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Explosions Join Metals

The tremendous power generated by explosives is now
being harnessed to cut, weld, shape and harden the complex
metals and materials required for life in the Space Age.

By ELIZABETH HALL

» AN EXPLOSION of dynamite rips the
air, shooting out invisible waves of high
energy. But nothing around has been
destroyed.

Instead, something useful has been cre-
ated. Two metals have been fused in a
novel and secure bond.

The power released in the explosion may
cause a metal to take the shape of a huge
rocket dome or a tiny complex part of a
satellite. It may add extra strength and
hardness to manganese steel railroad equip-
ment.

Using explosives to replace giant forming
presses is a new concept that has emerged
with the Space Age. The field of metal
working that began more than 5,000 years
ago has advanced through discoveries of
more complex combinations of metals and
methods of joining and shaping metals that
can fulfill the needs of space exploration
and industry in the most economical way.

chlear Threat

The threat of nuclear warfare has driven
scientists to find ways of harnessing man’s
deadliest weapon for peaceful uses—such
as generating electricity at much lower

costs than present. Conventional explosives
such as dynamite and ammonium nitrate
also have been adapted to shape, join, cut,
clad and harden metals.

One of the newest applications of ex-
plosives in the metal working field is the
use of shock waves set off by detonating
explosives to cause two metals to collide
and join in a metallurgical bond as strong
as the metal itself. The metals “jet” to-
gether, momentarily creating a thin zone
of melted metal between the adjoining
surfaces.

Using explosives to join metals is one
of the newest developments in the field
of welding, an art dating back to ancient
times. Forge welding, using the fire’s heat
and a hammer, was the earliest means of
fastening heads to spears and joining wheel
rims. More recent welding methods include
the oxygen-acetylene torch welder and elec-
tric arc welder in which flames and electric
currents provide the necessary heat energy.

Another welding tool of modern times
is the electron beam welder in which the
beam can be focused to thousandths of an
inch in diameter. Still more or less in the
experimental stage is the laser, a narrow
concentrated beam of light than can fuse
two pieces of metal in a microsecond.

Du Pont Company

IT JUST WON'T BREAK—Exploded into one plate, the two metals shown
above remain joined together in an unbreakable bond. John J. Douglass, a

Du Pont Company engineer and one of the three inventors of the explosive

bonding process, conducts a bending test to see how strong the bond really is,

The explosive welding process is espe-
cially useful for cladding, which is the coat-
ing of one metal with a thin layer of an-
other to add corrosion resistance or some
other useful property.

Clad plate provides an economical way
of combining special qualities in struc-
tural materials with the strength of steel.
For example, an eighth-inch of acid-
resistant titanium used to clad two inches
of steel plate for a pressure tank will com-
bine corrosion resistance with  high
strength. The cost will be lower than if
pure titanium alone were used for the tank.

Industrial Clad Plate

Industrial clad plate is used primarily for
chemical reactors and storage and bulk-
transport tanks. Some of the principal
cladding processes now used commercially
include weld deposition, brazing and hot
rolling, in which heat and/or pressure is
applied to join one metal to the other.

The theory behind explosive cladding is
that any two metals or alloys in wrought
form that have sufficient ductility and im:
pact strength can be metallurgically bonded
without the use of heat or intermediate
materials.

Among the wide variety of metals and
alloys that have been successfully bonded
at the experimental level are these: stain-
less steels to steel; aluminum to aluminum
or steel; copper and copper alloys to nickel
or steel and stainless steel; titanium, tanta-
lum, zirconium, nickel, and nickel alloys
to steel; gold, silver and platinum to nickel,
and titanium to columbium.

Research and development work on the
process has been done at the Du Pont ex-
plosives department’s Eastern Laboratory,
Gibbstown, N. J., by John J. Douglass, a
mechanical engineer, Dr. George R. Cowan,
a physicist, and Dr. Arnold H. Holtzman,
a metallurgist.

Specialized Needs

Explosives are manufactured for special-
ized commercial needs today, including
underground coal mining, coal stripping,
quarrying, seismic prospecting, pipelining
and highway construction.

In the metal working field explosives
are an important part of the concept of
high energy rate forming (herf). Electric
sparks are used also to produce high energy
shock waves that will shape metals.

High energy rate forming processes may
never be valuable in the mass production
of metallic parts such as the shaping of a
metal car fender. So many millions of cars
are manufactured each year that conven-
tional assembly line methods are more
economical. High energy rate forming
processes become desirable when the need
is for only a few elaborate and complex
pieces of machinery, such as part of a
satellite or rocket. These complex pieces
require different structural qualitdes and
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Du Pont Company

BLASTED INTO SHAPE—The
three-inch steel disc being examined
above by a Du Pont Company engi-
neer was made by blasting two types
of steel into a single plate. The end
result—stainless steel on top of car-
bon steel. The two were joined by
powerful shock waves gemerated in
a precisely controlled explosion.

can be more economically produced one at
a time by high energy forming methods.

Explosives are used in the metal working
field primarily in the areas of forming,
hardening, cutting, cladding, wire-rope
“swaging,” and in a slightly different sense,
riveting.

Explosive metal forming, just as elec-
tric spark metal forming, usually takes place
underwater. A sheet of the metallic ma-
terial is placed on top of a die with a
vacuum between the underside of the metal
and the die. Then, an explosive charge,
suspended in the water above the metal,
is detonated.

The tremendous shock waves generated
by the explosion are transmitted through
the water, pressing the metal into the shape
of the die. If electricity is used in forming
the metal, a spark is generated between
two underwater electrodes to produce simi-
lar waves.

Sheet explosive, a high energy explosive
that comes in a linoleum-like form is in-
creasing the wear life of railroad manga-
nese steel frogs and other trackwork cast-
ings. Pieces of sheet explosive are attached
to the frog or other metallic equipment
and detonated.

The explosion subjects the metal to
high shocks that cause the molecular struc-
ture of the steel to readjust. This readjust-
ment within the steel increases its hardness,
sometimes by as much as 300%.

Sheet explosive is used to cut metallic
materials into different shapes. Wire rope
swaging involves the use of explosives to
compress fittings onto wire rope.

Using the force of explosives to blow
things together rather than into bits marks
another milestone in the progress of man.
Inventive genius has found another peaceful
and creative use for destructive force.
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CHEMISTRY
Hydrogen Is Headache
For Saturn Engineers

» LIQUID HYDROGEN has created many
problems, and solved a few, for engineers
working on Saturn rockets, one of which
will boost the first Americans to the moon.

Liquid hydrogen, or LH:, gives much
greater thrust than conventional rocket
fuels. In 1960, the National Aeronautics
and Space Administration assigned the
Rocketdyne Division of North American
Aviation to develop a liquid hydrogen en-
gine with 200,000 pounds of thrust. It was
to be used singly or in clusters in the upper
stages of Saturn boosters.

Problems began right away.

First, such an engine cannot contain oil
or other conventional lubricants. LH: has
a temperature of minus 423 degrees Fahren-
heit, so any sort of oil would freeze.

LH: also leaks, said Paul Castenholz,
chief of the project at Rocketdyne’s installa-
tion, Canoga Park, Calif. Ordinary insulated
joints will not hold it, so joints must be
welded. Non-weldable joints were made
with metal-to-metal flanges.

In addition, fuel tanks had to be insu-
lated to keep the liquid in liquid form.
Liquid oxygen, or LOX, forms a sort of
“frost” from the moisture in the air around
it. This front is a good insulator.

LH:, however, liquefies the surrounding
air, which runs off the fuel tank like water,
leaving no insulating coating. Special tech-
niques were needed to keep the LH: cold.
The solution was a sort of “thermos bottle,”
with an inner and outer tank, with a
vacuum in between.

Unfortunately, the engine also had to be
restartable in space with no outside power
source.

For restarting in space, LH: is converted
to hydrogen gas and compressed in a “bot-
tle.” When the bottle is full, a stream of
gas is released, turning the engine motors
and starting the fuel flow. A brief electrical
impulse ignites the fuel.

Completed engines have now run almost
700 static tests of which over 500 were be-
yond the 500-second time required in flight.

Liquid hydrogen, however, sometimes
solved its own problems. It proved to be its
own best lubricant, for example. LH: is in-
jected into bearings, providing perfect, al-
most frictionless motion. Furthermore, it
saves considerable weight over oil.
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About five percent of the U.S. population
is allergic to penicillin.

The fatty acids in dairy products, eggs
and all but the leanest of meats increase
blood fat levels.

The “snooperscope” uses infrared light to
illuminate young salmon while they are
still submerged in gravel beds.

Giant balloons are expected to aid loggers
in removing timber from now inaccessible
forest areas.
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SCIENCE BARGAINS

Order by Stook No.—8end Cheok or M.O. 8hipment
same day recelved—S8atisfaction or money back.

ASTRO-COMPASS AND TRANSIT

War surplus! Astro Compass alone cost
Govt. $75. We have added a Sighting
Level to improve versatility. Hundreds of
uses in carpentry, brick laying, founda-
tion work, grading, irrigation or drain-
age. Much below cost of ordinary sur-
veying instruments. Ideal for do-it-your-
selfers, 10% ” high, 6” long, 4” wide.
Adjustable leveling platform-—2 spirit
levels for aligning—also spirit level in
sighting attachment. A tremendous bar-

2 i gain.
Stock No. 70,2687-Q............ $19.95 Postpald

ADJUSTABLE SPANNER WRENCH

Remove your Retaining Rings
—Disassemble Lenses,
M Cameras, etc. Made for U.S.
y Air Force—-available at a
fraction of Government cost.
A top grade, versatile tool
camera repair man or j %ha}t ‘ev?'yk mSt”%zmeﬁ*lt o
0 r just plain tinkerer should own.
Adjustable for % ” to 12” diameter retaining rings.
Complete with six different pairs of points to fit all
es of slots and holes. 3”, 67, and 12” main bars.
All steel and nicely plated. The finest tool we have ever
come across for this type of retaining ring work AND
a teal bargain at our low price.
Stock No. 70.355-Q............ $12.50 Postpaid

BUII.D A SOLAR ENERGY FURNACE

A fascinating new fleld. Build your own Solar
Furnace for experimentation—many practical
quﬁl Sﬁﬂqsyér&ntgxpeusr 1vhe,! Use scrangiood! We
- instructions. This sun powes
will generate terrific heat—2000° top30(r)0°.fui"i1asg§
enamel to metal. Sets paper aflame in seconds. Use
e reamel T F.L. 19”. Slight 2

q. Fresnel Lens F.L. . .
Stock No. 70.533-0 o $600 Pstod.

SCIENCE TREASURE CHESTS
For Boys—GlIrls—Adults!
Science Treasure Chest—Extra-powerful
magnets, polarizing filters, compass, one-
way-mirror film, prism, diffraction grat-
ing and lots of other items for hundreds
(I)E' tthfn]lmg i;pengnlents, plus a Ten-Lens

S 1t for making telescopes, microscopes,
etc. Full instructions included. v pes

Stock No. 70,842-Q............... $5.00 Pstpd

Sclence Treasure Chest Deluxe—Everything in Chest
above plus exciting additional items for more advanced
experiments, including crystal-growing kit, electric
motor, molecular models sets, first-surface mirrors, and

lots more.
Stock No. 70,343-Q............ $10.00 Postpald
WOODEN SOLID PUZZLES
i 4. 2s: 12 Different puzzles that will
3 2 o7 stimulate your ability to think
. : % and reason. Here is a fasei-
: nating assortment of wood
puzzles that will provide hours
E of pleasure, Tiwelve different
; puzzles, animals and geomet-
E i : © ric forms to take apart and
. reassemble, give a chance for
all the family, young and old, to test skill, patience
and, best of all, to stimulate ability to think and
reason while having lots of fun. O

Stook' No. 70,2050 rder yours now.

$3.00 Postpaid

CRYSTAL-GROWING KIT

¢ Do a_crystalography project illus-
trated with large beautiful crystals
you grow yourself. Kit includes
the book “Crystals and Crystal
Growing” and a generous supply
of the chemicals you need to grow
. large display crystals of potassium
aluminum sulfate (clear), potassium sulfate (purple).
potassium sodium tartrate (clear), nickel sulfate hex-
ahydrate (blue-green) or beptahydrate (green), potas-
sium ferricyanide (red), and copper acetate (blue-

green) .
Stock No. 70,336-Q............. $9.50 Postpaid

MINIATURE WATER PUMP
‘Wonderful for experiments miniature water-
falls, fountains, HQ gage railroad back-
drops, ete.; Tiny (2% ” x1% ") electric

. motor and pump, ideal for hobbyists, labs.
:} schools. Pumps continuous flow of water

at rate of one pint per minute at a 12”7

head. With 2 D Batteries in series will
pump to 24” high. Runs 48 hrs. on battery. Works in
either direction. Self-priming.

Stock No. 50,845-Q............ $2.25 Postpaid
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Be sure to visit the
EDMUND SCIENTIFIC EXHIBIT
HALL OF EDUCATION
NEW YORK WORLD’'S FAIR

A,
: ;
TEACHERS! Write for Educational Catalog Q-2
Edmund Scientific Co., Barrington, N. J.

MAIL COUPON for FREE CATALOG

“Q"

' Completely new & enlarged 148

| pages. Nearly 4000 BARGAINS.

I EDMUND SCIENTIFIC CO.
Barrington, New Jersey

| Please Rush Free Catalog “Q”

: Name.....vviiinieinnenn.

I Address. ..o vvii i

I City............ Zone. . . State.
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