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D.°. 28. 1918.

HISTORY OF ARMOR PLATE IN ITS APPLICATION
TO TANKS, AND GENERAL DATA ON ITS DEVELOPe
MENT IN THE UNITED STATES,

EXPLANATORY :

This hisotry of armor plate and its application to tanks
was compiled by Capt. N, C. Peebles of the Raw Materials Sec-
tion..Ordnanoe Department, and is not a report of a similar
develcpment work that was done on armor plate by Dr, Sargent,
Chief of the Metallurgical Section, of the Ordnance, and his
associates,

PERSONNEL ENGAGED:

Capt, N, C, Peebles, Raw Materials Section, Ordnance Dept,

Mr, Blue, Carbon Steel Company, Pittsburg, Pa,.,

Mr, Perkheiser, and

Several Steel Manufacturers,
CABLES

There were no special cables on the subject of armor plate
as it was understood from the beginning that it would be neces-
sary tc procure armor plate in this country for the tanks
manufactured, Cable #341, dated Oct, 24, 1918, signed "Harbord"
requests samples of armor plate, These samples were prepared
under the methods of developing armor plate as outlined by Dr,
Sargent, but were not entirely completed at the time the armie-

tice was signed and the order for these was cancelled,

WORK ORDER:

Work Order No, 1372 requests "Perform experimental work

necessary to obtain best and most efficient light armor plate
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that can be produced for use of armored vehicles. To educate
Government personnel,®

PROCUREMENT ORDER:

Purchase Memorandum No, 1291 from Engineering Division,
Motor Equipment Section was issued Aug, 17, 1918, requesting
that this work be done and Procurement Order No, P14398-2391
ME was issued by the Procurement Division to cover this work.,
PROCURING:

In the month of December 1917, the first serious effort
to procure Armor Plate for the 6-ton (American-Renault) tanks
was made, Prior to the existence of finished drawings, more
than twenty steel concerns were approached with regard to
their facilities, as well as their willingness to attempt its
manufacture, It was considered necessary to place contracts
with the steel manufacturers for the completed article, as
much of the Arilling and machining would have to be -done prior
to the heat treating and hardening processes which prepare the
metal for the necessary ballistic tests, Very few of the
American steel makers had had any experience in light Armor
Plate manufacture, and most of those having attempted it in
the past had developed most uncertain results,

SPECIFICATIONS AND TESTS:

The specifications for testing of Light Armor Plate re-
quired for Ordnance work had not included metal thicker than
«25", while the Renault tank used approximately 70% in weight,
«60" plate, the balance being divided between ,312" and 25",




-3
The Engineering Division, with the help of the Procurement
Division, created ballistic tests founded on standards taken
from the British and French, It is understood, however,
that the French on certain types of plate, test one piece
out of every twenty-five, while the test for this work, as
contemplated by the Ordnance Department, would run from one
to ten shots at each plate,

In the latter part of 1917, only one manufacturer ex-
presgsed any interest in attenpting this work, as there was
little or no data available in this country concerning its
manufacture,

The American designs call for a considerable amount of
flanging and pressing of this Armor Plate which, according to
data at hand, had not been accomplished elsewhere, It was
found that the dome and the supporting base on the turret
could be formed in a practical production manner, where in
France and England, castings had formerly been used. This
was perhaps the most notable development in Armor Plate for
tanks. It was so successful that just prior to the signing
of the Armistice, work was begun on the forming of the body
of an entire turret which would reduce the machining and dril-
ling to a minimum, greatly facilitate production and ennhance
the resisting qualities of the steel, These statements are
made, basedvon the remarkable results obtained from the form-
ing of the dome, It is apparent that the additional working

of the steel under proper conditions, increased its resisting
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power to machine gun and rifle fire., By the forming of the
body of a turret in one piece, practically all angles would
be eliminated anil a series of convex curves resulting there-
from would still further increase the resisting qualities,

Following are the ballistic tests as originally adopted,
with changes indicated in the second group, showing the great
care given to testing of the steel, prior to the reduction of

shots per plate:

(a) PFor .25" thickness of plate, ballistic test
a8 prescribed in Form 434, "Instructions to Bidders",
and general specifications governing manufacturing and
inspection of gun carriages, artillery vehicles and
similar ordnance material issued by the Ordnance
Department, U, S, Army, will apply.

(0) For ,312" thickness of plate, 5 shots of
service ammunition (2700 f.s, - 150 grains) fired from
machine gun at one point on the plate at a range of 10
yards, The above test to apply to all plates of ,312"
thickness containing a flat surface of not less than
approximately 64 square inches clear of holes, On
plates not having an uninterrupted area as great as 64
square inches, one shot fired from a service rifle at
the same range, using same ammunition, will suffice,

(¢) Bach plate of the first 300 sets of plates,
+6" in thickness shall be subjected to five shots,
fired with service ammunition bullets reversed at
range of 10 yards (2700 f.s, - 150 grain) striking
within a circle of 5" in diameter, If the plates so
tested appear satisfactory to a properly constituted
government agent, consideration shall be given to the
dropping of this test for the remaining plates of 6"
thickness, All plates of ,6" thickness shall be sub-
Jected to five shots fired at a range of 50 yards, all
striking within a 10" circle, using armor piercing
bullets (2800 f.s,). The above tests shall apply to
all plates of ,6" thickness, containing flat surface
of not less than approximately 144 square inches,
clear of holes, On plates not having an uninterrupted
area a8 great as 144 square inches, one shot with bul-
lets reversed at 10 yards, and one shot using armor
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plercing bullets at 50 yards, will suffice, Plates
on "b" and "c" will be considered as having passed
the ballistic test when complying with that part of
paragraph 35, page 41, of form No, 434, "Instructions
to Bidders" issued by the Ordnance Department, U, S,
Army, which reads, "The quality of steel must be such
that the plates shall not be penetrated, cracked,
broken or materially deformed except that very fine
hair cracks formed in the back side of the bulge made
by an impact may he permitted.® A deep hole made by
an armor piercing bullet is not considered a deforma-
tion of the plate,

Second Group

(a) Plates .25 inch thick shall be tested by
firing a U.S, Rifle, caliber ,30, and a supro-nickel-
Jacketed 150-grain bullet with a muzzle velocity of
2700 feet per second for direct impsct at a range of
20 yards.,

(b) Plates of .312 inch thickness: Plates con-
taining a flat surface of not less than approximately
64 square inches clear of holes shall be tested hy
having five shots of service ammunition (2700 f.s. =
150 grain) fired from machine gun at one point on the
plate at a range of 10 yards. Plates not having an
uninterrupted area as great as 64 square inches shall
be tested Wy having one shot fired from a service rifle
at a range of 10 yards using the same ammunition,

(c) All plates of .6 inch thickness shall be

tested by having 3 shots fired at a range of 50 yards

widely separated, using armor piercing bullets (2800 f.s.).

All plates of 0.6 inch thickness not having an uninterrupt-

ed area as great as 144 square inches shall be tested by

having one shot, using armor-piercing oullsts at 50 yards,

The .60" plate it is believed has been given the most
severe test of any plate manufactured by the Allies, This plate
is 80 placed on the tank that it receives practically all of the
heavy right angle fire, considered most destructive, Contrary to
general opinion and theories expressed on the subject, this

pPlate was held down to approximately 390 Brinnell, which allowed
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a deeper penetration from Armor Pierding tullets than various
plates recommended, which showed initially a higher resisting
power by stopping the bullet nearer to the surface, Practical
tests huave demcnstrated that where the harder types of plate
set up a2 crystallization after concentrated fire of Armor
Piercing shots, the softer metals, as adopted by Captain
Peebles, snowved the maximum endurance, Following is the

analysis:

Name; Carbon

H : Silicgn. Sulphur Phogphate Mang. Nickel Chrome
: 38". 45 : 15 25 o. 04 & 108!-. 04 & 18"0.40" 60 10 00-1. 03.50-.70!

DO

The lighter gauges of plate, namely, .312" and .20", were
produczd from various analyses at first, and of necessity would
have to have a considerably higher Brinnell,

In the early summer of 1918, Captain Peebles secured, through
the courtesy of Mr, Prunel, a representative of the French Govern-
ment, several analyses of steels made by Schneider & Coe., and the

following was immediately adopted:

Carbon:Silicon: Sulghur' ho .: ng..Nickel .Chrome. olytidenum:Treat
§4'2§ z ”502'
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It is considered without question the highest type of Armor
Plate steel which has been manufactured in this country for metal
of the above given thicknesses and ites particular application,

The manufacturer of this steel accepted his contracts based

only on ballistic tests, However, at all times, they were more
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than willing to co-operate in experimenting without cost to the
Ordnance Department on new analyses and new treatments, The
Carbon Steel Company, of Pittsburgh, and their sub-contractors
are responsible for the forming and shaping of Armor Plate and
its most successful production. A recent delegation from the
French Government who were considering the purchase of similar
plate at the plant of the manufacturer, refused to believe that
this material was formed as described, until they saw it in
manufaciure,

Contrary to methods used by the British and French, a con=-
siderable portion of this Armor Plate was drilled and machined on
the edzes after the haurdening process, It is believed that had
the manufacturer continued a few months more, practically all of
the machine work would have been done while the metal was in its
softest condition., The reason for doing so much of the machining
after the hardening, was that the French design of plates was so
complicated and so costly that a loss of a finished plate at the
ballistic test would be too severe,

In the summer of 1918, sufficient material had been produc-
ed to assure the manufacturer of certain small percentage of loss
at the ballistic test, On the ,60" plate, the average loss was
slightly over 10%, It is to be remembered that 70% of the
material in weight was of this thickness,

CONCLUSIONS:

Should the work of developing Armor Plate be continued,

there is no question but that wonderful results would be accomplished.!_‘
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The Steel Companies had already accomplished unexpected re-

sults, such as being able to form the plate into special
shapes in & practical production manner, During the Steel
Companies' period of experiment the highest type of Armor
Plate Steel was developed that this country has ever known,
Enough material had been produced to assure complete armor
plate for tanks,

(signed) N, C. PEEBLES,
Captain, Ord. Dept.,U.S.A,



HISTORY OF ARMOR PLATE UNITS
APPLICATION TO TANKS AND DATA ON ITS DEVELOP-
MENT IN THE UNITED STATES.

The drewings for the Remault Type Tank arrived in
this country in November 1917. These drawings were com-
plete in detail but owing to the faot that the metrio
system was used, considerable redesigning wae necessary
to adapt them to American manufacture, <Some perts of
the French design of armor were made from castirgs and
g8ince this had never been done in this country, it was
not thought advisable to take the time hecessary to
experimernt with this method but to build up these parts
from ei thar straight or formed plates,

Until the drawings could be revised as outlined
above, an effort was made to procure the steel and with
only preliminary drawings about twemty steel concerns
were approached in December 1917, with regard to their
facilities a8 well a8 their willirgneass to attempt its

manutacture, It was oconsidered necessary to place
contracts with the steel manufaoturer for the ocompleted

armor, &8 much of the drilling and machining would have
to be done prior to the heat treatirg process whioh pre-
peres the metal for the necessary ballistic tests. Very
few American steel makers had had any experience in light
armor plate manufacture.

SPECIFICATIONS AND TESTS

order to save time the French specifications
and tests for this armor were adopted in general. It is
understood that the Fench only tested one plate out of
twenty-five. The Ordmnce Department knowing this mat-
erial was in the meture of an experiment in this country
decided that every plate should be tested severly until
enough armor had been produced to bring it pest the exper-
mental stage. Accordingly two groups of tests were
arranged. It will be noted that parts (a) amd (b) of both
groups sre identicel but that pert (c) of the second
group applies after the first 300 sets of plates.

(ag For .26" thickness of plate, baiLlistic test as
présoribed in Form 434, "Instructions to Bidders", and
general specifications governing manufacturing snd inspeo-
tion of gun carriages, artillery vehicles and similar
ordnence materiasl issued by the Ordnance Department, U, S,
Army, will apply.

(b) Por .312" thickness of plate, 5 shods of ser-
vice ammunition (2700 F.S. ~ 150 grains) fired from
mechine gun at one point on the plate at a range of 10
yards. The above test to apply to all plates of ,312"
thickness ocontaining a flat surface of not less than
approximately 64 square inches clear of holes. On plates
not having an uninterrupted area as great as 64 square
inches, one shot fired from a service rifle at the same
range, using same ammunition, will suffioe,




() Each plate of the first 300 sets of plates .6"
in thickness shall be subjected to five shots, fired with
service ammunition bullets reversed at range of 10 yards
(2700 f,8, = 160 grain) striking within a cirole of 5" in
diameter. If the plates so tested appear satisfactory to
& properly corstitut ed government agent, consideration shall
be given t0 the dropping of this test for the remaining
plates of ,6" thickness. All the plates of .6" thickness
shall be subjected to five shots fired at a range of
60 yards, ail striking within a 10" cirole, using armor
Plercing bullets (2800 f£,8.). The above tests shall apply
to all plates of ,6" thickness, containing flat surface
of not Less than approximately 144 square inches, oclear
of holes. On plates not heving an uninterrupted area as
great as 144 square inches, onme shot with bullets reversed
8t 10 yards, and one shot using armor pieroing bullets at
bU yards, will maffice. Plates on "b" and "o" will be
considered a8 having passed the ballistioc test when ocom-
Plyirg with that part of peragreph 36, page 41, of form
No. 434, "Instructions to Bidders" issued by the Ordnance
Department, U. S. Army, which reads, "The quality of steel
must be such that the plates shall not be penetrated, orsoked,
broken or materi&lly deformed except that very fine hair
oracks formed in the back side of the mlge made by sn im=-

pact may be mitted." A deep hole made by an armor
plercing bullet is not oonsidered e deformation of the plate.

Second Group

(s) Plates .25 inch thick shall be tested by firing a
U.S.Rifle, caliber ,30, and & supro-niokel-jacketed 150-
grain bullet with & mugzle veloocity of 2700 feet per seoond
for direot impact st a range of 20 yards.

(b) Plates of .312 inoch thickness: Plates containing
& flat sorface of not less then approximately 64 square inches
oclear of holes shall be tested by having five shots of ser-
vice ammunition (2700 f.s, - 150 grain) fired from machine
gun at one point of the plate at & range of 10 yards. Plates
not havirg an uninterrupted area as great as 64 square inches
shall be tested by having one shot fired from a service
rifle at & range of 10 yards using the same ammunition.

(e) All plates of .6 inch thiockness shall be tested by
having & shots fired at a range of 50 yards widely separated,
using armor piercing bdbullets (2800 f.s,). All plates of .6
inch thickness not having an uninterrmupted area as great as
144 square inches shall be tested by having one shot, using
armor piercing bullets of 650 yards,

Several ocontractors were approached on the sub Jeoct of
fumishing this armor plate to stand the abovs test and the
Carbon Steel Compeny of Pittsburg was seleoted to mke this

armor plate. The snalysis was left to them and sinoe theg
have had comsiderable experience in meking armor plate, t ey




L, tried a specification that lad been used for the U. S.
Navy, which was as follows:
Analysis 1.
Carbon: Siliocon: Sulphur: Phosphorus: Mang,: HNickel: Chrome:

‘58-0‘5 015-025 o“ max, .“ maXx,. 400"’.60 1.m‘1.50 ‘50-.70

This analysis was found to give very good results for the
«6" thickness of plate, but sonsiderable trouble was
experienced in getting said results from the lighter gauges
«312 and ,26.

In the early summer of 1918, Captain Peebles secured,
through the courtesy of Mr. Prunel, & representative of
the French Government, several analyses of steels made by
Schneider & Co., and the following was immediately adopted.

Analysis 2.
Carbon: Silicon: Sulphur: Phos,: Mang,: Niokel: Molybdenum:
24~29 max, max, 4,7-6.2
0:24 0,150 04 « 04 «260 6,000 6,000

It will be understood that & large number of analyses
and heat treatments were experienced before thy adoption
of the above, and oredit must be given to the Carbon Steel
Compeny, Pittsburg, for their untiring efforts to produce
the results obtained.

MECHANICAL FROCESSES INVOLVED

Steel for this armor plate was made in both th¢ electiro
furnace and the open hearth furnace and very good results
were obtained from btoth of these methods, It was found
that to obtain the best results, it was necessary to roll
the steel at a fairly high temperature and as & high finish
was not necessary, this method showed better ballistic
results than when the steel was rolled at a lower temperature.

HEAT TREATING

The heat treatment from which the best results were
obtained for the ,6" thickness plate was to heat to 1600
degrees fahrenheit and hold to that temperature for
16 minutes, The steel was then quenched in water, being
held in & specially desigmed clamp to prevent warping.
This olamping device was a departure from previous mractice,
in that the oclamp was at all times immerced in the water
ani the plate was taken directly from the furnace and slid
into the clamp. It was found that the small amount of
time necessary for the plate to pass imto the clamp did
not mterielly effect the straightening of the plate and




saved oonsiderables labor, as the previous practice had
beean to lower the alamp containing the plate into the
quenching liquid., After quenching the 6" plates were
drawn in & furnace or in a salt solution. When they were
drawn in the furnace the temperature used was appraxims te-
1y 800 degrees fahrenheit &n they were allowed to remein
approximetely 30 minutes. If they were drawn in salt
solution, temperature was about 600 degrees fahremheit,
and in both chses they were cooled in sir.

The above mentioned drawing operation was necessary
on account of the necessity for machining a large propor=-
tion of these plates after heat treatment. This was the
Prench practice as the machining wag very expensive, and
it was not though wise to subject after being machined
to the ballistic test with the possibility of losing a large
proportion,

“he heat treatment for the analysis No. 2 used on
«312 and .26 inches thiokness of plate was somewhat different.
This thickness of plate was heated in the same manner but
was quenoched in oil, being held in & similar clamp to
prevent warping. It was found after exp erimentat ion that
no drawing was necessary ani very good results were obtain-
ed with this analysis without the drawing. It will be
remembered that meohining on the light armor plate was all
done before the heat treatment, so that the hardness of the
riate was not a factor,

A number of the plates of the Renmsult Type Tank
were formed or drawn., Credit for the development on this
work must be given to the H. K. Porter Company, Pittsburg,
who achieved very good results on this line. The work was
cerried to such an extent that a complete turret was
developed which ocould be made from two pieces to obviate
considerable machine work snd a large number of angles,
which it is thought would incresse ballistic resistance of
the ocompleted article.

The Diebold Safe & Look Company, who were sub~sontract-
ors on considerable mechining, décided to plane the bevelled
edges of the plates of whioh there were & large number,
This was done on large planers which they had in their
factory. It will be remembered in this canection that the
+6" thickness armor plate was machined in the heat treated
coundition. It was decided that the brinnell hardness on
these plates should run between 360 amd 376. Owing to the
inability to keep the lnréness at this point though it
was found during the operation of this contract that some
plates were received and machined which run &s high as
470 dbrinnell hardness. It was of gourse, extremely diffi-
cult to maohine these plates ut it was done, with best
results on planing with the use of "Clarite™ Steel harcened
in an air blast.

......
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A later development for handling the .6" plates on a
large production basis which was developed in co-operatiom
with the Carbon Steel Company by the American Motor Truck
Company oS Newark, Ohio, also sub-contractors for machining
was to cut the plates almost to size with an oxy-acetylens
flame, and vhen grind the edges to sisze on a small grinder.
This turning operation was found to be very successful and,
of course, it was not necessary to keep the Brimmell hard-
ness down for any plates that were out in this manner. A num-
ber of interestingy machines were used dn this wark among
which might be mentioned an oxygraph and a radiograph. The
radiograph was devised for cutting the straight sides of
the plates. This machine could be set to cut bevelled edges
to an angle and very good results were obtained. Simpler
devices were daveloped by sub-contractors to achieve the same
results by hand. The oxygraphs mentioned above were an
elaboration of a pantograph having & cutting torch to do the
cutting. This machine 1s able to out any shape to very
aosurate limits,

After the burning operation mentioned above, it was, of
course, necessary to amooth off the edges of the plates and
bring them to size, and an ordinary knife grinder was developed
for this work which gave very good results. Several attach-
ments of imterest were brought out which facilitated this work
considerably.

Although the burning opersastion mentioned above albwed
the Brinnell hardness of the plates to be very high, this
fact mede it more difficult to drill the plates of which there
was oonsiderable to be done on each one. Very good results
in this drilling were obtained with flat Celfor drilis. This
drill was made like a blacksmith's drill, with & rib runiing
lengthwise thpoough the center., The best results were obtained
usingy hand feed and the average speed per hole through .6"
armor with & 21/32 drill was about two minutes per hole. It is
understood, of course, that this would vary considerabdbly
depending upon the hardness of the plate.

A number of the plates have Eeep holes in them., These
peep holes were slots which were bevelled out on the inside

of the amor to allow the operator of the tank to see out-

side without exposing himself unnecessarily. Since this opera-
tion was & milling operation and it was not thought that it
could be done 1in any other way, consi derable doubt was
expressed at first as to whether it could be accomplished,
owing to the hardness of the plate., It was found, however,
that very good results could be obtained by drawing the

temper of the steel with an oxy-acetylene torch only where it
was to be machined after which the machining was done very
easily.

The Fench design of this armor specified key head bolts.
The same design was specified b y the Ordnance Departiment, and




the matter of cutting the notches for these keys proved to
be quite difficult., Owing to the small size of the notches,
it was found to be impossible to cut them with a ohisel or
alr hammer, but finally the oxy-acetylene cutting torch was
again brought into use and excellent results were obtained
oy tnis method,

The lighter armor plzte was fabricated in 2 ol ean
condition and practically 211 the work was done on shears
and punches. It was found, however, that owing to the
analysis of the steel that machines of at least twice the
capacity were necessary and would be required for ordinary
commercial open hearth steel. It was found that pla tes could
be sheared very acourately to sigze and thet no grinding on
edges was necessary. It was also found that punch ing could
be held to very close limits with the Proper equipments in
Jigs.

Benj. S, Pfeiffer,
ist. Lieut. Ord. Dept., U.Se4.
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