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WORKPIECES 

Glen F. Johnson, Detroit, Mich., assignor to 
Bower Roller Bearing Company, Detroit, Mich, 
a corporation of Michigan 

Application February 2, 1949, Serial No. 74,197. 
17 Claims. (CI. 51-134) 

This invention relates to grinding machines 
and, in particular to machines and methods for 
grinding curved surfaces upon the ends of ro 
tatable Workpieces such as tapered bearing rolls 
and other elongated articles. 
. One object of this invention is to provide an 
improved automatic machine for grinding curved 
Surfaces upon the ends of elongated rotatable 
Workpieces such as bearing rollers or other elon 
gated articles in a rapid and efficient manner. 
Another object is to provide an improved auto 

matic machine for grinding curved surfaces upon 
the ends of elongated rotatable Workpieces where 
in the end of the Workpiece is ground by surface 
contact with the grinding wheel or tool rather 
than by line contact, thereby producing a more 
accurate Surface curvature in a shorter period of 
time. 
Another object is to provide an improved auto 

matic machine for grinding curved surfaces upon 
the ends of elongated rotatable workpieces where 
in the Workpiece holder and the grinding wheel 
are so constructed and arranged as to move the 
end of the workpiece and grinding wheel rela 
tively to one another in a path lying between the 
axis of the grinding wheel and its periphery, 
thereby avoiding passing through the dead center 
of the Wheel. 
Another object is to provide an automatic ma 

chine for grinding curved surfaces on the ends of 
elongated rotatable workpieces wherein each 
workpiece is urged against the lateral periphery 
of a driving wheel or disc by one or more pres 
Sure rollers or by a pressure roller cooperating 
with a contact finger, with the result that the 
Workpiece is rapidly rotated as its end is drawn 
across the curved face of the grinding wheel to be ground. 
Another object is to provide an automatic ma 

chine for grinding curved surfaces on the ends of 
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25 

30 

40 elongated rotatable workpieces, of the foregoing 
character, wherein the pressure rollers are resili 
ently mounted either in whole or in part so as 
to yieldingly urge the workpieces against the driv 
ing wheel. 
Another object is to provide an automatic ma 

chine of the foregoing character for grinding 
Curved Surfaces on the ends of elongated rotat 
able Workpieces Wherein the axes of the pressure 
rollei's converge toward and are concentric with 
the axis of the rotary workholder and preferably 
also the axis of the Workpiece being ground, the 
surfaces of the pressure rollers being cylindrical, 
conical or barrel-shaped depending upon the ar 
rangement and grinding conditions, 

45 

55 
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In the drawings: 
Figure 1 is a side elevation, partly in vertical 

section, of a roller grinding machine according 
to one form of the invention, with the grinding 
Wheel and portions of the work holder broken 
away to disclose the internal construction; 
Figure 2 is a top plan view, partly in approxi 

mately horizontal section along the line 2-2 in 
Figure 1, of the roller grinding machine shown 
in Figure 1; 

Figure 3 is an enlarged top plan view of a pe 
ripheral portion of the workpiece holder of the 
roller grinding machine shown in Figures 1 
and 2; 

Figure 4 is an enlarged vertical section along 
the line 4-4 in Figure 3; 

Figure 5 is a vertical section along the line 
5-5 in Figure 3; 
Figure 6 is a top plan view of a bearing roller 

after being end ground by the roller grinding 
machine of this invention; 

Figure 7 is an enlarged side elevation, partly 
in central vertical section, of a Workpiece Such 
as a bearing roller after end grinding by the ma 
chine Shown in Figures 1 and 2; 

Figure 8 is a fragmentary side elevation of a 
grinding machine having a modified work holder 
from that shown in Figure 1: 

Figure 9 is a fragmentary end elevation of the 
portion of the grinding machine work holder 
shown in Figure 8; 

Figure 10 is an approximately horizontal Sec 
tion along the line O-) in Figure 8; 

Figure 11 is a fragmentary side elevation, part 
ly in vertical section, of a grinding machine with 
a further modified Work holder; 
Figure 12 is a fragmentary end elevation of the 

portion of the work holder shown in Figure 11; 
Figure 13 is an approximately horizontal Sec 

tion along the line 3-3 in Figure 11; 
Figure 14 is a fragmentary side elevation of a 

grinding machine with a still further modified 
work holder; 
-Figure 15 is a fragmentary end elevation of 

the work holder shown in Figure 14; 
Figure 16 is an approximately horizontal Sec 

tion along the line f6-6 in Figure 14; 
Figure 17 is a fragmentary side elevation of a 

grinding machine with a still further modified 
work holder; 

Figure 18 is a fragmentary end elevation of 
the work holder shown in Figure 17; 

Figure 19 is an approximately horizontal sec 
tion along the line 9-9 in Figure 17; 

Figure 20 is an approximately horizontal sec 
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tion thru a still further modified work holder 
from that shown in the foregoing figures, and 

Figure 21 is a diagrammatic elevational per 
spective view of the grinding wheel of the roller 
grinding machines of Figures 1 to 5 and 8 to 19 
inclusive showing diagrammatically the path in 
which a workpiece is carried across the face of 
the grinding wheel by the work holder of the 
machine. 

General construction 
In general, the grinding machine of this in 

vention consists of a saucer-shaped grinding 
wheel which is rotated upon an axis passing 
approximately through its center and against 
which the bearing rollers or other workpieces 
to be ground are brought by means of a rotary 
work-holder of special construction and of which 
several modifications are described herein. I 
general, however, the rotary Work holde' co 
sists of a wheel-like or disc-like device having 
peripheral recesses into which the Workpieces to 
be end ground are deposited one by One for a 
conventional feeding device forming no part of 
the present invention. The work holder is rotat 
ably driven so as to carry the ends of the Work" 
pieces in an arcuate path across the curved Sur 
face of a grinding wheel which is being rotated 
on an axis passing approximately through the 
center of the grinding surface of the wheel. The 
workpieces are forcibly rotated by the annular 
lateral peripheral surface of a driving wheel 
which is likewise power driven so as to be forcibly 
rotated. 
The workpieces to be end ground are forcibly 

urged against the driving wheel by One of Sev 
eral different forms of pressure-applying mecha 
inism. The first form of the invention (Figuires 
1, to 5 inclusive) provides a tapered pressure 
roller cooperating with a contactfinger having a 
tip of extremely hard wear-resisting material, 
such as tungsten carbide or its equivalent, to 
crowd the workpiece against the driving wheel. 
A second formi (Figures 8 to 10 inclusive) pro 
vides a pair of t?pered pressure rollers fore?ci 
workpiece whereini each pair of rollers is resilient 
ly mounted with the axes of the rollers COihVe?ging 
toward and coincident with the axis of rotation 
of the carrier wheel. A third form of the in 
vention (Figures 11 to 13 inclusive) provides 
paired pressure rollers resiliently mounted Oh 
parallel axes, the rollers being tapered reverse 
lly, that is, outwardly instead of imwardly, A. 
fourth form of the invention (Figures 14 to 16 
inclusive) provides single fixed pressure rollers 
alternating with single resiliently mounted pres 
sure rollers with radial concentric axes, the re 
silient rollers being convexed or of bulging shape. 
A fifth form of the invention (Figures 17 to 19 
inclusive) providespaired pressure rollers mount 
ed on parallel axes, one roller of each pair being 
fixed and the other being resiliently mounted, 
one of the rollers having a barrel-shaped form. 
A sixth foirm of the invention (Figure 20) pro 
vides a rotaiy work holder wherein the Work 
pieces are held against the lateral periphery of 
a rotary driving wheel by a resiliently rimmed 
pressure wheel or disc, thereby causing the end 
of the workpiece to move across the concave face 
of a grinding wheel. 

Grinding unit and workpiece guides 
Referring to the drawings in detail, Figures 

1 to 5 inclusive show a grinding machine, gen 
erally, designated 10, consisting generally of a 
grinding unit, generally designated , and a 
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workpiece holding and driving unit, generally 
designated 2, both units being mounted upon a 
base or bed 3. The grinding uniti li d is commO 
to all six forms of the invention, the different 
machines varying in the Workpiece holding and 
driving unit 12. The grinding unit consists of 
a journal bearing structure 4 having a bearing 
housing 5 provided with a dovetail slide 6 Sid 
able to and fro in dovetail grooves T formed by 
spaced parallel guide bars 8 secured as at 9 to 
the machined upper surface 26 of a bOSS 2 rising 
from the bed 3. Also mounted upon and secured 
to the upper surface 28 of the boss 2 are blocks 
22 internally threaded as at 23 to receive ad 
justing screws24. The inner ends of the adjust 
ing screws 24 engage the opposite ends of the 
side 6 so that by tightening one SoTeW and 
loosening the other, the slide is and consequently 
the bearing housing 5 may be moved to and fro 
relatively to the guide bars 8 and locked in its 
adjusted position: w 

Rotatably mounted in Suitable beatings (not 
shown within the bearing housing 5 such is by 
tapered roller bearings (not shown), is a shaft 
25. End plates 26 are secured to the opposite 

softhe bearing housing 5 and hold the jou 
a bearing structure 4 in assembly: 
Mºnted on the rearward end of the Sºlº (35 is a pulley 27 driven by a belt to lie, anointed upon the arnature Shaft to si. The latter is bolted to the pa 

3. Mounted on the forward end of the shift 25 
is the hub 32 of a rotary disc or face plate 33 
which has a grinding Wheel 34 secured to it, a disc 35 being interposed between the grinding 
wheel 34 and the face plate 33. The grinding 
Wheel3 itself consists of an approximately Clin 
drical body 36 of abrasive material, Such as silicoh 
carbide or any other suitable abrasive. The body 
36 is provided with a central recess 31 arid an 
annular concave grinding surface 38 upon which ends of the workpieces are ground as they pass 
across its face. in order to guide the ends of the workpieces 
toward and away from the grinding surface 38 of 
he grinding wheel34, upper and lower Workpiece guides 38 and 46 respectively are provided these 
having arcuate guide edges 4 and 2 of substan 
tially the same radius of curvature as the grinding 
surface 33. The upper workpiece guide 39 is 
slotted as at 43 to receive fastenes 44 by which 
it is secured to the cross-bar of a T-bracket 
45 which, in turn, is bolted as at 46 to a workpiece holder housing extension 47 (Figure 1). The 
housing extension 47 projects upward from the 
workpiece holder housing 68 which, int. is fanged as at 49 to rest upon and be secured to 
the machined upper surface 50 of an upwardly 
extending boss 51, as by the fasteners 52 (Figure 
2). The boss 51 forms a part of the bed 3 and 
rises therefrom, approximately in the same level 
as the boss 21 supporting the grinding unit . 
The lower workpiece guide 40 is secured as at 

53 to a projection 54 extending obliquely upward 
from a slide 55. The slide 55 is reciprocable in 
guideways 56 and has a longitudinal threaded 
bore ST adapted to receive the correspondingly 
threaded end portion 58 of an adjusting shaft 59, 
the outer end of which is Squared (not shown) 
or otherwise provided with means for its rotation 
in order to move the slide 55 to and fro and thereby adjust the position of the Workpiece guide 

The interior of the slide 55 is hollowed out 
as at Gobeyond the threaded bore 5 in order to 
facilitate the free rotation of the shaft 55. 
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The workpieces 6 (Figures 6 and 7) are shown, 
for purposes of illustration, as consisting of 
tapered anti-friction bearing rollers, the sides 62 
of which are accurately conical and the upper 
end 63 is larger in diameter than the lower end 
64. The upper end 63 is relieved by providing 
therein a recess 65 and this is surrounded by the 
annular ground area 66 produced by the action of 
the grinding wheel 34 and having a like radius of 
curvature R. The machine of the present inven 
tion, as previously stated, produces the annular 
curved surfaces 66 quickly and accurately by mass 
production methods. 

Workpiece feeding unit 
The workpieces, such as the tapered bearing 

rollers 6, are fed to the workpiece holding and 
driving unit 2 by a workpiece feeding unit gen 
erally designated 67 shown at the upper left-hand 
Corner of Figure 1. The workpiece feeding unit 
67 forms no part of the present invention and 
any suitable feeding unit may be used, such as 
that shown in the co-pending application of 
Charles L. Hommel, Serial No. 597,389, filed June 
4, 1945, which issued as Patent No. 2,490,872 for 
Article Handling Apparatus. In this feeding unit 
67, the workpieces 6 f are fed haphazardly from 
a hopper through selecting mechanism which in 
Sures that the workpieces drop with their small 
ends downward into a delivery tube 68, the lower 
end of which is mounted upon a bracket, 69 bolted 
as at 70 to an arm 7 which, in turn, is bolted 
as at 72 to the housing 48. The arm 7 f is pref 
erably of angle cross-section with one of its 
flanges having spaced holes 13 for adjustably re 
ceiving the bolts 70 in the location desired for the 
bracket 69 and delivery tube 68. 
Workpiece holding and driving unit-first form 
The first form of the workpiece holding and 

driving unit 2 (Figures 1 to 5 inclusive) includes 
a driving assembly, generally designated 74, 
mounted in the housing 48 bolted as at 52 (Figure 
2) to the boss 5 on the bed 3, as previously de 
Scribed. Mounted in the coaxial bores 75 in the 
housing 48 is a stationary shaft 76 held in posi 
tion by a nut 77 threaded on the forward end 
thereof and rotatably supporting a gear 78. The 
gear 78 meshes with a gear 79 mounted upon and 
keyed as at 80 to a hollow shaft 8 rotatably 
mounted in coaxial bores 82 in the housing 48. 
A retaining ring or collar 83 threaded upon the 
rearward end of the hollow shaft 8 holds the gear 
79 in assembly. The hollow shaft 8 is, in turn, 
provided with coaxial bores 84 which rotatably 
Support a shaft 85 to the rearward end of which 
is keyed, as at 86, a gear 87 held thereon by a 
retaining collar 88 threaded upon the extreme 
rearward end of the shaft 85. The gear 87 is 
driven through reduction gearing (not shown) at 
a greatly reduced speed relatively to the hollow 
shaft 8 , Such gearing being shown, for example, 
in the Johnson Patent 2,434.245, dated January 
13, 1948, for Grinding Machine. 
Bolted as at 90 to the head 9 on the forward 

end of the hollow shaft 8 (Figure 2) is a driving 
wheel 92 having an axially-projecting lateral 
annular portion 93 with a lateral tapered or in 
clined Surface 94 corresponding to the taper of 
the sides 62 of the workpiece 6 (Figure 7). The 
surface 94 drivingly engages the workpieces 6 to 
rotate them while they are being held and moved 
downward across the grinding face 38 of the 
grinding wheel 34 by a workpiece holder gener 
ally designated 95. 
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The workpiece holder 95 is bolted as at 96 
to a head 97 near the forward end of the shaft 
85 and has a Supporting wheel or disc 98 provided 
with a bore 99 by which it is mounted on the ex 
treme forward end portion 00 of the shaft 85 
(Figure 2). Bolted as at 0 to the rearward face 
02 of the Supporting wheel 98 is a Workpiece 

holder or holding ring 03, the periphery of which 
is provided with spaced radial slots or notches 
4 (Figures 1 and 3). The slots or notches 04 

have circumferential widths slightly exceeding 
the widths of the workpieces 6, the latter fitting 
loosely as they drop therein from the feeding tube 
68 (Figure 1). 

Bolted as at 95 to the forward face C6 of 
the Supporting wheel 98 at circumferentially 
Spaced intervals around the periphery thereof 
are radially-extending brackets 0. The outer 
ends of the brackets Oil are provided with lateral 
recesses 08 (Figures and 3) in which axial 
arms 9 are bolted, as at 0. The inner ends 
of the arms 69 are bent obliquely, as at 
(Figure 3) and to the bent portions f are se 
cured the Supporting discs 2 of contact but 
tons 3. The contact buttons 3 are provided 
with convex contact Surfaces 3 (Figure 4) and 
are formed from extremely hard, Wear-resisting 
material, such as tungsten carbide or the like. 
The button faces 4 engage the Sides 62 of the 
work-pieces 8 rearwardly of the centers of the 
notches 4 (Figure 3). The forward portions of 
their sides S2 are engaged by doWinWardly-tapered 
pressure rollers 5 (Figure 3) rotatably mounted 
on headed notched pivot pins 6 (Figure 2). The 
pins tS are inserted in slightly angled approxi 
mately radial bores 7 in the peripheral edge 
Cr in 8 of the Supporting Wheel 98, and are 
held in position by set screws 9 engaging the 
notched portions of the pins 5. 

It will be seen from the dotted or chain lines 
indicating the various axes of rotation and align 
ment in Figures 1 and 2 that, When the machine 
is properly designed and adjusted, the axis of 
rotation of the grinding Wheel shaft 25 interSectS 
the common axis of rotation of the shafts 8t 
and 85 at a common point P. It will also be 
seen that the axes of the pivot pins 6 and 
therefore the axes of rotation of the pressure 
rollers 5 also intersect at this same common 
point P. Moreover, the tapered surface of each 
pressure roller 5 coincides with the Surface 
of a cone, the apex of which lies at the point P. 
Furthermore, the center of curvature of the grind 
ing surface 38 of the grinding wheel 36 also 
coincides with the point P when the machine is 
properly adjusted. Finally, the axes of rotation 
of the workpieces 6 intersect the point P and 
the shallow cone which forms a continuation of 
the annular driving surface 94 of the driving 
Wheel 92 (Figure 2) likewise passes through the 
point P. The dimensions of the nachine are also 
preferably chosen so that the sides 62 of the 
Workpieces 6 (Figure 2) coincide With the surface 
of a cone, the apex of which is located at the 
point P. 

Operation of first form of machine 
In the operation of the first form of the 

grinding machine of this invention, semi-finished 
Workpieces 6 are placed in the receiving hopper 
(not shown) of the feeding unit 6: at the upper 
left-hand corner of Figure 1, these Workpieces 
having comparatively flat larger ends. The se 
lector mechanism of the feeding unit 67, as 
previously stated, tilts the Workpieces one Way 
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or the other so that they all descend through 
the feeding tube 69 with their Smaller ends 
downward, regardless of the haphazard inanner 
in which they were placed in the hoppei. The 
Workpieces SE with their Sinailer elds down Wald, 
drop into the notches it? of the Workpiece 
holder 3 which meanwhile is rotating SCWy 
in a clockwise direction toward the grinding 
wheel 34 while the driving wheel 92 is more 
rapidly rotating in the same direction. At the 
same time, the workpieces 6 are engaged by the 
contact buttons 3 (Figure 3) and pressure roll 
ers 5 at locations spaced approximately 90 de 
grees from one another, these elements cooper 
ating to crowd the workpieces 6 against the 
driving surface 94 of the driving wheel 92. As 
a consequence, the workpieces Si are rotated 
rapidly around their axes while they aire conveyed 
in a circular path, a portion of which crosses the 
grinding surface 33 of the grinding wheel 3 as 
shown by the successive dotted ovals and circles 
in Figure 21. 
As the workpieces 6 move downward toward 

the grinding wheel 34 (Figure 1) they are re 
tained in the notches 94 by the arcuate guid 
ing edge is of the upper workpiece guide 33. 
They are also urged radially out Ward by the 
contact of their tapered surfaces S2 with the 
oppositely tapered conical Surfaces of the driving 
wheel surface 95 and pressure rollers 5. In 
this manner the ends 63 of the Workpieces 3: 
are brought into engagement with the grinding 
wheel surface 38 so that their portions 3 are 
ground to the desired curvatures with the ra 
di S R. 

In the meantime, the motor 3 (Figure 2) has 
been driving the shaft 25 to rotate the grinding 
wheel 34, the grinding surface 38 of which has 
previously been provided with the curvature de 
sired for the curved end surface 66 upon the 
workpieces 6, this curvature having the radius 
R, shown in Figure 7. The surface 38 is main 
tained at this curvature by a conventional grind 
ing wheel truling or dressing device (not shown) 
of any one of several types well known in the 
grinding art. As the larger ends of the rotat 
ing Workpieces 6 are carried downward Over 
the grinding surface 38 of the grinding wheel 
34, they are ground to the curvature thereof. 

Immediately after the workpieces 6 emerge 
below the grinding wheel 34 (Figure 1), they 
are engaged by the arcuate guiding edge of the 
lower workpiece guide 40, which has previously 
been adjusted to the correct position by rotating 
the screw shaft 59. When the workpieces 6 
pass beyond the guide 40 they drop out of the 
notches 04, as shown at the bottom of Figure 1, 
and pass into a suitable receiver. Thus, the 
contact buttons f 3 on the ends of the arms 
69 (Figure 3) cooperate with the pressure rollers 

í 5 to automatically urge or crowd the Work 
pieces 6 against the driving wheel 92 regard 
less of minor variations in the diameters of the 
workpieces 6 arising during manufacture. 
Workpiece holding and driving unit-second form 
The second form of workpiece holding and 

driving unit generally designated 20 (Figures 8 
to 10 inclusive) includes a driving assembly gen 
erally designated 2 similar in construction and 
operation to the driving assembly 4 of Figures 
1 to 5 inclusive and having corresponding parts 
similarly designated. The workpiece holder, 
generally designated 22, is similarly bolted as 
at 96 to the head 97 Or annular flange On the 
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8 
inner shaft 85, but is itself of modified design. 
The workpiece holder or holding ring 03 is also 
similarly boited as at 0 to the rearward face 
92 of the supporting wheel 98 and is similarly 

provided with spaced workpiece receiving slots 
or notches II 04. In the modification shown in 
Figures 8 to 10 inclusive, however, constituting 
the second form of the invention, the Workpiece 
6 is held against the driving wheel 92 by a pair 
of resiliently mounted rollers rather than by the 
cooperating roller and finger of Figures 1 to 5 
inclusive. 

In particular, the supporting wheel or disc 
98 has bolted thereto as at 123 (Figure 8) a series 
of paired right-hand and left-hand brackets 24 
and 125 respectively of trowel-shaped form hav 
ing sockets 26 for receiving pivot pins 27. 
Pivotally mounted between each pair of brackets 
24, 25 is an arm 28 having a recess 29 near 
the inner end thereof (Figure 10) adapted to 
receive the pivot pin 27. The periphery of the 
supporting wheel 98 is provided with threaded 
bores 30 in which are mounted studs 3 passing 
through enlarged holes 32 in the arms 28 and 
carrying compression springs í33 compressed 
against the arms 28 by nuts 34. 
The arms 28 are of roughly T-shaped form 

with spaced pairs of radially-directed sockets 
35 in the cross portion thereof. Secured as 

at 36 in the Sockets 35 are headed pivot pins 
3? rotatably supporting inwardly-tapered pres 

sure rollers 38. AS was the case With the first 
form of the invention, the point P on the axis 
of rotation of the shafts 85 and 8 is the com 
mon point of coincidence of the axis of rotation 
Of the grinding wheel 34, the center of curva 
ture of its grinding surface 38, the point of inter 
Section of the conical surface 94 on the driving 
Wheel 92, the axes of rotation of the workpieces 
6 and pressure rollers 38, and the location of 
the apex of the cone which coincides with the 
tapered surface of the workpieces St and also 
of the pressure rollers 38. 
The operation of the second form of the in 

vention shown in Figures 8, 9 and 10 is similar 
to that of the first form, except that the work 
pieces 6 are urged against the driving surface 
94 of the driving wheel 92 by the resiliently 
mounted pressure rollers 38, as governed by the 
pressure of the Springs 33. The pressure of the 
Springs 33, in turn, can be varied by Screwing 
the nuts 34 inward or outward along the 
threaded portions of the studs 3. As the pres 
sure rollers 38 rotate in response to the rotation 
of the workpieces 6, they cooperate with the 
conical driving surface 94 on the driving wheel 
92 to urge the workpieces 6 radially outward 
against the grinding Surface 38 of the grinding 
wheel 24, by which their end portions 66 acquire 
the desired curvature of radius R. The re 
mainder of the operation of the second form of 
the invention is otherwise substantially the same 
as that of the first form previously described. 
Workpiece hoiding and driving unit-third form. 
The workpiece holding and driving unit, gen 

erally designated 40 of Figures 11, 12 and 13 
has a close similarity with the second form of 
Figures 8, 9 and 10 and similar parts are sim 
ilarly designated. In Figure 11, however, the 
pivot pin holes 4 in the cross bar of the T 
shaped arms 28 are parallel in each pair rather 
than converging toward the point P as in the 
case of the bores or Sockets 35 in Figure 8. 
The pressure rollers 42 are also held in place 
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by headed pivot pins 143 seated in the bores 
f4 and secured by grooves 44, but the pressure 
rollerS 42 are tapered Outward rather than in 
Ward. 
The operation of the third form of the inven 

tion is substantially the same as that of the 
Second form shown in Figures 8, 9 and 10, ex 
Cept that the Work pieces 6 are urged outward 
against the grinding Wheel 34 by the cooperation 
Of the outWardly-tapered conical rollers 42 on 
parallel axes of rotation and the conical driving 
Surface 94 on the driving wheel 92. The opera 
tion is otherwise similar to that of the second 
form of the invention in Figures 8 to 10 inclusive. 
Workpiece holding and driving unit-fourth 

form, 
The fourth form of workpiece holding and 

driving unit, generally designated 50 shown in 
Figures 14, 15 and 16 is in many respects similar 
to that of the first form shown in Figures 1 to 5 
inclusive, and similar parts are similarly desig 
nated. The fixed pressure rollers 5 are 
mounted on headed pins 52 secured in radially 
directed Sockets 53 by screws 54. Instead of 
the contact fingers (9, the fourth form 5) 
makes use of convex or bowl-shaped resiliently 
mounted pressure rollers 55 rotatably mounted 
upon pivot pins 56 secured in a bore 57 in an 
L-shaped arm 58 having a slot 59 for receiv 
ing the preSSure roller. The inner end of the L 
shaped arm 58 carries a pivot member 60 seat 
ed in a socket 6 (Figure 16) by which the arm 
f58 is given some freedom of motion and adjust 
ment. The arm f8 is held against the support 
ing wheel 98 by a stud 62 threaded into a bore 
63 therein. The stud 62 passes loosely through 
an enlarged bore 64 and carries a compression 
Spring f65 which is compressed by a nut 66 
threaded on the outer end of the stud 62. The 
upper or Outer end of the arm 58 is provided 
With a projecting portion 67 which extends be 
tween adjacent workpieces 6 and is suitably 
concave as at 68 on its opposite edges to pro 
vide clearance for the Workpieces 6 f (Figure 15). 
The fixed rollers 5 and the resiliently mounted 
rollers 55 alternate in Succession around the 
periphery of the supporting wheel 98, the pres 
Sure rollers 55 being urged toward the driving 
Surface 94 of the driving wheel 92 by the coil 
springs 65. 
The geometrical relationships of the various 

Surfaces and axes of rotation in the fourth form 
of the invention shown in Figures 14, 15 and 16 
are similar to those previously described in con 
nection. With the Second form of the invention 
shown in Figures 8, 9 and 10, except that, of 
course, the pressure rollers 55 do not have coni 
cal tapered surfaces. In other respects, how 
ever, the point P on the axis of rotation of the 
shafts 8 and 85 is not only the center of curva 
ture of the grinding surface 38 of the grinding 
wheel 34, but is also the point of intersection of 
the axis of rotation of the grinding wheel 34 and 
of the rollers i 5 and í 55 as well as being the 
apex of cones coinciding with the driving sur 
face 94 and the fixed rollerS 5. 
The operation of the fourth form of the in 

vention is Similar to that of the other forms of 
the invention previously described except that 
the bulging or convexed surfaces of the resilient 
ly-mounted rollers 55 do not, of course, engage 
the workpieces 6 except in a point contact at 
any One time, Whereas the tapered contact roll 
ers (58 of Figure 8 and 5 of Figure 1 engage 
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10 
the Workpieces 6 in a line contact. In this ré 
Spect, the rollers 55 are somewhat analogous to 
the preSSure or contact buttons 3 of Figure 3. 
The operation of the fourth form 50 is other 
wise Substantially the same as the operation of 
the previously-described forms of the invention, 
and hence requires no repetition. 

Workpiece holding and driving unit-fifth 
?O??m, 

The Workpiece holding and driving unit, gen 
erally designated of Figures 17, 18 and 19 is 
similar in many respects to the third form of 
Figures 11, 12 and 13. In the fifth form 70, 
however, brackets i? are Secured as at 72 at 
intervals around the periphery of the support 
ing Wheel 02 and are bored as at 3 to receive 
headed pivot pins 4 Secured therein as at 75 
and carrying out Wardly tapered pressure rollers 
176. Each bracket i is provided with op 
positely-facing sockets 7 and 78 in which 
pivot pins 9 are mounted. Pivotally mounted 
on each pivot pin it 9 is a swinging arm (80. 
which, on its outer end, is provided with a bore 
80 parallel to the bore 73 when the two are 
adjusted to lie Side by side. Secured as at 82 
in the bore 8 is a headed pivot pin 83 on which 
is mounted a convex approximately barrel 
Shaped preSSure roller 86 (Figure i7). Inter 
mediate its opposite ends the arm 80 is provided 
with a bore 85 through which passes a stud 86, 
the inner end of the latter being threaded into a 
bore 87 in the Supporting wheel 98 (Figure 19). 
The bore 85 is considerably larger in diameter 
than the Stud 86 So as to permit free tilting 
movement therebetWeen Without interference. 
A coil spring i88 Surrounding the stud 86 and 
held in position by an adjusting nut 89 threaded 
on the outer end of the stud 86 urges the arm 
80 and hence the preSSure roller 84 into en 

gagement with the Workpiece 6 and urges the 
latter into driving engagement with the driving 
Surface 94 of the driving wheel 92. A set screw 
9 threaded into the threaded bore 9 limits 
the extent of SWing of the arm 8) (Figure 19) 
by engaging the forward face 06 of the support 
ing wheel 98. 
The geometrical relationships of the various 

axes and Centers of curvature of the fifth form 
70 of Figures 17, 18 and 19 are generally the 

Same as in the third form of Figures 11, 12 and 
13. The center of curvature of the grinding sur 
face 38 lies on the axis of rotation of the shafts 
8 and 85 at the point P which is also the point 
of interSection with the axis of rotation of the . 
grinding Wheel 34 with that of the shaft 85. The 
conical Surfaces coinciding With the driving sur 
face 94 of the driving wheel 92 and the side sur 
faceS 62 of the workpieces 6 have their apices 
located at the point P. The axes of rotation of 
the preSSure rollers 6 and 84, however, be 
ing parallel to one another, do not intersect at 
the point P. 
The Operation of the fifth form of workpiece 

holding and driving unit 70 is generally similar 
to that of the third form shown in Figures 11 
to 13 inclusive except that one of the pressure 
rollers of each pair is fixed and one is resiliently 
mounted. Consequently, the rollers 76 and 84 
urge the tapered workpieces 6 into contact With 
the driving Surface 94 and also urge them radial 
ly outward into contact with the grinding sur 
face 38 of the grinding wheel 34. The roller 76 
has line contact with the workpiece. whereas the 
roller f84 has point contact at any given instant, 
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The remainder of the operation is substantially 
as that described in connection. With the fore 
going forms of the invention and hence requires 
no repetition. 
Workpiece holding and driving unit-Siacth form. 
The Sixth form of Workpiece holding and driv 

ing unit, generally designated 200 shown in Fig 
lure 20 differs considerably from the forms pre 
viously described although it is similar as re 
gards the construction of the driving wheel 92 
and work holder supporting wheel 98. Similar 
parts are similarly designated. The wheel 98 
has the notches f04 directly in its periphery 
rather than in a separate annular plate, as in 
the preceding forms of the invention. Pressure 
is applied to the workpieces 6f to urge them into 
engagement with the driving surface 94 of the 
'driving wheel 92 by a flexible spring plate 20 í 
of annular form Secured as at 202 to a pressure 
wheel 203. The latter is Secured as at 204 to 
a head or fange 205 On a Shaft 206. The Shaft 

. 206 is mounted in suitable bearings. 207 in a 
housing 208 which in turn is mounted on the bed 
3 (not shown). The shaft 206 and consequent 
!y the pressure wheel 263 and pressure plate 20 í 
rotate freely and are not power-driven like the 
shafts 8 and 85 which drive the driving wheel 
92 and Workholder and Supporting Wheel. 98. The 
grinding wheel 34 with its grinding surface 38 
is Substantially the Sane as that described in 
Figure 1, and is similarly mounted and driven. 
The housing 208 is mounted so that its axis of 
rotation may be tilted Slightly SO as to CrOW(d the 
pressure plate 2 against the workpieces 6 in 
Order to urge them against the driving surface 
94 of the driving Wheel 92 and likewise urge the 
ends 63 of the workpieces 6 outward against 
the grinding Surface 38. 
The geometrical relationships existing in the 

sixth form of the invention shown in Figure 20 
are similar in a few respects to those existing 
in the previously described forms of the inven 
"tion in that the axis" of rotation of the grinding 
wheel 34 intersects the axis of rotation at a com 
mon point P which is also the center of curva 
ture of the grinding Surface 38 and likewise the 
apex of the cone formed by the side surface 62 
of the workpiece 6. 

In the operation of the sixth form of the in 
wention, the shafts 8 and 85 are rotated, as be 
fore, -at different speeds, the driving wheel 92 
rotating more rapidly than the supporting wheel. 
This action, as before, rotates the workpieces 6 
and at the same time, carries them in an arcuate 
path downward across the grinding face 33 of 
the grinding wheel 34. At the same time, the 
pressure wheel 203 rotates as an idler with its 
resilient rim 20 urging the workpieces 6 against 
the driving surface 94. At the same time, due 
to the fact that the space between the inner Sur 
face of the pressure plate 20 and the driving 
Surface 94 is flared or divergent in the direction 
of the grinding wheel'34, the workpieces 6 are 
likewise urged radially outward in their notches 
04 against the grinding surface 38 and also 

against the arcuate edges 4 and 42 (Figure 1) 
of the workpiece guides 39 and 40. In the sixth 
form of the invention (Figure 20), the end of 
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12 
quality on the end portions 66 of the workpieces 
6f as compared with the line contact grinding 
given by the machine of the applicant's aforesaid 
patent. 
'What claim is: 
1. A machine for end grinding elongated work 

pieces comprising a rotary grinder having a 
grinding surface thereon, a rotary workpiece 
holder having a periphery thinner than - said 
Workpieces in Olunted for motion of Said periphery 
in close proximity to said grinding Surface, Said 
periphery having therein workpiece-holding 
recesses open laterally to expose the sides of said 
workpieces, a rotary driving element engageable 
with said workpieces on one side of said work 
piece holder, and a rotary pressure device having 
pressure rollers engageable with said Workpieces 
on the opposite side of said workpiece holder to 
urge said workpieces into driving engagement 
With said driving element. 

2. A machine for end grinding elongated work 
pieces comprising a rotary grinder having a 
grinding surface thereon, a rotary workpiece 
holder having a periphery thinner than said work 
pieces mounted for motion of said periphery in 
close proximity to said grinding Surface, Said 
periphery having therein workpiece-hoiding re 
cesses open laterally to expose the Sides of Said 
workpieces, a rotary driving element engageable 
with said workpieces on one side of said workpiece 
holder, and a rotary pressure device having pres 
Sure rollers engageable with said Workpieces on 
the opposite side of said Workpiece holder to urge 
said workpieces into driving engagement With 
said driving element, certain of said rollers being 
resiliently mounted on said device. 

'3. A machine for end grinding elongated Work 
pieces comprising a rotary grinder having a 
grinding surface thereon, a rotary Workpiece 
holder having a peripherythinner than said work 
pieces mounted for motion of said periphery in 
close proximity to said grinding Surface, Said 
periphery having therein workpiece-holding re 
CeSSes open laterally to 'expose the Sides of Said 
workpieces, a rotary-driving element engageable 
with said workpieces on one side of said work 
piece holder, and a rotary pressure device having 
pressure rollers and pressure fingers engageable 
with said Workpieces on the opposite side of said 
workpiece holder to urge said workpieces into 
driving engagement with said driving element. 

4. A machine for end grinding elongated work 
pieces comprising a rotary grinder having a 
grinding surface thereon, a rotary workpiece 
holder having a peripherythinner than said work 
pieces mounted for motion of said periphery 
in close proximity to said grinding surface, said 
periphery having therein workpiece-holding re 
cesses open laterally to expose the sides of said 
Workpieces, a rotary driving element-engageable 
With said workpieces on One side of said work 
piece holder, and a rotary pressure device having 
pressure rollers engageable with said workpieces 
on the opposite side of said workpiece holder to 
urge Said Workpieces into driving engagement with 
Said driving element, certain of said rolliers being 
fixedly mounted and others of said rollers being 
resiliently mounted on said device. 

5. A machine for end grinding elongated work 
the workpiece 6 has surface contact with the 70 pieces comprising a rotary grinder having a 
grinding Wheel Surface 38 as it moves across 
the latter, rather than line contact as in the 
applicant's prior Patent No. 2,434.245 of Janu 
ary 13, 1948 previously referred to. This" Sur 
face grinding action gives a surface of improved 

grinding Surface thereon, a rotary workpiece 
holder having a peripherythinner than said work 
pieces mounted for motion of said periphery in 
close proximity to said grinding surface, said 

: 75 periphery having therein workpiece-holding re 
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cesses open laterally to expose the sides of said 
workpieces, a rotary driving element engageable 
With said workpieces on one side of Said Workpiece 
holder, and a rotary pressure device having pres 
Sure rollers engageable with said Workpieces On 
the opposite side of said workpiece holder to 
urge said workpieces into driving engagement with 
said driving element, the axes of rotation of Said 
pressure rollers being directed through a Sub 
stantially common point of intersection on the 
axis of rotation of said driving element. 

6. A machine for end grinding elongated work 
pieces comprising a rotary grinder having a 
grinding surface thereon, a rotary workpiece 
holder having a periphery thinner than Said 
Workpieces mounted for motion of said periphery 
in close proximity to said grinding surface, said 
periphery having therein workpiece-holding re 
cesses open laterally to expose the sides of Said 
workpieces, a rotary driving element engageable 
with said workpieces on one side of Said Workpiece 
holder, and a rotary pressure device having pres 
sure rollers engageable with said Workpieces On 
the opposite side of said workpiece holder to urge 
said Workpieces into driving engagement with Said 
driving element, said rollers being mounted in 
pairs on said device with the rollers of each pair 
having substantially parallel axes of rotation. 

7. A machine for end grinding elongated work 
pieces comprising a rotary grinder having a 
grinding surface thereon, a rotary workpiece 
holder having a peripherythinner than Said Work 
pieces mounted for motion of said periphery in 
close proximity to said grinding surface, Said 
periphery having therein Workpiece-holding re 
cesses open laterally to expose the sides of Said 
workpieces, a rotary driving element engageable 
With said workpieces on one side of said Workpiece 
holder, and a rotary pressure device having 
tapered pressure rollers engageable with said 
workpieces on the opposite side of said workpiece 
holder to urge said workpieces into driving en 
gagement With Said driving element. 

8. A machine for end grinding elongated work 
pieces comprising a rotary grinder having a 
grinding surface thereon, a rotary workpiece 
holder having a periphery thinner than said work 
pieces mounted for motion of said periphery in 
close proximity to said grinding surface, said 
periphery having therein workpiece-holding re 
cesses open laterally to expose the sides of said 
workpieces, a rotary driving element engageable 
with said Workpieces on one side of said workpiece 
holder, and a rotary pressure device having in 
Wardly-tapered pressure rollers engageable with 
said Workpieces on the opposite side of said work 
piece holder to urge said Workpieces into driving 
engagement with said driving element. 

9. A machine for end grinding elongated Work 
pieces comprising a rotary grinder having a 
grinding surface thereon, a rotary workpiece 
holder having a periphery thinner than said 
workpieces mounted for motion of said periph 
ery in close proXimity to said grinding Surface, 
said periphery having therein workpiece-hold 
ing recesses open laterally to expose the sides of 
said workpieces, a rotary driving element engage 
able with Said Workpieces. On one side of said 
Workpiece holder, and a rotary pressure device 
having outwardly-tapered pressure rollers en 
gageable With Said Workpieces on the Opposite 
side of Said Workpiece holder to urge said Work 
pieces into driving engagement with said driving 
element. 
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10. A machine for end grinding elongated work- 5 
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pieces comprising a rotary grinder having a grind 
ing surface thereon, a rotary workpiece holder 
having a periphery thinner than said workpieces 
mounted for motion of said periphery in close 
proximity to said grinding surface, Said periph 
ery having therein workpiece-holding recesses 
open laterally to expose the sides of said work 
pieces, a rotary driving element engageable with 
said workpieces on one side of said Workpiece 
holder, and a rotary pressure device having pres 
sure rollers engageable with said Workpieces on 
the opposite side of Said workpiece holder to urge 
said workpieces into driving engagement with 
said driving element, certain of said rollers hav 
ing convexly bulging contact Surfaces. 

11. A machine for end grinding elongated 
workpieces comprising a rotary grinder having a 
grinding surface thereon, a rotary Workpiece 
holder having a periphery thinner than said 
Workpieces mounted for motion of said periph 
ery in close proximity to said grinding Surface, 
said periphery having therein workpiece-hold 
ing recesses open laterally to expose the Sides of 
said workpieces, a rotary driving element en 
gageable With said Workpieces on One side of 
said workpiece holder, and a rotary pressure de 
vice having pressure rollers engageable with said 
Workpieces on the opposite side of said Workpiece 
holder to urge said workpieces into driving en 
gagement with said driving element, the axes of 
rotation of said pressure rollers being directed 
through a Substantially common point of inter 
Section on the axis of rotation of said driving 
element, certain of said rollers having convexly 
bulging contact surfaces. 

12. A machine for end grinding elongated 
workpieces comprising a rotary grinder having a 
grinding surface thereon, a rotary workpiece 
holder having a periphery thinner than Said 
Workpieces mounted for notion of Said periph 
ery in close proximity to said grinding Surface, 
said periphery having therein workpiece-holding 
recesses open laterally to expose the sides of said 
Workpieces, a rotary driving element engageable 
With said Workpieces on One side of said work 
piece holder, and a rotary pressure device hav 
ing presSuure rollers engageable, with said work 
pieces. On the opposite side of said workpiece 
holder to urge Said workpieces into driving en 
gagement with said driving element, said rollers 
being mounted in pairs on said device with the 
rollers of each pair having Substantially parallel 
axes of rotation, certain of said rollers having 
Convexly bulging contact surfaces. 

13. A machine for end grinding elongated 
workpieces comprising a rotary grinder having 
a grinding Surface thereon, a rotary workpiece 
holder having a periphery thinner than said 
workpieces mounted for motion of said periph 
ery in close proximity to said grinding surface, 
said periphery having therein workpiece-hold 
ing recesses open laterally to expose the sides of 
said Workpieces, a rotary driving element en 
gageable with Said Workpieces on One side of 
Said workpiece holder, and a rotary pressure de 
Vice having pressure rollers engageable with said 
Workpieces on the opposite side of said workpiece 
holder to urge said workpieces into driving en 
gagement With Said driving element, the axes of 
rotation of said pressure rollers being directed 
through a substantially common point of inter 
Section. On the axis of rotation of said driving 
element, certain of said rollers being resiliently 
mounted and having convexly bulging contact 
Surfaces. 
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14. A machine for end grinding : elongated 

workpieces comprising a rotary grinder having 
a grinding surface thereon, a rotary workpiece 
holder having a periphery thinner than said 
Workpieces mounted for motion of said periph 
ery in close proximity to said grinding Surface, 
said periphery having therein workpiece-holding 
recesses open laterally to expose the sides of 
Said Workpieces, a rotary driving element en 
gageable with said workpieces on one side of 
said Workpiece holder, and a rotary pressure de 
vice having pressure rollers engageable with Said 
Workpieces on the Opposite side of Said Work 
piece holder to urge said workpieces into driv 
ing engagement with said driving element, Said 
rollers being mounted in pairs on said device 
with the rollers or each pair having substan 
tially parallel axes of rotation, certain of said 
rollers being resiliently mounted and having con 
vexly bulging contact surfaces. 

15. A machine for end grinding eiongated 
workpieces comprising a rotary grinder having 
a grinding surface thereon, a rotaly workpiece 
holder having a periphery thinner than said 
workpieces mounted for motion of said periph 
ery in close proximity to said grinding surface, 
Said periphery having therein Workpiece-holding 
recesses open laterally to expose the sides of said 
Workpieces, a rotary driving element engageable 
with said workpieces on one side of said work 
piece holder, and a rotary pressure device hav 
ing presSuure rollers engageable With Said Work 
pieces on the opposite side of said workpiece 
holder to urge said workpieces into driving en 
gagement with said driving element, certain of 
said rollers being tapered and others of said roll 
ers being resiliently mounted and having con 
vexly bulging contact surfaces. 

16. A machine for end grinding elongated 
workpieces comprising a rotary grinder having 
a grinding surface thereon, a rotary workpiece 
holder having a periphery thinner than said 
workpieces mounted for motion of said periph 
ery in close proximity to said grinding surface, 
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said periphery having therein workpiece-holding 
recesses open laterally to expose the sides of 
said workpieces, a rotary driving elements en 
gageable with said workpieces on one side of 
said Workpiece holder, and a rotary pressure de 
vice having pressure rollers engageable with said 
Workpieces on the opposite side of said. Work 
piece holder to urge said workpieces into driv 
ing engagement with said driving element, cer 
tain of Said rollers being tapered inwardly, and 
others of Said rollers being resiliently mounted 
and having convexly bulging contact surfaces. 

17. A machine for end grinding elongated 
Workpieces comprising a rotary grinder having 
a grinding Surface thereon, a rotary workpiece 
holder having a periphery thinner than said 
workpieces mounted for motion of said periph 
ery in close proximity to said grinding surface, 
Said periphery having therein workpiece-holding 
recesses open laterally to expose the sides of said 
Workpieces, a rotary driving element engage 
able with said workpieces on one side of said 
workpiece holder, and a rotary pressure device 
having pressure rollers engageable with said 
Workpieces on the opposite side of said work 
piece holder to urge said workpieces into driv 
ing engagement with said driving element, cer 
tain of said rollers being tapered outwardly, and 
others of Said rollers being resiliently mounted 
and having convexly bulging contact surfaces. 

GLEN F. JOHNSON. 
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