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This application is va division of my application 
Serial No. 189,422, ?led February 8, 1938, for 
Method and apparatus for the manufacture of 
X-ray grids and kindred devices. 

I shall describe my invention in connection 
with the manufacture of what are known as 
X-ray grids, it being understood that the pre 
ferred method and apparatus are those set forth 
in the copending application and are applicable 
to the manufacture of other articles presenting 
the same or similar problems. 
In the taking of X-ray photographs, as is well 

known, an X-ray tube is located upon one side 
of the body to be photographed and the sensi 
tized photographic ?lm is located upon the 
other. The rays sent out by the X-ray tube 
travel as from a point source, and give on the 
photographic plate what may be termed a shadow 
image. While X-ray photographs have been 

. made in this way with satisfaction for a large 
number of years, yet there is some apparent dif 
fusionv and de?ection of the rays; and it has been 
ascertained that the clarity of the shadow image 
will be very greatly improved (so much so that 
in many instances details can be determined‘upon 
the ?lm which otherwise would not be apparent) 
if there is interposed between the object and the 
?lm a grid structure consisting uniformly of 
alternate layers of material opaque to vX-rays 
and material transparent to X-rays. The rays 
are ‘caused to impinge upon the grid in a direc 
tion very nearly parallel to the plane of the said 
layers therein. X-ray grids have heretofore been 
manufactured of alternate thin laminations of 
lead foil or the like, and laminations‘ of paper, 
the said laminations, on edge, being interposed 
between cover sheets of Celluloid or similar com 
position.’ Such grids, usually of foreign manu 
facture, have so far as is known been assembled 
by hand in a very laborious fashion, and are very 

. costly. 

The fundamental object of my invention is the 
provision of a means and method for the manu 
facture of X-ray grids or of similar products 
which are inexpensive and rapid while giving 
accurate and satisfactory results. The problem, 
in a sense, is one of the machine manufacture 
of structures of this class; and ancillary objects 
of my invention will'be apparent in the ensuing 
discussion where the various problems are'set 
forth. 
By way of example, it is possible to assemble 

laminae of lead foil and the like, and laminae of 
‘paper or other fabric, saturated in an incom 
pletely cured synthetic resin (e. g. a resin varnish 
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consisting of the incompletely polymerized resin 
dissolved in a solvent such as water or alcohol). 
Before assembling, the saturated laminae are 
dried. In this way a block can be built up in 
which the layers are accurately formed and ac 
curately spaced. If it were possible to shave this 
block into layers transversely of the planes of the 
laminae, theoretically quite excellent X-ray grids 
could be formed and there would be no essential 
limitation on their size. Such blocks can easily 
be produced, but it has not been found possible 
by any means or procedure of which I am aware 
to shave these blocks into grids. In any procedure 
by which the block is cut into layers, the rela 
tively soft foil occurring between other laminae 
is mashed and distorted, and is peened over the 
edges of adjacent laminae so as to give a struc 
ture in which the grid form is interrupted and 
non-uniform. Attempts to make X-ray grids in 
this fashion have, therefore, uniformly failed. 
In the practice of my invention I preferably 

produce X-ray grids or like articles by the rapid 
machine production and assembly of the indi 
vidual laminae, which are positioned between 
protective covering sheets in ways which I shall 
hereinafter set forth. Fundamental objects of 
my invention are the production of a new type 
of X-ray grid, which is excellent in uniformity 
and performance, and is much cheaper in cost. 
Moreover it is an object of my invention to pro 
vide an X-ray grid of such construction that it 
may readily and cheaply be formed by machinery 
as distinguished from hand labor. 
The several objects of my invention I accom 

plish by that method and in that structure and 
arrangement of parts of which I shall now set 
forth a particular exemplary embodiment. Ref 
erence is now made to the drawing wherein: 
The single ?gure is an enlarged side elevation 

of an X-ray grid produced on my machine. 
For the laminae, I ?rst make composite sheets 

by taking one or two layers of paper or the like, 
saturated in synthetic resin, a layer of lead foil 
and one or two additional layers of saturated 
stock, the lead foil being preferably sandwiched 
between the other layers. This composite sheet 
is pressed and cured in the ordinary way for 
laminated resinous products. The laminae for 
the X-ray grid are preferably formed by a die 
cutting operation of such nature that the die 
simultaneously cuts both longitudinal edges of 
the laminations. The laminations cut in this way 
may be assembled as desired, or may be pushed 
through the diein side by side relationship and 
on edge, whereby they are accurately assembled 
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together in the desired relationship. They may 
be assembled between the two cover sheets. All 
of these cutting and assembly operations are 
capable of being performed by machinery. By 
continued operations of the machine and the 
feeding to it of composite sheets, as hereinabove 
explained, the body of assembled laminae between 
the two cover sheets is produced. There is no es 
sential limitation upon the length of X-ray 
grids which may be made in this way, nor is there 
any limitation on the width of the grid other 
than the maximum width for which' the machine " ‘ 

is constructed. The two cover sheets are pre-v 
viously coated with a thermoplastic cement which 
is hard at normal temperatures, but’ which, when 
heated, will fuse and bind the composite struc 
ture together. By the die-cutting operation to 
which I have referred, spalling and peening of 
the lead foil layer is prevented; and I keep my 
dies clean by means of air or other fluid, so that 
shavings or other pieces of the lead foil will not 
be incorporated in the grid structure._ ‘ ’ 

I will first describe an exemplary grid as illus 
trated in the ?gure. This grid comprises inter 
spaced cover sheets 4 and 5. ‘ Between the sheets 
there are laminations indicated generally at 6. 
Each lamination comprises a layer of lead or the 
like ‘I sandwiched between layers 8 and 9 of ma 
terial transparent to X-rays. In an exemplary 
embodiment, the, over-all thickness of the article 
may be from .120 to .125 inch, whereas the space 
between the two cover sheets 4 and 5 may be one 
sixteenth of an inch. The total thickness of each 
lamination may be .020 inch. Each lamination 
may contain a layer of lead .001 inch in thick 
ness, the remainder of the thickness of the lami'e 
nation being paper saturated in resin. With the 
dimensions just given, there will be ?fty punch 
ings or laminations per linear inch of the prod 
uct. It will be understood that the dimensions 
which I have given are for the sake of a complete 
exemplary disclosure and do not constitute limi 
tations, since these may be varied as desired. I 
have hereinabove discussed the matter of limita 
tions as to size. With my particular machine I 
am currently making X-ray grids 171/2 inches by 
201/2 inches; but larger or smaller ones can read 
ily be made in accordance with my teachings. 
In producing the stock for the laminations I 

ordinarily take two sheets of paper which have 
been saturated in a resin, as hereinabove set 
forth. Any of the synthetic resins may be used. 
Ordinarily I use a phenol formaldehyde resin of 
the Bakelite type. On these two layers I lay‘ a 
layer of lead foil, and over this assemble two 
more layers of the saturated paper. The whole is 
placed between the usual polished plates in a 
press and the laminated structure is cured under 
heat and pressure, as is usual in synthetic resin 
practice. I do not desire, however, to be limited 
to laminae containing synthetic resin, since it will 
be perfectly apparent as the description proceeds 
that there are many ways of making the compos 
ite sheet for the laminations, and that material 
which is opaque to X-rays and material trans 
parent to X-rays may be adhered together in a 
wide variety of ways for the uses of this inven 
tion. ' 

Previous to assembling the cut laminae be 
tween the cover sheets I have coated the sur 
faces of the cover sheets with a thermoplastic 
cement. I am not limited to any particular ma 
terial for the cover sheets, and may use any de 
sired fabric web or sheet including, but without 
limitation, Celluloid or any molded clear plastic. 
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However, I have been using in practice cover 
sheets made up of a series of laminations of pa 
per saturated in an incompletely polymerized res 
in, for example, Bakelite, or one of the urea res 
ins, and pressed and cured in the usual way. The 
thermoplastic cement which I have been employ 
ing is a so-called Bakelite cement or other similar 
product available on the market and believed to 
consist largely of a rubber resin dissolved in a 
suitable volatile organic solvent. Such a cement 

' dries hard, but retains, for very long periods at 
, least, its thermoplasticity and can be softened by 
_ heat. The nature of the thermoplastic cement 
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is, however, not a limitation on my invention. 
The cured resinous laminated sheet stock, in 

cluding the lead or its equivalent, is cut apart 
accurately into individual laminae. The stiffness 
of the cured resinous product is such that these 
laminae are self-sustaining and are capable of 
being stacked side by side and on edge. As in 
dicated, the cutting is preferably done by means 
of dies which shear both edges of a grid lamina 
at the same time, and the dies may be’ and prefe 
erably are so located that an assembly of the cut 
laminae in face to facegrelationship is madeby 
the dies, each die operation adding one lamina to 
the assembly. By positioning the cover sheets 
with reference to the assembly so made, the as 
sembly may be caused to grow between the cover 
sheets to whatever extent is desired.’ During the 
fusing of the thermoplastic material on the cover 
sheets, whereby the structure is bound into an 
integral mass, I prefer to_con?ne> the laminae 
between them under resilient sidewise pressure, 
also exerting pressure on the cover sheets during 
the application of heat. When the desired as 
sembly of laminations has been made between 
the cover sheets 4 and 5, I apply heat to one or 
both sides of the assembly so as to fuse the ther-; 
moplastic material and bind the whole structure 
into one integral mass. ‘ ‘ ' 

When the grid structure has been’ built up-in 
the way described, and is cooled and solid, the 
edges are trimmed as may be desired. The whole 
may be placed in a suitable frame, or may be 
given a metal binding. 7 ' ’ ' 

Modi?cations may be made in my invention 
without departing from the spirit of it. 
Having thus described my invention, what I 

claim as new and desire to secure by Letters Pat 
ent is: 

1. An X-ray grid or like structure comprising 
sidewise disposed and interspaced cover sheets 
and laminae disposed therebetween in sidewise 
juxtaposed, substantially non-adhering relation 
ship, the plane of said laminae being substantial 
ly normal to the plane of said cover sheets and 
said laminae being in adhering relationship at 
their edges to said cover sheets, said laminae 
each consisting of a layer of metal sandwiched 
between and in adhering relationship to layers 
of stiff sheet material of non-metallic character. 

2. vAn X-ray grid or like structure comprising 
sidewise disposed and interspaced cover sheets 
and laminae sufficiently stiff to be self-sustain 
ing disposed therebetween in sidewise juxtaposed, 
substantially non-adhering relationship, the plane 
of said laminae being substantially normal to the 
plane of said cover sheets, each said laminae con 
sisting of a layer of metal sandwiched between 
and in adhering relationship to layers of sheet 
material of non-metallic character, said'_cover 
sheets being coated within with an adhesive, and 
said adhesive causing said laminations to adhere 
to said cover sheets primarily at theareas ,of con 
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tact between said cover sheets and said lamina 
tions. 

3. An X-ray grid or like structure comprising 
sidewise disposed and interspaced cover sheets 
and laminae disposed therebetween in sidewise 
juxtaposed relationship to said cover sheets, the 
plane of said laminae being substantially nor 
mal to the plane of said cover sheets, said lam 
inae each consisting of a cured resinous product 
comprising a metallic sheet interleaved between 
webs of non-metallic substance saturated with 
synthetic resin, and having sufficient combined 
‘rigidity to provide a lamina which is self-sus 
taining without face-to-face attachment to ad 
jacent laminae. 

4. An X-ray grid or like structure comprising 
sidewise disposed and interspaced cover sheets 
and laminae disposed therebetween in sidewise 
juxtaposed relationship to said cover sheets, the 
plane of said laminae being substantially nor 
mal to the plane of said cover sheets, said lam 
inae each consisting of a cured resinous product 
comprising a metallic sheet interleaved between 
webs of non-metallic substance saturated with 
synthetic resin, and having suf?cient combined 
rigidity to provide a lamina which is self-sustain 
ing without face-to-face attachment to adjacent 
laminae, said cover sheets consisting of non-me 
tallic webs saturated with synthetic resin and 
pressed and cured. 

5. An X-ray grid or like structure comprising 
outer cover sheets of pressed and cured resin sat 
urated laminae, and between said sheets, self 
sustaining laminae arranged in side by side re 
lationship and on edge with respect to said cover 
sheets, each said laminae consisting of at least 
one layer of resin saturated material in cured con 
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dition and a layer of metal in adhering union 
therewith, said laminae being adhered to said 
cover sheets substantially wholly at the edges of 
said laminae. 

6. An X-ray grid or like structure comprising 
outer cover sheets of pressed and cured resin sat 
urated laminae, and between said sheets, self 
sustaining laminae arranged in side by side re 
lationship and on edge with respect to said cover 
sheets, said laminae consisting of at least one 
layer of resin saturated material in cured condi 
tion and a layer of metal in adhering union 
therewith, said cover sheets having a coating of 
thermoplastic adhesive on their sides next said 
laminae, said thermoplastic adhesive serving to 
secure said cover sheets and said assembled 
laminae in assembled relationship. 

7. An X-ray grid comprising upper and lower 
outer covering sheets of pressed and cured resin 
saturated sheet stock, and between said sheets 
laminae arranged in juxtaposed relationship and 
on edge with respect to said cover sheets, said 
laminae comprising at least one layer of resin 
saturated sheet material pressed and cured 
against a layer of X-ray impervious metal foil, 
said cover sheets being coated with a thermo 
plastic adhesive, said laminae having clean, cut 
edges Without substantial displacement of the 
metal foil such as may be formed by the simul 
taneous punching of both edges thereof and ar 
ranged between said cover sheets, the whole 
forming an integral structure through an ad 
hesive bond of the edges of said laminae to said 
,cover sheets by means of said coating of thermo 
plastic substance. 

RICHARD MILLENAAR. 


