fine.

The photo shows the proper method of
applying the blade to the stone. It took me
about eight minutes per side to clean up the
file marks. A lot of water is necessary to keep
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“Stone Age” blade finishing.
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The forged blade

is all smoothed up
and ready for heat
treatment. The
coarse stone is on
the bottom, the
fine on is on top.
the stones working. If allowed to get too dry came over me when | was finished doing it the
the surface of the stone plugs up and becomes hard, low-tech, ancient way.
inelficient at removing metal. This photo
shows the wet-rocks and the smoothed up Hand-Finishing With
blade that is now ready to be heat treated. Man-Made Grit
[t would have been easy to cheat and use
my belt grinder to smooth up the marks from Man-made abrasive grits commonly found are
the grinding wheel but [ would have missed a aluminum oxide and silicon carbide. Crystalon, a
very primal feeling of accomplishment that brand name [or silicon carbide stones by Norton,
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arc the best quality I have found. They will cut
annealed stecl fairly quickly. I start with a grit size
of 120 and then go to 240, I then switch to a 320-
grit India stone (fine, aluminum oxide) by
Norton. After the 320-grit aluminum oxide stone |
g0 to wet or dry paper. An alternative to stone fin-
ishing is to go all the way with silicon carbide wet
or dry paper.

The Quick Hand-Rubbed Finish

I used what I call a quick-rubbed finish on
many forged blades. It’s quick because the
strokes are all lengthwisc with the blade. The
quick-rubbed finish results in a nice, although
not perfect, finish because there are usually
some coarser lines under the final finish. The

trick is to kecp the scratch pattern all going in
the same direction.

I use what I call a push stick for hand-rub-
bing. (See drawing.) It is necessary to have a
firm and flat surface backing the paper; the
one shown is made of Micarta®, The abrasive
paper 1s wrapped around the push stick and
held with the hand at “C” and the index finger
at “A”. Silicon carbide, wet or dry paper is
used; some use water and some use it dry. Dry
is always best for the final steps. Grit sizes arc
rounded off to the nearest hundred-something.
Use what ever you can get. Sutface “B™ on the
push stick is what contacts the knife blade.
The push stick can be 1/2-inch or I-inch wide,
the abrasive paper is cut accordingly. A nar-
row face allows more pressure to be applied;
the wide one will work out divots better.

When using & belt grinder to start the finish-
ing process, the blade can be taken anywhere
from 300- to 600-grit before the hand-finish-
ing starts. I stop at 320. Whatcver the final belt
grit size, the hand-finishing starts by dropping
back one grit-size to start.

The Best Hand-Rubbed Finish

The best hand-rubbed finishes are accom-
plished by alternating dircctions with the

The push stick,

C B

D

Sequence of rubbing directions for hand finishing,
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stroke as each grit size gets smaller. Sec the
drawing. This allows any abrasive marks from
the previous grit to be more clearly seen. The
scratch pattern from the belt will be in direc-
tion “B” and the first rub will be lengthwise,
“A.” Sce the drawing.

The hand-rubbing process may be accom-
plished by alternating directions “A” and “B”
only but there may be scratches left from a
previous grit that are bard to sec.

When the finishing 15 being done without a
grinder the sequence would be as follows. “A”
would be 100-120 grit, “B” would be 200, back to
“A7 for 300, “B” would be 400 and so on till the
desired degree of finish is achieved. To further
refinc the final steps “C” and “D” can also be uti-
lized. With the quick-rub method, all the work 18
done in direction “A.” Experiment with a vanety
of grit sizes and pusb sticks with surfaces of dif-
ferent materials until you get the finish you like. I
have push sticks faced with wood, steel, leather
and rbber of different types. There are times
when 1 use paper as fine as 2000 grit (FEPA). See
the conversion chart above.

The final step is always in direction “A” with
all the strokes starting at the tang and going
towards the point. A fresh section of paper is
used for cach stroke to get the finest finish.

How To Do A Machine-Made
Satin Finish

The satin finish shows it’s pattern at a 90-
degree angle to the edge and s usually not much
finer than 300- to 400-grit with light buffing.
Here's how [ do my version of a satin fimish. I
work the blade down to a halt-dull, 240-gnt fin-
ish, or if you prefer usc a sharp 320 belt. The
blade can be flat, convex or hollow ground.
Caretully buff the blade with No. SF (satin fin-
ishing) 300 {grit) compound. 1 usc the com-
pound on a 10-inch sewn muslin wheel that runs
1,750 RPM. It takes practice to get 4 uniform
scratch pattern. At this point the surface will be
fairly open and not too smooth. The next step is
to bufl the blade lightly with 4 medium cutting
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compound. Easy does it with this step, once or
twice down each side is enough. Finish the blade
by buffing lightly once or twice down cach side
with a finish compound like RCH Green
Chrome, Over-buffing with the final finish com-
pound will wipe out the scratch pattern that sets
up the satin finish. The result will be a shiny
blade. The finish buffing is donc on a different
10-inch, sewn muslin wheel that runs at 1,750
rpm. With practice you will be able to get a nice,
not-too-shiny, satin finish.

Satin finishing compound is a water-base glue
product that is also called greaseless compound.
It is applied to the wheel while it is turning. |
turn the buffer on, then turn it oft and apply the
compound as the wheel runs down. Not too
much is required. If the compound is applied in a
thick layer the buff acts more like a grinding
wheel and it will not make a satin finish. The
wheel is left running until the glue-based com-
pound hardens. That will take 15 minutes or
more depending on the humidity and tempera-
ture. 'These compounds arc available from most
knifermaker supply companies.

The Mirror Finish

When making knives for the collector mar-
ket it is probably desirable to learn to mirror
polish blades. Blades that are not stainless
steel benefit from a high polish because the
surface is smoother and more resistant to rust
and staining. The main disadvantage of a high
polish is it is hard to maintain (keep shiny and
scrateh free). I made a lot of stock-removal,
highly polished blades back in the 70s. |
observed how traumatic it was to a customer
when they accidentally scratched their shiny
blade. Some were almost afraid to use and
sharpen their knives for fear of spoiling the
finish, and some of them did just that. [ rarely
mirror polish because I prefer the appearance
and practicality of a satin or hand-rubbed fin-
ish. Satin finished blades don’t show every lit-
tle scratch like a mirror polished blade and are
very easy to touch-up.




When [ mirror polish a

BUFFING

blade T first hand-rub it to about
800-grit, then go to the buthing

WHEEL

B ]

wheels. Bulfing is somewhat MOTOR,

like hand-rubbing because of 21 ASVIEWED

the different directions that *5 FROMTRETOPR & BLADE
need to be worked. There are Gl CENERERESEL /

many different compounds e ) pot
available from knilemaker sup-

ply companies. The important j— ™\ GUARD

thing is that the step in grit size
from one to the next 1s not too great. The supplicr
will usually be able to tell you which ones to buy. 1
use two compounds, one cutting (grayish black)
and the other very fine (green). I've had them so
long I don’t really know cxactly where [ got them
or what they are called. Each compound has its
own wheel. [ run 10-inch diameter buffs at 1750
rpm. Anything faster that 1s too dangerous for me.

The Most Dangerous Machine
in the Knife Shop

The buffer gets my vote becausc it has the
habit of grabbing blades and throwing them right
back at the person who stuck it at the wheel.
Buffer safety starts with the way it is mounted to
the bench. In my opinion it is not safe to have a
buffer sitting directly on a table or bench. The rea-
son is that any thing that 1s tossed down by the
mertia of the wheel can bounce back and then be
propelled by the wheel in the direction of the
operator. The buffer base should be set on a board
that is out from the bench. Several layers of carpet
or one of rubber conveyor belting on the floor
under the buffer will protect any object propelled
down by the wheel. It will alsc keep blades from
bouncing up the way they do from cement. I was
holding a folding knife blade with niy bare fingers
to bufl off the wax used in the logo etching pro-
cess. The blade was caught by the wheel, made
the trip to the cement floor and bounced up
directly into the face of the wheel. The blade was
again propelled to the cement, however, this time
it bounced up and the point stuck in my fat little
finger, It was then that I decided it was more intel-
ligent to hold the blade with ViseGrip® pliers.

I run stitched buffs that start out 10 inches
in diameter at 1750 rpm. Running at 3400
rpm1 will do the job faster but the added dan-
ger 18 not worth it for me. I’ll run a 6-inch
wheel at 3400, but nothing larger. The reason
for using the stitched buffs is that they aren’t
as prabby as loose buffs. [ keep about the last
two rows of stitches cut so that the surface is
not so hard. There are times when a hard face
is desirable, but most of the time a softer
edge is betler for getting in corners where the
guard meets the blade.

T dress my wheels at an angle because it makes
it easier to get the corner of the wheel into tight
places. (See the drawing.) It also allows more
“reach” with longer work pieces. Before mount-
ing, a new wheel has the corner cuf off with a
huge pair of scissors made to cut carpet. Once
mounted, the wheel is dressed with a rake made
by driving nails through a picce ot plywood. The
scissors will then be used to smooth it up.

Knives with a double guard are probably the
most dangerous to butt. My habit is to have every-
thing finished prior to attaching the guard and that
eliminates serious buffing after assembly. A friend
who [ taught to make knives got in a hurry and
mounted his buffer directly on a bench. A dagger
got caught by the guard, bounced oft the table
back into the wheel, was propelled around and
directly through the palm of his hand. The cool
thing was he had a helper take a photo of the mess
before pulling it out. It took 3,000 and several
months of recovery before he was back to work.
(That 83,000 was at mid-1970s prices.)
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The buffer should have a guard over it.
Even if nothing is ever propelled around the
wheel and into your face it is nice to have the
fluff and excess compound going down to the
floor instead of in your face. My guards are
made out of plywood, glued and screwed
together, My theory is that 4 knife blade pro-
pelled around the wheel might stick into the
wood before 1t gets to me. A lip at the front of
the guard can be adjustable so that it can be
lowered when the wheel gets worn down.

Sand-Blasted Finishes

This is a popular thing for tactical knives.
The finish prior to sand-blasting should be
uniform over the surface of the blade. Heavy
sand-blasting with coarse sand will biend in
some scratches but won’t hide them all. Fine
or dull sand will have less effect on the sur-
face finish, Pick a method to give the visual
effect that you want for the blade. A tactical
folder might look better with a fine satin finish
lightly blasted. A rough and ready survival
knife might look just fine with a 120- or 220-
grit belt finish with a heavy blast joh.

A sand-blasted finish leaves the skin of the
blade open to attack of uny corrosive elements.
It would be good to keep a non-stainless blade
with a sand-blasted finish well oiled.

Grinding Advice

After 37 years it 1s less frustrating but still
not easy for me to grind good blades. Repeti-
tion does help build skill but for me it takes
great concentration at the same time. With my
own two hands I will stick a blade against the
belt and grind where I didn’t want to remove
anything. You will probably do it, woo and all 1
can say 1s, “Just don’t do it.”

Methods, tips and techniques can be
learned from a video or watching someone
with great skill grind blades. Unfortunately,
the time spent will not give you any practice,
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Spending time grinding 20 blades using good
methods will do more to develop skill at
grinding. I have pever had a student that
showed any talent for grinding blades. Skill
always came with practice. Accurate blade
grinding requires that the eye and hand be
able to make corrections between the blade
and belt that amount to a fraction of a degree.
I belicve only by repetition can the human
body be trained to such a high degree of skill.
1 don’t think it is any different than it would
be lcarning to play a violin.

New makers often will have me comment
on their blades. [ sometimes hear cxcuscs
made because they do not have a better
grinder. The machine has never appeared to
be the problem. The errors in grinding tech-
nique always were caused by a lack of skiil
or inattention to detail. Thinking back to my
refercnce to the violin, a good one 1s capa-
ble of making beautiful sounds, but only if
played with great skill.

Tips for Flat and
Hollow Grinding

Some things cannot be reduced to a for-
mula, but following a proven sequence will
help with the learning curve. My knife-
maker friend Bob Lum is a master at the
hollow grind so I had him belp me with the
hollow grinding advice.

1 Experiment with the height of the grinder
0 that you can work without neck and
arm strain.

2 If you have been standing up to grind, try
sitting on a stool, this works out good for
some makers.

3 Remove all scale from the sides of the bar
stock with a dull belt. Scale will dull a
fresh belt in a hurry.

4  Steel is not necessarily flat and straight
when it 18 received {rom the supplier.
Check and straighten the bar stock as
necded.

5 Use a center-finder to lay out two lines




on the edge portion of the blade. These
usually are spaced out approximately 1/
32 to 1/16 inch, a good thickness for the
edge before the heat treat (the remainder
of the material is removed after the heat
treatment 1s complete).

Mark the place where the grind will end.
This 18 often called the termination point.
Design the blade around the wheel diame-
ter. A wide blade requires a larger-diame-
ter wheel than a narrow blade. If a maker
of hunting knives were 1o have only one
contact wheel, it should be a 10-inch one,
Keep the edge up. I remember a phone
call from a young maker who called
and said he necded help with his grind-
ing. I invited him to my shop for a
grinding demonstration. [ picked up a
piece of steel and started putting bevels
on it. He was surprised that I was
grinding with the edge up. He had

A B C

Three different blade cross-sections.
The proportions shown are for 4" X 1%.”
bar stock ground with a 10” wheel.

“A” is too thick at the edge.
“B” is too thick at the back.
“C” is as good as it gets.
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11

12
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assumed that it was donc the other way.
His main problem with grinding was
that he couldn’t see what he was doing.
With a littlc practice he was getting a
lot better with his grinds.

The first grind 15 done at a 45-degree angle.
It is used to establish the termination point
and gives a witness line at the edge to grind
up to. Tt 1s best to use a dull belt because 1t
will take too much life off a new, sharp one.
Beginners have the tendency to “poke and
look.” The blade 1s stuck up against the
wheel or platen and then pulled back and
looked at. This creates a problem getting a
nice even track started. Make a habit of
starting 4 light cut and go the full length
on the blade without looking at it. This
trains the hand-eye connection {aster than
the poke-and-look method.

Start the hoilow grind with a fresh 60-grit
belt. The most common mistake made by
the beginner is trying to work with dull
belts. Dull belts require an excessive
amount of pressure and that means a loss of
control. Dull belts heat up the surface of the
blade, and that can cause irregularities
when flat grinding on a platen. Crisp, dis-
tinct grind lines and flat and true surfaces
require sharp belts. I figure at least three
new belts for each knife I make: one for
each grit size in the sequence. The finished
surface will have to be set up with a sharp
belt. Many makers round over the edge of
the platen or contact wheel. Break down the
edge of the rouging belt with a picce of car-
bide or old grinding wheel. This will allow
a smoother transition between the grind and
the ricasso area,

Set the grinder up with good lighting.
What works best for me is to have a light
on each side of the wheel or platen,

Belt speed will have an effect on control.
High speed for a belt 1s in the neighbor-
hood of 5,000 SFM (surface feet per
minutc), High speed is good for metal
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removal but not for control. Some mak-
ers, including myself, prefer a medium
speed of around 3,500 SFM, and 1 believe
the beginner will be better off in this
range. My advice is to save the high
speed for when control of the blade
against the belt has been mastered.

14 Start the grind at the termination point and
be careful not to dip into the blade. A phe-
nomenon happens on blades known as the 2-
inch divot. This is where a visible low spot
the width of the contact wheel or platen is
left in the finished blade. Being careful as the
grinding progresses can eliminate the cre-
ation of the low spot.

15 The position of the grind on the blade
will affect the way a blade cuts. A thick
blade requires placing the grind higher
on the blade, which means a larger
diameter wheelis necessary. The wheel
diameter is a limiting factor, but it is
usually better to grind high up onto the
blade in order to create a cross section
with good slicing ability.

16 Getting the grinds even on both sides of the
blade is a matter of control. Practice is the
only way | know to achieve it. I have good
belt grinders and 37 years experience, but
those factors do not keep me from losing my
concentration and sticking a blade up against
the belt where | should not have. I'll say it
again, “just don’t do it!”

17 Practice, and then practice some more.
When [ was a kid I took piano lessons for
a while. My teacher was always telling me
that practice didn’t make perfect, perfect
practice makes perfect.

Grind For Good Cutting Ability

Getting the grinds even and smooth is not
enough, the blade should have good cross sec-
tion geometry. The type of material and hard-
ness of the blade and whether it was selectively
hardened and tempered will have a lot to do
with the degree of thinness that is practical in a
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Blade Wedge Test Jig
A) Fixed leg.

B) Adjustable leg.

C) Lock screw.

blade. A knife blade needs to be thin enough to
cut well yet thick enough to have adequate
strength for normal use. It is something that has
to be worked out with the type of steel and
intended purpose of the knives you make. The
best way to dctermine what is correct is to do




The hackwoods belt sander,

some actual cutting with the knives you make.
See the heat treating section, “What Is A High
Performance Knife.” See the drawing of a jig
that I made for making a comparison between
the cross section of different blades. The screw
is loosened, the first blade inserted, the legs are
aligned with the sides of the blade and the
screw tightened. Without loosening the screw,
the second blade is put into the jig and a com-
parison is made.

The Full-Tang Knife

Fitting the handle on a full-tang knife with-
out the use of power equipment is a real chal-
lenge. The knife I made for the magazine series
had handle siabs of Oregon-grown mapie burl

that came out of my neighbors scrap pile. It had

been run through a planer so I had two smooth

sides to start with and that made it easier,

Nickel alloy brazing rod was used for pin stock.

Devcon five-minute epoxy was used as a seal

between the handle and tang.

The finishing sequence is as follows.

1 Draw-file the tang to get it very flat.
(Keep the disk sander off of the tang or
else it won’t stay flat.)

2 Finish the blade with a disk attachment
on the electric drill and hand rub to an
800-grit finish.

3 Flatten the handle slabs and work them
down to the thickness you want for the
handle and check to make sure they are the
same thickness and parallel. To get the
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The drilling machine from the dumpster.

full-tang handle slabs flat J used wood-
rasps and the “Backwoods™ belt sander
that as shown in photo.

Drill the holes. The sequence is as follows.
(The tang would normally have been drilled
prior to heat-treat.) Place the front-side slab

. on the backside of the tang and drill. See the
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photo. Then tum the blade over and drill the
clamped-into-position back-side stab
through from the back side. To keep the slab
from slipping, place a trial pin in the first
hole when drilling the second hole. Drilling

the slabs from the back side allows any chip-
ping where the drill breaks through to be
hidden on the tang side of the handle. If the
front-side, back-side confuses you just
remember this, Whenever a knifc is
described it should be done so with the edge
down and the point to the left, that’s the front
side. To drill the holes [ used the rusted up
drill-press adapter for an electric hand drill. T
rescued it from a dumpster at a moving sale.
It was rusty and so 1 assume the person who
trashed it thought it might not work, but all it




needed was some WD-40 and some sandpa- |

per to get it loosened up.

Clamp the handle slabs together with the
trial pins in place and shape and finish the
edges on the blade end. If you do the
gluc-up with the slabs uneven on the blade
end you'll never be ablc to match them up.
Check the fit and alignment by placing the

slabs on the tang with the trial pins in place, -

If all is well then proceed with the gluc-up.
Mix the epoxy carefully as per the instruc-
tions and make sure it is above 70 degrees
F. If epoxy is mixed when cold it may not
reach the full strength. When the epoxy
has cured run a sharp drill through the
holes to clean out any excess epoxy.

Cut the pin stock to length (slightly longer
than the thickness of the handle), then
rough up the pins with coarse sandpaper
and lock them in place with super-glue.
Shape and smooth up the handle, stain with
wood stain or leather dye if desired and treat
with Deft Danish Oil finish or some other

wood sealer/finish. I like to apply the finish
over a three-day period. Maple will absorb a
lot of a wet, penetrating finish like Deft.
When no more will soak in, the handle is
lightly worked all over with the finest steel
wool, then rubbed to a high shine with an old
wool sock. This finish 1s in the wood and not
on the surface and that’s the way is should be
for a knife handle.

10 Sharpen your new knife and then use it to
cut something so that you can experience
the satisfaction of using a tool that you
created with your own hands.

Stock-Removal
Project Complete

The combination of handle and blade shape
is one ['ve made in a variety of sizes for more
than 30 years. It’s called a patch knife, little
hunting knife or a letter opener: it just
depends on who is using it at the time.

The top knife is the knife from the 1988 project, “Forge Your Own Buckskinner Knife,” Center is the

stock removal knife made from the lawnmower blade, The bottom knife is the forged blade finished
without any electricity.
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The Narrow-Tang Knife

The narrow-tang blade forged from a Honda
autormohbile coil spring was finished without the
use of electricity. The handle was also to be fin-
ished by hand without the use of any power
tools. T used a tree branch from my dad’s yard
for a handle and a picce of copper pipe for a fer-
rule or bolster. The sequence is as follows.

1 The tree branch was cut roughly to length.
The narrow tang was heated to around 500
degrees F and worked into the handle
material. There was no need for a belt
grinder or drill press. Nature furnishes

Shoulder filing jig for fitting the ferrule to the handle.
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many cxcellent handle materials in a
round form. 1 used a section of tree branch
because the only shaping required was
some work with files and sandpaper. This
is much less labor intensive than cutting
the whole tree down, making boards out of
it and then cutting the handle out of one of
the boards,

The handle material is held in a simple
wooden jig that is ciamped in the vise jaws.
The file has had the teeth ground oft of the
side that rests on the jig. The tip of the file
has been ground so that it will get down in
the cavity that the tang will go into.
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Top, handle of chinguapin from a firewood pile that has been rough fitted for a copper ferrule. (Chinquapin:
genus Castanopsis of evergreen trees found in 1he Pacific Northwest. It is light tan colored, about the hardness
of maple or walnut.) Second from top is a deer antler that has been fitted with a copper cap. This type of fer-
rule requires a bit more work to make the hole for the tang but gives a smooth and attractive transition where
the blade comes out of the handle. The tapered punch used to form the ferrule is nexi 1o a piece of scrap copper
tubing. At the bottom is the forged blade from the $50 Knife Shop Series. The handle had been stained and the
knife seen some use by the time this picture was taken,

3 The section of copper tube can be put on This wedges everything up tight, the
as a parallel ferrule but better yet it is tang in the handle and the ferrule onto
enlarged on the handle end with a the handle.
tapered punch. I used a tapercd punch 4 The handle material was very close to the
ground from a piece of round bar stock finished size so very little shaping was
to form a slight taper in the ferrule. necessary. When everything was
Whichever way 1s used, the handle is smoothed up and the handle was given a
shaped so that the ferrule has to be coat of penefrating finish. Deft and Watco
driven on the last fraction of an inch, arc my lavorites.
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The forged project is finished, note the bare and untreated handle.

The Finished Product

The knife is resting on the world’s smallest
forge. Along with it are the remainder of the
copper tube and a picce of the handle material.
At the top of the picture is a coil spring from a
1981 Honda Accord. (That’s the mate to the
one from which I forged the blade.) Although
the knife won’t win any beauty contests itis a
solid hard-working cutting tool that used an
absolute minimum of tools to make.

The forged kmife ended up with an unconven-
tional configuration of handle and blade. Not too
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many knives have the blade offset from the han-
dle. This is an advantage when cutting vegeta-
bles on a cutting board. There arc two reasons
why the handle came out oft-center. First of all
was sloppy forging on my part that left the tang
above the centerline of the blade. Second, the
process of burning-in the tang to fit the handle

. resulted in the hole in the handle being off cen-

ter. 1 looked at it and said “why not,” and went
ahead and affixed the handie to the blade with a
copper ferrule made of water pipe.

At this writing the knife is over a year old and
I've used it for a variety of tasks and found the




The tip of a fossilized walrus tusk makes a natural handle shape for a wire Damascus dagger.
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blade shape and size very handy in the yard, shop
and kitchen. The only problem Fhave withitis the
nearly round handle; it has the tendency to turn in
the hand on heavy whittling type cuts. (That
serves me right for being cheap and using a tree
branch for a knife handie.) A better handle shape
is rectangular in cross section with just the corners
are rounded off, this gives a secure grip on the
knife with less chance of it turning in the hand.

All About Tangs

The majority of knives throughout history have
had narrow tangs. 'The many
advantages of the narrow tang
became clear from my experi-
ments with primitive knifemaking
methods. When forging a blade it
1s much easier to shape a narrow
tang than to work out a full tang. It
takes almost twice as much steel
to make a full-tang knife as it does
to make one with a narrow tang.
Steel was a valuable commodity
and undoubtedly the frugality of
bladesmiths helped to prompt the
perfection of the narrow tang.

Let’s think about all the avail-
able materials that are found in the
shape of a knife handle. Bones,
antler parts, horns, tusks and tree
branches of the correct diameter
arc all ready to be fitted onto a
tang. The narrow tang 1s con-

few tools were required and it is the most logical
way to make 4 knile.

Most of the opinions [ hear regarding tang
strength are hypothetical in nature and not based
on experience making both types. I made both
tang types for a long time without really consid-
ering the dilferences in strength or durability.
Over the years I've had lcss trouble with narrow-
tang handles than with full-tang versions. That’s
why 1t’s my opinton, when properly constructed,
the narrow tang is the strongest and most tool-
proof handle. It must be done right or it might
not be any better than a full-tang model. My -
opinion 1s also based on the most scvere test of

tained by the handle material so
there is less metal to be finished
when compared to a fuli tang.
Another factor to consider is the
fact that the narrow-tang knife 18 a
sealed unit compared to slab han-
dles aftixed 1o 2 full tang. There 13
no doubt in my mind that there arc
less things to go wrong with the
narrow-tang knife. I’'m convinced

that narrow-tang construction has

always been common because Wire Damascus knife with maximum strength handle construction.
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tang strength that T have been able to devise. 1
drove the point of a knife through 4 2 X 4 by
pounding on the pommel cap with a 4-pound
hammer, The knife had a wire-damascus blade,
Micarta® handle, and a steel guard and pom-
mel cap. The properly constructed narrow tang
will withstand this type of abuse. I'd never try it
with a slab-handled full tang knife.

Why Tangs Fail

The strength of the tang is often over-
looked as a design element. I’ve seen many
knives and a couple of swords that had broken
in the tang area. Seeing what went wrong has
caused me to form some strong opinions
about how a tang should be constructed.

1 Broken tangs can result from defective heat
treatment. The steel in the tang could be either
too hard or too soft. When it is too soft it can

bend; too hard and it will brcak. Spring temper

is the best condition for a tang to be 1n,

2 When a handle breaks at the junction of
the blade and guard it is usually becausc
of a stress riser. The stress riser is caused
by a square corner where the blade meets
the tang. The stress of the quench is con-
centrated in the square corner and it can
cause a crack to form. It’s an accident
waiting to happen because, even if a crack
didn’t start during the quench, the stress
riser could cause unexpected failure dur-
ing use. That corner should have as large a
radius as 1s feasible, See the drawing.

T r—
T

3 The handlc material in a failed tang might
have been too weak for the intended purpose.
Spacer type handles require extra material in
the tang to make up for the lack of strength in
the cross section of the handle material.

4  Air space between the tang and handle
material can allow the handle to shift on
the tang. This will also cause extra stress
that could break & knitfe at the tang.

Silver-Brazing

I learned to silver-braze many years ago
when I worked in the saw manufacturing and
repair business. My first job was silver-brazing
carbide bits into saws and cutters of all descrip-
tions, It is an excellent process to master because
it can be used to repair all kinds of steel items
that no other method would do as well.

Silver-brazing is sometimes contused with sil-
ver-soldering. The distinctions are made by the
differences in the melting points of the solder and
braze materials. Silver-brazing is a higher temper-
ature process, usuaily greater than 900 degrees

o

S

SILVER BRAZE JOINTS

-

POMMEL CAP

The Maxi-tang Handle Assembly
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Silver-soldering is accomplished at around 430
degrees F which results in a rather weak joint
when compared to silver brazing. The silver-braz-
ing rod I use melts at around 1300 degrees F, and
results in a joint that is stronger than the two pieces
of steel that it joins. Check with your local welding
supply store for medium- or high-strength silver-
brazing rod and temperature-matched flux. They
should have product information sheets with the
instructions available for the asking.

The advantage of silver-bruzing a tang exten-
sion as opposed to welding is that the grain struc-
ture of the steel is not enlarged. This is because
the terperature to braze is lower than the trans-
formation point of the steel. L use 2 *V” joint and
silver-braze the tang on after the guard is pushed
in place for the last time. That way [ can have a
3/8-inch threaded end cap on a blade with a 3/16
or 1/4-inch thick blade. After brazing, the tang is
subjected to a double spring temper. I'd use a pro-
pane torch to slowly bring the color up through
blue going into silver. The time af temperature in
a tempering operation can have an effect on the
finished strength. Doing it twice not only gives the
part more total time at the tempering temperature
but also equals it out in case it was not uniform the
first time. Spring temper in most steel types is the
mid 40s up to 50 HRC.

A nut of the correct size to match the tang

extension is silver brazed to the inside surface -

of the pommel cap. The handle can be drawn
up tight and there 1s no thread showing. See
the drawing on P. 67 "

Another method to use on small knives is to

silver-braze a wood screw to the butt cap. The
butt cap w/screw attached is then screwed and

glued into the handle material. A good silver
solder job would probably hold the screw o the
pommel cap on light-duty knives but I wouldn’t
trust it on a heavy use knife. I've seen several
knives where the butt cap was attached with
epoxy and the caps eventually fell off,

Arc Welded Tangs

This has 1o be done with great skill or else the
jout will fail. When [ welded on tang extensions
{even though they were tempered back) they were
often weak because of a coarse grain structure.
This is the normat result of the high temperatures
required for arc or gas welding. I never got the
type of strength that I wanted. I'm no welder
either, but with steels like O-1 and 52100 which
air harden, it’s more trouble than it’s worth, Even
if you get the weld zone springy it is coarse-
grained and weak. I believe an arc or gas welded
joint should be forged and normalized, then given
a blue temper. This will give better strength to the
welded joint but based on my experience it will
never have the strength of a silver brazed joint.

Riveted Tangs

Some sword makers use a riveted connection.
I've used it on knives and see no reason why it
can’t be adequately strong when done correctly.
As stated above, the strength in a narrow-tang
handie with a pommel cap is dependent on the
size and spring temper in the tang. All of it has to
be drawn up tight by the pornmel cap with no air
gaps that might allow the handle material 1o shift
on the tang. See the drawing.

Details of a riveted fang extension.

TANG

RIVET

EXTENSION
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Chapter 4

BACKYARD HEAT TREATING

Low-Tech

Was it James Black of Washington, Arkansas,
or someone else who made the knife that helped
to propel James Bowie onto the pages of history?
Whoever it was, they certainly did not understand
martensite or austenite. These two forms that stecl
can be in, refative to heat treating, had not been
identified and named at that time. The knifemak-
ers of the early 1800s wouldn’t have known what
was meant by upper or lower critical temperatures
or understood how to read a nose curve. They did
understand that properly prepared steel would get
hard when heated to a cerlain color, and then be
quenched in a suitable liquid. The hard and brittle
steel then would be heated to a lower “tempering”
temperature in order to soften it just enough to be
serviceable. This knowledge bad been leamed by
trial and error and passed down from generation
to generation. )

High-Tech

Today we find many knifemakers using digi-
tally controlled electric furnaces for heat treating
their blades. There is a growing trend among
bladesmiths is to use high-temperature salt pots to
heat for quenching and a lower-teroperature salt
bath for tempering. Rockwell test machines are
hecoming more common in knifemakers’ shops.
The craft of making handmade knives is becom-
ing more “high-tech” with each passing year.

I'hope the mention of those items of relatively
sophisticated heat treating equipment will not
discourage anyone from using what I like to call
“Backyard Heat Treating.” This lesson is pre-
sented because I and many others who use sim-
ple equipment and methods make very excellent
knives from carbon and carbon alloy steels.

The other side of the coin is that many mis-
erable knives arc being turned out by makers
using high-tech heat treating equipment.
Hardness testers can get out of calibration,
incorrect temperatures might be used and,
worst of all, not many makers do any testing
to see if what they did to the blade works in
real-life cutting situations. A vital part of the
heat treating process is testing and that is cov-
ered at the end of this section.

Judging The Hardening
Temperature With A Magnet

One very useful attribute of steel at room
temperaturc 1s its ability to be attracted to a
magnet. As steel is heated 1t will reach a point
where it no longer attracts a magnet. In simple
steels that temperature is just below ihe correct
hardening temperature. No fancy equipment
needed, a simple magnet tells us the proper
temperature to quench a blade made of simple
steel. The blade is heated slowly and uniformly
until a magnet no longer 1s attracted to it, the
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TIME-TEMPERATURE DIAGRAM

_ The time-ternperature chart shows
the effect of four different cooling rates
as time lines A,B.C and D. Each steel
type has it’s own unique “nose” curve
which is determined by quenching
sample pieces of the steel type at
different cooling rates.

In order for steel to becomie fully
hard 1t must be cooled fast enough to
miss the nose of the curve as in time line
A, This time line results in martensite
which is the hardest transformation
product of stecl. Martensite has to be

°F UPPER TRANSFORMATION TEMPERATURE mwemers
1600 -
LOWER TRANSFORMATION
(» TEMPERATURE
1400 { 1
1200
1000~
800 —+—
600+
A'l TIME LINE B
B TIME LINE C
400 4.,
i1 \
A2 LINE D
TIME LINE A
L |
X TIME IN SECONDS ! '
4 10 100 1600 _ 10,000 100,000

Time line B is the slowest cooling
and results in the soft structure coarse
pearitte. Coarse pearlite is a
combination of coarse pearlite, coarse
ferrite and coarse cementite.

Time linc C causes the steef to
have the structure fine pearlite.

Time line D causes the steel to
transform to bainite. Banite 1s more
ductile than martensite and is a good
compromise between the softer
structures ferrite, cementite, or pearlite
and the hard/brittle martensite.
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heat 1s allowed to rise another 50 degrees or so
and then the blade is quenched. The traditional
way to judge the hardening temperature was by
heat color alone. In my experience the prope r
use of a magnet gives more uniform results
than using color judgment.

My preference in magnets for heat-treating
are the pocket-sized, telescoping type avail-
able at most places where tools are sold. I
recently found some at a “Dollar” store.

Judging Heat by Color

As the temperature of steel increases, the
atoms vibrate about their usual position and
that generates light which 1s emitted from the
surface. Each discernible color is an indica-
tion of a specific temperature in that type of
steel; however, the color will vary depending
on the available light. In order to accurately
Judge the temperature for hardening by color
alone it is necessary to have the light condi-
tions as close to perfect as possible for each
session. The traditional hardening temperature
color is “cherry red” (1475 degrees F or there-
abouts). This color as seen in a dark shop
appears quite different in a location with more
light. My smithy is open on three sides and
well itluminated by natural light during most
of the year. I cannot trust my color judgment
for hardening under those conditions and
using a magnet allows me to get consistent
results. I cannot recommend color judgment
by eye for the beginner.

Quenchants for Hardening

There is nothing fancy or expensive
required here. Water will work if it i1s done
carcfully but I do not use it, nor do I recom-
mend it for a beginner. Most any 0il or combi-
nation of eils will work. In order to obtain full
hardness simple steels need to be cooled from
the hardening temperature to around 400
degrees F in somewhere between two and
eight seconds. The method of cooling does not
matter as long as the time/temperature rate is
achieved. (Sce the time temperature chart )

Safety First With Quench Baths

Following are steps you should observe to

ensure a safe quench:

1 The quenchant should be in a spill-proof
container,

2 Incase of a flame up, always wear leather
gloves when quenching.

3 If the oil flames up, keep an airtight cover
available to smother the fire.

4, The tongs can be dangerous to use if

they’re allowed to heat up along with the
blade. Hot tongs can cause the oii to flame
up. A good safety measure 18 to use one
pair of tongs to hold the blade while heat-
ing and then grab the hot blade with a cold
pair of tongs just prior to the quench.

5 When doing a full hardening quench, always
hang the blade on a wire so that it can be low-
ered straight and point first into the oil. Use
the tongs to manipulate it in the furnace or
forge fire, but use the wire when quenching.

6 With an oil quench, always have a deep
enough bath to completely submerge the
blade. Leaving any of the heated part above
the surface of the oil will cause the oil to
flame up. The exception to this is the edge
quench and you will have to putup witha
certain amount of flame.

7 Keep a thermometer in the oil to monitor
the temperature. Stop quenching if the
temperature gets over 180 E

8 Usealarge enough container to do the desired
number of blades without the oil overheating.
Two gallons will do between six to eight aver-
age-size knives with no trouble.

9 Don’tquench a blade in water unless the steel
didn’t respond to an oil quench. If you do
decide to water quench, heat the water to
between 90-140 F, stick it 1n for about a sec-
ond, pull it out and put it right back in for
another second or two. It’s risky business but
may be the only way to harden some blades.
If the blade still doesn’t harden, try cold water
and then brine. If that docsn’t work, find some
other type of steel. When used for knives, the
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water-hardening steels W-I and W-2) should
be quenched in oil. Water quenching of any
thin object like the edge of a knife may cause
cracking or excess warping.

Thermal Treatments
For The Forged Blade

The four operations in the heat treating pro-
cess are; normalizing, annealing, hardening,
and tempering. The success of the heat treat-
ment will depend on the condition of the steel
before the quench. This is where thermal
treatments come into the story. Normalizing is
adequate for most steels to sct up the structure
for the quench. Two or three cycles may be
better than one so it’s good to cxperiment with
the steel you are working with

Packing

Packing is a process that some bladesmiths
use in their forging process. The practice
came to us out of the 19th century and has
been passed down to us by many generations
of smiths. Packing is mentioned in many, but
not all of the blacksmithing books written in
the late 1800s. When it is mentioned it 1s usu-
ally in reference to forging chisels. It is not
mentioned very much when forging knife
blades is being discussed. It is accepted by -
somc, but questioned by others and as far as I
know it has no basis in modermn metallurgical
theory and T have not found a reference to it in
any up-to-date metallurgical books, My 1948
Metals Handbhook has a definition of
“mechanical working” which 1s a process
described as follows. “Subjection metal to
pressure exerted by rolls, dies, presses, or
hammers, to change its form or to affect the
structure and conseguently the mechanical
and physical properties.” When mechanical
working 1s performed at temperatures under
critical, it sounds somewhat like packing. An
example would be cold-rolled steel. Other
modern books on forging practice refer to a
“finishing heat” so that’s what [ teach.
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What Is Packing?

When I got into forging [ asked several
established bladesmiths to explain their method
of packing. Everyone had their own version,
but the basic formula was something like this.
“Hammering the edge portion of the blade with
a light hammer as it cools down to the point
that the color 1s barely visible in a dark place.”

The following is how packing is described in
print by a varicty of sources: The edge 1s
packed by hammering it lightly to “Jiggle” the
carbides into alignment. T'orging reduces the
size of the carbides along the edge surluce,
while packing tightens the crystal structure so
the molecules remain on the knife’s edge
longer. From another source: The final refine-
ment of the grain size is referred to as “pack-
ing” and is done at the same time that the final
shape of the bar is finished. Packing the stecl is
very important and involves hammering the
steel at a dull red color for a long period of
time. Grain refinement in parallel rows is
essential for strong, high-quality cutting edges.
The smaller the grain size, the stronger the
material. We have one more opinion: The ham-
mer blows may uppear to be random, but each
one 1s serving a purpose. The grains are being
elongated in the direction of maximum stress,
somewhat like wood grain. The hammering
breaks up lurge grains and produces a fine-
grained, tough, strong structure. As the steel
cools out of the red condition, light blows pack
the surface and edge. One must be careful at
this point, though, because hammering when
the steel gets too cool may form cracks.

The “jiggling” part of the above escapes my
powers of reasoning. That hladesmith may be
confusing carbides, grains, molecules and
crystals. [ do like the part in the third opinion
where 1t refers to fine grain size being neces-
sary for strength,

While doing my research on packing [
asked two different metaliurgists what they
thought of “packing” theory. Both explained
that the steel recrystallizes during the harden-
ing operation. Their opinion was that the tem-




perature of the annealing, normalizing and
hardening operation would undo any grain
refinement done in the packing process.

If you want to pack vour blades that’s fine
with me. Be sure that you can explain why you
are doing it and what the results will be. And,
those results should be backed up by some type
of comparison testing of the flexible strength and
cutting ability of your blades. You may call it
packing if you like, but always remember that
the steel will recrystallize in both the normaliz-
ing and quench heats. Call it anything you want
but I'd rather you don’t say that you’ve jiggled,
compressed or lined up the molecules.

None of the old references recommended nor-
malizing, there was simply no reference to it. The
process and what it accomplished to the structure
of the steel wasn’'tunderstood. Could it be that the
packing process was actually leaving the blade in
close to a normalized condition? Blades subjected
to packing would have had a finer crystal structure
from the slow cooling from the transformation
temperature. It was a good thing to do. I'm con-
vinced that the old timers mistook the cooling
cffect of thetr packing process as a physical
change in the steel caused by the hamimer blows.

The Finishing Heat

If you were to watch me forge a blade you
might assume that I was packing it. My finishing
heat looks a lot like packing but I have metal-
lurgy theory on my side. I also have many
test comparisons to verify my beliefs and
practices.

I will assume that your blade is pretty well
shaped and that proper measures were taken to not
overheat it or leave it with a lot of scale hammered
into the surface. The finishing heat means working
the blade over with light and even hammer blows
down into the temperature range where there is lit-
tle or no color visible. This will leave the blade
smooth and relatively clean and free of scale. The
light blows do not move the steel or change the
shape very much but serve to even out the surtace.
If there are still rough and uneven places or scale

on the surface, heat it up to a temperature that is
just under the point where scale forms and do the
light harnrnering once more.

Thermal Packing

I’'m not sure ! like the term but it 1s being used,
so [ wiil offer a description of the process. Ther-
mal packing, as it has been described to me, con-
sists of heating the blade to  certain temperature
and allowing it to air cool. This temperaturc is
sometimes judged by eye, others determine it with

‘a magnet. (Steel becomes nonmagnetic at the criti-

cal [transformation] temperature.) Some smiths
who practice thermal packing will speed the cool-
ing of the blade by swinging it around in the air.
There are others who let the air flow from a fan
cool it. Some believe that two or three treatments
are better than onc. With some steel types, a single
thermal packing my not have any morc of an effect
than a proper normalizing treatment, Instructions
for normalizing are to be found below.

It is important to keep in mind that the
many different steel types forged by blade-
smiths will not all react the same way to the
finishing heat or certain thermal treatments.
Carbon content, specific alloy elements and
their quantity will all affect the type of struc-
ture and grain size at any point in the time/
temperature profile of the forged blade. The
physical contact between the hot steel, the
hammer and anvil that oceurs during packing
will cool the steel faster than either thermal
packing. annealing or normalizing. Could it
be that the cooling rate caused by the ham-
mering is what causes any difference that may
be observed a finished blade?

Thercfore, packing as described above may
have an effect on the finished blade because of the
time/temperature cycle that takes place during the
physical packing with the hammer. The ultra-fine
grain that [ have observed in ball bearing steel
forged with my hydraulic forging press may be the
resuit of the cooling effect of the physical press
action. The recrystallization of steel at a specific
temperature is a fact of life to be reckoned with.

73



Questions To Be Answered

1 Packing with a hammer puts the grain in a
stressed and distorted condition. It is neces-
sary o heat the blade to the recrystallization

temperature in order to harden it. What

remains after recrystallization of the effects

caused by thermat or physical packing?
2 How do these (possible) changes translate

to the properties of flexible strength and _
edge-holding ability in the finished blade? ~ broke and the break showed a coarse grain.

3 Does the physical process of forging cause
any internal physical changes that remain
after recrystallization during the heat

treating process?

4 If a stock-removal blade
reccives the same time/tem-
perature treatments as a
forged blade, will it have the
same size and type of grain
structure?

5 Have the past comparisons
between stock-removal and
forged blades taken into con-
sideration the differences in
thermal cycles that the forged
blades went through during
the forging process?

6 It’s not a question but some-
thing that would be good to
remember. 1t's a fact, steel
cannot be compressed or
compacted.

Grain Refinement
With Thermal Cycles

See the drawing that shows the
results of two different thermal
cycles. At the left side the grain is
refined by heating the metal
slightly above the lower critical
temperature and then aliowing it
to cool. When heated above this
zone, the grain will again enlarge
and with sufficient time at a high
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temperature will become large and weak as
shown by the cooling line at the right of the
drawing. Coarse-grained steel is weak. Fine-
grained steel is strong. I’ve never seen a bro-
ken test blade that didn’t have a coarse grain
showing.

Back then I wasn’t using a magnet to deter-
mine the critical temperature. T was also judg-
ing the quench temperature by eye and was
overheating some blades. My test blades often

(Grain size can’t actually be seen with the
naked eye, what is seen 1s the crystal size and
that is an indication of the grain size.) [ may
never have learned that [ couldn’t judge the
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temperature for the proper thermal cycles by
eye alone if [ had not been working on my
American Bladesmith Socicty requirements.

Normalizing

When the finishing heat is complete, the blade
is ready to be normalized. When [ started forg-
ing all I knew was to anneal after the final forg-
ing heat. It would be hard to say what the
structure of my blades were prior to the quench,
A lot of my blades warped badly when
quenched. After I started normalizing, I didn’t
have much of a problem with warping. I don’t
know that it’s possible to heat treat blades and
not have some warping. One old blacksmith
book says that if you are going to make knives
you will have to learn how to straighten them.
Normalizing is necessary to refine the grain
structure and relicve the uneven stresses set up in
the blade during the forging process. Normaliz-
ing is accomplished by heating the blade slowly
and uniformly to a point just a little past where a
magnet is not attracted to it. The blade is then
removed from the heat and allowed to cool in
still air. If you are the technical type the correct
temperature for normalizing 5160 steel is 1600

degrees E As soon as the blade has reached the
temperature of the air it is ready to be annealed.
Grinding or filing the blade to its final
dimensions takes place either between the
normalizing and annealing or after annealing.
When the blade is hot it is difficult to see how
straight it 1s. T will often rough-grind 4 blade,
especially the larger ones, after normalizing.
If there is any major problem with kinks or
twists in the blade it will go back into a
medium hot fire, just under critical, and be
straightencd as necessary. The blade 1s then
normalized again and rcady for annealing.

Annealing

The following will work for most simple

" steels. The blade is heated slowly and uni-

formly but this time to where it just loses its
ability to attract a magnet. (1525 degrees F for
5160) The blade is then put in warm ashes or
vermiculite and allowed to cool slowly to
room temperature. It will then be in a soft and
stress-free condition, perfect for whatever
stock removal necds to be done. Anncaling, as
a preparatlory treatment prior to the quench,
may not be necessary with all types of steel.
Check with the steel makers specification

HEAT BLADE, THEN QUENCH EDGE DOWN

]

// .

.&

Rock the edge on the regulator biock
te assure an even temperline and
a fully hardened edge.

The setup for
edge quenching
with a regulator
block.
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sheets to see what is recommended. Whenever
you purchase steel be sure to ask for the heat-
treating information. It is available and the
supplier should furnish it to the purchaser.

Chromium steel, 52100 takes a cycle anneal
as follows. Heat to 1440 degrees F for eight
hours, cool 15 degrees per hour to 1200
degrees, hold that temperature for six hours
and cool in still air. That’s a lot of work,

Hardening The Blade
The Edge-Quench

After trying every method 1 ever heard of, I
adopted the edge-quench as the superior way to
harden any blade made of carbon or carbon alloy
steel. I quenched the project knives for The $50
Knife Shop series in my “special goop,” a mixture
of paraffin, cooking fat and dirty hydraulic oil. I
used the goop quench in keeping with the intent to
use recycled materials whenever possible.

Most any oil will work for the edge-quench.
Heat treat oils have an advantage because they
don’t flame up as much. On the other hand,
the heat treat oils will not make a blade any
harder than most any oil or goop mixture.

The type of oil and its temperature will affect
the hardness of the blade. Keeping the tempera-
ture the same each time will make it easier to
get consistent results with a given tempering
temperature. When oil is used it should be
heated to between 90-140° F. Cold oil isn't
“wet” enough to quench properly. If the oil gets
too hot, it may not cool the steel fast enough to
make it fully hard. There’s also a danger of the
oil catching on fire when it gets overheated.
Keep a thermometer in the oil and be sure the
oil is within the same temperature range each
time. A kitchen-type thermometer used for
making candy works perfectly.

The most important factor in edge-quench-
Ing is getting a proper depth of quench. A
combat-quality, unbreakable blade will have
about one-third to vne-half of its width hard-
ened. If the quench is too deep it will cause
too much hard edge and the blade may not
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have superior flexibility. When the quench is
too shallow, there won’t be enough hard part
to give the blade adequate stiffness. One way
to get repeatable results with a given width of
blade is o place a regulator block at the correct
depth under the surface of the oil. The proper
depth for the regulator block will be different
with each type of steel and will vary with the
quench speed of the oil. It will take some trial
and error to work it out.

Hold the blade with tongs to heat it for the
edge-quench. As the blade gets close to the hard-
ening temperature, switch to a cool pair of tongs
or else cool off the hot pair. When the entire
blade or just the edge half gets up to hardening
temperature, quench it edge down against the
regulator block in the quench tank. If all goes
well, the edge will be hard and the back soft
enough to give the blade great strength.

The edge-quench is easiest to get right on
wide blades, but with practice it can be used
on blades as narrow as 3/4 inches. A blade
with a lot of curvature will have to be rocked
on the regulator block in order to get the entire
cutting edge hardened. After about 135 sec-
onds, the blade can be totally submerged in
the oil. The blade should be allowed to cool to
the temperature of the bath before removal.
Blades should be tempered immediately fol-

E - lowing the quench. A selectively hardened
" - blade is tempered the same as for a blade

that’s fully hardened.
The “Goop” Quench

I got started with the goop quench from an
old-time blacksmith named Al Bart. I had the
good fortune to spend time with Al at the con-
ferences of The Northwest Blacksmith Asso-

-ciation. His wisdom came from years of

practical experience added onto what had
been passed down to him from generations of
smiths. He preferred to quench cutting tools in
bacon grease. His opinion was that it made
them harder than other quenchants. Al figured
it was giving a faster quench than plain grease
because of the salt in it. An old book on heat




The heat treat area of the Goddard Smithy. The 10-inch long blade is being quenched in the large goop
pan. Note the small homemade gas forge at the top of the photo. At the left of the goop is the annealing
‘box which contains vermiculite. Under the goop is a pan full of wood ashes which are used for anneal-
ing high alloy stecl types. The ashes, when preheated, gives a slower cool than the vermiculite.
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treating listed the quench speed of a lot of dif-
ferent oils. Tallow {animal fat) was listed as
the fastest quenchant of the lot.

Cutting tools need to be made as hard as is
possible in the quench and then be tempered
back for strength combined with edge-holding
ability. When a quenchant cools the blade too
slowly, something less than maximum hard-
ness will be achieved and edge-holding ability
will not be as good as could have been.
~ Istarted my experiments with grease

quenching in 1984. 1 saved up a bunch of fat
from the kitchen, put it in an old coffee urn
and started using it for quenching. It worked
great for getting all types of steel extremely
hard. It was exciting to use because it made a
great deal of smoke and fire. It got rancid in
time, and it was a problem to keep the neigh-
borhood animals out of it. I reasoned that if it
was harder, then it perhaps would not get ran-
cid. About that time I bought a huge box of
junk candles at a yard sale. [ started mixing
the grease with an equal part of the junk wax,
which was a mix of mostly paraffin with some
beeswax in it. | eventually started using the
goop for the edge quench and found that it
worked very well.

The improved goop didn’t get rancid and
the animals evidently didn’t like the taste of it
because they left it alone. It stays semi-solid
and is very portable. It’s difficult hauling oil
around to demonstrations, so having a quench
medium that will not spill works out well. My
traveling outfit is a 2 X 9 X 14-inch cake pan,
you can see it in the photo. For traveling it sits
on end in a five-galion bucket. I use a thin
piece of plywood for a Iid. I surround it with
hammers and tongs and off I go for a day of
fun. The goop I use in the smithy is in a stain-
less steel pan from a restaurant hot table, it’s
about 4 X 10 X 20 inches. It’s just long
enough to get a 12-inch blade, full-tang Bowie
or camp knife in by going corner to corner.

I improved the goop once more by adding
about 1/4 by volume of dirty hydraulic fluid. It
seems to work even better now and I use it
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instead of oil for everything except double-
edged blades. Dagger blades required a tip
down, straight-in quench in an oil bath.

My heat treat area is in my smithy which is
outdoors under a tin roof. It’s open on three
sides and I use fans to create positive air flow
that comes in one end and out the other. This
works out well for my goop quench but I can’t
recommend using it indoors without some
very effective ventilation. There is a lot of
smoke and sometimes flames. Depending on
the exact mix, there can be unusual odors.

Hardening The Project Blades

The heat source for the quench party was the
forge made from a soft firebrick, a propane
torch furnishes the flame. See the chapter
“Worlds Smallest Forge.” The goop quench
needs no preheating for an edge-quench on
small blades like my two project knives. With
larger blades I use a scrap piece of heated steel
to get a slot of molten goop started. [ usually
have some small blades to do first and those
times it is not necessary to preheat a slot big
enough for a larger blade. The goop burns quite
well when overheated, so use caution and keep
a lid handy to smother any fire that starts,

The blade is heated slowly and uniformly to
the point where it no longer is attracted to a
magnet. The temperature is allowed to climb
just a little and then the quench is made. It is
always good to practice getting an even heat
on a scrap piece of steel that is close to the
size of the finished blade.

The photo shows the forged blade made from
the Honda car coil spring as it has just entered
the goop. It’s getting an edge-quench where just
about half the width of the blade is hardened.

The next photo shows the stock-removal
blade made from a lawnmower blade. Notice

_ the light-colored appearance of the hardened

part of the blade. The violence of the quench
causes the scale to explode off of the portion
that hardened. Most steel will appear gray
when quenched, others will appear almost
white. This appearance is most always a sign




Hardening the forged blade.

that the blade got hard. Don’t assume that a
blade got hard; try each and every one with a
file to make sure it got hard. [ use the triangular
files used for sharpening saws. When too duil
to sharpen saws they are just nght for hardness
testing and you can usually get them free from
a saw shop. Put the edge of the file on the blade
and bear down. Nothing but the scale should
come off if full hardness was achieved.

Tempering The Blade

The internal structure of steel, when suc-
cessfully quenched, is known as martensite.
Martensite is very hard, brittle, highly stressed
and unstable. A knife blade in this condition
would not survive too long without breaking.
The brittle nature of the as-hardened blade has
to be softened slightly by tempering. This is
accomplished in most carbon and carbon alloy
steels used for knife blades by heating the
blade to a temperature of between 375 and
450 degrees E. All changes that take place in
steel as a result of heating or cooling are a fac-

tor of both time and temperature. Tempering
18 a decomposition of the martensite. A lower
temperature for a long time may have the
same softening effect as a slightly higher tem-
perature for a short time.

Tempenng or drawing to the exact degree of
hardness 1s necessary in order to impart a
combination of strength and edge-holding
ability. Each steel type has a “working hard-
ness” where it is neither too brittle nor too soft.
The steel type, blade length and intended use
for the knife should be taken into account in
determining the final hardness. The very best
steel that has been correctly hardened may fail
in service if the temper is not correct,

The Working Hardness

The point of maximum hardness where the
blade will still have adequate strength for its
intended purpose is known as the working
hardness. It is best worked out through a testing
procedure and not left to an educated guess.
Stock-removal makers using proven steels and
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The appearance of a blade after an edge quench.

a reputable heat-treater can have pretty good
faith in their blades. For those of us who heat-
treat our own blades it is imperative to have
some type of test procedure to determine if
what we are turning out will hold up against the
best. A blade needs to be compared to a blade
of known value in order to determine the worth
of any heat treating procedure.

Triple Tempering

Tempering should be done three times for
at least one hour. Austenite that did not trans-
form in the quench can form untempered mar-
tensite while cooling from the temper cycle.
The tempering process not only softens the
steel to a usable degree but it transforms
retained austenite. The second temper is neces-
sary to soften any newly formed martensite, .-
the third temper for the same reason. Blades
should be allowed to cool to room temperature
between temper cycles.

The heat may not be even over the length of
the blade when using a tempering gizmo,
torch, or whatever. The second and third tem-
per cycles will help to even it out and the addi-
tional time at temperature will help the
tempering process to be complete,

The Brass Rod Test

Those doing their own heat treating should
leam 1his test even if they do no other testing.
The Brass Rod Test was shown to me 40 years
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ago by a blacksmith who said he made knives in
the 1920s and 30s. I started using it in about
1975 and I have found it to be a quick and accu-
rate judgment of edge strength. This is a test of
the heat treating more than it is of the steel type.
It’s a simple test to perform and works for all
types of steel. It is intended for fairly thin work-
ing type hunting knife blades, a thick and heavy
edge could not be evaluated with this test. The
test helps establish the working hardness.

Clamp a 1/4-inch diameter brass rod hori-
zontally in a vise with the top half above the
jaws. Lay the knife edge on the brass rod at
the same angle used for sharpening (approxi-
mately 15 degrees). Apply enough pressure so
that you can see the edge deflect from the
pressure on the rod. When tested on a scale
the pressure works out to 30 to 35 pounds.
Have a good light source behind the vise so
that you can see the deflection.

If the edge chips out with moderate pres-
sure on the rod, the edge will most likely chip
out in use. The blade is too hard and the tem-
pering temperature shoud be increased 25
degrees for another temper cycle of at least
one hour. Keep this up until it passes the test.
If the edge stays bent over in the deflected
area, it will bend in use and be too soft to hold
an edge. When the deflected edge springs
back straight the temper is correct.

[ wanted to have the brass rod test in a porta-
ble form. When demonstrating at knife shows
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The Brass Rod Test

The $50 Knife Shop toaster oven.

and such it isn’t feasible to take a vise along. I
used super glue to attach a piece of brass rod to
a piece of hardwood, It can then be rested on
any sturdy surface to perform the test.

A Toaster Oven For Tempering

A toaster-oven in the knife shop will help
keep peace in the family. I tempered knives in
the kitchen oven for almost 20 years. It was
hard to get all the oil off of the blades and there
was usually some smell of smoke in the house
during tempering. I finally figured out I could
do it in a toaster oven. The first one I had cost
35 cents at an as-is thrift store. All it needed
was a rack and a knob for the heat control. In
order to remain true to the cheap-tool philoso-
phy of the $50 Knife Shop series, I recently
bought a toaster oven at a thrift store for $2. It
had a rack but needed a control knob. See the
photo. I used it to temper the two knives | am
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COLOR APPROXIMATE
TEMPERATURE

YELLOW 420 F

STRAW A" - 450 F

BROWN “B" 480F

PURPLE 550 F

ana—rt

When steel is heated to approximately 450°F a DARK _
layer of oxide, which appears as a straw color, .
forms on the surface. As the temperature increases BLUE wc” 500 F

the oxide coler changes, and is a fairly accurate L
way to judge the temperature of the steel. When
three different steel types are tempered at the same GREEN ISH

time and same temperature they will each show a BLUE 630 F
slightly different color, The alloy content of the .-
stecl causes the color difference. Temper Colors

"SOFT BACK DRAW

#1

SOFT S—
SPRINGY )

ARD" -
EDGE QUENCHED

Blade #1 above shows the relationship and preportion of the color bands visible from the soft-back
draw. Blade #2 shows the approximate relationship of hard, springy and soft. Blade #2 also shows
the approximate line that the blade is inserted into the oil when edge-quenched. Both methods can
be adjusted to give the same amount of hard edge. The edge-quenched blades will usually show
more flexibility before the edge cracks for two reasons, First is because the width of the hard edge is
narrower, at least the way I do it, and second, because the back is usually softer,
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working on in this series: One was made from a
coil spring and the other from a lawn mower
blade. I tempered them at approximately 375 F.

The Soft Back Draw

Before the edge quench came in the mid
1980s, most bladesmiths used a soft back draw.
That was the way I learned and here is how we
did it. The blade was first fully hardened and
then cleaned down to bare metal. An oxygen/
acetylene torch with a #00 or smaller tip was
cranked up so it was running very hot. The tip of
the blue cone in the flame was applied to the
back of the hardened blade. See the drawings.
Almost immediately a blue color would show
and it was necessary to start moving the torch
down the spine of the blade. The object was to
get a nice even blue line full length down the
back of the blade. If the torch tip was moved too
slowly the heat would move down too close to
the edge. When this happened and there would
be an excess of softening of the blade it would
have to be annealed and rehardened. It took a lot
of practice to get good at it. That's why 1
switched to the edge quench, it’s easier to get the
correct degree of stiffness in a blade. [ still teach
the soft back draw because it is a good way fo
tmprove the strength of a finished knife blade
that had been fully hardened. It is added insur-
ance for an edge-quenched blade that appears to
have too much hard edge. I used a blade that was
fully hardened and then tempered with a soft
back draw to pass my ABS Journeyman Smith
requirements,

Hardened and Tempered,
What Next?

It would be wonderful if there was a univer-
sal formula for hardening and tempering that
could be used for the first time and the results
would be a perfectly usable knife blade. It just
doesn’t work that way in real life for most of
us. That’s because of the many variables that
influence the results. It is unlikely that the

results from hardening and tempering the first
few blades of a specific steel type will be
exactly right. Just for fun, let’s pretend that
the heat treat did come out perfectly; but how
do we know that unless some type of compari-
son is made with a blade of known value. My
opinion is that complete and total confidence
in one’s product can only result in some type
of testing program.

A knife blade can be either too hard or too
soft, It’s not hard to figure, too hard and it will
chip or break. When too soft, it won't stay
sharp; or in the case of a large knife, it could
be bent during normal use. It's a fine line
between the extremes where a specific type of
steel is the exact hardness where it will hold
up in normal use. That's why the blade should
be tested for toughness after it is tempered and
before the handle is put on.

Cuuing on almost anything will dull a blade
enough to get an idea of what it will do when
compared to a blade of known value. James
Black, legendary maker of Jim Bowie knives,
was supposed to have tested his knives by
whittling hickory for an hour. That’s accord-
ing to Governor Jones in Raymond Thorp’s
book Bowie Knife. Black would discard any
knife that would not shave hair from his arm
after the test. Now, that’s tough testing!

Cutting Rope To Test
Edge-Holding Ability

Years ago I tried to test knives by cutting
cardboard. The amount of time and cardboard
it took to dull a blade made it impractical.
When I started cutting rope I discovered that it
dulled a blade quickly and uniformly. Use 1/2-
inch diameter rope or the single strands unrav-
eled out of 1-inch or larger rope. Comparisons
need to be with knives of the same general
length, thickness and general cross section at
the edge. Sharpening needs to be uniform

. between test blades. Slicing cuts are made
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Mike Draper has passed the 90 degree flex test as part of the Journeyman Smith requirements for

the American Bladesmith Society. Eye protection is always worn for the flex test, this picture was
posed after the test was completed,
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until the edge looses its bite in the rope. I like
to cut and sharpen three times and average the
results. The comparison tests with the knife of
known value should be done on the same day
with the same rope. The important thing is to
make some type of comparison. Other test
materials could be rolled up newspaper, sec-
tions out of a phone book or magazine, rubber
strips or leather. All of these things will work
for cutting tests but some of them can get
expensive and tiring.

The $50 Knife Shop series is about how to
make knives with very simple equipment.
Although the equipment is cheap a high qual-
ity knife can be made. The time spent with
some basic test procedures will not only be a
good investment in your knowledge base but
will make the subsequent finishing details all
the more meaningful. You'il have a total pack-
age that you can be proud of and alse be confi-
dent that it will perform well in use.

What Is A
High-Performance Knife?

Each steel type has a certain unique poten-
tial for flexible strength and edge-holding
ability. As an example, steel type 516{} has
great potential for flexible strength but it will
never match the edge-holding potential of a
steel with a higher carbon content. Nonethe-
less, 5160 is a good choice for a high-perfor-
mance tactical, camp or bowie knife.

My steel choice for a hunting knife for my
own use 1s stainless steel, such as 154CM or
ATS-34. Tcan get by very well with D-2, which
is very stain resistant. I am often asked to make
hunting knives out of 52100 but don’tdo it as a
normal practice. It's not that it won’t make a
good hunting knife, it is just that T do not like
knives that need constant maintenance.

I used non stainless knives until 1973 and
then made my first knives of 154CM. T car-

ried one on a four-day hunting trip and used
it for fire building, cooking and camp chores.
I didn’t get any game that time but even after
four days of use around camp it was clean
and hair-shaving sharp. Something clicked
and I have stuck with maintenance-tree hunt-
ing knives ever since. It is what my hunting-
knife customers wanted back then and still is.

The non-stainless working knives that I
made 30 years ago are wearing away from
cleaning and sharpening. The knives I made
of 154CM back then have aged very littic. [
recently made a new sheath for one of my
standard hunting knives made of 154CM.
From looking at it [ thought it was about 10
years old but when I looked at the back of the
sheath, it was dated 1981.

For my definition, a high-performance
hunting knife shouid be stainless. That is
why I do not make very many hunting knives
of 5160 or 52100. Each maker will have dif-
ferent cxpectations of his knives and that
comes from his life experiences with the way
knives arc used. With its high carbon con-
tent, 52100 will have a much higher potential
for edge-holding ability than 5160. My opinion
is that 52100 makes a great hunting knife
stee] when stain resistance is not an issue.

The practical differences between these
different steel types will have to be worked
out by tests and comparisons with the
types of knives for which each material is
best suited.

When the steel arrives at the knifemaker’s
shop, it is in the annealed (soft) condition.
As such, it will have no edge-holding ability
and will bend casily. The knifemaker’s
responsibility to the customer is to turn the
picce of steel into a superior knife. The steel
type and heat treatment will have far more
to do with making what I call & high-perfor-
mance blade than the method of shaping it
(either forged or stock removal).
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In passing the 90-degrec flex test, a 52100
blade made by Mike Draper (see photo)
shows attributes of what a high-performance
forged blade should be. Other factors in the
total picture would be cdge-holding and cut-
ting ability. Part of the shaping process is to
produce a blade cross section that has good
cutting ability. At worst, it could be either
too thick or too thin. Hardening a knife at a
tempetature that is too high or holding it too
long at too high of a temperature can cause a
blade to have a coarse grain. The hardness
number may be correct but the blade will not
exhibit the strength it should have if correct
time and temperatures were used.

The design of the knife is an important fac-
tor. The size and shape of the blade and all
the fittings should be suited for the intended
purpose. A high-performance knife is a total
package that starts with good steel and fin-
ishes with every little detail done correctly.

Forging is superior to grinding with some
types of blades, especially the large bowie
knives I like to make. I have not been able
to prove to myself that forging makes a bet-
ter blade. That statement is in general terms
as far as the steel type goes. There may be
some advantage to forging a few specific
types of steel, but it will still come back to
the heat treating as being the most impor-
tant factor in performance.

Something Went Wrong

Here is a hypothetical example: A piece of
the finest grade of steel was forged on the
“ultimate anvil,” A very special “magic” ham-
mer was used throughout the forging. The lat-
est in computer-controlled electric furnaces
was used for thermal cycles after the forging.
Digital read-outs monitored the progress. The
latest variable-speed “Mark X1V belt grinder
was used to clean up the blade. The computer-
controlled furnace was used for the hardening
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and tempering. The heat-treated blade was
then tested for hardness with a Rockwell test
machine that recently had been calibrated by
the Bureau of Standards. The knife was then
finished and delivered to the customer.

After using it awhile, the customer
returned it to the maker with a complaint
about poor cutting ability. A committee of
experts was called in to check the blade.
The committee’s findings were that the
blade was too thick at the edge. The maker
thinned it down and returned it to the cus-
tomer. Shortly thereafter, the customer com-
plained about chipping at the edge. Once
more the knife was returned and checked by
the committee. This time the determination
was that the blade was too hard for its
intended purpose. Regardless of the knife-
maker equipment and method of shaping the
blade, the total package had not been
attained. Instead of buying more equipment,
the hypothetical maker should have invested
some of his time in testing his knives.

My opinion is that a high-performance
knife is one that outperforms the majority of
the competition. For example, 10 makers
make blades of steel type “X.” The knives
are then put through a series of exhaustive
tests by a committee of experts. The knives
that place in the top 10 percent can be
thought of as high-performance knives.

Strength Defined

1 constantly refer to certain blades as being
strong, stronger or strongest. Half-a-dozen
times 1 have been reminded that, in metallur-
gical terms, strength is the ability to resist per-
manent deformation or the elastic strength of
the material. So then, in metallurgical lan-
guage, the harder the blade, the stronger it is.
When L use the word strength or strong, what I
really mean is flexible strength in the total
blade and edge strength against chipping.




I used my new pop-up computer dictionary to
see what 1t had to say about strength and
strong: strength (sce strong) 1. The state or
quality of being strong; force; power; vigor. 2.
The power to resist strain, stress, etc.; tough-
ness; durability. 3. The power to resist attack;
impregnability strong 1. a) physically power-
ful; having great muscular strength; robust; b)
in a healthy and sound condition; hale; hearty.
2. a) performing well or in a normal manner;,
b) not easily affected or upset. I especially like
the parts about “toughness, durability, power
to resist attack, healthy and sound and not eas-
ily affected or upset.” With the preceding defi-
nitions in mind, following is how I might
compare 5160 and 1095: Chromium-steel
5160 is consistently tougher and more durable
than carbon-steel 1095.

A Tempering Gizmo For
The World’s Smallest Forge

It is nearly impossible to draw the temper
on a blade in a gas forge, they simply won’t
run at the low temperature required. (375-
500°F) Even the little one-brick forge cannot be
run at a low enough temperature to get a good
temper on a blade.

I have experimented with tempering many
different ways and the easiest way to get an
even temper is to use an clectric oven. The one
in your kitchen will do, or you canuse a
toaster oven from a thrift storc. The disadvan-
tage of an even temper is that the blade does
not have the flexible strength that is possible
when the back has been softened.

I experimented with resting the back of
the blade on a hot piece of steel or copper.
It was possible to get an even temper but [
couldn’t get the back much softer than the
edge. Heating on a plate brings the color

down too slowly. To soften the back, the
heat has to be high and Jocalized at the
spine of the blade. The blade back must
reach a full blue in order to give the blade
great flexible strength.

What I needed was a tempering gizmo that
could be heated in the one-brick forge. See
the photo. [ made it out of copper and
stainless steel scrap. The copper side bars
are 3/8-inch thick, 7/8-inch wide and
about 4 inches long. The jig is riveted
together with stainless pins made of TIG
wire. The side bars could be made of com-
mon steel or brass. Steel will scale away
whereas copper or brass will last longer.
The whole jig could be made of stainless
steel 1f 1l is available, The gap where the
blade back is heated is 1/4-inch wide, but
could be as narrow as your thickest knife
blade. The spacer bar/handlc picce was a
scrap of 304 stainless that just happened to
be wider on one end. | shaped the wide
cnd into a grip surface for my forge-use
ViseGrip® pliers and then gave it a half
turn so it will sit flat,

The blade to be tempered should be fin-
ished down to bare and clean metal. That
means no buffing compound or finger
prints. Anything greasy will throw the tem-
per colors off and/or make them hard to
keep even. The jig is heated to an orange
color in the onc-brick forge and then taken
out and rested on top of the forge. The
torch is shut down at that time. The blade
is then lowered into the gap and slowly
worked back and forth to get an cven color.
The tang end is given the most attention-
becausc it will take more heat to get tem-
pered than the tip. The tip will come along
without giving it much attention. Have a
shaliow pan handy with about half an inch
of water in it. If the temper color at the
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The tempering gizmo for the one brick-forge.

edge gets past light brown, the edge should
be cooled in the water. Put it in a little at a

time so as to not give it too severe a shock.

The soft back temper is correct when the
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back 1/3 of the blade shows a good blue color
and the color at the edge has not gone past
brown. Lightly sand the blade to remove the
color and repeat the process two more times.




On this pair of wire Damascus lefter openers, the ringends were hotformed.

Here is a group of all-steel wire Damascus knives. Several different sizes of wire rope and a variety of methods
were used for the welding.




At the right of the photo is the billet for the Viking-
style blade prior to its final welding heat. The core
piece was welded up from a single strand of the
large wire rope shown at the left. Note the single
strand with a straight wire above it. Every other
wire of the high-carbon strand was removed and
replaced with a piece of the wrought iron wire
shown. The strand was then welded and forged
info the bullet-shaped rectangle that forms the
center of the billet. A 3/8-inch wire rope was
welded up and doubled and welded once
more. It was then wrapped around the core
piece, tack welded on the tang end and forge
welded. The details of the finished blade can be
seen in the left photo.

The large folder at the right has a handle
of elk antler with a forged spring. The wire
Damascus blade is a random patitern, no
pattern development was used. At the cen-
ter is a Viking-styled dagger with a rose-
wood handle and nickel-silver fittings. The
Damascus pattern is a result of a compos-
ite-bar billet. See the photo at right for a
description of how it was made. The knife-
fork set at the bottom has nickel-silver bol-
sters and a pearl handle. Both the knife
and fork are made of wire Damascus.

This is the sheath for the Viking-style dagger described
above. The body of the sheath is rosewood, the throat and
tip made of nickel-silver.



Two wire Damascus knives, one folder and one fixed-blade. The folding knife was made by weld-
ing up a billet consisting of single strands of several different sizes of wire rope with some high-
carbon wires mixed in. An interesting pattern is created where the edge portion was incised and
then forged flat. The unfinished tang portion of the billet at the top shows how single strands are
stacked and then forge welded. The wire Damascus boot knife atf the bottom of the photo was
designed by Pairice Palsky of France. It has integral bolsters and ivory handle slabs. It's one of
my favorite knives, not only because of the challenge in making the infegral bolsters but
because of the beautiful design. At the bottom of the photo is a twisted piece of wire rope about
4 inches long. These are stacked 2x4, 2x3 and sometimes 2x6 for welding.

This wire Damascus knife/sword has a blade that is about 18 inches long. The handle has copper
bolsters and black horn handle slabs. The bold pattern is created by the type of wire rope. It's
called strand and is used for reinforcing concrete beams. Each strand has eight wires, four
strands were used for this blade. Each strand has one wire that runs straight down the center,
note the bare area in the center of the blade where a straight wire came out on the surface.



The top knife was made from a bundle of the anti-twist wire rope shown in the photo. The bottom

knife had the welded-up bundle twisted and then forged flat. This creates the twist pattern in the
blade.

g
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The fixed-blade knife at the top is a style that | make often because it does a lot
of things well. The blade is pattern-welded 1095 and band saw steel. It has a
nickel-silver guard and a snakewood handle. The folder at the boftom is shown
in another photo. This picture shows the blade and handle details much better.



This hand-forged Bowie-style knife has a 10-inch blade of 5160, a deer antler and iron-
wood handle and a bronze guard. Photo by Barry Gallagher.

Here is a friction folder that used the
whole side of a deer antler. There are
times when | have to do something like
this just because I'd never seen it done
before. | called it a fish knife because
when it was open it had a fish-like
appearance.




The top two knives have forged blades and blued blades. The bowie has a handle of deer antler
with a brass guard. The camp knife has handle slabs of Osage orange. The bottom knife is what |

call “The Fighting Cook'’s Knife.” The blade is stock-removal and made of D-2 which has been
given a soft-back draw. It has micarta handle slabs.

This is the knife that
started me on my
life's work back in
1963. The blade was
ground from a lathe
rasp using a home-
made grinder. My
sander was the disc
attachment on an
electric drill.

This is the finished stock-
removal knife from The $50
Knife Shop magazine
series.




Sheaths are an important part of knifemaking. This photo shows a variety of knives

and their sheaths.

The author enjoys raising dahlias. This one is named
“Show and Tell” and was 8 feet tall. I've had the dahlias

about 12 years and enjoy the time they force me to
spend out of the shop.

.. o el R

This is called a stud-type sheath,
some call it a stud bufton. The
sheath can be carried stuck in the

_ belt, or with the belt adapter shown.
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B TRANSFORMATION RANGE. In this range steels undergo internal
atomic changes which radically affect the properties of the material

LOWER TRANSFORMATION TEMPERATURE (A4). Termed Acq on
heating, Ary on cooling. Below Acq,structure ordinarily consists of FER-
RITE and PIEAHLITE (see below). On heating through Ac these con-
stituents begin to dissclve in each other to form AUSTENITE (see below)
which is nonmagnetic. This dissolving action continues on heating
through the TRANSFORMATION RANGE until the solid solution is com-
plete at the up transformation tempeture.

UPPEH TRANSFORMATION TEMPERATURE (A4). Termed Acg on
heating, Ars on cooling. Above this temperature the sfructure consists
wholly of A%JSTENITE which coarsens with increasing time and tempera-
ture. Upper transformation temperature is lowered as carbon increases to
0.85% (eutectoid point)

FERRITE is practically pure iron (in plain carbon steels) existing below
the lower transformation temperature. It is magnetic and has very slight
solid solubility for carbon.

PEARLITE is a mechanical mixture of FERRITE and CEMENTITE

CEMENTITE or IRON CAREIDE is a compound of iron and carbon,
FESC

AUSTENITE is the non-magnetic form of iron and has the power to
dissolve carbon and alloying elements

ANNEALING, frequently referred to as FULL ANNEALING, consists of
heating steels to slightly above Acq, holding for AUSTENITE to form,
then slowly cooling in order to proguce small grain size, softness, good
ductility and other desirable properties. On cooling slowly the AUSTEN-
ITE transforms to FERRITE and PEARLITE

NOHMALIZING consists of heating steels to slightly above Acg,

holding for AUSTENITE to form, then followed by cooling (in still air). On

cooling, AUSTENITE transforms giving somewhat higher strength and
hardness and slightly less ductility than in annealing

BFC‘.‘RGII\FG RANGE extends to several hundred degrees above the
UPPER TRANSFORMATION TEMPERATURE

Bl BURNING RANGE is above the FORGING RANGE. Burned steel is
ruined and cannot be cured except by remelting

ESTRESS RELIEVING consists of heating to a point below the LOWER
TRANSFORMATION TEMPERATURE, A4, holding for a sufficiently long
period to relieve locked-up stresses, then slowly cooling. This process is
sometimes called PROCESS ANNEALING

[Ell BLUE BRITTLE RANGE occurs approximately from 3009 t0 700° F.
Peening or working of steels should not be done between these temper-
atures, since they are more brittle in this range than above or below it.

PREHEATING FOR WELDING is carried out to prevent crack forma-
tion. See TEMPILO PREHEATING CHART for recommended temperature
for various steels and non-ferrous metals

Ilchnaumsz consists of dissolving carbon into surface of steel by
heating to above transformation range in presence of carburizing com-
pounds

2
NlTFIIDING consists of heating certain special steels to about
1000°F for long periods in the presence of ammonia gas. Nitrogen is
absorbed into the surface to produce extremely hard ‘skins”

mSPHEROIDlZING consists of heating to just below the lower transfor-
mation temperature, A4, for a sufficient length of time to put the CEMEN-
TITE constituent of PEAF{LITE into globular form. This produces softness
and in many cases good machinability

MARTENSITE is the hardest of the transformation products of
AUSTENITE and is formed only on cooling below a certain temperature
known as the M temperature {about 400% to 600° F for carbon steels).
Cooling to this temperature must be sufficiently rapid to prevent
AUSTENITE from transforming to softer constituents at higher tempera-
tures

EUTECTOID STEEL contains approximately 0.85% carbon

FLAKING occurs in many allow steels and is a defect characterized by
localized micro-cracking and “flake-like” fracturing. It is usually attrlbuted
to hydrogen bursts. Cure consists of cycle cooling to at least 00°F
before air-cooling

OPEN OR RIMMING STEEL has not been completely deoxidized and
the ingot solidifies with a sound surface (“rim”) and a core portion con-
taining blowholes which are welded in subsequent hot rolling

KILLED STEEL has been deoxidized at least sufficiently to solidify
without appreciable gas evolution

SEMI-KILLED STEEL has been partially deoxidized to reduce solidifi-
cation shrinkage in the ingot

A SIMPLE RULE: Brinell Hardness divided by two, times 1000, equals
approximate Tensile Strength in pounds per square inch. (200 Brinell = 2
x 1000 = approx. 100,000 Tensile Strength, p.s.i)

@ 1994 Tempil Division, Air Liquide America Corp. Printed in U.S.A.



Chapter 5

DAMASCUS STEEL

What is Damascus Steel?

Damascus steel was easy to define back in
1973 when Bill Moran first laid out his pat-
tern-welded blades at the Knifemakers Guild
Show. It’s not so easy these days. My list of
types keeps growing and I'm not willing to

put any limit on where it will go. Electrical
discharge machining, powder filled patterns,
layers made of powder metallurgy steel —
there is no limit. The knife is no longer just a
cutting tool or weapon, it has become a “‘can-
vas” where makers of Damascus steel can
express their art.

The aunthoer shown welding a billet of motorcycle chain under a Beaudry power hammer. This ham-
mer is in the shop of Joe Elliot in Redmond, Oregon. The event was a workshop spensored by The
North West Blacksmith Association.

97



Perhaps the future will see the development
of an art form where patterned steel 1s simply
hung on the wall or made into sculptural
pieces. A customer once asked me to make up
sample pieces off all the different patterns and
types of Damascus steel. It would have been a
collection to admire and study but [ never
found time to do it. Perhaps bladesmiths
should start making up standard size sample
pieces to sell to collectors, 1 inch x 2 inches
would be a nice size.

1 tried to sell some small wire Damascus
sculptural pieces but no one took them serious
enough to make a purchase. I like to think it
was because I'm not an artist with papers
hanging on the wall that say so. (I suppose it
might possible that my attempts were not
actually artistic enough to attract a buyer.)

The following information will not make
anyone a master at welding Damascus steel
but it should make the road a little easier to
travel. The general principles apply to all
types of forge-welded Damascus. The chapter

that follows will give more detail on my spe-
cialty in Damascus steel and that’s the type
made out of wire rope.

Forge Welding

is an ancient process that was essential to all
iron and steel working trades. When steel and
iron are heated above the upper critical temper-
ature it is possible for them to be joined
together by the process we call forge welding,
As iron and steel are heated the atoms move
faster and faster until they reach a point where
they interchange with the atoms of an adjacent
and compatible material. The difficulty with
this simple-sounding process is that for it to be
successful, there can be no oxygen or insoluble
scale present.

The ancient smiths took small pieces of
steel and iron and forge welded them together
to make a larger piece of material. As an
example, forge welding was essential in order
to get pieces of material large enough to make
a sword. Apprentices learned to weld by keep-

This pattern welded billet has been tripled prior to the second welding heat.
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ing all the scraps of iron welded together so it
would be ready for whatever was needed.
Horseshoes were traditionally made out of
welded up bars of iron scrap.

Steel was scarce, so most cutting tools were
made with an iron body with steel welded on at
the edge. 1t probably didn’t 1ake long for those
ancicat workmen to determine that working up
layers of iron and steel together would make
superior material. The modern bladesmith uti-
lizes forge welding as a method of creating
many different types of Damascus steel.

Forge welding is simple once it’s been done
for awhile, yet the factors involved can be com-
plex and confusing. There is a certain instinct
that develops as experience is gained. It finally
comes to a point that it “feels right” when the
atmosphere and heat are correct for welding.

Atmosphere

There are three types of flames; neutral, oxi-
dizing, and reducing or carbonizing, The ncutral
flame is chemically neutral, it has neither an
excess of gas or oxygen. The oxidizing flame

3

The author with his homemade “Dragon Breath’ welding furnace.
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has an excess of oxygen, and is easy to identify
by the large amount of scale being formed as the
hot steel oxidizes. The reducing or carbonizing
flame is slightly rich with gas. This is the flame
necessary for good forge welding.

I adjust my gas welding furnace until I have
a moderate flame coming out of the front. To
check the atmosphere I place a piece of steel
in the furnace and observe the surface as it
comes up to the temperature of the liner. It is
an oxidizing atmosphere if there is a lot of
scale and dirty looking junk forming on the
surface of the steel. All gas forge/furnaces are
a little different so the adjustments have to be
worked with to get the best results. Once scale
has formed on a piece of steel, it should be
wire brushed or scraped to remove the scale
before returning it to the furnace. The scale
comes off easily at around 1400 degrees F.

When the billet in the furnace looks wet and
runny the atmosphere is reducing .The surface
of the billet will look like a yellow ice cube
that’s melting. Increasing the gas at this point
will cause the atmosphere to become too rich
and the steel will start to form scale. Welding
will be possible at lower temperatures with a
reducing atmosphere. The scale that forms on
steel is insoluble at the low end of the welding
temperature. When heated close to the melting
point the scale will become more soluble but

this temperature is not easily reached in most

gas forges. A coal fire will easily do it and
working that hot will give good welds but is not
good for the quality of the finished blade. It’s
best to learn how to get a reducing atmosphere
and weld at a lower temperature.

Flaws

I’ve been making Damascus for 17 years and
certainly don’t have it reduced to a science just
yet. Finding a flaw in a blade will make me want
to sit down and cry. My percentage of flaws 1s -
very small today but they still do happen and it’s a
costly occurrence. Most of mine can be traced to
not getting the materials all pushed together at the
welding beat. My fumace nins very consistently
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but if the materials don’t contact each other at the
welding heat there will be a flaw. Wire Damascus
hillets should be worked into 4 square or rectangle
on the first heat, the next heat should be used to
forge it corner to corner, back into a square. This
helps the material in the comers get pushed
against the rest of the material in the billet.

Soak Time

Soaking is holding the billet at the welding
heat for an extended period of time. It’s a good
idea to increase the soak time whenever flaws
are occurring. It takes a couple of minutes for
the acid-like action of the molten borax to dis-
solve any scale that’s on or in the billet. Soak-
ing the billet for up to five minutes will give
added insurance against flaws. There will be
more decarburization of the billet and more dif-
fusion of carbon between the layers. [t comes
down to working a balance between what it
takes to get good welds and having enough car-
bon left to make a serviceable blade.

Flux

The only flux I use is anhydrous borax.
There are some who work with household
borax but I never got the results with it that I
do with anhydrous. The flux acts to protect the
surface of the steel from forming scale. If and
when scale forms the borax acts and reacts
with the scale, lowering the melting point of

~the scale. This allows welds to be made at a

lower temperature than would be possible
without the borax acting as a flux. The steel
should be fluxed on the rising heat at around
1300 degrees F, at this temperature the scale
has not yet had a chance to form.

The Welding Temperature

The exact welding temperature isn’t always
easy to judge, sometimes I think I have it but
the steel does not stick together. [ believe it
varies with the humidity, atmospheric temper-
ature, and the adjustment of the furnace. [
remember a very wet and windy day in
March, I was welding in a brick box furnace I




made. The wind was blowing a fine mist in
under the roof of the smithy. That brick box
furnace got hotter than ever before that day,
hot enocugh to burn a hole through the side. I
believe the mist created a hydrogen/oxygen,
super-charging effect. I had allowed borax to
build up in the bottom of the box, the extra
heat caused the borax to find a way out and it
took part of the bricks with it.

One way to judge the welding temperature is
with a metal coat hanger. Straighten it out but
bend a little bit of the end at a right angle. Bring
the billet up to where it looks wet, unny and
drippy and stick the end of the hanger up against
it. If the wire sticks to the billet it is at the weld-
ing heat. Let the billet seak for two to four min-
utes, then take it out and hammer gently to get it
started. If the coal hanger won’t get unstuck, just

forge it into the surface. It will usually be gone
by time the billet is finished,

Pattern Development

I've not gotten into making a lot of the com-
plicated patterns that can be developed. I
adopted a style at the start and have pretty much
stuck with that. I like the naturalness of the ran-
dom pattern but have always thought that an
incised pattern at the edge would improve the
cutting ability. My style is to leave the random
pattern in the back of the blade and develop a
pattern at the edge.

San Mai

The most beautiful Damascus blades do not
always have good cutting ability. The solution

Two blades by the author. The top blade is random pattern welded at the back, incised at the edge. The
bottom blade is stainless Damascus made by Devin Thomas. It comes with the ladder pattern built in.
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San Mai blade by the author. Wire Damascus forms the outer skin, the core is band saw steel. Note
how the hard core alternates with the wire Damascus material at the edge.

for this is San Mai construction. San Mi
means three layers and the way it works is to
put the pretty stuff on the outside and a hard
core in the center. San Mai welding is a good
process to master because the resulting blades
can have the best of everything. When I make
a San Mai blade I usually do my version of a
ladder pattern at the edge and that gives a
tooth type pattern if all goes well. Keeping the
core in the center of a San mai blade is diffi-
cuit and is one thing I am still trying to master.

How To Make Wire Damascus

Rope was made of vines and rushes 5,000
years ago by Chinese and Egyptian workmen.
Wire was first made 3,000 years ago, and the
earliest known wire rope dates from about 700
BC. This rope was made of gold and silver
and was used for ornamental purposes. In the
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ruins of Pompeii, a piece of bronze wire rope
was found, 3/8-inch in diameter and 15 feet
long, it's use has never been determined.
(Cable can be made of vegetable fibers.) Steel
cable is more properly called wire rope, so 1
will use its proper name from now on. Wire
rope as we know it today was first made
between 1816 and 1840; its production devel-
oped rapidly during the industrial expansion
that followed the Civil War.

The History of
Wire Rope Knives

Knives have been made out of forge-welded
wire rope 1n Oregon for at least 110 years. I
would imagine that once any scrap wire rope
was available some enterprising blacksmith
forge welded it to make knives and other
tools. To my knowledge none of them devel-




oped patterns, etched it, or even realized that it
had “Damascus™ properties. They only cared
that it had the potential to make good knives. |
have a collection of wire Damascus knives and
letter openers. The knives were made by
blacksmiths and only cne of them is marked.
The letter openers and one steel eraser are
advertising items from wirc rope companies. 1
have seen a cold chisel, hole punch and a
screw driver made oul of the material. [ have

heard of a miner’s pick, woodworking chisels
and planc irons made out of it,

My Curiosity
About Forge Welding

In 19534 1 found a broad-ax on the desert in
Tdaho. I showed it to an old timer who was the
local expert on old tools and knives. Ralph ran
a second-hand store and I did a lot of knife
trading with him, The ax was marked W. E.

‘Beatty and Son, Warranted Cast Steel, Chester

The anthors collection of old wire Damascus knives. The third knife from the top is the only one that is
marked. It says “A. Cochran, 114 WIRES WLELDED.” The stamping is interesting because the words
WIRE and WELDED are stamped with a single stamp. Whoever made this knife went to the extra expense
to have stamps made to mark his work. The second knife from the bottom is the one that supposedly came
out of the Albany area; “.., there was a hlacksmith famous for his knives made of cable,” quote from Tiny
Alloway, 1964. 1 got started on this collection with the second knife from the bottom. The end was cut with a
hot chisel, it’s not broken, Well known tool collector Jack Birky found it in a box of old tools,
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PA. Ralph couldn’t help me with the exact
age but he classed it as “old.” He explained
how the ax had been made by forge welding a
steel bit in between the wrought iron body.
The weld line was clearly visible and that
made me all the more curious about the pro-
cess of forge welding.

I still had that ax 10 years later when [ met a
retired railroad blacksmith named “Tiny” Allo-
way. [ showed it to him and asked for more
details on the process ot forge welding. He was
able to adequately explain the process and
that’s how he got on the subject of knives made
out of cable, {(wire rope). Tiny told me that
there was a blacksmith in Albany-Salem area
(that’s just north of Eugene, Oregon) who was
famous for his knives made of cable. T knew I
wanted to make a knife out of wire but it was
nearly 20 years before I got the chance to weld
up some wire rope and make a knife out of it.

1 never learned anything else about the black-
smith who made knives out of cable, but one of
the knives In my collection came out of that area.
It is made of a single strand taken from a large
wire rope. See the photo on page 103.
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My First Wire Damascus

I worked with Bill Harsey at his shop in 1983
to make my first pattern-welded steel. He had a
homemade gas forge and had made several pat-
tern-welded Damascus blades before we got
acquainted. We wore ourselves out using a sledge
hammer (o get a pattern welded billet up to 16
layers. It wasn’t much, but it was a start.

Several years earlier Bill had made a blade
out of wire rope. Like me, he had heard of the
process from an old-timer. At that time I was
getting my back yard smithy set up at home to
work with coal. One of my first welded blades
was made of wire rope. [ found that it could be
forge-welded quite well, at least on the sur-
tace. Wire rope usually welds at a lower tem-
perature than pattcrn-welded steel, that’s
because all the wires are often of the same
carbon content. With pattern-welded steel the
high- and low-carbon layers have different
melting points with the low-carbon requiring
more heat to weld to the high carbon material.
The fact that more heat is required to weld

Close-up of a wire
Damascus blade
where all the wires
are the same alloy.
Note the pattern at
the edge made by first
incising and then
forging it flat.




Close up view of a wire Damascus blade that is made from wire rope that has wires of three different
alloy content,

pattern-welded steel makes it more difficult to
keep from burning the carbon out of the high-
carbon layers. I named my new Damascus
material “wirc welded.” The name wire Dam-
ascus hadn’t been invented at that time.

I was not sure that my blade made of wire
would show any pattern when etched. Once
etched, my wire-welded blades did have a
Damascus pattern and this immediately
brought to mind a very big question. What
makes the pattern? If all the wires are high-
carbon steel, why the pattern?

It was several years before Pat Wall, metal-
lurgist at Pacific Machinery and Tool Steel in
Portland, Oregon solved the puzzie for me.
See the note he wrote back in 1986. So then |
understood that decarburization of the mate-
rial in the weld zone is what causes the pat-
tern. This same phenomenon creates the
Damascus propertics.

What does all of this mean? First of all, it
helped settle the argument of whether blades
made of forge-welded wire rope are “Dam-
ascus”steel. [f pattern-welded Damascus steel
is a composite steel made up of forge-welded

layers of iron and steel, then forge-welded
wire rope fits the definition.

Back then pattern-welded stee! was usually
made of iron and high-carbon steci. As the forge
welding and doubling progresses, the carbon in
the high-carbon layers mugrates into the iron, and
if this is carried on long enough, the migration
will be complete. The blade will show a Dam-
ascus pattern but might have no gain in strength
resulting from hard and soft layers. At that time [
was using mild steel or wrought iron and O-1 in
my pattern-welded blades. I was working them up
to 500 layers but they did not show the flexibility
that I expected of Damascus steel. The blades
were pretty but that’s about all. On the other hand,
my blades welded up from wire had great flexibil-
ity at a fairly high hardness.

Introducing Wire Damascus
To The Knife World

1 took my blades made of wire to most of
the major knife shows in 1983. No one had
seen it with the whole process explained with
text and demonstration pieces.
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Note from metallurgist Pat Wall confirming the presence of iron in welded blades
that started with all high carbon wires, -




I soon found that the pattern-welded world
did not want to accept that steel made from
wire could be “Damascus steel.” I wrote an
article on how to do it in 1985, That article
appeared in Knives *86 which was released in
November ‘83. That article got dozens of folks
making and experimenting with it. I organized
an informal “Wire Damascus Society.” To be a
member all someone had to do was make the
material and believe in it. After kicking around
several different names I had the society vote
on it and the decision was for wire Damascus. [
wrote a follow-up article in Knives ‘87 and by
then the material was well on its way to being
accepted as a legitimate type of Damascus.

My fight to establish wire blades as a true type
of Damascus steel came from my test compart-
sons with pattern-welded steel. The wire blades
had every property of pattern-welded steel, plus
marnty advantages in strength. I wasn’t interested
in anyone’s rules, the material itself was worth the
effort to share it with the world.

Wire Damascus, A
Misunderstood Material

Wire Damascus is a misunderstood material
by many makers. I've heard it said that it is
“easy”’ Damascus matertal. While it may seem
easy to weld, the hard part is getting blades that
are free of flaws. It’s also very easy to end up
with a blade that doesn’t get hard enough to
hold an edge. It will make the ultimate blade
when it comes to flexible strength but it isn’t
easy to get there. The problem is the same with
all types of forge-welded Damascus; working it
in order to end up with beauty, flexible strength
and cutting ability at the same time.

Automatic Layers

Steel, at the welding temperature, decarbur-
izes as a rate of about .062 inch per hour. The
carbon in a composite blade also moves, (dif-
fuses is the metallurgical term). At the weld-
ing temperature it moves at the same rate of
062 per hour. The carbon always goes from

the areas of high concentration to areas of low
carbon. The rate of decarburization in forge-
welding must be the same. Measurements
taken in sample pieces show the decarburized
material to be approximately .005-inch deep.
if the formula of .062-inch per hour is
rounded off to .001-inch per minute, it works
out to the actual amount of time that the work
was at the welding temperature. Damascus
blades can be folded so many times that there
is no real difference in the carbon content
between the layers. I've made wire Damascus
blades that had so many wires that when
forged down the appearance was like that of
pattern-welded steel.

As high-carbon wires are forge-welded
together the decarburization process causes a
matrix of nearly pure iron to form in the area of
coalescence (weld zone). This soft matrix
weaves in, out, around and about, crossing and
crisscrossing throughout the blade. This creates
the typical pattern of a series of cells or scales.
Unlike the flaws found in layered steel that can
run a great distance, the flaws found in wire
Damascus are usually small and do not go too
far. The exception would be a large flaw from a
doubling weld. The very nature of wire dam-
ascus indicates the potential to make a more
flexible blade than layered steel.

Different Wire,
Different Results

Consider the possibilities with wires of dif-
ferent diameters. Quarter-inch diameter wire
rope is usually made up of individual wires that
are .015 diameter. If the outer part of the wire is
decarburized to a depth of .005 inches, it leaves
a core of high-carbon material that is 005
inches thick, Figuring the surface area, there
would be eight times more decarburized mate-
nial than high-carbon material. Spectrographic
testing of a welded-up blade made of 1/4-inch
wires showed an overall remaining carbon con-
tent of .30, or a loss of nearly 60 percent of the
carbon. While this is not as miuch as the theo-
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Each circle illustrates the cross section of a single wire from a welded up biade made of high carbon wire
rope. The dark band is decarburized material. “A” is a small wire from 1/4-inch cable. When welded, it has
more iron than steel in it. “B’ is a medium size wire from 1-inch cable, It has a lot more steel than iron, that
makes a goodbalance of carbon content and pattern. ‘“C” is an extra-large wire from a bridge cable. It bas
the maximum amount of steel remaining but blades made from this cable will not show much pattern or

other characteristics expected in a Damascus blade.

retical loss figured above, it is enough loss that

the blade would have poor edge-holding ability,

but having exceptional strength.
Spectrographic testing of blades made from
wire rope with larger wires showed a much
lower percentage loss of carbon. T will assume
that the wire rope used in the following tests
‘was 0.85 carbon. The blade made from 9/16-
inch rope had a remaining carbon content of
(.65, while the one made from 1/2-inch rope
had a remaining carbon content of .43.
Most wire rope is made of cold-drawn plow
steel, and plow steel 1s a simiple high-carbon
stee] with .70 pereent manganese. The carbon
and alloy content are modified to give the
desired strength. The cold drawing of the wires
improves the physical characteristics, improves
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the tensile strength and transforms the natural
grain of the steel to a fibrous structure. The
fibrous nature of the wires is part of what
imparts exceptional strength to wire rope.

Grades Of Wire Rope

There are eight basic grades of wire rope,
see the table. Note the X, XX and XXX
grades. These three grades have no more car-
bon, but gain their strength from the addition
of chromium, vanadium or columbium.

Some of my favorite wire rope is 10 X 19
rotation-resistant rope that has all high-carbon
wires, but with three different alloys. When
etched these blades show three different color
cells, indicating a difference of alloy content
between the different wires. The wires are




medium-sized so the edge-holding ability isn’t
good enough for a hunting knife but just about

right for a dagger, boot knife or a tactical knife.

Quench Test Al Wire Rope

Wire rope should be quench-tested to deter-
mine the make up of the wires. The material to be
tested should be heated to a point where it loses
the ability to attract a magnet. Let the temperature
climb just a little more and quench in oil or water.
The sample should come out as hard as glass,

anything else would be of dubious value to make -

a good knife. The majority of wire ropes will have
wires of all the sume material, there are excep-
tions and the quench test is just too simple to be
passed up. Occasionally the outer strands will
have wires of three different carbon contents. I
have found extra-improved ropes to have low-car-
bon cores. When either a low-carbon or iron core
is found, the outer strands can be unwound just
enough to get the core out and then the wire rope
is rewound.

Preparing Wire
Rope For Welding

If working without a press or power ham-
mer start out with 5/8-inch or 3/4-inch. It will
be easier to work than the larger sizes. Save
the larger wire rope for later when your skill is
better. Work with pre-cut lengths no longer
than 12 to 18 inches and arc or gas weld the
ends up solid before starting. This keeps the
wires from unwinding during the twisting and
forge welding. The orange-hot rope should be
twisted up as tight as possible. This causes the
strands to cross more often, tightens up the
pattern, and in general makes a better blade.

Wire rope is treated with some type of tar-
based heavy grease which protects it from rust
and lubricates it. This has to be removed
before putting it in a welding fire. The best
way to get it out is to burn it out. When 1
burned coal I would build a fire with dirty
coke and use the already contaminated fire to

TENSILE
GRADE CARBON [MANGANESE} STRENGTH
IRON 05-.15 ? 82,00
PSI TRACTION STEEL 20-.50 / 99,000
MILD PLOW STEEL 40-70 ? 143,000
PLOW STEEL .60-.80 .70 180,000
IMPROVED PLOW STEEL .70-.85 .70 195,000
EXTRA IMPROVED % gs 70 225,000
PLOW STEEL
EXTRA, EXTRA % gc 70 ?
IMPROVED PLOW STEEL
EXTRA,EXTRA,EXTRA * g5 .70 2
IMPROVED PLOW STEEL '
Wire Rope Grades
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WRONG WAY

RIGHT WAY

The size of wire rope is measured by the diame-
ter of a circle that will encompass it.

burn the lubrication out. Now that I am weld-
ing with gas, I use the welding furnace to burn
out the fubrication. Start by putting in several
pleces of wire rope at a time as the furnace
heats up to around 1400 degrees F. As the
stee] heats up, the lubrication will start to burn
off and there will be a lot of smoke coming
out of the furnace. The lubrication burning off
is actually helping to fuel the fire and the
smoke 1s caused by unburned fuel. At this
time the gas can be turned back, but not off,
and most of the smoke will be eliminated. 1f
you put too much wire in the furnace at one
time you will have massive amounts of
smoke, and no cure for it.

Welding the Billet

Heat slowly and as uniformly as possible,
wire-brush and flux with anhydrous borax
before a scaling heat is reached. If you are not
using anhydrous borax and getting good results,
then you are a good smith. If you are having
problems with bad welds, a switch to anhydrous
borax will probably. solve the problem,

When you think you have a welding heat,
using a light hammer and with rapid blows,
and working as quickly as possible; work the
hot mushy wires into a square bar. Work the
billet on all sides, switching to a heavier ham-
mer as it starts to solidify. It takes a lot of
~ heavy hammering to get all the wires welded -
to each other. It usually takes me three or four
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heats to get a picce welded up solid, the final
welding heat is used to work the billet into a
rectangle. The gap where the wires meet on
the outer surface is hard to get closed up. Even
when worked under a heavy power hammer,
the wrinkles just keep getting pushed down
into the billet. T always rough grind the flats
before the final welding heat. This gives you a
chance to inspect the quality of the forge-
welding. After the final heat it is also edge
ground and inspected for bad welds. If it
appears to be not completely welded up, I will
do another welding heat, working it into it’s
finished shape.

Once you have mastered the welding of a
single piece of cable you will want to move on
to the to making larger pieces and composite
blades. The majority of the wire Damascus
blades that I make today are made of multiple
picces stacked together and then forge-
welded. [ use either the whole pieces of rope
or selected strands taken out of a rope. [ have
done many composite blades and I often I use
wire Damascus for the outside and insert a
tool steel core 1o make the cutting cdge. At
otber times T will wrap a picce of high-carbon
wire Damascus around a core that was welded
up with a lower-carbon wire. The soft core
runs through the blade from front to back, the
high-carbon piece makes up the two edges if it
is a dagger. This makes a very beautiful blade
and it will have superior flexible strength at
the same time.

[ use a hydraulic press for welding and
although it’s not as fast as a power hammer [ like
the control I have when working a wire or chain
hillet comer to corner. My backyard smithy is in
a residential neighborhood and so I could not
run a power hammer. The press makes less notse
than a lawnmower, The first welds are made
between flat dies. Subsequent welds are made
with drawing dies and then the flat ones are used
for getting the billet straightened up. [ need to
make a closed “swage” Lype spring dic sctup
becavse it would speed up the welding on some
types of wire and chain billets.




Skinning style knife with a stag handle and wire Damascus blade. A wire rope with large diameter
wire was taken apart and the single strands twisted up tight. A billet was them made by welding the

single strands together.

My starting billet is usually 2 inches by 4
inches for knives or 2 inches by 6 inches for a
sword. The 2-inch by 4-inch billet will make as
many as four fixed-blade knives. I like working
big billets because I can make more material in
less time. My first welding heat works the 2 x 4
billet into a square. With the next welding heat,
the reduction with the press is corner to corner.
The next heat will be used to reduce the thick-
ness and then back to a comer-to-corner weld. 1
want to push the wires together from every pos-
sible angle. When a wire biliet is worked on the
square or rectangle only, the corners may not
get enough pressure to be perfectly welded.
When the starting billet stretches out to about
12 inches [ usually cut it in half to finish taking
it down to blade shapes.

A properly welded blade made from wire
rope should appear as a solid piece of steel with
very few flaws. (That’s prior to ctehing.) I've
been specializing in “wire Damascus” for a long
time and in my opinion when there are flaws ina
wire blade it is caused because some of the wires
did not get pushed up against all the other wires
while it was at the welding heat. (That opinion is
based on the assumption that the hillet was sub-
jected 1o proper welding heats. )

Tamping

Wire rope has wires running in all directions
and every angle that can be imagined. Perhaps
some unexplained flaws arc causcd because the
wires didn’t get pushed together at the exact
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angle necessary for contact. A tamping action
at the welding heat might help eliminate some
small flaws that are otherwise hard to explain. 1
got the idea for 4 tamping weld while watching
a video of some European smiths working,
They were welding up lots of squarcs and rect-
angles of scrap to make a plowshare. They
started with a box-like container on a handle
and carcfully fijled it with the scrap pieces. The
confainer was brought up to the welding heat
and the sides of the billet were hit with a drop
hammer. It was also tamped on its end at the
welding heat and I assumed it was 10 insure that
butted up cnds welded together. [f the ends
didn’t make contact at the welding heat they
might not have stuck together. It’s something to
think about and I will try it soon.

No-Fold Wire Damascus

I don’t fold my normal billets of wire rope.
When a billet 1s folded there is the chance for a
flaw, sometimes a big one. A more important
reason 15 that wire takes a tremendous reduc-
tion In cross section to completely weld up.
That’s why [ start with a big bundle and work
all the way to the blade shape by taking weld-
ing heats on it each time. I came to this process
by cross-sectioning billets and examining themn
with a microscope to sce if they werc welded
completely. The greater the reduction in size at
the welding heat, the less flaws will be found in
the blade. It appears that the outside of the bil-
let welds up before the center. As reduction
occurs the center portion becomes more solid.

Forging Damascus

It the ends were arc or gas-welded prior to
twisting, be sure to cut or grind off that part before
forging the point on the blade. The rule here is to
keep 1t hot and forge very close to shape. I work
my wire blades down very close to the finished
shape with welding heats. The reason for forging
close to shape is the outside of a billet is more apt
to be completely welded. As the billet is ground
there is more chance of getting into an area that
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contains flaws. When the blade is completely
forged to shape it should be normalized and
annealed before rough grinding and heat treating,

Heat Treating
For Wire Damascus

Consider that each wire Damascus blade is
an individual and should be treated as such.
Almost any type of oil will work to harden wire
Damascus. Any quench oil for knife work
should be heated to around 130 to 140 degrees
F. Temper immediately at 300 to 450 degrees F
depending on the as-quenched hardness and
intended use. Blades made of fine wires will
not be as hard as those made from larger wires,
and will require not much more than a stress
relief draw of 300 degrees F. Temper all blades
three times for at least 90 minutes.

1 do not believe that consistent results can be
achieved using the eye alone to judge the quench-
ing temperature. If I worked with onty one type of
steel, and could manage to have the same identical
light conditions each time, then 1 might come
close to petting the right temperature every time. I
recommend using a magnet to test for the critical
temperature when quenching. The blade will loose
its ability to attract the magnet at the low end of the
critical temperature. The blade should be allowed
to heat just a little longer and then be quenched.
See the section “Backyard Heat Treating”

Etching Damscus Steel

For proper etching, the blade will have to be
flat and free of scratches. If there are any
rough grinding marks or ripples left in the
blade they will show up in the finished blade. T
use a 400 to 600-grit hand-rubbed finish to go
into the first eich. [ don’t like the appearance

~of a buffed Damascus blade because it washes

out pattern as it comes from the etchant. [ use
hand rubbing all the way through, the final fin-
ish 1s done with 1500-grit or finer paper.

The etchant is very important, If it is too
strong it will cut the whole blade down and
the pattern will not have as much definition as




it could have. I used an acid etch for my very
first blades and the results were not too bad. I
tried ferric chloride and it worked so well that
I have not tried anything else. Radio Shack
stores sell ferric chloride in a 16 oz. botlle that
says “ARCHER ETCHANT.” The contents of
the bottte should be mixed with three to four
parts of water. In warm weather I get a good
etch without heating the etch sotution. In the
winter time when the shop temperature 1s
around 60 degrees F I heat the ctch bath to 70
to 80 degrees F. When heated it gives a
slightly different etch, you will want to exper-
iment to get results you arc happy with.

A slow etch will almost always give a better
pattern. When the etch looks raged and pitted,
the etchant is too strong and needs more
water. | get the best results by etching several
times, and hand rubbing with 1200 grit paper
in between etches.

Some blades will not have as much con-
trast as others, these can be treated with a

- cold blue solution and then rubbed out with

your finest grit paper. The best cold blue
solution I've found is Birchwood Casey
Super Blue, don’t settle for anything clse.
The object of the cold blue treatment is to
color the deep part of the pattern and ieave
the high part shiny. Follow the directions on
the container and after the process is done
take the finest paper you have, 1,500-grit will
do, and give the high parts a rub to shinc
them up. A stiff, but not too hard, backing is
good hehind the paper. If a finger is used the
polishing paper may get pushed down in the
deep part of the pattern and the results won’t
be sharp and crisp.

When I am satisfied with the finish I put the
blade under a light bulb used to warm epoxy
to 90 degrees F. When the blade is warm it is
rubbed down with either WD-40 or Liquid
Wrench. T will let the blade sit for awhile and
then wipe it dry. The oil treatment helps set
the color and seal the surtace.
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Chapter 6

HOMEMADE GRINDERS

It’s the GNBNG for short. See the photo. the blade about 1,000 percent faster and easier
It’s not much of a grinder when compared to than doing it by hand. I built the grinder for
the store-bought type. That’s the bad news. about $3 and about an hour and a half of Jabor.
The good news is that it will make finishing (Most of that time was spent wiring in a

The Good News/Bad News Grinder
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The author making sparks with the Good News/Bad News Grinder.
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switch and a grounded electrical cord.) It’s an
exact replica of the first gninder I built back in
1963. Although it wasn’t much of a machine,
it worked well enough to grind out my first
knife and there were those who liked that
knife well enough to have me make one like it
for them. After grinding the first dozen or so
knives with that original grinder I built one
that used a double ended pillow block arbor
and a 1-hp motor. The GNBN grinder then
became a full-time buffing machine.

More good news is that this grinder was made
of 100 percent recycled stuff from thrift stores
and yard sales. Parts are as follows: 1950s-style
Westinghouse 1/3 hp, 1750-rpm washing
machine motor; a grinding wheel adapter from
Sears with a worn out saw sharpening wheel on
it. The base is scrap plywood, and an old cookie
sheet was used for a guard.

Take a look at the photo. The reconstruction
of my first grinder works amazingly well ¢con-
sidering it is running at half the speed of most
“real” bench grinders. It is also somewhat
under powered. The secret is the Norton SG
wheel which removes steel very efficiently.
Norton describes the SG abrasive as having a
sub-micron crystal structure with billions of
particles in each grain. During grinding the
grain resharpens itself, continually exposing
fresh, sharp cutting points. It works, I ground
two blades with it and the wheel did not need
dressing. That is truly an amazing wheel com-
pared to the poor quality store-bought wheel I
used back in 1963. The SG wheel started at 12
inches when worn down to 9 inches on a saw
gumming machine it was no longer efficient
and was discarded. I got the it in a trade. Note
the face mask; always wear eye protection
when running any power tool.

Introduction To
The Belt Grinders

One hundred years ago the only things
needed to shape a knife were a forge, anvil,
hammer and some tongs. A worn-out file

Homemade belt grinder of the upright type, it’s
going streng after 16 years of constant use,

would do just fine for blade material. Refining
the shape of the blade prior to quenching was
done with a file and perhaps a foot-powered
grindstone. The blade was heated for quench-
ing in the forge fire and then quenched in
water or animal fat of some type. Tempering
was done with the heat from the forge. The
final finish on the blade was probably created
by the grindstone. Any old deer antler would
work for a handle to finish off the knife.
Since that time, man has walked on the moon
and sent a miniature dune buggy to Mars.
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Today's civilization is in an age of “hi-tech”
and most knifemakers would not think of try-
ing to produce their product without a belt
grinder. I made 300 knives in the 1960s with-
out a belt grinder. [ wasn’t trying to prove any-
thing, I just didn’t know any better. When I
got started there were no knife magazines to
tell me how to do it. I just went ahead and did
it with what I had, and that wasn’t much.

The knife shop of the 1970s had one rela-
tively simple belt grinder. The modern knife-
makers shop might have two or more belt
grinders, and at least one will be the latest
model with a variable speed motor. I have six
belt grinders, all homemade and each for a
specific purpose. I suppose 1 could get by with
two but it is more fun to have a different one
set up for the many types of grinding that are
required to complete a knife.

A belt grinder is a very simple piece of
equipment when fabricated from standard
steel shapes. Note that the frame and platen
supports are all standard sizes of flat bar,
angle and “C” channel steel. The placement
of the top platen support bracket is essential
for the mounting of many of my specialty jigs.
All of the other “stuff” in-between is only
there to hold the three or four important parts
together and provide a means of mounting
attachments, guards or whatever. The in-
between stuff can be expensive castings, junk-
yard steel, wood or even Micarta®.

So what is the big deal about a belt grinder?
There is a motor with a wheel or pulley that
fits onto the shaft. If it is a wheel, it drives the
abrasive belt. If the motor has a pulley, it
drives a “V” belt that goes to a pulley with a
housing and a bearing, which has the drive or
contact wheel on the other end. Sometimes
there 1s another wheel that keeps the belt
going in a straight line. It’s called a tracking
wheel. Finally, there is either a platen or a
third wheel that makes contact with the back
of the belt so that the object to be shaped can
be applied to the speeding grit.
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The Disadvantages Of
Making Your Own Grinder

Building a belt grinder is not for everyone.
When the life span of a first-class commercial
grinder is considered, its initial cost is a bargatn,
The homemade grinder can become very expen-
sive when the time involved in making it is con-
sidered. The design has to be worked out and all
the parts chased down. With materials on hand,
all the parts have to be shaped, drilled and then
bolted together. Welding can cause warping and
twisting of the parts, and that is not good. All
that in-between stuff must hold the contact
wheel and platen in near perfect alignment with
each other and the drive wheel. Bolted-together
construction is best because shims can be used
to keep everything in adjustment. The advantage
of building your own grinder from scratch is that
it can be made more versatile and tailor-made to
the types of grinds being done.

Two Basic Groups of Grinders

Belt grinders suitable for knife work can be
divided into two basic groups: two-wheel and
three-wheel. The type of blades being made
will determine the best type of grinder. Flat,
convex and slack belt work is best done on a
two-wheel machine. The platen on a two-
wheel machine is usually twice as long as that
provided with the platen attachment for a
three-wheel machine and longer is usually
better, especially when grinding long blades.

A two-wheel machine can be either hori-

. zontal or vertical. (See figures | and 2.) This

type usually has a platen and square table
attachment, some have a disk. They may or
may not be constructed so that the drive wheel
18 also a contact wheel for grinding.

The easiest to build and most useful grinderis a
horizontal two-wheel machine. I rarely do hol-
low-ground knives so I do 99 percent of my blade
work on a two-wheel, horizontal platen machine.
A three-wheel machine is the best choice for hol-
Jow grinding and several wheel diameters are




One vertical and one horizontal two-wheel grinder.

Layout of a three-wheel grinder, 3 shows it set up with a contact wheel, 3a with 2 platen attachment.
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available. When the platen attachment is installed
on a three-wheel machine, it will then have four
wheels. (See figures 3 and 3a.)

Anatomy of A Belt Grinder

Power is transferred from the motor to the belt
by way of a drive wheel. (See figure A in the
previous drawings.) The idler wheel is usually
where the tracking device is and usually fur-
nishes the tension on the belt. (See figure B.)
The contact wheel is designed to “contact” the
work; its main duties are rough shaping and hol-
low grinding. It may be serrated or smooth and
will vary in hardness depending on the type of
erinding. (See figure C.) The work 1s made flat
by being held against the beit as it passes over
the platen. (See figure P.) Shaped platens are
useful for specialty grinding. I have one that
duplicates the hollow grind made with a 20-inch
contact wheel. A different one creates an exact
convex shape to the blade. See the illustrations.

Commercial Grinders

Most commercial grinders are made of com-
plicated castings because that is the economical
way to mass-produce machines. My dissection
of a commercial belt grinder is complete. 1
chose the Wilton Square Whee! Grinder
because 1f has been around as long or longer
than most of the other machines used by knife-
makers. It is a production-quality machine and
quite versatile. The Square Wheel grinder also
has a lot of cast parts and that makes it perfect
for my examination, It is not uncommon for a
relatively simple cast part to cost over $100..1
made a list of the 28 major parts of the Square
Wheel grinder and the total was close to
$1,700. Subtracting all the in-betwecn parts
lowered the price to about $500. The bottom
line is that a first-class grinder can be made for
one-third the cost of a manufactured one.

The $16 Grinder

There are some who believe that a 1-inch by
42-inch grinder is a waste of time and money.
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I’d say that was true if a new one was being con-

sidered. The $100 or more could be spent on

parts to build a 2-inch by 72-inch model. But

then, if the best grinder for making blades is a 2-

by-72, why build a 1-by-42 grinder?

Advantages of the 1-by-42 grinder

1 A smaller motor will work just fine for
this size belt. The 1/2-horsepower motors
are more readily available and less expen-
sive than the larger motor required for 2-
inch-wide belts. A 1/2-horse motor driv-
ing a 1-inch belt has the same grinding
power as a 1-horse motor on a 2-inch
wide-belt.

2 The smaller physical size makes fabrica-
tion easier.

3 Inseveral ways the 1-inch-wide belt is
better for short blades.

4 Makeshift wheels that are 1-inch-wide are
easier to find than the 2-inch variety.

5 I've found a properly designed 1-by-42 to
do a variety of jobs very well.

Disadvantages of the 1-by-42

1 Butt-spliced, high-quality belts are some-
what harder to find. (Butt splices don’t go
“bump” under the blade as they go.)

2 The small belts may not be as efficient in
belt cost

3 The majority of commercial 1-by-42
grinders are not suitable for knife work.
The platcn and square table set-ups are
poorly designed and there is no provision
for grinding with a contact wheel.

Grinder Motors

The place to start when designing a grinder is
with the motor. I dug around in my junk piles
and found a motor from a 1950s gasoline pump.
Such a motor is explosion proof, that means
sparks and dust cannot get into it. This makes
them very dependable for grinders and buffing
machines. I bought that motor for $5 at a yard
sale 25 years ago and have used it mostly to
power a buffing wheel since then. This type of
motor does not need a cooling fan because it is




The $16 Grinder
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heavily built with a lot of copper in it. That trans-
lates as having the ability to absorb overloading,

Most modern, open-frame motors will not last
long on a grinder. Wood and metal duost get into
the windings in the motor and, when enough
dust accumulates and a spark ignites it, the
motor will burn up before it can be shut down. A
sealed motor with an external cooling fan
(TEFC) is the most suitable for use on a grinder.
0ld and heavy motors that do not have a starting
capacitor will often start a belt grinder just fine.
The modem, lightweight motors usually need to
be of the capacitor-start type.

Design It As You Build It

The motor should be securely bolted toa
heavy base. This design has a V-belt drive to the
arbor, With the pulley in place on the motor,
hold the drive belt in the position that it will run
and make some rough measurements for loca-
tion of the arbor. With the arbor
mounted to the base and the drive
wheel in place, mark the location
for the center support. The height of
the center suppoit is determined by
holding a belt onto the drive wheel
and measuring to the approximate
location of the tracking/idler wheel.
Drill the holes for the top arm and
platen supports, then mount the
center support and install it. The top
arm is cut roughly to shape and the
idler/tracking wheel installed. With
the spring holding tension on the
belt the platen support brackets can
be cut to shape and the platen fabri-
cated and installed. The bracket that
holds the square table is riveted to
the platen so that arc welding, or
drilling and tapping was eliminated.
I'haven’t given any dimensions
because your stuff is not going to be
the same as what I used. The idea is
to use what you have available.

The base for the machine and
all the major parts are Oregon
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The $16 grinder set up with a disk.

maple, remnants from a cabinet shop. The
tools used to build the $16 grinder were a .
band saw, drill press and electric drill. Some
woodwork was done with another homemade
beit grinder but all of it could have been done
by hand. I spent about eight hours building it.
It’s a very nice little machine for knife work
and actually quite powerful for rough grinding
with coarse belts.

Belt Speed

The revolutions per minute (rpm) of the motor
will determine the drive-wheel speed to give the
desired surface feet per minute (sfm). A three-
wheel machine can use either a 1750- or 3600-
rpm motor. The drive-wheel diameter is changed
to give the desired belt speed. A two-wheel
machine should be 1750 rpm with an 8-inch
drive/contact wheel. This gives clearance to
grind on the drive wheel.
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The $16 grinder has a one-to-one pulley ratio
from the motor to the arbor, At 1750 rpm, the 6-
inch drive/contact wheel moves the belt along at
approximately 2700 sfm. An 8-inch drive wheel
would be better but I didn’t have one that slipped
right onto the arbor. Most belt manufacturers
recommend 5000 sfm for the maximum in mate-
rial removal. I am not in that much of a hurry so
I run my machines more slowly. The slower
speed gives me better control with less heat gen-
erated in a hardened blade.

The three-step pulley on the arbor could be
utilized to make it a variable-speed grinder.
Three speeds could be available with a single
pulley on the motor. Nine speeds are possible
with three-groove pulleys on both ends. The
motor mount would have to be constructed so
that the motor could be moved sideways and
adjusted for beit length.

There is a big advantage of building a belt
grinder on one end of a double-ended arbor. The
second end can be sct up with a disk as shown in
the photo, or perhaps a buffing wheel.

Tracking is provided by adjusting the tension
on a large wing nut that is on the end of the bolt
that the idle/wheel support-arm pivots on. The
hole in the top arm should be a hit sloppy on the
bolt so that the tension of the belt and spring will
causc the arm to rotate away from parallel with
the upright. When the wing nut is tightencd, it
pulls the arm back toward parallel with the
upright. Some adjustment by using shims on the

Idier wheel and bearing detail,

frame may be necessary to get the alignment
correct for this to work.

A Successful Project

At the time I’m putting this book together
I"ve been using the $16 grinder for six months
and have become quite used to having it next
to my upright 2-by-72 machine. T keep it set
up with a 120 ceramic belt and in the course
of the average day it saves me a dozen belt-
changes on the 2-by-72. Ilike the 1-inch-
wide belt for many of the detail operations
that arc nccessary in knifemaking. Holding a
1/2-inch-wide part against a 1-inch-wide belt
18 much easier than with a 2-inch wide belt,

The $16 grinder was simple and quick for
me to build because of my large inventory of
found objects. My hope is that any mystery
surrounding the design of belt grinders has
been overcome by my successful experiment.

Using Junkyard Parts

My opinion is that an abrasive belt is not
intelligent enough to know if it is being driven
by a $150 contact wheel or an industrial cart-
wheel that was rescued {rom a scrap yard. The
mmportant thing 1s that the wheel runs truc and
has good balance. This is especially true for
hollow grinding. A store-bought contact
wheel is a ncar necessity (and a good invest-
ment) if the grinder is to be used {or making
hollow-ground knives. For use as a roughing
grinder for profiling blades, a little run-out is
not that detrimental.

The drive wheel for the $16 grinder is from
a hand truck and set me back $1. I got lucky
with it because it ran amazingly true on the
arbor. Out-of-true wheels must be turned or
ground true on a lathe, or in place on the shaft
on which they will run. The double-ended
arbor was purchased at a yard sale for $10.
The left side has heen fitted with a disc-sand-
ing attachment. A grinding wheel with an
appropriate guard or a buffing wheel could
also be used in that position.
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wheels in use, many are going to have to be
replaced and they end up in the scrap yard.

The bearing for the idler/tracking wheel
came from a water pump for a 1974 Honda
automobile. When | replaced the leaking
water pump, I realized that the bearing was
still good; only the seal was bad. I saved that
bearing for 15 years until the nght rubber part
came along. It happened that the rubber shock
absorber from the weight section of a junked
muscle building machine slipped right onto it.

The Basic Two-Wheel
Belt Grinder

The simplest belt grinder has only two
wheels and that’s the type [ do most of my

The rubber is attached to the water pump
bearing with Duro® brand Super-Glue®.

I’ve had many requests for information on
how to locate reasonably
priced wheels for drive and
contact wheels, Most of mine
are from industrial carts and §
find new ones occasionally at
yard and tool sales. Others are
found on the aluminum pile at
my favorite scrap yard. If dig-
ging around in scrap yards is
not to your liking, check for
new ones with industrial sup-
ply companies.

Everywhere I've gone
lately I looked for cart
wheels. The first ones I found
were on the carts at the local
Costco Warchouse. My wife
and I recently traveled by air
to Hawaii for a vacation.
Everywhere [ looked I found
wheels suitable for use for
drive or contact wheels. The
ones on the rental push carts
[or luggage in the airports are
nearly pertect and come in
two s1zes. I found some at
the Battleship Arizona
Memorial at Pearl Harbor.
They were on one end of the
gang-plank on the US Navy
boat that took us out to the
site. I’'m making the point
that with so many suitable
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The “Basic” belt grinder.

blade work on. This design evolved over a
period of 28 years of making my own belt
grinders and it’s made exactly the way it is
because of the way I make knives. Most of the
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knives I make are either flat or convex ground
and the upright machine is just right for that.

The three features that are used the most by a
flat/convex blade grinder like myself are the
platen, square tuble and slack belt sections. The
whole machine is built around those three fea-
tures. My design has a nice long platen with
stack belt areas above and below. I'm con-
stantly going from using the flat platen to the
square table so it needs it to be quickly avail-
able. With a half turn of the bolt, the table is
either in grinding position or swung out of the
way. The worst grinder I ever used had three
screws that had to be removed to go from the
square table to flat grinding on the platen.

See the photo of my #1 using machine;
built it in 1984 and still running strong. Note
the construction is all angle, channel and flat
steel. The flat shapes and right angle’s make it
easy to clamp or bolt on the many fixtures I
have developed to make my knifemaking eas-
ier. Note the extension at the back to allow the
machine to be mounted horizontally on a
bench. My opinion is that belt grinders should
be bolted rather than welded together. Weld-
ing has the habit of warping and twisting
things out of alignment. Some shim adjust-
ment is usually necessary to make a new
machine track correctly. This 1s not possible
when the frame is welded together.

What follows is a description of the parts
and features of this simple machine.

The motor is a totally enclosed, fan cooled
(TEFC) 1750-rpm unit which gives 3665 sfm
with the 8-inch drive wheel.

The drive wheel is an 8-inch diameter lapi-
dary wheel that I found at a fiea market. It was
2 1/2 inches wide with cork glued onto the
diameter. It had a ratchet-type mechanism that
tightened a strip of abrasive cloth around the
work surface. 1 stripped out the tightening
mechanism, put it on a lathe and narrowed it up
to two inches. I cleaned the cork off and used
Barge Cement to glue the neoprene onto the
aluminum wheel. The folks at Goodyear who

sold me the neoprene said that Barge cement
wouldn’t hold the rubber on the wheel and
insisted that I buy their glue. I went ahead and
used Barge because [ had it on hand for gluing
up my sheaths. The wheel has been runining 17
years now with only one change of the neo-
prene. It didn’t come loose. It just wore out.
The idler/tracking wheel is a section of the
roller from a Maytag wringer washer. The white,
natural rubber lasts for years and they are easy to
machine. The wringers have a steel center, 1
bored it out for a snug fit onto the end of the
water pump bearing. A set screw holds the
wheel in place. Note the sheet metal guard above
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Big Red’s bare frame,
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The adjusto-arm.

the idler wheel, it helps to keeps grit and sparks-
out of my face. It’s mounted on a hinge so it can
be swung out of the way for changing belts.

For flattening blades the platen should be as
long as is practical, mine is 12 inches and that
gives clearance at both top and bottom for slack
belt grinding. Should platen material be hard or
soft? If you want it hard I'll not argue the point.
I prefer mine to be made of mild steel because
then I can draw file it occasionally to get it flat.
If the platen is made of hard material it has to
be ground flat cach time it gets wormn.

Make two identical platens for your new
homemade grinder. They will need to be
ground or milled fiat when new. When the one
on the machine becomes too worn to do good
work, take it off, put the new one on and then
grind the worn one flat. Put the newly ground
onc on the shelf and it will be ready to replace
the one in use when it becomes worn. If you
have a milling machine or surface grinder, or
access (o one, two platens are not necessary. I
use my only commercially made grinder, a 6
by 48 Craftsman, to fiatten my platens.

A nice big square table is best becanse it
furnishes better support when profiling large
blades, mine is 3-1/2 inches by 7 inches wide.
Some of my attachments need the large area
of the square table to be held securely in
place. It should be designed so that by loosen-
ing one screw it will swing clear of the platen,
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ADJUSTO-ARM

Big Red: The
Multi-purpose Grinder

“Big Red” came out of my need for a multi-
purpose machine to take to demonstrations
where a grinder was not available. [ chose a
double-ended grinder for a power supply so
that I would have the option of setting up the
second end with a variety of operations. Possi-
ble applications would be as a hard-wheel
grinder or abrasive cut-oft machine. Another
time it might be used as a disc or drum sander.

Big Red was designed to be casily adaptable
to use more than one size of belt. When finished,
he will be capable of handling three belt sizes.
The normal set-up will be for 2 by 72. A set-up
of 1 by 42 will be used with small-diameter
wheels for deftail work. A set-up for 2 by 48 will
be available to utilize a large number of rough-
ing belts that T bought at a very low price.

By lowering the position of the top idler and
swinging out the adjusto-arm, any size contact
wheel can be mounted out front. (Note the extra
holes in the upright support o atlow lowering of
the tracking wheel.) The adjusto-arm and its
mounting bracket are made of Micarta®, The
range of adjustment will allow any diameter of
wheel to run out front. Holders for the other
types of contact wheels are easily fabricated.
The channel-steel frame is bolted to the holes
where the grinder guard was mounted. The
extension and tracker-arm are made of maple.
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A simple tracking mechanism.

Note the extra holes in the frame to allow the
adapters for the different-sized belts and the
platen/square table assembly.

The Baldor® Grinder motor runs at 3600 rpm.
The 4.75-inch drive wheel came on a gear-motor
that I bought at a yard sale for $10. T thought that
was a pretty good deal, considering that it was a
$250 unit when new. The drive wheel was ont-of-
round so I had to turn it on my antique lathe to get
it ninning true and in balance. The 4.75-inch
wheel will furn the belt at a rate of 4710 sfm. That
is a good speed for rough grinding but just a little
fast for the way I like to work. My upright
“Basic” machine runs at 3665 sfm. It has a 1750-
1pm motor tuming an 8-inch contact/drive wheel.

The tire for the serrated contact wheel was res-
cued from a scrap pile. It is of the type found on
some Wilton Square Wheel grinders. The hub
came from another source and by pure luck they
matched perfectly. This type wheel and hub will
be found in most knifemakers supply catalogs.

The tracking/contact wheel runs on a water-
pump-type bearing. The diameter of the bear-
ing housing is 1.181 inch, which is just under
1-3/16 inches. The shaft is 5/16 inch in diame-
ter. The bearing is the type found in many

The 2 X 48 setup.

commercial contact wheels. The back of the
bearing shaft is ground flat where it contacts
the support bar. The “X” in the illustration
shows the bolt head that makes the pivot point
for the tracking adjustment. The rubber/steel
rim was a remnant from a manufacturing
operation. I bored it out for a press fit on the
bearing. The rest of the picture explains itself.

Big Red Shows His Versatility

This picture shows the contact wheel setup for
rough grinding with 2 by 48 belts. It s a quick
and easy change to go from the 2 by 72-belt
setup to the contact wheel with 2 by 48 belts.
The adjusto-arm is moved down and the tracker/
idler arm is towered to the position shown. The
tenston spring is then hooked up to the top of the
main support. [ planned for this setup by drilling
the necessary holes when I made the main sup-
port. [ do not normally use 2 by 48 belts but I
recently acquired a nice supply of 50-grit rough-
ing belts at a dirt-cheap price. The “wheel-out-
front” setup for 2 by 72 is made easily by mov-
ing the position of the tracker/idlerarmup a
notch or two on the main support.
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Big Red As A Detail Machine

To set up Big Red as a detall machine, the
steel arm is bolted in place and a4 smalt wheel
installed. The photo shows a setup with a 1-inch
wide, 4-inch diameter, contact wheel for use
with 1 by 42 belts. This would be a conventent
sewup for hollow grinding very narrow blades.

The final setup was with a 1 by 1-inch
wheel. I call this a detail grinding setup
because it’s perfect for shaping the inside
curve on guards and handles. [ split a 2 by 48
belt down to one-inch wide and it worked just
finc on the setup for 1 by 42 with a minor
adjustment of the small wheel holder. The two
single-shaft 1-inch-wide wheels are made by
Bader and mount from one end on a 3/8-24
threaded stud.

Big Red turns the 4-3/4-inch drive wheel at
3600 rpm or 4476 sftm. Be aware that this is
faster than Bader recommends for wheels
smaller than 1-1/2 inches in diameter. The rpm
at those speeds is too fast for the bearings, as an
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example a 1-inch whee! driven at 4476 sfm is
turning at 17,000 rpm. A drive wheel diameter
of 3 inches or less at 3600 rpm will give good
bearing life with the small wheels.

The Platen

Big Red is shown here with a platen in place
and with numbers for his major parts. Actuaily
the platen is the spare for my basic machine,
why change a perfect design. See my comments
on platens in the previous section.

1 make my platens ina “I"’ shape and of heavy
stock. The leg of the *“T” furnishes the mounting
surface. This allows the maximum clearance on
both sides of the platen. When a platen has lots of
steel in 1t there is not as much distortion from
heat, and it will outlive many flat grinding or
machining jobs. The mounting bracket has two
pieces of all-thread or long bolts with jam nuts in
place. This allows the platen to be adjusted true
with the line on which the belt runs.

Setup for 1 X 42 with a 4-inch wheel.



Big Red with a platen and all his parts num-
bered.

Parts List For Big Red

Main support, 4” X 217, “C” channel sieel.
1 Tension spring. (It may have come from a
dishwasher door,)
2 Main support extendo, maple 2” X 2-1/2” X
237,
Idler/tracker arm, maple 17 X 2-1/2" X 177,
Tracker mechanism, see part VII.
Idler/tracker wheel.
Platen mounting bracket, maple 1-1/4” X
7" X 117,
7 Platen mounting bolt, 3/8”.
8 Platen, steel, 2”7 X 127,
9  Angle bracket, steel 37 X 6”.
10 2 by 72 Norton SG 60 grit abrasive belt.
(The best!)
11 Adjusto brace bracket, steel angle, 37 X 37,
12 Adjusto brace, steel 1/4” X 1-1/2" X 7"
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13 Adjusto bracket, Micarta®, 1” X 2" X 5”.
14 Mounting block, Micarta®, 2” X 2" X 57,
15 Adjusto-arm.

Except for the Baldor grinder motor, Big Red
grew out of my junk piles. Many of the parts are
the size they are because that’s the way I found
them, that’s just the way I do 1t. There 1s no reason
to make the main support out of two different
sizes of material except that it provides for the
proper dlignment ol the top and bottom wheels.
Wood 15 used for some parts because it is cheap
and fast to work. The bonus is that it helps to cre-
ate a vibration-frec machine.

T didn’t find the right sizes of steel in my
scrap piles and so the main platen support is
madc of wood. | guess that’s all right because T
used wood for Red's extendo bracket and idler/
tracker arm. Note the bracket made of angle
steel, this gives added adjustment to align the
platen. Fine tuning the platen alignment is done
with washers at the mounting points.

Finally, a visitor to my shop asked me why
I had names for all my machines. [ replied that
it keeps me from having to say, “...that thing
over there” when referring to one of them.

Belt Grinder Tricks
And Techniques

As described earlier, the primary purpose
of my basic homemade grinder is flat and
squarc grinding. It becomes 500 percent
more useful because of the many attachments
I've made to use with it. They were devel-
oped to make my work easier and I couldn’t
do without then:. The attachments climinate
many of the “accidents” I have during the
course of making a knife. The attachments
makc 1t possible to keep the item being
ground in the proper position with the wheel
or platen. Other attachments put the work in
a position so that I can see what I’'m doing. If
I can’t see what I'm doing I will end up
grinding off stuff that should have been left
on the blade or handle.
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A square grinding jig shown on the author’s
1x42 detail machine (lower right corner of the
picture}. The major parts of this machine are
Micarta®. The motor is from a restaurant style
dishwasher purchased at a thrift store for $5,
The drive wheel came from a skateboard, idler
and contactl wheels were purchased from Bader.

The Detail Grinder

There are lots of inside curves on handles
and guards and I have two homemade ““detail”
grinders for getting into these spaces. Both
have threc wheels and are built especially tor
grinding with small wheels of different diame-
ters. The wheels are run out in front. One
takes 1 by 42 belts, the other 2 by 72.

Square Grinding
Jig For Detail Work

The inside of a folding knife spring is
always a challenge to grind and finish because
it’s hard to keep the inside surface square with

130

the sides. I made a clamp on table for my
three-wheel detail machine that holds parts at
exactly 90 degrees to the contact wheel. I use
it with wheels from 1/2 inch to 2 inches in
diameter. Sec the photo.

Hollow Grinding
With A Shaped Platen

See the drawing. This shows the position of

a 20-inch hollow grinding platen jig . [tis
shaped of wood and faced with the cork/
graphite canvas platen matcrial that most
knifemaker supply companies sell. I have
another that will do a 16-inch hollow. The
platen material will last through one or more
knives. I'm not ready to recommend this

ah
Lf]

(0000000

L]
.

e e

A hollow grinding jig for a 20-inch circle,
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method for production hollow grinding but for
the occasional extra large one it works just
fine. The hollow grinding jig is clamped to the
flat platen with an ordinary “C” clamp.

Slack-Belt Grinding

The position of the platen gives a short slack
belt section below it and a longer one above.
The difference in the length of the slack belt
section gives two options on the degree of cur-
vature that can be ground. I have a fixture that
clamps 1n place above the platen that gives me
a slack belt space that is about 1-1/2 inches
wide, it works great for the convex grind on
small and narrow blades.

Convex Grinding Platens

About eight years ago I was fighting to get
the convex even on a Bowie knife with a 15-
inch long blade that was 2-1/2 inches wide. I
could not keep the correct tension on the belt
and the grind kept changing. [ got an idea to
make a shaped platen to push the blade into.
That first jig was made out of wood faced with
cork/graphite platen material. It makes the
convex grind exactly the same every time until
it starts to wear. The graphite material wears
on the outer edges first but can be made to last
somcwhat longer by draw-filing it to get it
more flat. I usually rough the blade in with the
flat platen, then mount the convex jig with a
fresh piece of canvas/graphite glued in posi-
tion. I can usually do two large blades without
changing the platen material.

The convex jig is held in place on the top
platen support with a “C” type ViseGrip®
clamp. I have four different jigs that span
everything from 1 inch wide to 3 inches. The
jigs are fairly simple to make. The hard part
may be to find a way to mount them on a com-
mercial machine with a cast frame. The frame
of my upright machine is purposcly madc of
channel, angle and bar steel so there are lots of
places to clamp attachments.
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Convex grinding jig.

Slip-On Platens

When finish grinding with a fine belt on a hard
platen the splice going by bumps the blade or han-
dle material and leaves a mark. I have several slip-
on platens that usc a cushion of carpet behind the
grinding surface to smooth out the bump. It works
like & charm. The cushion is a piece of indoor/out-
door carpet that is faced with the graphite platen
material which is glued to a piece of thin alumi-
num formed so that it slips over the fixed platen.
One of these cushion platen plates has a work area
that is only 1 inch wide and it has a slight radius
on it. There are times when it is the only way [ can
put a fine finish on something, I have a riser block
for the square table that brings the work up and
nline with the cushioned surface.
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The belt bumper is shown in posi-
tion just above the center of the
photo, Note the convex grinding jig
above it and the sqguare table tight-
ening/loosening screw at the bottom.

Dovetail Jigs

I have several dovetail jigs; the one T use on
my folding knife bolsters 1s fixed at 30
degrees, another one fixed at 45 degrees, and
one that is adjustable. In use, the jigs are
clamped to the square table.

The Belt Bumper

It is very frustrating to have a belt that won't
track straight. With the finer grits a wobbly
belt can undercut the termination point where
the grind stops. I call my solution to this prob-
lem the “Belt Bumper.” [ made it by silver-
brazing a piece of tungsten carbide to a scrap
of angle iron and set it up so that 1t can be
swung over against the side of the platen. The
belt 15 tracked over against the carbide and
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this will straighten out all but the very worst
of heavy, crooked belts.

The Belt Doctor

It's not a bad idea to take a lock at a new
belt before mounting it on the grinder. See if
the splice looks right and check the whole
back of the belt for gobs of glue or grit. Platen
life can be extended by wiping the loose grit
off the biack of new belts before running them
the first time.

With a new belt on the grinder I will stand
to one side as the belt starts up. If there is an
excessive amount of wobble or a crooked
splice the belt will be returned for replace-
ment with a good one.

Some butt-splice belts have a layer of grit
over the joint, Take a piece of grinding wheel



The homemade flat-disc grinder,

or the edge of a coarse sharpening stone and
grind the grit carefully down to the backing. A
belt so treated will make less of a bump as the
splice gocs by,

Belts will last longer without plugging up if
given a shot of water from a spray bottle every
so often. The eraser type belt cleaners work to
a degree but won’t clean a belt clogged with
oily wood residue. There are rotary wire brush
belt dressers that work pretty well. I'm too
cheap to buy one so I use the corner of an old
wirc wheel to clean clogged belts.

The comer on coarse roughing belts is too
square to make & nice transition where the
grind leaves off. Use a piecc of tungsten car-
bide or a piece of grinding wheel to round off
the corner of the belt.

The Flat-Disc Grinder

Belt grinders are extremely good at remov-
ing metal and getting things relatively flat,
But they do not have the ability to create a fit
that is visibly perfect. Perfect fits are possible
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with a flat-disc grinder with a foot switch and
a medium-fine abrasive in place.

When a belt or disc is moving it is nearly
impossible to apply a piece of material to it
and then remove it and not round off the
edges. That is why a foot switch is essential.
Material to be {lattened is applied to the disc
while it 1s not moving and then the foot switch
is operated. When sufficient material has been
removed the foot switch is turned off but the
material is not removed until the disc stops
turning. This gets the material flat like no
other way I've found.

My homemade disc machine is 8 inches in
diameter which is a convenient size to work
with. 3-M Spray Disc Adhesive is used to
hold ordinary wet or dry paper in place. { cut
the discs 8 inches square, place them on the
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machine and then trim off the comers with a
sharp knife. The strips of leftover paper are
used for hand sanding.

Look at this photo. Note the quick-adjustable
square table which has been swung out of the
way in the picture. In place is a 30-degree
dovetail fixture. Note the splash guard and
white residue on the machine. I’d heen wet
grinding pearl shell shortly before the photo
was taken. The base and frame are stcel scrap
from my collection. The arbor and disc were
purchased at a local lapidary supply shop. They
arc manufactured to be used together and this is
important. The disc has to run dead-true or else

- flatness cannot be achieved. The machine runs

well with a 1/3 HP motor because the disc rpm
(800) is low and the cuts are light.



Chapter 7

TRIBAL KNIFEMAKING

The philosophy of tribal knifemaking
revolves around simplicity and economy of
materials and equipment. That sounds a lot
like the $50 Knife Shop. Using recycled
materials and being enerpy efficient 1s
emphasized and part of that is learning how

to do it without using electricity. Myself and
others find it fun and challenging to see what
can be made with less instead of more. An
example would be to figure out how to make
knives without a grinder instead of buying a
more powerful grinder.

The large camp knife and the wavy blade dagger are two of my early tribal knives. The camp knife
has a finger pad forged in and I also forged the mushroomed end of the tang to create an integral
pommel effect. The dagger was forged to shape with the only stock removal being the sharpening.
The forged iron guard has a fire-scale finish was hot punched and hot-fitted onto the tang. The han-
dle had a copper ferrule and a hammered copper butt cap. The all steel knife at the center of the pic-
ture is primitive enough to be called tribal.
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My Version Of
Tribal Knifemaking

It wasn’t very long after I got seriously into
forging that I started a series of tribal knives.
The purpose was te finish knives that had the
appearance of being old. I've never done repli-
cas of old knives, I'd rather do my version of it.

My main inspiration was an African throw-
ing knife that had somewhat of a hook or
hatchet type blade. The blade was one of the
most expertly forged edged tools that [ had
ever seen. It was completely shaped with a
hammer, only the edge portion was finished
with what appeared to be a very fine stone.
There was no stock removal as we think of it.

For myself, tribal knifemaking has to do
with my attitude towards the tools, materials
and finished product. For starters, if I buy new
steel it’s not remotely tribal for me. A big part
of being “Tribal” is to learn to test junkyard
materials and then learn how to work them
and find out what they are good for. It’s better
to learn how to work junk steel than to mess
up new steel with bad heat-treating. There are
already too many poorly heat treated knives
made of new steel.

[ enjoy the challenge of eliminating every-
thing that isn’t absolutely necessary. I developa
level of intimacy with my tribal knives that
doesn’t exist with my “modern-made” knives.
Forging to the finished shape and hand finish-
ing is up close and personal, and T don’t find
that same connection when I grind a blade to
shape. Stock removal is a more distant process.

The forged knife for the $50 Knife Shop
series was made without clectricity and is
about as tribal as it gets. I can’t imagine that
I’d ever want to go completely tribal. But I see
the tribal method as always being a part of my
work as I work to master knifemaking without
using electricity.

The tribal method forces the smith to be very
careful with the finished forging. It becomes a
challenge to see how close to the finished shape
a blade can be forged. I didn’t realize how

sloppy my forging was until I started trying to
finish blades by hand. I found myself going
back to the forge several times to make the edge
thinner or to get out a twist, lump or hammer
mark. If the forged blade is not close to shape,
smooth and flat there is so much material to
remove that it becomes nearly impossible to fin-
ish the blade with files and hand stones.

The Neo-Tribal Metalsmiths

An organization known as The Neo-Tribal
Metalsmiths existed for about five years.
Some people say that it started in Tai Goo's
backyard, in 1995. Tai doesn't think so.

“All T did was recognize it, and then tried to get
others to appreciate it,” says Goo. Tai believes that
the tribal way is really the standard way in most
other parts of the world and that for some reason
we have become alienated from the ancestrat met-
alsmiths by modern Western culture,

Although the Neo-Tribal Metalsmiths no
longer exists as an organization, the tribal philoso-
phy is alive and growing. A recent spurt of growth
was sparked when Tim Lively started a Tribal
Intemet forum. I soon became active on the forum
and have enjoyed the daily conversations with
others who are interested in tribal methods.

Tim Lively puts it like this,. “looking to his-
tory rather than new technology to resolve
problems arising from the cnjoyable pastime of
trying to re-create traditional tools and weap-
ons, we emphasize the use of primitive tools
and techniques. We allow limited use of mod-
ern tools only to help you through the process
until the simpler more primitive way can be
rediscovered. We strive to bring back the sim-
plicity and high quality of the ancient masters.
Such as hand/eye coordination, hand tools, and
natural materials. Minimalism. We also take
full advantage of life in the throw away society.
We recycle the abundant scrap and turn it into
high quality art. We want to remember how
great, great grandpa did it.”

Since writing that Tim has taken a bold
and challenging step by going 100 percent
non electric.
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Tribal Knives are Real

A large part of what the handmade kmife
world is about is not based on reality. Knife
shows and magazines are full of knives that
originated on a sketchpad or drawing-board.
There was no evolutionary process to say
where they came from. These knives may find
acceptance in the make-believe marketplace
but they would have a hard time surviving in
real-life applications.

From my point of view, tribal knives are
based on reality and made to do work. A tribal
knife should have a legitimate ancestry. If it
could talk it would tell us where it came from. A

tribal knife would rather be at work than resting
on a satin pillow in a knife collection. That’s not
to say a tribal kniferaker couldn’t make an art
knife, but he or she should know the difference
between what is real and what is not.

A True Tribal Knife

This primitive knife blade was made by
forge welding smaller pieces of scrap together.
Note the visible weld joints and the welding
flaw at the tip. [ don’t think it is unreasonable to
believe that this blade contained all the steel
that the smith had on hand at the time. The tang
is minimal in order to save on material and it

B O N R e e it .l

PLoob

Geliai e i e oo b IR e 5 3k

The Real Tribal Knife

The tribal knife blade showing the tang detail. The blade at the bottomi-was the forged project for the
$50 Knife Shop project. It qualifies as tribal because no electricity or power tools were used to make
it. The heat color is the result of hot fitting the tang in to the handle.
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appears to be iron that was forge welded to the
blade, It was done that way to save on the pre-
cious commodity-known as steel,

This knife has an iron ferrule to strengthen
the handle while in use. It might have pre-
vented the handle from splitting apart when
the tang was driven into the handle material.
The tang was fitted into the tree-branch han-
dle by burning it in. The split in the handle
looks more like it dried out too fast rather
than being damaged by hard use.

This is the simplest type of construction [
can imagine. This type of knife 1s common in

The early edition of the tabletop forging setup.

all parts of the world and has been since the
first metal knife blades were put in handles. 1
have no idea what the primary purpose of this
knife was but the blade shape would do many
things well. I've seen pictures and movies of
larger, similarly shaped knives being used to
dress game in Africa.

Tabletop Forging

The idea of tabletop forging started when |
put together a portable forging outfit for use at
demonstrations. [ used a Black & Decker
WorkMate for a base and everything but the

%
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anvil fits on it. I bolted a vise to a 2-by-6
board and used the clamp part of the Work-
Mate to hold it in place. The vise holder had a
leg that went to the ground to stabilize it.

[ hauled that portable shop around in a 1976
Honda station wagon and must have gone
traveling with it a dozen times. | had a lot of

This photo shows the tabletop forge from the back side, note how the vise is set up. I'm holding the blade

fun with it but everything was a lot larger than
it really needed to be. The pictures were taken
in Washington State at a Northwest Safari
Cutlery Rendezvous. I'm in the middie of a
speed forging contest with Gene Chapman.
The rules for the contest were pretty simple.,
The participants started out with a fire going

between a fire brick and the fire chamber to heat for the quench, Tempering was carefully done the same way.
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The one-brick forge is set up on the tabletop, Note the tempering gizmo with a blade in place. A
favorite hammer, ViseGrip® pliers and hay rake material are on top of the $15 anvil,
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and a cold piece of steel. The blade had to be
forged, hardened, tempered and sharpened.
The first one to shave hair with a finished
blade was the winner. My experience with
tribal methods paid off, [ won the event two
years in row. The forging of these blades used
electricity only for powering the blower for a
homemade gas forge.

The finished blades from this contest were not
subjected to all the correct heat treating proce-
dures that they should have been. Nevertheless, all
those who participated learned a lot. The legal
starting material could be arectangle so I used a
piece of hay rake tooth that had been previously
forged into a bar about 3/4 inch by 1/4 inch. |
quickly forged a 3~ inch blade as close as I could
to shape. Steel is more easily filed when hot so 1
went to work on it with a file as it was still cool-
ing. It was then smoothed up very roughly and
quickly with a hand stone. Once it was reheated [
quenched it and did a quick temper. The blade
was then sharpened and T shaved some hair off
my arm. I won the contest in 1995 with an elapsed
time of 17 minutes and 41 seconds, The blade
wasn’t pretty and it didn’t have a handle but it did
what a knife was supposed to do.

The one-brick forge opens up forging to
anyone who has the space that a small table
occupies. A table isn't the best support for a
makeshift anvil from the scrap yard, but it can
be made to work if there is nothing else avail-
able. The anvil will work best on a table if it is
positioned directly over a leg, otherwise a
piece of 4-by-4 fence post could be wedged
between the bottom of the table and the floor.

I assembled my tabletop forge area on a steel
work table from a yard sale. The anvil is a 55-
pound rectangle of stee] that cost me $12 at the
scrap yard. I set up the one-brick forge directly
behind the anvil and [ was ready to go. I forged a
small blade from a hay rake tooth and it went
pretty smoothly. The anvil was noisy and bounced
around a hittle bit so I clamped it to the table and it
worked much better. Take a look at the photo.

In order to make it a true tribal knife that
blade will be hand-finished with files and
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stones. The one-brick forge will furnish the

heat for a goop quench. The one-brick temper-
ing jig will be used for getting the hardness
just right. I've got a nice branch from the dog-
wood tree in my front yard that will furnish
the handle material. I'll use a copper ferrule to
wedge the blade into the handle. All opera-
tions will be done on the tabletop.

My current goal is to put together a complete
outfit that will fit in the trunk of my 1981 Volvo
Sedan. The forge and all necessary tools will be
carried in a couple of five-gallon buckets. I'm
still working on the design for a portable work
bench/vise/anvil setup that will fit the trunk and
still have room for the tool buckets.

How To Make A
Wavy-blade Dagger

The most famous wavy-blade dagger would
be the kris, mystic weapon of Malaysia and
Indonesia. This type blade is sometimes called
a flaming blade. Daggers and swords with
flaming blades were made in Europe over a
long period of time

I wanted to do a wavy blade dagger as part
of my Tribal series of knives but when I tried
to find out the procedure for forging one 1
came up dry. No one in the knife world could
give me a clue. Finally, my bladesmith friend,
Art Swyhart sent me a video clip of a kids’
program called “Paco’s Fun House”, The
video showed a smith from Malaysia making
a traditional wavy-blade dagger (kris). The
proper phonetic pronunciation is "kress”.

The smith on the video used a charcoal fire
to weld up a billet of what looked like a mix-
ture of railroad spikes and some other steel.
The billet was forged into a tapered preform,
The smith then put the waves in using a bottom
tool that Jooked like it may have been the head
of a huge sledge hammer. Once the waves were
in he went to work forging the bevels. Allin all
the native bladesmith with the primitive tools
made it all Jook very casy. By the time T had
watched the video half a dozen times 1 was
ready to attermpt forging a wavy-blade dagger



The preform is having waves formed with a top
and bottom tool. Note the thickening at the bot-
tom of the waves, it is important to Keep this
pushed back into the preform as work
progresses. The top tool is a reworked hall pein
hammer, the bottom tool a ship’s maul that has
the edges of the eve well rounded.

Procedure For Forging
a Wavy-blade Dagger

The way I teach forging is that all blades
start with a specific preform. The steel bar is
forged to a certain shape (a preform) so that it
will have the correct shape and width once the
hammer blows spread the edge or edges out.
When a preform is not made prior to forging
the bevels there can be a problem getting the
blade shape correct. When the bevel is forged
into a blade the tip always curves up and more
often than not there will be too much belly in
the edge. Starting with the correct preform
helps combat the excess curvature. Learning
the proper shape and size of a preform for
each different blade shape is something that is
learned primarily by experience. A general
rule is that the finished blade will be some-
where in the neighborhood of 30 to 50 percent
wider than the preform. Forging a specific
shape is especially critical for the tribal blade-

smith when all the finishing is to be done by
hand with files or stones,

Forging a double-edged blade has some
unique problems associated with it, 1) How
much narrower should the preform be from
the finished profile? Trial and error rules
here, the exact width of the preform will
depend somewhat on the thickness of the bar
stock and how thin it is forged at the edge. 2)
Double-edged blades are difficult to hold on
the anvil at the correct angle to get the bevels
even. 3) If the biade 1s not kept flat on the
anvil the hammer causes a bending blow
which twists the blade. 4) The final problem
is keeping the forging even on all four sur-
faces of the blade in order for the finished
blade to be symmetrical. Whenever a dagger
blade takes on a curve in one direction, it is
the result of uneven forging. When the bev-
els are evened up, the tip should be back on
the centerline.

A first proiect should be made from 1/4-inch
by 1-inch bar stock and the blade will be 8
inches long. Start by forging a dagger preform
that is 70 percent of the width that the finished
wavy blade should be. Some, but not too much,
distal taper should be forged into the preform.
If this is not done the dagger point may be
wider than was expected. Don’t try to forge any

Correct position of a dagger blade on the anvil
as the bevels are forged in.

143



bevels just yet, that will all be done with a spe-
cially shaped ball-end hammer. The preform
has to be symmetrical or else the finished piece
won’t be. If necessary file or grind it to a sym-
metrical shape before forging the waves in.

Making Waves

A top tool and bottom a tool are both required
to make the waves. The distance between the
waves 18 set up by the shape of the bottom tool.
I'm told that there is some significance associated
with the number of waves in the traditional kris
blade. I make a tighter wave than is found on real
wavy-blade daggers, it’s left up to fate as to how
many work out for the length of the blade. With

good control a round-faced hammer can be used
to push the dagger form down into the bottom
tool. I prefer to have a striker so that I can control
both the blade and top tool. While putting the
waves in, the blade will curve first one way and
then the other but it should come out even in the
end. It is important to keep the thickness even so
some flattening and adjusting will need to be done
during the wave-making process.

Forging Dagger Bevels

Once the waves are complete the bevels can
be forged. The hammer head needs to be
rounded in order to get down into the bottom
of the waves. I use a hammer that was made

Another view of the wavy blade tools showing a finished blade.
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by grinding the hammer end of a standard
ball-peen into a large ball. This mukes a strike
pattern similar to that seen on many African
blades that are totally forged to shape.
Depending on the shape of the anvil’s edge, it
may work under the blade. Sometimes the flat
face will work, sometimes not.

If you look at finished dagger blade from the
end you will see four facets, They are numbered
1, 2, 3, and 4 in a clockwise direction. See the
drawing. I adopted a style where all the bevel is
forged into one side of each edge. For example,
all the hammer blows to put the taper in would
be on 1 and 3. It takes a lot of hammering to do it
this way but the results are worth the effort. The
tribal dagger with no stock removal will be taken
very close to an edge.

For a more symmetrical cross section, the
bevel-forging blows would be equally spaced
between the four facets. Start the forging by
working a bevel on the surface that will

become facet 1 of the biade. It is of the
utmost importance to not make any hammer
blows past the centerline. As you work along
the edge the forged portion will belly out
from the opposite edge. Don’t worry, it will
straighten itself out with the next forging.
Forge the same amount of bevel into facet 3.
If you forged both edges equally the shape
will be symmetrical.

Now go to facet 2, and finally 4. By alter-
nating the facets it is easier to keep everything
even. Keep working around the blade in this
manner, all the time being aware of where the
anvil is under the blade. If you don’t keep the
anvil under the flat side of the blade you will
be putting kinks and bends in the blade and
that will make the forging harder.

It is easy to tell if you are forging every-
thing equally, as you look at the profile it
will be symmetrical, and when you look at
it from the point end you will see a diamond

shape. Forge and look,

forge and look. This is a
difficult blade to forge so
take it slow and easy. If
you are going to finish
grind the blade, take the
bevels down to a flat
where the edges meet
edge that is approxi-
mately 1/16 inch thick.
You will need this much

material in order to clean
up the blade prior to heat
treating. If you forge the
bevels too thin at the edge
a dagger that uses grind-
ing to finish it can get too
narrow real fast.

I enjoy making wavy-
blades daggers because it
is a challenge and some-

Guide to the facets of a dagger blade.

thing that not too many
others are doing.
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The tribal vise/blade holder.

The Wedge Power Tribal Vise

Here is a picture of my tribal vise, blade
and knife holder. The board is maple scrap
from a cabinet shop. The U-bolt was from a
junk box at a yard sale. The wedges are made
from lilac that grew in my yard. It will hold a
blade on a support board just like the blade -
holders the Japanese and other South-Seas
smiths use. This fixture has excellent gripping
power on whatever is wedged into it. T use a
wedge faced with leather when holding wood
in the tribal vise. I made an insert that allows

me to wedge a handle piece in place vertically

and horizontally at the same time.

Fuse what I call a knife board to support the
blade for drawfiting and hand sanding. These
knife boards are the approximate shape of the
blade and arc adjusted so that they always over-
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hang the knife tip by just a little, The tribal vise
can be used to hold a knife board with blade in
place as shown in the photo. It is unsafe to
work on unsupported blades, One misstep and
there could be a disaster when a blade is hang-
ing out of a vise. Use of knife boards is not
only safer but more pressure with better control
can be had when the blade is supported. A col-
lision with the point of an unsupported blade
coutd be deadly so it’s not worth taking a
chance. With the knife tip protected by the
knife board the damage will be far less.

The Tribal Forge

My existing smithy is open on three sides
and has a dirt floor, that makes it sort of tribal.
I’ve sct bricks on the dirt so it a bit more civi-
lized now. I'm developing an arca adjacent to




Tai Goo’s tribal forge area.
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The firepot of the charcoal-burning washtub forge.

my existing smithy that will be as tribal as [
can make it. 1t will have a primitive looking
roof and a brick floor. With an average rain
fall of 53 plus inches in our part of Oregon it
would never work to have bare dirt floor. My
bamboo hedge will form a nice border on the
north side and that will help with the tribal
look. I’ll have a windbreak on the west end in
order to help keep out the rain in the winter.
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Tat Goo does his tribal smithing in the
open air of his back yard in Tucson, Ari-
zona. The photo on the previous page shows
his washtub forge, anvil and post vise. In
the background are a workbench, some
hand toels and a small bench grinder. The
washtub forge has a hand cranked blower
and burns charcoal, the perfect fuel for the
tribal mectalsmith.



Glossary

TERMS USEFUL FOR
KNIFEMAKERS

ALLOY STEEL—An iron-based mixture
is considered to be an alloy steel when man-
ganese 1s greater than 1.65 percent, silicon
over 0.5 percent, copper above 0.6 percent,
or other minimum quantities of alloying ele-
ments such as chromium, nickel, molybde-
num, or tungsten are present.

ANNEALING or FULL ANNEALING—
consists of heating steels to slightly above
the upper transformation temperature, hold-
ing for a AUSTENITE to form then slowly
cooling in order to produce a small grain
size, softness, good ductility and other desir-
able properties. On slow cooling the austen-
ite transforms to ferrite and pearlite. (See the
Tempil© chart in the color section. )

AUSTEMPERING—A heat treating pro-
cess where the blade is quenched in a
medium such as molten lead or special salt.
The temperature of the quenching medium is
maintained below that where PEARLITE 15
formed but above that wherc MARTEN-
SITE 1s formed. The result is a tough vet
hard microstructure.

AUSTENITE —The non-magnetic form of
iron which has the power to dissolve carbon
and alloying elements. Translation: At the
hardening temperature the alloying elements
are dissolved in the carbon and when cooled
sufficiently quickly by the quench, the auste-
nite transforms to MARTENSITE.

AUSTENITIZING—The process of heat-
ing a ferrous alloy above the transformation
range, (see the Tempil® chart in the color
section), in order to form austenite.

BANITE —A structure obtained by the
transformation of AUSTENITE at a constant
low temperature. Banite is usually the result
of AUSTEMPERING.

BILLET—Bladesmiths use the word BIL-
LET to describe the starting and in-process
stack of materials when making Damascus
stecl. A not so common usage of billet 1s to
describe a bar of steel intended for forging.

BRAZING—To join (metals) by melting
nonferrous metals or alloys into the joints at
temperatures exceeding 800 degrees F.
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BUTT-The end of a knife handle,

BUTT CAP--A metal cap or plate attached
at the end of a knifc handle.
CARBON—The alloy clement that turns
iron into steel. Knife steels have from .60 to
2.00 percent carbon by weight.

CARBON STEEL—Stcel that has carbon
as the major alloy element. Ofien called
“plain” carbon steel.

CARVER HANDLE—A tapered and
curved scction of stag.

CEMENTITE or IRON CARBIDE—is a
compound of iron and carbon. Translation:
That’s what stecl is, a compound of iron and
carbon. Cementite is can be hardened
CHOIL—A small cut out area that sepa- .
rates the cutting edge from the tang on a
folding knife or from the RICASSO ona
fixcd-blade knife. _
CHROMIUM (Cr)—An alloying ele-
ment that 1s essential for imparting corro-
sion resistance to stecl. An oxide film that
naturally forms on the surface of stainless
steel is what causes resistance to staining
or corrosion. The film self-repairs in the
presence of oxygen if the steel is damaged
mechanically or chemically.

COBALT (Co)—An alloy clement added to
steel that increases the hot hardness.

COKE—The nearly pure form of carbon
that is the result of buming the gas and other
impuritics out of coal.

CPM—CRUCIBLE PARTICLE METAL-
LURGY, see PARTICLE METALLURGY

CROWN STAG—The part of a deer or clk
antler that is attached to the head.

DAMASCUS STEEL—A composite
steel made by forge welding layers, wires,
precut shapes and or powdered metals. In

broad terms, any steel that has a pattern on,

the surtace.
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DENDRITE —A full-grown GRAIN or
crystal in steel.

DIFFUSION— is the movement of atoms
within a solution. The net movement is usu-
ally from regions of high concentrations to
regions of low concentration in order to
achicve homogeneity of the solution, Trans-
lation: An cxample of diffusion in steel is
commonly called carbon migration. This
takes place in forge welded blades, for exam-
ple; pattem welded, chain or wire Damascus,
Each time the blade is heated carbon atoms
move from the high carbon layers into the
lower carbon layers. After three welding
heats the carbon may be equally distributed
throughout the blade. The blade will still
show a distinctive pattern because of the dif-
ference in trace clements and other alloy cle-
ments that do not diffuse.

FERRITE—is practically pure iron (in plain
carbon steels) existing below the lower trans-
formation temperature. It is magnetic and has
very slight solid solubility for carbon. Transla-
tion: Ferrite is the form of steel where the car-
bon is not in solution in the iron.

FLUX—A cleaning agent used in soldering,
brazing and welding. Anhydrous borax is a
common flux used in FORGE WEILDING.
FORGE WELDING—Joining ferrous
metals by heating in a forge or furnace.
Once the material being heated reaches the
welding temperature they arc hammered to
bring all parts together.

FORGING—The shaping of metal with
hand hammers, power hammers ot presses.
The metal is usually heated in order 1o make
it casier to work.

FORGING RANGE — This temperature
range extends to several hundred degrees
above the upper transformation temperature.
Translation: Steel in this temperature range is
plastic enough to be shaped by hand hammer-
ing, a power hammer, press or rolling mill.



FULL TANG—A knife handle where the
tang is the full profile of the handle shape
and the two handlc pieces (SLABS) are
attached, one on each side.

GRAIN —Upon cooling from the liguid
state a metal will form cells. A colony of
cells delineated by a boundary makes up a
single grain. (See DENDRITE.)

HARDENING—The process that increases
the hardness of steel, Usually accomplished
in knife blades by heating and QUENCH-
ING.

HEAT—In forging, one cycle of heating and
hammering is “a heat”. _
HEAT TREATMENT—Altering the prop-
erties of steel by subjecting 1t to a series of
temperature changes. (See QUENCH AND
TEMPERING.)

HIGH CARBON STEEL—Steel with
more than 0.30 carbon. Steel suitable for
knives will usually have .50 or more carbon
by weight, an average would be .95.

HIGH SPEED STEEL (HSS)—A special
class of steels that are alloyed to hold their
hardness at the high temperatures generated by
cutting tools at fast operating speeds. Drill bits,
lathe tools, taps and reamers are usually made

of HSS. Very few knives are made out of HSS.

IRON (Fe)—Iron is the most common
metal and when alloyed with carbon it
becomes steel.

KYDEX® —Thermoplastic sheet manufac-
tured from an acrylic/PVC alloy. Kydex®
sheet has very good abrasion resistance and
virtually no moisture absorption. It is used
for sheaths, sheath liners and holsters.
MANGANESE (Mn)—This element is nec-
essary to make steel sound when cast and
workable by rolling or forging. MANGA-
NESE is not considered an alloy element unti
it is added in an amount of over .40 percent.

MARTENISTIC—Martenisitic steels have
the ability to form the hard transformation
product MARTENSITE.

MARTENSITE—is the hardest of the trans-
formation products of AUSTENITE and is
formed only on cooling below a certain tem-
perature known as the MS temperature (about
400 to 600 degrees F for carbon steels), Cool-
ing to this temperature must be sufficiently
rapid to prevent AUSTENITE from trans-
forming to softer constituents at higher tem-
peratures. Translation: The formation of

MARTENSITE—is the purpose of the
QUENCH. Martensite, as quenched, is too
brittle to make a good blade. A successful
TEMPERING process softens the martensite
to a degree sufficient to give the blade a correct
balance of edge-holding ability and strength.

MICARTA® —Micarta® is one of the
strongest materials known to the plastics
industry. Since it is so tough, Micarta® is
given many tasks in industry that would ordi-
narily be reserved for metals and it just hap-
pens to make very excellent knife handles.
There are several common types and grades
used for knife handle material. Ivory
MICARTA 1s paper and phenolic, grades
NEMA X. What the knife world calls linen
MICARTA is cotton with phenolic, grades
NEMA CE & LE. G-10 is fiberglass with
epoxy, grades NEMA G-10/FR-4,

MOLYBDENUM (Mo)—An alloying ele-
ment used as a raw material for some classes
of stainless steel. MOLYBDENUM in the
presence of CHROMIUM enhances the cor-
rosion resistance of stainless steel.

NICKEL (Ni)—NICKEL provides a high
degrees of ductility (ability to change shape
without fracture).

NARROW TANG—The tang is totally

enclosed by the handle material. Sometimes
called a stick tang,
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NORMALIZING— consists of heating
stecls to slightly above the critical tempera-
ture, holding for austenite to form, then tol-
lowed by cooling in still air. On cooling,
austenite transforms giving somewhat higher
strength and hardness and shghtly less duc-
tility than in annealing. Translation: Forged
blades need to be normalized to relieve the
stresses created by the pressures and any
uneven heating during the forging process.
Normalizing puts the steel through the pro-
cess of recrystallization, which causes a
homogeneous structure.

PARTICLE METALLURGY—A process
for making steel from specially alloyed pow-
ders. The powder is put in large steel cans
which are scaled and then compacted by hot
isostatic pressing, The compacts are then
[orged and rolled into bar stock. Crucible Spe-
cialty Metals makes two popular particle met-
allurgy steels, CPM 440-V and CPM 420-V,
PATTERN WELDED STEEL —A type of
Darmascus steel that is made by forge welding
layers made up of ron and steel; two ditferent
types of high carbon and alloy steel or any of
many combinations of dissimilar steel types.
PEARLITE— is & mechanical mixture of
FERRITE and CEMENTITE. Translation:
This 1s one of the components of steel when
it is in the soft form.

POMMEL—A knob or end plate of a
sword or knife handle.
QUENCHING—Rapid cooling of MAR-
TENISITIC steels for the purpose of creat-
g the transformation product
MARTENSITE. This makes the steel hard
and brittle so it 1s always followed by a
TEMPERING process.

QUENCH TEST—Quenching a piece of
steel in order to determing its ability to harden.
QUENCHANT-—The maicrial used for
rapid cooling of the blade during quenching.
Water, o1l, molten lead and liquid salts are all
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used as quenchants. The type of quenchant
does not matter as much as its ability to
extract the heat from the part being
quenched. Some steel types require a fast
quenchant, others can be quenched 1n a
slower acting quenchant.

RICASSO—An unsharpened section of a
blade that is just ahead of the guard.
ROCKWELIL HARDNESS— The stan-
dard hardness test for blades 1s performed by
a “Rockwell” test machine. Knife blades are
measured with the Rockwell “C” scale. A
blade that tested 60 on the “C” scale would
be reported as 60 Re.

SAMBAR STAG—Antler parts from an elk
type animal native to India.

SCALE - The oxide of iron that forms on
the surface of steel when heated above a cer-
tain temperature.

SILICON (Si)—An alloy element neces-
sary for steel making and in percentages
greater than 40 it helps with strength.
SILVER BRAZING—(See brazing.) A
high strength brazing process that uses a sil-
ver-bearing filler metal. Silver brazing is
often called SILVER SOIL.DERING, such a
usage is incorrect. The two processes are dif-
ferent as classified by temperature ranges
according to industry standards.

SILVER SOLDERING-—"This joining pro-
cess uses a sott solder containing silver. The
usual tempcrature range is approximately
460 degrees E

SLABS-—The handle materials on a full
tang knife.

SOFT SOLDERING—Joining metals with
a low tempcrature alloy commonly com-
posed lead and tin.

STEEL—An iron based metal with carbon
as the main alloying clement.
STELLITE—A cobalt-based metal avail-
able in several different grades. The most
common grade used for knives is 6K,



STOCK REMOVAI—The blade-making
method where saws, grinders and even mill-
ing machines are vtilized to shape the blade.
Forged blades are usually shaped to within 80
to 90 percent of the finished s1ze and then the
stock-removal method is used to finish them.
STAINLESS STEEIL—A broad class of
sieels that are alloved to be stain resistant.
The alloy element that imparts stain resis-
tance is chromium, Knile steels that arc
stainless usually have a minimum of 14 per-
cent chromium,

TALONITE®—A cobalt-based metal that
is similar to Stellite 6B.

TEMPERING—A softening and stress-
relieving operation that is usually the final
step 1n the heat treating sequence. Tempering
temperatures run from 330 degrees | up to
975 degrees

TITANIUM (Ti)—Titanium is used as a
cleaning and deoxidizing agent in molten
stecl, and when alloved with aluminum and
other metals it 1s used for folding knife parts
such as the sides or locking liner,

TOOL STEELS—A special class of alloy
stecls that are designated by a letter/number
system. W-1, A-2, D-2 and M-4 arc cxam-
ples of tool steels.

TUNGSTEN—(W) When first discovered
it was called Wolfram. Tungsten is an
important alloy ¢lement in HIGH SPEED
STEELS.

YERMICULITE—A soft, hydrous sili-
cate mineral used as an insulating material for
annealing .

WELDING—to unite (picces of metal,
plastic, etc.) by heating until molten and
fused or until soft cnough 1o hammer or
press together

ZYTEL®—A nylon resin product that
includes moedifiecd and unmodified nylon
homopolymers and copolymers plus mod-
ified grades produced by the addition of
heat stabilizers, lubricants, ultraviolet
screens, nucleating agents, tougheners,
reinforcements, etc. The common 7ZY-
TEL.® found on knife handles is rein-
forced with fiberglass.
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CHEMISTRY OF STEEL TYPES USED FOR KNIFE BLADES
STEEL TYPE c Mn Si Cr Ni Mo Co " v w
1095 95 | .40 / / r R /
5160 60| 80 | 7 80 7 / / I
52100 110| 35 | 35 | 1.5 / / / / /
A-2 10| 1 7 1s00 |4 o0 | 7 / 1
W 100 | 35 | .35 / / I / /
w2 100 | 35 | 35 | 1 T VA Y A R B
0-1 90 | 180 | / | 50 / / I 50
L-3 1.00 | 7] s / / / 20 /
L6 70T / 75 [ 150 [ 25 | 1 | 4 I
D-2 150 | 40 / 1200 | / .80 / 90 /
D-6 200 | 80 35 | 1200 | / / / / 12
D-7 235 | 1 | 1 | 1200 | / | 100 | 7 | 400 | 1
B M-2 85 | .25 25 | 400 | 7 | 500 7 | 180 | 600 |
T ATsaassacm 03T 25 1 a1 (a7 Tase | T i
- ATS-55 100 | 50 | .40 | 1400 | / 60 | 40 A
| BG4z 145 | 50 | 30 | 1450 | 1 | a00 | /[ | 120 i
T qze27 58 [ .35 7 | 1a00 [ 4 / T !
— AEB-L 65| 85 | 40 | 128 | 1 / ;_J‘“E—'T“
T 420 020 ] 100 | 100 | 13.00 | / / T /
425 Modifled 54 | 35 | 35 | 135 | / | 100 | 7 i 2
F'Wﬁ'éédv" 220 7 i {1300 | 7 1.0 t | e00 | 7/
Was CPM 420V 1
CPM S60V 220 50 | 50 | 175 | ¢/ 50 1| 575 | i
‘Was CPM 440V i)
CPM $125V 330 |/ / 120 | J 25 | 7 | 120 /
[ cPMs140v 345 | |/ / 140 |7 10 o 1as |
[ Vascowsar 112 30 | 120 | 775 /1160 | [ | 240 | 110
L_ NON-STEEL BLADE MATERIALS
— TFelm! C [ Wa] S ] & | N M| Go | W
STEGL&.ITE 300 | 1.40-1.90 | 2.00* | 2.00* | 28.00-32.00 | 3.00* | 1.50° | Balance |3.50-5.50
TALONITE | 300° | .90-140 | 2.00* [ 2.00* | 28.00-32.00 | 3.00* | 1.50* | Balance | 3.5-55
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The Wonder of .
Knifemaking
by Woayne
i CGoddard

Do you wane to
know how o make
a knife? Wayne
Goddard has the
ANSWETS tO your
questions. As a
columnist for
Blade magazine,
Goddard has been
answering real
guestions from real
knifemakers for the
past eight years.
With its question-
- and-answer format,
this book gives you the answers to real-world problems
-like heat-treating, choosing the best steel and finding the
-vight tools for your knifemaking shop.
“Softcover » 8-1/2 x 11 » 160 pages
150 b&w photos * 16-page color section

- Ttemd WOKN $19.95

Knifemakin

WHESTER SPAITH & NE OB LARY
ARIWERS FIL TGIR GUESTIANS
) . Freow 1ke

publishers v
Hade Magarias .

Wire Damascus
Hunting Knife
(Video)

Wayne Goddard
demonsorates how to

| weld, forge, grind, and
| heat treat a Damascus
“1 blade. Then erchrand
attach a"'han'dle, all
with the sxmpleat of
tools. R
VHS

1 124 minutes

| Htem#t WDHYV
$50.00

124 l&imm;s

e e

From the publisher of

BLADE\

To place a credi card arder of for a FREE all- pmdutl catalog cali

800-258-0929

M-F, 7 2w - 8 pm » Sat. 8 am - 2pm CST
Krause Publications, Offér KNB1
PO. Box 5009, Iata, WI 54945-5009
www. krauscbooks.com

 The Tactnca.l
Folding Knife ™
A Sudy Of The
Anatomy-And.
| Construetion Of
.} The Liner-Locked
-} Foliders ¢
| by Bob Ter’uola '
Tactical _foldmg
kriives are hot.
‘Now you can build .
[ your own with the
help of an expert”.
as the auther
guides you through -
every ste of the
process with skill-
“ful directions and
: * _outstanding pha-
tos. I you've ever felt like you wanted to build your own
masterpiece of a knife; this book is for you. Ev erything you
need to craft your own knife is right here. g
Softcover ® 8-1/2x 11 » 160 pages
200 b&w photos.

Itero# TACTF » $16.,95

Knives 2001
21st Annual Edition
edited by Joe
Kertzman

B You'll find "curting;
edge” information-
inside this compre-
“hiénsive volumé of
factory and custom -
knives. Track the
latest designs,
including eactical,
sporting and che
new semi-automat-
Jic 'knives. Admire
“the engraved,

inlaid and
el scrimshawed works™
2 . of the nation’s
keenest custom kmfem'ikers The industry's most compre-
hensive directory makes it easy to contact Lompdnles, cu\-
rom makers and knifemaking supply firms. '
Softcover = §. F2x 11 320 pages

1,200 b&w photos

Ttem# KN2001 » $22.95

'I‘HE BEST KN!FE m YEAR AFTER YEAR -

i eepe-

Shipping and Handlmg 53 2:; 1st book $2 ea. addl. Non-US
address $20.95 1st baok, $5.95 each additional.

Sales tax: CA 1A IL, PA, TN, VA, WA W! residents please add appto-.
priate sates tax.

Satisfaction Guarantee: If for afy reascn you are not completaly

satisfied with your purchase, simpiy retum it w:thln 14 days and receive §
a full refund, less shipping. :

Rataliors ca-‘.f roﬁ-free #88-457- 2873 ax! 880, M F B am - 5 pm




Increase You njoy of nife Coleding

HOW TO MAKE KNIVES

How to Make Knives G
by Richard W. Barney & Robert W. Lovcless
Learn how with "the bible of knife-making." Gives complete
instructions on making high quality handmade knives. Forging
and stock removal, mirror polishing, sheath making, safety tech-
niques, required tools and supplies and more.
Softcover » 8-1/2 x 11 » 182 pages »448 b&w photos
Item# KHMO1 « $13.95

How To Make
Folding Knives

A Step-By-Step How-T

How to Make Folding Knives,

A Step-By-Step How-To

by Ron Lake, Frank Centofante and Wayne Clay

Follow easy instructions by on how to make vour own folding kuife.
Includes safely tips, suppliers lists and answers many questions
from three top custom makers.

Softeover » 8-1/2 x 11 » 193 pages « 350 b&w photos

Item# KMF01 » $13.95

Custom Knifemaking,

10 Prajects From a Master Craftsman

by Tim McCreight

Ten increasingly difficult projects that together constitute a survey
of knifemaking skills. Within the project format, readers lgarn
how to cut, shape, heat, treat and finish a knife.

Softcover » 7x 9 = 224 pages

75 b&w photos » 100 line drawings

Item# CKO1 = $17.95

Complete Book of Pocketknife Repair,

A Cutler’s Manual

by Ben Kelly Jr.

Pocket everything you need to know to repair aimost any knife. Large
photas of each step guide your project, start to finish. Equipment
lists, safety rules, and materials and equipmenl directory make this
your most complete guide,

Softcover » 6 x § » 130 pages « 100 b&w photos

Item# KPRO1 » $10.95




The Finst Knife Iledin us To Ofe

MORE THA
12,068 PRIGES .

WS Official Price Guide to Collector Knives

12th Edition

by C. ITouston Price

This guide details knives from all major manufacturers, plus specialty and
custom knifemakers, This revised and expanded sourcebook lists 13,600+
knife prices,

Solteover » 5-1/4 x 8 » 531 pages

1 720 photos & illustrations
Item# PGCK12 « $17.95

Knife Talk
The Art & Science of Knifemaking
by Fd Fowler

Explore Id Fowler's knifemaking
philosophies in this compilation of his best articles, primarily from
BLADF magazine. With how-to information and more than 200 pho-
tos, anvone serions about the knifermaking field must have this hook.
Softcover » 8-1/2 x 11 + 160 pages

180 b&w photas » 20 color photos

Item# KNTA » $14.95

American Premium Guide to
Knives & Razors

Sth Edition

by Jim Sargent

This identification and price guide updates current values for thou-
sands of the most popular and collectible knives and razors, uncovers
trends in pricing and features a new section on commemorative
knives. Covers major manufacturers including Case, Queen,
Remington, Robeson and Winchester.
Softcover » 8-1/2 x 11 « 496 pages
2,000+ h&w photos
16-page color section
Jiem# AGPGO5 » $24.95

Razor Edge
by John Juranitch

Reveals step-by-step instructions
for sharpening everthing from
arrowhcads, to blades, to fish

N ) hooks,

1t fur any reason you are not completaly satisfied .
with your purchase, simply return it within 44 days Softcover _132 pages
" and receive a fuk refund, tess shipping. fully illustrated
e : Item# KRZ01 » $15.00

. iﬁiu Jumnﬁ‘&‘l

Tor place a credit card order or for a FREL allgroduct catalog csll
P i £

. . : Shipping and
Sales tax: CA, A, . Irg arl
1L, PA, TN, VA, WA, 800-258-0929 Offer KNB1 Handling: $3.25 1st
i - THL VA, WA, book; $2 ea. add’l
VI residents plaase L NomUS adirass
fgi:i’ﬂom'ate o M-F, 7 am - 8 pm « Sat, § am - 2 pm, CST §20.95 15t hook, $5.95
sales tax. Krause Publications, Qifer KNBI, ¥ Box 5009, Tola, WI 54945-500¢ each add’:.
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. Outdoor Books Fr Outdoor Fun! (.

2001 Standard Catalog™
of Firearms, 11th Fdition
i by Ned Schwing

i} 50,000 real-world prices on
mare than 12,000 different

il firearms and 6,000 photos

i} make this new edition of the

2007 Staudard patghoy” o

the best buy in gun bocks.
@ cr, collector or just a2 qun

[l with the wealth of firearms

able to find any gun made by
any manufacturer from early
18005 to present.
Softcover « 8-1/2 x 11 = 1,328 pages
6 000 b&w photos » 16-page color sennon 40 color photos
tem# GG11 » $32.95

Hunting Whitetails by the Moon
by Charles J. Alsheimer
Edited by Patrick Durkin
Charles J. Alsheimer, Deer & Deer
Hunting magazinens Northern field

d Standard Catalog™ of Firearms
l Whether you're a hunter, shoot-
dl enthusiast, you'll be astounded
B information, history and Knowl-
edge that you can find to enjoy

your hobby more. Gross-refer-
enced for simple use, you'll be

Rub-Line Secrets
by Grag Miller,

, Edited by Patrick Durkin

4 In Rub-Line Secrets, Grag Miller
takes deer hunters to the graduate
y level in teaching them praven tac-
tics for finding, analyzing and hunt-
ing a big buckns rub-line. No one
B has enjoyed more Tub-ling success

{ than Miller. His straight-forward
approach to hunting rub-lines is
hased on more than 30 years of
intense hunting and scouting. The
Al hook is illustratad with photos and
Bl diagrams that help Milier explain
|: his proven rub-line tactics.
: Softcover+ 6 x 9
[ 208 pages

100 b&w photos
Rem# HURL « $19.95

Catch More Walleyes

2 by Mark Romanack
Learn the skills that will help

1 you catch more walleyes from

1 pro angler Mark Romanack.

9 You'll understand the tactics

editor, explains how deer hunters can
use autumn moon cycles to predict
peak times in the MNorth and South to
hunt rutting white-tailed bucks. He
details the ground-breaking research
conducted that unlocked the myster-
ias of the moonns influence on deer

~=4 and equipment needed for

1 popular fishing styles like jig-
ging, rigging and slip sinker
fishing. He alsc shows you
tips on boat control and teach-
s you how to best use your

activity and behavior.
Softcovers6x 9
256 pagas
100 bé&w photos
llom# LUNAR » $19.95

Big Bucks the Benoit Way
Secrets from America’s First
Family of Whitetas] Hunting

hy Bryce Towsley
Finally, the long-awaited sec-
ond baok on the tried-and-
true hunting strategies of the
legendary Benoit family.
Although tracking and woods-
manship are emphasized,
hunters of all ages, no matter
where they hunt, will gain the
knowledge needed to bag tro-
phy bucks.
Hardcover « 8-1/2 x 11
208 pages
150 b&w photos
1B-page color section
item# HBB » $24.95

BIG BUCKS

THE BENOIT WAY

electronics to find fish. Enjoy
your limited time on the water
“{ even more by bringing more
4 fish to your boat.
Softcover » 8-1/2 x 11
256 pages

250 b&w photos

ltem# WALL » $19.95

The Complets Boak Ot Qutdaor
Survival
by J. Wayne Fears
Be prepared for the unexpected-
and survive, Full of technical
cal 1ins, useful skills, and real life
9 examples, the practical informa-
tion coverad in this comprehen-
sive guide benefits all qutdoor
enthusiasts from scouts and
hikers to hunters and adventur-
ers. Topics incllde edible plants,
edible animals, smoking meat,
making solar stills, and many
mare.
Softcover = 8-1/2 x 11
368 pages
550 b&w photos
ltem# OTSUR « $24.95

To place a credit card order or for 2 FREE all-product catalog call

800-258-0929 oter xm1:
M-E, 7am - 8 pm  Sat, 8am. - 2 pm, CST
Krause Publications, Offer KNB1
P.O. Box 5009, Iola, WI 54945-5009
www krausebooks.com

Shipping and Handiing: $3.25 1st book; $2 ea. add’l. Non-US address
$20.95 1st book, $5.95 gach additional.

Sales tax: CA, IA, IL, PA, TN, VA, WA, W residents please add appropri-
ate sales tax.

Satisfaction Guarantee: If for any reason you are not completely satisfied
with your purchase, simply return it within 14 days and receive a full refund,
less shipping.




Don't spend big bucks on your Kknife shop!

If you've ever dreamed of making
knives, Wayne Goddard will show
you how to get started without

investing a fortune in fancy gear

You'll learn all about selecting steel,
forging, grinding, heat

treating and finishing knives

without the huge and expensive tools
found in some shops. Goddard even
teaches you to make wire Damascus
blades with the simplest of tools.

This hook is a great companion to
Goddard's hook, The Wonder of

Knifemaking, and provides all the
tdetails needed to set up a
backyard knife shop and start
turning out great blades.
Also hy =
Wayne Goddard :‘ll:ll]g;raim j ISBN 0-87341-893-6 $19.95
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