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The present invention relates to a grinder and more 
particularly, to a grinder designed for use with grinding 
helical teeth at the interior of an elongated tubular 
broach. 
The problem of broaching an external gear from a 

blank with an elongated tubular broach having internal 
teeth is complicated because of the difficulty in grinding 
the teeth of the broach. 

It is an object of the present invention to provide a 
grinding spindle capable of grinding helical teeth at the 
interior of an elongated tubular broach. 

It is a further object of the present invention to pro 
vide a grinder of the type specified comprising an elon 
gated bar, a rotary grinding wheel mounted in fixed posi 
tion at one end of the bar with its axis inclined thereto, a 
driven sheave fixed to said wheel, a driving sheave 
mounted on said bar at a position spaced from the grind 
ing wheel by the amount which the grinding wheel is 
required to move into the tubular work piece, and a belt 
connecting said sheaves. 

It is a further object of the present invention to pro 
vide a grinder as described in the foregoing in which the 
axis of said driving sheave is inclined to the longitudinal 
axis of said bar in the same direction as the inclination 
of the axs of the wheel with respect thereto. 

It is a further object of the present invention to pro 
vide a grinder as described in the preceding paragraphs 
in which the driven sheave is offset laterally from the 
longitudinal axis of said bar. 

It is a further object of the present invention to pro 
vide a grinder comprising an elongated bar, a rotary 
grinding wheel mounted at one end of the bar with its 
axis inclined to the longitudinal axis of the bar, a driven 
sheave fixed to said wheel, a driving sheave carried by 
said bar at a position displaced from said grinding wheel, 
said driving sheave being displaced laterally from the 
center line of said bar and having its axis inclined thereto 
in the same direction as the direction of inclination of 
the axis of said driven sheave, and transfer means inter 
mediate said driving and driven sheaves comprising a 
transfer shaft and transfer sheaves connected to opposite 
ends of said shaft, a first belt connecting said driving 
sheave to one of said transfer sheaves, a second belt 
connecting the other of said transfer sheaves to said 
driven sheave, and drive means for driving said driving 
sheave in rotation. 

Other objects and features of the invention will be 
come apparent as the description proceeds, especially 
when taken in conjunction with the accompanying draw 
ings, illustrating preferred embodiments of the inven 
tion, wherein: 

Figure 1 is an elevational view of the grinder. 
Figure 2 is a fragmentary side elevation of the grinder 

looking in the direction of the arrows 2-2, Figure 1. 
Figure 3 is a sectional view of the structure on the 

line 3-3, Figure 2. 
Figure 4 is a fragmentary end view of the grinder 

looking in the direction of the arrows 4-4, Figure 1. 
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Figure 5 is a fragmentary side elevation illustrating a 

second embodiment of the present invention. 
Figure 6 is an enlarged fragmentary elevational view 

on the line 6-6, Figure 5. 
Figure 7 is an enlarged sectional view on the line 7-7, 

Figure 5. 
Figure 8 is a fragmentary elevational view on a re 

duced scale, on the line 8-8, Figure 5. 
Referring now to the drawings, the grinder comprises 

a mounting bracket 10 to which is fixedly secured a 
pulley bracket 12. The pulley bracket is provided with 
a bearing 14 rotatably securing a driving sheave 16 hav 
ing a shaft portion 18 received in the bearing. The 
driving sheave 16 is associated with a sheave portion 19 
adapted to be connected by a V-belt to a power source 
such as the sheave 20 which may be mounted on a motor 
shaft or the like. The bracket ié) is split as indicated at 
21 and is provided with an enlarged opening 22 which 
receives the end portion of a tubular support bar 24. 
Adajcent the opposite end of the bar 24 there is pro 

vided a head 26 welded or otherwise secured to the end 
of the bar 24 and reinforced by a web portion 28. The 
head 26 includes a cylindrical mounting portion 29 which 
is received in the outer end of the tubular bar 24. 
The head portion 26 is cut away as indicated at 30 to 

receive a grinding wheel 32 which as seen in Figure 3, is 
clamped against a shoulder 34 by a nut 36. The 
shoulder 34 constitutes one side of a driven sheave 35, 
the other side of the sheave being formed by the portion 
38. The sheave 35 and grinding wheel 32 are rotatable 
on bearings 40, the inner bearing race being supported on 
a cross shaft 42. As best seen in Figure 2, the mounting 
of the grinding wheel and driven sheave 35, 38 com 
prises V-shaped notches 44 formed at the end of the 
head 26, the shaft 42 having its end portions received in 
the notches and being provided with a flattened portion 
46 adjacent each end thereof engageable by a clamp 48 
held in position by clamping screws 50. 
From the foregoing it will be observed that the axis 

of the grinding wheel 32 and driven sheave 35 is fixed 
with reference to the longitudinal axis of the bar 24 
and is inclined obliquely thereto at an angle complemen 
tary to the helical angle of the broach teeth which are to 
be ground in the broach. In Figure 1 it will also be ob 
served that the driving sheave 16 is mounted in a position 
displaced laterally from the longitudinal axis of the bar 
24 and with its axis inclined thereto in the same direction 
as the angle of inclination of the grinding wheel and 
driven sheave. It will of course be understood that the 
amount by which the sheave 6 is offset is determined by 
the size of the opening in the broach to be ground. The 
driving shaft 18 is offset as much as clearance conditions 
permit. It will further be understood that the specific 
angle of inclination of the driving sheath 6 is intermedi 
ate the angle of inclination of the grinding wheel. The 
exact inclination of the axis of the driving sheath 16 is 
determined by the amount which it may be offset from 
the longitudinal axis or center line of the bar 24, the 
arrangement being such that a belt 52 connecting the 
sheaves 6 and 35 extends perpendicular to the axis of 
the driving sheave 16. 
The driven sheave 35 is arranged so that its side por 

tions 34 and 38 conform as nearly as possible with the 
V-belt 52. Experience has indicated that with the parts 
as illustrated in Figure 1, the grinding wheel 32 operates 
perfectly satisfactorily. 
The present invention as so far described relates to a 

grinder for the purpose of producing helical teeth at the 
interior of a tubular broach. The elongated rigid sup 
port bar which supports the grinding wheel in the interior 
of the tubular broach is dimensioned so that it is re 
ceivable in the interior of the broach only with its longi 
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tudinal axis substantialiy parallel to the axis of the broach. 
Accordingly, if the grinder is intended to produce a 
broach for broaching exterial gear teeth having a five 
degree helix angle, it will be appreciated that the axis of 
the grinding wheel is inclined to the longitudinal axis 
of the support bar by an angle complementary to the 
helix angle to be formed on the broach teeth, and hence, 
to be produced on a work gear broached by the broach. 

In some cases the required angularity of the grinding 
wheel, the length of the broach, and its internal diameter 
may be such as to preclude satisfactory driving connection 
between a V-belt from the sheave 16 to the sheave 35. 
in such case it is possible to use a grinder which includes 
a transfer such as shown in Figures 5-8. As seen in 
these figures, there is provided one or more transfer shafts 
54 having driven sheaves 55 and driving sheaves 56 
affixed to opposite ends thereof. A first V-belt 53 is 
adapted to engage a driven sheave and thereby to drive 
the associated driving sheave. Where a plurality of 
transfer shafts 54 are provided, as is indicated in Figure 
5, adjacent sheaves thereof are interconnected by V-belts 
59. The shaft 54 nearest to the grinding wheel 32 is 
connected to a sheave 60 by a belt 62. The sheave 66 
and the grinding wheel 32 are fixed to a shaft 64 sup 
ported for rotation in suitable bearings as indicated at 
66, the bearing assembly being clamped to the end of 
the head 68 by straps 70 and assembly screws 72. 

It will of course be appreciated that appropriate pro 
vision must be made for clearance of the belt 62 and 
an appropriate depression or channel 74 is provided in 
the head and in the end portion of the tubular support 24. 
The shafts 54 and associated sheaves 55 and 56 may 

conveniently be mounted on a web or flange 76 as best 
illustrated in Figures 6 and 7. The ends of the shaft 54 
are supported in suitable bearing mounts 78 attached to 
the flange 76 by screws or the like as indicated at 30. 
Openings 82 are provided so that the sheaves 55 and 56 
extend through the openings, portions thereof being 
spaced both above and below the platform or flange 76 as 
most clearly illustrated in Figure 7. Thus, the sheaves 
55 and 56 serve to guide the belts 58, 59 and 62 through 
the openings so that portions of the belts lie at opposite 
sides of the platform 76. 
The drawings and the foregoing specification constitute 

a description of the improved grinder in such full, clear, 
concise and exact terms as to enable any person skilled 
in the art to practice the invention, the scope of which is 
indicated by the appended claims. 
What we claim as our invention is: 
1. A grinder for grinding helical teeth at the interior 

of elongated tubular broaches, comprising an elongated 
rigid bar dimensioned to be received in the interior of 
the tubular broach only when positioned substantially 
parallel thereto, a rotatable grinding wheel carried in 
fixed position at one end of said bar, a driven sheave fixed 
to said wheel for rotation therewith, said wheel having its 
axis inclined obliquely to the longitudinal axis of said bar 
at an angle complementary to the required helix angle of 
the teeth to be ground on said broach, a drive sheave on 
said bar spaced from said one end thereof by the amount 
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4. 
which said wheel is required to move into the broach, 
the axis of said drive sheave being inclined at an angle to 
the longitudinal axis of said bar in the same direction as 
the inclination of the axis of said wheel, a belt con 
necting said sheaves, and power means for driving said 
drive sheave. 

2. A grinder as defined in claim 1 in which the axes 
of said drive sheave and wheel are inclined at different 
angles to the longitudinal axis of said bar. 

3. A grinder for grinding helical teeth at the interior 
of elongated tubular broaches, comprising an elongated 
rigid bar dimensioned to be received in the interior of the 
tubular broach only when positioned substantially par 
allel thereto, a rotatable grinding wheel carried in fixed 
position at one end of said bar, a driven sheave fixed to 
said wheel for rotation therewith, said wheel having its 
axis inclined obliquely to the longitudinal axis of said bar 
at an angle complementary to the required helix angle of 
the teeth to be ground on said broach, a drive sheave on 
said bar spaced from said one end thereof by the amount 
which said wheel is required to move into the broach, the 
axis of said drive sheave being inclined at an angle to the 
longitudinal axis of said bar in the same direction as the 
inclination of the axis of said wheel, said drive sheave 
being offset laterally from said bar to the extent per 
mitted by clearance consideration with the broach, a belt 
connecting said sheaves, and power means for driving 
said drive sheave. 

4. A grinder for grinding helical teeth at the interior 
of elongated tubular broaches, comprising an elongated 
rigid bar dimensioned to be received in the interior of 
the tubular broach only when positioned substantially 
parallel thereto, a rotatable grinding wheel carried in 
fixed position at one end of said bar, a driven sheave 
fixed to said wheel for rotation therewith, said wheel 
having its axis inclined obliquely to the longitudinal axis 
of said bar at an angle complementary to the required 
helix angle of the teeth to be ground on said broach, a 
drive sheave on said bar spaced from said one end 
thereof by the amount which said wheel is required to 
move into the broach, the axis of said drive sheave 
being inclined at an angle to the longitudinal axis of said 
bar in the same direction as the inclination of the axis 
of said wheel, a transfer, shaft carried by said bar inter 
mediate said drive sheave and said driven sheave, said 
transfer shaft being inclined to the longitudinal axis of 
said bar in the same direction as the inclination of the 
axes of said sheaves, transfer sheaves fixed to opposite 
ends of said transfer shaft, a belt connecting said drive 
sheave to one of said transfer sheaves, a second belt con 
necting the other of said transfer sheaves to said driven 
sheave, and power means for driving said drive sheave. 
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