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UNITED STATES PATENT OFFICE, 

IIERBERT C. WARREN, OF HARTFORD, CONNECTICUT. 

PRECIS ON - INDEX. 

S?ECIFICATION forming part of Letters Patent No. 531,817, dated January 1, 1895, 
Application filed April 11, 1894. Serial No. 507133, (No model.) 

To all whon, it 7 of concern: 
Be it known that I, HERBERT C. WARREN, 

a citizen of the United States, residing at Hart 
ford, in the county of Hartford and State of 
Connecticut, have invented certain new and 
useful Improvements in Precision-Indexes, of 
which the following is a specification. 
This invention relates to machines for the 

manufacture of precision-indexes, the object 
of the invention being to furnish an improved 
machine adapted for producing corrected or 
precision indexes of the class used on gear 
cutting and graduating-machines, and for 
astronomical instruments and like purposes, 
with economy and rapidity and with the ut 
most accuracy. 
In the drawings accompanying and forming 

a part of this specification, Figure 1 is a plan 
view of one form of machine embodying my 
improvements and adapted for carrying out 
my invention. Fig. 2 is a side elevation of 
the same, the cutter for graduating or cutting 
the index-blank being shown in an elevated 
position out of contact with said blank. Fig. 
3 is a vertical longitudinal section taken inline 
3-3, Fig. 1. Fig. 4 is a horizontal cross-sec 
tion of a portion of the machine, taken in line 
4-4, Fig. 3, a portion of the master-index be 
ing broken away to more clearly illustrate cer 
tain of the details. Fig. 5 represents a table 
of determined errors, showing the ascertained 
differences in plus or minus as between the 
approximately correct divisions of the master 
index and the divisions of a correct, or pre 
cision, index. 

Similar characters designate like parts in 
all the figures. 
My improved machine for the manufacture 

of precision indexes, in the preferred embodi 
ment thereof herein shown, comprises a bed or 
frame. Work for Supporting the operative de 
tails of the mechanism, a work-carrying spin 
dle adapted for carrying a master-index and 
a blank from which a corrected or precision 
index is to be made, a master-index approxi 
mately divided into a given number of aliquot 
parts, each of which parts has a working face, 
a normally fixed reference point or scale, and a 
reading indicator in position and adapted for 
being shifted from and into bearing engage 
ment with the successive working faces of the 
master-index and adapted to be read in con 

nection with said reference point or scale, all 
of which will be hereinafter more fully de 
scribed. 

In the drawings, the bed of the machine, 
which, in practice, may be of any suitable 
form adapted for carrying the operative parts, 
is designated in a general way by B. 
The work-carrying spindle, designated by 

S, is shown supported in a bearing, 2, formed 
preferably integral with the bed or frame of 
the machine, after a well-known manner. The 
spindle S is shown provided with a worm 
wheel, 3, rigidly fixed thereon in a manner 
hereinafter more fully described, whose teeth 
mesh with the threads of a worm, 4, which is 
carried by a shaft, 5, that is supported in bear 
ings, 6 and 6', upon the bed B of the machine. 
This worm-shaft is shown furnished with a 
hand-wheel, 7, whereby the same may be re 
volved for turning the worm-wheel, and 
through this the work-carrying spindle and 
parts carried thereby. 
In the form thereof herein shown, the worm 

wheel is connected indirectly to the work 
carrying spindle, it being secured by means of 
screw-bolts to a master-index, C, which in 
turn is firmly secured to the work-carrying 
spindle, preferably by being driven thereon. 
In this connection, it is desired to state that 
the master-index and the Worm-wheel secured 
thereto may be fitted to rotate upon the work 
carrying spindle, and said spindle may be 
non-rotatively fixed in the bed or frame of 
the machine if desired, although the con 
struction before described is preferable. 
The master-index is herein shown as a disc 

ous plate radially divided peripherally by a 
series of notches, 8, to form a plurality of ra 
dially - disposed working - faces, 9, herein 
shown as twenty-four in nutmber, the differ 
ence between successive bearing-faces repre 
senting approximately fifteen degrees and be 
ing designated, respectively, by the numerals 

to 24 inclusive. Said master-index has a 
hub, 10, of considerable length, which engages 
the work-carrying spindle S and has a bear 
ing at its lower end upon the upper end of 
the journal-bearing 2. The master-index, 
which practically constitutes the “pattern 
by means of which to approximately position 
the index-blank for graduating or dividing, 
may be constructed in any well-known man 
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ner, and may be divided into any number of 
aliquot parts, which will depend upon the 
form of precision-index it is desired to make. 
After the master-index has been divided, as 

5 just described, to approximate precision, said 
index is measured or surveyed to accurately 
ascertain the errors in division with relation 
to a true standard, which errors are then reg 
istered or tabulated in proper order with re 

to lation to successive divisions of the index to 
designate the degree or 'extent of error, plus 
or minus, as compared with the precise divis 
ion, which will be thoroughly understood by 
reference to Figs. 4 and 5 of the drawings. 

to 15 . The method perse of surveying the index 
. . . plate so as to obtain a true correction of the 

approximate divisions, is well known in the 
art to which this invention appertains, and 
it is therefore deemed unnecessary to enter 
into a detailed description of this method, 
which, it may be observed, is sometimes des 

i ignated by mechanicians as “Troughton’s 
method. ... ... : : : : . . . ... 

In practice, the index-blank, designated by 
25 

clearly in Fig. 3 of the drawings, the said in 
I dex-blank, master-index, wormwheel 3, and 
spindle S being rigidly secured together in a 

3o manner to prevent accidental movement of 
one part with relation to the other, the mas 
ter-index and worm-wheel being either keyed 

... to or driven upon the spindie S, and the pre 
cision-index blank being fitted to the up 

35 end of the spindle and securely held in place 
by means of a nut, 11, at the upper end thereof, 
said index-blank D being supported at a suit 
able distance above the master-index by the 
hub 10 of the said master-index; or, these 
parts may be firmly fixed to the work-carry 
ing spindle by any well-known means for fix 
ing wheels on shafts. 
In connection with the foregoing, it is de 

sired to state that the positions of the master 
index and index-blank with relation to the 
spindle might be reversed, a corresponding 
re-arrangement of reading and dividing ap 
paratuses being in such case made. The two 
plates or wheels, viz: the master-index and 

;o index-blank, should, of course, be rigidly fixed 
or connected together preparatory to the op 
eration of dividing or cutting said blank. 
This may be done by forming said two plates 
or wheels integral, by making them separate 
and rigidly fixing them together, or by mak 
ing them Separate and Separately fixing, each 
one to the spindle. 
As a means for dividing, cutting or gradu 

ating the periphery of the index-blank, espe 
cially when this is to have teeth cut therein 
after the manner represented in the drawings, 
I have provided a milling-cutter, 12, of a form 
suitable for cutting the required tooth-space; 
which cutter is shown mounted upon an or 
dinary cutter-spindle, 13, that is carried in a 
bearing, 14, upon a slide, 15, that is mounted 
upon vertical slide-ways, 16, formed upon a 

45 

55 

D, will preferably be secured to the spindle 
Sabove the master-index, as illustrated most 

per. 
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carriage, 7, which is fitted for horizontal : 
movement in slide-ways, 18, formed upon the 
bed of the machine, as will be clearly under 
stood by reference to Figs. 1. to 4 of the draw 
ings. 

said spindle may be driven through the in 
tervention of gearing after a well-known man 
ner for driving the cutters of dividing-engines 
and gear-cutting machines. . . . . . . . . . . - 

7 o 

A pulley, 19, may be fixed on said cut 
ter-spindle as shown in Figs. 1, 2 and 3; or, 

75 

For the purpose of imparting to the cutter 
wheels the required movement laterally of the 
index-blank, the cutter-slide is shown pro 
vided with a screw-threaded projection or 
nut, 20, engaging with a Screw, 21, that is car 
ried in a suitable bearing at the upper end 
of the carriage 17, as illustrated most clearly 
in Fig. 3, which screw may be operated by 
hand by means of the hand-wheel 22 secured 
to said screw 21; and as a means for impart 
ing a movement to the cutter toward and from . . . 

and having its inner end fitted in a screw 

the axis of said blank, I have provided a 
screw, 23, journaled at its outer end in a suit 
able bearing, 24, upon the bed of the machine, 

9 O 

threaded opening, 25, in the carriage 17, after 
the well-known manner of connecting feed 
ing-devices with sliding carriages, said screw 
23 being provided at its outer end, with a 
hand-wheel, 26, by means of which the screw 
may be revolved to feed the carriage toward 
or from the work. . . . . . . . . . . . . . . . . . . . . . 
As a means for supporting and holding the 

index-blank during the cutting operation, the 
outer edge of said blank, adjacent to the . . . . . . 
point where the cutting is done, is made to 
bear upon a rigid support, 27, suitably fixed 
to a convenient part of the machine, a clamp 
(not shown) being usually provided in con 
nection with said support for clamping the 
blank thereon. w 
In the drawings, the master-index and its 

rotating-mechanism are shown protected by 
a cover, 28, secured to the bed of the machine 
by suitable screws; a supplemental cover or 
cap, 29, secured to the hub lo of the master 
index, being provided to cover the slight 
opening at the top of the cover 28 and pre 
vent admission of dust and dirt. 
As a means for determining the position of 

the master-index, and as a means for enabling 
the operator to bring the same accurately to 
the required position for making the gradua 
tions, I employ, in connection with the mas 
ter-index and its operating means, a gradu 
ated reading indicator adapted for engaging 
the Working-faces of the master-index and 
thereby showing with precision the location 
thereof. The graduated scale of said indica 
tor, which will usually be a “vernier scale,” 
constitutes the reading-scale of the machine, 
the mode of using which will be hereinafter 
more fully explained. 
In the form thereof herein shown, the indi 

cator, which is designated in a general way 
by L, is in the nature of a lever shown 
mounted upon a pivot or stud, 30, fixed on 
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the bed of the machine. This lever has a 
tooth, or actuating-arm, 31, located at one 
side thereof in position and adapted for bear 
ing against the working-face, as, for instance, 
the face designated by , of the master-index. 
In the construction shown in the drawings, 

the indicator is actuated and controlled in its 
movements by the rotation of the master-in 
dex through the medium of the feeding-means 
in connection with said index; but it is de 
sired to state that said indicator might, with 
practicability, constitute a feed-lever for actu 
ating or feeding the master-index, in which 
case the worm-wheel and worm constituting 
the feed-mechanism hereinbefore described 
will be dispensed with, the indicator or feed 
lever in this case being reciprocated to feed 
the master-index, together with the index 
blank connected therewith, the requisite dis 
tance for making the graduation. This read 
ing indicator will have its indicating-end bev 
eled to a knife-edge and provided with grad 
uations after the manner of a vernier; a read 
ing-scale, 35, being employed in connection 
with said indicator to indicate the position of 
the master-index, as will be fully understood 
by reference to Figs. 1 and 4 of the drawings. 
The graduated scale 35 is shown as adjust 
ably supported in a slide-way formed in a 
block, 36, upon the bed of the machine, and 
as provided with adjusting-screws, 37, by 
means of which the position of the scale may 
be changed as desired. 

in operating the machine, assuming the 
actuating-arm 31 to be in working-contact 
with a working-face, as 1, of the master-index, 
as shown in full lines in Fig. 4, the index is 
turned forward in the direction of the arrow 
in said figure, by means of the feeding-mech 
anism hereinbefore described, which swings 
the indicator to the position shown in dotted 
lines in said figure, with its actuating-arm in 
position to engage the next succeeding work 
ing-face, 2, of said master-index; said indica 
tor being retracted or thrown into engage 
ment with the successive working-faces by 
means of a spring, 38, Secured at one end to 
an arm, 39, oppositely disposed with relation 
to the actuating-arm 31, and secured at its op 
osite end to the block 36 or bed of the ma 

chine. Said spring tends to normally retain 
the indicator with its operating-arm in con 
stant bearing-contact with a working-face 
of the master-index, and is of such a nature 
as to maintain a bearing-contact which will 
be of uniform pressure, so as not to affect the 
precision of the reading, which might vary to 
some slight extent if the pressure of the actu 
ating-arm 31 against the working-face of the 
master-index should vary. This retraction of 
the indicator, it will be understood, might be 
accomplished to secure the same results by a 
weight or other suitable retracting-device. 

In ascertaining the correct position of the 
master-index for marking the graduations, 
the said index is moved until the reading of 
the indicator coincides with the required cor 

rection designated by the working-table T of 
the respective working-face with which the 
actuating-arm of the indicator is engaged, 
which working-faces are designated in the 
working-table by the numerals 1 to 24, in 
clusive, to coincide with the like designa 
tions in connection with the working-faces of 
the master-index. For instance, in position 
ing the master-index for making the first 
graduation, which is designated, alike in the 
working-table and upon the index, as 1, the 
indicator is set with its operating-arm in con 
tact with the working-face 1. Reference is 
then made to the working-table to ascertain 
the correction for the first graduation. In said 
table the first graduation is tabulated as 
1-.0001, which indicates that the correct po 
sition for the first graduation is one ten 
thousandth of an inch less than that first in 
dicated by the position of the indicator as 
determined by the reading-scale. Therefore 
the indicator will be moved until the reading 
thereof will coincide with the registered cor 
rection on the working-table, which brings 
the master-index to the corrected position 
for graduating or marking the index-blank; 
which will be readily understood by those 
skilled in the art to which this invention ap 
ertains. 
The indicator or feed-lever Therein shown 

and described is in the nature of a multi 
lier; and it is desired to state in this con 

nection that I may substitute therefor any 
other well-known form of mechanical multi 
plier adapted for multiplying the indigations 
of the apparatus. 
Having thus described my invention, I 

claim 
1. In a machine for the manufacture of pre 

cision-indexes, in combination, a master-in 
dex approximately divided into a given num 
ber of parts, which parts each have a working 
face, a normally fixed reference-point or scale, 
and a reading - indicator in position and 
adapted for being shifted from and into bear 
ing engagement with the successive working 
faces, of the master-index and adapted to be 
read in connection with said reference point 
or scale, substantially as described. 

2. In a machine for the manufacture of pre 
cision-indexes, a master-index approximately 
divided into a given number of aliquot parts, 
each part having a Working-face, in combina 
tion with an indicator in position and adapted 
for Operatively engaging the successive work 
ing-faces and having a reading-scale, and 
means for changing the position of said mas 
ter-index, substantially as described and for 
the purpose set forth. 

3. In a machine for the manufacture of pre 
cision-indexes, a revolubly-supported master 
index radially divided peripherally into a 
given number of approximately aliquot parts, 
each part having a working-face, a multiplier 
or indicator in position and adapted for suc 
cessively engaging said Working-faces, a read 
ing-scale in connection with said multiplier, 

to 
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and means for rotating the master-index and 
for simultaneously changing the reading-po 
sition of the multiplier, substantially as de 
scribed and for the purpose set forth. 

4. In a machine for the manufacture of pre 
cision-indexes, in combination, a master-in 
dex divided into a given number of approxi 
mately aliquot parts, each part having a work 
ing-face, an index-blank in rigid connection 
with said master-index, a multiplier or indi 
catorin position and adapted for successively 
engaging the working-faces of the master 
index and having a reading-scale, means for 
shifting the position of the master-index and 
the index-blank, and means for marking or 
cutting the graduations or divisions upon the 
index-blank, substantially as described and 
for the purpose set forth. 

5. In a machine for the manufacture of pre 
cision-indexes, the combination with the 
framework, of a revoluble spindle, a master 
index secured to said spindle and divided 
into a given number of approximately aliquot 
parts, each part having a working-face, an in 
dex-blank in rigid connection with said spin 
dle and master-index, feeding-mechanism in 
connection with said master-index, an indi 
cator in position and adapted for successively 
engaging the working-faces of the master 
index, a reading-Scale in connection with the 
free end of said indicator, and neans sub 
stantially as described for cutting or marking 
the graduations in the index-blank, substan 
tially as described and for the purpose set 
forth, 

6. In a machine for the manufacture of pre 
cision-indexes, a revolubly-supported master 
index radially divided peripherally into a 
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given number of approximately aliquot parts 
and having a precision index-blank fixedly 4o 
connected there with, in combination with a 
pivotally-supported indicating-lever having 
an actuating-arm in position and adapted for 
operatively engaging the successive working 
faces of the master-index, a reading-scale in 45 
connection with the indicating-end of said 
lever, means for rotating the master-index to 
bring successive working-faces into engage 
ment with the actuating-arm of the indicator 
lever, a shiftably-supported cutter or markor 5o 
in position and adapted for cutting or mark 
ing the index-blank, and means for bringing 
said cutter into working position with rela 
tion to said blank, substantially as described 
and for the purpose set forth. 55 

7. In a machine for the manufacture of pre 
cision-indexes, the combination with the 
frame-work, of a master-index divided into a 
given number of, approximately, aliquot 
parts, each having a working-face, an index-6o 
blank fixedly connected with said master-in 
dex and secured to a revoluble spindle, a 
wornwheel secured to said master-index, a 
worm meshing with said worm-wheel, means 
for rotating said worm, a reading-indicator 6 
adapted for successively engaging the Work 
ing-faces of said master-index, a cutterior 
marker revolubly carried upon a slide in po 
sition for cutting or marking the index-blank, 
and means for operating said cutter or to 
marker, substantially as described and for 
the purpose set forth. 

v HERBERT. C. WARREN. 
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Witnesses: 
FRED.J. DOLE, 
FREDERICK A. BOLAND. 
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