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My invention relates to methods of making‘ ' 
print rolls, the present application being a di 
vision of my copending application Serial Num 
ber 540,040, filed June 13, 1944. 
The invention, which has among its objects a 

method of making a print roll of lighter Weight, 
and less expensive construction and manufacture, 
than prior print rolls, will be best understood 
from the following description of several embodi 
ments of the invention, while the scope of the.j_ 
invention will be more particularly pointed out 
in the appended claims. 
4. .In thedrawingsi 

Fig. 1 is a longitudinal section on the lines l—l 
of Figs. 4 and 5, with parts in elevation, of av 
print roll made by a method according to the in 
vention; 

Fig. 2 is an end elevation of the print roll ac 
cording to Fig. 1; 

Fig. 3 is a more or less diagrammatic illustra 
tion of a step of a method according to the in 
vention; 

Figs. 4 and 5 are, respectively, sections on the 
‘lines 4—4 and 5—5 of Fig. 1; 

Fig. 6 is a transverse section, corresponding to 
Fig. 4, of a modi?ed form of print roll made by 
a method according to the invention; 

Fig. '7 is a fragmentary transverse section, cor 
responding to Fig. 6, on an enlarged scale; 

Fig. 8 is a transverse section, corresponding to 
Fig. 4, of a further modi?ed form of print roll 
made by a method according to the invention; 

Fig. 9 is a fragmentary transverse section, cor 
responding to Fig. 8, on an enlarged scale; 

Fig. 10 is a plan of a lamination employed for‘ 
the core of a still further modi?ed form of print 
roll made by a method according to the inven 
tion; 

Fig. 11 is an isometric View of a fragment of 
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the length of a key employed in the print roll hav ' 

ing the laminations according to Fig. 10; 
Fig. 12 is a transverse section, corresponding 

to Fig. 4, of the modi?ed print roll having the 
laminations according to Fig. 10 andtthe key ac- >_ 
cording to Fig. 11; 

Fig. 13 is a more or less diagrammatic fragment 
of a transverse section of the print rolls accord 
ing to Figs. 4' and 12 on an enlarged scale; 4 

Fig. 14 is a more or less diagrammatic frag- , 
mentary section on the line l4--M of Fig. 13; 

Fig. 15 illustrates a step in a, method of making 
the core for a print roll to which the shell is 
applied in the Way illustrated by Fig. 3; and 

_ ‘ Fig. l?illustratesastep in a further modi?ed 
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method of making a print roll according to the 
invention. . 

Heretofore print rolls, as a commercial prop 
osition, have been almost exclusively made of a 
solid mass of copper pierced to receivelthe man 
drel .on which the roll is mounted. Such rolls, 
although on the whole satisfactory, nevertheless 
have the defect of employing a large amount of 
the relatively expensive and strategic metal cop 
per, which latter being the heaviest of common 
structural metals except lead causes the print 
roll to be of ob-jectionably great static weight, 
and, when rapidly rotatedin the printing ma 
chine, to be subject to objectionably large rota 
tive inertia and frequently to objectionable dy 
namic unbalance. The manufacture of such prior 
rolls, in order to secure copper of structural char 
acteristics permitting satisfactory engraving, and 
secure copper of su?‘iciently homogeneous density 
to minimize in so far as is possible dynamic bal 
ance, has heretofore involved hot forging a cop 
per billet, piercing it, and then extruding it over 
an arbor to shape it and form a key or keyway 
for splining it to the mandrel. Such manufac 
ture not only involves expensive operations, but 
requires the use of expensive equipment. Thus, 
because of high ‘material and labor costs, and 
high capital investment for specially designed 
equipment, and the cost of maintenance of the 
latter, print rolls have heretofore been produced 
only at a relatively high cost to the user. The 
present invention overcomes these defects and 
objections in the ways hereinafter set forth. 
Referring particularly to Figs. ,1, 2, 4 and 5, the 

print roll illustrated comprises an outer shell I 
of copper or high‘copper content copper base al 
loy, the shell preferably being constituted by a 
drawn or extruded seamless tube of requisite ex 
ternal diameter. This tube, which preferably 
comprises the only copper included in the roll, 
may have walls about % inch thick. As shown, 
supporting the shell on the mandrel 3 is a core 
formed of a series of contacting laminations 5, 
each end of the core being provided with and 
disks 1, preferably of steel, which aretconnected 
by steel or other metallic tie rods 9 extending 
through the laminated core and the end disks. 
The mandrel 3 is preferably tapered. to permit 

it readily to beremoved fromthe print roll and 
a new mandrel inserted. Such taper however 
need be very slight as, for example, that corre 
sponding to a reduction of 0.0035 inch in diameter 
‘of the mandrel for each inch of length thereof. 
Preferably also, the core‘, but not the end'disks, 
is keyed to the mandreL'the latter for this pur 
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pose in the form of the invention illustrated by 
Figs. 1, 2, 4 and 5 being provided with the longi 
tudinally extending keyway ll, while the lami 
nations of the core contacting the mandrel are 
each integrally formed with a. projecting tab-like 
portion l3 (Fig. 4) extending. into the mandrel 
receiving bore of the lamination, the portions l3 
of the series of adjacent laminations collectively, 
forming a continuous longitudinally extending 
key ?tting into the keyway of the mandrel. 
As best illustrated in Figs. 1, 2, 4 and 5, all 

the laminations of the corev need‘ not contact the 
mandrel. To this end, as best illustratedin Fig. 
1, groups of adjacent laminations may have a 
bore i4 larger than the diameter-off the mandrel, 
to form annular recesses'i I53 surrounding‘ the 
mandrel, which laminations when such recesses‘ 
are present are keyed to the mandrel only at the 
portions of the core between the recesses and 
between them and the end disks. The employ 
ment of these recesses lightens the core and sim 
pli?es its manufacture. 
The core shown by. Figs. 1, 4 and 5 is ‘provided 

adjacent its periphery with longitudinally ex 
tending openings I‘! of considerable angular. ex 
tent symmetrically spaced with relation to thetie 
rods 9. These openingsor slots serve further to 
reduce. the weight'of the core, and,,being posi 
tioned adjacent the periphery of the core, act to 
reduce the rotative inertia of the. print roll, and 
further act- to. cause the shell to be secured to 
the core as will hereinafter be explained. The 
laminations may be: formed with slots of the 
cross-sectional‘ shape of these. openings, and, 
when the laminationsare'assembled to form the 
core, the aligned slots collectively form such 
openings. 
The laminations of which thecore is formed are 

of light weight material such as sheet aluminum. 
Cardboard also may be employed, which, although 
in some respects not perhaps as satisfactory a 
material as aluminum, is still lighter and less ex 
pensive. Sheet mild steel, whichv also is lighter 
than copper, may also be employed in some in 
stances. The laminations preferably are thin, 
although their. thickness is not at all critical. 
When aluminum or mild steel is employed for the 
laminations a thickness of about 1%. inch. and 
when cardboard is employed a; thickness of about 
312.; inch has been found to give. satisfactory re 
sults. 
When aluminum or steel laminations are em 

ployed they are preferably keyed to the mandrel 
in the above described way illustrated by Figs. 1 
and 4. However, when cardboard laminations are 
employed. it has beenfound that the. projecting 
portions I3 of the laminations, which in the as 
sembled print roll collectively form keys, are liable 
to break during theLpunching operation for form 
ing the laminations, or in assembling them. Con— 
sequently, when cardboard laminations are em 
ployed, they are preferably keyed to the mandrel 
in'the way illustrated-by Figs. 10, 11 and 12, ,ac 
cording to. which the mandrelreceiving bore l9 
ofeach lamination contacting‘ with the mandrel 
in theassembled roll is formed with a notch 2| 
preferably V-shaped, while inserted‘ in the key 
way- I [of the mandrel-.3.-is.a key 23 of such cross 
sectional. shape. and dimensions as to provide, 
when so inserted, a longitudinally extending V 
shaped portion 25 projecting. from the mandrel, 
this. V.-shaped portion beingof shape‘v comple 

' mentary. to the notch 2| and serving to key. the 
laminated core to the mandrel in the assembled 
roll. 
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Preferably, in making the print roll according 

to Figs. 1, 2, 3 and 4, or the modi?ed print roll 
according to Figs. 10, 11 and 12, the laminations 
are ?rst stamped out to the shapes illustrated and 
the end disks 1 are formed and the tie rods 9 cut 
to the proper length. As formed*the end disks 
preferably are provided with bores 21 (Figs. 1 and 
15) for receiving the tie rods, which bores at the 
outer faces of the disks are preferably counter 
sunk'as illustrated at 29. With such construc 
tion the tie rods may be secured to the end disks 
by fusion welding which melts the projecting ends 
of the tielrods down into these countersinks, or 
the countersinks may be ?lled by a welding opera 
tion with‘separate weld metal which unites the 
tie rods to the end disks. 
According to one method of making the print 

roll,.one;end disk is placed on the upper horizontal 
face of the bed 3| (Fig. 15) of a hydraulic press, 
preliminary to which one of the ends of each tie 
rod'is secured to that end disk in one of the ways 
above explained‘so that the tie rods project up 
wardly from said bed. Through the mandrel 
receiving bore 33 of this end disk is placed a ver 
tically extending mandrel form 35, which is illus 
trated in Fig. 15 extends into and rests upon the 
bottom of a recess 31' in the bed 3! of the press. 
The mandrel form 35 is shown as provided with 
a keyway corresponding to the keyway H of the 
mandrel‘to be used with the’?nished roll. This 
keyway in the mandrel form may contain a key 
corresponding to the key 23 (Fig. 11) or not 
depending upon which the waysabove described 
the mandrel is to be‘ keyed to the-?nished roll. 
Preferably, also, the mandrel form is slightly tap 
ered upwardly as shown in Fig. 15 to correspond 
with the taper of the mandrel to be used; with 
the print'roll. The laminations forming the core 
5 are then slipped, say one by one, over the upper 
ends of the mandrel formand tie rods. When 
su?icient' laminations are thus assembled to se 
cure a core of the desired length the upper end 
disk ‘I isslipped over the mandrel form and tie 
rods, and a sleeve 39 having a bore for receiving 
the mandrel form~is placed'on that end disk, 
whereupon the plunger head“ of the press is 
caused to descend upon the-upper‘ end of the 
sleeve'39 and compress the laminations. While 
the laminations are thus-placed under pressure 
the head 4| of the press is locked in position and 
the upper projecting ends of the tie rods 9-are 
cut off and welded to the upper end disks in one 
of the ways above described, whereupon re— 
moval of the pressure of the head M on the core 
the latter will be maintained under compression 
by the tie rods. When the length of the rollis 
suchas to make it necessary the laminations'on 
the mandrel form and tie rods may be subjected 
to pressure to compact them when the core is 
partially, built. up, and several such compacting 
operations may be necessary as the core is grad 
ually built up and. before the upper end disk 
is placed. in.position and the core is subjected 
to the ?nal compacting operation. These pre 
liminary compacting operationsmay be readily 
performed by employing a dummy upper end disk 
1 and sleeves 39 of requisitelength. 
The core. end'.disks and mandrel form assem 

bled as above described may then be removed 
from the press and the core turned in a lathe to 
removeall excess projections and preferably make 
it of the same diameter as the end disks, relative 
slipping. of the laminations transversely of the 
core being prevented by the compression under 
which the core is held'by the tle'rods. A shell 
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'l’which at this stage has an inner ‘diameter 
slightly greater than the outer diameter of the 
core, say about 0.05 inch greater, is then slipped 
over the core and the entire assembly pushed 
through an opening 43 of a suitably supported 
die 65, as illustrated diagrammatically in Fig. 3, 
to reduce the diameter of the shell and cause it 
intimately to contact with the core. For moving 
the assembly through the die opening a block 41 
of su?icient diameter to engage both an end of 
‘the shell and the adjacent end disk is placed 
between the assembly and the head 49 of the 
hydraulic press which forces the assembly through 
the die opening. After the assembly is advanced 
for almost its entire length through the die open 
ing a smaller diameter block ‘may be substituted 
for the block 47 to permit the assembly to be 
entirely pushed through the die opening. 

' The above described reducing operation on the 
shell somewhat compresses the laminations radi- = 
ally so that the outer diameter of the core be 
tween the end disks becomes slightly less than 
the outer diameter of those disks as illustrated in 
Fig. 1, the laminations being compressed against 

‘ the mandrel form to cause them tightly to ?t and 
conform with said form. When the core is keyed 
to the mandrel, as illustrated by Figs. 10, 11 and 
12, this compression of the laminations causes 
:the V-shaped notches in the laminations tightly 
' to ?t the key. 

I To compensate for the taper of the mandrel 
'form the laminations as placed on that form in 
the steps illustrated by Fig. 15 are preferably so 
formed that groups of adjacent laminations con 
tacting the mandrel form in the finished roll have : 
mandrel receiving bores of diameter correspond 
inglto the maximum diameter of the portion of 
the mandrel form with which that group is to 
contact. The compressionof the core by the 

1 reducing operation on the shell illustrated by 
Fig. 3 serves to cause all the laminations of each 
group to compress suf?ciently to contact with the 
mandrel form. Thelength of the portion of the 

‘ mandrel form with which each group contacts 
‘will depend upon the radial compressibility of the 
‘material of the core. ‘This length may be shorter 
for aluminum laminations than for cardboard 
‘laminations, and may be still shorter for mild 
steel laminations. 

vWhen the openings I? are formed in the core ' 
those portions 5] (Figs. 4 and 13) of the lamina 
tions which lie between such openings and the 
peripheries of the laminations are slightly de 
pressed inwardly as a result of the reducing oper 
ation on the shell, more than are those portions 
53 of the laminations which lie between the op 
posed ends of adjacentopenings. This is dia 
grammatically illustrated in Fig. 13 where, as a 
result of the reducing operation on the shell, the 
outer walls of the openings I‘! are pressed in 
wardly from their dotted line positions 55 to their 
full line positions 5'5, causing the thickness T of 
the shell radially opposite the openings to be 
somewhat greater than the thickness t at points 
between the opposed ends of adjacent openings. 
‘The metal of the shell flows during the reducing 
operation so that the inner surface of the shell 
will conform to the outer surface of the core thus 

" deformed, while its outer surface will be cylindri 
cal as determined by the shape of the die open 
ing' through which the assembly is forced. As a 
result of this operation the outer surface of the 
core is made roughlypolygonalin cross-section 

" while the inner surface of the shell is made of 
complementary shape, which acts to insure 
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6 
‘against any possibility of angular slip between 
the shell and the core when the roll is in use, it 
being understood that when the roll is in use it 
is under very great pressure. Furthermore, in 
these respects, the various laminations are not 
deformed to the same extent due to variations in 
their thickness, temper, hardness, and the like. 
As a result, after the reducing operation the outer 
surface of the core, particularly the portions 
opposite the opening ll, will be more or less irreg~ 
ular as diagrammatically indicated in Fig. 14, 
which ?gure shows the outer surface of certain 
laminations forming recesses 59 relative to pro 
jections 6| formed by the outer surface of other 
laminations, while the shell is formed with re 
cesses 63 in which these projections El ?t and 
with projections 65 projecting into the recesses 
59, as a result of which the shell is locked against 
‘movement of the core axially thereof. 

If desired, the laminations of which the core 
is formed may take the form of those shown by 
Figs. 6 and 7, in which form the laminations 61 
are so stamped out as to provide their periph 
eries, after the core is turned in the lathe, with 
a series of shallow recesses 69 and intervening 
projections 1!, illustrated on a larger scale in 
Fig. 7. When the laminations are assembled 
over the tie rods the core formed will be provided 
with spaced longitudinally extending grooves and 
projections corresponding to the recesses and 
projections of the laminations. When the shell 
is placed on the core and reduced the metal of 
the shell will flow as a result of the reducing 
operation and form projections ‘I3 ?lling these 
longitudinal grooves in the core, thus acting to 
lock the core against angular slippage relative 
to the core. Otherwise the print roll may be 
constructed identically with those above de 
scribed. 
According to the modi?cation of the invention 

shown by Figs. 8 and 9, the print roll is con 
structed identically with that described in con 
nection with Figs. 1, 2, 4 and 5 except that the 
laminations 15 are provided with a series of ?at 
tened portions ‘ll’ on their peripheries, shown on 
an enlarged scale in Fig. 9. As a result, when 
the laminations are assembled on the tie rods, a 
core is formed with spaced longitudinally ex 
tending ?attened outer surfaces, and, when the 
shell is placed over the core and reduced by 
passing the assembly through the die opening, 
the metal of the shell will flow and fill what in 
substance amount to recesses formed by these 
flattened surfaces, which will act to lock the shell 
against angular slippage relative to the core. 

If desired, the core of the roll according to 
Figs. 6 and 7, and that according to Figs. 8 and 
9, may also be formed with the openings I‘! here 
inbefore described, which will lighten the core 
adjacent its periphery and secure the additional 
eifects described in connection with Figs. 13 and 
14. Otherwise the roll according to both of these 
'modi?cations may be constructed and manufac 
tured the same way as the roll according to Figs. 
1, 2, 4 and 5. 
The roll according to Figs. 1, 2, 4 and 5, and 

the roll according to Figs. 10, 11 and 12, par 
ticularly when the laminations are formed of 
cardboard, may also ‘be formed by the method 
indicated by Fig. 16. According to this method, 
the lower end disk 1, with the tie rods 9 Welded 
to it in the manner hereinbefore described, is 
placed on the bed 3% of the press with the shell 
I surrounding that disk. The laminations 5, 
having a diameter slightly greater than the inner 
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are then successively 
pushed into‘ theshell one at a time. Because 
ofztheir- having a greater. diameter than the inner 
diameter of the shell thiswill cause the. lamina 
tions- to lie-slightly cupped as indicated at 79 
(Fig; 16). After the shell is thus ?lled with 
laminations the upper end disk '5 may be placed 
inposition‘as indicated in Fig. 16, and the press 
headi? by ‘meansof a sleeve 39 placed between 
itandthat end disk may be caused-to descend 
_to compress and?atten ‘the laminations to cause 
them to bind tightly against the shell, the man 
drel form, and the key or keyway of the mandrel 
form. As hereinbefore described, the press head 
may then be locked and‘ the upper projecting ends _ 
of? the tie rods 9 welded to the upper end disk 
while the laminations are~under pressure. In 
steadlof ?attening; all the laminations at once, 
and particularly when the shell is of consider 
able length, a removable dummy end disk may be 
placediin the shell after about one-quarter of 
the laminations are placed in it, and, by use of 
a longer sleeve 39 than shown in Fig. 16, the 
dummyv end disk may be placed under‘ pressure 
togv?atten the laminations and then be removed. 
This operation may be repeated until the ?nal 
fraction of the laminations is placed ‘in the shell, 
whereupon the end disk ‘I to be used in thev?n~ 
ished-roll may be placed in position and‘ the 
laminations subjected to the ?nal compressing 
and ?attening operation. The pressure em 
ployed for forcing the upper end disk into- place 
may be considerable, satisfactory results having 
been secured with a shell 12 inches internal di 
ameter with a pressure of about 70 tons. 
pressure not only ?attens the cup-shaped end 
disks, but actually tends to cause them to expand 
after they are ?attened particularly when the 
laminations are formed of cardboard, aluminum, 
or other relatively soft material. As the upper 
end disk'is welded to the tie rods while the head 
of the press is locked to maintain this pressure 
the core formed by the laminations exerts such 
pressure against the shell-as to bind the core 
and shell together against relative movement 
when the roll is in use. The roll made accord 
ing-to this-last described method preferably is 
formed with the openings I? for reducing the 
weight‘ of its portions adjacent its periphery. 
Such openings also act to cause thelaminations 
at their peripheries opposite the openings to bear 
resiliently against the inner wall of the shell with 
great pressure, particularly when the lamina 
tionsalre ‘of steel or other metal. 

It‘ will be understood that within the scope of 
theappended claims wide deviations may be made 
from the forms of the invention described with 
out departing from the spirit of the invention. 

I claim: 
1. The method of forming a print roll or the 

likeiwhich comprises building upon a mandrel 
orthe‘like a laminated core the laminations of 
which are positioned transversely of said mandrel, 
placing a metal shell over said core, and passing 
the assembly through a die opening to reduce the 
diameter of saidshell and cause-it intimately to 
engage‘ said core under pressure, at least some 
of the‘ laminations being formed with openings 
adjacent their peripheries providing angularly 
extending portions of reduced radial width be 
tween said openings and the peripheries ofv such 
laminations, the pressure of the shell against said 
portions when the diameter of the shell is reduced 
depressing said portions relative to the bodies of 

Such .;. 
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the‘ laminations, the- passage of the assembly 
through .thedie opening causing the metal of'the 
shell to flow into the depressions so formed. 

2. The method of forming a print rollor the 
like which comprises building up on a mandrellor 
the like, between rigid end members one at’ least 
of Which is movable longitudinally of said man 
drel, a laminated core the laminations of which 
are positioned transversely of said mandrel; 
pressing the end-members relatively toward each 
other for compressing the core, and, while the 
core is under pressure, tying one end member to 
the'other; placing a metal shell over the. core; 
and passing the assembly through a die opening 
to reduce the diameter of said shell and cause it 
intimately to engage said core under pressure, 
at least some of the laminations being formed 
with openings adjacent their peripheries provid— 
ing angularlyv extending portions of reduced ra 
dial width-between said openings and the periph 
eries of such laminations, the pressure of‘ the 
shell against said portions when the diameter 
of- the shell is reduced depressing said. portions 
relative to the bodies of the laminations, the pas 
sage‘of- the assembly through the die opening 
causing the metal of the shell to flow into the 
depressions so formed. 

3. The method of forming a print roll or the 
like which comprises placing over amandrelor 
the like a rigid member having. an opening 
through which the mandrel extends and. pro 
viding tierods extending from said memberin 
parallel relation to said mandrel; threading lam 
inations over said mandrel and tierrods'hfform ‘ ' 

a core which at one end thereof contacts said 
member; placing a second rigid member over said 
mandrel at the end of said core opposite the ?rst 
mentioned rigid member; pressing one of said .rig 
id members toward the other for compressing the 
core, and, while the latter is under pressure, tying 
said rigid members to each other by use of said 
tie rods; placing a metal shell over said rigid 
members and the laminated core thus formed; 
and passing the assembly through a die opening 
to reduce the diameter of said shell and cause it 
intimately to engage said core under pressure, 
at least some of the laminations being formed 
with openings adjacent their peripheries pro 
viding angularly extending portions of reduced 
‘radial width between said openings and the pe 
ripheries of such laminations, the pressure .of the 
shell against said portions when the diameter of 
the shell is reduced depressing said portions rela 
tive to the bodies of the laminations, the passage 
of the assembly through the die opening causing 
the metal of the shell to flow into the depressions 
so~formed. 
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