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variations in speed of the work spindle 
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15 Claims. (C1.51-95) " ... . . 

The present invention relates to machine tools, 
and has particular reference to thread grinding 
machines. . . . . . . . " ", , , 
One of the objects of the invent ' -- . . . on is to pro 

vide a novel thread grinding machine, which may 5. 
be operated with an automatic cycle, and which 
embodies, a simplified and comparatively inex 
pensive structure for effecting wheel feed, dresser , 
feed, wheel retraction and advance, and taper 

e valve panel forming part of a hydraulic drive adjustment. ... ." .......' ... . 
A more specific object is to provide 

improved thread grinding machine new and 
which all 

movements of the grinding wheel are effected, . 
through a single wheel slide, and in which wheel 
retraction and advance and taper adjustment are 
imparted through an actuating linkage to the 
wheel slide without altering the infe 

vide ... Another object 
grinding machine 

o provide a novel thread. 
having a combined hydraulic 

and mechanical drive for rotating and translat 

ust 
20 

ing the work spindle in timed relation, and in 
which the drive is subject to selective speed vari 
lation at different points in the machine cycle, 
for example, to vary the speed selectively for a 
series of rough grinding passes over the thread 
proper, one finish grinding pass over the thread: 
proper, removal of the incomplete end thread 
convolution at the end of each grinding pass, a 
the free return strokes between successive grin 
ing passes. . . . . . . . . 
A further object is to provide a ne . . . 

proved thread grinding machine of the foreg 
ing character in which the grinding wheel is...r 
tated at different speeds in timed relation to 
grinding, finish grinding and dressing. 
parent as the description proceeds. 
In the accompanying drawings, 
Figure J is a front perspective view of at : 

grinding machine embodying the features of our 
invention. . . . . . . . . . . . . . . . 

Fig. 2 is a rear perspective view of the machin 

tional view of the cross feed mechanism of the 
machine. . . . . . . . . . . . . . is 

Fig. 4 is a fragmentary frontiele 
of the crossfeed mechanism. 

ational view The machine c . . . . . . . . . . . . . . . .3'. 

- 60 tally disposed main base formed on the to 

5. 
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Fig. 5 is a fragmentary plan view taken sub 
stantially along line. 5-5 of Fig. 4. 
Fig.6 is a detail vertical sectional view taken substantially along line 6-6 of Fig. 4. 
Fig. 7 is a fragmentary horizontal sectional 

view of the cross feed and dresser feed mecha 
Fig. 8 is a fragmentary longitudinal vertical 

sectional view of the dresser feed mechanism. . Fig. 9 is a fragmentary plan view of a control 
transmission for the work table and spindle. , 

Fig, 10 is a side elevational view of the control 
valve panel shown in Fig. 9. 

Fig. 11 is a transverse vertical sectional view 
of the valve panel taken along line (-ll of 
Fig. 10. : . . . - - - - , 

Fig. 12 is a vertical sectional view through the 
valve panel taken along line. 2-2 of Fig.11. . . . 

Fig. 13 is a diagrammatic representation of 
the hydraulic transmission and control circuits 
for the work table and spindle drives. 

Fig.14 is a diagrammatic representation of th 
hydraulic transmission and control circuits for 25 the entire machine. 

. . . . While the invention is susceptible 
and in 

. 45. 
Fig. 3 is a fragmentary transverse vertical sec- workpieces, and in the present instance a work 

blank W. of an aircraft engine cylinder barrel 
is shown. . . . . . . . . . . . . . . . . . . . . 

the electric control circuits for the machine. . . . 0 Fig.17 is a fragmentary longitudinal sectional 
view of the work spindle head. . . . . . . . 

Fig.15 is a diagrammatic representation of the 
mechanical and hydraulic drives of the machine. Fig.16 is a diagrammatic representation of 

modifications and alternative constructions, we 
have shown in the drawings and will herein de 
scribe in detail the preferred embodiment, but 
it is to be understood that we do not thereby in 
tend to limit the invention to the specific form 

. . . . . disclosed, but intend to cover all modifications Other objects and advantages will become ap- . 
40 

and alternative constructions falling within the 
spirit and scope of the invention as expressed in 
the appended claims. 

Referring more particularly to the drawings, 
the machine constituting the exemplary embodi 
ment of the invention is adapted for grinding 
screw threads on various types and forms of 

The machine comprises an elongated horizon 
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with a longitudinal set of ways 2 for Supporting a 
reciprocatory Work table 3, and having a rear 
Ward extension 4 formed with a Set of transver Se 
ways 5 for supporting a tool head 6. A rotary 
tool spindle is mounted in the tool head 6 for 
rotation on an axis extending generally longi 
tudinally of the table 3, and Supports a Suitable 
grinding wheel G. - 
A headstock or work head 8, and a suitable 

tailstock 9, are mounted in longitudinally spaced 
relation on the table 3 for reciprocation there 
with. Journaled in the headstock 8 is a work 
spindle O having a chuck in which one end 
of the Work blank W is secured for rotary drive. 
The other end of the blank is rotatably supported 
by the tailstock 9. 
mechanical drive transmission is provided for 
translating the table 3 and rotating the work 
spindle O in timed relation and in forward and 
reverse directions at different selective speeds. 
Thus, the work blank W is adapted for rotation 
and translation axially through cutting engage-. 
ment with the grinding wheel G in timed rela 
tion to the rotation as determined by the lead 
of the thread or threads to be ground. 
The tool 6 is shiftable transversely of the work 

spindle O either forwardly to locate the grind 
ing wheel G in operative grinding position, or 
rearwardly to locate the wheel in idle or retracted 
position. A cross feed mechanism 2 is provided 
for automatically adjusting the operative grind 
ing position of the wheei G step-by-step in timed 
relation to the successive working passes of the 
work spindle 0 until the blank W has been 
ground to final size. The shifting of the tool 
head 6 is effected by a retract mechanism f3 
which is automatically operable to separate the 
grinding wheel G. laterally from the blank W 
for each rapid traverse return movement of 
the table 3 without changing the setting of the 
cross feed mechanism. A taper mechanism 4 is 
optionally available for automatically superim 
posing a taper adjustment on the infeed position 
of the grinding wheel G in timed relation to the 
longitudinal traverse of the table 3 as deter 
mined by the form or degree of taper desired 
on the work. 
Mounted on the tool head 6 at the rear of the 

grinding wheel G is a suitable dressing mech 
anism 5 for dressing or truling the grinding sur 
face. The dressing mechanism 5 is automati 
cally operable at selected times in the machine 
cycle, and in each operation serves to effect a 
dresser feed of the dressing tool or tools toward 
the grinding wheel, and simultaneously a com 
pensating feed of the tool head 6 toward the 
axis of the work spindle to so as to compensate 
for the reduction in diameter of the grinding 
Wheel G. - 

The operation of the machine is controlled by 
a combined hydraulic and electric system in 
which the movements of the main units are in 
terlocked and timed, and which is selectively ad 
justable to obtain different automatic machine 
cycles. In one illustrative cycle, adapted for 
grinding the threads on aircraft engine cylinder 
barrels, the work table 3 is reciprocated a pre 
determined number of times, each reciproca 
tion consisting of a forward grinding pass at a 
relatively slow speed and a return stroke at a 
rapid traverse speed. For example, there may 
be five roughing passes at a fast grinding speed 
and a final or finishing pass at a slow grinding 
speed. At the end of each roughing and finish 
ing pass, the grinding speed is reduced during 

O 

5 
A combined hydraulic and 
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4. 
the final work spindle revolution or preselected 
portion thereof if the incomplete thread Convo 
lution on the leading end of the work blank is 
to be removed. The spindle O is always rotated 
in timed relation to the table traverse, and is re 
versed upon each reversal of the table. At the 
start of the cycle and also preceding each grind 
ing pass, the grinding wheel G is advanced into 
operative grinding position, and then advanced 
additionally in a feed adjustment through a pre 
determined increment toward the work axis ex 
Cept before the first pass. At the end of each 
grinding pass, the grinding wheel G is retracted 
into the idle or dressing position without inter 
fering With the cumulative infeed adjustment. 
The grinding wheel may be dressed upon move 
ment into retracted position after any desired 

: number of grinding passes, for example after the 
first and third roughing passes, and again after 
the fifth roughing pass before the final or finish 
ing pass. In each dressing oparation, the dress 
ing cycle is initiated at the start of the retract 
movement of the tool head 6, and continues dur 
ing the following free return movement of the 
Work head 8, and if necessary the table 3 will 
dwell at the end of the return movement to per 
mit completion of the cycle. The dressing cycle 
comprises a feed of the dressing mechanism 5 
toward the grinding wheel G, a compensating 
feed of the wheel G toward the work axis, and 
truling of the grinding surface to the depth of the 
dresser feed. During the dressing operation, the 
grinding wheel G. preferably is driven at a re 
duced Speed. 

The work head 
The work head 8 per se forms no part of the 

present invention, and therefore is not described 
in full detail. The mechanical drive transmis 
sion within the work head 8 for the table 3 and 
Spindle O is generally, similar to that shown in a 
Copending application for United States Letters 
Patent by Guenther Brinkmann, Serial No. 435,- 
224, filed March 18, 1942 (now Patent No. 2,389,- 
590, issued November 27, 1945), and comprises 
a screw shaft 6 geared to the spindle fo, and 
connected through a meshing worm 7 and worm 
wheel 8 to an inlet shaft 9 extending to the 
rear of the head 8 for connection to a suitable 
Source of power. The wheel 8 is slidably splined 
to the shaft 6 so as to permit relative axial 
movement of the latter, and is itself constrained 
against axial movement by bearing lugs 8a at 
opposite sides rigidly supported within the head. 
A lead screw 20 on the shaft 6 engages a nut 2 f 

... fixed in relation to the machine base to com 

60 

65 

70 
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plete the drive for the table traverse. Upon ro 
tation of the power inlet shaft 9, the work 
spindle 0 and the lead screw 20 are driven in 
positively timed relation to rotate and translate 
the workpiece W in accordance with the thread 
lead to be ground thereon, in forward and re 
verse directions. 
A lead pick-up mechanism, operable by means 

of a hand wheel 22 at the front of the machine, 
is provided for adjusting the position of transla 
tion of the table 3 relative to the position of 
rotation of the work spindle 0, as required to 
locate the work thread in proper position for 
engagement by the grinding wheel G. 

Backlash compensating means likewise is pro 
vided for automatically adjusting the position of 
translation of the tahle 3 relative to the position 
of rotation of the spindle C in one direction or 
the other to the extent of the backlash in the 
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f 

drive upon each reversal of the lead screw 20, 
so as to maintain the work thread in proper re 
lation to the grinding wheel G in both directions 
of table translation. In the present instance, 
the backlash compensating means comprises a 
hydraulic actuator 23 (Fig.14) which is reversi 
ble upon each reversal of the work table 3 to ad 
just the drive connection through a predeter 
mined adjustable distance required to compen 
sate for backlash. The actuator 23 comprises O 
a piston 24 reciprocable in a cylinder 25 having 
fluid supply lines 26 and 27 opening to opposite 
ends and connected to a control valve 28 form 
ing part of the main valve panel 29. The valve . . 
28 is of the two-position type, and is adapted 
for operation by two solenoids SVCR and SVCL. 
in the electric control circuits for the machine. 
During the forward drive to the right, the sole 
noid SVCR is energized to actuate the valve 28, 
into one end position in which the cylinder lines 
26 and 27 are connected respectively to fluid 

5. 
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connected in the hydraulic transmission system 
depending on the adjustments of the valves 39 and 
40 to receive fluid discharging from the actu 
ator 32, and to build up a back pressure which is 
reflected in the inlet side of the system to control 
the pressure in the pump control line 46, and 
therethrough to vary the output of the pump 42 
in accordance with the fluid requirements at 
different times in the machine cycle. - 
The valves 39 and 40 and the restricted ad 

justable orifices 52 to 55 are incorporated in a 
unitary valve panel 57 mounted in the front of 
the machine basel. The panel 57 consists of 
a rectangular block (Figs. 11 and 12) suitably 
supported on the based at the front of the ima 
chine, and formed with cored passages connected 

. . 46 and 56, and other cored passages defining the . 
lines 4 to 5. 

20 
pressure and exhaust lines 30 and 3 f to take up 
the backlash in the proper direction. During 
the return drive to the left, the solenoid SVCR 
is deenergized, and the solenoid. SWCL is ener 
gized to actuate the valve. 28 into the other po 

25 

sition, thereby reversing the connections to the 
cylinder lines 26 and 27 so as to take up the 
backlash in the opposite direction. 

The Doric head drive 
The drive for the work head 8 is automatically 

adjustable to vary the speed of spindle transla 
tion and rotation in accordance with the nature 
of the work being done at different points in the 
machine cycle, and comprises a reversible hy 
draulic motor 32 of the rotary type having a 
constant displacement at any given speed. A 
pulley 33 on the shaft 34 of the motor 32 is con 
nected through a belt 35 to a pulley 36 on the 
rear outer end of the power inlet shaft 19 of the 
tool head 8 (Fig.2). . . . 
The motor 32 has fluid supply lines 3T and 38. 

connected in a hydraulic transmission system 
(Fig. 13) to receive fluid under pressure, subject to 
control by a direction valve 39 and an orifice se 
lection valve 40, from the pressure line 4 of a 
variable delivery pump 42 driven by an electric 

... 30 

40 

motor 43. The pump 4.2 has an inlet line 44 tak, 
ing fluid from a reservoir or sump 45 in the base. 
of the machine, and its displacement or output 
is subject to variation in response to the pressure 
in a control line 46 adapted to be connected to 
the pressure line 4 by the valve 39 when adjusted 
to effect traverse of the table 3. - 
The direction valve 39 has an intermediate or 

stop position, and opposite end positions to effect 
reversible operation of the motor 32, and in said 
opposite end positions serves to direct fluid dis 
charging from the motor 32 respectively to one 
or the other of two exhaust lines 47 and 48. The 
exhaust line 47 leads to the inlet of the orifice 
selection valve 40 which has three positions of 
adjustment to direct the exhaust fluid respec 
tively to three orifice lines 49, 50 and 5 during 
forward feed operation. A plurality of inde 
pendently adjustable restricted orifices 52, 53 
and 54 for feed control are respectively interposed 
in the lines 49, 50 and 51, and discharge to a 
drain line 56 returning to the reservoir 45. An 
adjustable restricted orifice 55 is connected to re 
ceive fluid from the exhaust line 48 during rapid 
traverse return and also discharges to the drain 
line 56. The selective control orifices 52,53,54. 
and 55 are, therefore, adapted to be individually 

50 

to the respective inlet and outlet lines 37, 38, 4, 

Each of the orifices is provided 
with an indicator dial on the front of the block 
57. . . . . 

The direction valve 39 comprises a horizontal 
bore opening crosswise through the block 57 and 
having a valve sleeve 58 fixed therein. The sleeve 
.58 is formed with longitudinally spaced sets of 
radial ports 59, 60, 6,.62 and 63, opening to the 
inner periphery, and connected respectively to the 
cored passages 48, 37, 4, 38 and 47. Two spaced 
sets of restricted ports 64 and 65 are also formed 
in the valve sleeve 58, and are connected in par 
allel through fixed orifice plugs 66 to the cored 
control passage 46. 
A valve plunger 67 of the spool type is recipro 

cable in the valve sleeve 58 with a snug sliding 
fit, and is formed with end lands 68 and 69, and 
an intermediate land. To separated by peripheral 
grooves T f and T2. 
The orifice selection valve 40 is generally simi 

lar in construction to the direction valve 39, and 
comprises a horizontal bore opening crosswise 
through the block 57 in parallel vertical spaced 
relation to the bore of the direction valve. A valve 
sleeve 73 is fixed in the bore, and is formed with 
a plurality of longitudinally spaced sets of radial 
ports 74, 75, T6, 77 and 78 opening to the inner 
periphery thereof, and connected respectively to 
the cored passages 49, 47, 50, 47 and 51, the pas 
sages 47 being branched. Reciprocable within the 
valve sleeve 73 with a snug sliding fit is a valve 
plunger 79 having two end lands 80 and 8 and an 
intermediate land 82 separated by peripheral 
grooves 83 and 84 for selectively blocking and 

55 

60 

70 

connecting the valve ports in different positions 
of adjustment of the valve, 
The direction valve 39 has three positions, 

namely, an intermediate stop position and opposite 
end positions. Normally, the valve is biased by 
Spring pressure into the intermediate stop posi 
tion. A valve stem 85 projects from one end of 
the valve member 67 for connection to suitable ac 
tuating means, and has a rod 86 of reduced diam 
eter extending axially through the valve member. 
A nut.87 is threaded onto the free end of the 
rod 86 to clamp the valve member rigidly to the 
stem 85. The stem 85 extends through a bore 
88 in a bracket 89 mounted on one end of the 
panel block 57, and is formed with a peripheral 
enlargement defining a shoulder 90 in opposed ax 
ially spaced relation to the adjacent end of the 
valve member 67. Slidably disposed on the valve 
stem 85 within the bore 88 are two flanged rings 
9 and 92 urged, apart by a coiled compression 
spring 93. . . . . , , , , , 
The pump 42 is substantially::ite that shown in 

an application for United States-Letters Patent 
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by Max Mathys, Serial No. 379,211, filed February 
17, 1941. 
In operation, when the stem 85 is not ex 

ternally actuated, the spring 93 will maintain the 
rings 9 and 92 in spaced relation respectively 
against the end of the valve member 6 and the 
shoulder 90 and also against the end of the valve 
sleeve 58 and the outer wall of the bore 88. Upon 
actuation of the stem 85 outwardly, the ring 92 
Will be moved to the left by the valve member 
67 to compress the Spring 93. Upon actuation 
of the stem 85 inwardly, the ring 9 will be moved 
by the shoulder 90 to compress the spring 93. 
Upon releasing the valve stem 85 in either in 
stance, the Spring 93 will expand to return the 
valve member 67 to intermediate position. . . 
The Orifice Selection valve 40 also has three 

positions, and normally the valve member 9 is 
biased by a compression Spring 94 into the inter 
mediate position. The means coacting with the 
Spring 94 are the same in Construction as in the 
case of the direction valve 39 and, hence, need 
not be again described. It is sufficient to state 
that the valve member 79 has an axial stem 95 
projecting from one end through a bracket 96 for 
connection to suitable actuating means. . . 
The direction valve 39 and the orifice selec 

tion valve 40 are shiftable into their opposite 
end positions respectively by solenoids SVFW 
and SVREW and Solenoids SW and SV2 which 
are mounted on the rear of the block 57 and are 
connected in the electrical control circuits of 
the machine. Y. . . . . 

for the direction valve 39 are disposed in end 
alinement, and have a core 97 extending axially 
therethrough and provided on opposite ends with 
suitable heads 98 for limiting the extent of move 
ment. One end of the core 97 is pivotally con 
nected through a clevis 99 to one end of a lever 
f00 in turn pivotally connected intermediate its 
ends at 10 on the bracket 89. The other end 
of the lever f00 is pivotally connected through 
two parallel links C2 in turn pivotally connected 
to the flattened outer end of the valve stem 85. 
When both Solenoids SWFW and SWREW are 

deenergized, the spring 93 will locate the valve 
member 67 in its intermediate or stop position 
in which the lines 3 and 38, leading to opposite 
sides of the motor 32, are interconnected and con 
nected to the pressure and control lines 4 and 
46, and are blocked from the exhaust lines 47 
and 48, thereby adjusting the pump 42 for mini 
mum displacement sufficient to maintain a deliv 
ery pressure. . . 
When the solenoid SWFW alone is energized, 

the valve member 6 is shifted out of internedi 
ate position to the right so as to connect the pres 
sure port 6 to the motor line 37 and to connect 
the other motor line 38 to the exhaust passage 
47. Upon deenergization of the Solenoid SWFW 
and energization of the solenoid SVREV, the valve 
member 67 is shifted from the intermediate posi 
tion to the left into the opposite end position to 
connect the motor lines 38 and 37, respectively, to 
the pressure line 4f and the exhaust line 48. 
The solenoids SW and SW2 for the orifice se 

lection valve 40 are disposed in end alinement 
on the real of the panel block 5, and over the 
solenoids for the direction valve 39, and have a 
core 103 operatively connected to the stem 95 
in the same manner as in the case of the valve 
39. Upon energization of the solenoid SW, the 
valve member 79 is shifted out of intermediate 
position to the right so as to connect the ex 
haust passage 4 to the passage 5 for rough 

O 

8 
grinding. When the solenoid SV2 is energized, 
the valve member 79 is shifted into the other 
end position to connect the exhaust passage 47 
to the orifice line 49 for finish grinding. When 
both Solenoids are deenergized, the valve mem 
ber 79 is biased into the neutral position in which 
it connects the exhaust passage 47 to the orifice 
line 50 for grinding the incomplete end thread 
convolution. Thus, by appropriate individual set 
tings of the orifices 52 to 55, the speed of the 
motor 32 can be automatically varied as desired 

* to translate the work table 3, for example at a 

5 
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25 

The solenoids SVFW and SVREV 
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slow feeding speed during each roughing pass, 
a faster feeding speed during each finishing pass, 
a Speed slower than that for rough grinding dur 
ing the grinding of the incomplete end thread 
convolution, and a high rapid traverse speed 
during each free return stroke. 

Tool head 

The tool head 6 comprises a wheel slide 04 
which is mounted directly on the rearward base 
extension 4 for reciprocation along the ways 5 
transversely of the work axis. The grinding 
Wheel spindle is suitably supported on the for 
Ward end of the slide 04 for angular adjust 
ment in accordance with the lead angle of the 
thread, and is adapted to be driven through a 
belt fo6 by an electric motor OT. 
When an incomplete end thread convolution 

is to be removed from the leading end of the 
WCrkpiece. W, a second grinding wheel G' is fixed 
On the Spindle in axially spaced relation to the 
grinding. Wheel G to take a grinding cut on the 
convolution at the end of each roughing pass 
and each finish pass. The method of removing 
the incomplete thread convolution is more fully 
disclosed in a copending application for United 
States Letters Patent by Gilbert Stewart, Serial 
No. 426,112, fled January 9, 1942, to which refer 
ence may be had for a more detailed understand 
ing. During the end portion of each grinding 
paSS, the Solenoids SW and SW2 are both ener 
gized to reduce the speed of the table 3. 

Slidably mounted on the rear end portion of 
the wheel slide 04 on transverse ways 08 is a 
dresser slide 09 (see Fig. 8). A suitable dress 
ing device f Ohaying one or more dressing tools 

is mounted or the slide 09 and is adapted to 
be reversibly driven in any position of the side 
by an electric motor 2 through a flexible shaft 
3 to traverse the tools across the cutting con 

tour of the Wheel G. 
The wheel slide 04 is adapted to be translated 

hydraulically either forwardly into an operative 
grinding position for each grinding pass, or rear 
Wardly into an idle or dressing position for each 
return stroke of the table 3. The means for this 
purpose includes a lead, screw 4 which is ro 
tatably anchored against relative endwise move 
ment in the lower portion of the wheel slide 04, 
and Which is normally non-rotatable but oper 
ated as hereinafter described to impart a com 
pensating forward feed to the slide for each 
dresser feed. The forward end of the lead screw 
4 is in threaded engagement with a nut 5 

fixed in the rear end of a cylindrical plunger or 
Stop member 6 slidably disposed for independ 
ent longitudinal adjustment in a bore f in 
the wheel slide 04, and constrained against ro 
tation therein by a spline key i? 8. A stop bolt 
9 is adjustably threaded into the forward end 

of the stop plunger 6, and is arranged for abut 
ting engagement with the rear end of a coacting 
stop plunger or member 20. A coiled tension 
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9 ... i. 
spring 2 t is anchored at one end to the base ex 
tension 4 and at the other end to the wheel slide 
f04, and serves to maintain the stop bolt 9 
constantly in end abutment with the stop mem 
ber f2O. The stop member 120 is slidably disposed in a 
sleeve bearing 22 on the base extension 4, and is 
held therein against rotation by means of a spline 

is horizontal, notaper movement will result. If 
O 

key 23. Fixed in the forward end of the stop 
member f2O is a feed nut 24 in threaded en 
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gagement with the cross feed screw 125. The 
forward end of the feed screw 25 has a shaft 
26 which is connected to the cross feed mecha 

... nism 2, and which constitutes an anchor ad 
justable individually or conjointly by the retract 
mechanism 3 and the taper mechanism 4 to 
control the position of the wheel slide 04 inde 
pendently of the cross feed. 
The retract mechanism 13 and the taper mech 

anism 4 jointly control the axial position of the 
cross feed screw 25 through the medium of a 
lever 27, 
with a yoke 28 engaging trunnions 129 on an 
end thrust bearing 30 rotatably secured on the 
feed screw 25. The other end of the lever 127 
is similarly formed with a yoke 3 engaging 
trunnions 32 on an end thrust bearing 33 ro 
tatably secured to one end of a slidable plunger 
f34 forming part of the taper mechanism i4. 
The trunnions 32 constitute a fulcrum, about 
which the lever 27 is oscillated by the retract 
mechanism 3 to shift the cross feed screw 125 
axially in forward and reverse directions. In its 
preferred form, the retract mechanism 3 in 
cludes a hydraulic actuator 35 comprising a 
cylinder 36 fixed in the base I, and a piston 37 
reciprocable in the cylinder and having a rod 

. . . 10 
and is formed in its inner end with a longitudinal 
diametrical slot 54 receiving the segment is 
which engages the outer end of the slot to com 
plete the operative connection between the 
plunger 34 and the pin 41. 
Upon movement of the pin 47 along the sine 

bar 43, the operation of the plunger 34 will be 
determined by the angle of the bar. If the bar 

the bar is inclined, the plunger 34 will be shifted 
in the course of the table movement as deter 
mined by the angle of adjustment to oscillate 
the lever 27, about the fulcrum 39, and thereby 

s 
adjust the grinding wheel G transversely of the 
work axis in accordance with the desired work 
taper. 
Means is provided for disabling the taper ... 

mechanism f4, and in the present instance this 
20 

means comprises a slide 55 mounted in the hous 
ing 49 for adjustment longitudinally of the 
plunger 34, and having a stop lug 56 projecting 

One end of the lever f2 is formed into the lower opening of the slot 54. An ad 
justing screw 57 extends rotatably through the 

30 

front wall of the housing f49 into threaded en 
gagement with the slide 55, and upon adjustment 
serves to change the position of the lug. 56 and 
the permissible range of movement of the plung 
er (34. If the slide 55 is adjusted into its outer 
most position (Fig. 6), it serves to hold the plung 
er 34 in idle position out of functional associa 
tion with the sine bar f43 and hence, disables 
the taper mechanism. In this event, the trun 

35 

f38 pivotally connected at 39 to the lever 27 
intermediate its ends. The cylinder has two fluid 
lines 40 and 4 adapted to be connected by a 
direction valve f42 reversibly to the pressure line 
30 and exhaust line 3f. The valve 142 is of the 
two-position type, and is normally biased into one 
end position to direct fluid into the line 4 so as 
to effect movement of the wheel slide O4 for 
wardly into its operative grinding position. A 

40 

nions 32 constitute a fixed instead of shiftable 
fulcrum about which the lever 27 is adapted for 
oscillation by the retract mechanism 3. 

Grinding wheel dressing 
Prior to each dressing operation, an incre 

mental dresser feed is imparted to the dresser 
slide 09 to shift the dressing tools if f toward 
the periphery of the grinding wheel G, and sub 
stantially at the end of each feed increment, a 

45 

limit switch LS5 is actuated to institute opera 
tion of the dressing device O. Thereupon, the 
dressing device if 0 is operated through a cycle 
of forward and return dressing strokes under the 

solenoid SWR is operable upon being energized 
to shift the valve 42 into its other end position 
to direct fluid into the line 40 so as to retract 
the wheel slide 04 into its idle or dressingpo 
sition. The solenoid SVR is connected in the 
electric circuits for the machine, and is ener 
gized, as an incident to each reversal of the work 
table 3, during each return stroke, and deener 
gized during each grinding pass. Preferably, a 
throttle orifice 40 is inserted in the line 40. 
to control the speed of the actuator f35. 
The taper mechanism f4 comprises a sine bar 

43 which is mounted for angular adjustment 
about a pivot 44 at one end on the front of the 
work table 3. The other end of the bar 43 is 
guided by a pin and slot connection, 45, and is 
adapted to be secured in different positions of 
adjustment by means of a locating clamp block 
146. A vertical follower pin 47 is reciprocable 
in a boss 48 on a housing 49 secured to the 
front of a mounting plate 50 bolted to the front 
wall of the base?. The upper end of the pin 

50 

55 

control of two limit switches LSDF and LSDR. 
The dresser feed mechanism includes a feed 

screw 58 rotatably anchored against endwise 
movement in the wheel slide 04 and extending 
into threaded engagement with a non-rotatable 
feed nut 59 carried by the dresser slide 09. A 
gear 6C is fixed on the dresser feed screw 58 
and meshes with an elongated pinion 6 jour 
naled in the base extension 4. A spiral gear 62 
is fixed for rotation with the pinion f6, and 
meshes with a spiral gear fö3 fixed on a cross 

60 

shaft 64 extending through a sleeve - 65 to one 
side of the base extension 4. The shaft 64 is 
journaled at opposite ends in the sleeve G5, and 
extends therefrom through a housing 66. A 
suitable hand wheel 67 is secured to the Outer 

65 

f47 is arranged for wiping engagement with the 
lower edge of the sine bar 43 in the course of 
the table translation. The lower end of the pin 
47 engages one side of a bell crank or segment 
5 pivotally mounted on a shaft 52, within 

the housing 49. The plunger 34 extends slid 
ably through a bushing 53 into the housing 49, 

70 

end of the shaft 64 and affords means for ef 
fecting manual operation of the dresser feed. . 
The housing it 66 encloses suitable drive means 

for automatically operating the dresser feed shaft, 
64. In the present instance, the drive means 

comprises a ratchet. 68 keyed to the shaft 64, 
and a gravity pawl 69 adapted for engagement 

* with the ratchet and mounted on the end of a 
pawl carrier or arm To oscillatory about the 
shaft. The free end of the pawl carrier TO is 
formed with a gear segment'? operable by a 

75 
hydraulic actuator 72 on the housing. 66. In 
the present instance, the actuator comprises a 
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plunger f73 reciprocable in a cylinder 74, and 
formed in one side intermediate its ends with a 
longitudinal gear rack meshing with the 
segment 7 f. Thus, movement of the plunger f73 
in one direction will advance the pawl 69 in a 
feed stroke to impart rotation to the ratchet 68, 
and movement of the plunger in the reverse direc 
tion will Oscillate the pawl in an idle return stroke. 
The cylinder 74 of the hydraulic actuator 72 

has two fluid supply lines 75 and 76 opening 
thereto at opposite ends of the plunger 73, and 
adapted to be connected by a direction valve TT 
reversibly to the pressure line 30 and exhaust 
line 3. The valve 77 is of the two-position 
type, and is normally biased into one end position 
to direct fluid into the line 5 so as to effect 
oscillation of the pawl 69 in its free return stroke. 
A solenoid SWD is operable upon being energized 
to shift the valve 77 into its other end position 
to direct fluid into the line T6 so as to oscillate 
the pawl 69 through its feeding stroke. The 
solenoid SWD is connected in the electric cir 
cuits for the machine, and is adapted to be ener 
gized at predetermined points in the machine 
cycle, for example after every two grinding passes 
under the control of an electric counter having 
an operating coil or relay B and a clutch coil 
or relay A. 
The extent of the dresser feed movement is ad 

justably controlled by a cam T8 arranged to lift 
the pawl 69 out of engagement with the ratchet 
68 to terminate the feed. Substantially at the 
end of the dresser feed, the carrier 70 actuates 
a limit switch LS5 to initiate the cyclic operation 
of the dressing mechanism 5. . . 
Upon each dresser feed, a cross feed increment 

of the same extent is imparted simultaneously to 
the wheel slide 04 so as to compensate for the re 
duction in the diameter of the grinding wheel 
G resulting from the removal of stock in the 
dressing operation. The compensatory cross feed 
drive comprises a gear 79 on the dresser feed 
screw 58, an idler gear f80 meshing with the 
gear 79, and a gear 8 on the compensatory 
feed screw 4 and meshing with the gear 80. It 
will be seen that upon rotation of the dresser 
feed screw 58, rotation will be imparted to the 
compensation cross feed screw 4 so as to re 
tract the rear stop member f6, and thereby 
cause the Spring 2 to advance the grinding 
wheel G through a like distance towards the work 
axis. 

Cross feed mechanism 
The cross feed mechanism 2 for the grinding 

wheel G is operable to adjust the position of the 
forward stop member 20 by rotating, the cross 
feed screw 25, and thereby to control the size 
setting of the grinding wheel G in relation to the 
workpiece W. The mechanism is manually oper 
able to adjust the grinding wheel G into initial 
Setting as required by the diameter of a particu 
lar workpiece W to be ground, and during the 
machine cycle is automatically operable to im 
part a cross feed increment of predetermined 
depth once for each grinding pass, after the ini 
tial grinding pass, of the work head 8 until the 
thread is ground to final size or depth. 

In its preferred form, the cross feed mecha 
nism 2 comprises a body bracket 82 integral 
with the mounting plate 50, and formed with a 
bore 83 coaxial with the feed screw 25. A fixed 
bushing 84 is secured in the bore 83, and pro 
jects forwardly therefrom. Rotatably disposed 
in the bushing 84 is a tubular sleeve 85 which 
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12 
constitutes the terminal or outlet shaft of the 
cross feed mechanism 2, and in which the Screw 
shaft 26 is axially splined for joint rotary drive 
and independent axial movement. 
The forward projecting end of the tubular 

shaft 85 is formed with axially spaced periph 
eral flanges 86 rotatably supporting a hub men 
ber 8. Preferably, a bearing sleeve 88 is fixed 
in the hub member 87, and engages the flanges 
86 with a Snug rotary fit. The forward end of 
the hub member 87 is formed integral with a cir 
cular plate 89 having a forwardly projecting an 
nular flange f 90. Rigidly secured in coaxial re 
lation to the flange 90 is a hand wheel 9 pro 
vided with a suitable hand grip 92 for effecting 
a manual CrOSS feed. 
A disengageable speed-reduction gear drive is 

provided between the hand wheel 9 and the 
shaft 85. In its preferred form, this gear drive 
includes a large gear 93 bolted to the forward 
end of the shaft 85 in coaxial relation there 
with. The gear 93 meshes with one end of an 
elongated axially shiftable pinion 94. The other 
end of the pinion 94 is slidable in and meshes 
with an internal gear 95 which is journaled in 
the inner face of the hand wheel 9, and is in 
tegral with an external gear 96. An idler gear 
f 97 rotatably mounted on the inner face of the 
hand wheel 9 meshes with the gear 96. Mesh 
ing with the gear 97 is a gear 98 on a shaft 99 
extending axially through the hand wheel 9, 
and provided on the outer end with a hand lever 
200. A spring actuated detent 20 is carried by 
the free end of the hand lever 200, and is adapt 
ed when released to engage selectively in any One 
of an annular series of holes 202 provided at the 
front of the hand wheel 9 concentrically about 
the shaft f 99. 
The gear 94 is provided on one end with an 

axial pin 203 adapted for engagement in a recess 
204 within the plate 89, and is provided on the 
other end with a hand knob. 205 whereby it may 
be retracted axially out of meshing engagement 
with the large gear 93. A spring actuated detent 
206 serves to hold the gear 94 releasably in 
either position of adjustment. When the gear 
94 is disengaged from the gear 93, the hand 
wheel 9 f can be rotated independently of the 
shaft 85 as required for coarse adjustment rel 
ative to a fixed reference point or pointer 240. 
Assuming the gear 94 to be in mesh with the 
gear f93, when the detent 20 is disengaged from 
the holes 202, the lever 200 may be manually re 
volved to effect a fine adjustment of the hand 
wheel 9 relative to the shaft 85, the gears 98, 
97, 96 and f 95 acting to roll the gear 94 about 
the gear 93. If the hand wheel 9 is held 
against rotation, operation of the lever 200 will 
rotate the gear 93 to adjust the screw 25. By 
these operations, the screw 25 may be adjusted 
into correct size position, with the wheel 9 reg 
istering with a zero point. When the detent 20 
is engaged in any one of the holes 202, the hand 
wheel 9 is locked through the gear train to the 
shaft f85 for direct rotation thereWith. 
A pawl and ratchet mechanism is provided for 

imparting an incremental automatic feed adjust 
ment to the shaft 85, and preferably comprises 
a ratchet 207 rigidly secured to the rear end of the 
hub member f87. A pawl carrier 208 is mounted 
for oscillation on the outer end of the bushing 
84, and is confined in axial position between the 

plate 50 and the end of the hub member 87. 
Pivotally mounted by a pin 209 in the end of the 
pawl carrier 208 is a pawl 20 adapted for en 
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gagement with the periphery of the ratchet 207. 
A spring detent 2 coacts with the pin 209 to 
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maintain the pawl 20 either in operative posi 
tion to engage the ratchet 207 or in a lifted posi 
tion out of engagement with the ratchet. 
The carrier 208 is formed with a gear segment 

22 which meshes with a pinion 23 on the for 
ward end of the shaft 24 rotatably disposed 
within a bore 25 in the body bracket 82. A pin 
ion 26 on the rear end of the shaft 214 meshes 
With a gearrack 2 on one side of a longitudinal 
rack bar 28 reciprocable in and projecting from 
a transverse bore 9 in the body bracket 82. 
The outer end of the rack bar 28 is pivotally 
connected at 220 through a connected rod 22 
to a crank 222 operable by a hydraulic actuator 
223. In the present instance, the hydraulic actua 
base, and comprises a piston 224 reciprocable 
Within a cylinder 225 and connected through a 

10 

5 

14 " 
side of the finger 246 to set the switch LSS at 
the start of the cycle. The spacing of the dog 
248 from the dog 247 determines the extent of 
cross feed of the wheel slide 04. ,, . . . 

Hydraulic circuits 
The various operating elements of the hydraulic 

circuits have been desicribed in the foregoing. 
It is to be noted that one portion of the circuit 
provides a hydraulic drive for the work table 3 
and spindle O. This portion receives fluid, under 
full pressure from the pump; 42 through the line 
4t. A relief valve. 250 is connected to the line 
4 to discharge excess fluid at a given pressure 
through a bypass line, 25 and the exhaust line 
56 to the sump 45. The other portion of the 

tor 223 is mounted on the front of the machine 

20 
rack 2 is and pinion 227 to the crank 222. The 
cylinder 225 has two fluid lines 228 and 229 adapt 
ed to be connected by a direction valve 230 re 
versibly to the pressure line 30 and exhaustline 
3f. The direction valve 230 is of the two-posi 

circuit serves various hydraulic actuators of the 
machine proper, viz., the retract actuator 35, 
the dresser feed actuator 72 and the cross feed 
a3tuator. 223, and receives fluid at a constant low 
pressure from the pump, line 4f through a pres 
sure reducing valve 252 to the line 30. 

25 
tion type, and is normally biased into one end , . 
position to direct fluid into the line 228 so as 
to effect movement of the pawl 210 in a return 
stroke. A solenoid SVD is operable upon being 
energized to shift the valve 230 into its other 
end position to direct fluid into the line 229 so as 
to move the pawl 20 in a feeding stroke. At the 
end of the feeding stroke, a cam 23 on the crank 
222 acts to open a limit switch LSF to interrupt 
the circuit for the Solenoid SWD. s: : ". . . : 
The amount of each cross feed increment is 

adjustable by varying the effective stroke of the 
pawl 20. The means for this purpose includes 
a rotary shield 232 overlying the periphery of 
the ratchet 207, and adapted to lift the pawl 2 IO 
out of engagement with the ratchet teeth after 
a predetermined extent of pawl movement. The 
shield 232 is rotatable about a ring 233, which 
enzircles the hub member 87, and which is rigidly 
bolted to the body housing 82 to secure the 
cross feed mechanism 2 in mounted position. A 
feather 234 on the housing 82 extends through 
a slot 235 in the shield 232 into a groove 236 
in thering 233, and serves as an additional means 
for securing the parts in assembled relation. A 
hand knob. 237 is secured to the shield 232 by 
means of a bolt 238 extending through a periph 

- eral slot 239 in the ring 233, and affords means 
for adjusting the shield relative to the pawl 210. 
Encircling the ring 233 and rigidly secured there 
to outwardly from the shield 232 is an annular 
disk 239 which interfits rotatably with the outer 
edge of the plate 89 and supports the pointer 
240 for indicating the adjustment of the hand 
wheel 9. 
The hand wheel 9 controls a limit switch 

LSS for initiating the end of the machine cycle 
when the crossfeed reaches final size. The switch 
LSS has an arm 24f connected through a link. 
242 to an arm 243 on a shaft 244 journaled in 
the base . Secured to the forward end of the 
shaft 244 is an arm 245 in which a finger 246 
is adustably pivoted for swinging movement into 
or out of operative position. A fixed dog 247 is 
secured to the hand wheel 9, and is arranged 
to engage one side of the finger 246 to actuate 
the switch. LSSi at the end of the cross feed. A 
second dog 248 is adjustably secured in a periph 
eral T-slot 249 in the wheel 9, and is adapted 
to be brought into engagement with the other 

i. Electrical control circuits and operation 
Current is supplied for all of the various mo 

'tors, excepting the grinding wheel motor OT, 
from three main supply lines, L1, L2, L3, which 
are adapted to be connected to a suitable source 

30 
of three-phase alternating current by a main dis 
connect switch S1. Suitable lower voltage current 
for the control circuits proper is derived from 
a step-down transformer 253 having a primary 
winding connected across the supply lines L1, L3 

35 

40 

45 

and a secondary winding, with a line L4 connected 
to one terminal and a line L5 connected to the 
other terminal. A line L6 is adapted to be con- . 
nected to the lead. I5 upon closing a normally 
open start switch S2 for the hydraulic motor 43. 
Accordingly, the various electrical control devices 
of the system may be energized by connecting 
them across either the lines L4 and L5 or L4 and 
I6. "... . . . . . . 
The hydraulic pump, motor 43 and a lubrica 

tion pump motor 254 are adapted to be con 
nected in parallel to the lines L1, L2 and L3 
through a set of normally open switch contacts 
H2 controlled by a relay. H. To start the pump 
motors 43 and 254, the start switch S2 is closed, 

50 

thereby completing a circuit for the relay H across 
the lines L4 and L5, the circuit being from L4 
through the relay H, a series of overload and pro 
tective relays, a normally closed master stop 

55 

60 

70 
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switch S3, and the switch S2 to the line L5. En 
ergization of the relay H closes the contacts H 
to set the pump motors 43, and 254 in operation, 
and also closes sealing contacts H' to establish 
a holding circuit around the starting switch S2. 
When contacts H' are closed, lines L5 and L6 are 
connected to condition the circuits for connect 
ing the cycle control devices across the lines L4 
and L6. . . . . . . . 
... Closing of the switch S2 also establishes a cir 
cuit across the lines L4 and L5 for the solenoid 
SW through normally, closed contacts CR.3? and 

65 a normally closed limit switch LSi3. Aparallel 
circuit for the solenoid SW2 is interrupted at this 
time by normally open contacts CR.32. The sole 
noid SV upon being energized serves to actuate 
the valve 40 to direct the discharge of the hy 
draulic motor 42 through the adjustably re 
stricted orifice 54 set to control the table speed 
for rough grinding. In the event that the end 
thread convolution is not to be removed, the 
solenoid, SVI and the limit switch LS3 may be 
removed from the circuit. 
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A circuit is also established across the lines L4 

and ILs for a relay CR and the Solenoid SVCR, 
through a limit Switch LSTA upon movement of 
the table 3 to the right. The solenoid SVCR ac 
tuates the valve 28 to effect operation of the actu 
ator 23 in a direction to provide a backlash 
compensation to the right. Upon reversal of 
the switch. LSTA at the end of the table travel 
to the right, the circuit for the relay CRT and the 
solenoid SVCR is interrupted, and a parallel cir 
cuit is established for a relay CR9 and the sole 
noid SWCI. As a result, the valve 28 is reversed 
to effect a backlash compensation to the left. 
The grinding wheel motor OT is adapted to be 

connected across lines L7 and L8 connected to a 
source of direct current, and comprises a series 
field 255, a shunt field 256, and a starter 257 hav 
ing an operating coil OP with a timer (not 
shown). The field 256 is connected in series with 
two adjustable resistances 258 and 259 across the 
lines Li and L8. 
To start the wheel motor OT, and also a 

coolant pump motor 260 and refrigeration unit 
motor 26, a hand switch S4 is closed to complete 
a circuit for relays C and REFR through a stop 
switch S5. The relay C closes sealing contacts C 
across the switch S4, contacts C to complete a 
circuit through the operating coll OP, and con 
tacts C3 to connect the motor 260 to the lines 
L1, L2 and L3. Upon energizing the coil OP, COne 
tacts OP3, OP2 and OP4 of the starter 25 are 
closed successively to start the grinding wheel 
motor iO7. At this time, the resistance 259 is 
shunted out through the contacts CR.3?, so that 
the motor 07 is operating at a relatively low 
speed adapted for rough grinding. The coil 
REFR closes contacts REFR to connect the no 
tor 254 to the lines L1, L12, L3. Consequently, clos 
ing of the switch S4 effects operation of all three 
motors O7, 254 and 260. 
Warious selector switches are provided for con 

ditioning the circuit to obtain a particular mia 
chine cycle. Switch Ss is adjustable to control 
the cycle for either hand operation, single cut 
operation or automatic Operation, and in the 
position shown closes all of its contacts to pro 
vide for automatic operation. Switch S is ad 
justable to condition the counter for Counting 
table strokes or workpieces, and as shown, pro 
vides for the counting of strokes, for example, 
four strokes including two grinding paSSeS. 
Switches S8 and So, in parallel and located at the 
front and rear of the machine, are adjustable to 
effect continuous wheel dressing or intermittent 
dressing, or to disable the dressing mechanism, 
and as shown, provide for intermittent dress 
ing. 
At the start of the cycle, relays TR, CRO, 

CR3 and CR5, and solenoid SVR are energized, 
and the lamp RED is illuminated. The solenoid 
SVR maintains the wheel side 04 in retracted 
position. 
The machine cycle is started by actuating a 

start cycle switch S10 to close a circuit across the 
lines L4 and L5 through a relay CR, this circuit 
including a closed limit switch ISS. Excita 
tion of the relay CR closes sealing contacts CR 
across switch Slo, and contacts CR to complete 
a circuit for a coolant valve solenoid. 262 across 
lines I, and L3. The circuit for the relay CR 
will remain closed unless a stop cycle switch S11 
or the master stop switch S3 is opened, or until 
the limit switch LSS is opened at the end of 
the wheel cross feed. 
The relay CR also opens contacts CR to 

O 
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break the circuit for relays TR, and CRO and 
the solenoid SWR. Deenergization of the Sole 
noid SVR, causes the valve 42 to shift so as to ef- . 
fect advance of the grinding wheel G into oper 
rative grinding position. 

Upon release of the start cycle switch S10, and 
after a tine delay, the relay TR causes closing 
of contacts TR to complete a circuit for relays 
CR4 and CR8 and solenoid SWF.W. Relay CR4 
closes sealing contacts CR4 to establish a hold 
ing circuit. Solenoid SVFW shifts the valve 39 
to effect movement of the work table 3 in a for 
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Ward rough grinding pass. 
The relay B of the counter and the clutch relay 

A are Connected acroSS the lines L4 and L3, and 
hence are in a state of energization. When the 
relay CR4 is energized, it opens contacts CR.43 
to interrupt the circuit and register a pass on the 
counter. Since three passes of the preceding 
cycle were already registered thereon, the counter 
closes contacts 263 to complete a circuit for re 
lay CR6 which closes sealing contacts CR64. The 
relay CR6 also closes contacts CR63 in the circuit 
for the dresser feed solenoid SWD, but this cir 
cuit is not completed since contacts CR.42 are 
Open. 

Near the end of the first roughing pass, the 
table 3 opens the limit switch LS3 to deemergize 
the Solenoid SW, and thereby reduces the feed 
ing speed for grinding the incomplete end thread 
convolution by the grinding wheel G'. 
At the end of the first roughing pass, the table 

3 actuates the Switch LSTA to break the circuit 
for the relay CRT and Solenoid SVCR, and to make 
the circuit for the relay CR9 and solenoid SWCL. 

Relay CR9 closes contacts CR93 to close again 
the circuit for the relay CRO and solenoid SVR, 
The relay CRO closes contacts CR 04 to com 
plete the circuit for the solenoid SVD for effect 
ing the dresser feed, and the Solenoid SVR effects 
retraction of the grinding wheel G. The relay 
CRO also closes contacts CR 05 to complete the 
circuit through contacts CR9 and CR92 for the 
solenoid SWREW and relay CR5 to effect free re 
turn Inovement of the table 3 to the left. 

Operation of the dressing mechanism 5 con 
tinues during the wheel retract movement and 
the table return movement. At the conclusion 
of the dresser feed, the limit switch LS5 is closed 
momentarily to complete the circuit for dresser 
relay DF, which closes sealing contacts DF3 and 
opens interlock contacts DF. Relay IDF also 
closes contacts DF to complete a circuit for re 
lay CR.32 through contacts CR 62. Relay CR.32 
closes contacts CR.323 to shunt out the resist 
ances 258 and 259 so as to rotate the grinding 
wheel motor f07 at a slow dressing speed. 
The dresser O now operates forwardly, and 

closes the limit switch LSDR to prepare the cir 
cuit for relay DR. At the end of the forward 
dresser movement, the limit switch LSDF is 
Opened, and upon resultant closing of contacts 
DF, the dresser relay DR is energized, opening 
interlock contacts DR and closing contacts DR5. 
The dresser now Operates in the reverse direc 
tion during which the switch LSDF is closed, and 
at the end of which the limit switch LSDR is again 
Opened to terminate the dresser Operation. 
When the contacts DR4 are opened at the end 

of the forward dressing stroke, the relay CR6 is 
deenergized, but the circuit for the relay CR.32 is 
maintained by the contacts DR5. At the end of 
the dresser operation, the contacts DR open to 
break the circuit for the relay CR.32. As a re 
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- position, since relay CRS will drop out contacts. 

tacts IDF and DR' to the lines L1, La and L3. 
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sult, the motor OT is again driven at rough grind 
ing speed. if . . . . . . . . 
At the end of the return movement of the table. 

3, the limit. Switch ISTA is again actuated to 
break the circuit for the relays CR5 and CR8 and is 
the solenoid SVREV, and to close the circuit for 
the relay. CR and the solenoid SVCR. Opening 
of contacts CR9 breaks the circuit for the relay 
CRO and solenoid SVR, so that the wheel slide 
O4 is advanced into operative grinding position. 0 
Contacts CR8 and CR 03 now being closed, the 

Solenoid SWF is energized to impart: a cross feed 
increment to the wheel slide 04. At the end of . 
the cross feed, the limit switch ISF is opened to 
interrupt the circuit for the relay CR2. There- 15 
upon, contacts CR2 are closed to again complete 
the circuit for the relays CR4 and CR8 and the 
solenoid SVFW for the next stroking cycle. 

If the dressing operation has not been com 
pleted when the table 3 reaches the end of its 20 
return stroke, the switch LSTA will be actuated, 
but the table will stop and dwell in fixed starting . 

CR5 to break the holding circuit for the sole 
noid SWREV, and contacts CR.32' will still be 25 
open. The circuit for relay CRO and solenoid 
SVR will be maintained through contacts CRB' 
and DR to prevent advance of the wheel slide 
f04 even though contacts CR9 are now open. 
At the end of the dressing operation, the con- 30 

tacts DRP will open to interrupt the circuit for 
the relay CREO and the solenoid SWR to effect a, , , 
belated advance of the wheel slide fo4. Closing 
of the contacts. CR 03 will energize the solenoid 
SWF to impart a normal cross feed to the slide. 35. 

said base for shifting movement transversely of 
said table, a cross feed screw in operative asso 
ciation with said wheel slide and being both ro 

At the end of the feed, the limit switch ISF is . 
opened momentarily to deemergize the solenoid, 
SWF and the relay CR2 to close contacts CR2, 
and start the next stroking cycle. . . . . . . . . . . . 

Energization of the relays DF and DR, respec-40 
f' tely, serves to connect the dresser motor 2 
rforward and reverse operation through con 

The foregoing cycle is repeated except that 
after each of the second and fourth roughing 45 
passes, the dressing operation is not instituted, 
and the table 3 is reversed immediately at the 
end of the return stroke. . . . . . . 
At the end of the last cross feed increment, the 

limit switch LSS is actuated, but the circuit for 50 
...the relay. CR is maintained across contacts CR . 
and CR5'. The switch LSS closes the circuit for . 
relay CR3 which cuts out the solenoid SW and 
connects in the solenoid SV2 to increase the table. . 
speed, and which closes the contacts CR.3 and 55 
opens the contacts CR.31 to cut out the resistance . 
258 and cut in the resistance 259 to increase the ... 
speed of the grinding wheel G for the last or fin- . 
ishing pass. - 
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mounted on said base for shifting movement 
transversely of said table, a cross feed screw in 
operative association with said wheel slide and be 
ing both rotatable and axially shiftable to deter. 
nine the position of said slide relative to the axis. 
of Said work Spindle, a control lever extending 
laterally, of said screw and being pivotally con 
nected at one end to said screw, a taper mecha 
nism mounted on said base and having a mem- . 
ber extending parallel to said screw and being. 
longitudinally shiftable in timed relation to the 
translation of said table and pivotally connected 
to the other end of said lever, a retract mecha 
nism including a reversible hydraulic actuator 
having a piston rod extending parallel to said 
feed screw and pivotally connected to the inter 
mediate portion of said lever, said taper mecha 
nism being operable to swing said lever about the 
pivotal connection with said piston rod to shift 
said feed screw, said retract, mechanism being 
operable to swing said lever about the pivotal 
connection with said member to shift said feed 
screw, and automatic control means operable in 
timed relation to the translation of said table for . 
operating said retract mechanism to advance said 
slide at one end of the table movement and to 
retract said slide at the other end of the table 
movement without affecting the rotary adjust 
ment of said feed screw. . . . 2. Agrinding machine comprising, in combina- ": - 
tion, a base, a work table mounted on said base 
for translation in forward and reverse directions and supporting a rotary work spindle, a tool head 
supporting a rotary spindle adapted to support 
a grinding wheel and having a slide mounted on 

tatable and axially shiftable to determine the 
position of said slide relative to the axis of said 
work spindle, a control lever extending trans 
versely of said feed screw and being pivotally 
connected at one end to said screw, a fulcrum 
for the other end of said lever, a retract mecha 
nism including a reversible, hydraulic actuator 
having a piston rod extending parallel to said 
feed screw and pivotally connected to the inter 
mediate portion of said lever, said retract mech 
anism being operable to swing said lever about 
said fulcrum to shift said feed screw, and auto 
matic control means operable in timed rela 
tion to the translation of said table for operating 
said, retract mechanism to advance said slide 
at one end of the table movement and to re 
tract said slide at the other end of the table 
movement without affecting the rotary adjust 
ment of said feed screw. 3. A grinding machine comprising, in combina 
tion, a base, a work table mounted on said base. 

'. Upon reversal of the table at the end of the so for translation inforward and reverse directions 
final grinding pass, the contacts CRS' are opened 
to interrupt the circuit for the relay CR, but 
since the relay CRS is excited, contacts CR8." 
maintain the circuit for the coolant valve solenoid 
Since the relay CR is deemergized, the machine ... 

cycle will stop at the end of the last free re 
turn movement of the table . . . . . . 
We claim as Our invention: 

and supporting a rotary work spindle, a tool head. 
supporting a rotary spindle adapted to support 
a grinding wheel and having a slide mounted on 
said base for shifting movement transversely of 

65 said table either forwardly into an operative post 
...tion, or rearwardly into an idle or retracted posi 

tion, a cross feed screw in operative association 
with said wheel slide and being both rotatable and 
axially shiftable to determine the position of said 

1. A grinding machine. comprising, in combi- 70 slide relative to the axis of said work spindle, a 
nation, a base, a work table mounted on said 
base for translation inforward and reverse direct 
tions and supporting a rotary work spindle, a 
tool head supporting a rotary spindle adapted to 

control lever extending transversely of said feed 
screw and being pivotally connected at one end 
to said screw, a taper mechanism mounted on. 
said base and having a member extending parallel 

support a grinding wheel and having a wheel slide 75 to said screw and being longitudinally shiftable 
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in timed relation to the translation of said table 
and pivotally connected to said lever, a retract 
mechanism including a reversible hydraulic actu 
ator having a piston rod extending parallel to 
said feed screw and pivotally connected to said 
lever, said taper mechanism being operable to 
swing said lever about the pivotal connection with 
said piston rod to shift said feed screw, said re 
tract mechanism being operable to Swing Said 
lever about the pivotal connection with said mem 
ber to shift said feed Screw, and automatic Con 
trol means operable in timed relation to the trans 
lation of said table for operating said retract 
mechanism to advance said slide at One point in 
the table movement and to retract said slide at 
another point in the table movement. 

4. A grinding machine comprising, in combina 
tion, a base, means on said base for supporting a 
rotary work spindle, a wheel slide mounted on 
said base for shifting movement either forwardly 
into an operative position in relation to said 
spindle or rearwardly into an idle or retracted 
position and adapted to support a rotary grind 
ing wheel, a cross feed screw in Operative aSSO 
ciation with said slide and being both rotatable. 
and axially shiftable to determine the position 
of said slide relative to the axis of said work 
spindle, a cross feed mechanism for rotating Said 
screw, a control lever pivotally anchored at One 
point to said feed screw, a fulcrum for said lever, 
a retract. mechanism including a reversible hy 
draulic actuator having a piston rod extending 
parallel to said feed screw and pivotally connected 
at another point to said lever, said retract mecha 
nism being operable to swing said lever about 
said fulcrum to shift said feed screw, and auto 
matic control means for effecting reversal of said 
actuator to shift said screw without altering the 
rotary adjustment of Said Screw. 

5. A grinding machine comprising, in Com 

5 

20 

20 
translation in forward and reverse directions and 
Supporting a rotary spindle, a head supporting a . 
Second Spindle and having a slide mounted on 
said base for shifting movement transversely of 
Said table, a front stop member mounted in said 
base for sliding adjustment longitudinally of said 
slide and being rigid with a non-rotary feed nut, 
a rear Stop member mounted in said slide for ad 
justment longitudinally of said slide and being 
rigid with a non-rotary compensator feed nut, 

, Spring means for maintaining said stop members 
in end abutting engagement, a compensating feed 
screw rotatably anchored in said wheel slide and 
engaging said compensating nut, means for ro 
tating said Screw to shift said slide relative to 
Said compensator nut, a cross feed screw adjust 
ably threaded into said feed nut, an adjustable, 
anchor for said feed screw, a cross feed mecha 
nism axially Splined to said feed screw for ro 
tating the latter to adjust the position of said 
forward stop member, and means for adjusting 
said anchor to shift said slide independently of 
said cross feed mechanism. . 

25 

7. A grinding machine comprising, in combina 
tion, a base, a slide mounted on said base for 
shifting movement, a front stop member mounted 
in said base for sliding adjustment longitudinally 
of said slide, a non-rotary feed nut fixed to said 
member, a rear stop member mounted in said 

30 slide for adjustment longitudinally of said slide, 
a non-rotary Compensator feed nut fixed to said 
rear Stop member, means for maintaining said 
stop members in abutting engagement, a com 
pensator feed Screw rotatably anchored in said 

35 wheel slide and adjustably threaded into said 
compensator nut, means for rotating said screw 
to shift said slide relative to said rear stop mem 
ber, a rotary cross feed screw adjustably threaded 
into Said feed nut, means for rotating said cross 

0 feed screw to shift said front stop member axi 
bination, a base, a work table mounted on said 
base for translation in forward and reverse direc 
tions and supporting a rotary work Spindle, a tool 
head supporting a rotary spindle for driving a 
grinding wheel and having a slide mounted on 
said base for shifting movement transversely of 
said table, a front stop member mounted in Said 
base for sliding adjustment longitudinally of Said 
slide and being rigid with a non-rotary feed nut, 
a rear stop member mounted in Said slide for 
adjustment longitudinally of said slide and being 
rigid with a non-rotary compensator feed nut, 
Spring means for maintaining Said stop members 

ally relative to said cross feed screw, an adjust 
able anchor determining the axial position of said 
CrOSS feed screw, and means on said base for 
Supporting said anchor and being adjustable to 

45 shift said anchor so as to shift said slide and 
stop members as a unit. . 

8. A grinding machine comprising, in combina 
tion, a base, means for supporting a rotary spindle 
on said base, a slide mounted on said base for 

50 shifting movement transversely of the axis of 

in end abutting engagement, a dressing device 
slidably mounted on said wheel slide for move 
ment forwardly toward said grinding wheel spin 
dle, drive means for automatically adjusting said 
dressing device, drive means operable by said first 
mentioned drive means and including a com 
pensating feed screw rotatably anchored in said 
wheel slide and engaging said compensating nut 

Said Spindle, a cross feed screw operatively asso 
ciated with said slide for axial shifting move 
ment therewith and being rotatable to effect rela 
tive feeding movement thereof, means providing 

55 an adjustable anchor for said screw, a cross feed 

for retracting said wheel slide relative to said . . 
compensating nut in timed relation to the forward 
adjustment of said dressing device, a cross feed 
Screw, adjustably threaded into said feed nut, an 
adjustable anchor for said feed screw, a cross 

mechanism having an outlet drive shaft axially 
Splined to said screw to permit relative axial 
movement thereof and operable to rotate said 
Screw, and a plurality of independent means 

60 operable singly and conjointly to shift said anchor 
independently of said cross feed mechanism. 

9. A grinding machine comprising, in combi 
nation, a base, means for supporting a rotary 
Spindle on said base, a slide mounted on said 

65 base for shifting movement transversely of the 

feed mechanism axially splined to said screw for 
rotating the latter to adjust the position of said 
forward stop member, a taper mechanism, and a 
retract mechanism, said taper mechanism and 
retract mechanism being operable singly or con 
jointly to shift the position of said anchor inde 
pendently of said cross feed mechanism. 

6. A grinding machine comprising, in combi 

axis of Said spindle, a cross feed screw opera 
tively associated with said slide through separa 
ble abutments for axial shifting movement, there 
with and being rotatable to effect feeding move 

70 ment thereof, resilient means for maintaining 
said abutments yieldably in engagement, means 
in Said base providing an adjustable axial anchor 
for limiting the axially shifted position of said 
Screw, a croSS feed mechanism splined to said 

nation, a base, a table mounted on said base for 75 screw to permit relative axial movement thereof 
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and operable to rotate said screw, and a retract 
mechanism having an hydraulic actuator con 
nected to said anchor and thereby, said Screw 
and operable to shift said anchor reversibly either 
into an advanced position, or into a retracted 
position. .. 

10. A grinding machine comprising, in combi 
nation, a base, a stop member Supported in Said 
base for sliding movement and constrained 
against rotation, a non-rotary screw element fixed 
to said member for movement therewith, a rotary 
Screw element in threaded engagement with said 
non-rotary screw element, means for rotating 
said rotary screw element and splined thereto to 
permit relative axial movement, an anchor ad 
justably fixed in said base for determining the 
axial position of said rotary Screw element, a 
slide mounted on said base for translation longi 
tudinally of said screw elements, yieldable means 
for normally maintaining said slide in abutting 
engagement with said stop member for axial 
movement therewith, and means for shifting said 
anchor alternately through a predetermined 
range of movement either into an advanced posir. 
tion or a spaced retracted position. 

11. A grinding machine comprising, in combi 
nation, a base, means on said base for Support 
ing a rotary spindle, a slide mounted on said 
base for shifting movement transversely of the 
axis of said spindle, a stop abutment mounted in 
said base for adjustment transversely of Said 
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variable delivery pump, a reversible hydraulic 
motor, a direction valve for connecting said pump 
reversibly to said motor, speed control means for 
throttling the exhaust from said motor to con 
trol the volumetric displacement of said pump 
whereby to obtain one speed for rough grinding 
and another speed for finish grinding, a cross 
slide supporting a grinding wheel spindle and 

O 

15 

20 

mounted on said base for shifting movement 
transversely of Said Work, Spindle, an electric 
motor. for driving said grinding wheel spindle, 
and means for varying the speed of said electric 
motor to drive said wheel spindle at one speed 
for rough grinding and another speed for finish grinding. 

14. In a grinding machine, in combination, a 
base, a table reciprocable on said base, a spindle 
rotatably mounted on said table for reciproca 
tion therewith, drive means mounted on said 
table for rotating Said. Spindle and translating 
said table in positive timed relation, a variable 

25 

30 

spindle, a feed screw for adjusting said abut 
ment, a second abutment mounted on said slide 
for separable engagement with said first men 
tioned abutment, yieldable means for maintain 
ing said abutments in follow-up engagement, 
cross feed means for rotating said screw, and 

35 

means for controlling the axial position of said 
screw and being operable to shift said screw 
axially independently of said cross feed mecha 
nism. So as to Superimpose a shifting adjustment 
of said slide on the croSS feed adjustment of Said 
slide. 

12. A grinding machine comprising, in combi 
nation, a base, a table supporting a rotary work 
spindle and mounted for translation on said base 
axially of said spindle, means on said table for 
rotating said spindle and translating said table 
in positive timed relation, a hydraulic transmis 
ision for said last mentioned means including a 
variable delivery pump, a reversible hydraulic 
motor, a direction valve for connecting said pump 
reversibly to said motor, speed control means for 
throttling the exhaust from said motor to control 
the volumetric displacement of Said pump, 
whereby to obtain one speed for rough grinding, 
another speed for finish grinding and a third 
speed for grinding an end thread convolution, 
a cross slide supporting a grinding wheel spindle 
adapted to support a grinding wheel and mounted 
on said base for shifting movemerit transversely 
of said work spindle, an electric motor for driving 
said grinding wheel spindle, a dressing device 
for dressing said grinding wheel, and means for 
varying the speed of said electric motor to drive 

40 
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55 

BO 

delivery pump having a pressure responsive con 
trol for varying the pump displacement, a reversi 
ble hydraulic motor, a direction valve for con 
necting said pump reversibly to said motor, an 
exhaust line including a restricted orifice for 
receiving fluid discharging from said motor upon 
movement of said table in a reverse direction to 
provide rapid traverse, a second exhaust line for 
receiving fluid discharging from said motor upon 
movement of said table in a forward direction, 
an orifice selection valve in said second exhaust 
line, a plurality of drain lines including indi 
vidual restricted feed control orifices adapted re 
spectively to receive the discharge fluid in differ 
ent positions of said selection valve to provide 
different feed rates, and means automatically 
operable in timed relation to successive passes 
of said table for controlling said valves whereby 
to effect movement of said table at one speed 
for a predetermined number of passes in said 
forward direction and at another speed there 
after for a predetermined number of passes in 
said direction and at still another speed during . 
the end portion of Said passes. 

15. A grinding machine comprising, in combi 
nation, a base, a table reciprocable on said base 
in forward and reverse directions and support 
ing a rotary spindle, a cross slide reciprocable 
on said base transversely of said table either into 
an advanced operative position or a retracted idle 
position and supporting a rotary spindle, one of 
said spindles being adapted to support a grind-. 
ing wheel and the other spindle being adapted 
to support the Work, adjustable means defining 
said operative position, means automatically op 
erable to reciprocate said table a predetermined 
number of times at a first feeding speed in each 
forward direction and a rapid traverse speed in 
each reverse direction and then another time 
at a second feeding speed in said forward direc 
tion and said rapid traverse speed in said reverse 
direction, means for driving the work spindle 

65. said wheel spindle at one speed for rough grind 
ing, another speed for finish grinding and a third 
speed for dressing. . 

13. A grinding machine comprising, in combi 
nation, a base, a table supporting a rotary work 
spindle and mounted for translation on said base 
axially of said spindle, means on said table for 
rotating said spindle and translating said table 
in positive timed relation, a hydraulic transmis 
sion for said last mentioned means including a 

70 

s 

in positive timed relation to said table, means . 
automatically operable to locate said slide in op 
erative position...during each forward movement, 
of said table and in retracted position during each 
reverse movement of said table, means for ad justing said first mentioned means to advance 
said operative position of said slide step-by-step. 
in timed relation to successive reciprocations of . 
said table, and means for automatically driving 
said grinding wheel spindle at one rotary speed 
during said predetermined number of reciprocar 
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tions and then at another rotary speed during said other reciprocation. UNITED STATES PATENTS 
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