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UNITED STATES PATENT OFFICE 
APPARATUS FOR GRINDING GEARS AND 

GEAR, CUTTERS 
Floryan Lohutko, Detroit, Mich., assignor to: The 
Thompson Grinder Company, Springfield, Ohio, 
a corporation of Ohio, 

Application December 14, 1948, serial No. 65,255 
(C1,51-95). 1. Cairns. 

1. 
This invention relates to grinding machines, , , 

and particularly to grinding machines eSpecially 
adapted for grinding gears and gear cutters and 
the like. 
The art of grinding gears and gear cutters is 

highly complex and requires accurate fixtures and 
machines and the like, and heretofore has been 
an operation requiring a high degree of skill and 
consuming considerable-length of time. 

his is due to the fact that the tooth forms on 
the gears and gear cutters are finally finished 
by a grinding operation and therefore receive 
their ultimate accuracy therefrom. 
Also in the case of gear cutters it is necessary 

to, provide clearance angles along the Sides of 
the cutting teeth, in order to provide for the 
proper cutting action when it is utilized for form 
ing a gear blank into a gear. 

Prior art arrangements for grinding gears and 
gear cutters generally took the form of a grinding 
wheel. So shaped and arranged that it would form 
Only one side of a tooth, at a time. Thus, to grind 
completely around the periphery of a gear ) 
gear cutter it. WaS. necessary to grind One side of 
the teeth going around the workpiece in One di 
rection and then to reverse the workpiece and 
grind the other side of the teeth. It will be ap 
parent that this procedure, involving as it does 
tWo Setups, was inherently inaccurate and 
troublesone. 

Certain other arrangements have been pro 
posed wherein the grinding wheel carried a heli 
cal thiead for in thereon. So that as it rotated the 
geal or gear cutter being ground also rotated. 
This arrangement was more satisfactory than 
the one described above, but all machines hereto 
fore which have utilized this principle have been 
exceedingly complex and expensive and difficult 
to operate. 
The primary object of the present, invention is 

to provide an improved arrangement for grind 
ing Workpieces such as gears and gear cutters 
which is much simpler to operate than machines 
which have been constructed according to the 
prior art. 
A still further object is the provision of a fix 

ture in COInbination with a grinding machine in 
Which Workpieces. Such as gears and gear cutters 
can be mounted and ground to precise forms by 
simple grinding practices, 
A Still further object is the provision of an im 

proved method of grinding gears and gear cut 
ters; which results in a highly accurate product 
and which is much more easy to carry out than 
any of the methods according to present day practices. 
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2 
These and other objects, and advantages will 

become-more apparent upon reference to the folr 
lowing description taken in connection with the 
accompanying drawings in. Which: 

Figure. 1 is a vertical longitudinal. Section 
through one form of the machine adapted; for 
practicing this, invention; 
Figure 2 is a transverse section through, the 

nnachine and is indicated by the-line 2-2. On-Fig 
ure l; 

Figure 3 is a vertical Section through the heads 
stock end of the workpiece. Supporting fixture and 
is indicated by the line 3-3 on. Figure. 1; 

Figure. 4 is a plan, section through the headr 
Stock and is indicated by the line. 4-4. On Fig 
ure 3; 

Bigure. 5 is a diagrammatic. perspective view 
showing the electrical. interlock between the 
Wheel driying naotor and the: headstock motor 
whereby, Synchronous operation of the:Wheel and 
Workpiece; arbor are obtained; 

Figure 6.is a view.similar to Figure. 5. but show 
ing. a modified: manner of interlocking the Wheel 
and Workpiece arbor; 

Figtre. Shows: Still another View of effecting 
Synchronous. Operation of the wheel; and work 
piece, arbor;. 

Figures. 8. and 9 are, views... showing: a typical 
tooth, forming, operation- on a small, gear or gear 
cutter; and 

Figures.10, 11, and 12 show, a similar operation 
in connection with a larger gear. 

Referring, to, the drawings, more in detail, the 
machine shown in, Figures 1, through. 4-comprises 
a... bed ) and reciprocably mounted thereon is a 
table 2. The-table, 2 may be supported in the 
usual manner, on the V and flat ways, best seen 
at 4 in Figure 2, and has connected therewith 
the fluid actuating plunger 6 which is recipro 
cably, mounted in the hydraulic: cylinder 8 in 
the bed 0. . . . . 

Adjacent to the bed 0, and preferably rigidly 
connected, therewith, is a frame. part 20, and 
the upper surface: thereof is formed with a guide 
way 22, which reciprocably supports. the upper 
frame part, 24. The frame part, 24, is adjustable 
along the guideway, 22 by means of the screw. 26 
and hand wheel 28, according to usual practices. 
The upper frame part 24. has on one vertical 
face thereof a slide. 30, which reciprocably, Sup 
ports a wheel head structure 32. As in the case 
of the frame part 24, the wheel head structure 32 
is adjustable vertically. On its supporting slide by 
reans, of the Screw 34 and hand, wheel 36. 

It. will be: apparent that the right, angle slide 
arrangement of the slides 22 and 3) permit the 
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positioning of the wheel head 32 in any position 
of adjustment in its plane. 
In combination with the adjustability of the 

table 2 on the bed 0, this combination pro 
vides for complete three dimensional relative 
positioning of the table 2 and the wheelhead 32 
in order to bring the Workpiece on the table and 
the grinding wheel into proper operative engage 
ment. 
The wheel head has a wheel shaft 38 extend 

ing therethrough which may be supported in any 
suitable manner as by the bearings 40 in op 
posite ends of the wheel head. A motor 42 is 
connected to one end of the shaft for driving 
it and a wheel 44 is mounted on the other end 
in a suitable and well known manner. A wheel 
guard 46 is preferably provided which surrounds 
the said wheel. As will be noted, especially in 
Figure 2, the wheel 44 has a helical groove therein 
as at 48 and the cross sectional configuration of 
this groove is exactly that of the thread form 
which it is desired to grind on the workpiece. 
This wheel may be formed by any dressing 
operation suitable for that purpose, but is pref 
erably shaped by a dressing device and process, 
as shown and claimed in my co-pending applica 
tion, Serial No. 65,258 and filed on the 14th day 
of December, 1948. 

Returning to the table 2, this member pivot 
ally mounts a sub-table or platform 50. The 
sub-table 50 is adapted for pivoting in a vertical 
plane on the table 2 by means of its arcuate 
lower Surface which mounts in an arcuate recess 
in the upper part of the table 2. This con 
struction is best seen in Figure 1. 
For clamping the sub-table 5 in any particu 

lar position of adjustment, there is preferably a 
T-slot 52 extending around the arcuate recess 
in the table 2 and into which the T-bolt 54 
extends. The T-bolt may be drawn up to clamp 
the sub-table 50 into position by means of the 
tapered locking member 56, as will best be seen 
in Figure 2. 
Mounted on top of the sub-table 50 is still 

another table or platen 58 which is pivotal in a 
horizontal plane about the pivot or dowel pin 
60. Similarly, as with the table 50 the platen 58 
is adapted to be clamped in any position of ad 
justment by means of the T-slot 62 in the table 
50 and the clamping bolts 64 extending therein 
and through the platen 58. 
The platen 58 has mounted at one end thereof 

a tailstock init 6 and at the other end thereof 
a headstock unit 68. Between these units there 
is mounted a workpiece arbor 0 and which is 
drivingly connected with the output shaft 2 of 
the headstock unit by means of a dog member 
74. The workpiece 76 is mounted on the arbor 
70 in any suitable manner so as to be rigid there 
with during the grinding operation. 
For driving the output shaft 2 of the head 

stock unit the arrangement shown in Figures 3 
and 4 may be employed. In these figures it will 
be noted that there is a headstock drive motor 
78 which drives through a worm and wheel ar 
rangement at 80 into a shaft 82 which traverses 
the headstock unit from end to end. At the 
rear end, that is the left end as viewed in Figure 
1, of the headstock unit there is a removable 
cover plate 84 and beneath which there are the 
change gears 86 which interconnect the shaft 
82 with the drive shaft 88. The drive shaft 88 
is splined, at its right end, to the rotatable 
member 90 which receives the headstock center 
or output shaft 72. 
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As mentioned previously, it is necessary for 

the grinding wheel and for the workpiece being 
ground to rotate at synchronous speeds. This is 
due to the fact that the groove formed on the 
grinding wheel is helical, and therefore as it 
rotates the workpiece also rotates in order to 
maintain the teeth being formed thereon in 
exact register with the said groove. 
One arrangement for maintaining the work 

piece and the wheel in synchronous operation is 
shown in Figure 5, wherein the wheel head motor 
42 and the workpiece driving motor 78 are Syn 
chronous motors and are interconnected by the 
wires 92 and 94 with the alternating current 
power lines L. and L2. 

It will be apparent that closure of the Switch 
95 will result in synchronous operation of the 
grinding wheel and the workpiece arbor. It will 
be apparent that if the workpiece arbor Were not 
driven by the motor 78 it would still rotate due 
to the threaded form of the grinding wheel. This 
is not desirable, however, because accurate thread 
forms cannot be generated in this manner. This 
is due to the fact that the grinding load shifts 
in magnitude and direction as the relative posi 
tions of the tooth being ground and the groove 
forming the said tooth change. If no compensa 
tion were to be made for this shifting load, then 
the workpiece being ground would have the 
greatest amount of material removed therefrom 
over the area, where the greatest grinding load 
occurred, and this would produce an improper 
tooth form. 

This is illustrated in Figures 8 and 9 wherein 
a relatively severe tooth grinding Operation is 
being carried out. The gear or gear cutter being 
formed in Figures 8 and 9 is relatively Small and 
due to this fact the pressure between the Work 
piece and the grinding wheel varies rapidly and 
from one side to the other. 
As shown in Figure 8, wherein the tooth being 

formed is in the center position relative to the 
grinding wheel, it will be noted that the vectors 
F representing the force of the grinding wheel on 
the sides of the tooth are equal in size and are 
symmetrically arranged. In this particular posi 
tion then the gear tooth will normally be properly 
ground. However, in Figure 9 the gear has 
rotated through a small angle while the wheel has 
turned through a relatively large angle and the 
tooth has shifted to one side of center. At this 
time, it will be noted that the line of force between 
the wheel and tooth, and represented by the 
vector F2, has shifted so that substantially the 
entire thrust of the wheel on the gear is toward 
one side. Under these conditions it would not 
be possible properly to grind the tooth form unless 
the position of the workpiece being ground were 
fixed by some instrumentality other than its 
grinding engagement with the wheel. It will be 
seen, therefore, that by driving the wheel and 
workpiece synchronously the shifting thrust be 
tween the wheel and workpiece is compensated 
for and an accurately formed tooth resultS. 

In the grinding of gears the teeth thereof nor 
mally extend in a direction parallel with the axis 
of the gear. For grinding workpieces of this type 
the table 52 would thus normally be moved to a 
position where the axis of the mandrel 70 ex 
tended in a direction parallel with the direction 

In gear cutters, 
however, it is necessary for there to be a clearance 
angle extending backwardly from the cutting face 
of the cutter and to form a Workpiece of this type 
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the workpiece 5 is tilted as shown in Figures 1 
and 2. 

It will be apparent that the workpiece will be 
ground with the proper clearance angle, extend 
ing rearwardly from the cutting edge thereof. 
Once the cutter has beenformed on the grinding 
wheel the face thereof, that is the left-handface 
as viewed in Figure, may be successively ground 
back in order to resharpen the cutter during use 
thereof. 

Normally, for relatively thin cutters, a large 
wheel may be used and the entiretooth form on 
the cutter ground without axially reciprocating 
the table f2. However, if the gear cutter or gear 
to be grotird has a substantial axial length; Such 
that it cannot be completely formed except by 
axial reciprocation of the table 2, this operation 
can be performed without in any way effecting 
the formation of the tooth. It will merely be 
necessary to go-arcundise workpiece more than 
one time; either reciprocating the table f2 at the 
same time or adjusting it to two or more positions 
and grinding around the workpiece one or more 
times for each of the said positions: 

In order to indicate the severity of the grind 
ing operation shown in Figures 8 and 9 and also to 
indicate that similar conditions obtain in work 
pieces of other sizes, Figures 10; 11 and 12 show 
a larger" type gear being ground and With the 
thrusts between the grinding wheeland gear tooth 
being indicated. It will be apparent that while 
these thrusts do not change as rapidly or as much 
as do the thrustS in Figures 8 and 9, there is, nev 
ertheless, sufficient shifting thereof to require that 
the workpiece. be synchronously driven in order 
properly to form the gear tooth thereon. 

Figures 6 and 7 show modified arrangements 
for obtaining Synchronous operation of the Wheel 
and workpiece. In Figure, 6' the wheel shaft is 
driven by a belt 00 which passes over a pulley 
O2 mounted on the wheel shaft. Also carried 
on the wheel. shaft, is a Selsy in type transmitter 
04 connected with the power lines. If and L2. 
The Selsyn transmitterisinterlocked by the wires 
5 in the usual manner with the Selsyn, receiver 
96 which forms the headstock driving motor. 

The Selsyn, receiver is also connected with the 
power lines I, and I2 and as well known in con 
nection. With this type of driving arrangement re 
mains in absolute synchronism with the Selsyn 
transmitter 4 at all-times. 
In Figure 7. a similar arrangement. is shown 

wherein the wheel. shaft, is selectively connected 
with the headstock by means of the gearing 08 
and shafting ... As is well known this provides 
for a positive mechanical interconnection of the 
headstock and wheel-shaft. and thereby positively 
insures synchronization thereof. 
In order to permit the wheel head and the table 

supporting the workpiece to be adjusted relative 
ly to each other the shafting to preferably in 
cludes the splined connections at 2 and the dif 
ferential units at 4. By this arrangement the 
full flexibility of adjustment of the wheel and 
workpiece is maintained without in any way inter 
fering with the synchronous driving thereof. 

If it is desired to grind helical gears or gear 
cutters, the platen 58 is set to the proper angle 
about its pin 60 and then clamped in position. 
Thereafter the grinding of the helical work mem 
ber can proceed as outlined above. 

It will be understood that this invention is SUS 
ceptible to modification in order to adapt it to 
different usages and conditions and, accordingly, 
it is desired to comprehend such modifications 
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6 
within this invention...as may fall within the scope. 
of the appended claims. 
I claim: 
1. In combination in a grinding machine: for 

grinding gears and gear cutters; a grinding: wheel 
having a spiral groove" on the periphery.thereof, a. 
bed, a table movable on said bed, a fixture-mount 
ed., on said table comprising a sub-table directly 
supported by said bed and a platen supported on 
said table, headstock and tailstock means on said 
platen defining a work axis, and means 'for' pivot 
ally adjusting said sub-table on said table and 
said platen on said sub-table thereby to vary the 
angularity between the axis of said wheel and said 
work axis, and means for driving said wheel and 
a workpiece, mounted on said axis-at-synchronous Speed. 

2. In a grinding machine; a bed, a table recip 
rocabie on said bed, a sub-table mounted on said 
bed for pivotal movement on a horizontal axis, 
a platen mounted on said sub-table for pivotal 
movements on an axis perpendicular to the said 
horizontal axis, a headstock and a tailstock on 
said paten defining a Work axis, a column adja 
cent said bed, a wheel head carried on said column 
and movable vertically and horizontally thereon, 
a grinding wheel rotatably mounted on Said wheel 
head and having a Spiral groove on the outer pe 
riphery thereof, and drive means operable for 
driving said wheel head and said headstock in Synchronism. 

3: In a grinding inachine; a bed, a table re 
ciprocable on said bed, a sub-table mounted on 
said bed for pivotal movement on a horizontal 
axis, a platen mounted on said sub-table for piv 
otal movements on an axis perpendicular to the 
said horizontal axis, a headstock and a tailstock 
on said platen defining a work axis, a columnadja 
cent, said bed, a wheel head carried on Said column 
and movable vertically and horizontally thereon, 
a grinding wheel rotatably mounted on said wheel 
head and having a spiral groove" on the Outer pe 
riphery thereof, and drive means operable for 
driving said wheelhead and said headstockinSyn 

5 chronism, said headstock including change gears 
for changing the ratio of its speed to that of Said 
Wheel. 

4. In a grinding machine; a bed, a table re 
ciprocable on said bed, a sub-table mounted on 
said bed for pivotal in ovement on a horizontal 
axis, a platen mounted on said sub-table for piv. 
otal movements on an axis perpendicular to the 
said horizontal axis, a headstock and a tailstock 
on said platen defining a work axis, a column ad 
jacent said bed, a wheel head carried on said 
column and movable vertically and horizontally 
thereon, a grinding wheel rotatably mounted on 
said wheel head and having a spiral groove- On 
the outer periphery thereof, and drive means Op 
erable for driving said wheel head and said head 
Stock in Synchronism, the said drive means corn 
prising individual Synchronous notors drivingly 
connected with each of said headstock and Said 
Whee. 

5. In a grinding machine; a bed, a table re 
ciprocable on said bed, a sub-table mounted 
on said bed for pivotal movement on a horizon 
tal axis, a platen mounted on said sub-table 
for pivotal movements on an axis perpendicular 
to the said horizontal axis, a headstock and a 
tailstock on said platen defining a Work axis, a 
column adjacent said bed, a wheel head carried 
on said column and movable vertically and hori 
zontally thereon, a grinding wheel rotatably 

5 mounted on said wheel head and having a spiral 
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groove on the outer periphery thereof, and drive 
means operable for driving said wheel head and 
said headstock in synchronism, said drive means 
comprising means for driving said wheel and 
means connecting said headstock with said wheel 
whereby said wheel and headstock are driven in 
Synchronism. 

6. In a grinding machine; a bed, a table re 
ciprocable on said bed, a sub-table mounted on 
said bed for pivotal movement on a horizontal 
axis, a platen mounted on said sub-table for 
pivotal movements on an axis perpendicular to 
the said horizontal axis, a headstock and a tail 
stock on said platen defining a Work axis, a col 
lumn adjacent Said bed, a wheel head carried on 
Said column and movable vertically and hori 
zontally thereon, a grinding wheel rotatably 
mounted on said wheel head and having a spiral 
groove on the outer periphery thereof, and drive 
means Operable for driving Said. Wheel head and 
Said headstock in Synchronism, said drive means 
comprising a Selsyn transmitter driven Synchro 
nously with Said wheel and a Selsyn receiver 
connected with said transmitter and driving said 
headstock. 

7. In a grinding machine; a bed, a table re 
ciprocable on said bed, a sub-table mounted on 
said bed for pivotal movement on a horizontal 
axis, a platen mounted on said sub-table for 
pivotal movements on an axis perpendicular to 
the Said horizontal axis, a headstock and a tail 
Stock on Said platen defining a Work axis, a col 
umn adjacent said bed, a wheel head carried on 
Said column and movable vertically and horizon 
tally thereon, a grinding wheel rotatably mount 
ed on Said wheel head and having a spiral groove 
On the outer periphery thereof, and drive means 
operable for driving said wheel head and said 
headstock in Synchronism, said drive means 
comprising gears and shafting connecting said 
Wheel. With said headstock. 

8. In a grinding machine; a bed, a fixture on 
Said bed having a headstock and tailstock de 
fining a Work axis, means for pivoting said head 
Stock and tailstock as a unit to move Said work 
axis about a horizontal axis extending trans 
versely therethrough or about another axis at 
right angles to Said horizontal axis, a frame on 
said bed adjacent said fixture and adjustable to 
Ward and from said Work axis in the direction of 
said horizontal axis, a wheel head carried on said 
frame and adjustable vertically thereon, a shaft 
in said wheel head extending in the same direc 
tion as Said horizontal axis, a grinding wheel on 
one end of said shaft overhanging said work axis 
and having a spiral groove therearound, a drive 
means at the other end of Said Shaft for driv 
ing said wheel through Said shaft, and means 
interlocking said shaft and said headstock where 
by a Workpiece on said work axis is driven in 
Synchrcnism with said. Wheel. 
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* 9. A fixture for supporting gears and gear cut 
ters to be ground comprising a reciprocable table 
member having an arcuate slot therein, a Sub 
table mounted on said table and having a portion 
thereof engaging said arcuate slot for pivoting 
movement about a first axis, a platen mounted 
on said sub-table for pivoting movement about 
an axis thereon perpendicular to said first axis, 
and headstock and tailstock means on said platen 
defining a Work axis. 

10. A fixture for supporting gears and gear cut 
ters to be ground and comprising a reciproca 
ble table, a sub-table having an arcuate slot 
therein mounted on said table and having a 
portion thereof engaging said arcuate slot for 
pivoting movements about a first axis, a platen 
mounted on said sub-table for movement about 
an axis perpendicular to said first axis, means 
for clamping said platen to said sub-table and 
said sub-table to Said table in any of their posi 
tions of adjustment, and headstock and tail 
stock means on said platen defining a Work axis 
on which the workpiece to be ground is supported. 
1. In a grinding machine; a bed, a table re 

ciprocable on said bed, a sub-table mounted on 
said bed for pivotal movement on a horizontal 
axis, a platen mounted on said Sub-table for 
pivotal movements on an axis perpendicular to 
the said horizontal axis, a headstock and a tail 
stock on said platen defining a Work axis, a col 
umn adjacent said bed, a wheel head carried on 
said column and movable vertically and horizon 
tally thereon, a grinding wheel rotatably mount 
ed on said wheel head and having a spiral groove 
on the outer periphery thereof, and drive means 
operable for driving said wheel head and said 
headstock whereby the rotation of the workpiece 
by said headstock is synchronized to the rotation 
of said spiral threaded wheel for center position 
ing of the tooth being formed relative to the 
spiral groove of the grinding wheel. 
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