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- To all whom it may conecermn:
Be it known that I, EDWARD JOSEPH M-

CLELLAN, a citizen of the United States, resid-

ing at New York, in the county of New York
ELTld State of New York, have invented an
Improvement in Compound Harmonic Move-
ments for Machines, of which the following

18 a specification, reference being had to the

e

accompanying dlawuws
T'he mechanism hele described is & method
of combining a number of crank motions in

- such a manner as to be able to produce any

desired irregular motion, such as a cam mo-

- tion, and which motion may be represented
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by a curve such as the development of a cam.

The invention is based on the researches

of Fourier on harmoniec motion, and known
in physies as ““ Fourier’s Theorem.” Fourier
demonstrated that the equation of any ar-
bitrary curve can be expressed in a series of
multiple sines with arbitrary coefficients.
The reciprocating motion imparted by a re-
volving crank is a harmonic mOtion, and the
amount of motion is equal to the sine of the
angle through which the crank is turning.

In setting up the machine to.produce any
desired motion it 1s first necessary to obtain
the Ffourier equation of the curve represent-
ing the desired motion. This equation is
readily obtained by mathematicians, but the
calculations involved form no part of this in-

- vention and do not concern us here, but
- simply the result. |
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corresponding to any ordinate v.

Let the curve shown in Figure 1 represent

a certaln motion which it is desired to pro-

duce by my mechanism. The curve is sup-
posed to have been wrapped around a cylin-
der whose circumference equals 27z, and A in
the formula below represents the abscissa or
that part of the circumference of the cylinder
The fol-

lowing are the values of the ordinates of

the given curve for which I give the Fourier

equation as an illustration:

No. | ' n. Ordinate.
A 0° 13.3660
D 156°  14.0895
et ittt e ettt -30°  14.3300
) R 45° 14.3295
. e . 060° 14,1340
) S e vemecaaees DY 18.8295

at corresponding multiple speeds, the

The Foumel expression for this curve is—
y=10+5 sin (24 30°)— sin (2 h—60°).

~Assuming any value of /& and substituting
in the formula we get the corresponding ordi-
nate. The axis of the carve is indicated by
the line RS and shows how the curve passes
above and below this line. In mechanically
produonw the value given by this equation,
which 1s the same thing as automatwal]y
tracing the curve which represents it, the
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No. h.  Ordinate.
A 90° 13.4640
e, 1105° 13.0355
B TP 120 12.5000
L 135% 11.7940
) 150° 10.8660
) 165°  9.7060
1 s 180°  8.3660
5 195°  6.9645
] 210°  5.6700
15 e e 925°  4.6700
16 e et e 240°  4.1330
I 2556° . .4.1705
18 e et et e, 270°  4.8030
] 285°  5,9600
20 i e e e e 300°  7.5000 -
2 315°  9.3940
2 330° 10.8660 .
2> 2R 345° 12. 2940
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value of thesines are given by therectilinear

motion given by cranks, and the formula
shows that several cranks will be required,
one for each sine to be obtained, and also

that the sines are to be added together, in

the algebraic sense. The coefficients of the
sines give the distances of the erank—pms
from the center. Theanglesh — 30°,2h — 60°,
give the relative angular positian of the

cranks at any time. 'These angles, it will be

noted, are successively multiple, and this

shows that the respective cranks that are to
produce the sines of these angles must rotate
first
crank making one revolution, the nextcrank
in order two revolutlons &c., in the produc-
tion of one complete cycle |

It will be seen later that I have plOVlded
in my mechanism all the means necessary to
fulfil the conditions of the formula and can

therefore produce the motion automatically.
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To drive the cranks at the successive mul— . |
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tiple speeds, the crank-disks are geared to-
gether in therequired ratio. To combine the

- c¢rank motions, several methods may be em-
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ploved. A continuousribbon is attached toa
fixed point at one end and passes alternately
over a crank-pin which carriesa small pulley
and under a fixed pulley and then over ¢
second crank-pin and under a second fixed
pulley, and so on, the other end of the ribbon
being attached tothe slide thatisto be moved.
This plan is shown in Fig. 2, and it will be
seen that the motion is doubled. Another
plan is to connect each crank with the piston
of a hydraulic eylinder and connect all the
eylinders together by a pipe, so that they in
effect form one, and then connect with the

hydraulic eylinder of the slide which 1s to be -
- moved.

This plan is shown in Fig. 7. Still
another plan is to connect each pair of cranks
to the extremities of a bar and then connect
the middle points of these bars to the ends of
another set of bars until a single point of ap-
plication is reached to which the slide to be
moved may be attached. Thisplanis shown
in Fig. 5. Other plans more or less practical
can be devised to seceure thedesired end, that
of combining the motions into a single re-
sultant, but those shown will suffice. |
Referring to the drawings, I'ig. 1 shows.an
arbitrary curve representing a given motion.

In this curve the distances along the axis O%

' - represent the equal intervals of time and the
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corresponding ordinates represent the posi-
tion of the piece moved.
the combination of ¢ranks as used with a con-
tinuous ribbon to move a slide. Iig. 3 is an
end-view of the same. Fig. 41sa detall view,
on a larger scale, of one of the crank-disks
and connecting parts. Fig.51sa view of the
crank-disks as connected by a series of le-
vers. Fig. 6isanend view of same. I'ig. 718

" view of the crank-disks as connected with

a-set of hydraulic eylinders, whichare in turn
connected to a hydraulic cylinder which 1m-
parts motion to the slide thatis to be moved.
Fig. 8 is an end view of the slide.
an end view of the crank-disks and connect-
Fig.10isa view of the crank-disks
as connected with slotted connecting -rods
which engage rack-pinions in pairs, as shown.
Fig. 11 is an end view of same. Ifig. 12 is a
view of the crank-disks with adjustable crank-
pin with roller.

In Fig. 2 the slide 1 moves in the bearing
2. On the left-hand end of the slide a ribbon
6 is connected, passing over the pulley 5, held
in the bracket 3. On the right-hand end of

the slide the ribbon Sisattached, which passes

over the pulley 7 and carries the weight 9,

which serves to pull the slide back and keep
On the bar 10 are mounted.

the ribbon taut.
aseriesof cranlk-disks1l. ™Thesecrank-disks
have each a gear 13 attached on the back and
are held on shafts 15, which run in bearings

in the bar 1. Todrive the system of cranks,

one of the shafts 15 has a pulley mounted on

"as described in relation to Fig. 2.

In Fig. 2 is shown
1ing-block 41.

IFig. 9 1s

mitted. The gears 13 on the backs of the
crank-disks are of such relative diameters
that the cranks make, respectively, one, two,
three, four, five, six, &e., revolutions in the
same time. Thecranksareconnected together
by the intermediategears12. Theribbon Gis

fastened to a fixed pointat theright-hand end

of the bar 16 and passes over the pulleys 18,
carried on the crank-disks,and under thefixed
pulleys 17, as shown. The pulleys 18 on the
crank-disks are adjustable in a T-slot 19 1n

the disks, as shown in Fig. 4, and the crank-
‘disks are adjustable around the shafts 15, on

which they are mounted and secured by the
set-screw 20. | |

In Tfig. 5 the crank-disks 20 are mounted
on a bar 32 and carry a crank-pin on the front
face and have a gear 21 fastened on the back,
The disks
are connected by the intermediate gears 22
and run at suceessive multiple speeds, as in
Fig. 2. -

In the case of four disks, as shown, two

cranks are connected by rods 23 24 to a bar
25, and two other disks are connected by rods
28 29 to a bar 30.
25 30 is connected a short rod connecting to
‘the rod 26, and from the middle of this bar
connectionis made to the slide 27 to be moved.
The erank-pins are adjustable from the cen-
ter and the disks are adjustable around the

To the middle of each bar

shaft in the same manner as in Fig. 2. The
gsystem is driven by the pulley 54.
In Fig. 7 the slide 40 is carried in the bear-

which is attached to the slide by the lug 44.

‘Mounted on the bar 51 are shown four erank-

disks 49, carrying gears 48 on the back and
connected together by the intermediafe gears
50 and driven at successive multiple speeds,
as in Tig. 2. Attached to each crank is a

slotted connecting-rod 47, carrying a piston
53 and working in a cylinder 52,
inders are connected by a pipe 45,which also
serves to connect up to the cylinder 42,which.
‘moves the slide 40.

The crank-pins and the
disks are adjustable in the same manner as
in Fig. 2. The system of cranksisdriven by
the pulley 52, carried on the rear of the shaft

53, belonging to the ecrank-disk in the extreme

right hand.

Mounted on the bar 60 in Ifig. 10 are the

crank-disks 61,which have the gears 63 fas-

tened on the back and are connected together

by the intermediate gears 62 and driven at

successive multiple speeds, asin Ifig. 2. The

whole train is driven by the pulley 76 on the
rear end of the shaft 77 at the extreme right.
The crank pins and disks are adjustable, as
shown in Ifig. 12, in the same manner as in
the other figures. Connected to the two
crank-diskson the left are the slotted connect-
ing-rods 64 67, which have a rack cut on the
edges, as shown at 65, and engage the pinion
66. Connecting with the two disks on the

the rear end, to which power can be trans- | right are the rods 68 70, which gear into the

In the block 41 is the hydrau-
lic eylinder 42, in which moves the piston 43,

These cyl-

70

75

30

Q0

95

100 -

105

II1O

I15

120

125

130




~pinion 69,

10

15

. 20

30

35

1in Fig.

: 594,082 - ; k3

On the pinions 66 69 are the rods
72 71,which gear into the pinion 73, and from
the gear 73 conneets the rod 74 to the slide
75 whmh 1S to be moved. The rods are wulded
In bearings 80. |

In Fig. 2 it will be seen that the cranks are
all actmn‘ on the ribbon 6, some taking up

slack, whlle others are ﬂ‘wmﬂ' up slack the

resultant pull being transmltted to the slide
1, the weight 9 meanwhlle keeping the ribbon
taut

In Fig. 5 it will be seen that the motion
transmitted to the levers depends on the rela-
tive positions of the.cranks and that the re-
sultant motion is directly 1mpa,rted to the
slide.

In Fig. 7 the pistons add or subtract from

each other in filling the cylinder 42, according

as they are all moving down at onee Or Some

going up while others are going down, and the

net result i is transmitted to the
consequently to the slide 40. |
In Fig. 10 if one rod, 64, were going down

1st0n 43 and

and the other rod, 67, were going up at the

same time the pinion 66 would ﬂ'et no motion

whatever up and down except that due to the
fact that the rod 64 is making more strokes
than the rod 67. The resultant motion is
clearly transmitted to the slide 75. Fig. 10
is kinematically the same as Fig. 5. The
crank-disks may be graduated, as indicated
4, to assist in setting the cranks at
the reqmred relative angles.

In Fig. 5 if the connectmﬂ'-rod 29 of the
fourth crank were a,d;]usted clear into the
center 1t is clear we would have a virtual
combination of three cranks only, and it is
obvious that if a combination of but three

~ cranks only were wanted the connecting-rod

40

28 of the third crank could be eonnected di-
rectly to the extremity of the connecting-

- plece 26 and the connection-piece 30 dlspensed

with in that particular case. The same re-
marks apply to Fig. 10 and to any odd num-

| ber of eranks.

This mechanism is well adapt-
ed_for use on an automatic secrew-machine to
produce a varied cycle of movements and has
the advantage of univer sal adaptability to all
conditions.

I claim— -

1. The combmatwn in a mechamea,l move-
ment, of a connected series of revoluble
era,nks, sald cranks having such relative an-
gular positions and throws as determined by
the harmonic equation of the curve repre-
senting the motion to be produced, as de-
scrlbed gearing cohnecting said eranks to-
gether and ada ted to drwe each crank at a
speed propmtlonal to the order in which the
respective crank stands in the series, and
suitable means, such as shown and descmbed
for eonvertmﬂ* the rotary motions of said
cranksinto respectwe rectilinear motions and

combining these rectilinear movements into
one net resultant motion, substantially a as de-

scribed. - _
2. The combinationin a mecha,mcal move-
ment, of a connected series of revoluble

cranks, said cranks having such relative an-

gular positions and throws as determined by
the harmonic equation of the curve repre-

senting the motion to be produced, as de-

cnbed gearing connectmﬂ' -8a1d - eranks to-

gether and adapted to drlve each crank at a

speed proportional to the order in which the
respective crank stands in the series, slotted

| connecting-rods 64 67 from each pair of cranks

and havmg a rack 65 on the side meshing

‘with gears 66 69, connecting-rods 72 71 f10n1
the respectwe centers of gears 66 69, and a
second set of gears 73 meshmn* with 1acks on
7271, and so on until a smn*le gear 1s reached

Wthh receives the net resulta,nt motion, sub-
stantmlly as described.
EDWARD JOS]]PH MUCLELLAN
- Witnesses:
- C. L. MOCLELLAN
- M. E BARNETT.
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