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To all whony it may concermn:
Beit known thatl, ADOLPHL. DE LEEUW, a

ilton, Butler county, Ohio, (post-office ad-
dr ess Hamilton, Ohio,) ha,ve invented certain
new and useful Improvements in Dividing-
KEngines, of which the followmn* is a speclﬁ-

- cation.
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This invention lela,tmﬂ' to lmplmement%

in dividing-engines Wlll be readily under-
stood from the followmﬂ' descrlptlon taken in
connection with the ace ompa,ny'mfr drawings,
in which-—

Figure 1 is a fmnt elemtlon of & rudl—
mentary model illustrating the general prin-
ciple of ordinary dlwdmfr—enﬂ'mes, Fig. 2, a
similar view of a model illustrating the gen-
eral principle involved in my 1mpr0ved SyS-
tem of dividing-engines; Fig. 3, a rear end
elevation of a d1v1d1nfr engine exemphfymn‘

my present invention; Flﬂ' 4, a front end ele-

vation of the same, and I* ig. 5 a vertical lon-
“‘ltﬂdll’l&l section of the same.

pwoted arm; B, an object carried thereby. to

liave dwlsml]s prodllced upon it; C, a typify- |

ing tool to produce the divisions upon object

B; D, a fixed arm supporting the tool C; E,

a series of graduations to serve as ’bhe_ba,s_ls

of the graduations to be produced: F, a fixed
arm. supportmﬂ* the same; G, an index mov-
“ing with A and B and readmb on E, and H
the pivot supporting G, A, and B.

Assume frladuatlons E 130 comprise a dis-

tance of one inch in four divisions, and as-

sume the length of G to be twice that of A.

It 18 0bv10us that divisions produced on B

will be to the graduations E directly as A 1is

to G, that one inch moved through at E by G

will 1epresent one-half an inch movement at

B, that the four spacings at E will permit of

one, two, or four divisions at B, and that the
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four quarter-inch spaces at E can be caused
to yield divisions at I3 equal to one-half inch
or one-quarter inch or one-eighth inch. Call-

ing K the ‘“indexing” end of this apparatus
‘and B the ¢ ar adua,tmn*” end,itisobvious that

therelation Of the m.ad uatlon% to the indexing

- can be modified, but only in direct degree, by

50

modifying the rolative lengths of A and G.

el

citizen of the Umted States, residing in Ha,m- -

to typlfy the ﬂ'enetal principle of all 01(1111&13,
dividing-engines in which the radiiof change-
oears replesent the relative radii A and G‘r
such change-gears being a mere expedlenb

for eonwenlently altellnﬂ' the length of the

lever-arms A and G. This holds good no
matter how complicated the gearing may be

| and no matter whether the mdemnn‘ and
graduations, either or both of them, be in
arcs or in stmln'ht lines and no- matter if
‘serews or other devices be introduced ad-
The defect in the

Juncmve to the gearing.
system is the limitation imposed by the di-
rect proportioning of the radii, thus requir-
ing an extended number of chanﬂ'e gears for
the nroduction of an extended dwelslty of
divisions. Especially in graduations involv-
ing prime numbers do sueh limitations be-

come apparent by making necessary an in-
dexing agent directly compusmﬂ' the prime

number to be produced in the oraduations,

no mere proportioning of gearing containing
| no multiple of the prime numbel béing able
In Fig. 1of the drawings, A indicates a.

to produce ﬂ*laduatlons ‘representing the
prime number.
Now, still considering. Fm 1, let s assume

that whlle G is moving downwardl} from one
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extremity to the other of the series of gradun-

ationsE,G could be system&blcally bent down-
‘wardly, so as to ehange its relationship to A.
In such case when G 11as traversed one inch

at E, B would have moved less than one-half
an 1nch according to the modification of rela-

tive motion eﬁected by the bending, simi-

larly if while G was moving downwardly F

“were bent upwardly or A were bent down-

wardly or D were-bent upwmdlj In short,
the bending of any one or more of the mem-
bers during the indexing movement would re-
sult in addmﬂ' to or subtlactmw from the
oraduating eifect due dlrectly to the propor-
1;101:1 existing between the various radii.

It may be said that any dividing syStem |

compllses four members—viz., two coOperat-
ing indexing members, as byplﬁed in Fig. 1
by K and Gr and two graduating membels, as
typified by Cand B. In my nnploved SyS-
tem I cause the movement of some one of the

four members of the system to react upon

some other member of the system, so as to
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The model 1llustrated by Fw 1 may be said | produce an eifect n‘leater or less than that due
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to mere proportioning of direct-acting mem-
bers in the system. DBy this means T am able
to greatly extend the dividing capacity of
civen number of changeable indexing ele-
ments or change-gears and to graduate into
prime numbers by means of indexing agents
or change-gears not directly responding tothe
prime number. This scheme of ‘““bending,”
so to speak, one member of the system rela-
tive to another may be gathered from Fig. 2.

In Fig. 2, it will be observed, G has been
cut away from A and B and mounted on an

 independent pivot at M, which pivotisa mov-
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able pivot, and a prolongation L of G is con-

nected to B by a link O. In the rudimentary
model illustrated by Fig. 2 there will be cer-
taln inaccuracies of motion due to the link-

ages; but for present purposes they may be |

entirely ignored.
If M were a fixed pivot and J were absent,

‘then the relative motions of G and A wonld

be directly as their lengths, precisely as was

. the case in Fig 1; but M instead of being a
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‘half-inch rise of B.
‘ages will show the movement responding to

fixed pivot is raised and lowered by link N

under the influence of J K, rocking on fixed i

pivot I and reacted upon by A through the
medium of link O. As seen in Fig. 2, G and

A are parallel with each other; but when G

shall have moved downward that parallelism
will have been. destroyed, for G will have

~moved through a greater angle than A by a
difference representing the bend, which I

have heretofore referred to. Assume E, as
before, to represent one inch with four di-
vigions, that the length of G is to L or A as
two is to one, and that the length of K is to
thatof Jasoneistofive. Now as G descends

one inch it tends to lift B a half-inch, when
G L is considered as a simple lever; but the

rising of B a half-inch causes J K to lower
pivot M a tenth of an inch, this reaction tend-
ing to produce an excessive descent in G. In
other words, while G is descending one inch
its fulerum M is descending in proportion to
the rise of B, and consequently the one-inch
descent of G will be satisfied by less than a
Calculation of the lever-

an infinitely-converging series and that un-
der the assumed values one-inch descent of
G measured at E will be responded to by five-
thirteenths of an inch rise at B. Here, it will
beobserved, agraduating valueinvolving the

‘number thirteen is got by means of radii com-

prising only the values of one, two, and five.
- An extended study of Fig. 2 will show at
once that a similar differentiating result
would be arrived at in case the reaction
through lever J K were caused to change the

Trelationship between some other pairof mem-
bers than G and A and also in case that re-

acting motion were derived from some other
member than A. Fig. 2 thus serves to illus-
trate the fact that with two indexing mem-
bers and two graduating members in connec-

tion with reacting mechanism between any |
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two of them there can be secured a propot-
tioning between index and gradunation differ-

a | ent from that existing directly between any

of the members of the system. B
Having thus distinguished between the

principle of my dividing-engine and that of
the common art, I now proceed to describe
an exemplifying practical apparatus appli-

cable to general gear-cutting or milling ma-

chines or other graduating-machines, such

apparatus being illustrated in Figs. 3, 4,
and 5. -

-Referring to Figs. 3, 4, and 5, P indicates
a housing; QQ, an indexing-shaft to he turned
for the purpose of ultimately producing the
spacing movement of the object to be gradu-

ated; R, a detent hand-crank mounted on

shaft Q and having the form and construc-
tion common in dividing-engines—that is to
say, 1t carries a spring-detent to engage in-
dex - holes, and it is adjustable radially on
its shaft, so that the pin ean be brought
closer to or farther from the.center of the
shaft; S, a fixed circular series of index-holes
adapted to be engaged by the pin of the

crank; T, a shaft disposed in line with shaft
Q and counstituting a transmission-shaft by

which the spacing movement is given either
directly orindirectly tothe object to be gradu-
ated or divided; U, a coupling on the end of
shaft 'T' and adapted to serve in connecting
that shaft separably with such further trans-
mitting-shaft as may happen to be employed

‘in the machine in connection with which this

apparatus is to be employed; V, a pair of
trunnions fast on and carried by shaft T; W,
a bevel-gear loose on each of these trunnions;
X, a bevel-gear fast on the inner end of in-
dexing-shaft Q and engaging the bevel-gears
YW Y, a bevel-gear loose on shaft I’ and also

- engaging the bevel-gears W Z, a spur-gear
fast with bevel-gear Y ; a, a change-gear sepa-
rably secured to shaft T; b, a counter-shaft

disposed parallel with shafts Q and T; ¢, a
pinion fast on this counter-shaft and engag-
ing spur-gear 7Z; d,a change-gear separably
mounted fast on counter-shaft bin the verti-
cal plane of change-gear a, e, a quadrant
mounted on the housing and angularly ad-
justable on the counter-shaft b as a pivot; f,
an intermediate change-gear mounted on the
quadrantand engaging change-gearsaandd ;

| g,.a hollow hub fast with spur-gear Z and

surrounding the bevel-gearing and the index-
shaft Q and presenting its outer end near the
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indexing-crank; s, an index-plate fast on the

hub g and provided with holes adapted to be
engaged by the pin of the indexing - c¢rank,

| and 2 an anchoring - pin supported by the

housing and adapted to engage one of the
holes of the index-plate. .

- Shaft T may itself carry the object which
18 to be graduated, or it may be coupled to the
work-carrier or further transmitting-shaft of
the main machine on which the apparatus is
tobeemployed. Inmanytypesof machines—
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such as ﬂ'ea,r-cuttels 1111111110'-
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achines, and
the 11ke—the work-carrier is provided with a
‘werm-wheel to which the dividing motion is

given by means of a worm, and in such case |
the coupling U may well be employed in con-

necting separably with theshaft of such worm,
the 111ustrated apparatus being mounted upon

- the machine convenient for such coupling.

10

The uncoupling of the shafts readily permits
It will at once be

of changing the gear a.
recognized that shafts Q and T constitute a
divided shaft coupled by a jack-in-the- box,

bevel-gear Y constituting the abutment for

5
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the Jaek in-the-box system. Assuming the

change-gears absent and that gear Y be held
~stationary, then it is obvious that shaft T will
turn at half the rate of shaft Q. Remove the

change-gears and then lock the mdex—plate
by means of pin 7 and assume thirty holesin
series S. Then a full turn of ecrank R will
give a half-turn to shaft T, and if the crank
be moved one space in series S, being one-
thirtieth of a turn, a sixtieth of & turn will
be given toshaftT. The jack-in-the-box has
in thle case simply acted as a reducing-gear
betwéen the two shafts.
gear Y act as a ﬁxed abutment for the ;]a,ek-
in-the-box system it is to be caused to have a
rotaly motion through the medium of the
gearing reacting between it and shaft T.

Sueh rotery motion of gear Y will be in one

direction or the other reletwe to that of shaft

T, aecmdmﬂ' to whether one or two interme-

diates are employed in the change-gear sys-
tem. Very little ~analysis of the meehenlsm
will show that it is responsive to the bending
idea referred to in connection with Fig. 2, for
while the gearing employed represents cer-
tain prepert1onete leverages the reaction of

the gearing causes a change of relationship

between ehafts Q and T net in accordance

with any direct proportioning of the frea,rmg,
but followmcr rather an 1nﬁmte]y—conve1 ging
series.

If, for IHSthCG, the 1at10 of speeds of the

~gears a and Z in the gear system a d ¢ Z is as

- frameof the machine.
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oneto ten (1-10), then one full turn of the han-
dle R, and therefore of the bevel-gear X, will
cause an amount of motion of the sha.ft T
which can ‘be explessed by the infinite con-
ver crmg geemetrlca,l series

(3 X o9) 1>< ze)g‘{‘zx(w)g“l‘

To prove this proposition, it will at first be as-
sumed that the gears a, d, ¢, and Zarenot pres-

ent and that the bevel-frear Y is locked to the
Under these conditions
oneturnof the gear X (orshaft Q) will produce

one-half (4) turn of the shaft T. Asa matter
of faet, however, the gear system a d ¢ Z does.
exist and the bev el-nfear Y is not locked, but.
isfree to turnand has been turned by the gear.
‘system a d ¢ Z a certain distance when the
handle R has completed its full revolution

and the index-pin isin the index-holes. The

said shaft will be 1 X 42 X oly=1X !

Instead of hevmcr |

of whleh the sum is { X

,ducelgx

-y
. ¥

eonsequently the sheft T makes 1 X XL of

a turn in addition to the half-turn elready ac-

counted for. This additional rotation of shaft
T causes again gear Z to move throucrh a pmt
of a turn, this beln X LXF5 X1, which in

its turn ceuses shaft T to move half this last

amount. This additional movement of the
shaft T reacts once more on gear Z and on
cgear Y, and soon ad in ﬁmiwm, and alwaysin
such a manner that any additional movement

of shaft T causes an additional movement of

gear Z of one-tenth of that amount and.of
sheft T of one-twentieth of that same amount.
The initial movement of shaft T being one-
half turn, the first additional nwvement of
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this shaft will be I X of aturn, Thesecond

additional movement of said shaft will be
XX A=EX (&)

The third additional mevement of

> of a turn,

&e., so that the total amount of movement of

shaft T, expressed in full ter ms, may be repre-

sented by the infinite converging geometrical
series

33X g

Of a turn.

IBX(I?.{J)‘Q ’ ltx(z 00 A oA
=1,

that if a ce1tem anwulal movement of the
crank R produces an angular ‘movement of

.90

This shows

95

the shaft T equal to one- twentleth of a com-

plete revolution, provided no change-gears

are used, and that gear Y is locked to the

frame, then the same movement of R will pro-
s of a complete revelutmn when Y

100

is free to move and the gears a, d, ¢, and Z

are present, as'in Fig. 5.

The following course of reasoning Shows the

above result to be true and Wltheut resorting
to the lnteglatlon of an infinite series. Thus,
still supposing that the ratio of speeds of gears

105

a and Z 18 one-tenth, the question mwht ‘be

asked how much motwn should be 1mperted
to crank R in order to produce one complete
turn of shaft T. One turn of shaft 1T would

produce two turns of gear X if gear Y were

held stationary. Thisgear, howet er,isturned

I1O

toanamountof one- tenth of a eomplete circle,

‘which, acting thr ough gears W as through le-

verswith equal arms, causes gear X to revolve

| one-tenth of a turn, but in 0pp081t0 direction.

The total reeultd,nt movement of gear X (and
crank R) therefore is 2—4;=1% of a turn. As
nineteen-tenths of a turn of crenk R produces

I1§
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one full turn of shaft T, it follows that one

turn of erank R produces ten-nineteenths of a
turn of shait T |

"The foregoing shows that theshaftT makes
ten- nmeteenths of a full turn when the crank
R makes a complete turn. This complete
turn was gaged by a hole in S.
find what influence the plate /o has on the

resultant amount of motion, it will now be

assumed that the pin of crank R is not put

in the hole S, but that the complete turn.of

gear Z therefore makes v >< ; of a turn, and i ecrank Ris e'an'ed by some ethe1 meane (Not

In order to
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shown in the drawings.) GearZ makes one-

“nineteenth of a turn when shaftl' makes ten-

10O

20

- change-gear system.

nineteenths of a turn, as an effect of the

it may therefore be
said that agear Z, and hence index-plate #,

makes one- “nineteenth of a turn for every full

turn of erank R. If the index-pin originally
were inserted in any one hole of the index-
plate, if then fthe index-crank R were with-
drawn and turned a complete turn, it would
be found that the hole in plate i had ad-
vanced. This advance is one-nineteenth of
a full turn. In order to insert the index-pin
again in the same hole, the index-crank R
must now be advanced one-nineteenth of a
turn. This advance of ecrank R causes plate
/. to advance an amount equal to

1J><15_(19)2

of a turn. It is therefore neeessarjf' to ad-
vance crank R through (5%)” of a turn, which
causes

- &e., ad infinitum. The total amount of mo-
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tion of erank R therefor can be expressed by
the infinite converging geometrical series
Lty () ()
of which the sum is nineteen-eighteenths.
As one complete turn of erank R causes shaft
T to move twenty-nineteenths of a turn, it
follows that nineteen-eighteenths turns of

crank R cause shaftt T to move 192029
turns.

It must be remembered, however,
that the operator does not count nineteen-
eighteenths of a turn, but moves the crank

.Lhmuﬂrh what must seem to him one turn as

the index - -pin is withdrawn from a hole,
turned, and then enters the same hole again.
In other words, though the movemenb of
crank IR over the lnde*e: plate is three hun-
dred and sixty degrees its movement in space
19.% 360°. |
The above shows that if a certain angular

- movement of the ecrank R produces an angu-

lar movement of the shaft T equal to one-

twentieth of a complete revolution, provided

" no change-gears are used, and that gear Y is

o
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locked to the frame, then the same amount
of 1110131011 of R relative to index-plate h will
produce 3 X35 of acomplete revolution,when
Y is free to move and the gears a, d, ¢, and
7 are present, as in Fig. 9.

Again, assame the followmw valunes—viz.,
thirty holesin series S, fifteen teeth in chancre-
gears a, seventy-five teeth in change-gear d
ﬁfteen teeth in pinilon c, nmety teeth In spur-
gear Z. The gear ratio is thus one to thirty.
Under these conditions if the ecrank be moved

one space (one-thirtieth of a turn) shaft T

will make one fifty-ninth or one sixty-first ot

a turn, according to whether two or one in-
termediates are employed at /. The appa-

ratus can thus provide for fifty-nine or sixty-
one graduations in a circle on T or U with-
out the employmentof prime-number gearing.

Now with the gear values just agsumed aban-
don fixed mdex holes S and put the erank to

plate ~ to move an amount of (5)°

1

i

[
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theindex-plate to a circle having thirty holes.
It will be seen that if the change-gearing is
removed and the hand-crank turned while

locked to the index-plate shafts Q and T will

turn together as if they were one. When
the ehanﬂ‘e gearing is applied, however, the
crank and index- plate cannot be turned while
locked together, their motions being differen-
tial, With the values heretofore assumed,

if the erank be turned one space of the mdex-
plate the effect of the system will be to pro-
duce fifty-eight or sixty-two graduationsat Vv,

according to whether two or one intermedi-
ates are employed. Inorderto produce fifty-
nine or sixty-one graduations when thus em-
ploying an index-plate, the total gear ratio
should be one to sixty.

Reverting to the bending theory heretofore

referred to in connection with Fig. 2, it will

be seen that in Fig. 5 when the crank 18 em-
ployed in connection with fixed index mem-
ber S then the bending or change of relation-
ship effected by the reaction of the gearing
takes place between shafts Q@ and T, while
when the crank is employed in conneetlon
with the index-plate as an indexing member
then the change of relationship ef ‘ected by
the reaction of the gearing is between shafts
Q and T and between the two indexing mem-
bers represented by shaft Q and the index-
plate.
extends the capacity of change-gearing or in-
dex-graduations by addmfr prime - number
posmblhtles, 1t puts no 11m1tat10ns on the
usual capacity of the change-gears or gradua-
tions. It should be stated however, that if
a jack-in-the-box isem ployed then for a given
usual effect to be produced a double effect
must be.given to the crank. Inother words,
where one turn of the crank would: produce
a given usual effect two turns would be re-
qmred if a jack-in-the-box be employed.

‘It will be at once obvious that while the
system has been illustrated in connection
with indexing movements derived from a

‘hand-crank any other impelling movement

may be made similarly subjective to the re-
action system, and it is also obvious that it
is quite immaterial whers the power be ap-
plied to produce the movement. Thus In
Fig. 5 the erank being unlocked the advanc-

1 ing motion may be given by turning shaft T

or any other part, Fw‘ 5 simply 1]lustrat1nﬂ'
an ordinary case where the power is applled
directly at the indexing-point.

A great variety of modifications and adap-
tations of the principle will. suggest them-
selves to the skilled constructor. Itis to be
understood, of course, that while the parti-
cular dewee setb forth and described repre-
sents the best mode in which I contemplate
applying the principle of my invention it is,

after all, a mere exemplification of the inven-

fion.

For rather extended dlseuselons of the
theory and possibilities of the system reier-
ence may be had to the Amemcan Macmmsf
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While this reaction system greatly

100

10§

ITO

115

120

125

130




I0

L5

686,266

(New York ) volume 23 pages 29 1153 vol- |

ume 24, page 53; Volume 24, page 314 vol-
ume 24, page 334 and volume 24, page 547.
1 claim as my invention—
1. In a dividing-engine, the combination,
substantially as set forth, with the Inembels
essential to the advanclnw of the object to be

“divided and to the a,dmeasurement of the ad-

vance, of mechanism disposed between and
connected with two of said members and ar-
ranged to cause the advancing motion of one
membel to react upon another member and
modify the normdl admeasured indexing ef-

fect. |
2. In a cllvldmff-enfrme, the combination,

5

| substantially as set forth, with the membels

‘essential to the advanemﬂ' of the object to be
divided and to the admeasulement of the
advance, such members comprising angular
1ndexmﬂ' apparatus and a shaft adapted to

turn and advance the object to be divided,

of change-gearing connected with said shaft
and mdexmfr apparatus and adapted to cause

the advancmw motion of the shaft to react

20

upon the mdemnﬂ' apparatus and modify the 25

normal admeasurmw effect thereof.
ADOLPH L DE LEEUW
| W’ltnesses
E. R. SHIPLEY,
I{ATHERWE SHIPLEY
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