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1. 
This invention relates to composite steel plates 

1. Claim. (C. 29-1961) 

and is a division of my application Serial Num 
ber 394,508, filed May 21, 1941 for Composite steel 
plates and the manufacture thereof, now Patent 
No. 2,438,759. 
I will describe this invention principally in 

connection with composite light armor plate, for 
which it is of particular utility, although the in 
vention is not necessarily limited to this partic 
ular field. At the present time there are two 
types of light armor plate in use, one known as 
'case hardened' and the other as "homogeneous.' 
The case hardened plate is made by using a so 
called "carburizing' alloy steel which is car 
burized on one surface to a depth in the neigh 
borhood of 20 or 30% of its thickness. This plate 
is hardened by heating and quenching and then 
given a light 'draw' which leaves the plate with 
a very hard outside surface and a tough back 
ing. Homogeneous armor plate c{nsists of a 
tough steel throughout. In the lighter gauges, 
say, up to %-inch or 1-inch in thickness, the case 
hardened plate has much greater stopping power 
for a given thickness than the homogeneous, but 
has a tendency to “shatter' and/or 'spall' when 
struck by a projectile of greater energy than the 
stopping power of the plate. Many attempts have 
been made heretofore to make armor plate that is 
better than the “case hardened' or “homogene 
ous' armor plates by welding together, face to 
face, a plate of hard steel and a plate of soft steel 
by means of roll-welding. But, so far as I am 
aware, this has not heretofore been accomplished. 
The primary object of this invention is to over 
come the difficulties hitherto experienced and to 
produce composite armor plate, sheets, strips, 
and the like, which have improved properties, as 
will hereinafter be described. . 
By way of a definite example, I will describe 

armor plate comprising two specific steels, viz., a 
hardenable die steel of the following approxi 
mate composition: 

Per cent 
Carbon ------ ------------ - - - - - ---------- 0.95 
Manganese ------------------------------ 160 
Molybdenum ----------------------------- 0.25 
and a tough steel of the following approximate 
composition: 

Per cent 
Carbon --------------------------------- 0.20 
Nickel --------------------- ------------- 1.80 
Molybdenum ---------------------------- 0.25 
Manganese -------- ---------------------- 0.55 

O 

15 

20 

25 

30 

40 

These percentages give the principal alloying ele- 55 

2 
ments and may vary, of course, according to com 
mercial tolerances. The first of these steels is 
known in the trade, as, Ryalloy, the second as 
S. A. E. Specification #4620. It must be definite 
ly understood, however, that my invention is by 
no means limited to these specific materials. 
The problem of face-to-face welding of these 

two steels or similar combinations with sufficient 
bond strength for ballistic purposes has been 
solved by this invention. One of the main fea 
tures of this invention, as will hereinafter be more 
fully described, consists in first. Superposing the 
steels and forming, by rolling or otherwise, a pre 
liminary bond between the two faces, then sub 
jecting the combined plates to a “heat soaking' 
for several hours at a temperature in the neigh 
borhood of 2200 F., so as to establish a carbon 
gradient between the hard steel and the tough 
steel, thereby minimizing the abrupt change in 
properties which would otherwise occur at the in 
terface. After the establishment of the carbon 
gradient, the composite material is rolled to its 
final thickness. This feature and other features 
of the invention will become clearer from the fur 
ther description and by reference to the drawings, 
in which 

Figure 1 is a perspective view, partly in cross 
section of a "sandwich' prepared for roll weld 
ing; 

Figure 2 is a perspective view, partly in cross 
section of a box construction containing plates 
ready for roll welding; 

Figure 3 is a diagrammatic representation in 
Section showing the carbon gradient in the diffu 
sion zone between welded plates, and 

Figure 4 is a cross-sectional view of an em 
bodiment of my invention comprising more than 
one Zone of union between unlike steel plates. 

Referring to the Fig. 1, -f represents a pair 
of slabs of tough steel, and 2-2 is a pair of slabs 
of hard steel. (The word "hard” is used through 
out as a designation whether or not the steel is 
in its hardened state. A similar remark applies 
to the word "tough'.) As indicated, the two hard 
slabs are placed between two tough slabs which 
overhang the former all around so as to allow 
space for the union bars 3. Between the two hard 
slabs a layer of weld-preventing material, such as 
magnesium oxide, is placed, as indicated at 4. 
The side bars are peripherally welded to the toug 
plates all around as indicated at 5. 

Prior to making this assembly, the abutting sur 
faces of the plates to be welded are first thor 
oughly freed from scale and cleaned. It has been 
found that the methods which are frequently em 
ployed for this purpose, e.g., sandblasting or shot 
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blasting, are very undesirable because they cause 
sand or other foreign material to adhere to the 
surfaces to be welded and thereby interfere with 
the welding process. A suitable method consists 
of grinding the surfaces with the flat rim of a cup 
shaped wheel. If any oxide forms during this 
process on account of the heat generated in the 
grinding, it should be removed by means of a 
lighter grinding operation. Or the surfaces may 
be rendered clean and free of scale by machining 
or by other suitable methods. 

In the preparation of the surface I have found 
it advantageous to employ promptly after the 
cleaning a light covering of a hydrocarbon, such 
as xylene or kerosene. This thin continuous coat 
ing serves to protect the steel temporarily against 
rusting or formation of invisible oxides during 
subsequent processing and handling prior to or 
during the sealing of the surfaces in the sand 
Wich. 

Instead of forming a sandwich, such as shown 
in Fig. 1, I may make a box of steel as shown in 
Fig. 2, where the tough steel is shown at 0-0, 
and the hard steel at 2-2, with the weld-pre 
venting layer between the two hard steels at 4. 
The box consists of an upper cover plate 6A and 
a lower cover plate 6B, joined by side bars 
7-7 on all four sides of the box by means of 

the peripheral welds 8, thereby forming a com 
plete enclosure for the plates inside. It will be 
understood that there is a weld-preventing layer 
also between each cover plate and its adjoining 
steel, as indicated at 9-f9. It will also be 
understood that in the box method I may enclose 
any number of pairs of hard and tough plates 
to be welded together with weld-preventing 
layers provided at surfaces that are not to be 
welded. A suitable material for the box is 
S. A. E. 1035 or 1045, which is relatively inex 
pensive 'straight carbon' steel. 
While the sandwich method of rolling is not 

novel, the box method illustrated in Fig. 2 is new, 
So far as I am aware. In this box method, it will 
be understood, the entire container is rolled with 
the steel inside until the hot rolling operations 
have been substantially completed. In order to 
withstand the rolling stresses, the side bars 
of the box. must be of substantial thickness, and 
the cover plates also must be of substantial thick 
ness. A container consisting of ordinary sheet 
steel will not operate because such a container 
will be destroyed practically in the first pass. 
The total cross-sectional area of the metal of the 
box should not be less than about 25% of the 
total cross-sectional area of the box. After com 
pletion of the hot-rolling operations the box 
container is removed by shearing along the 
edges. 
In general, the metal of the box then becomes 

scrap material, but this is not a serious disad 
vantage in comparison with the advantages 
gained. In the first place, the box method per 
mits the use of higher temperatures and hence 
shorter furnace time in the gradient forming 
operation. In the second place, the Sandwich 
method of Fig. 1 exposes the tough steel to the 
ambient atmosphere in the furnace and, at the 
temperatures employed in this process, a con 
siderable amount of Scaling results, and also 
some decarburization, which may be very ob 
jectionable. While Scaling can be reduced by 
covering the Surface with 'coke breeze' or similar 
Carbonaceous material While it is in the furnace, 
it is not always a convenient mill operation. 
Another advantage of the box method is that it 
makes it unnecessary to perform any peripheral 
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4. 
welding operations on the plates to be bond 
welded, and this is advantageous particularly 
when small pieces are involved, and/or where the 
method is employed for the roll-welding of mate 
rials between which there is a large difference in 
the coefficient of thermal expansion. Another 
advantage in the box method lies in the fact that 
any number of pairs of plates may be simultane 
ously roll-welded in a single box, thereby reduc 
ing the number of peripheral welds which are 
necessary per final plate; this circumstance may 
more than offset the cost of the extra steel en 
ployed in making the box. Still another advan 
tage of the box method is that it minimizes the 
subsequent labor and cost of surface preparation 
of the finished plate. 
In both the box method and the Sandwich 

method, the hard steel is substantially sealed off 
from the ambient atmosphere in the furnace or 
out. This is preferred because, for ordinary roll 
ing purposes, it is usually undesirable to heat 
hard steel, such as the Ryalloy mentioned above, 
while in contact with ambient atmosphere, above 
about 2150° F., for otherwise it will decarburize 
badly and is likely to "burn." Good rapid Weld 
ing can, however, be obtained at rolling tem 
peratures above 2150 F., and the employment of 
such temperatures ordinarily is desirable. I 
have found by experiment that with the specific 
steel mentioned above I could use temperatures 
as high as 2300 F. without injuring the steel. 
This freedom from injury is obtained, as indi 
cated above, by the exclusion of the ambient 
atmosphere from the hard steel. In practice, I 
prefer to work this particular steel at tempera 
tures between 2200 F. and 2250 F. More gen 
erally, for good rapid welding I usually prefer to 
work the hard steel above what may be called the 
'safe' temperature, that is above the tempera 
ture at which the hard steel can be safely worked 
while in contact with ambient atmosphere with 
out undesirably affecting and/or injuring the 
hard steel. 

It should be emphasized that the surfaces of 
the hard and tough steel which contact at the 
interface, after having once been cleaned, are 
kept clean and free from scale or oxide through 
out all the subsequent operations by virtue of 
the fact that they are sealed in the pack. It has 
been pointed out above that Sandblasting, for 
example, does not produce a desirable Surface for 
contact at the interface because of the impurities 
which it introduces in the form of sand. As a 
result of the initial cleaning operations and of 
the exclusion of the ambient atmosphere 
throughout all the heating and rolling oper 
ations, the interface is substantially clean, that 
is, substantially free from impurities (except 
such impurities as may be in the steel itself) as 
has been repeatedly verified by microscopic ex 
amination. Older methods of making com 
posite plate which involve casting one metal 
against a hot slab of the other metal do not pro 
duce clean interfaces of this sort because the 
heated slab accumulates Scale and oxide on its 
Surface before and during the pouring of the 
other metal, which impurities are present in the 
final product. Moreover, in some, or perhaps all, 
of the previous casting methods, the deposited 
metal itself could hardly be expected to be clean, 
and in addition it is to be expected that a segre 
gated core would develop in the cast or deposited 
metal close to the interface. 
After the sandwich or box has been prepared, 

a. 
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heated in a furnace to a temperature of about 
2200 F. and is then rolled down by the usual 
methods until its thickness has been reduced to, 
roughly, half (in this first rolling the amount of 
reduction may be varied over a fairly wide range). 
After this first preliminary rolling I put the as 
sembly back into the furnace and maintain it at 
a temperature of approximately 2200 F. for sev 
eral hours. 
fairly rapid migration of the carbon from the 

Under these conditions there is a 
O 

high carbon hard steel into the low carbon tough 
steel. 
corresponding to a microphotograph showing the 
extent to which carbon migrates from the hard 
high carbon steel plate 20 to the soft lower carbon 
steel 2 in a period of 34 hours at a temperature 
of 2200 F. to form a diffusion zone of material 
and substantial thickness. The scale of the draw 
ing is such that the region labeled "diffusion zone" 
is approximately 080' to .100' thick, as was 
actually ascertained in this case. The arrows in 
dicate the approximate position of the original 
interface between plates 20 and 2. 

. The existence of this diffusion zone is of great. 
importance both for the subsequent operations 
in manufacture and for the properties of the final 

Fig. 3 is a diagrammatic representation - 
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to the body portion of the soft steel. 

steel in the region of the welded interface and 
forms a diffusion zone in this region, the result 
being a gradual decrease or gradient of carbon 
content from the body portion of the hard steel 

The reas 
sulting composite armor plate is thereby enabled 
to withstand the very severe treatment for which 
it. is designed without failure at the zone of 
union between the hard and soft plates. In this 
connection armor plate is designed to be sub 
jected to strains up to and beyond, the maximum 
stresses that the steel will stand. The require 
ments for armor plate are, therefore, entirely 
different from the requirements of steel for ordi 
nary purposes. Thus, in the fabrication of cor 
rosion-resisting or "stainless" steel articles com 
prising a backing sheet of steel and a surfacing 
or cladding of corrosion-resisting steel, require 
ments for the bond between the backing and 
the cladding steels need not be of very high 
strength, since such articles ordinarily are manu 
factured with a good safety factor, and the bond 
between the two metals, therefore, is not sub 

25 

plate. One of the difficulties which has not hith 
erto been recognized in the roll-welding of com 
posite plates arises from the fact that the hard 
steel is much less plastic at final rolling tempera 
tures than the tough steel. As a result of this 
there is a tendency during Subsequent rolling for 
creepage to occur at the welded interface and this 
creepage in turn tends to weaken or even destroy 
the weld that had previously been made. By 
virtue of the carbon gradient, however, there is 
a more or less gradual change in plastic prop 
erties from the hard steel to the tough steel and 
the difficulties arising from differential plasticity 
during subsequent rolling. to final thickness are 
thereby minimized or obviated. By actual ex 
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periment I have found it possible to make welds : 
in this manner whose strength is, as nearly as 
could be determined, approximately equal to that 
of the hard steel and, therefore, greater than 
that of the tough steel. A weld whose strength 
is at least equal to that of the Weaker of the two 
components welded together may properly be 
called "isosthenic' (Greek, combining form "iso' 

. . meaning equal, and the Green noun "stenthos' 
meaning strength), and this term is used in the 
specification and claim with this meaning. Fur 
thermore, the avoidance of an abrupt change in 
mechanical properties at the welded interface is 
of value for ballistic purposes also. It is known 
that discontinuities of any sort create concentra 
tions of stress. By avoiding the discontinuity or 
abrupt change, in mechanical properties which 
would otherwise occur in the composite plate, I 
likewise minimize the concentration of stress that 
would otherwise occur, and hence substantially 
improve the ballistic properties of the plate. 
Composite armor plate containing a diffusion 

zone of material thickness in the region of the 
interface between Welded plates of hard and 
tough steel, when properly heat-treated, exhibits 
high resistance to armor piercing projectiles and 
is highly resistant to shattering or spalling. In 
order that these properties may be attained it is 
important that the steels of the hard and soft 
plates be in effect blended together in the region 
of the Welded interface with essential continuity 
of metal structure. During the "heat soak' the 

jected to great stress. In the case of armor plate, 
however, there is no safety factor and the weld, 
or zone of union, between hard and soft steels 
should be such that the weld, or zone of union, 
will not fail under stresses up to the maximum 
that the steel will withstand. According to the 
present invention, I have produced composite 
armor plate wherein the hard and soft plate ele 
ments are united in this way. So far as I am 
aware, this has not previously been accomplished, 

It will be obvious that in composite plates made 
according to my process a section taken at any 
place in the plate would show under microscopic 
examination substantially the same diffusion 
Zone as in any other section. That is to say, the 
diffusion Zone in my composite plates is substan 
tially uniform laterally throughout the plates. 
Of course, there may be some differences between 
the depth of the diffusion zone in the center as 
compared with the edges, due to the fact that the 
edges will heat up more rapidly than the center 
in bringing the piece up to the temperature of 
the 'heat soak,' but these differences will be of 
a minor magnitude, and I may therefore describe 
these diffusion zones as “laterally uniform," with 
the implication that it is not strictly uniform but 
Substantially so. 
The two steels selected for description illustrate 

a further factor which is usually present, viz. 
that the hard steel and the tough steel will differ 
in their composition in other respects, besides 
the difference in carbon content. Other alloy 
elements, like manganese, nickel, chromium, 
molybdenum and vanadium, will also diffuse un 
der the "heat, soak.' While such diffusion is 
Very slow, Compared with the rate of carbon dif 
fusion, nevertheless there is some diffusion of 
these other ingredients which is also beneficial 
to the bond. 
The thickness of the carbon. diffusion zone or 

gradient region is determined by various factors, 
e.g., the temperature of the heat soak, the time. 
of the heat soak, and the subsequent reduc 
tion after the heat soak. It also depends upon 

70 

the difference in concentration of the substance 
in question between the united plates. No spe 
cific, limits on the ultinate thickness of this dif 
fusion zone can be given as it will naturally vary 
to a very great extent with the properties desired . 
and with the final thickness of the plate, but, in 
any case, a diffusion Zone of substantial and ma 

high-carbon steel loses carbon to the low-carbon 75 terial thickness is produced. The specific times 
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and temperatures mentioned above are intended 
for illustrative purposes Only. 

It will be understood that after the rolling op 
erations are complete the sides of the sandwich, 
shown in Fig. 1, are trimmed away So as to re 
move the side bars 3 and the overhanging portions 
of the tough plates -. The sandwich then 
separates into two composite plates which are 
then fabricated to desired form and size, after 
which the material is heat treated, as will be un 
derstood by those skilled in the art, so as to 
harden the hard steel to the desired degree. Or 
dinarily a Brinell of about 600 is wanted on the 
hard face, and a Brinell of about 250 to 350 on 
the tough face. Likewise, in the event that the 
box method is used, after the completion of the 
hot rolling operations, the sides are trimmed away 
and the cover plates removed so as to remove the 
rolled composite plates inside, which can then be 
fabricated and heat treated as described above. . 

I have described my invention in connection 
with composite plates comprising a single plate 
of tough steel and a single plate of hard steel; 
it will be understood, however, that composite 
plates may be made in accordance with my in 
vention, which comprise any number of alternate 
layers of hard steel and tough steel; for example, 
I may make composite armor plate which con 
sists of a layer of hard steel, then a layer of tough 
steel, then another layer of hard steel and then 
another layer of tough steel. Such multi-ply 
steels offer ballistic advantages, as has been 
shown in actual ballistic tests. Moreover, such 
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be exercised to avoid too much decarburization 
of such internal hard plates. This is particularly 
important where the individual plates are thin. 
The “heat soak,” described above, will tend to 

enlarge the grain size of the steel. This disad 
vantage, however, can be overcome by properse 
lection of final rolling temperatures and by proper 
heat treatment, as is well known to those skilled 
in the art. 
Among other advantages of my invention, it 

should be mentioned that the hard-face steels 
available at present, that is, carburized armor 
plates, are produced very slowly (and hence ex 
pensively) because of the extremely prolonged 
heating necessary for the carburization. My 
method should be materially less expensive than 
the carburizing method, because no such pro 
longed heatings are required. The cost of mak 
ing the peripheral welds and the cost of the extra 
steel required for the sandwich or for the box are 
relatively small, calculated on a per-pound basis 
of finished product, where the initial slabs are 
of good commercial size. For example, it is good 
commercial practice to roll a completed sandwich 
or box weighing 5,000 to 10,000 pounds or more. 
Hence, when proper facilities are used for mak 
ing the peripheral welds, their cost per pound of 
finished product is small. 
While this invention has been described in Con 

nection with the composite armor plate having 
different degrees of hardness or toughness, the 
component layers may differ from each other in 

structures have two other very significant advan- . 
tages. In the first place, a four ply plate, for 
example, has much less tendency to warp in heat 
treating, than a corresponding carburized plate, 
a tendency which has hitherto been a constant 
source of fabricating difficulty. In the second 
place, in a multi-ply structure such as a four ply, 
the type of steel and its thickness can be chosen 
in the most advantageous manner for each layer. 
A composite multi-ply plate of the character 

above mentioned is exemplified in Fig. 4. wherein 
the component plates or layers 22 and 23 are of 
hard steel and the component plates or layers 24 
and 25 are composed of tough steel. The com 
mon interfaces at the interior of the composite 
plate between the hard and soft steels are welded 
together and in the region of each of the com 
mon interfaces is a diffusion zone of material 
thickness which is of the character hereinabove 
described, and illustrated on a larger scale in Fig. 
3, these zones being indicated by the reference 
characters 26, 27 and 28. In the example shown 
in Fig. 4, the component plates 22 and 23 may 
be of Ryalloy and the plates 24 and 25 may be 
S. A. E. Specification 4620, as above mentioned. 
However, it is not essential that the plates 22 and 
23 be identical, or that the plates 24 and 25 be 
identical. In fact, for certain purposes, it may 
be desirable to use different hard steels for the 
hard layers and different tough steels for the 
tough layers. 

In the making of composite plates of more than 
two layers of steel, the hard steel on the inside 
will, in general, lose carbon faster than the hard 
Steel on the outer face, because the inner layer 
of hard steel will diffuse carbon to a tough layer 
on both its faces. In an experiment on a 4-ply 
plate, it was found that a 3%-hour “soak” at a 
temperature of about 2200 F. to 2250° E. had 
caused sufficient migration of carbon to make an 
appreciable reduction in the carbon content of 
the internal hard plate. In such cases care must 
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other respects. For example, the component lay 
erS may differ from each other in resistance to 
chemicals, in thermal expansion, or the like, de 
pending upon special purposes for which the plate 
is intended. In such case differences in the con 
Centration of alloying elements other than car 
bon between the component layers or plates may 
be of primary significance, and the production 
of a diffusion Zone of material thickness in which 
Such element varies from the concentration of 
the element in the body portion of one compo 
nent layer to the concentration of the element 
in the body portion of another component layer 
united therewith, may be achieved according to 
this invention. The concentration or propor 
tion of an alloying element may vary from zero 
in one component layer or plate to some sub 
stantial concentration or proportion in a com 
ponent layer or plate united therewith; or the 
alloying element in question may be present in 
both, but in different concentrations or propor 
tions. 
While this invention has been described pri 

marily in connection with armor plate, the fea 
tures and advantages of this invention are of util 
ity whenever a union of great strength and per 
manence is desired between steel plates, sheets, 
Strips, or the like, which differ from each other 
in chemical composition by at least one chem 
ical element or substance. 
In the Specification and in the claims, the word 

'plate' is used in a broad sense as embracing 
plate, sheet, strip, or the like. 
While this invention has been described in 

connection with specific exemples of the prac 
tice thereof, it is to be understood that this has 
been done for the purpose of illustration and 
that the scope of this invention is to be governed 
by the language of the following claim. 
I claim: 
A Welded composite plate comprising at least 

One pair of steel plates consisting of one plate of 
Soft steel and another plate of hard steel having 
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a substantially higher carbon content than the 
carbon content of the soft steel, said plates being 
welded together at their connon interface and 
there being a carbon diffusion 20ne of naterial 
thickness in said region of said interface which 
is substantially uniform laterally and in which 
the carbon content varies from its concentration 
in the body portion of the hard steel plate to its 
concentration in the body portion of the Soft steel 
plate and decreases in its concentration continu 
ously from the interface extending into the soft 
steel plate thereby providing a Weld having ap 
proximately the strength of the steel in the hard 
steel plate, the metal of said plates in the region 
of said interface being substantially free of in 
purities other than impurities in the metal of 
said respective plates and there being no inter-. 
mingling of the metals as such of said respective 
plates at said interface as distinguished from 
said carbon diffusion extending from the metal 
of said hard steel plate into the metal of Said 
soft steel plate, and there being relatively little 

O 

5 
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diffusion in the region of said interface of alloy 
ing elements other than carbon. 
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