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The improved method of and apparatus for
laying cut cam contours and producing cam ele-
ments therefrom is primarily adapted for use in
connection with complementary cams of the type

 which are employed for the positive two-way -

driving motion of a cam follower. The inven-
tion, however, is capable of other uses and the
same may, if desired, be employed in the laying
out and production of either single or multiple
cams of various types and designed for a variety:
- of uses.

The principal object of the present invention

is to provide a relatively simple and efficient
“method and apparatus whereby a large number
of complementary or other associated cams may.
" be produced at a comparatively great saving both
in the time consumed for the cam layout opera-
tions and in the transfer of the cam layout con-
tours to the metal or other material from which
the cam elements are to be machined or other-:
wise constructed. ‘

Ancther object of the invention is to provide
such a method and apparatus which is equally
well adapted for use in connection ‘with cams

-having simple or compound contours, as for ex-:

ample, contours which are formed to produce
bositive two-way bail movements of a complex
nature requiring initial analytical calculations
of multiple tangential or intersecting parabolas,
hyperbolas or other graphical curves.

A still further obkject of the invention is to
provide s method and apparatus of the character
set forth above wherein extreme accuracy in the
production of the actual cam elements may be

attained by the expedient of utilizing a substan-:

tial scale increase in the layout . procedure for
the cam contours and a corresponding photo-
graphic scale reduction in transferring the cam
contours to the metal or other material from

which the cams are to be machined or otherwise .

formed.

Yet another object of the invention is to pro-
vide a novel and efficient form of pantograph
designed for use in effecting layout operations

whereby a single cam contour may be outlined;:

‘or whereby plural complementary or otherwise
related cam contours may simultaneously be out-
lined utilizing as a reference guide an initial pre-
determined bail movement timing chart.

Other objects and advantages of the inven-
tion not at this time enumerated will become
more readily apparent as the nature of the in-
vention js better understood.

In the accompanying two sheets of drawings
forming part of this specification one embodi-
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2
ment of the invention is shown. In these draw-
ings: . :

Fig. 1 is a plan view of a cam layout apparatus
constructed in accordance with the principles of
the present invention and showing purely for
illustrative purposes the manner in which a pair
of complementary cam contours may be inscribed
on respective cam outline cards according to g
predetermined bail movement represented on a
graphic chart. i

Fig. 2 is a side elevationa] view, diagrammatic
in its representation, showing the pair of com-
pleted complementary cam elements and illus-
trating the manner in which they cooperate to
preduce the desired ‘bail movement.

Fig. 3'is a plan view of a photographic plate
employed in connection with the present inven-
tion and ilustrating one step employed in pro-
ducing o finished cam element.

‘Fig. 4 is a plan view of an etched blank em-
ployed in connection with the invention and il-
lustrating a further step in the process.

Fig. 5 is a plan view-of a completed or finished
cam element. : . :

The apparatus shown in Fig. 1 illustrates an
apparatus which may be employed during the
initial layout steps in the production of gz pair
of complementary cam elements of the type
shown in Pig. 2 and designated at {2 ang 12 re-
spectively. The cam elements {0 and {2 possess
arbitrary cam contours that have been selected
purely for illustrative purposes in connection with

- the present invention... The contours of the cam

86

elements i§ and 12 are predicated upon pre-

determined bail movements whose counterparts
may be represented by several tangential para-

- bolic curves, such as are designated at a,b,ec.d, e

40

45

and f in a bail movement timing chart of the type
shown at 14 in Fig. 1. While the timing chart 14
and contours-of the cams 8§ and (2 resulting
therefrom in the present instance are comprised
of parabolic increments possessing six different
points of tangency, it will be distinctly under-
stood that by suitable modification the appa-
ratus of Fig. 1 may be employed in the production

of cams whose contours are comprised of a great-

er or lesser number of increments, whether these

- Increments be parabolic in their nature or other-
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wice, and whether they be tangential or inter-
secting at their adjacent points of juncture, Re-
gardless of the specific contours of the cam or
cams which it is desired to construct, or of the
bail movements from which they are derived,
the essential features of the present invention
are at all times preserved. .
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The cams 10 and 12 of Fig. 2 are mounted
upon rotary members {1 and 13 respectively for
rotation in the same direction as indicated by
the arrows and are said to be complementary to
each other in that together they control the
movement of & cam follower 16 which transmits
motion to a bell crank lever 18, pivoted as ab 20,
which in turn imparts a predetermined char-
acter of motion to a reciprocable bail 22. Such
complementary cams are well known in the art
and are employed in order that the bail 22 may
be driven in both directions by a positive driving
action, as distinguished from the type of driving
action that accrues from the use of a single cam
and spring pressed follower wherein the bail is
positively driven in one direction only.

The bell crank lever {8 includes a short arm
17 on which the cam follower 16 is mounted and
a long arm 19 which is connected by a link 21
to the bail 22. The link 21 serves to convert the

_greuate oscillatory motion of the free end of the
arm 19 to linear reciprocal movement of the
bail 22.

In. carrying out the present invention the de-
sired bail movement is plotted on transparent
paper on a comparatively large scale, as for ex-
ample, a scale of six to one using the various
ordinates and abscissae required in the construe-
tion of the various tangential parabolas @, b, ¢,

d, ¢ and # in the graph of Fig. 1. A base line 24 ¢

of the chart is then divided into 360° by means
of indicia 28 and a line 26 representing the mid-
travel of the bail is drawn across the chart par-
allel to the base line.

The next step in the process resides in the”

construction of a pantograph, designated in its
entirety at 30, from sheet metal or other suit-
able material and in ifs installation on a suitable
drafting board 32 or the like.

The pantograph 30 is designed for operation
at a commensurate scale of six to one and in-
volves in its general organization a pair of rela-
tively long, approximately parallel arms 34 and
36 which are pivoted as at 38 at spaced points

to the surface of the board 32. A cross member’

40 is pivoted as at 42 to points adjacent the free
ends of the arms 34 and is provided with an ex-
tension 45 to which there Is pivoted as at 44 at

its free end a link 47 having a reference point
46 at its outer end. A cross biece 48 is pivoted*

at 50 medially of the arm 34 and is connected
by an extension joint 52 {o a follower 54 which
is pivoted at 56 medially of the arm 36. The
extension joint 52 is provided in order to permit

slight adjustment of the pivotal points 38 on the’

board 32.

The follower 54 is formed of flat sheet metal
stock and is provided with substantially semi-
circular ends 58 and 60, which ends afford guid-

ing edges for a draftsman’s pencil or other scrib-

ing tool in the successive placement of circular
ares in the outlining of the cam contours, as will
be described presently.

The pantograph 30 is designed for use in lay-
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ing out the complementary cam contours, which” ‘65

in Fig. 1 are designated at CO and COc respec-
tively, and which, in addition, have been corre-
spondingly labeled. The laying out operations
are performed on a pair of circular cam outline
cards 62 and 64 respectively. :

Each of the cam outline cards 62 and 64 is
provided with indicia 66 around its periphery
representing degrees of angular movement and
corresponding to the indicia 28 of the bail move-
ment chart 14.

10

are affixed to the drafting board 32 for coopera-
tion with the indicia 6 of the two cam outline
cards 62 and 64 and occupy fixed positions on
the board which are ascertained after deter-
mination of the two rotational centers for the
circular cards.

In order to establish a center on the drawing
board for the cam outline cards, the card 64,
upon which the outline COc of the complemen-
tary cam 12 is to be drawn, is placed in a posi-
tion approximating its true posifion. A line is
then drawn on the card utilizing one edge of
the cross piece 48 as a guide. The card is ro-
tated throughout an angle of 60° and another
line is drawn on the card in a similar manner.
This process is repeated until a closed hexagon,
shown at 67 in dotted lines, has been described
on the card and its true center ¢ is determined
by well known geometrical expedients and the
established center of the hexagon is transferred
to the drafting board 32 and is utilized as the
rotational center of the cam outline card 64.
Reference lines 69 and 71 are drawn on the card
64 through the established cam center for the
purpose of checking the scale of a subsequent

.photographic reduction process which is resorted

to for the purpose of etching the true comple-
mentary cam outline on the stock preparatory
to machining operations, as will be sef forth
presently.

The center ¢’ for the cam outline card 82, upon
which the cam outline CO of the cam 10 is to
be drawn, lies on a line normal to the edge of
the cam outline chart 14 and passing through the
center ¢. The distance between the two centers
¢ and ¢’ is dependent upon the center to center
distance between the respective centers of the
semi-circular ends 58 and 60 of the follower 54.

The drafting procedure employed in producing
the cam outlines CO and COc on the cam out-
line cards 62 and 64 respectively consists in po-
sitioning the transparent bail movement chart
14 on the drafting board 32 in such a manner
that the line 26 representing the mid-travel of
the bail is superimposed upon & previously in-
seribed reference line 27 on the board 32. The0°
designation of the scale 28 is brought into super-
imposed alignment with a transverse line 29 on
the board 32 which constitufes a time reference
line for subsequent drafting operations. The 0°
designations of the peripheral indicia 66 on both
of the cam outline cards 62 and 64 are brought
into  register with their respective reference
markers, while at the same time the reference
point 46 on the link 47 of the pantograph 30 is
brought into register with the plotted bail move-
ment curve on the chart 14 at the 0° position.
With the apparatus thus set up, small arcs are
described in pencil as at 10 and 72 on the cards
82 and 64 utilizing the semicircular ends 58 and
60 of the follower 54 as guides.

After the arcs T0 and T2 have been described
on the two cam outline cards 62 and 64, the
tansparent bail movement chart 14 is moved up-
wardly so as to bring the 1° indicia on the scale
28 into register with the reference line 27 and
thereafter the cam outline cards 62 and 64 are
indexed one degree. During the movement of the
chart 14, the lines 26 and 2T are maintained
in register so that the angular position of the
chart remains undisturbed. Additional arcs 10
and T2 are described on the outline cards 62 and
64. e

The above described procedure is repeated de-

Indicia reference markers 68 75 gree~for-degree until continuous cam outlinesare
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indicated on the two cards. Where the nature
of the cams {8 and 12 warrant it, as for exam-
ple, where the cams have straightaway portions,
it is obvious that indexing of the bail movement
chart and cam outline discs may be effected uti-
lizing larger steps at the discretion of the op-
erator.

After the continuous cam outlines have been
indicated on the cards 62 and 64 by the more or
less close succession of arcs 70 and 72 thereon,
the indicated cam outlines are traced and inked
with the aid of a suitable French curve, utilizing
a line approximately .02 inch wide so as to prio-
duce a line of about .003 inch during the subse-
quent photographic reduction process, as will be
set forth hereinafter. While the thickness of the
tracing line has been stated above as being pref-
erably .02 inch wide, it is obvious that lines of
greater or lesser thickness may be employed, de-

pending upon the drafting and photographic ex- :

igencies encountered in the production of the
cam elements.

It is obvious that the rotation centers of the
two cam outlines CO and CO. will coincide with
the rotation centers of the two cards 62 and 64.
Circles 13 and 14 are described about these cen-
ters for subsequent production of cam mounting
openings 76 and 78 on the finished cam elements,

Because of the fact that the link 2! associ-
ated with the arm 19 and bail 22 of Fig. 2 serves
to convert the oscillating movement of the arm
19 into straight line reciprocal movement of the
bail 22, a similar compensating device must be
employed in the pantograph 3¢. The link 41,
which is pivoted as at 44 to the extension 43,
accomplishes this purpose.

The pencilled arcs 760 and 72 are erased from
the cam outline charts and the remaining cam
outlines CO and CO: are then photographed by
a conventional photographing operation at a
commensurate reduction which is on a scale of
six t0 one in the present instance so as to ob-
tain an exact size reproduction CO:r on a glass
plate 82 as shown in Fig. 4. The lines 69 and
11 which appear in the negative reproduction are
used for checking the accuracy of scale reduc-
tion.

The next step in the process of producing the
cam elements {0 and 12 consists in making an

etching 88 on a selected cam stock 98 to a depth *+

of approximately from one to two thousandths of
an inch. Any suitable negative emulsion which
permits those portions thereof which are not ex-
posed to light to be washed away preparatory to
application of the etching acid or solution may
be employed in the etching process.

During machining operations, wherein the cam
elements (0 and 12 are produced in final form,
the elements are finished to the outside of the
cam contour lines CO and COe which, as previ-
ously stated, are preferably about .003 inch in
thickness.

It has been found that by the above procedure
cam elements which are extremely accurate may
be produced with a great saving in both time and
labor and at a comparatively low cost as com-
pared to the production of these cams by present
day standard methods.

The invention is not to be limited to the exact
arrangement of parts shown in the accompany-
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ing drawings or described in this specification as
various changes in the details of construction
may be resorted to without departing from the
spirit of the invention. Only insofar as the in-
vention has been particularly pointed out in the
accompanying claims is the same to be limited.

What is claimed is:

1. A pantograph for producing complementary
cam outlines comprising a pair of pantograph
arms mounted for pivotal swinging movement
about spaced axes, a pair of cross members pivot-
ally connected adjacent their opposite ends to
sald arms to form a closed parallelogram-like
structure, a link pivotally connected to one of
sald crosy members, a tracing point en said link,
and a follower mounted on the other cross mem-
ber and having a pair of arcuate guide surfaces
thereon serving as guide lines for manual scrib-
ing purposes.

2. A pantograph for producing complementary
cam outlines comprising a pair of pantograph
arms mounted for pivotal swinging movement
about a pair of spaced axes, a cross member
pivotally connacted adjacent its ends to a medial
point on each of said swinging arms and of an
extent whereby said swinging arms are main-
tained substantially in parallelism, a second cross
member pivotally connected to said swinging
arms adjacent the free ends of the latter, an ex-
tension on said second cross member, a link
pivotally connected to said extension, a tracing
point on said link, and a follower carried by said
first mentioned cross member and having a pair
of oppositely disposed convex arcuate guide sur-
faces thereon serving as guide lines for manual
seribing purposes.

3. A pantograph for facilitating the laying out
of complementary cam contours comprising two
pantograph arms of substantially equa] length,
each of said arms being pivoted adjacent one
end thereof for swinging movement about a fixed
center, a cross member pivoted to the other ends
of said pantograph arms and serving to main-
tain the arms in substantial parallelism, said
arms and cross member thus forming a quad-
rilateral structure, said cross member includ-
ing a follower having a pair of arcuate guide
surfaces adapted to serve as guide lines for man-
ual scribing purposes, one of said guide surfaces
being disposed wholly within the quadrilateral
structure and the other thereof being disposed
wholly outside of the structure, s second cross
member pivotally connected to the free ends of
said arms, an extension on said latter cross mem-
ber exteriorly of the quadrilateral structure, a
link pivotally connected to said extension adja-
cent one end of the former, and a tracing point
formed on said link adjacent the other end
thereof, said tracing point being designed for
register with a bail movement chart.

REYNOLD B. JOHNSON.
H. ALFRED HENDRICH.
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