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My invention relates more particularly to 
engraying ordie cutting machines, by means 
of which replicas of any desired design may 
be reproduced from a pattern of larger size 

5 than the reproduction. 
Many different types of machines have 

been devised for this purpose, in which for 
reproducing designs of a die or other device, 
which has three dimensions, it is necessary to 

10 provide for relative movement between the 
tracer and pattern and cuttel and die in the 
three dimensional directions. This has usu 
ally been done by connecting the tracer and 
cutter in such a manner that any motion of 

15 the former will be transmitted to the latter 
in reduced ratio in each of the three rec 
tilinear dimensional directions. It will be 
understood that in reproducing many de 
signs, its is preferable to work from a large 

20 pattern, where the details of the design can 
be better worked out, and reproduce the de 
sign in reduced size, thereby obtaining 

> greater accuracy. 
For some classes of work, the movement of 

25 the tracer and cutter in the three dimen 
sional directions is not desirable and, there fore, one object of my improvement is to 
provide a reducing machine, in which the 
movement in one dimensional direction is 

30 effected by a straight line movement of the 
pattern and work, the two being connected 
together so that the latter is reproduced in 
reduced ratio. In this improved form of my 
machine, the other two dimensional move 

35 ments are effected by movements of the 
tracer and cutter. 

It is sometimes desirable to have the ratio 
of reduction different in one dimensional di 
rection from that in the others, and another 

40 object of my improved machine is to provide 
means whereby the ratio of reduction may 
be varied in one or more of the dimensions, 
such as width, length or depth of the design 
as reproduced may be different. 

15 . It is frequently desirable to reproduce a 
plurality of replicas from the same pattern 
and a further object of my improved ma 
chine is to provide for doing this simultane 
ously from a single pattern. For this pur 

50 pose, a plurality of cutter bars are provided, 
all operating 
tion and connected together to be operated 
in connection with a g tracer oper, 
ing with the pattern to be reproduced. In 

vation of my improved straight line reduc 
ing machine with a plurality of cutter bars 

for the same ratios of reduc 

this multiple reproducing machine, it will 55 
be evident that the work may be arranged in yarious ways for straight line reproductions 
from a single pattern. , 
In work of this character, it is often nec 

essary to reproduce a design upon rollers or 60 
cylindrical surfaces and a further object of 
my improvement is to provide means where 
by rollers or cylinders may be engraved in 
straight line reduction from a pattern, mov 
able in a straight line. In my improved 65 
machine, this may be accomplished with a 
single work piece, but preferably a plurality 
of similar cylindrical workpieces are mount 
ed for simultaneous execution of a plurality of reproductions of the design from a single 70 
pattern moving in a straight line. In this 
case, the movement of the cylindrical sur 
face, at the point of contact of the cutter 
may be considered as corresponding to 
straight line movement. . . . 75. 

In the accompanying drawings, I have 
shown several improved forms of straight 
line reducing machines, embodying the va 
rious objects referred to, together with cer 
tain modifications adapted for obtaining 
Specific results. Referring to the drawings, 
Fig. 1 shows a side elevation of my im 
proved straight line reducing machine, with 
a single cutter bar, the pattern and work 
supports being in the form of slides, mov 
able in straight lines; Fig. 2 is an end ele 
vation of the straight line reducing ma 
chine shown in Fig. 1; Fig. 3 is a side ele 
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operating upon a plurality of work pieces 
in the form of cylie or rolls; Fig. 4 is 
an end elevation of the roll cutting straight 
line reducing machine shown in Fig. 3; 
Fig. 5 is a sectional view on the line 5-5 of Fig. 3, illustrating the pivotal mounting 
of the cutter bars; Fig. 6 is a detail sec. 
tional view on the line 6-6 of Fig. 5 of 
the multiple pivot bearing for the hori 
zontal movement of the cutter bars; Fig. 
7 is a sectional detail on the line 7 - of 
Fig. 3; Fig. 8 is a sectional detail on the line 
8-8 of Fig. 3; Fig. 9 is a side view of the 
parts shown in Fig. 8; Fig. 10 is a broken 
away side elevation of a straight line re- los 
ducing machine, such as shown in Fig. 1, . 
provided with a plurality of cutter bars, 
operating on a corresponding plurality of 
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work pieces supported on the work slide; 
Fig. 11 is a side elevation of the modified 
construction shown in Fig. 10; Fig. 12 rep 
resents another modification of the straight 
line reducing machine, with a plurality of 
cutter bars, operating upon a plurality of 
work pieces, the latter in this case being 
mounted for rotation on horizontal axes, so 
that the design of the pattern may be re 
produced on a circular face of the work 
piece in a plurality of quadrants or sectors, 
and Fig. 13 is a side elevation of the modi 
fied machine as shown in Fig. 12. 
My improved straight line reducing ma 

chine, in its single cutter bar form, is more 
particularly shown in Figs. 1 and 2, and 
comprises a bed 1, supported upon piers 2 
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and 3, the upper surface of the bed at 4 be 
ing planed off and formed as slide ways, 
upon which the slides for supporting the 
pattern and work are E. The pat 
tern slide 5 may be mounted upon the ways 
4 for longitudinal movement thereon in any 
preferred manner and is provided with a 
vertically extending bracket 6, upon which 
the pattern may be suitably mounted. The 
pattern slide 5 is adapted to be moved lon 
gitudinally of the bed 4 by means of a 
screw in the usual manner, the screw be 
ing actuated either by a motor 7 or by 
means of the hand wheel 8, as may be pre 
ferred. Obviously, the pattern slide 5 may 
be moved in either direction and the usual 
reversing means is provided in the box 9 
and adapted to be actuated by a rod 10, ex 
tending parallel to the slide way 4. The 
rod 10 is provided with the usual adjust 
able stops 11 adapted to cooperate with a 
finger 12, attached to and moved with the 
pattern slide 5, substantially as shown in 
Fig. 1 of the drawings. . . . . 

n the slide way 4 to the left, as shown 
in Fig. 1 of the drawings, there is mounted 
another slide 13, upon which a bracket 14 
is mounted for ERE the work piece or pieces, upon which the design of the pat 
tern is to be reproduced. The replica, how 
ever, is preferably of reduced size and, 
therefore, the ratio of movement between 
the pattern slide and the work slide is re 
duced accordingly. In order that this reduc 
tion may be accurate, and adjustable accord 
ing to the requirements, the pattern slide is 
provided with a depending ear or lug 15 
connected by means of a link or rod 16, 
with the outer end 17 of a lever 18 piv 
oted at 19 to suitable brackets on the 
1 of the machine, substantially as indicated 
in Fig. 1 of the drawings. An adjustable 
collar 20 is slidably mounted upon the lever 
18 and is connected by a double rod link 21 
with a depending ear or lug 22 on the work 

65 

slide 13. The link 21 is connected with the 
ear 22 on the work side 13, by means of an 
adjustable pivot bracket 23, which is slid 

ed 
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ably mounted on the double rod link 21, 
as indicated in Fig. 1 of the drawings, 
From this construction, it will be seen that 
any movement of the pattern slide 5 will 
be transmitted in reduced ratio to the work 
slide 13, through the links 16 and 21 and 
the lever 18. In order that the design may 
be reproduced accurately with the necessary 
reduction, it is preferable that the two links 
16 and 21 are maintained in parallel rela 
tion. When it is desired to change the ratio 
of reduction, the adjustable collar 20 may 
be adjusted longitudinally of the lever 18 
and the adjustable pivot bracket 23 adjusted 
lengthwise of the rods of link 21, until the 
latter is again parallel with the link 16. By 
this means, it will be seen that as the pat 
stern slide 5 moves in a horizontal straight 
line, the workpiece will be proportionately 
moved in a reduced ratio, which may be pre 
determined by suitable adjustment of the 
linkage. 
Obviously, the ratio of reduction between 

the pattern slide 5 and the work slide 13 
maybe the same or different from the ratio 
of reduction between the tracer and cutter which in the machine shown in Figs, and 
2, are mounted upon the cutter bar 24, the 
latter being pivotally mounted at one end for swinging movement horizontally and 
vertically. The left end of the cutter bar 24, 
as shown in Fig. 1 of the drawings, is se 
cured in a socket 25, cast integral with a 
platform bracket 26, upon which the motor 
27 is mounted; the latter being provided for 
driving the cutter in the usual manner. The 
bracket 26 is provided with laterally extend 
ing arms 28 and 29, provided with cone bear 
ings 30 and 31, which cooperate with sockets 
in a side plate 32, (see Fig.2) mounted on 
a dove-tail slide 83, first paral y lel to the cutter bar. suitable means, 
such as a screw 34 may be provided for ad 
justing the slide block 32 on the dove-tail 
slide 33. The dove-tail slide 33 is formed as part of a casting 35, which, in the present in 

semi-circular, and ex stance, is sity d b ar and is suitably pivs, tends over the cutter 
oted at 36 and 37 on a Y-bracket 38, secured 
to and extending upward from the bed 1 of 
the machine, as will be seen in Figs. 1 and 2. 
This construction, it will be seen, provides 
for swinging movement of the free end of 
the cutter bar 24 in horizontal planes on the cone bearings 30 and 31, and swinging move 
ment in vertical planes on the horizontal 
pivots 36 and 37. 

7. 

Near the outer free end of the cutter bar 
24, or opposite the pattern supporting 
bracket 6, there is mounted a split E. 39, 
adapted for carrying the tracer 40 for co 
operation with the pattern, which, in op 
eration, is mounted on the bracket 6. A 
suitable split collar 41 is mounted upon the 
cutter bar 24 opposite the bracket 14, upon 
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which the work piece is mounted, and this 
split collar 41 is adapted to support the cut 
ter 42, which is rotatably mounted on a 
shaft 42 having bearings in the collar 41. A 
pulley 43, driven by a belt 44 from the motor 
2 is secured on the cutter shaft 42, as in 
dicated in Fig. 1 of the drawings. The split 
collar 41, carrying the cutter, is adapted to 

10 
be adjusted longitudinally of the cutter bar 
24 to change the ratio of reduction to corre 
spond with any change in the position of the 
work slide by the adjustment of the linkage 
16-1821. It will be understood that ordi 

25 

narily the axis of horizontal swinging move 
ment of the cutter bar 24 about the pivots 
30 and 31, lies in a plane passing through 
the axis of vertical swinging movement of 
the bar about the pivots 36 and 37. Thus, 
ordinarily, the ratio of reduction will be the 
same in the two dimensional directions taken 
care of by the swinging movement of the 
cutter bar 24. If, however, it is desired that 
the ratio of reduction shall be different in 
one direction of movement of the bar as com 
pared with the other, the position of the 
pivots 30 and 31, relative to the axis of the 
pivots 36 and 37, may be changed by moy 
ing the slide block 32 on the dove-tail slide 
34, thus adjusting the vertical axis of the 
cutter bar to obtain any desired ratio.of re 
duetion greater or less than the ratio of re 
duction given by the bar swinging on the 
horizontal axis of the pivots 36 and 37. 
In order to operate the machine syste 

matically and cover all portions of the de 
sign, it is preferable to move the cutter bar 
in the vertical plane by increments con 
trolled by a hand screw or automatic feed 
devices of well known construction, such as 
are used on machine tools of this character. 
For this purpose, a roller 45, mounted in a 
split collar: bracket 46 upon the cutter bar 
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24 (see Fig. 1) is adapted to roll upon a 
track rail 47 extending transversely of the 
cutter bar and supported in a bracket arm 
48, as will be seen in Figs. 1 and 2 of the 
drawings. The bracket arm 48 extends up 
ward from a slide, 49 sliding on vertical 
tracks 50; the latter being formed on a de 
pending bracket 51 secured to the bed of the 
machine. A suitable screw 52 (indicated by 
dotted lines in Fig. 1) is provided for feed 
ing the slide 49, and bracket 48 vertically. 
A suitable hand wheel 53 is provided for 
operating the screw 52 for manual adjust 
ment of the position of the cutter bar 24, 
and the usual automatic feed may be pro 
vided, such as the rack 54 and friction 
drive 55. - . . . . 

In the operation of the straight line re 
ducing machine, the pattern is mounted 
upon the face of the bracket 6 in position to 
cooperate with the tracer 40. The wor 
iece, upon which the replica is to be repro 

bracket 14 on the work slide 13 in position to 
cooperate with the cutter 42 on the end of 
the shaft 42. The tracer may be positioned 
to contact with the pattern at the desired 
starting point by raising the cutter bar 24 
by moving the rail 47. Then by moving the 

f 

pattern slide 5 on its bed, the tracer will 
follow a horizontal line across the pattern. 
The pattern slide 5 is reciprocated back 
and forth by means of the motor 7 and the 
straight line movements of the pattern slide 
are communicated to the work slide 13 in 
reduced ratio through the linkage 16-18 
21 and the cutter, being rotated by the 
motor 27, is adapted to reproduce the de 

76 

80 
sign of the pattern on the work piece. At 
each reciprocation of the pattern slide 5, 
the cutter bar 24 is given an increment of 
feed movement to raise or lower the cutter 
bar and place the tracer and cutter in po 
sition to follow lines in a different plane and 
this is continued until the entire surface of 
the pattern has been covered by the tracer. During the straight line reciprocation of 
the pattern, the tracer is caused to follow 
the elevations and depressions of the pat 
tern by suitable pressure applied to the cut 
ter bar 24 in the usual or any well known 
manner and the latter will swing in a hori 
Zontal plane, rolling on the track 47. 
My improved straight line reducing ma-. 

chine is adaptable for engraving rolls or 
cylindrical surfaces, and for this purpose 
the machine may be modified, substantially 
as shown in Figs, 3 and 4 of the drawings. 
This improved machine also is provided 
with a plurality of cutters bars, so that a plurality of replicas may be simultaneously 
reproduced from a single pattern. 
In the improved straight line roll cutting 

machine, shown in Figs. 3 and 4, the straight 
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105 
line reciprocating movement of the pattern 
slide 5 is converted into rotary or circum 
ferential movement of the work piece by 
suitable rack and gear connections. In this 
modification, the depending ear or lug. 15 on 

110 
the pattern slide 5 is connected with a lever 
56, which is fulcrumed at its lower end in a 
collar or bushing 57, the latter being pivot 
ally mounted in a bearing bracket 58 pro 
jectin outwardly. from a slide block 59, 
slidably and adjustably mounted upon a 
depending bracket arm 60 secured to the bed 
1 of the machine, substantially as indicated in Figs. 3 and 7 of the drawings. By this 

tion of the fulcrum and hence the length of 
the lever arm 56 may be varied by adjusting, 
the bushing 5 up or down on the rod 56. 
Between the fulcrumbushing 57 and the 

115 

12ty 
arrangement, it will be seen that the posi 

125 
ear 15, the lever rod 56 passes through a 
bushing 61, which is pivotally connected to 
a bracket 62 formed as part of or inserted - 
in a bar 63 slidably mounted longitudinally 

uced, is mounted on the face of the upright of the bed 1, and supported in suitable. 130 
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brackets 64. The bar 63 at its left end, as 
seen in Figs. 3 of the drawings, is provided 
with a rack 65 engaging a pinion 66 (see 
Fig. 8) secured to the lower end of a shaft 
67, rotatably mounted in a bearing bracket 
67, secured to and depending from the slide 
block 13. The upper end of the shaft 67, 
as will be seen in Fig. 4 of the drawings, is 
provided with a pinion or gear 68 engaging 
suitable intermediate gears 69 and 70, for 
rotating a vertical shaft or arbor 71, which 
is preferably mounted upon cone bearings 
72 and 73 in an overhanging bracket 74, se 
cured to the slide block 13 mounted upon 
the slide 4 of the bed 1 of the machine. 
The slide13 corresponds, in some respects, 
to the slide 13 of Fig. 1, but, in the present 
instance, it is fixed in position on the bed 
of the machine when the machine is in oper 
ation, but may be adjusted to line up the 
work pieces with the respective cutters. 
As will be seen in Figs. 3 and 4, the roll 

cutting machine, here shown, is adapted for 
cutting three rolls at a time, and hence the 
arbor 71 is shown as carrying three rolls or 
work pieces 75. - 

Cutters 42 on shafts 42 are provided for 
cooperation with the respective cylindrical 
roll workpieces, 75 and all of the cutters 
are rotated simultaneously by means of the 
motor 27 in the usual manner or substan tially as previously described for the ma 
chine shown in Fig. 1. The cutter shafts 
and cutters 42-42 are mounted on a plu 
rality of cutter bars, the main cutter bar 24 
corresponds with the cutter bar 24 of the 

40 

45 

machine shown in Fig. 1. As will be seen 
in Fig. 3 of the drawings, the cutter bars 
24 and 24 are not as long as the bar 24, for they support only the respective cut 
ters. A split collar 76 is mounted on the 
cutter bar 24 and carries parallel links 7 
pivotally mounted thereon and pivotally 
connected with the cutter bars 24 and 24 
at 78 and 79 in suitable thimbles 80 and 81 
carried on the ends of the shortcutter bars. In this manner means is provided for si 
multaneous movement of the three cutter 

50 
bars, when the cutter bar 24, which carries 
the tracer 40, is moved. The three, cutter bars 24, 24, 24 are each individually piv 
oted in a bearing block 82 on horizontal 

55 

pivot rods 83, substantially as shown in Fig. 
5 of the drawings. The pivots 78, 79 and 
83, with the links 77, therefore, provide for 
parallel movement of the cutters in the bars 
24, 24 and 24'. The bearing block 82, in the present instance, is provided With at 
erally extending lugs 84, preferably pro 
vided with a plurality of cone bearing blocks 
85, adapted to cooperate with cone bearing 
points 86, screw-threaded into holes in the 
double armed bracket 87, which corresponds 
to the bracket 38 of the machine shown in 
Fig. 1, and is similarly mounted on the bed 
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1 of the machine. As will be seen in Fig. 6 
of the drawings, the bracket arms 87 and the 
bearing lugs 84 are provided with three po 
sitions for the pivotal bearing between the 
two members, the central position being in 
the plane of the pivotal rods 83 of the cutter 
bars, thus providing means for changing the vertical axis of swinging movement of the 
cutter bars to vary the ratio of reduction. In the roll cutting machine just described 
and shown in Figs. 3 and 4, the, pattern 
slide 5 will be reciprocated in the same man 
ner as described for the machine shown in 
Figs. 1 and 2, and the motion thereof trans 
mitted in reduced ratio to the cylindrical 
work pieces 75, by means of the lever 56, 
rack bar 63-65, pinions and gears 
66-68-69 and 70, so that the work pieces 
will be rotated in circumferentially, so as 
to pass the respective cutters 42 and repro 

70 
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duce the design of the pattern on each of the 
work pieces. Any movement of the tracer 
40 on the cutter bar 24 will be simulta 
neously communicated to the cutter bars 24 
and 24°, so that three replicas of the pattern 
will be produced at the same time. If it is 
desired to vary the ratio of reduction, in the 
straight line movement, this may be done 
by moving the slide 59 up or down to change 
the position of the fulcrum of the lever 56. 
If the same ratio of reduction is desired 

9) 
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for both the horizontal and vertical move 
ments of the cutter bars, the cone bearing 
pivots 86 will be inserted in position to en 
gage the central cone sockets 85 in the bear 
ing lugs 84, which is the position shown in 
Figs. 5 and 6 of the drawings. On the con 
trary if the ratio of reduction for the move 
ment of the cutter bars in horizontal planes 
is to be different from that in vertical planes, 
the cone bearings 86 may be shifted to the 
cone sockets 85 at one side or the other of 
the central position. 
11, there is a combination of the multiple 
cutter bar arrangement of Figs. 3 and 4, 
with the reciprocating work supporting 
slide and straight line reducing mechanism 
of Fig.1. In this modification, vertically 
disposed bracket 14 on the slide 13 carries 
three work pieces 88 adapted to be operated 
upon respectively by cutters 42 on shafts 
42, supported on the cutter bars 24, 24 
and 24, corresponding to and operating in 
the same manner as the three cutter bars 
shown in Figs. 3 and 4 of the drawings. 
With this type of machine, the operation 
is the same as described for the straight 
line reducing machine of Figs. 1 and 2,éx 
cept that three work pieces are operated 
upon at the same time to reproduce three 
replicas of the pattern. 
In Figs. 12 and 13, another modification 

of the straight line reducing machine of 
Figs, 1 and 2 is represented in combination 
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In the modification shown in Figs. 10 and 
O 
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with three cutter bars, for operation upon 
three work pieces. It is frequently required 
to engrave a plurality of replicas of the pat 
tern upon the face of a disc in different arcs 
or quadrants thereof, and the work support 
ing slide shown in Figs. 12 and 13 is adapted 
for this purpose. In this form the work 
slide 13 carries a special vertically disposed 
bearing bracket 89 having bearings for three 
horizontally disposed shafts 90 rotatable in 
the bearing block 89 and provided with face 
plates 91 upon which the respective work 
pieces 92 may be mounted. Brackets 93 and 
94 extending outward from the bearing block 
89 are provided for supporting a screw rod 
95 provided at suitable intervals with worm 
screws 96 cooperating with work gears 97 on 
the ends of the respective shafts 90. By this 
arrangement, it will be seen that when the 
screw rod 95 is rotated, the face plates 91, car 
rying the work pieces 92, are rotated in syn 
chronism. The screw rod 95 may be provided 
with a crank 98 for rotating the same and a 

25 
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suitable indexing plate 99 may be provided 
for uniformly dividing or spacing the sur 
face of the work piece 92, to be operated 
upon by the respective cutters. This form of 
machine will be operated substantially as 
described for the straight line reducing ma 
chine shown in Figs. 1 and 2, with the three 
cutter bars and cutters, as described for the 
machine shown in Figs. 3 and 4, and 10 and 
11. However, this machine has the advan 
tage that when replicas of the pattern have 
been reproduced in one sector or quadrant 
of the work pieces, the latter may all be si 
multaneously rotated to the next sector or 
quadrant to be operated upon, by means of 
the crank 98 and properly located by the in 
dex plate 99. The operation may be repeated 
EP the required number of replicas has 
been engraved upon the face of the work 

eCe. 
O It will be understood that while I have 
shown and described the preferred forms 
and certain modifications thereof of my in 
proved straight line reducing machine, I do 
not wish to be limited to the specific details 
of construction shown for obviously, various 
modifications in the details of construction 
and the combinations or arrangement of the 
elements for operating the work piece or 
pieces from the pattern slide may be made 

S 

without departing from the spirit and scope 
of the invention. 
I claim: 
1. In a straight line reducing machine, 

the combination of a pattern supporting 
slide movable in a straight line, means for 
Supporting the work for movement corre 
sponding with the movement of said pattern 
slide, connections whereby movement of the 
work is reduced compared with movement of 
the pattern, a bar for supporting the tracer 
and cutter, means for pivoting said bar for 
Swinging movement in planes at right an 
gles to and parallel with the plane of the 
pattern and means for supporting said bar 
during its movement in a plane at right an 
gles to the plane of the pattern. 

2. The straight line reducing machine as 
claimed in claim 1, in which said means for 
supporting said bar comprises a transverse 
horizontal rail which is mounted for verti 
cal adjustment to vary the horizontal plane 
of movement of said bar. 

3. The straight line reducing machine as 
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claimed in claim 1, in which means for pivot 
ing said bar for swinging movement in one 
plane may be varied, whereby the ratio of 
reduction in one plane may be different from 
that in the other. - 
. 4. In a straight line reducing machine the 
combination of a pattern supporting mem 
ber movable in a straight line, a work sup 
porting member carrying a plurality of 
work pieces, means connecting said members 
so that movement of the pattern member is 
transmitted to the work member in reduced 
ratio, a plurality of cutter bars individually 
pivoted for movement in a plane parallel to 
the plane of the pattern, a single pivot sup 
porting all of said bars for movement in 
planes at right angles to the pattern, and 
means connecting said bars for simultaneous 
movement. 

5. The straight line reducing machine as 
claimed in claim 4, in which one of said cut 
ter bars is made longer than the others 
and provided with a tracer bar for coopera 
tion with a pattern on said pattern support 
ing member, whereby a plurality of replicas 
may be made simultaneously from a single 
pattern. 

JOSEPH F. KELLER. 
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