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To all whorn, it may concern: 
Be it known that I, JAMEs N. HEALD, a 

citizen of the United States, residing at 
Worcester, in the county of Worcester and 
Commonwealth of Massachusetts, have in 
vented a new and useful Improvement in 
Processes and Apparatus for Grinding the 
Center Openings of Gear-Wheels, of which 
the following is a specification. 
My invention relates to an improvement in 

the process of finishing the center opening of 
gear wheels, by which the necessary grinding 
for said finishing is accomplished with 
greater accuracy with relation to the pitch 
line of the gear. m 
The object of my invention is to provide an 

apparatus for holding the gear during the 
grinding process more nearly related to said 
pitch line, so as to re?ider the finished open 
ing in the center of the gear more nearly 
concentric with the pitch line of the gear 
than is possible with the methods and ap 
paratus employed at present for holding the 
gear during said grinding process. I attain 
these objects by the mechanism illustrated in 
the accompanying drawings, in which 

Figure i is a front elevation of an appa 
ratus for grinding the center opening of a 
gear and embodying my invention. Fig. 2 
is a central sectional view of the holding 
chuck, shown on the plane of the broken line 
2-2, Fig. 3. Fig. 3 is an end view of the 
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chuck, and Figs. 4 and 5 are diagrammatic 
views illustrating the methods employed at 
present for supporting a gear during the 
grinding process, Fig. 4 showing the gear 
held by the ends of its teeth, and Fig. 5 
showing the gear held by the insertion of 
rolls or balls in the spaces between the teeth 
and having their centers presumably coin 
cident with the pitch line of the gear. 

Similar reference characters refer to simi 
lar parts in the different figures. 

1 is the framework of a grinding machine. 
in which is supported a shaft 2 of a grinding 
wheel 3 driven by a driving wheel 4. Oppo 
site to the grinding wheel 3, a chuck 5 is 
supported upon a shaft 6 which is driven by 
a driving wheel 7. It is customary by a 
present method of finishing the center open 
ing of gear wheels to hold the gear wheel 8 
to be finished by jaws 5 engaging its periph 
ery or outer ends of the teeth, and the grind 
ing wheel 3 is arranged to enter the center 

opening of the gear wheel, which is ground 
concentric with its axis of rotation. The 
grinding wheel 8 receives a rapid rotation 
during the grinding process and the chuck 5 
is also slowly rotated, turning the gear wheel 
during the grinding of the center opening. 
When thus held the accuracy of the finish 
of the center opening of the gear wheel rela 
tively to the pitch line of the gear, indicated 
by the broken line 8, is dependent upon the 
accuracy of the periphery of the gear en 
gaged by the holding chuck relatively to the 
pitch line of the gear. 
of the jaws. 5, Fig. 4, is concentric with its 
axis of rotation, but this axis may not be 
concentric with the pitch line of the gear 8. 
If, however, the method of contact between 
the gear and the holding surface is such that 
the surfaces in contact are concentric to the 
pitch line of the gear, then the finished sur 
face of the central opening will also be con 
centric with the pitch line of the gear. By 
another method, sometimes employed, the 
jaws 5 are arranged to contact with small 
rolls 5 inserted between the teeth and in 
tended to be held in contact with the spaces 
of the teeth, with the centers of the rols co 
inciding with the pitch line 8 of the gear 8, 
as shown in Fig. 5. The desired accuracy, 
however, cannot be secured by this method 
of holding the gear, for the reason that a 
slight difference in the distances between the 
teeth on the pitch line may vary considerably 
the radial position of the rols. The pitch 
line, however, in the finished gear should be 
concentric with its axis of rotation, and 
secure this result by my present invention. 

The holding surface 
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In cutting the teeth of a gear the pitch 
line is concentric with the bottoms of the 
Spaces between the gear teeth, that is, the 
bottoms of the spaces 9 between the gear 
teeth bear in every case an exact relation 
to the pitch line and are arranged upon a 
circle concentric with the pitch line of 
the gear. The circle, corresponding to the 
outer ends of the gear teeth, may be slightly 
eccentric to the pitch line, in which case the 
length of the teeth will be varied to bring 
the bottoms of the spaces between the teeth 
in exact relation to and concentric with the 
pitch line. I, therefore, contact the hold 
ing surface of the jaws 10 with the bottoms 
of the spaces 9 between the gear teeth, by 
which method I am enabled to hold the gear 
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often not truly concentric with the 
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teeth exactly concentric with the pitch line 
during the grinding process and finish the 
central opening in the gear, thereby caus 
ing the opening, when finished to be exactly 
concentric with the pitch line. To carry out 
this method, I extend projections 11 upon 
the inner sides of the jaws 10 capable of 
contacting with the bottoms of the spaces 9 
between the teeth, with the ends 12 of all 
these projections 11 at equal radial distances 
from the axis of rotation of the chuck, as 
shown in Figs. 2 and 3. The ends 12 of the 
projections 11 form the holding surfaces of 
the chuck and contact with the bottoms of 
the spaces 9 and, as these are concentric 
with the pitch line, I am enabled by this 
method of holding the gear during the 
grinding process to secure absolute concen 
tricity of the pitch line with the axis of ro 
tation of the gear. Adjustment of each jaw 
in a line concentric with the pitch line is 
provided by the slots 13 in the jaws 10, 
shown in Fig. 3. The motion of each jaw 
during adjustment is further determined 
along the said concentric line by a support 
ing flange 10 on the chuck, the flange back 
of each jaw also being suitably curved for 
this purpose. . . 
The method of holding the gear by the 

outside diameter depends upon the accuracy 
of the outside of the blank, which is ver pitch 
line. In the method of pitch line control, 
shown in Fig. 5, a 'slight variation in the 
distances between the teeth makes man 
times that difference in the radial location 
of the rolls as related to the pitch line. In 
my invention the gear is held by the solid 
metal at the bottom of the tooth space, which 
is always concentric with the pitch line, be 
without reference to any other operation 
upon the gear. 
I claim, 1. The apparatus for holding a gear 

wheel during the process of finishing the 
central opening of said gear wheel, compris 

ing a rotating chuck having concentric hold 
ing surfaces shaped to contact with the bot 
toms of the spaces between the gear teeth. 

2. The apparatus for holding a gear wheel 
during the process of finishing the central 
opening of said gear wheel, comprising a ro 
tating chuck having holding jaws, projec 
tions on said jaws extending, radially in 
ward, with the ends of said projections 
shaped to contact with the bottoms of the 
spaces between said gear teeth. 

3. The apparatus for holding a gear wheel 
during the process of finishing its central 
opening, comprising a rotating chuck hav 
ing an adjustable holding jaw and means to 
limit the adjusting movement of said jaw 
to a path concentric with the axis of rota 
tion of the chuck. A. 

4. The apparatus for holding a gear wheel 
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during the process of finishing its central 
opening, comprising a rotating chuck hay 
ing an adjustable holding jaw provided with 
holding surfaces shaped to contact with the 
bottoms of spaces between teeth of the gear, 
said chuck also having means to limit the 
adjusting movement of said jaw to a path 
concentric with the axis of rotation of the 
the chuck. 

5. A method of finishing the central open 
ing of a gear, comprising the centering of 
the gear in a chuck by means acting on the 
bottoms of spaces between teeth of the gear, 

6. The method of operating upon the cen 
tral opening of agear, which consists in 
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centering the gear in a chuck by means act 
ing on the bottoms of spaces between teeth 
of the gear, whereby the bottoms of said 
spaces are brought concentric with the axis 
of rotation of the gear, rotating the gear, 
and shaping the central opening of the gear 
concentrically with its axis of rotation. 

Dated this thirty-first day of March 1911. 
JAMES N. HEALD. 

Witnesses: 
PENELOPE CoMBERBACH, 
NELLIE WHALEN. 
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