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57 
A grinding apparatus having a cam member with a surface 
corresponding to the surface of the workpiece to be ground, a 
grinding wheel for grinding the surface of the workpiece, a 
support for fixing the workpiece for movement with the cam 
member and drive elements for moving the workpiece against 
the grinding wheel and along a path corresponding to the sur 
face of the cam. 

ABSTRACT 

20 Claims, 8 Drawing Figures 
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1. 

CAMCONTROL GRINDING MACHINE 

RELATED APPLICATION 
This application is a continuation-in-part application of my 

copending application, Ser. No. 147,145, filed My 26, 1971, 
entitled CAM CONTROL GRINDING MACHINE and now 
abandoned. 

BACKGROUND OF THE INVENTION 

In manufacturing structural elements such as metal machine 
parts, it is often necessary that the element have a finished sur 
face of particular design and shape. As an example, machine 
elements which are adapted to cooperate in a sliding, gearing 

O 

or camming relation must have cooperating surfaces of 15 
precise shape. Where these surfaces are straight, circular, or 
of some other common shape, the machining or surfacing is 
not too difficult. Where, however, the desired surface of the 
element is a complicated curve, as for example, one having an 
ever changing radius of curvature, the machining thereof 20 
becomes both difficult and expensive. 

If the desired surface is an external one, a lathe or similar 
cutting machine may be used. Also, where tolerances are not 
of critical importance, a milling machine may be used. A 
milling machine is advantageous in that it can mill both exter 
nal and internal surfaces on a workpiece. 
Where tolerances are critical, a grinding machine is usually 

employed. Grinding machines can produce extremely accu 
rate surfaces; but when these surfaces are of unusual shape, 
the expense of constructing the machine to perform the par 
ticular grinding operation is often prohibitive. It may, for ex 
ample, take a number of separate grinding operations to 
produce a particular complex surface with each of the grind 
ing operations requiring that the workpiece be fed through a 
separate grinding machine. Also, with presently available 
grinding machines, the feeding of the workpiece relative to the 
grinding wheel is difficult to control both with regard to its 
direction of movement and rate of feed past the grinding 
wheel. Different sized grinding wheels generally require that 
the workpiece be fed through different paths in order to 
produce the same surface. Similarly, as the grinding wheel 
becomes worn during a grinding operation, adjustments in the 
direction of movement of the workpiece must be made in 
order to maintain the desired surface cut. This is especially 
true where a curved surface is desired. In addition to the 
problems encountered with different sized grinding wheels, 
any changes in rate of feed of the workpiece relative to the 
grinding wheel adversely affects both efficiency of operation 
and the quality of the finished surface. Different grinding rates 
produce different surface finishes. This, in turn, necessitates 
further processing of the workpiece to obtain uniformity. 

SUMMARY OF THE INVENTION 

In accordance with the teachings of the present invention, 
applicant has provided an improved grinding machine for 
grinding to extremely accurate dimensions both external and 
internal surfaces. Applicant's machine is particularly suited 
for grinding internal surfaces as, for example, the internal 
cavity of the stator part of a Wankel type engine. 
The cavity surface of the Wankel type engine is roughly 

eliptical but since it is not truely eliptical extreme difficulties 
have been encountered in producing the surface economically 
on a production line basis. At best, multiple grinding and 
polishing operations are required to produce an acceptable 
part. Without a precision ground and finished surface, wear 
caused by the internally driven rotor engaging against this sur 
face occurs rather rapidly. Also, the functioning of the engine 
is adversely affected by an improper mating of the rotor with 
the cavity wall surface of the stator. 
These disadvantages as they pertain both to the manufactur 

ing and maintenance of the engine have been a factor in the 
non-acceptance of this type of engine on a commercial basis in 
mass produced automobiles. The Wankel type engine does, 
however, have great potential advantages. It is a simple, com 
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pact and yet powerful engine. Also, where the internal cavity 
wall surface of the stator is accurately machined, efficiency of 
operation is high. Of great importance, especially with todays 
concern about ecology, is that the Wankel type of engine pro 
vides a great potential for reducing pollution of the environ 
ment. To attain all of these advantages, however, it is essential 
that the cavity wall surface be a precision surface and one 
which can be made economically on a mass production basis. 

In construction, the grinding apparatus of the present inven 
tion includes an annular can member, one surface of which is 
identical to the surface of the workpiece to be ground. Where 
the workpiece comprises the stator of the Wankel type engine, 
the internal surface of the cam member is polished to a con 
tour identical to the internal wall cavity desired for the stator. 
The workpiece is fixed relative to the cam member for move 
ment through a path corresponding to the contoured surface 
of the cam member. A grinding wheel engages the surface of 
the workpiece as it is fed along the desired path to perform the 
grinding operation. To effect movement of the workpiece 
through the desired path, a drive follower engages against the 
contoured surface of the cam member with the engagement 
thereof effecting movement of the cam member as the drive 
follower is rotated. 

In accordance with the teachings of the present invention, 
the axis of rotation of the drive follower is maintained in a 
plane extending perpendicular to the surface of the cam 
member as it passes through a fixed point. The grinding wheel 
is also mounted with its axis of rotation disposed in this same 
plane and urged in this plane toward the surface of the work 
piece to be ground. Upon rotating the drive wheel at a con 
stant speed, the cam surface will be fed at a constant rate 
through the point of engagement with the drive follower. This, 
in turn, will move the surface of the workpiece to be ground 
past the grinding wheel at a constant rate and thus effect 
removal of material at a constant rate during the grinding 
operation. Also, due to the mounting of the grinding wheel 
with its axis of rotation in a plane perpendicular to the surface 
it is grinding, wear of its grinding surface with the resultant 
decrease in diameter will not effect the grinding operation. 
Even grinding wheels of different diameters may be used 
without effecting the grinding operation and without causing 
any deviation from the prescribed contour desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F.G. 1 is a schematic view of the grinding apparatus of the 
present invention; 

FIG. 2 is a schematic view of the cam and cam follower 
drive means of the present invention; 

FIG. 3 is a cross-sectional view of the grinding apparatus of 
the present invention as viewed through lines 3-3 of FIG. 2; 

FIG. 4 is a cross-sectional view of the grinding apparatus as 
viewed through lines 4-4 of FIG. 2; 

FIG. S is a cross-sectional view taken along lines 5-5 of 
FIG. 4; 

F.G. 6 is a schematic view of the can and cam follower 
drive means of an alternative embodiment of the grinding ap 
paratus of the present invention; 

FIG. 7 is a cross-sectional view of the alternative embodi 
ment of the grinding apparatus as viewed through lines 7-7 of 
FIG. 6; and 

FIG. 8 is a cross-sectional view of the alternative embodi 
ment of the grinding apparatus as viewed through lines 8-8 of 
FG, 6. 

DESCRIPTION OF THE PREFERREDEMBODIMENT 

As shown in FIG. 1, the grinding apparatus of the present in 
vention includes an annular can member 1, A can drive fol 
lower 2 engages against the internal surface 3 of the can 
member and a cam guide follower means 4 engages against its 
external surface to urge it into contact with the follower 2. 
Support means 6 are provided for mounting the cam member 
at one end thereof and for holding the workpiece 7 at the 
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other end. A grinding wheel 8 engages against the internal sur 
face 9 of the workpiece. To permit movement of the cam 
along a path corresponding to a surface 3, the support means 6 
is mounted within bearing means 10, Movement of the cam 
member effects a similar movement of the workpiece past the 
grinding wheel. 

In the particular embodiment of the invention disclosed, the 
cam member 1 is constructed with an internal surface 3 cor 
responding to the cavity wall surface of the stator of a Wankel 
type engine. This shape is most clearly shown in FIG. 2. The 
can drive follower 2 engages against the internal surface of 
the cam at the point 11. At this point, the drive follower and 
the internal surface of the cam are tangent to each other. This 
tangent is represented by the line T. A plane P-1 extends nor 
mal to the tangent and through the point 11. This plane also 
extends normal to the surface 3 of the cam at the point 11, 

In accordance with the teachings of the present invention, 
the cam drive follower 2 is mounted with its axis of rotation 12 
lying in the plane P-1. Also, the can guide follower means 4 
engaging against the external surface of the cam member in 
cludes a pair of follower wheels 13 and 14. These wheels are 
mounted with their axes of rotation disposed in a plane P-2 
perpendicular to the plane P-1. The guide follower means is 
urged against the cam follower to produce a resultant force 
lying in the plane P-1 and extending through the point 11. 
The external surface of the cam member includes upper and 

lower tracting sections 15 and 16 for cooperating respectively 
with the follower wheels 3 and 14. The follower wheels are, 
themselves, mounted on a slide member 17. The slide member 
is contained within a housing 18 secured to the machine bed 
19 by suitable means. The slide member 17 is spring biased by 
spring means 20 to urge the entire slide, in the plane P-1 
toward the point 11. In this way, the wheels 13 and 14 are 
pressed against the respective tracting sections 15 and 16 of 
the cam member to hold the cam member against the drive 
follower 2. 
As shown in FIG. 2, the upper and lower tracting sections of 

the cam member are of different contour. The precise contour 
of each of the tracting sections is dictated by the surface 3. 
Along the sides, the surfaces are clearly shown as undercutting 
each other opposite the portions of the internal surface 3 
which become convex as opposed to concave. The differences 
in shape between the tracting sections as shown in FIG. 2 is 
due to the fact that a pair of offset guide wheels are used 
rather than a single wheel. With a pair of wheels, they will con 
tact different peripheral points on the tracting sections at any 
given point in time as the cam member is moved. 
Where the cavity wall surface of the stator of a Wankel type 

engine is being ground, the surface will be one having an ever 
changing radius of curvature. Also, since the follower wheels 
are offset, the tracting sections will differ in shape over their 
entire periphery. The difference in shape is small, and except 
for the undercutsides, is not shown in FIG. 2. 
The support means for holding the cam member comprises 

a spindle 21. Attached to the lower end of the spindle is a sup 
port 22 to which the cam member is bolted. The upper end of 
the spindle has another support 23 to which the workpiece 7 is 
attached for the grinding operation. The spindle is free to 
rotate about its longitudinal axis and is also free to move 
laterally during this rotation along a path as dictated by the in 
ternal surface 3 of the cam member. For this purpose, the 
spindle includes a circular bearing plate 24 attached to the 
spindle intermediate its ends. The peripheral portion of the 
bearing plate is disposed within a housing 25. The housing in 
cludes a plurality of upper and lower pockets 26 and 27 facing 
the opposite sides of the bearing plate. 

In the presently preferred embodiment of the invention, the 
pockets are supplied with air pressure to act against the op 
posed sides of the bearing plate in the housing 25. The sizes of 
the upper and lower pockets can be dimensioned and/or the 
air pressure regulated to compensate for the weight of the 
spindle and attached structure to effect this floating relation. 
Alternatively, hydraulic pressure may be provided. Also, air 
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4. 
pressure may be supplied against the underside of the bearing 
plate and oil provided for maintaining a sliding relationship of 
the upper side of the plate with the opposed wall of the hous 
ing. With either type of construction, a thrust bearing effect is 
produced which permits rotation of the spindle and lateral 
movement in a plane perpendicular to its axis of rotation with 
a minimum amount of friction. 

For moving the workpiece past the grinding wheel to effect 
a grinding operation, the cam member is fed between the drive 
follower and guide followers with the internal contoured sur 
face 3 passing progressively through the point 11. For this pur 
pose, the drive follower is supported on an end of a shaft 28 
held within a bearing housing support 29. The other end of the 
shaft is provided with a pulley 30 around which a drive belt 31 
extends. The drive belt also loops around a pulley 32 fixed to 
the output shaft 33 of a drive motor 34. A constant speed 
motor is used for effecting a constant rate turning of the drive 
follower, 
As the drive follower is rotated, its engagement with the in 

ternal surface of the cam member causes feeding of the cam 
member. The guide follower means 4 acting on the cam 
member holds the cam member relative to the drive follower 
so that the point 11 remains fixed. Also, the internal surface of 
the cam member will always lie along the tangent T when at 
point 11 and thus be perpendicular to the plane P-1. With a 
constant rate of turning of the drive follower 8, the surface 3 
will be fed through the point 11 at a constant rate. 
The use of a pair of guide follower wheels disposed on op 

posite sides of the plane P-1 efficiently overcomes inertial 
forces tending to cause the cam member to rotate around the 
drive follower and thus shift the point 11 out of the plane P-1. 
A single guide wheel having its axis of rotation in the plane 
P-1 can be used as more fully described hereafter; but a single 
wheel requires considerable more force to overcome the ten 
dency of the cam member to rotate about the cam follower. 

In accordance with the teachings of the present invention, 
the grinding wheel 8 is mounted with its axis of rotation 
disposed in the same plane P-1 as is the axis of rotation of the 
drive follower 2. In addition, while the axis of rotation of the 
drive follower is fixed in the plane P-1, the grinding wheel is 
free to move in this plane toward and away from the surface 9 
of the workpiece. 
The grinding wheel together with its associated drive motor 

35 is mounted on a slide 36. A lead screw 37 extends parallel 
to the plane P-1 and threadedly through a nut member 38 at 
tached to the slide. A stepping motor 39 is provided for rotat 
ing the lead screw. Rotation of the lead screw, in turn, effects 
movement of the slide and the grinding wheel in the plane 
P-1. 
With the axis of rotation of the grinding wheel fixed for 

movement within the plane P-1, any change in size of the 
grinding wheel or wear of its cutting surface will not effect the 
grinding operation. This is most clearly shown in FIG. 2 where 
grinding wheels of different size are shown at dotted lines at 8. 
Their point of engagement with the workpiece will always cor 
respond to the point 11 at which the cam drive follower en 
gages the internal surface of the cam member. As evident 
from FIG. 2, the size of the grinding wheel will not change the 
shape of the surface being ground since this surface will al 
ways lie perpendicular to the plane P-1 at point 11. 

Also, with the movement of the workpiece being fixed rela 
tive to the can member, a feeding of the cam surface 3 past 
the point 11 at a constant rate will produce a constant rate of 
feed of the workpiece past the grinding wheel. This, in turn, 
will assure that the surface of the workpiece to be ground will 
have a uniform surface finish. This constant rate of feed will 
also provide for a more efficient grinding operation and less 
wear of the grinding wheel. 

During the grinding of the internal surface of the workpiece, 
the grinding wheel is advantageously reciprocated vertically. 
For this purpose, a vertically movable slide 40 connects the 
grinding wheel to the slide36. The slide 40 is adapted to move 
vertically along the slide 36 under the influence of a cam fol 
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lower mechanism shown in FIG. 3. More particularly, the slide 
40 is provided with a follower wheel 41 engaging against a 
cam 42. The cam 42 is fixed to the end of the output shaft of a 
motor 43. Rotation of the shaft causes rotation of the cam 42, 
The surface of the cam which engages the follower 41 is 
suitably shaped, for example, by being eliptical, so as to cause 
the desired vertical reciprocation of the slide 40. 
The mounting of the grinding wheel on a vertical slide is 

also advantageous in permitting raising of the grinding wheel 
to facilitate insertion and removal of the workpiece on the 
support 23. To lift the slide upwardly, a hydraulic cylinder and 
piston 44 is provided. 

In operation of the grinding machine, the particular cam 
member having the contoured surface corresponding to that 
desired on the workpiece is attached to the support 22. With 
the grinding wheel raised, the workpiece is secured to the sup 
port 23. The grinding wheel is then lowered into the work 
piece. Rotation of the drive follower effects feeding of the cam 
member along a path corresponding to its contoured surface. 
A similar movement of the workpiece is produced; and the 
stepping motor 39 is employed to feed the grinding wheel into 
the workpiece. The surface of the workpiece is ground with 
the stepping motor being used to regulate the amount of grind 
ing on each pass of the workpiece until the finished size cor 
responding to the cam surface of the cam member is obtained. 
As shown in FIGS. 6-8, the grinding machine may be con 

structed for use with a single guide wheel engaging the outer 
surface of the can member. The structure shown in FGS. 7 
and 8 is generally the same as shown in FGS. 3 and 4 except 
for the cam follower arrangement. Accordingly, like parts are 
designated by like reference numerals while similar parts hav 
ing identical functions are designated by the same reference 
numeral as used in FIGS. 3 and 4 followed by the suffix prime 
('). 
When the cam guide follower means 4 is comprised of a sin 

gle wheel 45, the outer surface of the cam 1 will have a single 
tracting section 46. The surface defined by this section will ex 
tend parallel to the internal surface 3 of the cam. With the use 
of a single wheel as opposed to two wheels, the relationship 
between the cam drive follower 2, cam 1 and cam guide fol 
lower 45 is the same as with the construction shown in FIG. 2. 
More particularly, the cam drive follower 2 will have its axis of 
rotation in the plane P-1 extending normal to the tangent 
through the point 11 at which the cam drive follower engages 
the internal surface of the cam 1. The axis of rotation of the 
wheel 45 will also lie in the plane P-1 and the wheel will be 
urged against the cam follower to produce a resultant force 
lying in this plane and extending through the point 11. The 
mechanism for urging the wheel 45 against the cam is shown 
in FIG. 8 as being the same mechanism used in the construc 
tion of FIG, 4. 
Although the invention is described above with respect to 

grinding an internal surface, it is to be understood that the 
grinding apparatus of the present invention is also suited for 
grinding external surfaces. In such case, the cam member will 
be provided with an external surface corresponding to the 
desired surface to be ground on the workpiece. The drive fol 
lower will engage against the external surface of the cam 
member with the guide followers moving along its internal sur 
face. 

claim: 
1. A grinding apparatus for grinding a surface on a work 

piece comprising: 
a. a cam member having a surface with a changing radius of 

curvature corresponding to the surface to be ground on 
the workpiece; 

b. a cam follower engaging the surface of said cam member 
at a point lying in a predetermined plane extending nor 
mal to the surface at said point; 

c. means for moving the surface of the cam member through 
said point; 

d. means engaging said cam member for continuously hold 
ing the surface thereof, at said point, normal to said plane 
as said surface is moved through said point; 

10 

15 

25 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
e. means for fixing the workpiece relative to said cam 
member for movement therewith as the surface of the 
cam member moves through said point; 

f. grinding means for engaging along the surface of the 
workpiece to be ground as the workpiece is moved with 
said cam member; 

g, means for supporting the grinding means for movement 
toward and away from the surface of the workpiece to be 
ground in a plane fixed relative to said predetermined 
plane. 

2. A grinding apparatus according to claim 1 further com 
prising: 
a means for moving the surface of the cam member through 

said point at a constant speed. 
3. A grinding apparatus for grinding a surface on a work 

piece comprising: 
a, a cam member having a surface with a changing radius of 
curvature corresponding to the surface to be ground on 
the workpiece; 

b. a cam follower engaging the surface of said cam member 
at a point lying in a predetermined plane extending nor 
mal to the surface at said point, said cam follower com 
prising a wheel having its axis of rotation lying in said 
predetermined plane; 

c. means for moving the surface of the cam member through 
said point and including a drive for rotating said cam fol 
lower wheel at a constant speed; 

d. means for continuously holding said cam surface, at said 
point, normal to said plane as said surface is moved 
through said point; 

e. means for fixing the workpiece relative to said cam 
member for movement therewith as the surface of the 
cam member moves through said point; 

f. grinding means for engaging along the surface of the 
workpiece to be ground as the workpiece is moved with 
said cam member; and 

g. means for supporting the grinding means for movement 
toward and away from the surface of the workpiece to be 
ground in a plane fixed relative to said predetermined 
plane. 

4. A grinding apparatus according to claim 1 wherein: 
a said means for holding the cam surface normal to said 
plane includes means for creating a resultant force urging 
the cam member against the cam follower during move 
ment of the surface of the cam member through said 
point, said force lying in said predetermined plane and ex 
tending through said point of engagement of the surface 
of the can member with the cam follower. 

5. A grinding apparatus according to claim 4 wherein: 
a. the grinding means is supported for movement in said 
predetermined plane toward and away from the surface 
of the workpiece to be ground. 

6. A grinding apparatus for grinding a surface on a work 
piece comprising: 

a. an annular cam member having one of the internai and 
external surfaces thereof with a changing radius of curva 
ture corresponding to the surface to be ground on the 
workpiece; 

b. a cam follower engaging the one surface of said cam 
member at a point lying in a predetermined plane extend 
ing normal to the surface at said point; 

c. means for moving the surface of the cam member through 
said point; 

d. guide follower means engaging against the other surface 
of the cam member for creating a resultant force urging 
the cam member against the cam follower during move 
ment of the surface of the cam member through said 
point, said force lying in said predetermined plane and ex 
tending through said point of engagement of the surface 
of the cam member with the cam follower; 

e. means for fixing the workpiece relative to said cam 
member for movement therewith as the surface of the 
cam member moves through said point; 
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f. grinding means for engaging along the surface of the 
workpiece to be ground as the workpiece is moved with 
said can member; and 

g. means for supporting the grinding means for movement 
toward and away from the surface of the workpiece to be 
ground in said predetermined plane. 

7. A grinding apparatus for grinding the surface of a work 
piece comprising: 

a. an annular cam member having one of the internal and 
external surfaces shaped to the surface to be ground on 
the workpiece; 

b. a cam follower wheel engaging the one surface of the cam 
member at a single, fixed point and having its axis of rota 
tion lying in a predetermined plane extending normal to 
the one surface at said point; 

c, drive means for rotating said cam follower wheel to move 
the one surface of said cam member through said point; 

d. means for urging said cam member against the can fol 
lower wheel and for continuously holding the one surface 
of the cam member, at said point, normal to said 
predetermined plane as said one surface is moved 
through said point; 

e. means for fixing the workpiece relative to said cam 
member for movement therewith as the one surface of the 
cam member moves through said point; and 

f, grinding means for engaging along the surface of the 
workpiece to be ground as the workpiece is moved with 
said cam member, said grinding means being supported 
for movement in said predetermined plane toward and 
away from the surface to be ground. 

8. A grinding apparatus for grinding the surface of a work 
piece comprising: 

a. an annular cam member having one of the internal and 
external surfaces shaped to the surface to be ground on 
the workpiece; 

b. a cam follower wheel engaging the one surface of the cam 
member at a single, fixed point and having its axis of rota 
tion lying in a predetermined plane extending normal to 
the one surface at said point; 

c. drive means for rotating said cam follower wheel to move 
the one surface of said cam member through said point; 

d. can guide follower means engaging against the other sur 
face of the cam member for urging the cam member 
against the cam follower wheel and for creating a 
resultant force lying in said predetermined plane and ex 
tending through the point of engagement of the cam 
member with the cam follower wheel; 

e. means for fixing the workpiece relative to said cam 
member for movement there with as the one surface of the 
cam member moves through said point; and 

f. grinding means for engaging along the surface of the 
workpiece to be ground as the workpiece is moved with 
said cam member, said grinding means being supported 
for movement in said predetermined plane toward and 
away from the surface to be ground. 

9. A grinding apparatus according to claim 8 wherein: 
a. said grinding means includes a grinding wheel mounted 

for rotation about an axis lying in said predetermined 
plane. 

10. A grinding apparatus according to claim 9 wherein: a. 
said cam has its internal surface shaped to the surface to be 
ground on the workpiece. 

11. A grinding apparatus according to claim 10 wherein: 
a. the other surface of said cam member includes two 

separate tracting sections disposed at different locations 
axially of said cam member; and 

b. said guide follower means includes two cam guide fol 
lower wheels engaging individually against the separate 
tracting sections. 

12. A grinding apparatus according to claim 11 wherein: 
a. the guide follower wheels are rotatably mounted with 

their axes of rotation lying in a common plane extending 
perpendicular to said predetermined plane, 

13. A grinding apparatus according to claim 12 wherein: 
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8 
a, the axes of rotation of said guide follower wheels are 

spaced equally on opposite sides of said predetermined 
plane. 

14. A grinding apparatus according to claim 10 wherein: 
a. the other surface of said cam member includes a single 

tracting section; and 
b. said guide follower means includes a single cam guide fol 

lower wheel engaging against the tracting section. 
15. A grinding apparatus according to claim 14 wherein: 
a. the guide wheel is rotatably mounted with its axis of rota 

tion lying in said predetermined plane. 
16. A grinding apparatus according to claim 15 wherein: 
a. the tracting section extends parallel to internal surface of 

said cam member. 
17. A grinding apparatus according to claim 9 wherein: 
a. the means for fixing the workpiece relative to said cam 
member includes: 
l, a spindle having an axis of rotation lying parallel to said 
predetermined plane, 

2, a first support fixed to one end of the spindle for sup 
porting said cam member, 

3. a second support fixed to the other end of the spindle 
for supporting said workpiece, and 

4. bearing means for mounting said spindle for rotation 
about its axis and movement in a direction perpendicu 
lar to its axis. 

18. A grinding apparatus according to claim 17 wherein: 
a. said bearing means includes: 

1. a bearing plate fixed to said spindle and extending per 
pendicular thereto, 

2. a bearing housing supporting the peripheral portion of 
said bearing plate, and 

3. fluid means for supporting said plate within the housing 
for rotation and lateral movement and against axial 
noVenent. 

19. A grinding apparatus according to claim 18 wherein: 
a said housing faces the opposite sides of said plate; and 
b. said fluid means includes: 

1. pneumatic means for acting against one side of said 
plate and urging the plate in one direction axially of 
said spindle, and 

2. a liquid lubricant supporting the other side of said plate 
against the facing surface of said housing. 

20. A grinding apparatus for grinding an internal surface of 
a workpiece comprising: 

a, an annular cam member mounted for rotation about a 
predetermined axis and having an internal surface shaped 
to the internal surface to be ground on the workpiece and 
its external surface comprised of two separate tracting 
sections disposed at different locations along the axis of 
rotation of the cam member; 

b. a cam follower wheel engaging the internal surface of the 
can member at a single fixed point and having its axis of 
rotation lying in a predetermined plane extending normal 
to the internal surface at said point; 

c. a pair of cam guide follower wheels engaging individually 
against the separate tracting sections of the cam member, 
said guide follower wheels being rotatably mounted with 
their axes of rotation lying in a common plane extending 
perpendicular to said plane and urging said cam member 
against said cam follower wheel; 

d. drive means for rotating said cam follower wheel at a 
uniform speed to move the internal surface of the can 
member through said point at a constant rate; 

e. means for fixing the workpiece relative to the cam 
member for movement therewith and including: 
1. a spindle having an axis of rotation lying parallel to said 
predetermined plane, 

2, a first support fixed to one end of the spindle for sup 
porting the cam member, 

3. a second support fixed to the other end of the spindle 
for supporting the workpiece, 

4. a bearing plate fixed to the spindle and extending per 
pendicular thereto, 
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5. a bearing housing supporting the peripheral portion of piece to be ground, said grinding wheel being mounted 
the bearing plate, and for rotation about an axis lying in said predetermined 

6. fluid means for supporting the plate within the housing 
for rotative and lateral movement and against axial 
movement; and 5 

f, a grinding wheel for engaging the surface of the work- a 

plane and for movement in said predetermined plane 
toward and away from the surface to be ground. 
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