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When a work piece leaves a conventional grind-
ing machine of either the center or centerless
type, microscopic examination of the surface re-
veals that it has a definite texture or a nap which
8 may be defined as fine lines extending circum-
ferentially about the work and lying in cross
sectional planes which are substantially perpen-
dicular to the axis of work rotation. These lines,
which are really grooves, are cut by the granula-
0 tions on the surface of the wheel, and since the
axis of the work was parallel to the axis of the
grinding wheel during the grinding operation,
these grooves lie in planes which are perpendicu-

lar to the axis of the work. It will thus be obvi- -
ous that the surface is relatively rough and con-.

15

sists of alternate projections and hollows..
If such a surface is subjected to wear the high
points of the projections will naturally wear

away first and also very quickly, whereby the .

20 practical diameter of the work is immediately
reduced. If such parts are used in precision ma-
chinery a certain amount of play or looseness im-
mediately develops.

25" One of the objects of this invention is to pro-
duce a finished surface on the work in which
these projections have been reduced to a mini-

mum by the time that the work has been reduced -

" - to its desired size.

30 Another object of this invention is to provide
an improved process for finishing preground sur-

faces.

. A further object of this invention is to provide

one form of apparatus for performing the process

35 described herein.

Other objects-and advantages of the present
invention should be readily apparent by refer-
ence to the following specification, considered
in conjunction with the accompanying drawings
forming a part thereof and it is to be understood
that any modifications may be made in the exact
structural details there shown and described,
within the scope of the appended claims without
departing from or exceeding the spirit of the in-
vention.

Referring to the drawings in which like refer-
ence numerals indicate llke or similar parts:

Figure 1 is a front elevation of an apparatus
for performing the process of this invention.

850 Figure 2 is a diagrammatic view illustrating
one manner of performing the first step in the
process of this invention.

‘Pigure 3 is a diagrammatic view fllustrating
the second step in the process.

u Flgure 4isa dmgrammatlc view of the electri-

40

(C1, 51—103)

cal control clrcuit for the machine shown in
Figure 1.
. Pigurebisa diagrammatic view {llustrating the
nature of the nap on a work piece produced by
conventional grinding operations.

Figure 6 is a diagrammatic view illustrating

the nap on a work piece after the first step of

the process.

Figure 7 is a dlagrammatlc view of the nap
produced by the second step of the process.

Figure 8 is a diagrammatic view ﬂlustrating
the composite result of the process.

It is recognized .in the grinding ‘art that the
finish produced by a conventional grinding
operation is not sufficiently flat for parts which
are to be used in the manufacture .of precision
machinery, requiring close “fits, measurable in
micro-inches. The grains of the abrasive mem-
bers utilized in conventional grinding operations
must be sufficlently large to remove the excess
stock left for grinding purposes in a reasonably
short time with' the result that the final surface
has what is termed grinding lines running cir-
cumferentially about the work.

The analysis of the surface shows that these
lines are fine grooves with the result that the
surface is composed of a series of alternate pro-
Jections and depressions. It is the peaks of these
projections which apparently wear away very

quickly when the part is put to use producing the

undesirable wear after very short usage,

After the projections have been somewhat flat-
tened, the rate of wear is then very slow.

This invention deals with a process and ap-
‘paratus for producing a surface which does not
have such marked projections and depressions,
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. thus eliminating the possibility of quick initial

_wear when the part is put to use.

. Referring to Figure 5 of the drawings there is
fllustrated on a cylindrical work piece 13 the
direction of the grindng Hnes 1! with respect

40

to the axis of rotation 12 of the work which are

produced by a conventional grinding operation.

It will be noted that these lines lie in planes
which are substantially perpendicular to the axis
of rotation and this is because the work is held
substantially parallel to the axis of rotation of
the grinding element.
process of this invention is to"subject the work
piece 10 in the condition shown in Figure 5 to an
abrasive element which has a grain smaller than
the original grinding element, as, .for example,

L

The- first step of the -

50

two or three times smaller, and maintaining the

axis of the work at a small acute angle relative

to the axis of the abrasive element while travers-
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ing the work past the grindiné element whereby

"~ a-cross wiping effect is obtained which will pro-
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. ure 8.

duce grinding lines, such as those indicated by
the reference numeral 13 in Figure 6. Because
of the finer grain of the wheel used in this first

‘step, the grinding lines produced will not be as

deep as the original grinding lines and further-
more the tops of the original projections will be
removed. It will thus be apparent that the net
result is a flatter surface in that the distance be-
tween the top of the highest projection and the
bottom of the deepest groove is reduced.

In the next step of the process the work piece
is subjected to another abrasive element of still
finer grain, such as {two or three times smaller
than the last, and the work is passed relative to
this wheel in & plane, making an angle with the

axis of the grinding wheel which is the opposite

or negative of the first-named acute angle and
which will produce grinding lines lying at the
angle indicated by the lines I4 in Figure 7. ‘This
will tend to further reduce or flatten off the origi-
nal projections without producing new grooves
which would aggravate the situation. The com-
posite results of these steps are shown in Fig-

The process further Includes in the first step
the utilization of the finest grained wheel for
rotating the work while grinding with the coarser
grained wheel, and then in the second step of
rotating the work with the coarser grained wheel
while the finest grained wheel is doing the grind-
Ing. The work is moved relat’ve to this pair

“of wheels in the same direction regardless of
. which wheel Is doing the grinding.

‘The first step of the process is illustrated in
Figure 2 in which the reference numeral {8
represents the coarser grained wheel and the
reference . numeral 16 represents the finer
grained wheel. The work plece 10 is supported
between these wheels on a work rest blade 17
and the wheel 16 is rotated in the direction of
the arrow 18 at a relatively slow rate to effect
rotation of the work In the direction of the
arrow 198, The wheel I5 is rotated at a relative-
ly fast rate to effect the grinding. The top of
the work rest blade makes a slight acute angle
to the plane determined by the axes 20 and
21 of the respective grinding wheels whereby the
axis of travel 22 of the work is also inclined to
this plane, thus producing the cross wiping ef-
fect connoted by the lines (3 in Figure 6. The
inclination of the grinding wheels is such that
the work is caused to travel automatically in
the direction of the arrow 23.

The second step of the process is illustrated
in Figure 3 and in this figure the coarser grained
wheel 15 is rotated in the direction of the ar-
row 24 which is opposite to its direction of ro-
tation shown in Figure 2, and its rate of rota-
tion is relatively slow to-effect rotation of. the
work in the direction of arrow 2§, while the finer
grained wheel I8 is rotated at a relatively fast
rate and in the direction of arrow 28 to effect
the grinding. Since the inclination of the wheels

with respect to the surface of the work rest blade

has not changed, the, work will. automatically
feed in the same direction as indicated by the ar-
row 23. ]

It will thus be evident that an improved proc-
ess has been provided for finishing preground
parts which .consists in subjecting the part to

an abrasive element of a grain finer than the

original elements which did the pregrinding,
traversing the part relative to the abrasive -ele~
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ment along a path angularly related with re-
spect to the axis of the element and which is
different from the angular relationship between
the path of the work and the axis of the wheel
in the pregrinding operation, whereby a cross
wiping effect is produced; subjecting the part to
a second abrasive element of a still finer grain,
traversing the work relative to the last-named
element along a path which is angularly related
to the axis of rotation thereof and different from
the angle in the first two cases whereby a sec-
ond cross wiping effect is produced.

Considered more specifically, the process con-
sists of presenting a work piece to a palr of grind-
ing elements of different grains, rotating the
work with the finer grained wheel and simulta-
neouly grinding the work with the coarser
grained wheel; and then rotating the work with
the coarser grained wheel and simultaneously

- grinding the work with the finer grained wheel.

As an example of an apparatus for performing
the herein described process of finishing, a ma-
chine is shown in Figure 1 of the drawings com-
prising a bed 26 upon which is mounted a pair
of adjustable supports 27 and 28. These sup-
ports are guided for movement relative to the
bed 26 and may be adjusted by the screws 29
and 38 respectively. The support 27 carries a
grinding wheel head 31 in which the grinding
wheel 15 is rotatably journaled. The head 3{
is attached to the support 21 for angular ad-
justment about the horizontal axis indicated by
line 32, which passes through the longitudinal
center of the grinding wheel axis 20.

The grinding wheel 1§ is journaled at opposite
ends in the head 33 which is attached to the
support 28 for angular adjustment about the axis
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32. -A work rest blade 17 is supported on the .

bed 26 intermediate the wheels 15 and 18 and for
illustrative purposes the top surface of this blade
may be consldered as lying in a horizontal plane.

Conventional means not llustrated may be uti-
lized for raising or lowering this blade for
changes in work size. The axes 20 and 21 and
the work rest blade lie in parallel vertical planes
but the axes 20 and 21 are angularly adjusted
in their respective vertical planes about the hori-
zontal axis 32 with the result that the plane de-
termined thereby makes an acute angle with re-
spect to a horizontal plane, and therefore, with

- respect to the top surface of the work rest blade.

This provides the necessary cross wiping effect .

. that is obtained on the work and it also deter-

mines the direction of feed of the work when
inserted between the grinding wheels.

-Since the work must, therefore, travel diag-
onally across the face of the wheels it will be
apparent that in order to maintain the distance
between the tangent points of the work with
both wheels equal throughout the travel of the
work the wheels must be trued to a slightly con-
cave profile as viewed in plan. Since the mech-

anism for truing wheels In this manner is ol ~

and well known and forms no part of the pres-

“ent inventlon, it will not be described. in .detail

here. .

The mechanism for controlling the rate and
direction of the rotation of the wheels will now
be described.: _

The grinding wheel 15§ is driven by a prime
mover such as the electric motor 34 which has
8 drive pulley 35 connected by a belt 38 to a
large pulley 37 fixed on shaft 38. The shaft 38
also carries-a small pulley 38 which is connect-

~ed by a helt 40 to pulley 41 integral with the
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shaft 42 that supports the grinding wheel. An
idler pulley 43 may be provided for removing the
slack in belt 40 whenever the grinding wheel sup-
port is adjusted. It will be noted that the drive
5 connections are such that if the electric motor
drive pulley is rotated in a clockwise direction,
it will effect clockwise rotation of the grinding
wheel 15 which would correspond to the direc-
tion of rotation of this wheel {llustrated in Fig-

10 ure 2.
The grinding wheel 18 Is rotated by similar

mechanism-comprising the electric motor 43 hav- -

ing & drive pulley 44 which is connected by a

belt 46 to & large pulley #46. The latter is at-

15- tached to a shaft 47 which also carries a small

pulley 48 connected by belt 49 to the grinding

wheel pulley 58. An idler 6{ is also provided

for adjusting the tightness of the belt 48. It

should also be noted that clockwise rotation of

20 the motor pulley 44 will cause clockwise rota-

tion of the grinding wheel {6 which corresponds

to the direction of rotation of this wheel in Fig-
ure 2 of the drawings. :

It will now be apparent that if both of the

25 electric motors are rotated in a clockwise direc-

tion that the grinding wheels will be rotated in a

.direction to satisfy the conditions shownin Figure

2. As previously described, however, the wheel

16 must rotate at a slow rate relative to the rate

80 of rotation of wheel 15. In the step shown in

Figure 3, the direction of rotation of both wheels

is changed, and in addition their rates of rotation

are inversely changed with wheel I8 rotating at a
slow rate and whee] 16 rotating at a fast rate.

35 An electrical control circuit for the electric
motors- has been provided as shown in Figure 4,
which 1s so contrived that by the use of a single
control element\elther condition of operation may
be selected. In this figure the motors are as-

40 sumed to be direct current motors which are sup-
pled from the power mains 82 and 83. The field
coil of the motor 34 is indicated by the reference
numeral 54 and the armature by the reference
numeral §5. The fleld coil of the motor 43 is in-

45 dicated by. the reference numeral 56 and the
armature by the reference numeral 81. One end
of each of the fleld coils are connected in parallel
to the blade 58 of the cut-out switch 88. The

other ends of these coils are connected to the

50 plade 60 of switch §9 through separate variable
resistances 61 and 82 respectively. It will be ap-
parent that when the switch 59 is closed that.cur-
rent will flow continuously through the field colls
of the two motors and in the same direction. Re-

5 versal of the motors is, therefore, effected by
changing the direction of flow of the current in

the armatures and the rate is varied by selec-'

tively cutting in or short circuiting the resistances
61 and 62.

All of this is selectively obtained by a single
control member comprising a five-pole double
throw switch 63. The poles 84 and: 65 of this
switch are connected to the brushes 66-and 67 re-
‘spectively of the motor armature 88.

65 68 and 69 are connected to brushes 10 and 11 of
the motor armature 57. The pole 12 is connected
by line 13 directly to the blade 80 of switch 89,

When the switch is thrown down, as viewed in

Figure 4, the positive main 52 is connected to
70 switch contacts 74, 78 and through switch blades
16 and 77 to armature brushes 66 and 71 ofthere-
spective motors whereby the current will flow
through both ‘motors in the same manner, thus
causing the same direction of rotation which, for
78 purposes of description, may be arbltraruy as-

The poles .

sumed to be in a clockwise direction. This will
cause rotation of the grinding wheels in the re-
spective directlons indicated in Figure 2. The

‘brush 61 of motor 84 1s- connected through

switch blade 78 and contact 19 to branch line 8¢ 5 .
which has one end 81 connected to the lower end :
of fleld coil 54 and the other end connected to the
switch contact 82. 'The contact 82 is connected

by switch blade 83 directly to the negative power
main 53 whereby the variable resistance 61 is 10
short-circuited with the result that the motor 34

will rotate at the faster rate.

The brush 70 of motor 43 is connected to switch
blade 84 and contact 85 to line 88 which ter-
minates at the lower end of field coil 58. Since 18
no other outlet is provided, the current must flow :

through the resistance 62 to the negative main §3, .

thus causing the motor 43 to rotate at a slow rate.

It will now be apparent that when the switch is
thrown down that both motors will be rotated in 20
the same direction but one motor will be rotated .

~at'a fast rate and the other at a slow rate.

‘When the switch is thrown up the positive main
52 is connected through contacts 85 and 86 and -
switch blades 78 and 84 to motor brushes 67 and 25
70, thus causing the armatures to rotate in an
opposite direction which will cause rotation of
the grinding wheels in the direction indicated
in Figure 3. C
This time, however, the motor brush 66 is con- 30
nected through blade 76 to line 80, and since the
contact 82 is open the return connection to the.
negative main 53 must be through the resistance
61 whereby the motor 34 will rotate at a slow rate.
The brush T{ of motor 43 is connected by the 85
switch blade 13 to contact 87 and line 8¢ which
also has a connection to the lower end of field coil
56, but the line 86 has a branch connection to
switch contact 88 which this time is connected
through switch blade 83 and line 73 directly to the 40
negative power main 58 whereby the motor 43
will rotate at a fast rate. Thus, the use of a single
selector element, the direction of rotation and
the respective rates of rotation may be changed
to select the condition shown in Figure 2, or the 45
one shown in Figure 3. '
There has thus been provided an improved
process and apparatus for finishing cylindrical
work pleces and in carrying out the process it will
be obvious that a group of work pleces may be 50

passed through the machine with the set-up

shown in Figure 2 and then passed through the
machine with the set-up shown in .Figure 8,
rather than performing the complete process on
one work plece before starting the next one 55
through.

Attention is also invited to the fact that the
relative acute angularity of the wheel axes with
respect to the surface of the blade need not bhe
exactly the same. For instance, they can be made 60
different to vary the rate of work feed in the
different steps and this will also vary the angle
of the cross wiping for the different steps.

What is claimed is:

1. In a grinding machine, the combination of a 838
pair of opposed grinding wheels of different grains .
supported for rotation on parallel axes, a work
rest blade supported intermediate sald “wheels,
separate prime movers for driving said “wheels,
an electrical control eircult for said prime movers, 70
including a reverse switch for simultaneously
changing the direction of rotation of said wheels,
separate electrical resistance means In said
circuit for reducing the rate of rotation of each
prime mover, and means controlled by the alter- 7§
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nate positions of said switch for alternately
short-circuiting said resistance means whereby
for one direction of rotation, the coarser grained
wheel will run faster, and for the other direction
of rotation the finer grained wheel will run faster.

2. A machine of the character described, in-

cluding a work rest member adapted rotatably :

to support a work piece, a pair of abrading wheels
disposed on opposite sides of the work rest for
engagement laterally with a supported work piece,
means rotatably mounting said wheels with their
axes inclined as respects the potential work path
as determined by the work rest, a first means
operable to rotate one of said wheels in opposite
directions and at a different speed in one direc-
tion of rotation from the speed in the other di-
rection of rotation, a second means for effect-
ing rotation of the other of said wheels in either
direction and at inverse speeds as respects the

corresponding directional speeds of the first

wheel, whereby each of said wheels will func-
tion as an abrading member in one direction of
rotation and a regulating member in the oppo-
site direction of rotation.

3. A machine of the character described, in-
cluding a work rest member adapted rotatably
to support a "work piece, a pair of abrading
wheels disposed on opposite sides of the work rest
for engagement laterally with a supported work
piece, means rotatably mounting said wheels with.
their axes inclined in a common direction as re-
spects the potential work path as determined
by the work rest, a first means operable to rotate
one of said wheels in opposite directions and at
a different speed in one direction of rotation
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from the speed in the other direction of rotation,

a second means for effecting rotation of the other

of sald wheels in either direction and at inverse
speeds as respects the corresponding directional
speeds of the first wheel, whereby each of said
wheels will function as an abrading member in
ohe direction of rotation and a regulating mem-
ber in the opposite direction of rotation, and a

- unidirectional feeding movement of the work will

be effected by the alternately employable regu-
lating wheels.

4. A machine of the character described, in-

cluding a work rest member adapted rotatably
to.support a work piece, a pair of abrading wheels
disposed on opposite sides of the work rest for
engagement laterally with a supported work piece,
means rotatably mounting said wheels with their
axes inclined as respects the potential work path
as determined by the work rest, a first means op-
erable to rotate one of said wheels in opposite
directions and at a different speed in one direc-
tion of rotation from the speed in the other di-
rection of rotation, a second means for effecting
rotation of the other of said wheels in -either
direction and at Inverse speeds as respects the
corresponding directlonal speeds of the first
wheel, whereby each of said wheels will func-

tion as an abrading member in one direction of

rotation and a regulating member in the oppo-
site direction of rotation, and a single control
device for the respective actuators for jointly de-
termining the direction and rate of actuation of
the respective wheels. ) :

- GEORGE W. BINNS.
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