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The invention relates to grinding machines, 
and with regard to its more specific features to 
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a grinding machine for grinding crank shafts. 
One object of the invention is to provide a 

grinding machine capable of grinding irregular 
bodies at a high rate of production. Another 
object of the invention is to provide a grinding 
machine capable of grinding all throws of a . 
crankshaft at a single operation. Another ob 
ject of the invention is to provide a grinding ma 
chine adapted to grinding cranks and similar 
articles to a high degree of precision. Another 
object of the invention is to provide a highly 
efficient grinding machine. Another object of 
the invention is to provide a grinding apparatus 
adapted to produce precision results without the 
use of Work-rests, thus simplifying the grinding 
operation. Other objects will be in part obvious 
Or in part pointed out hereinafter. 
The invention accordingly consists in the fea 

tures of construction, combinations of elements, 
and arrangements of parts as will be exemplified 
in the structure to be hereinafter described and 
the scope of the application of which will be 
indicated in the following claims. 
In the accompanying drawings, illustrative of 

One of various possible embodiments of the me 
chanical features of this invention, 

Figure 1 is a front elevation; 
Figure 2 is an end elevation, the machine be 

ing viewed as from the left-hand side of Fig 
lure 1, certain machine parts being shown as 
broken away to show other mechanism; . 

Figure 3 is a view on an enlarged scale of a 
device for holding the axis of each grinding 
wheel at any one of a plurality of points in 
its orbital path for use when it is desired to true 
One or more of the grinding wheels; 

Figure 4 is a fragmentary view showing the 
wheel truling or dressing device; 

Figure 5 is a detailed view showing a pair of 
grinding wheels and their mountings, one wheel 
and its support being illustrated in section; 

Figure 6 is a diagrammatic view illustrating 
the grinding of a crankshaft and the driving 
trains for wheel rotation, wheel orbital move 
ment, and Workpiece rotation; 

Figure 7 is an enlarged view, similar to Fig 
ure 5, showing a modified form of wheel mount 
ing whereby the planes of rotation of the sev, 
eral wheels may be adjusted relative to each other 
by a Small amount; 

Figure 8 is a sectional view taken on the line 
8-8 of Figure 7. 
As conducive to a clearer understanding of 

(CI. 51-90) 
the present invention, I note that the regular 
practice, in grinding crankshafts has involved the 
grinding of the several pins or throws succes 
sively. Machines which have heretofore been 
provided for grinding crankshafts according to 
such method have included mechanisms for suc 
cessively positioning the same wheel against dif 
ferent throws and for supporting the work-piece. 
With the very best arranged and organized of 
such machines the setting up for grinding of Suc 
cessive crank-throws has nevertheless involved a 
substantial amount of time. The present inven 
tion succeeds in performing at a single operation 
successfully that which, according to the usual 
prior practice required a plurality of operations. 

Referring now to Figures 1 and 2, I provide a 
machine base upon which is mounted a table or 
carriage 2 by means of Suitable ways on the un 
der side of the table, not shown, and cooperating 
ways 3, 4 formed in the machine base . The 
table or carriage f2 may be moved longitudinally 
of the machine base. by means of a hand wheel 
5 which is connected, through suitable gearing 
not shown, to a driving gear 6 that meshes with 
a rack T fastened to the under side of the table 
or carriage 2. Although, so far as certain fea 
tures of the invention are concerned, I may emi 
ploy a relative traversing movement, in the present 
embodiment of this invention there is no occasion 
to give the wheel and work-piece large relative 
traversing movements; it is preferred to hold the 
work-carrying table in a fixed position on the 
machine base ff during the grinding operation, 
and accordingly once the desired position of 
adjustment is achieved, the table 2 may be 
locked to the machine base f as by means of 
bolts 8. Now referring to Figure 1, the work-piece 20, 
which is here shown as an automobile crankshaft, 
is carried by centers 2 and 22, the latter being 
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mounted in the usual adjustable tail-stock 23 . 
having a hand wheel 24 to move the center 22 
towards and away from the work-piece, together 
with locking device 25 to lock the center 22 in 
adjusted position. This tail-stock 23 is in turn 
adjustably mounted for movement parallel to the 
axis of rotation of the work-piece on the table f2, 
and may be secured in adjusted position by means 
of clamping bolts 26. 
In order that this machine may be to a large 

extent universal and to facilitate removal of the 
machine parts from the base when desired, and 
for simplicity in setting up the machine, I prefer 
to mount the head center 2 in a head-stock 30 
which is independent of the table 2 but which 
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table 2 rests upon and which head-stock has 
CQOperating Ways formed therein and designated . 
by the numerals 3 and 32 on Figure 2. By rea 
Son of this construction various driving mecha 
nisms hereinafter referred to may be lined up 
to perform their function without undue friction, 
and once the desired position of the head-stock 
30 is achieved it may be bolted in place by means 
of holding bolts 33. 

Still referring to Figure 1, the center 2 is, as 
in lathe practice, removably positioned in a work 
spindle 34, to the outer end of which is secured 
a driving plate 35. The spindle 34 is suitably 
journaled for rotation in the head-stock 30 and 
is rotated as will hereinafter be described. 
The majority of modern automobile crank 

shafts have integrally forged therewith at One 
end a driving plate 36, to be secured ultimately 
to the automobile flywheel, and this driving plate 
36 has one or more holes therein and usually one 
hole at least is located to precision limits a fixed 
radial distance from the crankshaft center, and 
I find such crankshafts may readily be driven by 
locating a driving pin 37 removably secured to 
the driving plate 35 in such hole in the driving 
plate 36, but for other types of crankshafts, or 
for this type if desired, the usual lathe dog may 
be employed. - 
Assuming now that the spindle 34 is rotated, 

the table 2 and the head-stock 30 having been 
fixed in position and the centers 2 and 22 en 
gaging the crankshaft 20, and the driving pin 37 
fixed in position as described, with the locking 
device 25 in locking position, the crankshaft 20 
will be rotated, and successive crank-throws 4, 
42, 43 and 44 will partake of circular orbital 
movements, with diurnal motion equal in angular 
velocity to the angular velocity of their orbital 
motion respectively. I have illustrated herein a 
crankshaft with successive throws angularly dis 
placed 90 deg. from the preceding throw in the 
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Orbital path, but the much used four-throw 
crankshaft with all throws in a plane, may be 
ground on the present machine, and so also may 
any type of six- or twelve-cylinder crankshaft 
such as the familiar type of crankshaft employ 
ing the one hundred and twenty degree angle of 
displacement. . - 

For the grinding of the crankshaft 20 or any 
other work-piece according to the present inven 
tion, I provide a plurality of grinding wheels 5, 
52, 53 and 54 (see now Figure 6) which I cause to 
rotate diurnally and also to move orbitally in a 
circular motion complementary to that of the 
several throws 4, 42, 43 and 44, that is with the 
orbital movement of each grinding wheel always 
in phase with the orbital movement of the throw 
it is grinding, and having the same radius and 
angular velocity. Ifurther provide means collec 
tively to displace all the orbits of the grinding 
wheels towards the orbits of the crank-throws 
to produce a cutting in-feed. 

Still referring to Figure 6, I provide an electric 
motor 60 to which is coupled a shaft 6 by means. 

... of a coupling 62, the shaft 6 being mounted in 

5 

suitable bearings 63 and 64, and the shaft 6 
having affixed to it four pulleys T1, 72, 73 and 74 
which are connected by belts 75, 76, TT and 78 to 
pulleys 8, 82, 83 and 84 attached to the several 
grinding wheels 5t, 52, 53 and 54. Likewise 
mounted on the shaft 6, but not fastened there 
to, are arms 85, 86, 87 and 88 which mount idler 
pulleys 9, 92, 93 and 94 that serve to tension the 

Figure 8). 
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rests upon the same ways 3 and 14 that the belts 75, 76, 77 and 78, springs 95, 96, 97 and 98 

providing the required tefision. 
Referring now to Figure 5, I provide for the 

machine a number of crankshafts f OO, each one 
of which is the counterpart of a crankshaft to be 
ground, so far as angular position of crank 
throws or pins and radius of throw thereof and 
longitudinal spacing of throws are concerned. 
Each crankshaft 00 is preferably an integral 
forging, and has pins O, O2, 03 and 04 upon 
which are mounted the pulleys 8, 82, 83 and 84 
respectively, these pulleys being each split pulleys, 
that is formed of a pair of similar halves for as 
sembly purposes (this type of construction being 
illustrated with respect to the modification, in 

Pulleys 8, 82, 83 and 84 fit nicely 
between shoulders ff0 and if on the respective 
throws to 1-04, and these pulleys constitute 
mountings for the respective grinding wheels 
5-54, which are thereby freely rotatable on the 
several pins 0 - 04. The mounting for each 
wheel includes likewise an additional removable 
Split clamping plate f2, each one secured to its 
corresponding combined pulley and mounting 
8-84 by means of bolts f3, and when it is de 
sired to replace a worn grinding wheel with a 
new one, the two halves of the plate if 2 are first 
removed, whereupon the grinding wheel may be 
moved sideways off the shoulder on its pulley 
mounting, which frees the latter, the grinding 
wheels having holes therein sufficiently large to 
pass over the throws of the crankshaft foo. 

Referring now to Figure 2, I provide a cross 
slide or table 20 Such as has been heretofore 
provided in grinding machines, and mounted on 
ways, not shown, provided therein and on the 
base if for movement perpendicular to the move 
ment of the carriage f2 on ways 3 and f4. It is 
by movement of the cross-side. 20 that the 
cutting action is secured, and the cutting feed 
which may be continuous, if desired, is achieved 
in any usual or desired manner, such as by means 
of a cross-feed screw 2 mounted, integrally 
formed on, Or secured to a shaft 22, which is 
mounted in suitable journals, or bearings, not 
shown, provided in the machine base if, and 
which is actuated by means of a hand wheel 
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23 (see also Figure i) and associated mech 
anism including interposed gearing and shields, 
stop devices 24 and the like, all of which 
may be of any usual or desired form, for ex 
ample such as shown in U. S. Letters Patent 
No. 762,838 granted to Charles H. Norton. By 
Such a mechanism a graduated and controlled, 
and if desired a continuous cross-feed of the 
cross-slide 20 may be secured, and such move 
ment is a precision one, and relatively speaking 
a slow one or one composed of minute suc 
cessive increments. As shown in Figure 2, the 
motor G0 is mounted on cross-slide f20; like 
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wise mounted thereon are the bearings 63 and 
64 of the shaft 6. Each crank 100 provided for 
the machine, in addition to the two, four, six or 
any other number of crank-throws or pins pro 
vided, has a pair of end trunnions 25 and 26. 
Referring to Figure. 2, to the trunnion 25 is 
attached a Worm wheel 28. The trunnion 25 
is removably mounted in a journal 30 which is 
a two-part journal for removal of the crank 
shaft 100; the other trunnion 26 is removably 
mounted in a two-part journal 3. The bottom 
half of each of the journals 30 and f3 is 
fastened to the cross-slide f 20, a fixed distance 
from the axis of the shaft 6, although, ad 
justably on the axis of the crankshaft 00, 
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Thus all of the grinding wheels and the drivir 
ing mechanism therefor are carried on the croSS 
slide 20 so that they may be caused to approach 
and recede from the work-piece collectively at 
Will. Referring now to Figures 2 and 6, I provide 
mechanism for rotating the work-piece crank- . 
shaft 20 and the grinding wheel supporting 
crankshaft fo9 synchronously, that is at the 
same angular velocity, and I further provide 
means for synchronizing their phases. The 
work-spindle 34 has rigidly secured to it a 
worm wheel 35, and with this worm wheel 
meshes a worm 36 which is affixed to a shaft 
37 that is journaled in a bearing, not shown, 

in the work-head 30. The shaft 3 extends 
through a pair of bearings 38 carried by a 
standard , 39 projecting upwardly from the 
cross-slide 20, and the shaft 37 likewise passes 
through a couple of bearings f40 carried by a 
casing 4 also secured to the cross-slide 20, 
which casing 4 likewise supports a bearing 42 
for a shaft f43 that is in line with and adapted 
to be coupled to the shaft 6, by means of a 
clutch to be described. Meshing with the Worm 
Wheel 28 is a worm 44 which is held in a fixed 
positio: so far as translation is concerned with 
respect to the cross-slide f20 by the bearings 38. 
The worm 44 is splined and a long key f45 on the 
shaft 37, or any similar device to transmit angu 
lar motion without transmitting rectilinear no 
tion, causes the shaft 37 to drive the worm f44 
and therefore the worm wheel 28. 
The casing 4f contains a large Worm wheel 

(not shown) which is restrained from movement 
relative to the casing by the bearings 40, 40, 
the shaft 37 having along key 46 cooperating 
with a spline in said worm wheel, the purpose of 
this construction for transmitting power being 
the same as with respect to the worm 44. Fas 
tened to the shaft 43 is a worm, not shown, which 
meshes with the aforesaid worm wheel to drive 
the same. The shaft 43 is normally connected 
by a positive dog clutch 47 to the shaft 6, but 
may be disconnected therefrom by means of a 
lever 48 having a pin 49 fitting in a groove 50 
formed in movable part 5 of the clutch 47. 
The movable part 5 is splined to the shaft 6 
while the abutting part 52 of the clutch 47 is 
fixed to its shaft 43. 
When the clutch f47 is engaged and the motor 

60 is running, power is transmitted along the 
shaft 6, through the clutch 4, and to the shaft 
37, thus to drive both cranks 20 and f OO, and as 
the Worms 36 and 44 are of the same size and 
pitch, and likewise the worm wheels 35 and 28 
are of the same size and pitch, the crankshafts 
are rotated at the same angular velocity, and 
Since the Worm wheels are so located on their re 
Spective shafts as to maintain corresponding 
Crank-throws in the same phase relationship, and 
the two cranks are similar as heretofore pointed 
out, and their throws have the same radius, it 
follows that the orbital movement of each grind 
ing wheel traces a circle similar to the orbital 
movement of each throw of the crank 20 and 
in the same phase relationship. By reason of the 
gear ratio which will be sufficiently apparent from 
the accompanying drawings, the diurnal motion 
of each grinding wheel is very much greater than 
its orbital velocity, and further by reason of the 
large diameter of the grinding wheels as com 
pared with diameter of crank-throws to be 
ground, a high peripheral grinding speed is 
achieved. Assuming a constant diurnal velocity 

2,012,263 3 
of the grinding wheels and a constant angular 
velocity of the crankshaft 20, there would be a 
constant Surface speed of each. Wheel With respect 
to the Work surface. 
motion, however, there is a tendency to change 
the velocity of each grinding wheel as the grind 
ing wheel pulleys 8, 82, 83 and 84 approach and 

By reason of the orbital 

recede from the driving pulleys 7, 72, 73 and 74. 
By using a non-positive drive for the wheels 5, 
52, 53 and 54 I find that their inertia of rotation 
checks this tendency, at least sufficiently so that 
no harmful effects result. 
A crank 00 having been chosen which has 

throws the same as those of a crankshaft to be 
ground, as stated, and grinding wheels having 
been mounted on such crank 00 as shown and 
described, the work-piece crank 20 is mounted 
in place between the centers 2, 22 and the driving 
pin 37 is inserted in the hole in the plate 36. As 
suming that the center 2 is of a length to dispose 
Several throws 4 , 42,43 and 44 opposite the grind 
ing wheels, the work-piece crank 20 may then be 
ground to finished size by starting the motor. 6) 
and then advancing the cross-slide 20 by turn 
ing the hand wheel 23. On account of the fact 
that the orbital movement of the grinding wheels 
is the same as that of the crank-throws to be 
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ground, the planes of tangency between the sev 
eral grinding wheels and the several crank throws 
Will be parallel. The lines of tangency in such 
planes bear a fixed relation to the orbits of the 
Several grinding wheels respectively, and conse 
quently generate cylinders whose radius is the 
radius of the several throws of the crankshaft, 
and theSejmaginary cylinders are contacted suc 

30 

35 
cCsively by all portions of the respective throws . 
on account of their diurnal motion. Thus by 
advancing the grinding wheels to contact with the 
Several throws, all of them may be ground by an 
equal amount and to a given diameter. If desired, 
a continuous in-feed of the grinding wheels may 
be employed, in connection with a dwell at the 
end of Such feed to continue the grinding until 
the effect of pressure in the several machine parts 
is removed. This is called “grinding out the 
Spark'. An intermittent feed may also be em 
ployed, if desired. In order to avoid, as much as 
possible, grinding lines in the work-piece, the 
grinding wheels should be of an even texture and 
have a relatively hard surface. 
After the machine is once set up, similar cranks 

may be introduced into the machine merely by 
running back the tail center 22 with the hand 
wheel 24. After a certain number of grinding 
Operations the grinding wheels lose their regular 
or their even texture, and to put them back into 
condition for continuing the grinding to precision 
limits, they should be trued. I provide truing 
mechanism to true the wheels 5-54 without 
removing them from the machine. 

Referring now to Figures 1 and 4, a truing hold 
er 60 has therein a rod f6 having screw threads, 
not shown, cooperating with internal threads in 
the holder 60. The rod f f has a diamond 62 in 
One end thereof, and on the other end a knob 
63 by the angular adjustment of which the posi 

tion of the diamond 62 may be adjusted to within 
precision limits. The holder f60 has ways 64 
fitting Ways 65 provided on the table 2. An in 
tegral bracket 66 carries a pinion gear 67 co 
Operating with a rack f$8 affixed to the table 2 
as shown in Figures 1 and 4 which serves as an 
adjusting means for positioning the holder rela 
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tive to the table 2. Referring to Figure 1, the 
holder 60 is held in adjusted position on the table 
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2 by means of a binder bolt 70, and by tighten 
ing this bolt the holder 60 may be rigidly Se 
cured to the table f2. Prior to such rigid clamping 
of the parts together, however, the diamond 62 
may be adjusted to exactly the desired position 
relative to the table f2 in a longitudinal direction 
by turning the bolt-headed stud upon which 
the pinion f6 is mounted. 
. In connection with the truling of the wheels, I 
provide means to restrain the orbital movement 
thereof while permitting their diurnal motion. 
Referring to Figure 1, an index plate 75 is Se 
cured to the end of crankshaft 00, this index 
plate 75 having a number of index, notches 76 
equal to the number of throws of the crank to be 
ground and positioned angularly on Said index 
plate by angles corresponding to the displacement 
of the several throws. When it is desired to true 
the grinding wheels and to insure the grinding 
of...each throw 4, 42, 3 and 44 to the same diam 
eter, clutch 47 is first released, and then the shaft 
00 is turned (by manually turning the shaft 43, 

for example) until one of the notches is engaged 
by a detent 77 mounted, as shown in Figures 2 
and 3, in a portion of the bracket 139. This re 
Strains orbital movement of the grinding wheels, 
and one or more of them are in a forward posi 
tion. The dressing holder 60 having been se 
cured in position as described, the motor 60 may 
be started, and then by turning the hand wheel 
5, the diamond 62 may be traversed with what 

ever wheel is at that time farthest forward. It is 
noted that the crank 20 will preferably not be 
located in the machine at this time, and it is fur 
ther observed that coarse longitudinal adjust 
ments of the diamond holder may be made by 
positioning it in the desired place on the table 2, 
while the traversing action of the diamond is bet 
ter achieved by moving the table after the dress 
ing device is locked in position. To insure contact 
between wheel and diamond, screw 63 may be 
turned. 

Having trued one of the four (more or less) 
wheels, the detent 77 is withdrawn as by pulling 

the action of a spring 80, and the shaft 100 ro 
tated until the next notch T6 comes under the 
detent 77. The spring 80 causes the detent to 
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engage the notch and it is noted that the detent 
is preferably of wedge shape, as shown, to cooper 
ate with the wedge-shaped notch to determine 
accurately the position of the several grinding 
wheels in their orbits. 
A Second wheel having been positioned forward, 

it is now trued by traversing the table 2 through 
the medium of the hand wheel 5. In some cases 
this may be done without readjusting the bracket 
60 on the table 2, and in other cases such re 

adjustment will be effected, but the position of 
the diamond 62 with respect to the cylinder con 
taining all of the orbits should remain the same, 
which will be the case if the adjustment of the 
knob 63 is undisturbed. 
If the several wheels are successively trued as 

indicated, both by reason of the fact that their 
orbits all lie in the same cylinder, and by reason 
further of the fact that the table 2 moves in a 
line parallel to the axis of that cylinder, and 
therefore parallel to all of the elements thereof, 
the Several grinding wheels will be dressed and 
trued to the same diameter which, under the con 
ditions and with the machine as described, will 
insure, in succeeding grinding actions, the pro 
duction of ground crank-throws all of the same 
diameter. 

w 
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Subsequent to the truling operations the detent 

f TT should be withdrawn by pulling out the knob 
79, and the detent may be held in withdrawn 

position by giving the knob is a partial turn. 
The knob f9 and the detent TT are connected by 5 
a shaft 8 projecting laterally from which is a 
pin 82 slidably in a slot 83. Pin 82 and slot 
283 serve to align the detent 77 in its operative 
position, and upon withdrawal of the detent 
the pin 82 moves out of the slot 83 and after 10, 
the parts are given a partial turn the pin 82 
engages, the front face of a bearing portion 84 . 
thus to hold the detent withdrawn. The machine 
is then ready for the introduction of a crank 
shaft 20 to be ground, and orbital movement of 5 
the crankshafts 20 and 00 is resumed upon en 
gagement of the clutch 47. 

Figures 7 and 8 illustrate a modification in the 
wheel mounting mechanism. A wheel mounting 
crankshaft OOa is provided whose throws or pins 20 
represented by pins 02a, 3a and 04a have 
threaded portions fo2b, 03b and iO4b upon which 
are mounted Spanner nuts 90 engaging washers 
9 which engage the pulley mountings 8, 82, 83. 
and 84 respectively, the other side of said pulley 25 
wheel mountings being engaged by washers 92 
that are backed up by springs 93 located in the 
crank-arms as shown in Figures 7 and 8. By 
turning the spanner nuts f 90 one way or the other 
the longitudinal position of each wheel may be 30 
adjusted sufficiently to cause each wheel to begs 

they cated accurately with respect to the fillets on 
crank-throws 4, 42, 43 and 44 which were pro 
duced in the previous operation, either a lathe 
op3ration or a forging operation or otherwise. 
One adjustment laterally of all the grinding 

wheels 5f, 52, 53 and 54 will probably suffice for 
the grinding of any given lot of crankshafts in 
actual production practice. It should be noted 
that this means of adjusting the position of the 
Several grinding wheels permits the wheels to 
"split the Spark' on all throws thus achieving 
economy so far as wear of the grinding wheels is 
COICerned. a knob 79 thus withdrawing said detent against . 

It will thus be seen that there has been pro 
vided by this invention an apparatus in which 
the various objects hereinabove set forth, together 
with many thoroughly practical advantages, are 
Successfully achieved. 
As various possible embodiments may be made 

of the above invention and as many changes 
might be made in the embodiment above set forth, 
it is to be understood that all matter hereinbefore 
Set forth, or shown in the accompanying drawings, 
is to be interpreted as illustrative and not in a 
limiting sense. O 
I claim:- 
1. A grinding machine comprising, in combina 

tion, a crankshaft with a plurality of throws, a 
plurality of grinding wheels one on each of sev 
eral of Said throws, a rotatable mounting for a 
Work-piece, means to rotate the said mounting, 
means Synchronized with said last-named means 
to rotate said crankshaft, and flexible means to 6 
rotate each of Said grinding wheels. 

2. A grinding machine comprising, in combina 
tion, a plurality of grinding wheels, individual 
mounting means for each of said grinding wheels 
movable through predetermined paths, a rotat- 70 
able mounting for a work-piece, means to rotate 
said last-named mounting, means to rotate each 
of said individual mountings for Said wheels 
through their predetermined paths and Synchro 
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35 

60 



5 

20 

25 

30 

35 

40 

2,012,268 
means to rotate each of said wheels on its mount 
ing. 

3. A grinding machine comprising, in combina 
tion, a grinding wheel, means to rotate orbitally 
said grinding wheel, means to rotate diurnally 
said grinding wheel, means to rotate a work-piece 
on an axis entirely outside the orbit of said grind 
ing wheel, and means to cause said work-piece to 
approach said orbit by grinding increments. 

4. A grinding machine comprising, in combina 
tion, a plurality of grinding wheels, a mounting 
for each grinding wheel, means to move the axis 
Of each grinding wheel through predetermined 
courses at equal angular velocities, means to ro 
tate each grinding wheel On its axis, means to 
arrest any grinding wheel at a predetermined 
angular position in its course which is the same 
for all said wheels, means to locate a dressing 
device at such position, and means to traverse 
said wheel with said dressing device. 

5. A grinding machine comprising, in combina 
tion, a grinding wheel, means to rotate said 
grinding wheel orbitally, means to rotate said 
grinding wheel diurnally at a velocity greatly in 
excess of the velocity of its orbital motion, means 
to rotate a Work-piece orbitally, and means to 
rotate said work-piece diurnally at the same 
angular velocity as the orbital motion. 

6. A grinding machine comprising, in combina 
tion, a plurality of grinding wheels, means to 
rotate all of said grinding wheels in the same 
Orbital path maintaining their ascensions differ 
ent and their relative hour angles the same, and 
means to rotate each wheel diurnally-at substan- . 
tially a constant angular velocity. 

7. In a grinding machine as claimed in claim 6, 
the combination with the parts therein specified, 
of precision means to true each wheel to the same 
diameter. 8. In a grinding machine as claimed in claim 6, 
the combination with the parts therein specified, 
of means for arresting any of the said grinding 
wheels at a given and at the same hour angle 

S 
while maintaining its diurnal motion, a dressing 
device, means to traverse said dressing device 
relative to the grinding wheel and in a line per 
pendicular to the plane of any orbit, and means 
to adjust the position of Said dressing device. 

9. In a grinding machine, a drive shaft, a plu 
rality of pulleys on said drive shaft, a pair of 
separated journals in a line parallel to said shaft, 
a member having a plurality of axis pins mounted . 
in Said journals for rotation, a grinding wheel 
mounted for rotation on each pin, a pulley affixed 
to each grinding wheel, each of said first-named 
pulleys being in line with a pulley for a grinding 
wheel, flexible driving means connecting the sev 
eral sets of pulleys, and means driven from said 
shaft for rotating said member. 

10. In a grinding machine as claimed in claim 
9, the combination with the parts therein Speci 
fied, of a work-piece spindle parallel to said jour 
nals, and means to drive said spindle at the same 
angular velocity as and in the same phase rela 
tion as Said member. 
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11. In a grinding machine as claimed in claim 
9, the combination with the parts therein speci 
fied, of a work-piece spindle parallel to said jour 
nals, means to drive said spindle at the same 
angular velocity and in the same phase relation 
as said member, a dressing device, a mounting for 
said dressing device to move it parallel to the axis 
of said journals, and means to arrest said shaft at 
any One of a plurality of positions. 

12. A mounting for a plurality of grinding 
wheels comprising a pair of trunnions mounted 
in line, a plurality of pairs of crank-arms, a plu 
rality of pins each pin detachably mounted be 
tween a pair of crank-arms, and a plurality of 
wheel mounting members each journaled on a 
pl. 

13. In a mounting as claimed in claim 12, the 
combination with the parts therein specified, of 
means for adjusting axially on its pin. One or more 
wheel mounting members. 
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