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CHAPTER I
GRADUATING MACHINES AND THEIR USE

CUTTING graduation marks and figures that indicate
the values of successive graduations may involve three dis-
tinct operations. Graduation marks may be cut directly in
the metal, or an acid “resist’” may be applied to the steel and
the graduation marks cut in this protective coating. When
the latter method is employed, the marking of the gradua-
tions is done by immersing the work in acid so that the sur-
face of the metal from which the resist has been removed by
the graduating tool may be “cut’ by the etching solution. In
any case, a graduated scale would be incomplete without
figures to indicate the values of successive graduations,
and these may be cut in several different ways. The sim-
plest method would be to cut the figures by hand, but such
a procedure would involve considerable time and expense.
A better way is either to do the work on an engraving ma-
chine, the operation of which is controlled by a pantograph
mechanism and master copy, or to use a graduating ma-
chine which is designed in such a way that it can also be
used for cutting figures and other irregular designs, such
as trademarks, etec. As in the case of tutting the gradua-
tion marks, the figures may be cut directly in the metal or
they may be cut in a protective coating applied to the metal
and etched by immersing the work in acid. Similar
methods may be employed for trademarking the work, but
where there 18 a considerable amount of detail in the de-
sign it may be more economical to use certain labor-saving
methods, to which reference will be made later.

]



2 GRADUATING MACHINES

Some confusion exists as to the use of the terms graduat-
ing, engraving and etching. These operations are de-

cidedly different, but as the same general result may be
obtained by graduating or by a combination of graduating
and etching, and by engraving or by a combination of en-
graving and etching, these terms have come to be used
Interchangeably, which is incorrect. It is the purpose of
this treatise to give a comprehensive description of various
methods of graduating, engraving and etching, and to ex-
plain the different classes of work for which each of these
methods is especially adapted.

Methods of Graduating. @ The degree of accuracy re-
quired in graduating varies considerably with different
classes of work. The instruments used in connection with
astronomical observations require the greatest degree of
precision obtainable, while the graduations on surveying
and nautical instruments, machinists’ and toolmakers’
scales and protractors, and similar tools and instruments,
do not require the extreme accuracy of the astronomical
instruments, although such graduations must be very ac-
curate. The type of machine or tool used for graduating
and the method of producing the graduation marks or lines
varies with the different classes of work, depending upon
the degree of accuracy necessary and the form of the parts
to be graduated. The extent to which graduating is done or
the quantity of work handled may also affect the type or
design of the machine or tools used. The work of graduat-
ing may be divided into two branches—the method of spac-
ing, and the means for making suitable marks or lines upon
the parts to be graduated.

Spacing Methods.  The machines used in laboratories
and by tool and instrument manufacturers, for graduating
various kinds of straight scales, may be classified as the

precision screw type and the pantograph type. The former
is equipped with a very accurate lead-screw, which, by
means of an indexing or spacing mechanism, i1s rotated an

amount depending upon the spacing required, and as this
screw actuates the work-holding table, a tool that is given
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a cross-movement makes graduation lines eilther in a
“resist” or directly upon the work. The pantograph ma-
chines have a pantograph mechanism which serves to re-
produce, on a smaller scale, the graduation lines or figures
that have been previously cut in a pattern or master scale.
Machines of the two general types referred to are generally
used for linear graduations, although some designs are also
adapted for circular graduating. A design intended espe-
cially for circular work has an accurately cut worm-wheel
connecting with a circular work-table, and a meshing worm
which is rotated by an indexing or spacing mechanism, 1n
accordance with the circular spacing required.
Formation of Graduation Lines. The marks or lines
which represent divisions or spaces on graduated scales,
etc., may be formed by the etching process, by the direct-
cutting action of a tool, or, for some grades of work, by the
stamping or impression process. With the etching process,
the part to be graduated is first covered with some acid-
resisting material or “resist,” as it is called, and then the
lines or figures are cut into this resist by a mechanically
guided graduating tool, thus exposing the metal wherever
these lines or figures are made. An etching acid is then
applied, and, wherever the metal is exposed, the acid eats
into the surface and forms the division lines. When very
fine graduation lines are needed, the general practice is to
employ the direct-cutting method, since the marks obtained
by a very sharp-pointed tool are finer and more accurate
“than can be obtained by the etching process. There are two
general types of cutting tools, one of which operates with a
plain draw stroke, whereas the other is a rotary tool and
revolves at a speed of about from 8000 to 10000 revolu-
tions per minute. Diamond points are also used for cut-
ting very-fine graduation lines, the diamond being drawn
across the work without a rotating movement.

Screw Type of Linear Graduating Machine. A linear di-

viding or graduating machine of the screw type, which 1s
adapted for precision work on scientific instruments or for
other work in which a high degree of accuracy i1s necessary
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Fig. 1. Hand-operated Linear Dividing Engine or Graduating Machine of
Precision Screw Type ;

Fig. 2. Power-driven Linear Dividing Engine or Graduating Machine similar
in Design to Machine shown in Fig. 1
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is shown in Fig. 1; and Fig. 2 illustrates a power-driven
machine of the same general design. The bed of this ma-
chine is provided with planed ways upon which a work
carriage is mounted. This carriage is traversed by a lead-
screw located inside the bed, and in the case of the hand-

operated machine, this screw is turned by the small hand-
wheel at the left-hand end of the bed. After each move-
ment of the carriage has been completed, a tool supported
by the tool-head at the back of the machine makes a gradua-
tion mark on the work which is secured to the carriage.
The handwheel at the end of the lead-screw i1s provided
with a graduated dial, each space of which corresponds to
1/200 millimeter. Secured to the handwheel 1s an adjust-

able stop which may be set to obtain the required distance
between consecutive graduation lines. This stop engages
cams at the front and back of the handwheel, which are
brought into position to engage the limit stop, by means of
a thread on the circumference of the handwheel meshing
with small wormwheels that actuate the cams. The en-
gagement of the thread on the handwheel with the worm-
wheels may be so adjusted that the limit stop comes into
contact with the cams after part of a revolution of the
handwheel or after more than one complete revolution ac-
cording to the requirements of the work.

Operating the Machine. In operating the machine,
the handwheel is turned back until the stop comes into con-
tact with one of the cams. This backward movement is
effected without turning the lead-screw on the machine;
then the handwheel is turned forward and in this direction
a ratchet and pawl causes the lead-screw to be locked to the
handwheel so that the screw is turned, and advances the
carriage and work until the limit stop comes into contact
with the cam at the opposite side of the handwheel. Then
the operator pulls forward a small hand-lever on the tool-
head, which draws the tool across the work and makes a
graduation line.

The machine is provided with means for making gradua-
tions of different lengths. For instance, it may be necessary




6 GRADUATING MACHINES

to make each fifth graduation mark longer than adjacent
marks, each tenth mark still longer, etec. On this machine,
such variations in length are effected by means of three
stop-screws which come into contact with a notched wheel,
the movement of the tool and the length of the graduation
mark being limited by the engagement of one of these
screws with the wheel. At each stroke of the toolpost, the
three sections of this wheel are advanced by means of a
ratchet and pawl, and the three wheel sections may be ad-
justed in relation to each other so that the desired rela-
tion is obtained between the position of the notches and the
intermediate faces on the different wheels. In this way,
the stop-screws come into contact with the wheel on either
faces or notches as required, thus varying the lengths of
the graduation lines according to requirements. In addi-
tion to its use for graduating, this machine may also be em-
ployed as a comparator, and for this purpose two micro-
scopes are provided which enable the position oif gradua-
tions on a scale to be accurately compared with the position
of graduations on a standard scale.

Calibrating the Lead-screw. @ From the preceding de-
scription, it will be apparent that the degree of accuracy
obtained with a machine of this kind is dependent upon the
precision of the lead-screw. In making the machine, the
greatest possible care is exercised in cutting the screw and
nut, and the bearing of the nut on the screw is then per-
fected, as far as possible, by a lapping operation performed
by introducing fine rouge or some similar abrasive into the
nut. This does not provide for correcting inequalities 1n
the lead of the thread, and, where a high degree of accuracy
is necessary, the lead-screw 1s calibrated. For this pur-
pose, a standard scale is mounted on the carriage, and the
carriage is then advanced through suitable increments of
length, as shown by the divided dial at the left-hand end
of the lead-screw. After each movement of this kind, the
amount of travel is noted by referring to the standard
scale on the carriage with a microscope. The results ob-

tained in this way are plotted on a chart and either of two
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conditions may be found: It may be that there is a uni-
form accumulated error extending from one end of the screw
to the other, or it may be that the error is irregular. In
either case, the same method of compensation is employed.
Secured to the nut on the lead-screw is a short finger ex-
tending down into the groove of a guide placed inside the
bed of the machine. In the case of an accumulative error
resulting in a gradual increase in the lead of the lead-screw,

Fig. 3. Hand-operated Circular Dividing Engine or
Graduating Machine

this guide is set at such an angle that the movement of the
finger 1In the guide will turn the nut back slightly, thus
compensating for the increase of lead. If the accumula-
tive error were such that the lead gradually decreased, the

nut would be turned forward in order to advance the move-
ment of the carriage instead of to retard it. In cases where
the error in the lead-screw is irregular, the lead being first
too long and then too short, the same method of correction
is employed, except that the guide groove is given a suitable
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curve of irregular form, instead of having a straight guide

set at an angle.

Circular Dividing Machine. Fig. 3 shows a dividing
engine for graduating circular dials and other work of
similar form. The general principles governing the opera-
tion of this machine are the same as for the linear dividing
engine already described, except that the machine shown

[

Fig. 4. Power-driven Circular Dividing Engine or Graduating
Machine

In Fig. 3 has been designed especially for circular work.
A circular dial mounted on a pivot is used instead of a
carriage traveling on straight ways on the bed, and rota-
tion of the dial is effected by a worm which meshes with
worm-wheel teeth cut into the periphery of the dial. The
worm that governs the rotation of the dial is carried by a
shaft, on the end of which there is a handwheel and stop
mechanism for limiting the space between the graduations,
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this mechanism being of the same form as in the linear
machine. The tool for performing the graduating is
carried by a toolpost and head of the same form as those
used on the machine for graduating straight work. Some
machines are so designed that they may be used for either
linear dividing or circular dividing, there being a lead-
screw for linear work and a circular table for dividing
arcs or circles.

Automatic Circular Dividing Engine. For graduating

the dials on sextants and other surveying and scientific in-
struments, C. L. Berger & Sons, 37 Williams St., Boston,
Mass., have made the special circular dividing engine shown
in Fig. 4. In constructing this machine, advantage has
been taken of every means that would tend to give greater
accuracy of the graduations on the work. For instance,
the machine is housed in a room with double walls having
the space between the walls packed with fiber; in this way
the machine and work can be kept at practically a uniform
temperature and errors due to expansion and contraction
are avoided. Working with this degree of care, circular
scales are graduated which are guaranteed not to have an
error exceeding three seconds:; in many cases the actual

error 1s not greater than 114 seconds of arc.

Circular scales are usually divided into 360 degrees; each
degree is subdivided into 60 minutes, and each of these
minutes is further subdivided into 60 seconds. This 1s
known as the sexagesimal system. Attempts have been
made to divide the circle into 400 degrees, that is, according
to the centesimal system, thus making each quadrant sus-
ceptible of decimal division. It is difficult to apply the
decimal system, chiefly because the circle with its commonly
employed sexagesimal system of graduation 1s intimately

connected with time, and this system lends itself to the mak-

ing of calculations in connection with the division of hours
into minutes and seconds. The degree has been decimally
divided, and this has been found useful in laying down rail-
way curves, due to its correspondence with the decimal di-
vision of the measures in use. The circular dividing engine
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shown in Fig. 4 is adapted for graduating circles in either
the sexagesimal or centesimal system.

In precision circular graduating 1t is of importance to
have the work held in a truly horizontal plane and also to
have the work concentrically mounted with the worm-
wheel of the dividing engine. To secure this condition, a
special form of level is used, the method of employing it
being illustrated in Fig. 6. This level is supported by a

Fig. 5. Method of adjusting Work on Machine shown in Fig. 4

bracket screwed to the frame of the graduating machine,

and the bar A that supports the level tube is pivoted to the
main bracket.

At the opposite end of the bar from the pivot, it will be
seen that there is a pin that bears against the surface of
the work to be graduated; and after the level has been set
up in this way the work is rotated in contact with the pin.
Under these conditions any marked deflection of the bubble
in the level tube indicates lack of accuracy in setting up the
work, and suitable adjustment must be made until the test
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may be made without deflection of the bubble. This is a
severe test because the level used for this purpose is ex-
tremely sensitive.

After setting up the work and making all adjustments
of the machine, the operator leaves it and does not start
the machine running until the next morning, because while
setting up the work the heat of his body raises the tem-
perature of both the machine and the work somewhat above
normal, and as a result there 1s a gradual contraction until
the normal temperature is reached, which would introduce
inaccuracies into the work. The next morning he comes
into the room, starts the machine up and leaves before there
1S time for the heat from his body to cause any serious
amount of expansion. The machine runs automatically
untill the graduating operation has been completed, when
an automatic stop is tripped, which disengages a clutch
that transmits power from the driving motor.

Mechanism of the Circular Dividing Engine. A brief
description of the Berger graduating machine will be given.
It will be seen in Fig. 4 that the drive is provided by an
individual motor bolted to the floor, and the work-table is

rotated by a worm meshing with worm-wheel teeth -cut in
the periphery of the table. Graduations are cut by a re-
ciprocating tool which cuts on the draw stroke and is lifted
clear of the work on the return stroke. It will be obvious
that indexing and graduating operations take place alter-
nately, and this result is obtained as follows: From the
first driving shaft power is transmitted through gearing to
an intermediate shaft, on the right-hand end of which there
1S a double segment gear A which meshes with pinion B
carried at the rear end of the shaft carrying driving worm
C, that engages the worm-wheel on the work-table. While
the segment gear 1s in mesh with the pinion, it causes driv-
ing worm C to rotate, and this indexes the work. During
this time the graduating tool is idle; but when the segment
gear runs out of engagement with the pinion, the work has
been brought to the desired position, and at this time the
graduating operation may be performed. Extending
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across the top of the machine is a shaft D, best shown in
Fig. 6, which transmits power to the tool carriage EF. The
machine is used for graduating circles on dials of various
diameters, and to adapt it for handling these different
sizes of work provision must be made for setting the tool
at various distances from the center of rotation of the table
on which the work is held. This is done by having the
tool carriage mounted on a slide so that its position may

~/

LACHINER

Fig. 6. Close View of Tool Carriage Mechanism of Graduating
Machine shown in Fig. 4

be adjusted as required: and to transmit power to the
carriage in any position, the bevel pinion F' on the driving
shaft is so arranged that it may be slid along the shaft and
secured In any position by a capscrew. This bevel pinion
transmits power to a cross-shaft which, in turn, operates
a link mechanism under the carriage that gives the tool its
reciprocating motion. The tool cuts on the draw stroke and
is lifted clear of the work on the return stroke. As in the
case of the Geneva dividing engines, to which reference
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has already been made, means are provided on this machine

for cutting graduation marks of different lengths at any re-

quired intervals. This 1s done by the same arrangement

of notched wheels and screws used in the Geneva machines,

operated by a ratchet

mechanism.

Circle Dividing Ma-
chine. William Gaert-
ner & Co., Inc., 5345
Lake Park Ave. Chi-

cago, Ill., builds many
astronomical 1instru-

ing the circular dials
required In this work,
use 1s made of, the spe-
cial machine shown iIn
Fig. 7. A varlety of
work can be handled
with this equipment;
the 1llustration shows
the machine graduating
the declination circle
for a large telescope.
On this type of graduat-
machine the lines are
cut by a revolving tool
A, and the method of
operating the machine
is as follows: Work B
1s supported on an ar-
bor in such a way that
it 1s free to revolve but
may be secured in any

ments, and for graduat-

Fig. 7. Simple Design of Circular
Graduating Machine

MACHINERY

desired position by tightening a quick-acting clamp. Fast-
ened to the work there is a ‘“master circle” C on which are
the same graduations that it is required to cut in the peri-
phery of work B. A bracket secured to the end of the arbor

that supports work B is fitted with a telescope D, in the field
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of which is placed a cross-hair that may be lined up with
any desired graduation on master circle C. In operating
the machine, the first line is cut, after which the clamp is
released and work B is rotated until the next line on master
circle C comes into coincidence with the cross-hair in tele-
scope D ; the clamp 1s then tightened to secure the work in
this position ready for the next line to be graduated. This
process 1s continued until the lines have been cut all the
way around the periphery of the work.

Varying Lengths of Graduation Lines. As in the case of
most graduating operations, it 1S necessary in handling this
work to cut lines of varying lengths, and on the machine
shown in Fig. 7, this 1s accomplished by having a master
plate £/ on which are cut lines of varying lengths, which
-correspond with those to be graduated on the work. The
periphery of this plate has notches cut 1n it to receive index
plunger F', and each time the work 1s indexed by means of
master circle C and telescope D, plate E 1s also rotated to
bring plunger F' into the next notch, thus locating a line of
the proper length under the stylus H. Engraving tool A 1is
mounted at the lower end of a vertical arm, which is pivoted
at G, the location of this pivot being adjustable so that va-
rious ratios may be obtained between the length of lines
cut on work B and the length of lines in master plate E,
over which stylus H is moved. It will be apparent that

the indexing of plate E is for the purpose of bringing suc-
cessive lines on this plate into position for engagement by
stylus H, thus enabling a sequence of lines of the desired
lengths to be cut on the work. At I is shown a grinding

attachment for sharpening engraving tool A when

necessary.
Multiple Type of Graduating Machine. Graduating ma-

chines of the pantograph type are extensively used wher-
ever graduating must be done on a commercial basis. Some

of these machines are designed for graduating or engrav-
ing one part at a time, whereas others are intended for

multiple graduation. A machine of the multiple type,
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Opposite Side of Graduating Machine shown in Fig. 8
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Fig. 10. Close View of Work-holders and Graduating Tools on
Hope Machine

adapted for graduating steel rules, machinists’ scales, and
similar tools, on a manufacturing basis, is shown in Figs.
8 and 9. This machine is built by John Hope & Sons, Elm-
wood, Providence, R. 1., and i1s so arranged as to graduate
many duplicate scales or other parts at the same time.

A master scale or pattern is first made as accurately as
possible and to an enlarged scale. The machine, with its
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pantograph reducing mechanism, is then used to repro-
duce this master scale on the work. The pattern is at-
tached to table A and, as the lines or figures, or whatever
outline or design is to be reproduced, are followed by the
tracer or pointer B, the movements are transmitted through
the pantograph mechanism to the parts to be graduated.
The tools do not cut the lines into the metal, but mark
through a thin coating of acid-resisting material that has
~ been previously spread over the surface of the work. When
all the lines required have been cut into the resist, the work

MACHINERY

Fig. 11. Close View of ‘“Master” or ‘“Copy,” illustrating Method
of guiding Stylus over Graduated Marks

is removed and a suitable etching acid applied which eats
into the metal and forms lines wherever the resist has been
removed by the marking tools. Ordinarily, these tools or
points are diamond chips, set into steel holders. The dia-
mond chips last two or three years before repointing is
necessary.~ Some concerns use hardened steel marking
points.

Graduating Steel Scales. When graduating steel
scales on this machine, forty-eight six-inch scales may be
operated on simultaneously, in which case a corresponding
number of diamond points is employed. There are four
work-holders, each of which has a capacity for holding six
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feet of work, that is, twelve six-inch scales. When the ma-
chine is in operation, movement of the tracer point B is
transmitted to all the marking points, which are located at
the top of the machine. The tracer point may be moved
in any direction for following straight lines, figures, or any
irregular design. When marking ordinary graduation
lines on scales, the tracer (which is guided by the operator)
is made to traverse each line on a master scale clamped to
table A. The lateral movements of the tracer cause the

main carriage C, which 1s mounted on wheels E, to move

AACHINERY

Fig. 12. View of Master (igzyégtﬂfjl:s and Handles for operat-
along the track shown, whereas the longitudinal movements
shift the smaller carriage F' along the track formed on
carriage C. Every movement of the tracer is transmitted
through the pantograph mechanism to the work-table which
holds the scales or other parts to be graduated. The panto-

graph mechanism may be adjusted to reproduce the pattern
on any scale varying, on this particular machine, from one-

third to one-twentieth the size of the pattern or copy. A
foot-treadle is used to bring the diamonds into contact
with the work. An idea of the rate of production will be

gathered from the fact that girls operating these machines
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Fig. 13. Machine used for making Master Scale

in the plant of the Sawyer Tool Mfg. Co., Ashburnham,

Mass., have each marked 200 feet of scales per day.
The Master Scale or Pattern. The master scale 1s made
on a special machine, shown in Fig. 13, consisting princi-
pally of a precision lead-screw, a large dividing wheel for
accurately spacing the division lines, and a tool for cutting
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these lines. The figures may be engraved on an ordinary
engraving machine or they may be cut into the master by
hand. The master scale is not always in the form of an
enlarged copy of the scale to be reproduced. A special de-
sign used for graduating steel rules is shown in Fig. 14.
It 1s 12 inches long and has four sides (see end view), on
which are the different graduations required. This cross-
shaped master is mounted in bearings so that any side may
be turned to the upper or operating position, thus locating
the face of that particular side just a little above the

---II*'VV'V"V'V'“"'V"V'V"V"""'V'V"""V"‘"II-——-I I
u
» I
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Fig. 14. Type of Master Pattern used for graduating
Scales on Machine shown in Figs. 8 and 9

graduating machine table. The tracer of the machine is not
pointed, but is chisel shaped, to correspond with the V-
shaped grooves in the master. The length of the various
division lines is regulated by a fixed plate or gage above the
master, which has slots that limit the movement of the
tracer. The space between the grooves on the master is
much wider than on the graduated scales, the necessary re-
duction being obtained by the pantograph mechanism.
The master is twelve inches long, but it 1s provided only
with the graduations corresponding to a length of one inch

on the scale. After marking the graduation lines for a
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length of one 1nch, the diamonds on the graduating machine
are set in alignment for graduating the next successive
inch division. This master is used on a machine of the type
shown 1n Figs. 8 and 9, forty-eight steel rules being grad-
uated simultaneously. These rules have one-half inch of
excess metal at each end, which is cut off after graduating,
this excess length enabling the rules to be held readily.
The marking of the figures into the resist involves a sepa-
rate operation.

Increasing Visibility of Graduation Lines. In order to

secure a greater contrast between the graduation lines
and the background, the lines are sometimes filled with a

pigment, such as black sealing wax or white lead, depend- .

ing upon whether the background is light or dark. In
some cases the lines are filled with block tin, which is melted

into them. The surface 1s then polished so that the lines
or figures are in clear contrast with the background. A
mixture of paraffin and lampblack is also used on light

work. One method of treating graduation lines which have
been cut into black wvulcanized rubber, by means of a ma-
chine of the Gorton type having a rapidly revolving cutter,
is as follows: The lines formed by the engraving machine

are filled with a paste composed of zinc oxide mixed with
enough paraffin to give it a plastic consistency. A small
amount of this paste is rubbed over the graduation marks,
and the surplus is wiped off with a cloth. This paste is
very hard and durable when dry, and the white lines on the
black rubber background are readily seen.

Craduating by Impression Method. ¥ When large num-
bers of duplicate parts require to be graduated and ex-

treme accuracy is not necessary, the lines are sometimes
formed by the use of steel stamps for flat work, or rolls
for circular parts. The stamp or roll, as the case may be,
has the lines and figures formed on it and is hardened so
that, when the graduating tool is pressed against the work,
the lines are reproduced. Fig. 15 shows a special tool for
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graduating index collars such as are used on the feed-
screws of machine tools. The tapering arbor A is fitted
into the lathe spindle and holds the part to be graduated at
its outer end. A gear forming part of this arbor meshes
with gear B, which is keyed to stud C. This stud 1s
mounted in a holder D that is fastened in the toolpost of
the lathe. The graduating roll is keyed to the stud C and
is forced against the work so that the graduation lines and

Si—

DRIVE FIT
RUNNING FIT

Fig. 15. Tool for graduating Index Collars by Im.
pression Method

figures on it are reproduced on the index collar as the two
revolve together. The geared drive is preferable to a fric-
tion drive between the graduating roll and the work-arbor,
because it is positive and prevents any shifting of the work
relative to the graduating roll.

Machine for Graduating Micrometer Dials. In building
Conradson engine lathes, the Phoenix Mfg. Co., of Eau
Claire, Wis., uses a special bench machine shown in Fig.
16 for graduating micrometer dials. It will be seen that
this machine is of the type in which impressions are made
by a hardened roller A, which is forced into work B with-
out removing any metal. This is a hand-operated machine,
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which is actuated by turning handwheel C mounted at the
end of a cross-shaft, on the opposite end of which there is
a pinion that meshes with gear D. In graduating dials, it
is necessary to make lines of different lengths; for instance,
it may be required to cut four lines of the same length and
then a fifth line of greater length. Movement of the slide
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Flig. 16. Special Machine designed for rolling Graduation Marks
into Feed Collars used on Conradson Engine Lathes
that carries hardened steel roller A is obtained by means of

a multiple-lobed cam located inside the rim of gear D, which
engages with a roller mounted at the lower end of lever FE.

This lever has its fulecrum at F', and makes connection with
the slide by means of a pin extending into slot G, the roller
that engages the multiple cam being located at the opposite

side of fulecrum F' from the pin that extends into the slot
at the upper end of the lever.
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As gear D revolves, the roller at the lower end of lever
E rides over successive lobes on the cam inside the rim of
gear D, and as each lobe 1s passed, the upper end of lever
E 1s rocked forward, which results in feeding the hardened
steel graduating roller A over the surface of work B. The
length of stroke of roller A is regulated by the height of

the different cam lobes, which provides for marking lines
of the desired lengths. It will be seen that work B 1s car-

ried on a horizontal mandrel H, and for indexing the work,
there 1s a ratchet wheel I at the rear end of mandrel H,
which has the same number of teeth as there are gradua-

tions to be cut in the complete circle on the work. To pro-
vide for automatic indexing, a cam J is secured to the back
of the slide that carries marking roller A, and this cam

engages with a roller mounted on the pivoted bracket that

supports pawl K. During each return stroke of the ram,
cam J moves pawl K forward, thereby advancing ratchet
wheel I through one tooth space, which corresponds to one

division on the work. Then, as the cam moves forward to

cut the next graduation mark, cam J allows a spring to
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