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UNITED STATES PATENT office 
1978,132 

GRENDING MACHINE 

Frederick S. Haas, Cincinnati, Ohio, assignor to 
Cincinnati Grinders, incorporated, Cincinnati, 
Ohio, a corporation of Ohio 

Original application April 2, 1931, serial No. 
527,251. Divided and this application October 
7, 1932, Serial No. 636,714. 

4 Claims. (CI. 74-440) 
This is a divisional application of my appli 

ication filed on April 2, 1931, having been given 
Serial Number. 527,251. 

.." The invention relates to improvements in 
85 machine tools and especially to improvements 

in mechanism or means for eliminating the play 
... or back lash between; driven and driving mem 
bers utilized for moving or 'adjusting a slide or 
other part of the machine. 

10 : An object of the invention is the provision of 
improved means for eliminating the back lash 

. . or play between the teeth of a driven rack and 
its driving pinion frequently employed for ef 
fecting the movement or translation of part of 

35 a machine tool. Organization. 
Another object of the invention is the proWi 

isions of improved means for eliminating back 
Flash between the teeth of driving and driven 
members: regardless of the direction of drive. 

; Other objects, and advantages; of the present 
invention should be readily apparent by refer 

: ence to the following specification considered in 
conjunction with the accompanying drawings 
and it is to be understood that any modifica 

25 tions may be made in the exact structural de 
2 tails there shown and described, within the Scope 
of the appended claims, without departing from 
or exceeding, the spirit of the invention. 

. In the drawings: . . . . . . . . ; ; 

30 Figure. 1 is a front elevational view of a grind 
sing machine embodying the improvements of 
this invention. 

Figure. 2 is a view taken online, 2-2 of Fig 
. lure' i. 

35 Figure. 3 is a view partly in elevation and 
partly in section as seen from line 3-3 of Fig 

20 

lure 2. 
Figure 4 is a sectional view taken on line 4-4 

of Figure 2. 
.340 Figure 5 is a sectional view on line 5-5 of 

Figure 2. 
Figure 6 is a view taken substantially on line : 

'6-6 of Figure 1. - 
Figure.7 is a sectional view taken online 7-7 

:45 of Figure 3. 
Figure 8 is a sectional view on line 8-8 of 

Figure 3. 
Throughout the several views of the drawings 

similar reference, characters are employed to 
:50: denote the same' or similar parts. 

A device of this invention may comprise a 
base, or bed 10 having formed at its upper end 
guideways 11 for a reciprocating table 12. A 
swiveled plate 13 is mounted on the table 12 

355 and supports for adjustment, relative theretoia. , 

headstock 14 and a tailstock 15. Centers 16 and 
17 are carried respectively by the head and tail 
Stocks and extend toward one another for Sup 
porting a Workpiece to be operated upon. A 
motor 18 is operatively associated with the head-350 
Stock 14 for driving a Suitable face plate 19 
Which carries the dog 20 for effecting a rotation 
Of the work. 

In order to effect movement or reciprocation of 
the table 12 and parts carried thereby the said:5 
table is provided on its under face. With a rack 21 
meshing with a pinion 22 keyed or otherwise se 
cured to a vertical shaft 23 suitably journaled in 
anti-friction bearings in a bracket 24 supported 
by the bed. The shaft 23 is provided interme- 0 
diate its ends with a splined portion 25 slidable 
of which is a clutch spool 26 having a peripheral 
groove 27 formed therein. The clutch Spool.26 
has formed on one end thereof clutch teeth 28 
adapted to mesh with complementary clutch. 5 
teeth 29 secured to a "worm wheel. 30. Clutch 
teeth 31 are formed on the other end of the clutch 
spool. 26 for engagement with clutch teeth 32 
carried by a worm wheel33. The worm wheel 30 
is adapted to be power driven by worm 34 driven: 80 
through the gears 30A from reversing shaft 35 
receiving its power from any suitable or 
desirable source which drives through a suit 
able speed change mechanism 35A to control 
the ultimate rate of the reversing shaft. The 85 
worm wheel 33 is driven by a 'worm 36 on shaft 
37 which carries at its outer end a hand wheel 
38. The manually operable shaft 37 is tubular 
inform and has extending therethrough a clutch 
shifter rod 39 Which has on One end knob 40 and 90 
on the other end suitable mechanism for actuat 
ing clutch shifter fork 41 received in the periph 
eral groove 27 of the clutch spool 26. 
The knob 40 and clutch shifter rod are rotat 

able and have a plurality of positions for posi-95 
tioning the clutch spool.26 in the neutral posi 
tion, shown in Figure 6, and for engaging either 
clutch teeth 28 and 29 or clutch teeth 31 and 32. 

In order that the table 12 may be reversely 
longitudinally shifted it is provided. With the 100 
usual adjustable trip dogs 42 and 43 adapted to 
engage at opposite limits of movement of the 
table with a plunger 44 carried by reversing lever 
45 secured to stud 46 oscillatably journaled in re 
versing plate 47. The stud 46 has secured to its 105 
inner end a shifter lever 48 for actuating the 
shifter fork 49 to connect the usual reversing 
mechanism with the power driven reversing Shaft 
35 for effecting reverse actuation of the Worm 
wheel 30 and work supporting table 12. 110 
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The bed 10 is provided with an extension 50 to 

Which is secured the base 51 for the CrOSS feed 
slides and carriage. A swivel plate 52 is mounted 
On the base 51 and is formed with a dove-tailed 
guide 53 received in a similarly formed way 54 
of Slide 55. A trunnion 56 is formed integral 
with the slide 55 and projects above said slide 
being received in a SOcket 57 carried by inter 
mediate plate 57A to which is secured the tool 
carriage 58. The carriage 58 has rotatably jour 
naled therein a spindle 59 for the grinding wheel 
60. A bracket 61 on the carriage 58 Supports a 
motor 62 to the shaft 63 of which motor a bevel 
pinion 64 is secured meshing with a gear 65 on 
the spindle 59 for effecting its rotation and rota 
tion of the grinding wheel. The base 51 has 
formed integral thereWith a bearing Sleeve 127 
which has extending above the base 51 an exter 
nal bearing 128 received in a bore 129 of the 
Swivel plate 52. The swivel plate is also provided 
with a T slot 130 receiving the heads 131 of clamp 
Studs 132 each having a notch 133 formed there 
in. One Wall 134 of the notches 133 is inclined 
and cooperates with the tapered nose 135 of clamp 
pins 136 operated by clamp screws 137 threadedly 
received in and projecting through the base plate 
51 as seen in Figure 5. The intermediate plate 
57A and carriage 58 are swiveled about the axis 
of trunnion 56 and are clamped to the slide 55 by 
means of clamp Screws 138 extending through 
suitable bores in the intermediate plate and hav 
ing angularly related heads 139 on one end 
thereof. These heads 139 are received in a 
clamping slot 140 formed in the slide 55. 
The grinding wheel 60 is fed toward the Work 

either by manual or power means through a rack 
66 Secured to the under face of the Slide 55 and 
meshing With a pair of rack pinions 67 and 68. 
The pinion 68 is formed on the end of a tubular 
shaft 69 journaled in Suitable anti-friction bear 
ings Supported by the bearing sleeve 127 integral 
with or secured to the base 51. A worm wheel 70 
is secured to the other end of the tubular shaft 
and is provided interiorly thereof with a lug 71 
forming an abutment for a tightly coiled Spring 
72. The other end 73 of spring 72 extends 
through a slot 74 of a spring retainer 75 keyed 
to the lower end of a shaft 76 which has formed 
integral therewith at its other end the pinion 
67. The spring 72 tends to uncoil thereby tending 
to rotate the pinions 67 and 68 in opposite direc 
tions or cause the opposite sides of correspond 
ing teeth of the pinions 67 and 68 to engage the 
opposed Walls of the space between adjacent 
rack teeth in rack 66 thereby eliminating all 
play Or back lash between the teeth of the rack 
66 and the teeth of the pinions 67 and 68. 
The Worm wheel 70 has meshing with it Worm 

77 formed on shaft 78 coupled as at 79 with shaft 
80. The forward end 81 of shaft 80 is splined for 
the complementary splined pinion 82 which is 
slidable relative to the portion 81. The pinion 
82 is connected by a pin 83 with a shifter rod 84 
slidable in a bore formed in the outer end of the 
Shaft 80. The slide or shifter rod 84 has secured 
to its free end a knob 85 and the pinion 82 car 
ries a Spring pressed detent 86 cooperating With 
notches 87 formed in the shaft 80 for locking the 
pinion 82 and slide rod 84 in adjusted positions. 
The forward end of the pinion 82 is further pro 
vided with clutch teeth 88 adapted to mesh with 
clutch teeth 89 formed on gear 90. The gear 90 
has extending from it a bearing sleeve 91 jour 
naled in a bracket 92 secured to the bed 10 and 
the said sleeve has secured to it a hand wheel 93. 

1,978,132 
The bracket 92 also carries a stud 95 on which is 
journaled a compound gear 94 having pinion 96 
and gear 97. The gear 90 meshes with the pinion 
96 while the gear 97 meshes with the pinion 82. 
Actuation of the pinion 82 through the shifter 
rod 84 will disengage the pinion 82 and gear 97 
and Will mesh the clutch teeth 88 and 89. 
From the foregoing it will be noted that with 

the parts in the position shown in Figure 2 the 
grinding wheel may be advanced toward the 
work at a rapid rate since the gear ratioS 90, 96, 
97 and 82 will speed up rotation of the worn 77 
relative to the speed of rotation of the hand 
Wheel 93. If the clutch teeth 88 and 89 are en 
gaged the speed of the shaft 80 and Worm 77 Will 
be the same as the speed of the hand wheel 93. 

In order to feed the grinding Wheel by power 
means the gear sleeve 91 has secured to it inter 
mediate the hand wheel 93 and the bracket 92 a. 
pick feed ratchet 98 cooperating with a pawl 99 
operable at each end of movement of the table 
12 by means to be later described or operable by 
other means when the table 12 is held against lon 
gitudinal movement. 
As was noted above, the wheel 70 may be fed 

toward the work intermittently at short inter 
vals, as for example, when grinding a piece of 
work of substantially the same width as the 
grinding wheel or may be fed intermittently at 
longer intervals as when traversing the Work rel 
ative to the grinding wheel. The former meth 
od is frequently known as the continuous in-feed 
method for the performance of plunge cut grind 
ing operations while the latter is designated aS 
traverse cylindrical grinding. When grinding by 
the latter method use is made of the reversing 
lever 45 which, as was noted above, is Secured 
to stud 46 oscillatable with the movement of the 
lever 45. An arm or pawl 100 is secured to the 
Stud 46 for movement thereWith Which arm is 
provided at its forward end with cam faces 101. 
and 102 engaging a roller 103 on rocker arm 104. 
The rocker arm 104 is pivoted at 105 to reversing 
plate 47 and has formed in its one end a socket 
106. The ball end 107 of arm 108 is received in 
the socket 106 and the said arm 108 is Secured to 
Oscillatable shaft 109 coupled by link 110 With 
the pick feed pawl 99. A spring 111 has One end 
secured to the split ear 112 of the arm 108 for 
returning said arm to its normal position and 
for positioning the pawl 99 for the next feeding 
movement. An adjustable stop 113 limits the 
movement of rocker arm 104 in One direction to 
determine the amount of feed to be given the 
grinding wheel and its slide at each reversal of 
the supporting table. A 
From this it will be seen that With the revers 

ing lever 45 in the position shown in Figure 1 and 
assuming the table 12 traveling to the left, as 
seen therein, the lever 45 will be oscillated in a 
counter-clockwise direction causing the can face 
101 of the arm 100 to oscillate the rocker arm 104 
in a counter-clockwise direction and, through the 
pawl 99, advance the ratchet 98. The reversing 
lever would then be inclined in the opposite direc 
tion to that shown in Figure 1. So that with the 
table traveling to the right the lever would be OS 
cillated in a clockwise direction thereby causing 
cam face 102 of the arm 100 to again Oscillate 
rocker arm 104 and additionally advance the 
ratchet 98. 

In order to feed the grinding wheel at compar 
atively short intervals and Without traversing the 
work supporting table, use is made of the revers 
ing shaft 35 which, as shown in Figure 7, 
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ihas: formed thereonia flat 114 cooperating with:Figure::2, will beat...a relatively, rapid rate due 

f : 5 abutting. One:end of:aping,119 slidable, in socket. 

..'arm li5 for Oscillating same about pivot shaftli6. 
*:The-arm 115 is: provided on the other;side of the 
spivot:116; with; a tang:117: having a flat face 118 

ii.20. The socket:120 is integral with a shaft 121 
it extending:through the: reverse plate 47 to:acon 
rivenient position", within: reach of the operator 
-i and haspinned to its outer-endian actuating knob 
0 122. At Spring:actuated detent:123; cooperates 

oils 

3:20 

:25 

;:30 

3.35 

45 

{ing; the said shaft, in adjusted positions. The 
shiftable:pin 119, abuts on its upper:end with a 
sliding stud: 125 mounted in bearing 126 carried 
by the reverse plate, 47. The sliding studi.25 in 
turn abuts with the rocker arm 104 for Oscillating 
Said: arm, about the pivot 105. The spring 111 
maintains contact between the arm 115 and the 
reversing shaft 35 so that each time the flat 114 
On the reversing shaft is aligned with the end of 
the arm 115 the said arm 115 falls onto the flat 
thereby allowing the rocker arm to oscillate in 
a counterclockwise direction about the pivot 116 
and position the pawl 99 for the next in-feed 
movement of the ratchet which is obtained by 
engagement of the arm 115 with the concentric 
part of the shaft 35 which returns the said arm 
115 to its other position. 
The Operation of the mechanism is as follows: 

A Work piece is mounted between the centers 16 
and 17 which have been adjusted to the desired 
length of work. In the event the work is of 
greater length than the width of the grinding 
wheel 60 the knob 122 is rotated a quarter of a 
turn to dispose the pin 119 at right angles to the 
position shown in Figure 7, at which time it will 
be in the dotted line position shown in Figure 3. 
The dogs 42 and 43 are now adjusted so that each 
time the work has gone past the grinding wheel 
its full length one of the dogs engages the revers 
ing lever 45 to change the direction of reciproca 
tion of the work table 22. Engagement of the 
lever 45 with one of the dogs oscillates the pawl 
100 about the axis of stud 46 for actuating the 
rocker arm 104 in the direction to tension the 
Spring ill so that as soon as the pawl i00 falls 
free of the rocker arm the spring returns the 
rocker arm to its normal position thereby rotating 
the ratchet 98 an amount permitted by the previ 
Ous adjustment of the feed stop 113. This cycle 
continues until the work is down to size at which 
time the pawl 99 is thrown out of engagement 
with the ratchet 98 by the guard 98a carried by 
the Said ratchet. 
Should the work be of a length substantially 

equal to the width of the face of the grinding 
wheel and it is to be ground by the plunge cut 
method, the knob 122 is positioned, as shown in 
Figure 7, at , which time the inner end of the 
arm 115 is held against the reversing shaft 35 
So that at each revolution of the said reversing 
shaft 35 the arm 115 is oscillated about the axis 
of pivot 116 which oscillation, through the sliding 
pin il9 and stud 125, oscillates the rocker arm 
104 in a manner similar to that obtained through 
the pawl 100. This relatively continuous in 
feed of the grinding wheel is effected until the 
Work is down to size when the guard 98a again 
slides under the pawl 99 and disengages it from 
the ratchet 98. 
The Speed at which the grinding wheel will be 

fed into the work is determined by the position of 
the pinion 82 on the cross feed shaft 80 which, if 
in engagement with the gear 97 as shown in 

with notches 124 formed in the shaft. 121 for hold : 

to the particular ratio between gear. 90, and 
; pinion: 96 and gear:97 and pinion:82. If, how 
: ever, it is desired to provide a fine finish: on the 
3Work, which means that the feeding would have 
to be effectediatria is comparatively slow rate of 
jspeed, then as shifting of the pinion 82 through 
the knob (85 will connect clutch teeth 588 and 89 

. ...So that the shaft is rotated at the: same speed as 
'the ratchet wheel'98:orhand wheel 93. 

2 Alkbacklash-and-play between the teeth of the 
drivingpinion and the rack associated with the 

... grinding wheel carriage being taken up, as noted 
above, the Work will be reduced to an accurate 

3:dimensions and given a comparatively fine finish 
Since the possibility of chatter between the wheel 
;and:work is reduced to rank absolute: minimum. 
The tension of the spring 72 will not only provide 
the most desirable fit between the pinion and rack 
when the machine is first built but will take up 
the wear between the pinion and rack while in 
uSe So... that the same fine fit Will be maintained 
between the parts throughout the life thereof. 
Since the tension of the spring can neither be 
lessened or increased during use, the parts when 
first assembled will always maintain their proper 
and desired positions. 

Frequently due to the character or form of the 
Work being operated upon it is desirable to feed 
the WOrk and tool toward one another other than 
in paths at right angles. To take care of this 
Situation the entire tool or grinding wheel sup 
porting mechanism may be oscillated about the 
axis of the sleeve or bracket 127 on the bearing 
128. 
plate 52 and guide 53 at an angle to the axis of 
base 51, Or the angular adjustment may be ob 
tained by actuating the intermediate plate 57a, 
and carriage 58 about the trunnion 56 Without 
disturbing the position of the swivel plate 52 and 
Slide 55. In either event it will be noted that 
the axis of oscillation is coincident with the axis 
of rotation of the pinions 67 and 68 so that re 
gardless of the angular adjustment of the parts 
all lost motion or back lash will be eliminated. 
What is claimed is: 
1. In a machine tool organization the combi 

nation of a bed, a slide carried thereby and mov 
able relative thereto, a rack having a plurality 
of adjacent teeth secured to the slide, a pair of 
rack pinions each having a tooth within the space 
between a pair of adjacent teeth, a shaft carried 
by each pinion and the shafts telescoping with 
One another, and a coiled spring having its one 
end connected with the end of One of the shafts 
and its other end connected to the end of the 
other shaft, whereby the tendency of the spring 
to uncoil will cause opposite faces of the pinions' 
teeth to engage opposite walls of the space be 
tWeen the rack teeth. 

2. In a machine tool organization the combina 
tion of a bed, a slide carried thereby and movable 
relative thereto, a rack having a plurality of ad 
jacent teeth Secured to the slide, a pair of rack 
pinions each having a tooth within the space be 
tween a pair of adjacent teeth, a shaft carried 

This Would dispose the axis of the swive 

85 

90 

95 

00 

105 

10 

115 

20 

25 

by each pinion and the shafts telescoping with . 
One another, a coiled spring having its one end 
connected with the end of one of the shafts and 
its other end connected to the end of the other 
shaft, whereby the tendency of the spring to un 
coil will cause opposite faces of the pinions' teeth 
to engage opposite walls of the space between 

, the rack teeth, a Worm wheel carried by one of 
the Shafts, and means engaging the worm wheel 150 
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4. 
to rotate same and the Shaft carried thereby to. 
effect actuation. Of the Slide. 

3. In a machine tool organization the combi 
nation of a slide, a rack Secured to the Slide, a 
pair of pinions having their axes co-incidental 
and engaging with the rack, a shaft for each 
pinion, power driven means Secured to one of said 
shafts, a spring retainer Secured to the other 
shaft, yielding means having One end Secured to 
the power driven means and the other end Se 
cured to the Spring retainer for rotating the shafts 
in opposite directions, and power means for rotat 
ing the power driven member to rotate the pinions 
in a given direction. 

4. In a grinding machine of the class described 
the combination of a bed, a grinding Wheel car 
riage mounted thereon for movement relative 

1,978,132 
thereto, a cross feed mechanism including a rack 
carried by the carriage, a driving pinion inter 
meshed with the rack, a shaft for the pinion, 
means carried by the shaft adapted to be power 
actuated for correspondingly actuating the shaft 
and driving pinion, and means for eliminating 
the back lash between the driving pinion and the 
rack comprising a second pinion intermeshed With 
the rack, a shaft depending from the Second pin 
ion, and a spring having One end Secured to the 
power driven member of the driving rack shaft 
and having its other end Secured to the shaft of 
the second pinion and tending to actuate Said 
Second pinion in a direction opposite to the di 
rection of actuation of the driving pinion. 

FREDERICK. S. HAAS. 
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