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Waldo L. Garberding, Chicago, III. 
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18 Claims. (C1.5-103) 

This invention relates to a new and improved 
grinding means and method especially adapted 
for use with centerless grinding apparatus. 
In centerless grinding, as the name implies, the 

work is not guided between centers, but rests free 
ly on a work blade between the grinding and reg 
ulating wheels of the grinder. For grinding 
straight shafting or bearings or other cylindrical 
work, centerless grinding greatly Speeds produc 
tion. However, with centerless grinding it has 
been practically impossible heretofore to obtain 
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the requisite concentricity in work involving por 
tions of different diameters or character Such as 
shafted tools on the order of reamers and the 
like or having centers which must be used for 
subsequent operations or in the ultimate func 
tioning of the workpiece, and very close con- . 
centricity of coaxially aligned portions of the 
work is therefore highly essential. In conse 
quence, these types of work have of necessity been 
ground on cylindrical grinders. There the work 
is held between centers and the grinding Wheels 
and the work are relatively moved axially to effect 
the grinding. Since cylindrical grinding, even 
at the fastest, is restricted in performance to a 
much slower rate than centerless grinding the 
production rate is relatively low and costScorn 
paratively high. 

I have discovered that all of the high Speed 
grinding benefits of centerless grinding can be 
had in grinding work of the types mentioned 

2 
Yet another object of the invention is to pro 

vide an attachment for centerless grinders which 
Will adapt Such grinders for grinding the cylin 
drical Surfaces of workpieces wherein concen 
tricity with other portions of the work is a pre 
requisite Such as in the shafts of cutting tools like 
realmers, etc. 

-Still another object of the invention is to pro 
vide a new and improved method of grinding. 

Cother objects, features and advantages of the 
present invention will be readily apparent from 
the following detailed description of certain ex 
emplary embodiments of the invention, taken to 
gether with the accompanying three sheets of 
drawings in which: 

Figure 1 is a side elevational view of a center 
ing and feeding attachment for a centerless grind 
er and embodying the features of the invention, 
and having the adjacent side skirt plate removed. 

20 Figure 2 is a top plan view of the grinding at 
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above, including reamers and like shafted tools, 
and even relatively long shafts, if the trailing end 
or portion of the work is held on a center for con 
centricity. In other words, I find that I can -se 
cure the accuracy of expertly executed cylindrical 
grinding, but at substantially the speed of center 
less grinding. 

It is accordingly an object of the present inven 
tion to provide a successful combination of cen 
terless and centered grinding techniques, attain 
ing the desirable attributes of both types of grinid 
ing without the faults of either. 
Another object of the invention is to provide 

a means and method for grinding the shafts of 
tools such as reamers or the like to virtually per 
fect concentricity in a centerless grinder. 
A further object of the invention is to increase 

materially the speed of grinding concentrically 
the cylindrical surfaces of work having other parts 
or portions aligned with and which must remain 
concentric with Such surfaces, or having SubSe 
quently useful centers. 

Still another object of the invention is to effect 
complete finish grinding of cutting tools in a 
centerless grinder. 
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tachment showing, more or less schematically, 
how the device appears in relation to the grind 
ing and regulating wheels of a centerless grinder 
while in operation; 

Figure 3 is a Sectional detail view, on an en 
larged scale, taken in substantially the plane of 
line III-III of Fig. 1; 

:Figure 4 is an enlarged sectional detail view 
staken on Substantially the line IV-IV of Fig. 1; 

Figure 5 is an enlarged elevational and sectional 
view taken Substantially on the line V-V of 
Fig.1; 

Figure 6 is a sectional view taken substantially 
1 on the line VI-VI of Figure 1; 

Figure 7 is a fragmentary sectional side eleva 
stional view of a modified form of center for use 
...With the device shown in Fig. 1; 

Figure 8 is a front elevational view of the modi 
fied center shown in Fig. 7; 

Figure 9 is a fragmentary side elevational view 
of another modified form of center; 

Figure 10 is a more or less Schematic view show 
ing a modified arrangement for at the same time 
finish grinding the shank and the cutting head 
"of a cutting tool Such as a reamer; and 

Figure ill is a schematic operating diagram 
showing the hydraulic circuit and the mechanical 
operating and control means. 
According to the present invention, a centerless 

grinder of any known or preferred construction is 
utilized to effect finish grinding while, the trailing 
endportion of the Workpiece is supported on a cen 
ter. Thereby extremely accurate concentricity is 
attained in Such work as has centers that must re 
main concentric with a cylindrical surface to be 
ground, or is of stepped diameter, or can be only 



2,515,210 
partially accommodated in a centerless grinder or 
can only be run partially through the grinder, 
like headed cutting tools on the order of realmers 
and the like. Although at first thought the use of 
a center may Seem to be inimical to the operation 
of a centerleSS grinder, I have found that by the 
practice to be hereinafter set forth in detail 
quite amazing results have been attained not only 
in the improved quality of the work but also in 
the tremendous increase in output with respect to 
at least certain types of work. By practicing my 
invention, it is now possible to utilize a centerless 
grinder for work that was previously considered 
outside of the scope of this kind of a grinder. 
Production records give ample support to the 
proposition that a very valuable and important 
Step forward has been effected in this art by the 
present invention. For example, where approxi 
mately four reamer shanks per hour can be 
ground in a cylindrical grinder, from eighty to 
a hundred of the same shanks have been ground 
On a production basis by my method with, if any 
thing, improved concentricity. This means an 
approximately twenty to one speedup, together 
With improved quality. - - 

Since the details of structure and operation of 
centerless grinders, as such, form no part of the 
present invention and are well known in the art, 
Only those details of such a grinder have been 
shown or will be referred to herein as are deemed 
desirable for a full understanding of the inven 
tion. A centerless grinder, of course, operates on 
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the principle that the cylindrical work to be 
ground is supported by a work rest ?o including 
a replaceable Work blade i? operatively located 
between a grinding wheel 2 and a regulating 
wheel. 3 (Figs. . . and 2). The pressure With 
Which the regulating wheel forces the Work 
against the grinding wheel and the relative 
Speeds of rotation of the wheel, as well as the 
hardness of the Workpiece, determine the depth 
and Speed of grind. 

Since the work literally “floats' between the 
grinding and regulating wheels, it is always nec 
essary in true centerless grinding to have the 
work supported by the slanting supporting sur 
face of the Work blade upon an axis of rotation 
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above the plane of the axes of rotation of the 
grinding and regulating Wheels, otherwise high 
Spots on the Surface to be ground will cause the 
grinding of a non-cylindrical surface rather than 
the desired cylinder. On the other hand, the 

50 

most direct pressure and therefore the highest 
grinding efficiency is obtained where the axis of 
rotation of the work and the axes of rotation of 
the grinding and regulating. Wheels are in a com 
mon plane. There is thus obviously a corre 
sponding loss in eficiency as the elevation of the 
axis of rotation of the Work is raised above the 
Wheel axes. 

I have found that by holding the end portion of 
the workpiece to which concentricity is to be 
maintained, in substantially rigidly centered re 
lation in opposition to a back feed action of the 
regulating wheel while grinding takes place in the 
centerless grinder full advantage can be taken 
of the maximum grinding efficiency attainable 
by having the axis of rotation of the Work dis 
posed not higher than a plane through the nar 
rowest dimension of the grinding throat between 
the grinding and regulating wheels, while at the 
same time securing improved concentricity and 
cylinder generation. In addition, harder and 
more rapidly cutting grinding Wheels may be 
used than would ordinarily be recommended for 
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4. 
grinding similar work in a regular centerless 
grind. Excellent results have been found to ob 
tain by providing the trailing end of the work 
with a male or female center and spotting the 
leading end portion of the work concentrically to 
approximately the final diameter desired but 
With preferably a slight grinding margin of Say 
on the average of .0005. The work piece is then 
fed between the wheels of the grinder starting 
with the spotted end and Supported at its trailing 
end by the fixed center through the medium of 
which it is fed progressively between the Wheels 
at a rate dependent upon the character of the 
stock and the preferred speed of grind. As a re 
sult, the maximum grinding effect of the grinding 
wheels is obtained and the work turns out as 
nearly perfectly cylindrical and concentric from 
end to end as is practicable of attainment. 

In the manufacture of cutting tools Such as 
realmers and the like for which the use of a cen 
terless grinder has not been at all practical here 
tofore, the present method renders it not only 
entirely practicable to use a centerless grinder 
for grinding the shafts of such tools, but also to 
effect, in the same pass through the grinder, fin 
ish grinding the cutting heads of the tools. No 
special skill is required to accomplish these new 
and improved results aside from that ordinarily 
needed for running a centerless grinder. Thus, 
the present invention attains all of the advan 
tage of high poduction rate of centerleSS grind 
ing and also secures all of the accuracy and poS 
sibly improves upon the accuracy attainable with 
a cylindrical grinder. 

Centered feeding of the workpieces in the prac 
tice of the novel grinding method of the present 
invention, is accomplished by the novel fixture 
shown in Figures 1 and 2, which for purposes of 
economy, compactness and convenience is pref 
erably constructed as a unitary assembly with 
the work rest 0 so that the fixture can be 
mounted in a centerless grinding machine in 
Substantially the Sane manner aS any of the 
various standard work supporting fixtures pro 
vided for use therewith. Accordingly, the base 
0 is provided with a rearwardly extending bed 

extension 4 which may be integrally cast there 
With and is adapted to support a carriage 5 in 
longitudinally slidable relation. A dovetail track 
7 (Fig. 6) disposed longitudinally in the upper 

face of the bed 4 slidably receives an integral 
longitudinal dovetail 8 on the carriage 5 and 
locked in the dovetail track by a gib 9. 

Adjacent to its forward end, the carriage 5 
supports a center assembly 20 which in the pres 
ent instance comprises a base plate 2f having at 
its front end a fixed upright support 22 on which 
is adjustably mounted a fixed center 23. As best 
Seen in Figs. 1, 2 and 5, the center 23 projects fix 
edly forwardly from a vertically elongated car 
rying plate 24 which is secured to the front face 
of the support 22 by means of a screw 25. In or 
der to enable vertical adjustment of the center, 
the Securing screw 25 extends through a vertical 
adjustment slot 27 in the carrying plate 24 so that 
by sliding the carrying plate 24 vertically rela 
tive to the screw. 25, any adjusted vertical posi 
tion of the center can be effected Within certain 
limits and then maintained by tightening the 
Screw 25. Slippage of the carrying plate 24 from 
the adjusted position is avoided by a set screw 
28 threaded longitudinally through the upper end 
of the carrying plate 24 and into the upper end 
of the slot 27 to engage the shank of the securing 
screw 25. Ilateral adjustment of the center 23 
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by Swinging the center-carrying plates 24 about 
the axis of the securing screw 25, substantially as 
indicated in broken outlines in Fig. 5; is provided 
for, any preferred condition of lateral adjust 
ment being maintained by lateral adjustment-re 
taining screws 29' and 30 threaded through re 
Spective" supporting bosses or posts 3 and 32-pro 
jecting forwardly from the support-22 in spaced 
relation at respective oppositesides of the center 
carrier 24 and with the ends of the retaining. 
ScreWS adapted to engage the respective opposite 
side edges of the center earrier. In this way, 
Work pieces of various. diameters can be accorn 
modated by the center. 
In order to accommodate work pieces of vari 

ous lengths, within certain limits; the center base 
2i is longitudinally adjustably mounted on the 
carriage 5 and is accordingly formed with - a 
longitudinal slot 33 (Fig.2). through which a col 
lared securing stud 34 extends into threaded en 
gagement within a tapped bore 35 in the carriage 
5. By loosening the stud. 34, the center' init 2 

can be adjusted longitudinally within the linaits 
allowed by the adjustment slot 33 by sliding the 
base 2 along the top of the carriage 5. Lateral 
displacement of the center base 2 is avoided by 
an integral depending longitudinal key 37 there 
on which engages in a longitudinal keyway 33 in 
the top of the carriage. 5. By preference the 
keyway groove 33 is of substantial-length and has 
a plurality of the stud receiving bores 35therein 
so that, where necessary, primary adjustments of 
the centering unit 20 can be effected longitudi 
nally of the carriage 5 beyond the limit afforded 
by the longitudinal adjusting slot 33 in the base 
2. 
In setting up the fixture for grinding a work 

piece such as a rearner 39, the center unit 2 is 
adjusted as to its longitudinai position on the 
carriage fs to afford centered engagement by the 
center point 23 with the head end of the reamer 
in the fully retracted position of the carriage 5 
and with the shank end of the rearner just en 
gaging the adjacent end portion of the working 
edge of the work blade-fi, Substantially as seen 
in Fig. 2. This places the shank extremity of the 
realmer between the grinding wheel and the regu 
lating wheel 3. The lateral and vertical adjust 
nent of the center 23 is deternished- to raintain 
the realmer 39 accurately concentric with its axis 
of rotation during grinding. By preference, a 
short Outer extremity portion of the reamer shank 
is spotted as at 40 to approximately, say one to 
five ten thousands inch of final diameter, as a 
starter for the grinding. The regulating wheel 
3 is brought into grinding engagement with the 

Spotted Section 4 of the reamer Shank and the 
Carriage 5 is actuated toward the grinding Zone 
provided by the grinding wheel 2 and the regu 
lating wheel 3 to feed the cylindrical reamer 
Shank progressively between the Wheels to effect 
the finish grinding of the Shank. Since the 
reamer is held perfectly centered by the center 
23 as it is being held or fed between the Wheels 
the grinding will progress accurately concentric 
With the reannerhead. 
Ample resistance to feeding movement of the 

work piece so that it is held firmly on the center 
23 and solidly in peripheral engagement with the 
workrest blade is afforded by having the regulat 
ing wheel 3 set for back feed action upon the 
work piece tending to repel the work piece and 
driving it against the center. Therefore, the 
regulating wheel 3 is tilted siglity toward the 
position from which the work piece is-placed or 
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6 
fed into the grinding throat between the wheels, 
as indicated in Substantially exaggerated fashion 
in Figure 2, which is the reverse of the tilting of 
the regulating wheel which prevails for a through 
feed operation. The degree of tilt in the regulat 
ing Wheel Will vary with the diameter of the work, 

tilt of one degree being aiple for pieces from 
..100 to .300 diameter, but greater tilt being de 
sirable for larger diameter pieces. The action of 
the grinding and regulating wheels holds the 
Workpiece down on the workrest without requiring 
any additional mechanism for this purpose and 
therefore the Space above the workrest and above 
the grinding throat remains entirely unobstructed 
S0 that successive workpieces can be freely placed 
into the grinding throat from above in the pro 
duction operation of the machine. 
Means is provided for driving the carriage 5 

reciprocably, preferably comprising a hydraulic 
mechanisn. Which can be tapped into the hy 
draulic notivating Systeria. of the associated 
grinding machine. To this end, a hydraulic cyl 
inder...is mounted under the bed 2 (Fig. 1) and 
has reciprocable therein a piston. 42 (Fig.11) 
carrying a piston rod. 43 which is connected to a 
downwardly projecting arm 44 integral at the 
rear end of the bed 5. The construction and as 
Seinbly is. Such that as the piston 32 is driven re 
Ciprocably in the cylinder Aa, the piston rod 43 
acting through the depending an 84 of the car 
riage drives the carriage reciprocably to and fro. 
An ample bearing head 45 is provided at the rear 
end of the cylinder 4f for guiding the piston rod 
43 and to enable this end of the cylinder 4 for 
guiding the piston rod 43 and to enable this end 
of the cylinder to be supported by the piston rod 
Without the need for any other support than at 
the forward end of the cylinder. 
Since it is desirable to have the piston rod act 

Upon the carriage 5 as close as practicable to the 
mean bearing plate of the carriage in order to 
avoid distortions by the driving forces applied in 
Operation, it is desirable to have the connected 
end of the piston rod 3 as close to such bearing 
plane as practicable and this may under certain 
circulinstances require a certain degree of uptiit 
of the Operating axis of the cylinder and piston 
Structure toward the point of engagement with 
the airn. Af. 
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Suich an arrangement necessarily 
preSunes a chaiage in angle of the cylinder and 
piston axis as the carriage is reciprocated. In 
addition, provision is desirakiy racie for accora 
modating manufacturing inaccuracies in the 
parts; SO as to avoid any strain or binding in Cp 
eration. Accordingly, both the cylinder 48 and 
the piston rod 4S. are pivotally mounted at their 
respective attached ends. For example, the 
piston if has its forward end secured to a head 
plug 6 (Fig. 4) which Inay be a scid cylindrical 
member threaded at its closure end to receive a 
connecting flange 48 by which it is secured to the 
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5. 

cylinder, the flange being interconnected ro 
tatably. With the cylinder through the medium 
of a retaining ring 49 seated in a shallow an 
nular groove 50 adjacent to the forward end of 
the cylinder. A gasket 5; interposed between 
the end of the cylinder and the head plug a 
affords a fluid tight seal. 
The piston head 47 is received within a recess 

52 provided therefor in the adjacent rear end of 
the base casting to and a connecting pin 55 ex. 
tending in press fitted relation through the walls 
defining the recess 52 extends slidably through 
a transverse bore 54 adjacent to the forward end 
of the glug. 47. So...that.the plug can swig.ro 
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tatably on the pin. Spacers 55 may be inter 
posed between the plug 47 and the walls of the 
receSS about the pin 53. 
A pivotal, readily detachable connection for the 

piston rod 43 with the carriage arm 44 may be 
provided by a trunnion 57 (Fig. 3) which is ro 
tatable supported by having its arms bearinged in 
a bushing 58 secured as by press fitting into a 
transverse bore 59 in the arm 44. The outer end 
of the piston rod 43 has a flattened portion 60 
Which is slidably received in a vertical slot 6f cut 
up from the lower end of the carrying arm 44 to 
intersect the bore 59. A reduced diameter portion 
62 projects axially from the flattened portion 60 
and extends through the trunnion 57 and rear 
Wardly therebeyond for threaded engagement by 
a cap nut 63 by Which the end of the piston rod 
is drawn up tight against the trunnion. It will 
thus be seen that assembly of the piston rod 43 
With the trunnion 5 is adapted to be quickly and 
effectively accomplished and by unscrewing the 
cap nut 63, the piston rod 43 can be quickly and 
Conveniently Withdrawn from engagement with 
the trunnion 57. 
A hydraulic motivating system for the piston 

42 preferably utilizes the hydraulic system of the 
associated grinding machine as the source for hy 
draulic fluid under pressure. Accordingly, a hy 
draulic duct 64 is suitably tapped into the hy 
draulic pressure fluid System of the grinder so as 
to receive a continuous supply of hydraulic fluid 
under pressure While the pump P (Fig. 11) of 
the grinder is in operation. The pressure duct 64 
delivers through a control valve assembly 65 
having therein a rotor structure 67 providing 
alternate delivery passageways 68 and 69 which 
are selectively disposable by rotation of the rotor 
structure to afford communication for delivery of 
preSSure fiuid from the pressure duct 64 to a re 
turn supply duct 70 and a feed supply duct 7, 
respectively. Alternately, the delivery passage 
Ways 68 and 69 are adapted to provide exhaust 
communication between the delivery ducts 7 and 
70, respectively, and an exhaust duct 72 com 
municating With the Sump S of the grinding ma 
chine. Thus, when the valve rotor 67 is in posi 
tion, as shown in Figure 11, to afford communi 
cation between the high pressure duct 64 and the 
delivery duct 70, pressure fluid is delivered to the 
forward end of the cylinder 64 to drive the piston 
42 into relatively protracted position in the cylin 
der and thus effect return of the carriage 5 to 
starting position. As best seen in Fig. 4, the re 
turn delivery duct 70 may extend through a clear 
ance aperture 73 in the Wall defining the mount 
ing recess 52 and communicates fixedly with a 
delivery passageway 74 formed in the head plug 
47 and opening into the forward end of the 
cylinder 4. The feed delivery duct 7 com 
municates in suitable fashion with the rear end of 
the cylinder 4 through the head 45 (Fig. 1). In 
order to afford flexibility both for installation 
purposes and to accommodate slight relative 
movement of parts during operation, the various 
ducts are preferably formed of appropriate flex 
ible tubing adapted for this purpose. 

Since it is desirable to control the feed speed 
of the carriage 5, means such as a metering 
valve 75 (FigS. 1, 3 and 11) is provided. This 
metering valve 5 is preferably interposed in the 
return fluid duct 70 and operates on the principle 
of controlling the exhaust flow of hydraulic fluid 
from the cylinder 4, thereby determining the 
speed with which the piston 42 will travel under 
the influence of hydraulic pressure fluid delivered 
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to the feed side thereof. By preference, the feed 
control valve T5 has manual adjusting means such 
as a knurled headed adjusting screw 77 which 
may be locked in any preferred adjusted posi 
tion by a lock nut 78. While the feed control 
valve 75 affords positive control upon the ex 
hausting hydraulic fluid passing through the duct 
70, it may be of Such a character that pressure 
fluid delivered by the return duct 70 will pass 
therethrough freely so as to afford rapid return of 
the carriage 5. In other words, the feed control 
valve 75 may be a one-way valve, although by this 
it is not meant to say that control over the return 
feed may not be effected if desired. 

Actuation of the control valve rotor 67 is pref 
erably coordinated with operation of the in-feed 
lever F (Fig. 11) of the grinding machine. For 
this purpose, the rotor 67 is provided with an 
axial operating stem 79 which has at its outer 
extremity a radially extending arm 80 pivotally 
connected to an actuating link 8 So that reci 
procations of the link 8 will be translated 
through the arm 80 into oscillation of the oper 
atting stem 79. Connection between the actuat 
ing link 8 and the in-feed lever F is conven 
iently effected by a lost motion pin and slot con 
nection comprising a pin 82 extending laterally 
from the arm of the lever F and received in a 
lost motion connecting slot 83 in the actuating 
link. The length of the lost motion connecting 
slot 83 is so calculated that in changing Over 
from grinding position to non-grinding posi 
tion, or reversely, movement of the regulating 
wheel 3 of the grinder is actuated in advance 
of the control valve rotor 67. This is of advan 
tage at the beginning of the grinding operation 
in that it assures that the work piece will be 
thoroughly engaged between the grinding and 
regulating Wheel. When the feed is started. In 
the return phase of the cycle of operation open 
ing of the wheel in advance of return of the 
center-carriage 5 is desirable so as to free the 
work piece for rapid ejection or removal. Any 
desirable form of Work ejector can be used for 
pushing the ground work out from between the 
Wheels. 
A limit upon the feeding movement of the car 

riage 5 is determined by the extreme retracted 
position of the piston 42 in the cylinder 41, the 
length of the carriage and piston and cylinder 
structure being properly proportioned for this 
purpose. Limit upon return movement of the 
carriage 15 is preferably controlled by an ad 
justable stop; 84, which may comprise a nut 

5 threaded upon a stop rod 85 which extends rear 
wardly from the end of the bed 4 and projects 
through a bore 87 in the depending connector 
arm 44 of the carriage. A lock nut 88 retains 
the stop nut 84 in any preferred adjusted posi 
tion. By this arrangement practically microm 
eter adjustment can be effected in the return 
limit of the carriage 5 to accommodate various 
lengths of work pieces, and in particular work 
pieces which are too short to be accommodated 
by forward adjustment of the centering unit 26. 
To assure free travel of the carriage 5, means 

may be provided for lubricating the track there 
for, such as a greasing system including a duct 
89 having a greasing nipple 90 recessed within 
the rear face of the connector arm 44 of the car. 
riage and extending forwardly to the dovetail 8. 

75 

Since the grinding operation customarily in 
Wolves use of a Coolant fluid means is provided 
for protecting the slideway for the carriage from 
the fluid. In the present instance such means 
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Comprises respective closure plates 9 (FigS. 2 
and 6) removably. Secured as by means of ScreWS 
92 threaded into appropriate bores 93 (Fig. 1) 
therefor in the opposite sides of the carriage S. 
At the frontend of the carriage a depending lip 
94 cooperates-with the closure plates 9, while at 
the rear end of the carriage the connector arm 44 
cooperates with the plates whereby to provide 
a protective skirt completely around the car 
riage. 
Where the Workpieces are too long to be han 

dled by a fixed center such as provided by the 
centering device 20, the latter may be supplanted 
by a bearing collet device 95 (Figs. 7 and 8). 
Thereby a long work piece such as a shaft. 97 
is adapted to be gripped at an intermediate point 
close enough to the portion to be fed into the 
grinder to hold the work piece substantially per 
fectly. centered. In a desirable form, the bearing 
collet device 35 comprises a tubular collet men 
ber 93 having integral spring jaWS 99 adapted 
to grip the Work piece 9 when they are driven 
uniformly radially inwardly to grip the Work 
piece. This is accomplished by effecting rela 
tive axial movement between the coilet 98 and 
a rotary supporting sleeve () which at its for 
ward end has an annular cam surface to 
adapted to engage complementary can surfaces 
92 on the collet jaws 99. Such relative axial 
movement is effected by a draw, sleeve 3 which 
is in threaded engagement with the inner end 
of the collet tube 98 and has an integral collar 

4 bearing against the rear end of the rotary 
Giesewe is and formed With a knurled head 5 
by which it can be manipulated to rotate the 
draw sleeve 3 for drawing the collet 98 into 
Work-gripping relationship or for releasing the 
collet. A free rotary Support for the sleeve to 
is provided by front and rear roller bearings 

07 running in a supporting sleeve 08 which 
is integral With a depending arm 69 secured as 
by a screw -li to the front face of a support 
ing standard i? adapted to be mounted on the . 
fixture carriage 5 in much the same manner 
as the fixed center device 20, 

Wertical adjustment of the bearing collet 95 
is afforded by a vertical slot 2 for passage of 
the Screw shank in the attachment leg 09. Any. 
position of Wertical-adjustment is adapted to be 
maintained positively by a vertically adjustable 
stop screw 3 threaded into a ledge. 4. provided 
therefor at the rear of the Supporting standard 
f f. In addition to vertical adjustment, lateral 
adjustment is permitted by SWinging the bear 
ing collet device about the axis of the securing 
screw 0. Any Such lateral adjustment is 
adapted to be defined by respective left and right 
adjusting screws 5 threadedly carried to 
project radially into engagement with the Sup 
porting sleeve C8 by yoke arms T. Longi 
tudinal displacement of the rotary sleeve GO is 
avoided by the provision of an integral retaining 
collar 8 at its front, end, while at its rear end 
the sleeve has a retaining collar 9 Screwed 
thereon and held by a set Screw 9d. 
Means for holding the rotary sleeve 08 sta 

tionary whiie tie work piece is being clamped in 
the collet, -93 or being released therefron con 
prises a spiring-biased plunger 20. Which is 
Ingunted in a backet 2 which may be integral 
With the Supporting sleeve 98 to OWerhang the 
retaining collar 2-9. A plurality of radial inter 
locking pits 22 in the retaining collar 9 are 
adapted to receive the end of the plunger 2 in 
terlockingly and thereby to hold the rotary Sleeve 
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10 
OO Stationary. To release the plunger 2 from 

the interlock relationship, it is adapted to be 
withdrawn by lifting it against its spring bias 
through the medium of a knurled head 23 which 
is adapted to be held in the retracted position by 
engagement with the top of a fixed pin f24. In 
the protracted position of the plunger this pin 
24 is adapted to be received in a clearance notch 
25 in the head. Thus, when the collet is to be 

released for free rotation, the plunger 29 is re 
tracted to the broken line position shown in Fig. 
7 and the full line position of Fig. 8 and by slight 
turn of the head 23 the clearance notch 25 is 
moved out of registration. With the pin 24 so that 
the underside of the head 23 engages the top 
of the restraining pin 24. Then, when it is de 
sired. to interlock the collet against rotation, 
turning of the head 23 until registration is ef 
fected between the pin f24 and the clearance 
notch 25 permits the interlock pin 20 to snap 
into protracted position for engagement Within 
one of the interlock pits 22, Whereupon the draw 
Sleeve head. 05 can be turned to loosen or tighten 
the collet while the rotary supporting sleeve 90 
is held stationary. 
The bearing collet 95 has been found especially 

useful for grinding line reamers since it permits 
the reamer to be held quite firmly on center while 
the pilot and Shank portions thereof are alter 
Jnately ground. 

For thin Workpieces which are not long enough 
to warrant use of the bearing collet such as a 
work piece 2 (Fig. 9), a fixed center device 28 
may be used having an adjustable fixed female 
center 29 to receive a male center 30 on the 
work piece. Aside from the female center 29, 
the center device 28 may be of... substantially the 
same construction and similarly adjustable as 
the center device 20. 
By having the centering devices universally 

adjustable transversely of the center in each 
instance, Set-up for Various Size work pieces is 
greatly facilitated. 
Work pieces having axially aligned cylindrical 

portions of different diameters both of which 
nust be finish ground to as nearly as practicable 
perfect concentricity can be ground in one paSS 
through the grinder according to Iny invention. 
Having particular reference to Figure 10, a work 
piece Such as a straight fluted rearner 3 hav 
ing a shank 32 which is of Sinaller diameter than 
a Straight fluted head 33 is shown as being 
ground by a grinding wheel 34 which is dressed 
to provide a grinding Surface 35 of greater di 
ameter than a grinding Surface f3, Such sur 
faces being adapted for grinding respectively the 
shank 32 and the larger diameter head 33. For 
this type of grinding, a work blade 38 is pro 
vided which affords support only for the smaller 
diameter shank 32, while the larger diameter 
portion or head 33 is held on center by the fixed 
center 23. It will be understood, of course, that 
the regulating wheel will be fashioned to conform 
to this particular arrangement either by dress 
off to provide free clearance for the head por 
tion 33 of the Work or by being initially of a 
Width to engage merely the reduced diameter or 
Shank portion 32 of the tool and opposing the 
grinding surface of larger diameter 35 of the 
grinding wheel. The Work piece 3 is set into 
the grinder shank first, and the support pro 
Vided by the engagement of the shank piece be 
tWeen the grinding wheel and the regulating 
Wheel and the head on the center 23 is Sufficient 
to hold the larger diameter or head portion 33 



2,515,210 
11. 

of the work piece to the grinding face 37 of the 
grinding Wheel to effect accurate finish grinding. 
By this method, straight flute reamers having 
carbon steel shanks and high speed steel flutes 
have been successfully ground using a grinding 
wheel Seven times harder than ordinarily used 
in a centerless grinder for high speed steel. It 
is readily apparent from this how fast grinding 
can be accomplished by the present method. 
From the foregoing it will be apparent that by 

the present invention many grinding operations 
can be performed in a centerless grinding ma 
chine that were not heretofore possible or prac 
ticable. 
To set up for a quantity run, the center is ini 

tially adjusted for the particular work and no 
further adjustment is required as long as the 
same kind of work piece is being run. Where 
one kind of Workpiece is to be ground at different 
times, such as for reorders, a master piece can 
be kept and the set-up quickly accomplished with 
Such master each time a run is to be made. A very important advantage effecting a large 
Saving in time as compared with cylindrical 
grinding and avoiding a serious cause of scrap 
is the entire elimination of the use of dogs in 
grinding according to the present invention. 
Thus, in cylindrical grinding of reamer shanks, 
for example, much time is consumed in placing 
the dogs, and much scrap results due to damage 
to the flutes from overtightening or slipping of 
the dogs. 
Certain other advantages that may not have 

been discussed hereinbefore, may also be men 
tioned. All the preliminary machinery work may 
be completed on a work piece before finish grind 
ing according to this invention, and since that is 
the last operation, the oil coolant will amply coat 
the article so that no further protective oiling 
is needed. 
The invention lends itself very well to greatly 

accelerated through-feeding grinding. In this 
the Successive pieces are driven through between 
the grinding wheels by use of a center 29 of 
Figure 9. It has been found in practice that un 
heard of heavy cuts up to .040 inch in one pass 
can be taken to a finished diameter by this 
method. 

It will, of course, be understood that various 
details of construction and steps in the practice 
of my method may be varied through a wide 
range without departing from the principles of 
this invention, and it is, therefore, not the pur 
pose to limit the patent granted hereon other 
wise than necessitated by the scope of the ap 
pended claims. 
I claim: 
1. In combination in a centering fixture for use 

With a centerless grinder, a bed, a carriage Sup 
ported reciprocably by said bed, a centering de 
vice supported by said carriage, a cylinder sup 
ported pivotally under said bed, a piston operable 
Within Said cylinder and having a rod pivotally 
connected to said carriage, and means for supply 
ing hydraulic fluid to said cylinder for driving 
the piston reciprocably therein for actuating said 
carriage. 

2. In combination in a fixture for supporting 
Work in centered relation to the Work blade of 
a centerless grinding machine while the Work 
is fed between the grinding and regulating wheels 
of the grinding machine, a reciprocable center 
ing mechanism including a hydraulic cylinder 
and piston operator, and means for supporting 
the hydraulic operator relatively pivotally at its 
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opposite ends to accommodate angular displace 
ments thereof in the reciprocation of the car 
riage. 

3. In combination in a fixture for use in a cen 
terless grinding machine to support the trailing 
portion of a work piece and feed the same be 
tween the grinding and regulating Wheels of the 
grinder in cooperation with the Work blade of 
the machine supporting the leading end portion 
of the work piece, said fixture comprising a cen 
tering device, a reciprocable carriage supporting 
said centering, device, means for adjusting the 
centering device on the carriage for accommo 
dating various lengths of work pieces, means for 
driving the carriage reciprocably, and means for 
adjustably stopping the carriage in retracted po 
sition conformable with the adjustment of the 

20 

centering device and adapted to adjust the re 
turn movement of the carriage for Work pieces 
shorter than can be accommodated by adjust 
ment of the centering device on the carriage. 

4. In combination in apparatus of the character 
described, a base member for Supporting a Work 
blade for a centerless grinding machine, a bed 
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extension on said support, a carriage having a 
work supporting center thereon, a dove-tail slide 
and track structure connecting the carriage and 
bed extension for guided reciprocal movement 
of the carriage toward and away from the Work 
blade, and a hydraulic operator for actuating said 
carriage comprising a cylinder pivotally con 
nected to the supporting member and a piston op 
erable in the cylinder and having a piston rod 
pivotally secured to the rear extremity of the car 
riage beyond the end of the bed extension. 

5. In combination in apparatus of the char 
acter described, a reciprocable carriage, a stand 
ard on said carriage, an elongated member pend 
antly pivotally and longitudinally adjustably sup 
ported by the forward side of said standard and 
having a work supporting center projecting for 
wardly from the lower portion thereof, and means 
for vertically and pivotally adjusting said member 
for adjusting the position of said center. 

6. In combination in a centering fixture of the 
character described, a reciprocable carriage, an 
upright member having an angular flat base por 
tion, a work supporting center carried by said 
member above said base portion, and means for 
securing said base portion to said carriage in a 
plurality of adjusted positions. - 

7. In combination in apparatus of the character 
described including a centering device for hold 
ing a workpiece centered in a centerless type of 
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grinder, said apparatus including a carriage hav 
ing a centering device thereon, a support for Said 
carriage, a track on Said Support for guiding the 
carriage for reciprocal movement, a rod extend 
ing rearwardly from the Support, a depending 
portion on said carriaige and having said rod 
extending therethrough freely, and an adjust 
able stop nut on said rod and engageable with 
Said depending portion for controlling the ex 
tent of rearward movement of the carriage. 

8. In a centering fixture of the character de 
scribed, a support, a carriage reciprocable on said 
support, a center support carried by the carriage, 
a horizontal flange on said center support, an 
aperture in said flange, the carriage having a plu 
rality of longitudinally spaced tapped holes there 
in, and bolt means extending through said flange 
aperture and selectively engageable in said tapped 
holes for adjusting the centering device longitu 
dinally of the carriage to accommodate work 
pieces of different length, 
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9. In apparatus as defined in claim 8, the aper 
ture in the flange being elongated length Wise of 
the carriage whereby to effect primary adjust 
ment of the Centering device by loosejing said 
bolt means and adjusting the centering device 
longitudinally without shifting the bolt means to 
a different hole in the carriage. 

10. In combination in a centerless grinding 
machine including a grinding Wheel and a coop 
erating opposed regulating wheel and a work 
blade for supporting a work piece in operative 
relation between the Wheels, means for actuating 
One of said. Wheels toward and away from the 
other wheel and including an in-feed control 
lever, a carriage supported by the machine at the 
side thereof from which the work is fed between 
the Wheels onto said Work blade and aligned with 
the Work blade to hold an article centered while 
being Operated on between the Wheels, a hy 
draulic operator for actuating said centering de 
vice, a hydraulic fluid pressure system connected 
with said operator, a valve for controlling the 
distribution of hydraulic fiuid from the hydraulic 
System to said operator, and an actuating con 
nection between said valve and said lever for ac 
tuation of the valve in coordination with opera 
tion of Said lever. 

11. In combination in a centerless grinding ma-. 
chine including grinding and regulating wheels 
and a work support between said wheels, the reg 
ulating Wheel being mounted for novement to 
ward and away from the grinding wheel, means 
for controlling said relative movements of the 
regulating wheel and including an operating 
lever, a Centering device including a carriage and 
being adapted for movement toward and away 
from the Working area between the wheels at the 
top of said work support, means for actuating 
said carriage, and means for controlling said ac 
tuating means including a link connected to and 
operable by the lever. 

12. In combination in a centerless grinding ma 
chine including a grinding wheel, a regulating 
Wheel mounted for movement toward and a Way 
from the grinding wheel, a work Support between 
the Wheels, means for actuating the regulating 
wheel toward and away from the grinding wheel, 
an operating lever for controlling said actuating 
means, a centering device at the Work feeding 
side of the machine considered with respect to 
said wheels, hydraulic means for actuating said 
centering means toward and away from the 
wheels, a control valve having an operating stem 
projecting therefrom and adapted to control said 
hydraulic means, and means operably connecting 
said operating stem and said lever. 

13. In combination in a centering device of the 
character described, a supporting member, a 
member carrying a center, means connecting the 
center carrying member to said supporting mem 
ber for universal adjustment relative to said Sup 
porting member transversely of the axis of the 
center, and means for maintaining the center 
carrying member in any selected adjusted posi 
tion. 

14. In combination in a centering fixture for 
use with a grinding machine or the like, a stand 
ard, a member having a center projecting for 
wardly therefrom, means connecting said mem 
ber to said standard for substantially universal 
adjustment transversely relative to the axis of 
said center, and means for maintaining said 
member in any adjusted position. 

15. In combination in a centering fixture of 
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the character described, a standard having a sub 
stantially Y-shaped upper portion, means for sup 
porting a Work piece on center and including a 
merinber having a depending portion thereof piv 
otally and longitudinally adjustably connected to 
said standard, said member being Substantially 
cradled in the upper Y-shaped portion of the 
standard, and adjustment screws operative on the 
divergent legs of the Y-shaped portion for main 
taining said member in adjusted position. 

16. In combination in a centering device of the 
character described, a Supporting member, a 
plate, a Center eleg?ient projecting from one face 
of the plate, and means disposed eccentrically 
relative to said center element and connecting 
the plate to said Supporting member for substan 
tially universal relative adjustment transversely 
to the axis of the center element. 

17. In combination in a centering device of the 
character described, a supporting member, a 
plate, a center eleinent projecting from One face 
of the plate, means disposed eccentrically relative 
to said center element and connecting the plate 
to said supporting member for substantially uni 
versal relative adjustment transversely to the 
axis of the center element, and a plurality of re 
taining screws supported about the periphery of 
Said plate and operative for retaining the plate in 
any selected adjusted position of the center ele 
ment. 

18. The method of grinding in a centerless 
grinder a workpiece to accurate concentricity 
with one end portion of the workpiece and where 
in the centerless grinder is of the type including 
cooperating grinding and regulating wheels de 
fining a grinding throat therebetween and having 
a vertical workrest blade mounted below the 
grinding throat but with the area, above the work 
rest blade entirely free of obstruction, which com 
prises placing a workpiece to be ground on the 
Workrest blade in the grinding throat between the 
Wheels and With the axis of rotation of the Work 
piece disposed not higher than a plane through 
the narrowest dimension of the grinding throat, 
operating the wheels in grinding relation to the 
Workpiece with the regulating wheel tilted to have 
a back-feed action tending to repel the Workpiece, 
and holding the end of the workpiece to which 
concentricity is to be maintained in substantially 
rigidly centered relation in opposition to the back 
feed of the regulating Wheel. 

WALDO L. GARBERDING. 
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