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Patented Mar. 15, 1938

UNITED STATES

2,111,045

PATENT OFFICE

. 2,111,045
: ) - LAPPING MACHINE
‘ Robert S. Drummond Detroit, Mich.

Appllcatlon August 7
8 Claims.

The mventlon relates to the art- of finishing
gears and is an improvement in the invention
disclosed in my prior Patent No 1,989,651 pat-
ented January 29, 1935,

The principal object of the mvention is to. ob-,

tain a crowning effect during the finishing of
the gears whereby the ends of the teeth are
slightly rounded. When gears finished - in this
manner are run together, there is avoided the

harsh edge bearing which in the case of ordinary _.

gears may be very slightly out of lme in the
mounting of the case, -

My invention .may be applied to machines
adapted for lapping, burnishing or cutting of
gears and is particularly adapted for improving
the finishing of gears by the method shown in
my prior patent above mentioned. My invention

. may be embodied in an attachment which can
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be added to the machine shown in my prior
patent, or it may be made as an integral part of
a machine for finishing gears.

My invention is especially .adapted for use in
lapping gears by means of a- rotary lapping tool

in the. form of a gear, the axis of the tool being"

crossed with respect to the axis of the gear being
finished, preferably.at an angle of less than 30°
The invention is also effective when-the rotary
finishing tool is of a form to produce burnishing
‘or of a form to produce cutting or sha,vmg of
the gear teeth. .

In the drawings

Figure 1 is a perspective v1eW of a gear finish~
ing machine embodying my invention with cer-

tain portions of the oil pump in the power tail -

stock dlagramma.tlca,lly shown in dotted lines;

Figure 2 is a vertlca,l section through the ma-
chine;

Figure 3 is a sectional view illustrating a por-
tion of the drive mechanism taken substantially
on the line 3——-3 of Figure 2;

Figure 4 is a horizontal sectional view taken
on the line 4—*4 of Figure 2;

Figure 5 is a detail view of a portion of Figure
1 with parts broken away;

Figure 6 is a diagrammatic sectional view
through the power tail stock showing the oil
pump and valves;

‘Figure 7 is a top plan v1ew of the mechanism

for varying the oil pressure 1n order to obtain
the crowning effect;

Figure 8 is a diagrammatic view showing the
relationship between the gear and the finishing
tool during the finishing operation;

Figure 9 is an enlarged diagrammatic view of
the gear teeth of a helical gear after the crown-

.

1935, Serial No. 35, 114
(CL. 51--26)

ing effect has been produced, the rounding of the
teeth being somewhat exaggerated;

- Figure 10 is a diagram illustrating the change
in oil pressure during the reciprocation of the
gear with respect to the finishing tool..

. The drawings illustrate a machine which in
general construction is substantially the same as
that disclosed in Figures 6 to 11 of Patent No.
1,989,651 but modified therefrom to obtain the

invention. It is also substantially the same as

crowning effect in accordance with the present

one of the machines shown in my co-pending °

application, Serial No. 3,663, filed January 26,
-1935. The machine is provided with a hollow
base 60 which at a convenient height is provided
with a table 6i. At the rear of the table are
‘segmental ways 62 on which is mounted a ver-
tical column 63. At the front of the table 61
provision is made .for carrying the arbor 64 on
which the finishing tool 65 is mounted. This
consists of a head stock 66 and tail stock 67, the
latter being adjustable in the ways 68 on the
table 61. These are so located that the horizontal
axis of the arbor 64 intersects the vertical axis
“about which the column 63 is angularly adjust-
-able on the ways 62. For adjusting the finishing
tool axially there is provided the square shank
69 which carries at its opposite end the pinion
70 (see Figure 5). The pinion T0 meshes with
the rack Tl on the sleeve 72 which in turn has
a collar 13 abutting the finishing tool 65. Thus
upon rotation of the square shank 69 with a suit-

20

able handle, the finishing tool 65 may be axially

adjusted in the bearings on the head stock 66
and tail stock 67.

The column .63 is provided with vertical wa,ys
14 for mounting the crosshead 15. The cross-
head is in turn provided with horizontal ways 16
on which is horizontally adJustable a carriage 11,
This carriage has depending therefrom arms 78
and 19 in which are mounted bearings for the

arbor 80 for the gear 81 to be finished. For .

vertically adjusting the arbor 80, the following
mechanism is used. The column 63 is provided
at the top thereof with a frame 82 in which a
handwheel 83 is journaled. The handwheel car-
ries a worm 84 engaging a worm wheel 85 which
in turn is mounted on the adjustment screw 86.
-This. screw threadedly engages a nut 87 on the
crosshead 15 while it is provided with a suit-

° able thrust collar 88 to prevent axial movement

thereof. . 'The screw also carries at its upper end
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50

the ‘index wheel 89 for indicating the vertical

adjustment. of the crosshead. ,
The arbor 64 is driven by suitable means such
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as the pulley 90 which is connected by a belt 91
to a pulley 92 on a shaft 93 arranged in the bot-
tom of the hollow base 60. The shaft 93 has a
gear 94 engaging worm 85 on a shaft 96 driven
by an electric motor 97. The speed of rotation
of the arbor 64 for the finishing tool may be
suitably regulated by providing the proper ratio
of the gears in the driving mechanism. Provi-

- gion is also made for automatically reciprocating
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the carriage 11, this comprising a rack 98 on the
carriage 17 engaging a gear wheel 99 splined upon
a vertical shaft 106 which is oscillated by a rock
arm 101 connected to a link 102 engaging an
adjustable throw crank {03 on a shaft {04. The
shaft 104 is driven through the medium of a re-
duction worm .gearing 105 from the shaft 93.
Thus the rotation of the shaft 93 rotates the
gear finishing tool §5 and at the same time re-
ciprocates the gear to be finished in the direction
of the axis of the latter. The amplitude of
movement is determined by the throw of the ad-
justable crank 83 which may be set according
to the width of the gear which is being finished.
The rate of axial feed of the gear may be deter-
mined by the proper gear ratio.

Tn the finishing of gears according to the pres-
ent invention, the pressure between the teeth of
the finishing tool and the gear to be finished is
developed by retarding the rotation of the gear,
and for this purpose I provide a suitable mecha-
nism which may be referred to generally as a
power tail stock 106. This is mounted on hori-
zontal ways 120 on the column 63 to permit hori-
zontal adjustment. Within the power tail stock
is a gear pump {07 which is driven from the shaft
80 through the medium of intermeshing gear
wheels 108 and 109. The gear 108 is mounted on
a shaft §21 which has at its opposite end loosely
mounted thereon the driven oil pump gear 122,
The gear 109 is keyed to & parallel shaft 123 to
which is keyed the driving ofl pump gear 124.
The oil or other fluid propelled by the pump is
supplied by a reservoir 110 and is discharged
against the resistance of a spring-closed valve
i25. PFigure 6 shows diagrammatically the path
of flow of the fluid from the reservoir to the-
gear pump and back to the reservoir again, and
for convenience the various connections are
shown in substantially the same plane, although
it is to be understood that in the actual construc-
tiom of the machine the conduits and the relief
valves may be located in whatever relationship is
found most suitable from a manufacturing stand-
point. As shown in the drawings, the pump gears
{24 and §22 are within @ block (26 having inter-
secting cylindrical bores 121 and 128 forming
the pump casing. .Conduits 129 and 130 lead
from opposite sides of the casing and communi-
cate respectively with vertical passageways 131/
and 132 leading to the top of the block 126.
There are also the branch passageways 133 and’
134 communicating with the enlarged bores 135
and 136 at the top of the block. The upper block
t37 has vertical passageways 138 leading between
the bore 135 and the reservoir 110 and there is
a corresponding vertical passageway 139 leading
from the bore 136 to the reservoir. - Spring-closed
relief valws 140 and {41 are arranged in the
bores 135 aad 136 to seat against the lower face
of the upper block {37. There are similar en-
larged bores 142 and 143 in alignment with pas-
sageways (31 and 132 and having therein -the
spring-closed relief valves [44 and 145 seating
against the upper face of the lock block 126. The
Lkores 142 and {43 commuricate with & hori~
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zontal passageway 146 which in turn communi-

cates with a vertical passageway 147 in which
the relief valve 125 is located. A tubular con-
duit 148 extends through the reservoir and pro-
jects above the same.
duit is an adjustable sleeve 149 carrying within
the same a push rod 150. A head 151 at the
lower end of the rod 150 bears against a coil
spring 152 which in turn bears against the ball
valve 125. The spring tension of the valve may
therefore be adjusted by vertical movement of
the push rod 150 and an initial tension may be
obtained by the adjusting sleeve 149 which af its
lower end abuts the head (51.

With the construction of oil pump described,
the resistance to rotation will be obtained when
the pump is rotated in either direction. Thus as-
suming that gear 124 is rotating clockwise in the
figure, the oil from the reservoir 110 will’ flow
downwardly through passage 139 through relief
valve {44, passage i34, passage 132, passage (30

to the gear casing. It will then travel back to the

reservoir through passageways 128 and 131, relief
valve 142, passage 146, passage 147 to the relief
valve 125 and thence outwardly through the port
153 in the tubular conduit 148. Similarly, if the

" pump gear (24 is rotating in a counter-clock-

wise direction, the oil will flow downwardly
through passage 138, relief valve 149, passages
133, 131, and 129 to the gear pump casing and will
flow back to the reservoir through passages 130,
132, relief valve 145, passages 146 and 147 to the
ball valve 125 and thence outwardly through port
(53. It will be obvious therefore that in either
direction of rotation the resistance to rotation of
the gear to be finished will be dependent upon
the spring tension on the relief ball valve 125.

In accordance with my invention, I make pro-
vision to vary the spring tension on the relief
valve 125 in accordance with the position of re-
ciprocation of the gear being finished. For this
purpose I provide on the carriage 11 a pair of
prackets {54 and 155 in which is journaled a

rock shaft 156. An arm [58 adjustably secured

to the rock shaft by a screw 159 extends over the
upper end of the push rod 150 and is provided
with an adjusting screw 160 projecting through
the same and contacting with the upper head 161
of the push rod. A torsional spring {57 having
its ends anchored in the rock shaft and bracket
{54 respectively actuates the rock shaft to re-
move the lever 158 upward away from the push
rod. A second rocker arm (62 on the rock shaft
{58 has a roller 163 thereon adapted to contact
with the edge 164 of a plate 165 which in turn is
mounted on the crosshead 715 of the machine.
Two cam plates 166 and 167 are secured to the
plate 165 on opposite sides of the roller 683 and

“have cam faces 168 and 168 respectively posi-

tioned to contact with said roller during the re-
ciprocation thereof, the cam plates having
angling §lots 170 for receiving the locating screws
111 in order to permit adjustment of the cam
plates. This permits of varying the pressure as
desired at each end of the stroke and permits the
proper adjustment to be made for different gears
requiring a different length of stroke.

In the operation of the machine as described,
the driving motor 91 is energized, thereby rotat-
ing the gear finishing tool 65 which in turn causes
the gear 84 to be rotated due to the intermesh-
ing action of the teeth. A reciprocating feed
movement is imparted in the direction of the
axis of the gear by means of the automatic mech-
anism including the pinion 99 and rack 98

Within the tubular con- .
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which cause reciprocation of the carriage 77 and
the gear 81. This movement is of sufficient
amplitude fo spread the finishing action over
the entire face width of the gear. The finishing
tool is provided with a tooth thickness that is
less than the interdental spaces in the gear prior
to lapping which enables the original setting of

the machine with the gear and finishing tool in

full mesh, that is, with their axes spaced apart
the exact distance for normal operation. The
driving motor 87 is first operated in one direc-.

- tion {o:cause a finishing action on the tooth
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- only slightly wider than the gear 81,
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faces on one side thereof, and then by reversing
the motor the opposite faces of the teeth are cor-
respondingly subjected to a finishing action. The
Treversal of rotation may be accomplished manu-
ally, or if desired suitable timing mechanism can
be used for automatically reversing the ma-
chine after a predetermined amount of finishing
action in one direction, -

During the axial reciprocation of the gear §i,
the roller (63 is also reciprocated and bears
against the edge 164 until near the end of the
stroke 'when it rides up on one or the other
of the cam faces {68 and §62. This causes a
rocking movement of the rock shaft 156 against
the action of the torsional spring (57 and the
arm {58 presses downwardly on the push rod
150, thereby increasing the spring tension on
the ball valve 125. Therefore the oil pressure
is built-up to a higher degree which causes an
increased retardation of the power tail stock and

-an increased pressure between the ends of the

teeth of the gear being finished and the teeth of
the finishing tool. This is diagrammatically il-
lustrated in Figure 10 which is a pressure chart
showing the change in oil pressure over the face
width of the gear. Thus if the relief valve is set
to normally operate under 20 pounds pressure
when the roller is contacting with the edge 164,
the pressure will rapidly build-up when lapping
the ends of the gear to 80 pounds due to-the
effect of the cam faces 168 and 169 on the position
of the roller. It is to be understood that- the

pressure chart is illustrative only, and the pres-: .

\

sures may be varied as dgsired in order to give
the amount of crowning effect which is found

desirable for any particular gear finishing oper- .

ation.’ : .

Figure 8 diagrammatically illustrates the cor-
rect setting for crowning gears in accordance
with my invention. In this_case the lap 65 is
The re-
ciprocating stroke is sufficient -so that at each
end of the stroke only the ends of the gear teeth
are in contact with the lap.and it is at the ends
of the stroke where the
obtain tHe increased lapping effect. As an illus-
tration, if the gear has a face width of 1
inches, the lap may have a face width of 11,
inches and the stroke may be 134 inches. This,
however, may be suitably varied and still obtain
a beneficial effect. It should be remembered
that the.gear and lap are arranged with crossed
axes so that the contact between the teeth of
the gear and lap varies from the center’ posi-
tion toward the pcsitions at the ends of the
stroke. The angle of contact.is different at the
ends of the stroke than at the center of the

- crossed axes. "Another factor in the production of

a crowning effect in' my machine is the mech-
anism for producing the oscillating stroke. As
previously described, the machine has 3, link (02
operated from a crank 103 and this causes a nat-
ural dwell at the two ends of the stroke which

 edge bearing between the gears.

pressure is built-up to -

3

becomes relatively larger with respect to the lap-
ping in the middle of the gear. This in itself’
will cause excessive lapping at the ends of the
stroke and tends to chamfer or round the ends
of the teeth. N <

Figure 9 is a diagrammatic view of the teeth"
of a helical gear which have been crowned in
accordance with my invention. The chordal
thickness in the middle of the gear is for ex-
ample. 125 thousandths of an inch, while the 10
chordal thickness at the ends is 124 thousandths
of an inch. This is merely an illustration how-
ever, and by means of my invention the ends of
the teeth may be taperéd off in any desired
amount even to as much'as 2 thousandths of an 15
inch if desired. A gear. finished in this manner
is recognized as desirable due to the fact that
in use it eliminates a very undesirable whine
sound caused by mis-alignment of the shafts or ‘
20

In the previous description of the operation of
the machine, I have referred more particularly
to lapping and as is well understood in the qrt'
the lapping effect is caused by introducing a lap-
ping compcund between the teeth of the lapping 25
tool and the gear being finished. It is to be
understood however that my invention also con~
templates other finishing actions such as bur-
nishing and cutting or shaving. The lapping ac-
tion is obtained by making the rotary finishing 30
tool of a relatively soft material such as cast
iron, while burnishing is obtained with 8, finish-
ing tool of harder material. Cutting. or shaving
is obtained by the use of a modified form of fin-
ishing tool as described in my co-pending appli- 35
cation, Serial No. 3,662, filed January 26, 1935.
Where the term rotary finishing tool is used in
the specification and claims, it is meant to in-
clude within its meaning constructions useful for
lapping, burnishing or cutting,

In finishing gears in accordance with my in-
vention, the gear finishing tool and the gear to
be finished have conjugate mating teeth -and the
angle between the axes is preferably maintained
less than 25° to 30° and usually between 3° and 46

40

.20°. If the gear to be finished is a straight spur

gear, the finishing tool will be a helical gear hav-
ing a helical angle within the above limits. On

-the other hand, if the gear to be finished is hel-
-ical, the finishing tool may be in the forih either 50

of a straight spur gear or of a helical gear, but
in each case the difference in helical angle should
be such that when in proper mesh the angular -
difference between the axes is within the limits.
previously mentioned. . : :

What I claim as my invention is: .

-1. A gear finishing machine comprising two
arbors having their axes crossed atan angle less
than 30°, one of said arbors beihg ‘adapted to’
mount a gear member to be finished, a rotary 60
finishing tool in the form of s gear member
mounted on the other of said arbors to mesh with
said gear to be finished, means for driving one
of said ‘arbors whereby the other of said arbors
is driven by the intermeshing action of said gear 65
members; means for resisting the rotation of said

56

other arbor, means for feeding one of said mem-

bers relative to the other in. the direction of the
axis of the gear to be finished and means auto-
matically operated in timed relation to said feed- 70
Ing movement for varying the resistance to rota-
tion of said other arbor during the feeding move-
ment.. . !

2. A gear finishing machine comprising two
arbors having their axes crossed at an angle less 75
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than 30°, one of said arbors being adapted to
mount a gear member to be finished, a rotary fin-
ishing tool member mounted on the other of said
arbors to mesh with said gear to be finished,
means for driving one of said arbors whereby the

‘other of said arbors is driven by the intermesh-

ing action of said teeth, an oil pump driven by
said other arbor, & relief valve for placing a pre-
determined resistance on said oil pump, means
for feeding one of said members relative to the
other in the direction of the axis of the gear to

be finished and means for varying said relief

valve during said feeding movement to vary the
pressure between the teeth of said members.

3. A gear finishing machine comprising two
arbors having their axes crossed at an angle less
than 30°, che of said arbors being adapted to
mount a gear member to be finished, a rotary
finishing tool member mounted on the other of
said arbors to mesh with said gear to be finished,
means for driving'one of said arhors whereby
the other of said arbors is driven by the inter-
meshing action of said teeth, an oil pump driven
by said other arbor, a relief valve for placing a
predetermined resistance on said oil. pump,
means for feeding one of said members relative
to the other in the direction of the axis of the

gear to be finished, a rock shaft operatively con-

nected. to said relief valve to vary the pressure
on said oil pump and cam means operatively as-
sociated with said rock shaft to rock the same
during said feeding movement. -

4. A gear finishing machine comprising an
arbor having & rotary finishing tool thereon,

means for rotating said arbor, a second arbor -

having an axis crossed at an angle less than 30°
with axis of said first arbor and adapted to mount
a gear to be finished in mesh with said rotary
finishing tool, a gear pump driven by said sec-
ond shaft, a relief valve for said gear pump, a
movable rod for varying the pressure on said
relief valve, a reciprocable carriage for mounting
said second arbor, a rock shaft on said carriage,
an arm on said rock shaft operatively associated
with said rod, a rocKer arm on said rock shaft and
a stationary cam arranged in the path of said
rocker arm to move the same during the recipro-
cation of said carriage. '

5. A gear finishing machine comprising a
frame, a pair of shafts in said frame, means for
angularly adjusting one of said shafts on said
frame to cause the axes of said. shafts to be
crossed, one of said shafts being adapted to
mount a work gear membér to be finished, a ro-
tary finishing tool member mounted on the other
of said shafts and having gear teeth adapted to
mesh with said work gear ‘when said axes are
crossed, means for driving one of said members
whereby the other of said members is driven by

the intermeshing action of said gears, means for-

feeding one of said members relative to the other

in a direction to spread the finishing action

across the face of said work gear, means for reg-

ulating the pressure contact between the teeth .

of said members, and means for actuating said
pressure-regulating means in predetermined por-
tions of said feeding movement.

6. A gear finishing machine comprising a

2,111,045

frame, a pair of shafts in said frame, means fov
angularly adjusting one of said shafts on said
frame to cause the axes of said shafts to be
crossed, one of ;said shafts ‘being adapted to
mount a work gear member to be finished, a ro-
tary finishing tool member mounted on the other
of said shafts and having gear teeth adapted to
mesh with said work gear when sald axes are
crossed, means for driving one of said members
whereby the other of said members is driven by
the intermeshing action. of said gears, means
for feeding one of said members relative to the
other in a direction to spread the finishing action
across the face of said work gear, means for re-
sisting-the.rotation of said driven member, means
for regulating the amount of said resistance to
rotation, and means automatically responsive to
travel of said fed member for actuating said reg-
ulating means in predetermined portions of said
feeding movement to vary the pressure contact
between said members in different portions of the
face width of said work gear, '

7. A gear finishing machine comprising a
frame, a pair of shafts in said frame, means for
angularly adjusting one of said shafts on said
frame to cause the axes of said shaits to be
crossed, one of said shafts being adapted to
mount a work gear member to be finished, a ro-
tary finishing tcol member mounted on the other
of said shafts and having gear teeth adapted to
mesh with said work gear when said axes are
crossed, means for driving one of said members

10

15

20

25

30

whereby the other of said members is driven by~

the intermeshing action of said gears, means for
feeding one of said members relative to the other
in a direction to spread the finishing action across
the face of said work gear, means for resisting the
rotation of said driven member, means for regu-
lating the amount of said resistance tn rotation,

- and cam means operably connected to said feed-

ing means to said regulating means to vary the
pressure contact between said members in dif-
ferent portions of the face width of sa:d work
gear. , :

8. A gear finishing machine comprising a
frame, a pair of shafts in said frame, means for
angularly adjusting one of said shafts on said

frame to cause the axes of said :shafts to be-

crossed, -one of said shafts being adapted. to
mount a work gear member to. be finished, a
rotary finishing tool member mounted on the
other of said shafts and having gear teeth adapt-
ed to mesh with said work gear when said axes
are crossed, means for driving one of said mem-
bers whereby the other of said members is driven

by the intermeshing action of said gears, means -

for feeding one of said members relative to the
other in a direction to spread the finishing action
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across the face of said work gear, means for re- .

sisting the rotation of said driven member, means
for regulating the amount of said resistance to
rotation, and cam means operably connected to
said regulating means and operably connected to
said’feeding means to increase the pressure con-
tact between said members at the ends of said
work gear. ) :
ROBERT S. DRUMMOND.
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