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UNITED STATES 

1938,107 

PATENT OFFICE 
1938,107 

ORLING MACHINE AND THE KE 
Ralph M. Lovejoy, Boston, Mass. 

Application August 22, 1931. Serial No. 558,660 
44 Claims. 

This invention relates to improvements in 
drilling machines and machines for other pur 
poses, particularly those of the type in which the 
work is carried by a travelling carrier Succes 
sively to a plurality of stations, at certain of which 
it is operated upon by a tool such as a drill, a 
countersink, a reamer, a tapping tool, or other 
Suitable tool. 
More specifically the invention relates to im 

provements in automatic drilling machines and 
the like disclosed in my prior patents for drilling 
machines and machines for other purposes, No. 
1,799,594 and 1,799,595, granted April 7, 1931; 
and in my prior applications, Ser. No. 441,387, 
filed February 3, 1930, for improvements in Fluid 
operated control for multi-spindle drills; Ser. No. 
471,234, filed July 28, 1930, for Fluid operated con 
trol for multi-spindle drills; and Ser. No. 504,798, 
filed December 26, 1930, for Indexing mecha 
nism for automatic drilling machines. 
The general object of the present invention is 

to simplify the constructions disclosed in my 
prior patents and applications aforesaid, and to 
produce certain improvements in the indexing 
mechanism, the controlling mechanism for the 
timing thereof relatively to the operation of the 
tools; and in the mechanism for supporting and 
actuating the tools, while retaining the advan 
tageous features of the mechanisms of my prior 
constructions for producing speed and accuracy 
of indexing and the safety mechanism for pre 
venting interference of the indexing and tool 
actuating mechanisms. 
The mechanisms disclosed in my prior patents 

and applications comprise sector-shape work sup 
porting members which are slidably mounted 
upon a travelling carrier, means for actuating 
the carrier to present Work Supporting members 
Successively at a plurality of tool stations, means 
for arresting the carrier with the work positioned 
at such stations, fluid actuated means for lock 
ing the work Supporting members accurately at 
such stations irrespective of the correct index 
ing of the travelling carrier, fluid actuated con 
trolling mechanism for causing the actuation of 
the tool feeding mechanisms after the work Sup 
porting members are locked at the respective tool 
stations, and means operably by the movement 
of the tool Supporting members away from the 
Work to release the locking nieans for the Work 
Supporting members and thereupon to initiate 
the action of the carrier indexing mechanism. 

In the constructions disclosed in my prior pat 
ents and applications the locking mechanism for 
the work supporting sectors is released when the 
tools have been withdrawn from the work and 
raised to a predetermined height, so that the 
sectors are enabled to be moved freely upon the 
travelling carrier. When, during the operation 
of the machine, greater time is required to Se 

(C. 29-38) 
Cure the work to the sector than that which is 
required for feeding the tools into the work and 
Withdrawal of the tools from the work to the 
predetermined height the unlocking of the sec 
tors permits them to be moved during the clamp 
ing of the work upon them. Such movement of 
the Sectors not only makes it more difficult to 
secure the work to them but also it is likely to 
permit such movement thereof as to force dirt 
Or other débris between the inner ends of the 
Sector and the ring against which they abut 
thereby interfering with the accuracy of the posi 
tion of the work supporting sectors. 
One of the important features of the present 

invention is to provide fluid actuated controlling 
means of such character that the Work support 
ing Sectors Will remain in locked position during 
the entire period of movement of the tools to 
and from the work, and also during the time at 
which the work carrier is at rest, in other words, 
until just before beginning the tool feeding 
operation. 

In my prior patents and applications mechan 
ical means are provided for feeding the tools to 
Wards and into the work at a substantially uni 
form rate of Speed. Another object of the 
present invention is to provide fluid-operated 
means for feeding the tools up to the work at a 
relatively greater speed than during the opera 
tion of the tools upon the work. 
Another object of the invention is to provide 

means for increasing the rate of feed to the tools 
when passing through an aperture in the work 
Such as a core-hole and thereafter resuming the 
usual rate of feed. . 
Another object of the invention is to provide. 

a novel means for controlling the fluid-actuated 
feeding mechanism. 
Another object of the invention is to provide 

novel tapping mechanism with means for re 
versing the direction of the rotation of the tap 
for the purpose of tapping Screw threads into 
the work and withdrawing the tap without injury 
to the Screw threads. 
Another object of the invention is to provide 

coordinated valve mechanisms controlled by 
cams upon a single can shaft and operable to 
determine the Sequence of Operation of the vari 
ous mechanisms of the machine. 
These and other objects and features of the 

invention Will more fully appear from the foll 
lowing description and accompanying drawings, 
and will be particularly pointed out in claims. 

In the drawings: 
Fig. 1 is a general view of a multiple drill con 

struction embodied in the invention. 
Fig. 2 is a plan View of the same. 
Fig. 3 is a detail horizontal Sectional view 

showing the stopping and starting mechanism 
for the travelling carrier. Y 
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Fig. 4 is a view mainly in vertical section of 

the reciprocable tool supporting and driving 
mechanism. 

Fig. 5 is a detail view in horizontal Section of 
the guiding mechanism of lines 5-5, Fig. 4. 

Fig. 6 is a detail view of one of the guides for 
the tool slide. 

Fig. 7 is a view partly in longitudinal section, 
and partly in elevation, of the reciprocable tool 
supporting and driving mechanism. 

Fig. 8 is a side elevation of the control box 
and driving motor for the controlling mecha 
Inism. 

Fig. 9 is a view partially in vertical section, and 
partially in elevation, showing the mechanism 
for driving a cam shaft in the control box. 

Fig. 10 is an enlarged detail view partly in 
plan, and partly in horizontal Section, of the 
control box and the mechanism for controlling 
the flow of fluid under pressure which actuates 
various parts of the machine and regulates the 
sequence of Operation. 

Fig. 11 is an enlarged detail view, mainly in 
vertical section, of the cam actuated valve for 
rapid traverse controlling mechanism for the 
tools, on line 11-11, Fig. 10. 

Fig. 12 is a diagrammatic view illustrating the 
conduits and course of fluid under pressure when 
the machine is at rest. 

Fig. 13 is a similar diagrammatic view show 
ing the conduits and course of fluid under pres 
sure when the tools are in Operation. 

Fig. 14 is an enlarged detail view, mainly in 
vertical section, of the can actuated master 
valve for controlling the flow of fluid under pres 
sure on line 14-14, Fig. 10, and also illustrating 
the cam actuated mechanism for controlling the 
normal feed of the tools. 

Fig. 15 is a detail view, mainly in vertical sec 
tion, longitudinally, of the clutch controlling 
valve. 

Fig. 16 is an enlarged detail view on line 16 
16, Fig. 17, of the mechanism for controlling the 
rapid and relatively slow feeding movements of 
the tool supporting and actuating mechanism. 

Fig. 17 is a plan view of the mechanism illus 
trated in Fig. 16. 

Fig. 18 is a detail view of a modified control 
ling mechanism for varying the rate of feeding 
of the tool to permit it to pass more rapidly 
through an aperture such as a core-hole in the 
Work. 

Fig. 19 is a side elevation of the tapping mech 
anism. 

Fig. 20 is a detail view, mainly in longitudinal 
section, of the feeding and actuating mecha 
nism for a tapping or Screw threading tool, and 
showing also the controlling mechanism there 
for. 

Fig. 21 is a detail sectional view of the brake 
mechanism for the tool drive of the tapping 
mechanism, on line 21-21, Fig. 19. 

Fig. 22 is an enlarged detail view, mainly in 
vertical section, of the motor reversing mecha 
nism for the tapping tool on line 22-22, Fig. 23. 

Fig. 23 is a sectional view of the switch for the 
tapping mechanism on the line 23-23 of Fig. 22. 

Fig. 24 is an enlarged detail view, partially in 
elevation, and partially in vertical section, of the 
units 'B', 'C', and 'D', shown in Fig. 25, illus 
trating the same in the positions Occupied when 
the travelling carrier is at rest and the feeler ex 
tended into the socket in the travelling carrier. 

Fig. 25 is a plan view of the controlling units 
shown in Fig. 24 in connection with unit "J' and 

1938,107 
the solenoid operated valve of the electrical safety 
current. 
r 26 is a sectionai view on the line 26-26 of 

g. 25. 
Fig. 27 is a plan view of the controlling unit 

for the table indexing fluid actuated motor. 
Fig. 28 is a sectional view on the line 28-28 

of Fig. 27. 
Fig. 29 is a sectional view on the line 29-29 

of Fig. 27. 
Much of the construction of the present ma 

chine is substantially identical with that disclosed 
in my prior patents and applications, particularly 
Ser. No. 471,234, Ser. No. 441,387, and Ser. No. 
504,798, and detail illustrations of many such 
identical parts is unnecessary to the disclosure 
of the present invention. 
The fluid operated controlling mechanism dis 

closed in aforesaid prior patents or applications 
comprise essentially; (1) automatically operable 
means for preventing the operation of the means 
for actuating the travelling carrier, unless and 
until all of the tools have been moved to a prede 
termined distance from the work; (2) fluid con 
trolled means for preventing actuation of the 
means for locking the rotating table unless the 
work is approximately positioned properly at the 
several tool stations; (3) fluid operated means for 
preventing actuation of the tool feeding means 
unless and until the work is properly positioned 
at the tool stations and locked in such positions; 
(4) means for preventing the actuation of the 
tool feeding means until the locking of the work 
carrier is completed. 
The mechanisms for accomplishing these func 

tions which are disclosed in my prior patents or 
applications comprise a source of fluid under 
pressure and interrelated controlling units in the 
piping system leading from the source of fluid 
under pressure to the table locking mechanism 
and the mechanism for controlling respectively 
the actuation of the rotating table, the locking 
and unlocking of the table, the actuation and 
arrest of the tool feeding mechanism, and the 
safety control for preventing actuation of the 
tools unless and until the table is locked with 
the work positioned at the tool station. Many of 
the same units are employed in Substantially the 
same construction and in the same relation in the 
present invention, and inasmuch as they are de 
scribed in detail in the prior applications afore 
said need not be illustrated or described in detail 
in this application, except in such respects as 
slight changes in construction of the several units 
modifies their action to effect the same purpose, 
while permitting the omission of certain other 
units rendered unnecessary by such modification. 
The units which are common to the present 

construction and to the constructions disclosed in 
my prior applications, particularly Ser. No. 504,- 
798, comprise the following: 

Unit, 'B'-By-pass control valve 
Unit 'C'-Table feeler release 
Unit 'D' Main pressure cut of valve 
Unit 'E'-Main admission valve 
Unit, 'E'-Distributor valve 
Unit 'J'-Manual safety switch 
Unit “K'-Fluid control for table arresting 
mechanism 

Unit "L'-Control for fluid operated motors 
These units are identified upon the drawings 

herein by the same letters. 
The construction illustrated in the accompany 

ing drawings comprises a heavy hollow base 1, 
desirably of substantially cylindrical form, pro 
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1988,10? 
viding a reservoir for oil or other suitable fluid, 
and which preferably is of Substantially the same 
construction as shown in my prior patents or ap 
plications, more particularly application Ser. No. 
504,798. A travelling carrier in the form of a 
rotatable table 2 is mounted upon the base and 
carries a plurality of independent work Support 
ing members 3, preferably in the form of flat sec 
tors which are slidably supported upon the table 2 
and are movable relatively thereto both radially 
and circumferentially in the manner disclosed in 
my prior Patent No. 1,799,594. Fluid. Operated 
positioning means 4 mounted upon the base are 
also provided at each tool station and are oper 
able to position and lock the work supporting 
sectors against a central ring in accurately pre 
determined positions at each tool station, irre 
spective of the correct positioning of the travelling 
carrier, in the manner disclosed in my prior patent 
aforesaid. 
The upper closed end of the base is provided 

with an upwardly extending central cylindrical 
boss 5, (see Fig. 3), upon which a hub 6 extend 
ing downwardly from the table 2 is rotatably 
mounted. The upper end of the base is also pro 
vided with an upwardly extending intermediate 
flange 7 which provides a support for the table 
near its periphery. The base is also provided 
with an outer upwardly extending flange 8 pro 
viding a space between it and the flangel for a 
peripheral apron depending from the table. The 
flange 8 is also utilized as a base for the tool Sup 
porting and actuating mechanism. 
The mechanism for rotating the travelling car 

rier or table may be, and desirably is, of the same 
construction as disclosed in my prior application 
Ser. No. 504,798, and comprises an actuating ring 
9 which is rotatably mounted upon the hub 6 
of the table, and is provided with a pawl 10 adapt 
ed to engage blocks 11 fixedly Secured to the hub 
of the table and spaced apart at Suitable distances 
to enable the work supports which are carried by 
the table to be properly indexed to Successive 
tool stations. The actuating ring 9 is rotated to 
cause the pawl 10 to engage the block 11 and 
move it in a proper direction by link mechanism 
which is operated by a hydraulic motor 12, and 
after the table has been properly positioned and 
locked the actuating ring is returned to its origi 
nal position by another hydraulic motor 13, as 
disclosed in my prior application Ser. No. 504,798, 
aforesaid. The rotating movement of the table is arrested 
by mechanism similar to that disclosed in Said 
prior application Ser. No. 504,798, which com 
prises a pivotally and slidably mounted latch or 
stop 14, connected by a link to the piston 15 of 
a dash pot 16, which is Supplied by fluid under 
constant pressure. The piston 15 of the dash pot 
is provided with a bevelled portion communicat 
ing with the port through which constant pres 
sure is supplied in such manner as gradually to 
cut off the Supply of fluid under pressure against 
the piston as the piston is moved inwardly, thus 
gradually arresting the movement of the table. 
The piston rod is provided with a block 17 having 
seated in a recess therein an adjustable block 18, 
which is adapted to engage the plunger 19 of a 
supplemental dash pot 20 to insure accurate stop 
page of the table in properly indexed position. 
In my prior application Ser. No. 504,798, this dash 
pot, which is referred to as unit “K', comprises 
also a valve for controlling the supply of fluid to 
unit "L' which controls the Operation of the table 
rotating mechanism. In the present case this 

valve is Omitted and unit 'K' used merely as a 
supplemental dash pot. 

In the present construction, as in my prior 
constructions, a spring pressed arm 21 located 
above the top of the base and secured to a vertical 
shaft 22 extending through the top of the base 
engages the blocks upon the hub of the rotating 
table; and another arm which is secured to the 
shaft 22 which is located within the chamber of 
the base, is actuated by the movement of the 

3. 

spring pressed arm as it rides off the respective 
blocks in properly timed relation to restore the 
by-pass valve (unit "B') to initial position, in 
the manner disclosed in my prior application 
aforesaid. The sequence of operation of the vari 
ous mechanisms will hereafter be more fully de 
scribed. 
The invention is illustrated herein as applied 

to drilling and tapping mechanism, and com 
prises a plurality of like mechanisms located at 
certain of the tool stations for feeding and actu 
atting drills or boring tools, and also comprises 
Similar mechanism of modified construction for 
Supporting and actuating a tap for screw thread 
ing the wall of a bore in the work. 
The tool supporting and actuating mechanisms 
The mechanism for supporting the tool feeding 

and actuating mechanism is carried by a pair 
of parallel girders 23, which are mounted at their 
Outer ends upon a filler block 24, which is secured 
to Or may be formed integral with, the peripheral 
flange 8 of the base 1, and are mounted at their 
inner ends upon a ring 25 which is secured to 
the hub of the base and overlies the inner ends 
of the SectorS 3. The Supports for the tool feed 
ing and actuating mechanism comprise a pair of 
columns having reduced end portions which fit 
into Sockets in blocks 26 which are bolted to the 
girders 23, the lower ends of the columns de 
sirably being welded to the blocks, thereby pro 
viding a rigid construction. One of the columns 
desirably has a lower section 27 of rectangular 
CrOSS-Section and an upper section 28 of cylindri 
cal cross-section, while the other column is con 
structed So as to provide a lower section present 
ing flat side, and rear faces and a V-shape front 
Surface 29, and an upper section 30 of cylindrical 
cross-section. The upper ends of the columns 
are provided with integral cylindrical extensions 
of reduced cross-sectional area which extend 
through a top plate 31, and are provided with 
screw threaded upper ends to receive suitable nuts for clamping the plate 31 firmly upon the 
Columns. 
The preferred form of tool carrier or slide com 

prises a rectangular box-like construction having 
end plates 32 which are located in proximity to 
the respective columns and side plates 33, which 
are bolted to the end plates, as illustrated in Fig. 
5. The end plates desirably extend above and 
below the side plates. The box-like construction 
formed by the end and side plates is provided with 
an upper rigid head 34 and a lower rigid head 35, 
each of which is fixedly secured to the end and 
side plates. A transverse partition 36 is rigidly 
Secured to the side and end plates intermediate 
of the upper and lower heads 34, 35. The lower 
head and the intermediate partition are provided 
with central apertures which receive suitable ball 
bearings for a shaft 37 for driving the tool 38, 
which is secured to the shaft in any usual manner. 
The shaft 37 is provided below the lower bearing 
in the plate 35 with a collar 39 which engages the 
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inner race of the bearing and is clamped there- 50 



4. 
upon by a nut upon the shaft which engages the 
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other side of the inner race. A retaining ring 40, 
Which is secured to the lower head 35 by bolts, 
underlies the collar 29. The intermediate parti 
tion 36 also contains the inner and outer races 
of ball bearings for the shaft 37, the Outer race 
being secured between collars located upon op 
posite sides of the partition and Overlying the 
outer race of the ball bearing. The upper end 
of the shaft 37 is provided with a bevelled gear 
41 which meshes with a bevel pinion 42 upon the 
end of a shaft 43 which passes through one of 
the side plates 33 and is journaled in a bearing 
bracket 44 which is bolted to the partition 36 
and to the upper head 34. A pulley 45 is keyed 
to the end of the shaft 43 and is driven by a belt 
46 from a motor 47 which is mounted upon a base 
plate 48 carried by posts 49 which are bolted to 
and extend upwardly from the end plates 32. 
The end plates 32 have secured to their up 

per end portions brackets 50 having bearings 
which slidably fit upon the cylindrical portions 
28 and 30 of the vertical supporting columns. 
One of the end plates 32 has secured to its 

lower portion a bracket 51 which engages the rear 
face of the Squared portion 27 of the column, (see 
Figs. 4 and 5). A roller 52 which engages the 
front end of the column is mounted upon a stub 
shaft in the end of a slidable bar 53 which is 
mounted in a complementary recess in the end 
of the bracket 51 and in a cap 54 which is bolted 
to the bracket 51. The bar 53 has a cylindrical 
rearward extension which is screw threaded at 
its end to receive a nut and washer and a spring 
55 which is interposed between the washer and 
the rear face of the bracket and serves to hold 
the roller 52 in close engagement with the front 
face of the rectangular section 27 of the col 

The other end plate 32 of the box-like con 
struction has Secured to it near its lower end a 
bracket 56 having a V-shaped recess 57 which 
engages the V-shaped front face 29 of the column 
and is held in contact therewith by a roller 58 
which is mounted upon a stub shaft at the end of 
a bar 59 which extends through complementary 
recesses in the end of the bracket 56, and in a 
cap 60 therefor, and is likewise provided with 
a cylindrical end portion having a nut and wash 
er with a Spring 61 interposed between the front 
face of the bracket and its cap, and the washer 
upon the bar 59. By reason of these construc 
tions suitable guides for the upper and lower 
portions of the tool slide are provided which 
insure accurate vertical reciprocates of the tool 
slide. 
The brackets 50 have secured to them, pref 

erably by Screw threaded connections, upward 
ly extending rods 62 which pass through the plate 
3i and are provided at their upper ends with col 
lars 63 held in place by suitable nuts upon the 
upper ends of the rods 62. Spiral springs 64 
are interposed between the respective collars and 
the plate 31, and serve to support the tool slid 
normally in raised position. 

Fluid pressure actuated mechanism is provid 
ed for forcing the tool slide downwardly to feed 
the tool to and into the work. In the preferred 
construction this fluid pressure mechanism com 
prises a cylinder 65 having an outwardly extend 
ing flanged upper end which is bolted to the plate 
31. A piston 66 is reciprocably mounted in the 
cylinder and a piston rod 67 having spherically 
rounded ends engages at its upper end the base 
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socket in the upperhead 34 of the box-like por 
tion of the tool slide. Fluid under pressure is in 
troduced into the cylinder 65 through a suitable 
port or conduit 68 in the plate 31 from the pipe 
leading from the control mechanism, which will 
hereinafter be more fully described. 
The downward movement of the too slide is 

limited by stops 69 which are secured to the blocks 
26 at the lower ends of the columns. As illus 
trated herein these stops 69 are L-shaped plates 
bolted to the inner faces of the blocks 26 and 
have bolted to them adjustable members 70 which 
may be positioned at any desirable height by 
shins 71 interposed between the members 70 and 
the tops of the L-shaped plates 69. 

Desirably, means are provided for preventing 
the admission of dust into the cylinder. In the 
preferred construction telescopic outer and inner 
sleeves 72 and 73, provided with outwardly ex 
tending flanges, are bolted respectively to the 
plate 31 and the upper head 34 of the box-like 
portion of the tool slide. 
In the operation of the device fluid under 

pressure introduced through the conduit and 
port 68 forces the tool slide downwardly thereby 
feeding the tool to the work, and upon release of 
the fluid under pressure the coiled springs 64 raise 
the tool slide to its upper position, as illustrated 
in Fig. 4. 

The controlling means 
The controlling mechanism comprises fluid op 

erated means for feeding the tools to and into the 
work, including means for producing a rapid 
movement of the tool from its raised position to 
the work, and a relatively slow feeding move 
ment of the tool during its cutting operation; 
and also comprises means for controlling the Sup 
ply of fluid under pressure to the indexing mech 
anism and to the tool feeding mechanism so 
that neither can be actuated when the other is in 
operation. It also comprises means for so con 
trolling the supply of fluid to the mechanism 
for locking the travelling carrier as to maintain 
the carrier in locked position not only during the 
operation of the tool feeding mechanism but also 
when the machine is at rest at the end of the op 
eration of the tools, thereby enabling the work 
to be properly positioned at the loading station 
both during the operation of the tool and dur 
ing the time the machine is in inoperative posi 
tion. By reason of the present invention, there 
fore, the sectors remain in locked position and 
can not be displaced until the indexing mecha 
nism is about to be actuated. 
The controlling mechanism is contained in a 

control box. 74 having a base 75 which is bolted to 
a circular plate 76 carried upon the upper end 
of a central column 77 which rests upon the ring 
25 and is bolted therethrough to the base of the 
machine. The body of the control box desirably 
is formatu as an integral rectangular casting com 
prised of sides 78 and ends 79 and 80. This rec 
tangular body is bolted to the base 75 of the 
control box and a top 81 is bolted upon the upper 
end of the body. 
A pair of brackets 82, (see Fig. 8), are connected 

to and depend from the under side of the base 
plate 75, and a plate 83 which is pivotally mounted 
upon the shaft extending through the brackets 
82 is adjustably Supported at its outer end upon 
a member 84 which to secured to the base plate 
75 and provided with a Screw threaded portion 
extending through the plate 83 with nuts and 
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83 forms a support to which the base of a motor 
85 is bolted. The shaft of the motor 85 is pro 
vided with a pulley which drives a belt 88, which 
in turn passes over the pulley 87 which is fixedly 
secured to a worm shaft 88, the worm 89 of which 
drives a worm gear 90 upon the stub shaft 91, 
which in turn is provided with a bevel pinion 92 
which drives a bevel gear 93 which is rotatably 
mounted upon a camshaft 94, having cams which 
actuate respectively a master valve for generally 
controlling the circulation of fluid under pres 
sure to the various parts of the machine, a valve 
for controlling the supply of fluid under pres 
sure to the tool feeding mechanism, and a cam 
for controlling the feeding movement of the tool. 
The motor 85 is driven continuously, irrespec 

tive of the intermittent movements of the travel 
ling carrier and of the drill feeding and actuat 
ing mechanism. By mounting the motor upon the 
pivotally supported plate 83 adjustment of the nuts 
upon the other supporting member 84 enables the 
proper tension to be imposed upon the belt to 
insure continuous and efficient driving of the 
cam shaft. 
Any suitable means may be provided for Sup 

porting the various shafts above described. In 
the preferred form of the invention illustrated 
the worm shaft 88 and the worm gear 90 are 
mounted in a stand 95 having laterally extend 
ing separated members 96 which are bolted to the 
base 75 of the control box. The stand also has an 
upward cylindrical extension 97 which receives 
a sleeve 98 having a flange 99 which is secured 
by suitable bolts to the stand 95, and ball bear 
ings 100 which are mounted in the inner end 
of the sleeve support the inner end portion of 
the worm shaft. Another cylindrical sleeve 101 
telescopically fits within the sleeve 98 and con 
tains the ball bearing 102 for the rear portion of 
the worm shaft. An annular plate 103 overlies the 
end of the outer race of the bearing 102 and bolts 
extending through this plate and an enlarged por 
tion of the sleeve 101 into the sleeve 98 Secure 
the same together in assembled relation. 
The worm shaft 88 is provided, adjacent to the 

worm gear, with an enlarged portion 104 pre 
senting a shoulder and a washer 105 is interposed 
between the shoulder and the inner race of the 
ball bearing; a spacing sleeve 106 which is in 
terposed between the inner ball bearing and Outer 
ball bearing is clamped against the sleeve by a 
nut 107 with a washer interposed therebetween. 
The end of the shaft 88 is keyed to the pulley 87. 
The shaft 91 with the worm gear 90 is mount 

ed in suitable bearings in the laterally extending 
members 96 of the stand 95. 
The cam shaft 94 is mounted in Suitable bear 

ings in stands 108 which are bolted to the base 75 
of the control box and so arranged as to main 
tain the bevel gear 93 in mesh with the driving 
pinion 92 upon the worm gear shaft 90. The cam 
shaft 94 has keyed to it a fixed clutch member 109 
adapted to engage one face of the gear 93 and an 
anti-friction thrust bearing 110 is interposed be 
tween it and the end of the bearing in the adja 
cent stand 108. A movable clutch member 111 
is slidably mounted upon a squared portion of the 
cam shaft 94 to engage the opposite face of the 
gear 93, and an anti-friction thrust bearing 112 
is interposed between the hub of the sliding clutch 
member 111 and the head of the pistOn 113 of a 
cylinder 114, which is mounted upon the base 75 
of the control box. 
The piston 113 has a central stem 115 extend 

ing in axial alignment with the shaft 94 and pro 

S 
vided with an enlarged head which is secured in a 
countersink in the head of the piston. The stem 
115 extends through the head of the cylinder and 
is provided at its outer end with an enlargement 
116 which is engaged by an annular sleeve 117, 
which is forced outwardly by spiral springs 118 
seated in Sockets in the sleeve, and in comple 
mentary sockets in the head of the cylinder. The 
springs 118 tend to force the sleeve 117 outwardly 
thereby acting upon the enlarged portion 116 of 
the piston stem to hold the piston normally in 
position to permit disengagement of the sliding 
clutch member 111 from the gear 93. 
A pin or pins 119 seated in the head of the cyl 

inder 114 slidably engage the sockets in the pis 
ton 113 and prevent rotation of the piston within 
the cylinder. A housing 120 which encloses the 
sleeve 117 is bolted to the end of the cylinder and 
is provided with an adjustable stop screw 12. 
in axial alignment with the stem 115 to limit the 
movement of the piston caused by the springs 118. 

Fluid under pressure is introduced into the cyl 
inder through a pipe or conduit to cause the pis 
ton 113 to force clutch members 111 and 109 into 
operative engagement with the gear 93 for the 
purpose of rotating the cam shaft in a manner 
which will hereinafter be more fully described. 
The cam shaft, 94 has secured to it three cams, 

which for convenience in description will be de 
scribed as (1) a master cam 122 for actuating a 
master valve to control generally the fluid pres 
Sure controlling mechanism of the machine; (2) a 
tool feed controlling cam 123; (3) and a rapid 
traverse cam 124 for actuating a rapid traverse 
valve to admit fluid under pressure rapidly to the 
cylinder 65 for the purpose of moving the tool 
quickly into proximity to the work. 
The master valve, the rapid traverse valve, the 

respective valve casings therefor, and the conduits 
leading to the valves are illustrated more par 
ticularly in detail in Figs, 11 and 14. 
As particularly shown in Figs. 11 and 14, a 

portion 125 of the base 75 of the control box is 
thickened and bored to provide conduits leading 
to the respective valves. The valve mechanism 
for the rapid traverse cam, (see Figs. 10 and 11), 
comprises a casing 126 having a flange which 
rests upon and is bolted to the base 75 of the 
control bow. The valve casing has a cylinder 
portion 127 provided with an extension which 
projects through an aperture in the base 75. A 
cylindrical rapid traverse valve 128 is mounted 
in the cylinder 127 and is provided intermediate 
of its length with an annular port 129 which 
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communicates with an inlet port 130 of a con- 130 
duit 131 in the valve casing and in the thickened 
portion 125 of the base, (as illustrated in dotted 
lines in Fig. 11), which in turn communicates 
with a pipe 132 through which fluid under con 
stant pressure is supplied from a Suitable Source, 
The conduit 131 has a branch which leads down 
wardly, thence laterally into an L-shaped bracket 
134 comprising a flange which is secured to the 
lower face of the thickened portion i25 of the 
base and an upwardly extending cylindrical por 
tion in axial alignment with the cylinder 127. 
A piston 135 which is reciprocably mounted in 
the bracket 134 engages the lower end of the 
rapid traverse valve 128 and the fluid pressure 
which is introduced from the supply pipe through 
the conduit branch 133 serves normally to raise 
the valve upwardly to inoperative position. 
The annular port of the valve 128, when in 

depressed position as illustrated in Fig.11, COm 
municates with a conduit 136 in the valve casing 
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and in the thickened portion of the base, which in 
turn communicates with a pipe 133 leading to a 
supplemental valve which controls the Supply 
of, fluid under pressure to the mechanism for 
feeding the tool carrier or slide, as will herein 
after more fully appear. 
A lever 137, which is fulcrumed in brackets 

extending upwardly from and integral with the 
valve casing 126, is provided at One end with a 
roller 138 which engages the upper end of the 
valve 128. The opposite end of the lever 137 is 
provided with a roller 139 forming a cam fol 
lower which engages the rapid traverse Cam 124, 
(see Fig. 11). The rapid traverse cam is of 
circular form provided with a cut-away portion, 
which when the cam follower 139 enters the same 
permits the valve to be raised to inoperative 
position. When the cam is in raised position the 
annular port 129 of the rapid traverse valve 
establishes communication between the port 136 
and an exhaust port 140 in the valve casing 126, 
S0 that when the valve is in raised position fluid 
pressure is released from the pipe 133 which 
leads to the Supplemental valve. 
A bearing bracket or stand 14 which is mounted 

at one end upon the casing 126 of the rapid 
traverse valve, and a similar bracket which is 
mounted upon the casing for the master valve, 
provides a bearing 142 for a rock shaft 143 having 
an arm. Or lever 144 which engages the feed 
controlling cam 123 for the tool feeding mecha 
nism. The rock shaft 143 has secured to its 
end a downwardly extending arm 145 which is 
pivotally connected by a link 146 to the arm 147 
of another rock shaft 148 which is journaled in 
brackets 149 mounted upon the circular upper 
end 76 of the central column 77, (see Fig. 2). 
The rock shaft 148 has a downwardly extending 
arm 150 which is pivotally connected to a link 
151, the Opposite end of which is connected to 
a downwardly extending arm 152 of a rock shaft 
153 which is pivotally mounted in the upper end 
of a bracket 154 which extends upwardly from a 
Supplemental valve casing 155. 
The Supplemental valve casing 155 has a ver 

tical base 156 which is secured to a flat vertical 
face of the upper plate 31 which is carried by 
the vertical columns 28 and 30, (see Figs. 2 
and 17). 
The Supplemental valve mechanism comprises 

a cylinder 157 in which a supplemental valve 158 
is reciprocably mounted, and also an auxiliary 
cylinder 159 in which an auxiliary valve 160 is 
reciprocably mounted. The pipe 133 leading from 
the rapid traverse valve communicates with the 
auxiliary cylinder 159. The auxiliary cylinder 
159 and the cylinder 157 have a common wall pro 
vided with ports 161 and 162 adapted both to 
communicate with an annular port 163 in the 
Supplemental valve, 158 when it is in depressed 
position as illustrated in Fig. 16. The auxiliary 
valve casing is provided with an exhaust port 
164, approximately diametrically opposite to the 
port 162, from which an exhaust pipe 165 leads 
to the base of the machine. The supplemental 
valve casing 155 is also provided with a port 
which, when the valve is in position illustrated 
in Fig. 16, communicates with a pipe 166 which 
leads to the port or conduit 68, in the plate 31 
through which fluid under pressure is supplied to 
the cylinder 65 of the fluid pressure tool feed 
actuating mechanism. 
The supplemental valve casing is also provided 

at a lower point with an exhaust port which 
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communicates with an exhaust pipe 16 leading 
to the base of the machine, 
The supply of fluid under pressure to the fluid 

pressure actuated tool feeding mechanism is 
controlled by the conjoint movement of the tool 
feeding mechanism as the tool advances into the 
work, and by the action of the feed controlling 
can 123 by the following mechanism; one of the 
brackets 50 of the tool carrier or slide is pro 
vided with an extension having mounted upon 
the end thereof a vertical post 168, (see Figs. 4 
and 16). A lever 169, which is pivotally mounted 
upon the upper end of the post, extends across 
the vertical axis of the supplemental valve 158, 
and the opposite end of the lever 169 is pivotally 
connected to a link 170, the lower end of which 
is connected to the arm 171 of the rock shaft 153. 
The lever 169 has secured to it, intermediate 

of its length, a block 172 which is pivotally con 
nected to an eye bolt 173 which is connected by 
a turn buckle 174 to an eye bolt 175 which is 
pivotally connected to a yoke extending upwardly 
from and integral with the supplemental feed 
control valve 158. 
The cam 123 for controlling the rate of feed 

of the tool desirably is a harmonic cam adapted 
to produce a uniform motion-but may be of 
any suitable character adapted to produce the 
proper feeding operation of the tool. The can 
123 is so mounted upon the cam shaft 94 that 
its low portion is coincident with the low por 
tions of the master can 122 and the rapid trav 
erse can 124. 

In the operation of the device rotation of the 
Cam Shaft 94 in a clockwise direction serves to 
raise the cam follower 139 quickly and thereby 
raise the rapid traverse valve sufficiently to place 
the port 129 of the rapid traverse valve in com 
munication with the port 130 through which 
fluid under constant pressure is supplied through 
the pipe 132 and the conduits 136 and 133 to the 
cylinder 159 of the auxiliary valve, (see Fig. 16). 
The fluid pressure which is thus supplied to the 
cylinder 159 forces the auxiliary valve 160 down 
wardly so that the fluid under pressure flows 
through the port 161 in the valve casing and 
through the annular port 163 in the rapid trav 
erse valve to the pipe 166 which conducts the 
fluid under pressure to the port 68 leading to the 
cylinder 65 of the tool actuating mechanism. 
The building up of fluid pressure in the cylinder 
65 forces the piston 66 downwardly and through 
the piston rod 67, forces the tool carrier or slide 
downwardly until the tool is nearly engaged by 
the work. 
Upon further rotation of the camshaft 94, the 

cam follower on the tool feed controlling lever 
144 rides up upon the cam 123 thereby rocking 
the rock shaft 143 in a clockwise direction thus 
forcing the link 146 laterally to the left, (see Fig. 
11). This movement of the link 146 moves the 
arm 147 of the rock shaft 148 to the left thereby 
moving the downwardly extending arm 150 of 
the rock shaft to the right (see Figs. 11 and 16), 
thus acting through the link 151 and arm 152 
to rotate the rock shaft 153 in a counter-clock 
wise direction thereby raising the arm 171 and 
link 170, and through the lever 169 raising the 
valve 158 and opening the port 161. Inasmuch 
as the rapid traverse valve has previously been 
depressed by the rotation of the rapid traverse 
cam, fluid under pressure then passes through 
the port 161 in the valve casing, the annular port 
163 of the valve, and through the pipe 166 and 
the port 68, to the cylinder 65, thereby forcing : 
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the piston 66 downwardly to produce the rapid 
traverse of the tool carrier or slide to move the 
tool into proximity to the work. 
As the post 168 is mounted up the tool carrier 

the end of the lever 169 which is pivotally con 
nected to the post descends with the tool carrier 
and as the follower of the feed controlling lever 
144 at this time rests upon the low portion of 
the feed controlling cam 123 only a slight up 
ward movement is imparted to the link 170 
through the mechanism above described, so that 
the lever 169 is in effect swung about the pivotal 
connection between the link 170 and the lever 
169. This movement of the lever, which is caused 
by the movement of the tool carrier, forces the 
supplemental valve 158 downwardly thereby 
gradually cutting off the flow of fluid under pres 
sure through the port 161 to the cylinder of the 
pressure actuated feeding mechanism, thus slow 
ing up the movement of the tool as it approaches 
the Work. 
As the feed controlling cam 123 continues its 

rotation it raises the feed controlling lever 144 
thereby acting through the connecting mecha 
nism to raise the link 170 so that the lever 169 
is thereupon swung about the pivotal connection 
between the lever 169 and the post 168, thus rais 
ing the supplemental control valve 158 and al 
lowing the flow of fluid under pressure through 
the port 161 to the cylinder of the tool feeding 
mechanism to be restored. As the tool continues 
its downward movement the valve is continuously 
adjusted by the conjoint movements of the tool 
and the action of the tool feeding can 123, or 
in other words by the differential of the move 
ments produced by the advancing of the tool 
and the action of the feed controlling cam. In 
view of the fact that the advancing movement 
of the tool is correlated to the resistance of the 
work to the tool a proper feeding of the tool is 
at all times insured. 
By reason of the adjustment afforded by the 

turn buckle connection 174 between the lever 169 
and the supplemental controlling valve 158 the 
force of fluid pressure applied to the tool by the 
conjoint movements of the tool feeding mecha 
nism and the mechanism which is actuated by 
the tool feed controlling cam can be varied to 
suit the character of the work which is being 
operated upon. 
The downward movement of any tool into the 

work may be arrested by the stops 69 when the 
tool has reached its predetermined depth with 
out stoppage of the feeding movement of any 
other tool of the Series. Furthermore, when any 
tool is arrested by its stops the continued rota 
tion of the cam 123 will raise the Supplemental 
valve 158 and cut off the Supply of fluid to the 
cylinder 65 of the tool carrier actuating mecha 
nism for that particular tool. 
In certain instances it may be desirable to in 

part to the tool an irregular feeding movement 
such, for example, as where the work is provided 
with a core hole or o'her recesses through which 
the tool passes. Suitable mechanism for produc 
ing desirable feed may be provided by substituting 
for the tool controlling cam 123 a cam having 
a proper contour to effect this purpose. 

In Fig. 18 such a modified form is illustrated. 
In this cons'ruction the rock shaft 148 has Secured 
to it a cam 175 with a profiled face 176 suitable 
to produce the desired movement. A lever 177 
which is pivotaly mounted on the bracket 154 
(see Fig. 18), has its free end resting upon the 
face of the cam. The lever 177 has pivotally con 

7 
neced to it an upwardly extending link 179 which 
desirably is forked at its top end and pivotally 
connected to the lever 169. The operation of 
this construction is the same as that previously 
described except that while the end of the lever 
177 is acted on by the profiled portion of the 
cam, fluid under pressure will be so controlled 
as to feed the tool downwardly at the proper 
sp3ed for drilling or boring until the lever reaches 
the steeper par, of the cam which accelerates the 
feed of the tool through the core-hole or other 
recess. When the lever is again actuated by the 
more gradually curved portion of the cam, fluid 
under pressure will be so controlled as to finish 
the boring at he initial boring Speed. 
In the preferred construction a plurality of 

tools are employed and the feeding of all of the 
tools is governed by the action of a single feed 
controlling cam. Suitable conduits are provided 
for the passage of fluid under pressure from the 
rapid raverse valve, when the latter is in open 
position, to Supplemental feed controlling valves 
for each of the drilling or boring tools. These 
valves preferably are of identical construction, 
and each is mounted upon the plate carried by 
the upper end of the columns forming guides 
for the respective tools. In the particular con 
struction illustrated the pipe 133 which leads from 
the rapid traverse valve is provided with a plu 
rality of branches 180 and 181 leading respec 
tively to the chambers 159 of the auxiliary valve 
which forms a part of the supplemental tool 
regulating valve mechanism for each tool feed. 
The rockshaft 148 through which movement is 
transmitted by the link 151 to the mechanism for 
operating one of the supplemental valves is pro 
vided upon its end with a bevel pinion 182 which . 
engages a complemenary pinion 183 upon a rock 
shaft 184 mounted upon suitable stands on the 
plate 76 at the upper end of the central column, 
(see Fig. 2). The rock shaft 184 is provided with 
a downwardly extending arm 185 which actuates 
the link 186 corresponding to link 151 which op 
era es in a like manner to control the movement 
of the lever 169 which actuates the supplemental 
feed controlling valve. 
rock shafts may be provided and properly ar 
ranged simultaneously to control the feeding 
movement of as many tools as may be mounted 
at the various tool stations, for it will readily be 
understood that whereas the construction illus 
trated in the present drawings shows Only three 
tool stations a greater or less number may be emi 
ployed within the scope of the present inven 
tion. 

It is desirable to provide in the operation of 
multi-spindle drilling machines means for tap 
ping screw threads in the walls of the bores of 
certain kinds of work, and the present invention 
also includes a provision of tapping means in 
which the tool is advanced to the work by a rapid 
traverse motion of the character above described, 
and thereafter fed to the work at a Suitable speed 
to produce the required screw threads. 

The tapping mechanism 
The preferred construction as illustrated in Fig. 

19 and Fig. 20 comprises vertical columns mount 
ed upon blocks 26 carried by cross girders 23 as 
in the construction previously described. These 
columns, however, have lower cylindrical por 
tions 187, and upper cylindrical portions 188 of 
greater diameter, in axial alignment therewith. 
The lower ends-of the enlarged portions are screw 
threaded and provided with nu's i89 adjustably 

Any Suitable number of 
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to support stops 190 for the tool carrier. The 
tool carrier desirably is of box-like construction 
comprising end plates 191 and side plates 192 
secured to a lower head,193 and an intermediate 
transverse partilion or head 194. The tool car 
rier or slide is provided at its lower end with 
laterally extending bosses or brackets 195 which 
slidably fit upon the cylindrical sections 188 of 
the columns. Similar guiding bosses or brackets 
196 are secured to the upper ends of the tool car 
rier and also slidably fit the columns 188. A 
heavy plate 197 is supported by the upper ends 
of the columns as in the constructions previously 
described. 
Upwardly extending posts 198 which are secured 

to the upper ends of the end plates 191 support 
a plate 199 which forms a base for an electric 
motor 200 for driving the tapping tool. Rods 201 
having their lower ends screwed into the brackets 
196 upon the tool carrier are slidably mounted 
in the plate 197 and are provided at their upper 
end with collars 202 adjustably secured by nuts 
against the upper ends of spiral springs 203, which 
are in'erposed between the collars 202 and the 
upper face of the plate 197. The springs 203 act 
as heretofore described normally to raise the tool 
carrier to its uppermost position. 

Fluid pressure operated mechanism of the 
character heretofore described is provided for 
forcing the tool carrier downward and comprises 
a cylinder 204 having a piston 20 reciprocably 
mounted therein with a piston rod 206 having 
rounded ends engaging complementary Sockets 
in the piston and in the partition or head 194 of 
the tool carrier. Fluid under pressure is intro 
duced into the cylinder 204 through a port 207 
from the pipe 181, which is a branch of the pipe 
133, through which the passage of fluid under 
pressure is controlled by the rapid traverse valve. 
By reason of this construction the opening of 
the rapid traverse valve upon the initiation of 
the tool feeding movement will build up pressure 
in the cylinder 204 to force the tool carrier down 
wardly until the lower bosses 195 upon the tool 
carrier are arrested by the stops 190 with the 
tool in engagement with the work or in proximity 
thereto, according to the setting stops 190. 
The mechanism for supporting and actuating 

the tap comprises a vertical shaft 208, which is 
mounted in suitable anti-friction bearings in 
the lower head 193 of the tool carrier, and has 
secured to its upper end a bevel gear 209 which 
is driven by a bevel pinion 210 upon a trans 
verse shaft 211 mounted in Suitable bearings 212 
in one of the side plates 192. The shaft 211 has 
secured to its end a belt pulley 213, and a brake 
drum 214 is desirably formed integral with the 
pulley 213. The pulley 213 is driven by a belt 
215 from a belt pulley 216 upon the shaft of the 
motor 200. The vertical shaft 208 is provided 
with a lower screw threaded portion 21 which is 
engaged by a nut 218 which is fixedly secured to 
the head 219 of a tap slide which preferably is 
of rectangular box-like construction having ends 
220 and sides 221. Laterally extending upper 
and lower brackets 222 and 223 secured to the 
ends 220 of the tap slide and slidably mounted 
upon the lower sections 187 of the vertical col 
umns constitute the bearings for the tap slide. 
A vertical tool shaft 224 is mounted in suitable 

bushings in the upper head 219 and lower head 
225 has at its lower head a chuck 226 in which 
the tap 227 is secured in any suitable manner. 
The tool shaft 224 is provided at its upper end 
with a relatively long pinion 228 which engages 
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and is driven by a pinion 229 upon the lower end 
of the screw shaft 208. 

In the operation of the device, therefore, when 
the tool slide or carrier has been forced down 
wardly into engagement with the stops 190 and 
the electric motor 200 has been started, in the 
manner hereinafter described, the gear 209 will 
be driven in a direction to cause the screw 21 to 
force the nut 218, and consequently the tap slide, 
downwardly thereby feeding the tapinto the work. 
At the same time the rotation of the shaft 208 
acts through engagement of the pinion 229 to 
drive the pinion 228 upon the tool shaft 224, and 
therefore rotate the tap in synchronism with 
the feed of the tap into the work, thereby properly 
cutting Screw threads in the work. The pinion 
228 is of Sufficient length to permit proper end 
gagement with the pinion 229 as the tap slide 
moves downwardly away from the tool slide. 
Pinions 228 and 229 are detachably secured to 
their respective shafts to permit the use or ex 
change of pinions properly to coordinate the 
pitch of the cutting members of the tap to the 
pitch of the screw on the screw shaft. 
The motor 200 for driving the tap preferably 100 

is a reversible electric motor and is supplied with 
an electric current from a suitable Source, Such 
as a generator 230, through a reversing Switch 
contained in casing 231 which is mounted upon 
the plate 197, with suitable controlling mecha- 105 
nism operated by the movements of the tool slide 
and of the tap slide relatively thereto first to 
feed the tap in a direction to cut the screw thread 
and then to reverse the direction of the rotation 
of the tap to withdraw it from the work, (see 110 
Figs. 20, 22, and 23). 
The electric current for driving the tool in 

positive or cutting direction comprises a conduc 
tor 232, which leads from the generator 230 to 
a binding post 233 of a switch member 234 which 115 
is mounted on the under face of a relatively wide 
insulating block, of material such as bakelite, 
which is supported upon an insulating plate 235 
mounted upon the base of the control boxA231. 
A complementary terminal 236 is mounted upon 120 
the top of the insulating block and is insulated 
from the terminal 233 by a collar 237 of insulat 
ing material. The terminal 236 is electrically 
connected to a binding post 238 and a conductor 
239 extends from the binding post 238 to the 125 
electric motor 200. A return conductor 240 leads 
from the motor 200 to the generator 230. 
The circuit for reversing the motor to raise the 

tap comprises a conductor 241 which leads from 
the conductor 232 to a binding post 242 which is ; 
mounted upon an insulating plate 243 which is 
supported upon an insulating block 244 Secured 
to the base of the control box 231. The binding 
post 242 is electrically connected to a terminal 
245 and a complementary terminal 246 mounted 
upon the top of a plate 243 is electrically con 
nected to a binding post 247 from which a con 
ductor 248 leads to the motor. 
The return circuit from the motor comprises 

a conductor 249 which leads to a terminal 250 - - - 
which is mounted in an insulating block in the 
end of a switch arm 251 which is pivotally mount 
ed upon an arm of a bracket 252 which is car 
ried by one of the bearing members 222 of the 
tap slide. A terminal 253 complementary to the 
terminal 250 is mounted upon another arm of the 
bracket 252 and is connected to a return Con 
ductor 254 which leads to the return circuit 240 
and thence to the generator 230. i.33 

80 

35 

90 

95 



0. 

5 

20 

25 

30 

35 

1,988,107 
Suitable mechanism for operating the switches 

above described is provided to complete the tool 
actuating circuit and thereby advances the tap 
into the work with means automatically operable 
when the tap has completed its progress through 
the work to actuate the switch in such manner 
as to reverse the motor and withdraw the tap 
from the work. 
The mechanism for establishing the respec 

tive circuits to the motor alternatively through 
the terminals 234 and 236, and through the ter 
minals 245 and 246, comprises a metallic ring 255 
mounted upon and insulated from a stud 256 ex 
tending upwardly from a block 257 which is 
pivotally mounted upon a shaft or stud 258 ex 
tending from the bottom of the control box. 
The block 257 is provided with a recess to receive 
a plunger 259, which is slidably mounted in a 
block 260 secured to the base of the Control box. 
The plunger 259 is normally held in extended 
position by a heavy spiral spring 261 which Sur 
rounds the stem of the plunger and the move 
ment of the plunger is limited by a collar 262 
which is secured upon the end of the plunger 
outside of the block by a suitable nut. 
The block 257 is also provided with another 

recess upon the opposite side of its pivotal axis 
which is engaged by a plunger 263 having a hol 
low body portion in which is seated a relatively 
lighter spring 264 than the spring 261, and 
which abuts against a Screw threaded plug 265. 
A conduit 266 communicates with the chamber 
in which the plunger 263 is mounted and com 
municates at its opposite end with a transverse 
conduit 26. Which in turn communicates with 
the pipe 268, which in turn communcates with 
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the branch 181 of the pipe 133 through which 
fluid under pressure is delivered from and Con 
trolled by the rapid traverse valve. 
The pipe 268 also communicates with a con 

duit 269 in a block 270 which is also mounted 
upon the base of the control box. The conduit 
269 leads to a cylinder 271 having a piston 272 
which is mounted in the cylinder 271 and is con 
nected by a link 273 to a Switch actuating lever 
274, the upper end of which engages the block 
257 and the lower end of which is pivotally 
mounted upon a stud 275 in the end of an arm 
276 on a rock Shaft 277 which is mounted in the 
base of the control box and extends therethrough 
and has secured to its opposite end another arm 
278 which has pivotally connected to it a rod 279 
which passes through an eye in the end of an up 
wardly extending arm 280 of the bracket 252 
which is carried by the tap slide. 
The switch actuating lever 274 is pivotally 

connected intermediate of its length to a link 
281, the opposite end of which is pivotally con 
nected to an eye-bolt 282 extending axially 
through a cylindrical chamber 283 in the stand 
270 and has Secured at its outer end a collar 284 
between which and the base of the chamber a 
heavy spring 285 is interposed. 

It is obvious that when the Switch block 257 is 
Swung to the position illustrated in Fig. 22 the 
electric circuit will be completed by the metallic 
ring 255 through the terminals 234 and 236, and 
the conductors leading to the motor 200 will 
drive the motor in a proper direction to feed the 
tap downwardly to cut a screw thread into the 
work, and that when the switch block 257 is 
Swung in the opposite direction to engage the 
terminals 245 and 246 a reversing circuit will be 
established, provided the switch members 250 

9 
and 253 are then in engagement, to complete the 
circuit. 

The tap feeding and drilling operation 
When, in the Operation of the machine, the 

rapid traverse valve is Open, as illustrated in Fig. 
11, fluid under pressure flowing through the pipes 
133, 181 and 268 will establish pressure in the 
cylinder 271 (see Fig. 22), of the Switch actuat 
ing mechanism, thereby forcing the Switch ac 
tuating lever 274 to the right, thus throwing the 
Switch block 257 to the left and placing the ring 
255 into engagement With the terminals 234 and 
236, thereby establishing a circuit to the motor 
which will drive the tap in the proper direction 
to move it downwardly to cause it to cut the screw 
threads. At the same time fiuid under pressure 
from the pipe 181 flows through the port 207 in 
the cylinder 204 of the tool feeding mechanism, 
thereby rapidly forcing the tool slide downward 
ly until it is arrested by the stops 190 upon the 
columns 188. After the tool has been arrested 
further feeding movement of the tap slide and 
tap will be produced by the rotation of the screw 
shaft 208 to feed the tap properly during the cut 
ting of the Screw thread. 

The tap reversing and stopping mechanisms 
The tap reversing mechanism comprises means 

Operable by the movement of the tap slide rela 
tively to the tool slide for closing the circuit 
through the terminals 250 and 253, and for mov 
ing the ring 255 from its engagement with the 
terminals 234 and 236 into engagement With the 
terminals 245 and 246 to complete the circuit to 
reverse the motor 200. The mechanism for ac 
complishing this purpose comprises a brake 287, 
(see Figs. 20 and 21), which is pivotally mounted 
upon a sleeve 288 which is slidably mounted upon 
a rod 289 pivoted at its lower end upon a bracket 
290 mounted upon the side of the tap slide. The 
brake 287 engages the drum 214 which, as above 
stated, is integral with the pulley 213 upon the 
pinion shaft for driving the tap and is driven by 
the belt 215 from the motor 200. 
The sleeve 288 is provided with a slot 291 

through which a pin connected to the rod 289 
extends and which serves to limit the longitudinal 
movement of the sleeve. The sleeve 288 is nor 
mally forced outwardly in the direction to apply 
the brake by a spring 292 which is interposed 
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between the base of the sleeve and the head 
of the rod 289, which is pivoted to the bracket 
290. A rod 293 which is pivotally connected to 
the sleeve 288 passes through a suitable bush 
ing 294 in the bracket 252 and is provided with 
an enlarged end 295 which engages the central 
portion of the Switch arm 25i and a light spring 
296 which is interposed between the head 295 
and the bushing 294, and tends normally to hold 
the switch open and the brake in the position 
illustrated in Fig. 20. A heavy spring 297 which 
is interposed between the head of a rod 298 seat 
ed in the bracket 252 and the opposite side of 
the Switch arm near its end, tends to Swing the 
arm in the direction to cause the terminals 250 
and 253 to engage. When the tap feeding of the 
tap slide is in uppermost position the brake 287 
is held forcibly against the brake drum 214 by 
the spring 292. When, however, the downward 
movement of the tap slide is initiated, at the end 
of the rapid traversing movement of the tool 
slide, by the action of the motor 200, the brake 
287 will be withdrawn from engagement with the 
brake drum 214 and the rotation of the brake 
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drum shaft will simultaneously tend to Swing the 
brake and brake arm to the left (see Figs. 20 and 
21), in such a manner as to draw the rod 293 to 
the left and thereby compress the spring 296 and 
permit the heavier spring 297 to force the termi 
nals 250 and 253 into engagement, thus closing the 
switch at this point. However, the reversing cir 
cuit remains open during the tapping operation 
by reason of the fact that the contact ring 255 
is held in engagement with the terminals 233 
and 236 by the hydraulic switch actuating mech 
anism. 
As the tool slide descends the arm 280 of the 

bracket which is secured to it descends with it 
until the eye thereof engages an adjustable stop 
nut 300 which is adjustably mounted upon the 
end of the rod 279 which is pivotally connected 
to the arm 278 upon the rock shaft 277 the other 
arm 276 of which is pivotally connected to the 
lower end of the Switch actuating lever 274. As 
a consequence, further downward movement of 
the eye of the bracket 252 swings the arm 278 
downwardly, thereby acting through the arm 
276 of the rock shaft to pull the Switch actuat 
ing lever 274 downwardly out of engagement with 
the lower end of the switch block 257. There 
upon fluid under pressure in the chamber back 
of the plunger 263 will swing the switch block 
257 (see Fig. 22), to the right removing the ring 
255 from its engagement with the terminals 233 
and 236 and forcing the ring 255 into engage 
ment with the terminals 245 and 246, thereby 
completing the reversing circuit. 
When the reversing circuit is thus completed 

the motor will be rotated in the opposite direc 
tion, thereby causing the belt 215 to drive the 
pulley 213 in the opposite direction and through 
the intermediate mechanism to rotate the tap 
actuating shaft 208 in a direction to withdraw 
the tap from the work and also to raise the tap 
slide. Such movement will continue until the 
brake 287 engages the brake drum 214, there 
upon the frictional contact of the brake with 
the brake drun will force the rod 293 to the 
right (see Figs. 20 and 21), thereby overcoming 
the pressure of the spring 297 upon the switch 
arm 251 and Separating the contact members 
250 and 253, thus breaking the reversing circuit 
to the motor. So long as the brake engages the 
brake drum the switch will be retained in open position. 
When fluid pressure in the cylinder 204 is re 

leased by the closing of the rapid traverse valve, 
and the establishment of communication of the 
pipe 133 with the exhaust of said valve, fluid 
pressure will be released through the pipes 180, 
18 and 268 from the chamber back of the plung 
er 263, and also from the cylinder 271 which 
contains the Switch engaging member 274. The 
heavier spring 261 of the plunger 259 will then 
swing the switch block 257 into neutral position, 
the movement of the plunger 259 being limited 
by its stop collar 262. At this time also the 
lighter spring 264 which acts upon the opposite 
side of its axis will serve to hold the switch block 
257 in substantially neutral position. Upon such 
release of fluid pressure from the cylinder 271 
the spring 285 will act through the link 281 to 
force the plunger 272 into the cylinder 271, to 
Swing the switch actuating lever to the left (see 
Fig. 22), and raise it and the arm 276 of the 
rock shaft 277, thereby raising the rock shaft 
arm 278 and rod 279 to the normal position 
shown in Fig. 20. 
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It will be understood from the foregoing de 

scription that the operation of all of the tool 
slides is primarily controlled by the action of 
the rapid traverse valve; that the operation of 
the drill, boring or other tool is controlled by 
the action of the feed controlling cam in con 
junction with the movement of the tool slide and 
their respective supplemental controlling valves; 
and that the operation of the tapping tool is 
controlled by the switch mechanism above de 
Scribed. 

The carrier indecing and locking mechanisms 
The carrier indexing and locking mechanisms 

for presenting the work properly and accurately 
at Successive tool stations may be and desirably 
are substantially the same as those disclosed in 
my prior application Ser. No. 504,798, aforesaid; 
and detailed description and illustration of cer 
tain of the mechanisms which are substantially 
identical with those disclosed in that application 
need not be made herein. Such changes in the 
indexing mechanism and the fluid operated con 
trol therefor as have been made for the purpose 
of properly coordinating the same with the new 
controlling mechanism which forms a part of the 
present invention are, however, illustrated in 
detail, and are also diagrammatically shown in 
assembled position in Fig. 1 of the drawings; the 
Several units being identified by the same letters 
which identified like units in the prior applica 
tion. 

In the present invention fluid under constant 
pressure is employed to supply power to substan 
tially all the mechanism except to the mechanism 
for rotating the several tools, each of which is 
driven by a separate motor as hereinbefore de 
Scribed. As a Consequence the constant pressure 
Supply may, for convenience in description, be 
divided into three systems: (1) for operating . 
indexing mechanism; (2) for locking the travel 
ling carrier and work supports; and, (3) for 
actuating the tool feeding mechanism. Fluid 
pressure actuated controlling mechanisms are 
employed in the present invention for determin 
ing the sequence of Operation of these constant 
fluid pressure supply systems and such fluid 
pressure actuated controlling mechanisms are in 
turn controlled mainly by the master valve, the 
rapid traverse valve, and other accessories in 
the main control box, together with an electric 
Safety circuit having a manually Operable Switch 
which may be designated as a starting Switch. 
The base 1 of the machine, as heretofore pointed 

out, is hollow and provides a reservoir for a suit 
able fluid such as oil, from which it is drawn 
through a screen 302 and pipe 303 by a pump 304 
which is driven by, preferably, an electric motor 
305. The fluid is forced by the pump through 
the pipe 306 leading to a compression chamber 307 
of sufficient capacity to maintain the fluid at a 
substantially uniform pressure. When the va 
rious mechanisms are in the positions illustrated, 
fluid under pressure is supplied to the system 
for locking the travelling carrier and the work 
supports through the pipe 308 which leads from 
the fluid pressure chamber, or, preferably, the 
pipe 306, to the main admission valve, unit 'E', 
thence through the chamber of the admission 
valve and the pipe 309 to the distributor, unit 
'F', and from the distributor through pipes 310 
to the several positioning and locking means 4 
for locking the work supports, and also the travel 
ling carrier, at each of the tool stations. The 
Construction of the main admission valve, unit 
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'E', and of the distributor, unit 'F', desirably 
are identical with th9se disclosed in my prior 
applications, Ser. No. 441,387, and Ser. No. 504,798, 
and need not be specifically described. 

5 Fluid under pressure is also delivered from the 
pipe 308 through the chamber of the main ad 
mission valve, unit "E" when the valve is in open 
position illustrated in Fig. 1, through the pipe 
311 to the main pressure cut-off valve, unit 'D', 

10 (see Figs, 24 and 25), and passes through the 
chamber 312 of said valve and the pipe 313 to 
the valve actuating chamber 314 of the main 
admission valve, thus holding the valve in open 
position illustrated. Fluid under pressure also 

15 passes through a branch pipe 315 leading from 
-the pipe 313 to the valve which controls the dis 
tributor, as more fully described in my prior 
applications, particularly Ser. No. 441,387. 
At this time the feeler rod 316 is engaged in 

its socket in the travelling carrier. In the present 
construction, as in that described in my prior 
application Ser. No. 441,387, the lower end of the 
feeler rod 316 is connected to a swinging arm 
317 which is pivotally mounted on a bracket (not 
shown), depending from the under face of the 
table; the end of the arm 317 being pivotally con 
nected by a link 318 to the arm 39 of a bell 
crank lever forming part of the unit 'D', (as 
illustrated in Figs. 24 and 25), which is pivotally 
mounted upon a bracket 320 carried by a stand 321 
mounted upon the base of the machine. The bell 
cranklever is also provided with an arm 322 which 
is connected by link 323 to the valve 324 of unit 
“D’. The bell crank lever is also provided with 
another arm 325 having a forked end which is 
pivotally connected to a bar 326 having a cylin 
drical portion 327 mounted in the bracket 320 
and provided with a screw threaded end to which 
a collar 328 is adjustably mounted, a spiral 
spring 329 being interposed between the collar 
328 and a stop secured to the bracket 320. 
When the table is in locked position the spring 

329 serves to hold the feeler in engagement With 
its Socket in the table and also to maintain the 
valve 324 of unit “D' in the position illustrated. 
By reason of the mechanisms above described the 
work support and travelling carrier are locked in 
properly indexed position, and in the present con 
struction the controlling mechanism, hereinafter 
described, is such as to maintain the travelling 
carrier and work Support thus locked not Only 
during the operation of the tool feeding mecha 
nism, but also during the time the machine is at 
rest; whereas in previous constructions the con 

55 trolling mechanism unlocks the Work Supports 
and the travelling carrier immediately when the 
tools are removed from the work, so that the 
work supports are movable upon and relatively 
to the travelling carrier during the stoppage of 
the machine. 
The release of the locking mechanism for the 

travelling carrier and work Supports to permit the 
indexing of the table is accomplished in the pres 
ent invention in a manner similar to that dis 
closed in my prior applications Ser. No. 441,387, 
and Ser. No. 504,798; that is, by the introduction 
of fluid under pressure through a pipe 330 into 
the cylinder 331 of the table feeler release, unit 
'C', which actuates a piston 332 which has a 
yoke 333 pivotally connected to the bar 326 which, 
as above described, is connected to the arm 325 
of the bell crank lever Which actuates the feeler. 
When, therefore, fluid under pressure is intro 

duced through the pipe 330 into the chamber 331, 
75 piston 332 will be forced to the left (see Fig. 24), 

20 

25 

30 

40 

45 

5 

60 

1. 
thereby drawing the bar 326 to the left. Thus the 
bar 326 and arm 325 of the bell crank lever are 
moved to the left, thereby depressing the arm 319 
of the bell crank lever, and acting through the 
lever to withdraw the feeler from its engagement 80 
With the travelling carrier. 
At the same time this movement of the bell 

crank lever will cause the valve 324 to cut of the 
Supply of fluid under pressure through the pipe 
311 to the valve port 312 and will establish com- 85 
munication between the valve port 312 and an 
exhaust port 334. Upon establishing communi 
cation between the pipe 313 and the exhaust port 
334 fluid under pressure will be released from the 
valve of the distributor 'F', thereby permitting 
Said valve to open and fluid under pressure to 
escape from the pipes 310, which lead to the work 
Support and carrier locking devices 4, through the 
exhaust ports in the distributor 'F'. 
At the same time the release of fluid under 

pressure from the pipe 313 releases the pressure 
in the valve actuating chamber 314 of unit 'E', 
thereby permitting its valve to move to the right, 
thereby cutting off the supply of fluid under pres 
sure through the pipe 309 to the distributor, unit 130 
'F', as fully described in my prior application 
Ser. No. 441,387. Y 
The means for Supplying fluid under pressure 

to the pipe 330 for withdrawing the feeler and 
thus releasing the work support and carrier lock- 105 
ing mechanism, however, differs in detail in the 
present construction from that disclosed in my 
prior application, as will more fully appear. 
The System for supplying fluid under constant 

pressure to the indexing mechanism for the 11) 
travelling carrier comprises a pipe 335 which 
leads from the pipe 308 to the control for fluid 
Operated motor, unit "L'. The operation of the 
control for the fluid operated motors for indexing 
the travelling carrier, unit “L', in the present 15 
construction, is similar to that disclosed in my 
prior applications Ser. No. 441,387, and Ser. No. 
504,798, but differs somewhat in construction. 
The present construction which is illustrated 

in Figs. 27, 28 and 29, comprises a rectangular 120 
block or casing 336 having a longitudinally ex 
tending cylindrical chamber 337. A valve 338 
which is reciprocably mounted therein is provided 
with a central annular port 339 adapted to com 
municate alternatively with a series of inlet ports c5 
340, and a series of outlet ports 341 in the casing 
336. A pipe 335 for supplying fluid under con 
stant pressure is screw threaded into a cover 342 
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for the ports, which is provided with a transverse 
recess 343 forming a header communicating with 
the ports 340. The header 343 also communi 
cates with a vertical bore 344 which leads to a 
transverse bore 345 in the lower portion of the 
casing which in turn communicates with a bore 
346 extending longitudinally through the base 
of the casing 336 and through the base of the 
extensions 347 and 348 which are bolted to the 
respective ends of the casing 336. The bore 346 
at one end communicates with a recess 349 in 
the head 350 of the extension 347 which in turn 
communicates with a cylinder 351 in said exten 
Sion containing a piston 352 which engages the 
recessed end of the valve 338. A conduit 353 
leads from the cylinder 337 to a pipe 354 which 15 
communicates with one of the pipes 310 which 
leads to the carrier locking members 4. When, 
therefore, pressure is built up in the locking mem 
bers 4 it is also built up in the end of the cylinder 
337 against the end of the valve 338, and supple- 50 
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ments the pressure supplied to the piston 352 by 
the constant fluid pressure in the chamber 351. 
The extension 348 at the opposite end of the 

casing 336 is provided with a cylinder 355 having 
a reciprocable piston valve 356 with a reduced 
extension engaging the base of a recess in the 
valve 338, and provided with a central annular 
port 357 with which the bore 346 in the extension 
348 communicates through a port 358. A por 
tion of the cylindrical end section of the valve 
356 is slabbed to provide a restricted passage 359 
leading to the cylinder 355 adapted to retard the 
flow of fluid under constant pressure into the 
cylinder. The extension 348 is provided with a 
head 360 having a central port 361, preferably 
formed in a hardened valve seat, which Communi 
cates with a pipe 362 seated in a boss 363 in axial 
alignment with the port. The pipe 362 leads 
from unit 'L' to a port 364 in unit 'D', (see Fig. 
24), which when the valve 324 of unit "D" is posi 
tioned, as shown in Fig. 24, is open to discharge 
into the base of the machine. The valve 324, as 
previously explained, is in this position when the 
feeler engages its socket in the table. When, 
however, the feeler is withdrawn from its socket 
in the table and rests upon the under face of the 
table during the indexing operation, the valve 324 
is drawn to the right thereby closing the port 364 
and dead-ending the pipe 362 at unit 'D'. 
The cover 342 of unit "L' is also provided with 

another header 365 which communicates with the 
outlet ports 341, and also with an exhaust pipe 
367 for discharging fluid under pressure into the 
base of the machine. 
A pipe 368 leads from the cylinder 337 to the 

fluid actuated motor 12 which actuates the pawl 
carrying ring to index the travelling carrier, and 
the valve port 339 of the valve 338 is adapted to 
establish communication between the inlet ports 
340 and the pipe 368 to actuate the motor 12, or 
with the outlet ports 341 to release fluid pressure 
from the motor. 
When the table is in locked position during the 

operation of the tools fluid under constant pres 
sure entering unit "L' through pipe 335 passes 
downwardly through the port 344 thence through 
the transverse conduit 345 and through the lon 
gitudinally extending conduit 346 into the cyl 
inder 351, thereby holding the piston 352 in the 
position shown, and cutting of the Supply of fluid 
under pressure from the pipe 335 to the pipe 368 
which leads to the fluid actuated motor 12 for 
indexing the machine. At the same time fluid 
under pressure flows through the longitudinally 
extending conduit 346 and port 358 into the annu 
lar valve chamber port 357 and also passes grad 
ually through the restricted passage 359 and 
builds up pressure in the chamber 355 in back of 
the valve 356. The effective area, however, of the 
valve 356, is insufficient to enable the fluid pressure 
which is built up in the chamber 355 to overcome 
the pressure built up in the chamber 351 in back 
of the piston 352 which is supplemented by the 
fluid pressure transmitted from the pipe 310, lead 
ing to the locking devices, through the pipe 354 to 
the chamber 337 at the opposite end of the valve 
338, hence, the valve 338 is held in exhaust po 
sition. 
When, the table feeler is withdrawn from its 

socket in the table and engages the table during 
the indexing movement, the valve 324 of unit 'D', 
(see Fig. 24), is moved to the right, thereby closing 
the port 364 and causing pressure to be built up 
in the pipe 362 by reason of the constant pressure 
supplied through the valve port 357 and restricted 
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aperture 359 into the chamber 355, and by reason 
of the fact that upon the unlocking of the table 
the fluid pressure in the pipe 310 in the branch 
354 leading to the chamber 357 at the opposite end 
of the chamber, is relieved, the valve 356 will be 
moved to the right thereby establishing Commu 
nication between the pipe 335 through the ports 
340 and valve port 339 to the pipe 368 which leads 
to the fluid actuated motor 12, thus causing the 
indexing movement of the table in the manner de 
Scribed in my prior application Ser. No. 504,798, 
as aforesaid. 
AS SOon as the indexing operation is completed 

the table feeler again enters its socket in the table 
and the spring 329 of unit 'D', (see Fig. 24), 
forces the valve 324 to the left as illustrated, 
thereby releasing the pressure in the pipe 362 and 
consequently from the chamber 355 in the exten 
Sion 348 of unit'L'. At the same time fluid under 
pressure is built up in the pipes 310 leading to the 
carrier locking mechanism, and consequently in 
the branch pipe 354 and cylinder 337, so that the 
valve 338 is again moved to the left to the position 
illustrated in Fig. 28, thereby cutting off the Sup 
ply of fluid under pressure from the pipe 335 and 
establishing communication between the pipe 368 
from the fluid pressure operated motor through 
the valve port 339 and exhaust ports 342 to the 
exhaust pipe 367, from which it is discharged into 
the base of the machine. A branch pipe 369 lead 
ing from one of the pipes 310, which carry fluid 
under pressure to the locking devices, to the fluid 
actuated motor 13, thereupon actuates said motor 
to restore the pawl actuating ring and its pawl to 
normal position ready for the next indexing oper 
ation of the travelling carrier. 

Automatic controlling mechanism 
The controlling mechanism comprises a master 

valve whichi controls the supply of fluid under 
pressure to an auxiliary valve through which pres 
sure is supplied to a fluid operated ciutch upon 
the cam shaft, and also to a by-pass valve for 
positioning the same to supply fluid under pres 
sure to a solenoid valve, which is in turn controlled 
by the manually operated switch, unit “J”. 
The fluid under pressure for the fluid pressure 

controlling mechanism is supplied through the 
pipe 132, (see Fig. 1), which leads from the pres 
sure chamber 307, or preferably pipe 306, to a 
conduit 131 in the base of the thickened portion 
125 of the control box, (see Figs. 10 to 14). The 
fluid under pressure passes from the pipe 132 
through the conduit 131 under the control of the 
rapid traverse valve and the auxiliary valve mech 
anism to the fluid pressure actuated feeding 
mechanism for the tool, thus constituting the con 
stant fluid pressure System for actuating the tool 
feeding mechanism, as heretofore described. 
Fluid under pressure from the pipe 132 is also 
employed mainly to actuate the various mecha 
nisms of the fluid pressure control for determining 
the sequence of operations of the locking mech 
anism and the indexing mechanism. 
In the preferred construction illustrated the 

pipe 132 communicates through the conduit 131 
with a branch conduit 370 in the thickened por 
tion 125 of the base of the control box with a con 
duit 371 extending lengthwise of the control box, 
which in turn communicates with a conduit 372 
extending upwardly into the master valve casing 
373, which is mounted upon the base of the con 
trol box. Two ports 374 and 375 lead from the 
conduit 372 through the casing into the master 
valve cylinder 376. 
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A. master valve. 377, which is reciprocably 

'mounted in the cylinder 376, is provided with 
an upper annular valve port 378, a lower valve 
port 379, and an intermediate valve port 380, 
of relatively narrow width which is separated 
from the port 379 by a clindrical portion 381 of 
the master valve, which is slabbed to provide a 
restricted passage leading from the intermediate 
valve port 380 to the lower valve port 379. . . . 
The upper end of the master valve is engaged 

by a follower 382 upon the end of a lever 383 
which is mounted in suitable brackets upon the 
master valve casing 373, and the opposite end 
of the lever 383 is provided with a follower roller 
384, which engages the master cam 122 upon the 
can shaft 94. w 
The conduit 372 communicates at its lower 

end with a bore 385 which communicates with 
the lower end of a cylinder 386 having a plunger 
387 which engages the lower end of the master 
valve 377 so that fluid under constant pressure 
supplied from the pipe. 132 normally tends to 
force the valve upwardly to exhaust position. 
The master cam 122 has a recess into which 

the follower 384 is depressed when the machine 
is at rest. The recess fits the follower 384 and 
when the follower is forced into and held in Said 
recess the cam shaft 94 is accurately arrested 
and held in proper position by the fluid pressure 
on the plunger 387 during the stoppage of the 
machine. In other words, when fluid pressure 
raises the master valve it serves not only to 
arrest the can shaft 94, but also to position the 
cams accurately and lock them in Such position 
during the stoppage of the machine. 
When the machine is about to start its opera 

tion to feed the tools downwardly, as illustrated 
in the drawings, the follower 384 rides up the 
sharply inclined wall of the recess of the master 
cam 122 and rests upon the periphery of the 
master cam, which is of cylindrical form. The 
master valve 377 is thereupon depressed to the 
position illustrated in Fig. 14, and fluid under 
pressure enters through the upper port 374 of 
the valve casing into the valve port 378 and 
thence passes through a pipe 389 to the cylinder 
390 of unit 'B', (see Figs. 1 and 25). 

Unit 'B' comprises a cylindrical casing 391 
in which a hollow pistOn 392 is reciprocably 
mounted containing a spring 393 which abuts at 
one end against the chambered end of the piston 
and at its other end against a washer which is 
seated against the face of a valve box 394 which 
is bolted to a peripheral flange upon the cylin 
drical casing 391. A valve 395 is reciprocably 
mounted in the valve box and has a cylindrical 
portion 396 which is engaged by a spring pressed 
friction block 397 adapted to hold the valve sta 
tionary unless moved by force applied to One 
of the ends of the valve. The valve 395 is pro 
vided with an annular valve port 398 adapted 
to establish communication between a pipe 399 
leading from the control box and a pipe 400 
leading to a port 401 in the casing 402 of a 
Solenoid actuated valve which is controlled by 
a manually operable switch. The annular valve 
port 398 is adapted, when the valve 395 is forced 
inwardly to the right (see Fig. 25), to communi 
cate with an exhaust port 403 for discharging 
fluid under pressure into the reservoir of the 
machine. 
When the master valve is in this position the 

rapid traverse valve is positioned by the rapid 
traverse can to supply fluid under pressure to 

13 
the tool feeding mechanism as heretofore 
described. . . . . . . . . . . . . . 
The feeding of the tools to the work is accom 

plished during a single rotation of the camshaft 
94, and after the tools have completed their 
movement into the work the arm 144 which en 
gages the drill feed cam rides.down the low por 
tion of the can thereby swinging the rock shaft 
148 (see Fig. 16) in reverse direction, depressing 
the auxiliary valve 158 and cutting of the fluid 
pressure Supply from pipe 133 through the port 
161 and establishing communication between the 
pipe 166, through which fluid under pressure is 
Supplied to the tool feeding mechanism, and the 
exhaust pipe 167 leading to the reservoir in the 
base of the machine. Thereupon the tools are 
raised by the springs 203 (see Fig. 20) to their 
uppermost positions. 
At the completion of the rotation of the shaft 

94 the follower 384 of the master cam lever 383, 
and also the follower 139 of the rapid traverse 
Cam, ride into the respective recesses in their 
cams, thereby permitting both the master valve . 
and the rapid traverse valve to be raised by their 
respective fluid pressure actuated plungers. The 100 
recess in the rapid traverse valve is wider than 
that of the master valve so that the rapid 
traverse valve is restored to its raised position 
slightly before the follower of the master cam 
drops into its recess to stop the machine. It will 105 
be understood that both cams are so positioned 
that upon starting the master valve and the 
rapid traverse valve are raised simultaneously. 
When the master valve is thus raised the valve 
port 378 of the master valve establishes com 
munication between the pipe 389, from the cylin 
der of the by-pass valve, unit 'B', and an ex 
haust port 404 in the master valve casing through 
which the fluid is discharged into a sump 405 
at the bottom of the control box. 
The Sump is formed by a pan connected to 

flanges or ribs extending downwardly from the 
base of the control box; this sump in turn dis 
charges its contents into the reservoir in the base 
of the machine. 
When pressure is thus relieved in the pipe 389 

pressure is relieved in the cylinder 390 and the 
Spring 393 forces the cylindrical piston 392 to the 
right (see Fig. 25). The valve 395, however, is 
held in position by the friction block 397 so that 125 
the annular valve port 398 in the valve 395 con 
tinues to establish communication between the 
pipe 399 and the pipe 400 which leads to the 
Casing of the solenoid actuated valve. 
When the master valve is in raised position 

fluid under constant pressure is supplied from 
the pipe 132 through the conduits 371 and 372 
to the lower port 375 which leads into the master 
valve cylinder, (see Fig. 14). Fluid under pres 
Sure therefore flows into the intermediate an- 1 
nular port 380 of the master valve thence through 
the restricted passage in the enlarged portion 
381 into the lower annular port 379 and from the 
lower port into a pipe 406, (see Fig. 12). The 
pipe 406 leads to a port 407 in a clutch controlling 140 
valve casing 408 which contains a cylindrical 
chamber in which a clutch controlling valve 409 
is mounted, (see Fig. 15). One end of the valve 
Casing 408 is closed by a head against which a 
reduced end portion of the valve abuts. The op- 146 
p0Site end of the clutch controlling valve 409 is 
engaged by a spring 410 which abuts at its oppo 
site end against a head 411. The spring 40 tends 
normally to hold the valve in the position illus 
trated in Fig. 15, so that fluid under constant 150 
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preSSure passing through the lower port 379 of 
the master valve and conduit 406 will pass di 
rectly downward through the port 407 in the valve 
casing and through the cylinder 412 of the valve. 
casing 408 into a port 413 leading to the pipe 
399, (See Figs. 15 and 25), thence through the port 
398 of the by-pass valve 395 and pipe 400 to the 
port 401 in the casing of the solenoid valve which 
is at that time closed and dead-ended by the 
solenoid operated valve. 
A pipe 414, (see Fig. 1), which communicates 

with One of the pipes 310, which furnish fluid 
under pressure to the pressure operated mecha 
nism for locking the table in indexing position, 
communicates with a port 415 in the casing of 
the clutch controlled valve and the clutch con 
trol valve is provided with an annular port 416 
which when the valve is in the position illus 
trated establishes communication with a port 
417 which communicates with a pipe 418 which 
leads to the cylinder 114, (See Fig. 10), contain 
ing the piston 113 which actuates the movable 
clutch member 11. 
When, however, fluid under pressure is Sup 

plied through the master valve and pipe 406 to 
the cylinder 412 of the clutch controlling valve 
408, while the pipes 399 and 400 leading there 
from are dead-ended at the Solenoid valve, fluid 
pressure is built up in the cylinder 412 of the 
clutch controlling valve and forces the valve 409 
to the right (see Fig. 15), thereby closing com 
munication between the port 415 and the pipe 
418, leading to the cylinder containing the clutch 
piston 113, so that during the operation of the 
table-feeding mechanism no fiuid under preSSure 
can be supplied to the clutch actuating cylinder 
to cause engagement of the sliding clutch mem 
ber 111 with the gear 93 upon the cam shaft 94. 
The Solenoid valve 419 (see Fig. 25), is recip 

rocably mounted in the valve casing 402 and is 
provided with a stem 420 which extends axially 
through the Solenoid 421 and forms the core 
thereof. The solenoid valve 419 is provided with 
a shouldered portion 422 which is normally held, 
in engagement with the end of the casing by a 
spring 423 which desirably is Seated in a Counter 
sunk bore in the opposite end of the casing and 
abuts against a collar 424 Secured upon a Screw 
threaded reduced end portion of the valve 419 
by a Suitable nut. 
The Solenoid valve 419 is provided with an an . 

nular port 425 which is adapted, when the Sole 
noid valve is moved by the solenoid, to establish 
communication between the pipe 400 and the 
pipe 330 which leads to the cylinder of the table 
feeler release, unit 'C', to withdraw the feeler 
from its socket in the travelling carrier. When, 
however, the Solenoid is in normal position shown 
in Fig. 25, the valve port 425 establishes com 
munication between the pipe 330 and an exhaust 
port having a pipe 426 which discharges into the 
base of the machine So that fluid under pressure 
is normally released from the pipe 330 and the 
feeler held in its Socket in the travelling carrier 
during the Operation of the tools. 
A hand operated Switch, unit 'J', similar to 

that described in my prior applications afore 
said, and which is included in the safety cir 
cuit, is employed for completing an electric cir 
cuit to energize the Solenoid and start the opera 
tion of the indexing mechanism. The safety cir 
cuit comprises a suitable source of electricity, 
such as a battery 427, having a conductor 428 
provided with a series of switches 429 normally 
maintained in open position, but adapted to be 
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closed by engagement with the movable member 
of the Switch of a bracket 430 upon each of the 
main tool slides. One of these brackets 430 is 
illustrated in Fig. 1 as engaging the movable 
member of the Switch, which is mounted in suit 
able insulation upon the plate 31 which is mount 
ed upon the columns which guide the tool car 
riers. The conductor 428 extends to a contact 
member 431 carried by an insulated block 432 
and is electrically connected by bolts to a forked 
Switch member 433 which is mounted upon a 
bracket 434 extending upwardly from a cylindri 
cal casing 435 which may be suitably mounted 
upon the base of the machine in proximity to the 
tool station, as will be readily understood. A 
complementary switch member 436 is mounted 
upon an L-shaped arm 437 depending from the 
bracket 434 and is connected to a conductor 438 
leading to the Solenoid 421 from which a return 
conductor 439 leads to the battery 427. 
The vertical portion of the L-shaped swing 

ing arm has slidably mounted in it a plunger 440 
the end of which is normally held in extended 
position by Spring 441 which is seated in a socket 
in the member 437, but the plunger is prevented 100 
from being forced out of its socket by a pin 442 
extending through a slot in the member 437. A 
hand lever 443 is pivotally mounted at the end 
of the L-shaped Swinging arm and is provided 
With an arm 444 which engages the pin 442 and 105 
acts when forced to the right (see Fig. 25), to 
raise the plunger 440 into its socket in the swing 
ing arm. 
The cylinder 435 of unit 'J' has mounted in it 

a plunger having an enlarged hollow portion 10 
445, an intermediate portion 446, and a reduced 
end portion 447 which extends through the end 
of the casing and is adapted to engage the ex 
tended end of the plunger 440 when held in posi 
tion shown in Fig. 25, by the spring 441. The 115 
end of the cylinder 435 is closed by a head 448 
through which fluid under pressure is introduced 
through a pipe 449 which communicates with one 
of the pipes 310, through which fluid under pres 
Sure is supplied to the carrier locking devices 4. 120 
When, therefore, the fluid under pressure is ap 
plied to the locking devices the plunger 445 is 
forced to the left (see Fig. 25), in such a man 
ner as to engage the extended end of the plunger 
440 of the SWinging arm and thereby swing the 
Switch arm in a direction to move the switch 
member 436 Out of engagement with the com 
plementary switch member 433, thus breaking 
the electric circuit and de-energizing the sole 
noid 421. This is the position in which the swing 
ing Switch arm is held during the operation of 
the tool feeding mechanism. 
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The Operation of the machine 
When the mechanisms are in positions illus 

trated in the drawings, at the beginning of the 
tool feeding operation, fluid under pressure is 
Supplied through the pipe 308 and the main ad 
mission valve, unit 'E', to the distributor 'F' 
from which it passes through the pipes 310 to 
the several devices for locking the carrier and 
Work Supports in position at the respective tool 
stations. At the same time fluid under, pressure 
passing through the main admission valve, unit 
"E" flows through the pipe 311 to unit "D" thence 45 
through the pipe 313 and branch pipes 314 and 
315 to maintain the admission valve 'E' in open 
position and to maintain the valve of the dis 
tributor 'F' in closed position so that fluid pres 
Sure is established in all the locking mechanisms. 50 
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Fluid under pressure is also supplied from one 

of the pipes 310 through the branch pipe 449 to . 
unit- 'J', thereby forcing the plunger of unit 
'J' (see Fig. 25), to the left maintaining the 
electric safety circuit open. . . . . . . . . . 

Fluid under pressure also passes from the pipe 
310 through the pipe 414 to the clutch con 
trolling valve 409, (see Fig. 15), and through its 
annular port 416 to the pipe 418 from which it 
is conducted to the cylinder 114 containing the 
piston 113 which moves the siding member 111 
of the clutch into engagement with the gear 93 
upon the cam shaft 94. Inasmuch as this gear 
93 is continuously driven by the pinion upon the 
worm gear shaft 91 which is actuated by the 
worm gear 90 and worm 89 from the motor 85 
(see Figs. 8, 9 and 10), the cam shaft 94 is ro 
tated. 
The initial rotation of the traverse cam 124 

forces the rapid traverse valve, (See Fig. 11), 
downwardly thereby establishing communication 
between the branch of the constant pressure Sup 
ply pipe 132 and pipe 133 which leads to the 
chamber of the Supplemental cylinder 159 thence 
through the port 163 of the Supplemental valve 
and pipe 166 to the cylinder 65 of the fluid ac 
tuated mechanisms for actuating the tool slides 
of the drills, reamers or other boring tools; and 
at the same time to the cylinder 204 of the fluid 
actuated mechanism for actuating the main slide 
of the tapping tool, thus advancing all the t00ls 
rapidly to the work. 

After the drilling, boring and reaming tools 
have engaged the work their progress through 
the work is controlled by the movement of the 
supplemental valve 158 which is conjointly con 
trolled by the movement of the tool slide and the 
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action of the tool feeding cam through the vari 
ous linkages heretofore described. The tapping 
tool is also actuated, in the manner above de 
scribed, to do its work. After all of said tools 
have penetrated to the predetermined depth, 
limited by the respective stops for the tool, and 
the cam shaft 94 has approached the comple 
tion of a single rotation, the followers upon the 
can actuated levers for the master valve and 
rapid traverse valve enter the depressions in the 
respective cams and at the same time the lever 
which engages the tool feed can rides down upon 
the low Surface of the can. 
When the cam followers 384 of the master 

valve lever and 139 of the rapid traverse valve 
enter the respective depressions in the cams, the 
rapid traverse control valve is raised. The rais 
ing of the rapid traverse valve thereupon estab 
lishes communication through its valve port 129 
between the pipe 133, through which pressure is 
supplied to the pressure actuated tool feeding 
mechanism, and the exhaust port 140, (see Fig. 
11). The depression of the Supplemental valve 
158 which is produced when the cam actuated 
lever 144 rides down upon the low face of the 
drill feed controlling cam 123 also establishes 
communication between the pipe 166 and the 
exhaust pipe 167, thereby relieving pressure in 
the fluid pressure actuated mechanism of the 
tool feed so that all the tool feeding mechanisms 
are raised by the springs 64 and 203, (see FigS. 
4 and 20), to the uppermost position. 
The upward movement of the master valve, 

when the cam follower 384 enters the depression 
388 upon the cam also cuts of the supply of 
fluid under pressure from the pipe 132 through 
the port 374 to the pipe 389, (see Fig. 14), which 
leads to the by-pass valve, unit 'B', (see FigS. 

15 
1 and 25), and establishes communication be 

of the master valve, thence through the restricted 
passage in the enlargement 381 of the master 

...tween the pipe 389 and the exhaust port 404, 
thereby relieving pressure in the pipe-389. At 

...the same time, it establishes communication be 
...tween the pipe. 132 and the intermediate port 380 

valve and lower port 375 with the pipe 406 which 
leads to the cylinder 412 of the clutch controlling 
valve, (Fig. 15). Inasmuch as the pipe 399 which 
communicates through unit 'B' with the solenoid 
valve (see Fig. 25) is dead-ended at the port 401 
Of the Solenoid valve, fluid pressure which is 
then built up in the chamber 412 forces the 
clutch controlling valve to the right thereby 
shutting off the supply of fluid under pressure 
from the pipes 310 and branch pipe 414 to the 
pipe 418, which leads to the cylinder of the 
clutch actuating pistOn 113 (see Fig. 10), and also 
establishes communication between the pipe 418 
and the valve port 416 of the clutch controlling 
valve (See Fig. 15), and the exhaust port 450 
in the casing thereof, thereby releasing pressure 
from the clutch actuating mechanism and per 
mitting the cam shaft 94 to come to rest. 
While the tool feeding mechanism is in opera 

tion and during the stoppage of the machine the 
fluid actuated locking means for work supports 
and carrier remain in locked position so that the 
work may be placed upon the work support either 
during the operation of the tools or during the 
time the machine is at rest, without danger of 
moving the WOrk Supporting sectors upon the 
travelling carrier. 
When the operator has finished securing the 

jigged work to the work supports either during 
the operation of the tools, or during the period 
when the machine is at rest, he may force the 
hand lever 443 of unit 'J', . (see Fig. 25), to the 
right thereby raising the plunger 440 above the 
end of the pressure actuated plunger 447 and 
placing the Switch member 436 in contact with 
the Supplemental switch member 433. If, and 
when, the tool carriers have all risen to a pre 
determined height so that the arms 430 extend 
ing therefrom have closed all of the Switches 429 
the circuit through the Solenoid 421 will be com 
plete. If the followers 384 of the master valve 
cam 122 and 139 of the rapid traverse cam 124 
are then in the depressions of their respective 
cams, (or when during the operation of the 
machine, after the hand lever has closed the 
Switch members 436 and 433, the tool carriers 
have been raised to close the safety Switch cir 
cuit, said cam followers ride into the depressions 
of their respective cams), the energization of 
the solenoid thus caused moves the valve 419 
(see Fig. 25), to the right, and fluid under con 
stant pressure is supplied from the pipe 132 and 
conduits 370 and 372 through the lower port 375 
of the master valve casing, thence through the 
intermediate port 380 and lower port 379 of the 
master valve, (see FigS. 12 and 14), through the 
pipe 406 to the valve chamber 412 of the clutch 
controlling valve to the pipe 399 through unit 
'B' to pipe 400 and through the valve port 401 
of the Solenoid valve and pipe 330 which leads 
to the cylinder of the table feeler release, 
unit 'C'. 
The pressure thus built up in the cylinder of 

the table feeler release, unit 'C', (see Figs. 24 
and 25), will then draw the bar 326, (see Fig. 
24), to the left thus actuating the bell crank 
levers 325 and 319 to withdraw the table feeler 
316 from its socket in the table. At the same time 
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16 
the bell crank arm 322 will draw the valve 324 
(see Fig. 24), to the right, shutting off the port 
364 of the pipe 362, (see Figs. 24 and 26), which 
leads to the control for the fluid operated motors, 
unit "L', (see Fig. 22). Fluid pressure will there 
upon be built up in the chamber 355 of unit "L', 
tending to force the valve 338 (see Fig. 26), to the 
right, to establish communication between the 
constant pressure pipe 335 and the pipe 368 
which leads to the fluid motor 12 for indexing 
the table. 
In the meantime the movement of the main 

pressure cut-off valve, unit "D', (see Fig. 24), to 
the right will establish communication between 
the pipe 313 and the exhaust port 334 in the cas 
ing of the main pressure cut-off valve, unit 'D', 
so that fluid pressure will be released from the 
pipe 313 and therefore from the chamber of the 
main admission valve, unit 'E', and the dis 
tributor valve, unit 'F', so that the fluid under 
pressure which has maintained the carrier lock 
ing devices in locked position Will be exhausted 
through distributor valve, unit "F". 
The release of the pressure in pipes 310 will 

also release pressure in the pipe 354 which leads 
to the opposite end of the cylinder, unit "L', Con 
taining the valve 338 so that the valve is readily 
moved to the right by the fluid pressure in the 
chamber 355 to establish communication be 
tween the constant pressure supply pipe 335 and 
the pipe 368 leading to the fluid actuated motor 
12 for indexing the table. The fluid actuated 
motor will then rotate the pawl carrying ring 
9 upon the hub of the travelling carrier to cause 
engagement of the pawl 10 with one of the blocks 
11 upon the hub of the carrier and will rotate 
the travelling carrier to the next indexing 
position. 
As the travelling carrier is rotated the Spring 

pressed lever 21, (see Fig. 3), which normally rests 
upon one of the blocks 11 on the hub of the 
travelling carrier, rides off the block 11, thereby 
rotating its pivotal shaft 22 which extends up 
wardly through the top of the base. The shaft 
22 is provided with an arm 451 which, upon Such 

-rotation of the shaft, is adapted to engage the 
end of the by-pass valve 395, unit 'B', and to 
move the valve 395 to the right thereby estab 
lishing communication between both the pipe 399, 
which leads from the control box, and the pipe 
400 which leads to the solenoid valve, with the 
exhaust port 403. 
As the Solenoid valve 319 is then positioned to 

establish communication between the pipe 400 
and the pipe 330 which leads to the cylinder of 
the table feeler release, unit 'C', fluid pressure 
in the cylinder of the table feeler release will be 
relieved and the spring 329 will then act through 
the bell crank arms 325 and 319 to force the table 
feeler into feeling engagement with the under 
face of the travelling carrier and hold it in Such 
position during the moving of the travelling car 
le. 
When the travelling carrier approaches the 

end of its indexing movement one of the blocks 11 
will engage the pivoted and slidably mounted 
latch 14 thereby forcing it to the left (see Fig. 
3), against the resistance of the dash pot plunger 
15, and at the end of such movement the plunger 
15 of the dash pot 16 will engage the plunger 19 
of the supplemental dash pot, thereby arresting 
the travelling carrier gradually but positively. 
Fluid under constant pressure is supplied to the 
dash pots 16 and 20 through a pipe 452 leading 
from the main pressure pipe 308 and is also sup 
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plied to the supplemental dash pot through a 
branch pipe 453, (see Fig. 1). 
The table feeler 316 will be forced by the 

Spring 329 into its socket in the travelling carrier 
when the latter has reached its exact indexed 
position and the bell crank arm 322, (see Fig. 24), 
will then be moved to the left, thereby moving 
the main pressure cut-off valve 324, unit "D' to 
the left, (see Fig. 24), opening the port 364 which 
communicates with the pipe 362 leading to unit 
"L', and establishing communication through the 
Constant pressure supply pipe 311 and the pipe 
313 to actuate the main admission valve 314 of 
unit "E", and the distributor valve of unit 'F', 
to re-establish pressure through the pipes 310 to 
the several carrier locking devices 4. When pres 
sure is thus established in the pipes 310 pressure 
is also established in the branch pipe 449 leading 
to the manually controlled switch, unit 'J', and 
actuates the plunger 447 thereof to move the 
Swinging arm 437 to the left (see Fig. 25) thus 
breaking the Solenoid circuit and permitting the 
restoration of the Solenoid valve to the normal 
position illustrated in Fig. 25. 

In order to remove the latch 14, (see Fig. 3), 
from its engagement with the block 11 upon the 
travelling carrier at the end of the indexing move 
ment, when the stop has completely arrested the 
travelling carrier, a latch releasing device is em 
ployed similar to that disclosed in my prior ap 
plication Ser. No. 504,798. The latch releasing 
device comprises a cylinder 454 having a piston 
455 Connected by a link 456 to one corner of a 
triangular lever 457 having another corner 
pivotally connected to the latch 14, and the third 
Corner to a link 458 which is pivotally mounted 
in a bracket 459 upon the base of the machine. 
Fluid under pressure is supplied from one of the 
pipes 310 leading to the carrier locking devices 
through a pipe 460 to the outer end of the cylinder 
454, thereby moving the piston 455, (see Fig. 3), 
to the left, thus Swinging the triangular lever 
about its pivotal connection to the link 458 and 
sliding the latch 14 outwardly and removing it 
from engagement with the end of the block. At 
the same time fluid under constant pressure is 
Supplied through a pipe 461, forming a branch of 
pipe 453, and the other end of the cylinder 454 
against a Srinaller area of the piston 454, so that 
when fluid under pressure is released in the pipe 
460 upon the unlocking of the travelling carrier, 
the piston 455 will be moved to the right (see 
Fig. 3), thereby swinging the latch 14 to the right 
and restoring it into engagement with the hub of 
the table in a position to be engaged by a block 
11 upon the hub of the table during the next 
indexing movement of the travelling carrier. 
By reason of the construction above described, 

therefore, the operator is enabled to close the 
starting Switch unit 'J' after he has completed 
Securing the Work to the table either during the 
Operation of the tools or when the machine is 
at rest, and upon completion of the drilling oper 
ation and the removal of all the tools to a pre 
determined height the carrier will be indexed 
to present the Work to the next succeeding tool 
station. When the travelling carrier. has reached 
the proper position to be gradually but forcibly 
stopped in exactly the right position, and when 
the feeler enters its socket in the travelling car. 
rier the fluid pressure actuated controlling mech 
anism causes the relocking of the travelling car 
rier. The pressure which is built up in the pipes 
leading to the carrier locking mechanism will 
also cause engagement of the clutch members 

80 

85 

90 

95 

100 

05 

10 

115 

20 

125 

30 

35 

40 

45 

150 



0 

5 

20 

1,938,107 
upon the cam shaft 94 with the gear 93, thereby 
actuating the master valve, the rapid traverse and 
feed controlling cam to cause, first, a rapid trav 
erse of the tool feeding mechanism to advance 
the tools to the work, and thereafter a gradual 
feeding movement of the tools during their prog 
ress through the work, 

. During the Operation of the tool feeding move 
ment fluid under pressure is also supplied to the 
cylinders of the reversing switch mechanism for 
the tapping tool, thereby insuring proper move 
ment of the reversing Switch to control the direc 
tion of the rotation of the motor in actuating 
with the tap during the screw threading opera 
tion and the withdrawal of the tap from the 
work after it has completed cutting the screw 
thread. y 

It will be understood...that the selected embodi 
ment of the invention herein set forth is of an 
illustrative character and is not restrictive, and 
that various changes in form, construction and 
arrangement, of the parts may be made within 
the meaning and Scope of the following claims. 

Having thus described the invention, what is 
claimed as new, and desired to be secured by 
Letters Patent, is: 

1. A machine of the class described having a 
plurality of tool stations, tools at said stations, 

30 

35 

40 

45 

50 

55 

60 

65 

70 

tool feeding and actuating means, a travelling 
work carrier, means for indexing said carrier, 
fluid pressure operated means for locking said 
carrier with the work presented at said tool sta 
tions, manually operable starting means, fluid 
pressure actuated means operable thereby only 
When all the tools are raised from the Work to 
a predetermined height to release the locking 
means temporarily to permit the indexing of the 
carrier, and means operable by fluid under pres 
Sure at the completion of the indexing move 
ment of the carrier to cause the actuation of said 
fluid pressure operated locking means and means 
operable by the fluid pressure supplied to said 
locking means to render said manually operable 
starting means inoperative. 

2. A machine of the class described having a 
plurality of tool stations, tools at said stations, 
tool feeding and actuating means, a travelling 
work carrier, means for indexing said carrier, 
fluid pressure operated means normally locking 
Said carrier with the work positioned at said 
tool stations during the operation of the tools, 
and also when the tool feeding means are at rest, 
manually fiuid pressure actuated means operable 
thereby starting means operable temporarily to 
release the carrier locking means and to cause 
the indexing of the carrier, and fluid pressure 
actuated means automatically operable at the 
end of the indexing operation to restore said 
carrier locking means to locked position. 

3. A machine of the class described having a 
plurality of tool stations, tools at said stations, 
tool feeding and actuating means, a travelling 
work carrier, means for indexing said carrier, 
fluid pressure operated means normally locking 
Said carrier with the work positioned at said tool 
stations during the operation of the tools, and 
also when the tool feeding means are at rest, 
manually operable starting means, fluid pressure 
actuated means operable thereby temporarily to 
release the carrier locking means and to cause the 
indexing of the carrier, fluid pressure actuated 
means operable at the end of the indexing op 
eration to restore said carrier locking means to 
locked position, means operable by the fluid under 
preSSure Supplied to Said locking means to render 
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said manually operable starting fluid pressure 
actuated means inoperative, and means for caus 
ing Said carrier to remain locked at all times 
except during the Operation. 

4. A machine of the class described comprising 
a base, vertical tool carrier guiding columns rism 
ing from said base having a plate mounted upon 
the upper end thereof, a tool carrier reciprocably 
mounted in Said columns, a tool actuating motor 
mounted on said tool carrier, means normally 
tending to raise the tool carrier from the work, 
fluid pressure operated means for advancing the 
tool carrier towards the work interposed between 
Said plate and Said tool carrier, and means for 
Supplying fluid under pressure to said fluid pres 
Sure Operated means. 

5. A machine of the class described comprising 
a base, vertical tool carrier guiding columns ris 
ing from said base having a plate mounted upon 
the upper end thereof, a tool carrier reciprocably 
mounted in Said columns, a tool actuating motor 
mounted on said tool carrier, means normally 
tending to raise the tool carrier from the work, 
fluid pressure operated means for advancing the 
tool carrier towards the work interposed between 
Said plate and said tool carrier, and controlling 
imeans for regulating the supply of fluid under 
pressure to cause a rapid traverse of the tool to 
the work and thereafter a relatively slow feed 
ing movement of the tools during the operation of 
the tool upon the work. 

6. A machine of the class described comprising 
a base, vertical tool carrier guiding columns ris 
ing from Said base having a plate mounted upon 
the upper end thereof, a tool carrier reciproca 
bly mounted in said columns, a tool actuating 
motor mounted on said tool carrier, means nor 
mally tending to raise the tool carrier from the 
Work, fluid pressure operated means for advanc 
ing the tool carrier towards the work interposed 
between said plate and said tool carrier, means 
for releasing the fluid pressure acting upon the 
tool carrier and resilient means interposed be 
tween Said plate and said carrier operable to 
raise the tools from the work upon releasing the 
Said fluid pressure. 

7. A machine of the class described compris 
ing a work support, a reciprocable tool carrier, 
fluid pressure actuated means for feeding the 
tool carrier towards the work, a conduit for sup 
plying fluid under pressure to said tool feeding 
means, a rapid traverse valve and a supplemen 
tary tool feed controlling valve in said conduit 
and means for actuating the respective valves to 
cause said fluid pressure operated feeding means 
to advance the tool rapidly to the work and to 
regulate the rate of feed during the operation of 
the tool upon the work, comprising a cam shaft 
having a cam for operating the rapid traverse 
valve and a feed controlling cam, means for ro 
tating said cam shaft, and means conjointly op 
erable by Said feed controlling cam and the ad 
vancing movement of the tool carrier to regulate 
the rate of feed of the tool carrier during the 
operation of the tool upon the work. 

8. A machine of the class described compris 
ing a work Support, a reciprocable tool carrier, 
fluid pressure actuated means for feeding the 
tool carrier towards the work, a conduit for sup 
plying fluid under pressure to said tool feeding 
means, a rapid traverse valve and a supplemen 
tary tool feed controlling valve in said conduit 
and means for actuating the respective valves 
to cause said fluid pressure operated feeding 
means to advance the tool rapidly to the work 
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and to regulate the rate of feed during the op 
eration of the tool upon the work, comprising a 
can shaft having a cam for operating the rapid 
traverse valve and a feed controlling cam, means 
for rotating said can shaft, and means conjoint 
ly operable by Said feed controlling can and the 
advancing movement of the tool carrier to regul 
late the rate of feed of the tool carrier during 
the operation of the tool upon the work, and inde 
pendent means for arresting each tool when the 
tool has reached a predetermined depth in the 
work irrespective of continued rotation of the 
feed controlling cam. 

9. A machine of the class described compris 
ing a work support, a reciprocable tool carrier, 
fluid pressure actuated means for feeding the 
tool carrier towards the work, a conduit for Sup 
plying fluid under pressure to said tool feeding 
means, a rapid traverse valve and a supplemen 
tary tool feed controlling valve in said conduit, 
means for actuating the respective valves to 
cause said fluid pressure operated feeding means 
to advance the tool rapidly to the Work and 
to regulate the rate of feed during the operation 
of the tool upon the work, comprising a valve 
actuating lever pivotally mounted at one end 
upon said tool carrier, means intermediate of 
the length of said lever connecting it to Said Sup 
plemental valve, a cam shaft having a Cam for 
operating said rapid traverse valve, and a tool 
feed controlling cam, means for rotating said can 
shaft and means connected to the other end of 
said valve actuating lever operable by Said feed 
controlling cam to raise said end during the feed 
ing movement of the tool whereby the supplemen 
tal valve will be actuated by the differential of 
the movements of said valve actuating lever and 
the advancing movement of said tool carrier to 
regulate the supply of fluid under pressure to 
said feeding mechanism. 

10. A machine of the class described compris 
ing a work support, a reciprocable tool carrier, 
fluid pressure actuated means for feeding the 
tool carrier towards the work, a conduit for Sup 
plying fluid under pressure to said tool feeding 
means, a rapid traverse valve and a Supplemen 
tary tool feed controlling valve in Said conduit, 
means for actuating the respective valves to 
cause said fluid pressure operated feeding means 
to advance the tool rapidly to the Work and to 
regulate the rate of feed during the operation of 
the tool upon the work, comprising a valve ac 
tuating lever pivotally mounted at One end upon 
said tool carrier, means intermediate of the 
length of said lever connecting it to Said Sup 
plemental valve, a can shaft having a can for 
operating said rapid traverse valve, and a tool 
feed controlling cam, means for rotating said 
cam shaft, means connected to the other end 
of said valve actuating lever operable by said 
feed controlling cam to raise said end during 
the feeding movement of the tool whereby the 
supplemental valve will be actuated by the dif 
ferential of the movements of Said valve actuat 
ing lever and the advancing movement of said 
tool carrier to regulate the supply of fluid under 
pressure to said feeding mechanism, and means 
for adjusting the means connecting the valve 
actuating lever to the supplemental valve to vary 
the action of said valve. 

11. A machine of the class described compris 
ing a base, a plurality of tool stations, vertical 
guiding columns mounted on said base at certain 
of said tool stations, tool carriers reciprocably 
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mounted on said columns at the respective tool 
stations, each having tool actuating means in 
cluding a motor mounted on the tool. carrier, 
means tending normally to raise the tool car 
rier away from the work, fluid pressure means 
for advancing the respective tool carriers toward 
the work, means including conduits having con 
trolling valves therein for supplying fluid under 
preSSure to the respective fluid pressure operated 
means, and means for simultaneously actuating 
all of Said controlling valves. 

12. A machine of the class described comprising 
a base, a plurality of tool stations, vertical guid 
ing columns mounted on said base at certain 
of Said tool stations, tool carriers reciprocably 
mounted on said columns at the respective tool 
stations, each having tool actuating means in 
cluding a motor mounted on the tool carrier, 
means tending normally to raise the tool carrier 
away from the work, fluid pressure means for 
advancing the respective tool carriers toward the 
work, means including conduits having con 
trolling valves therein for supplying fluid under 
pressure to the respective fluid pressure operated 
means, and means for independently adjusting 100 
each fluid controlling valve to regulate the 
amount of fluid pressure supplied thereby to its 
tool feeding means whereby the feed of each 
tool may be correlated to the resistance offered 
by the work. 

13. A machine of the class described comprising 
a base, a plurality of tool stations, vertical guid 
ing columns mounted on said base at certain of 
Said tool stations, tool carriers reciprocably 
mounted on said columns at the respective tool 10 
stations, each having tool actuating means in 
cluding a motor mounted on the tool carrier, 
means tending normally to raise the tool carrier 
away from the work, fluid pressure means for 
advancing the respective tool carriers toward 115 
the work, means including conduits having con 
trolling valves therein for supplying fluid under 
pressure to the respective fluid pressure operated 
means, and means for arresting the advance of 
each tool at the completion of its predetermined 120 
depth of cut irrespective of the feeding move 
ment of any other tool. 

14. A machine of the class described having 
a plurality of tool stations, a travelling work 
carrier having a plurality of work supportsmount- 125 
ed thereon and movable relatively thereto, fluid 
preSSure actuated means for indexing said carrier, 
fluid pressure actuated means at each tool station 
for locking the carrier and work supports, fluid 
pressure operated tool carriers at certain of said 30 
stations, conduit systems for supplying fluid un 
der pressure to said carrier actuating means, to 
Said carrier and work support locking means, 
and to said tool carriers, and means for con 
trolling the fiuid under pressure supplied through 13 
the respective conduit systems operable to main 
tain the work carrier in locked position while the 
machine is at rest and during the operation of 
the tools and to cause a rapid traverse of the 
tools to the work, and a relatively slow feeding 4 
movement of the tool during its operation upon 
the work. 

15. A machine of the class described having a 
plurality of tool stations, a travelling work carrier 
having a plurality of work supports mounted 45 
thereon and movable relatively thereto, fluid pres 
Sure actuated means for indexing said carrier, 
fluid pressure actuated means at each tool station 
for locking the carrier and work supports, fluid 
pressure Operated tool carriers at certain of said 50 
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stations, conduit systems for supplying fluid un 
der pressure to said carrier actuating means, 
to said carrier and work Support locking means, 
and to said tool carriers, and manually con 
trolled starting mechanism operable only when 
all the tools are fully withdrawn from the Work 
to a predetermined height to cause said fluid ac 
tuated controlling means to release the fluid pres 
sure upon the locking means and to cause the 
indexing of the travelling carrier. 

16. A machine of the class described having a 
plurality of tool stations, a travelling work carrier 
having a plurality of work supports mounted 
thereon and movable relatively thereto, fluid pres 
sure actuated means for indexing said carrier, 
fluid pressure actuated means at each tool station 
for locking the carrier and work supports, fluid 
pressure operated tool carriers at certain of Said 
stations, conduit systems for Supplying fluid un 
der pressure to said carrier actuating means, to 
said carrier and work support locking means, and 
to said tool carriers, means for arresting the car 
rier at the end of the indexing movement and 
feeler mechanism operable when the carrier is 
in properly indexed position to restore fluid pres 
sure to said locking means, to cause the pressure 
supplied to said locking means to render said 
starting mechanism inoperative and to cause the 
rapid traverse and relatively slow feeding move 
ments of the tool carrier. 

17. A machine of the class described compris 
ing a plurality of tool stations, a travelling car 
rier having work supports movably mounted 
thereupon, fluid pressure actuated means for 
indexing said carrier, fluid pressure actuated 
means for locking the work carrier with the work 
positioned at said stations, fluid pressure oper 
ated tool carriers at certain of said stations, con 
duit systems for supplying fluid under pressure 
respectively to said carrier indexing mechanism, 
to said carrier locking means, and to Said tool 
carrier feeding means, means for controlling the 
supply of fluid under pressure to said conduit 
systems comprising a master valve, a rapid 
traverse valve, and a supplemental feed con 
trolling valve, a cam shaft having a can for 
actuating said master valve, a can for operating 
the rapid traverse valve and a feed controlling 
cam acting conjointly with the feeding movement 
of the tool carriers to cause the supplemental 
valve to regulate the supply of fluid under pres 
sure to the tool feeding mechanism, and means 
for rotating said cam shaft to cause the rapid 
traverse cam to open the rapid traverse valve 
and to advance the tool to the work, and to cause 
the feed controlling cam then to regulate the 
rate of feeding movement of the tool into the 
work and so position the master valve as to pre 
vent unlocking of the carrier. 

18. A machine of the class described, compris 
ing a travelling carrier, means operable by fluid 
under pressure to index said carrier to present 
the work successively at a plurality of tool sta 
tions, means operable by fluid under pressure to 
lock said carrier in indexed position, tool car 
riers at certain of said stations, fluid pressure 
actuated means for feeding the tool carriers to 
the work, a conduit for supplying fluid under 
pressure to said tool carrier feeding means, a 
rapid traverse valve in said conduit, a supple 
mental valve in said conduit, a lever pivotally 
connecting said supplemental valve to Said tool 
carrier, a cam shaft having a cam for actuating 
said rapid traverse valve, and a cam engaging 
the opposite end of the said supplemental valve 

19 
actuating lever operable conjointly with the feed 
ing movement of said tool carrier to control the 
position of said supplemental valve and means 
operable by the fluid pressure supplied to said 
carrier locking means to cause the actuation of 
said can shaft. 

19. A machine of the class described, having a 
work support, tapping mechanism comprising a 
reciprocable tool carrier, and a relatively mov 
able tap slide, means for feeding the tool carrier 
and the tap slide simultaneously to the work, 
means for arresting the tool carrier at a pre 
determined height from the work, means for 
rotating the tap, and means operable by the tap 
rotating means to advance the tap into the work. 

20. A machine of the class described, having a 
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work support, tapping mechanism comprising a 
reciprocable tool carrier, and a relatively movable 
tap slide, means for feeding the tool carrier and 
the tap slide simultaneously to the work, means 
for arresting the tool carrier at a predetermined 
height from the work, means for rotating the 
tap, and means operable when the tap has en 
tered the work to a predetermined distance to 
reverse the direction of rotation of the tap rotat 
ing means and thereby simultaneously unscrew 
the tap from the work and raise the tap slide 
toward the tool carrier. 
2. A machine of the class described having a 

work Support, tapping mechanism comprising a 
reciprocable tool carrier having an electric 
motor mounted thereupon, a tap slide movable 
relatively to said tool carrier, a tap rotatably 
mounted in said tap slide, a shaft mounted in 
said tool carrier having a screw engaging a nut 
on said tap slide, means operable by said motor 
for rotating said. Screw shaft to move the tap 
slide relatively to the tool carrier, means for 
rotating said tap from Said screw shaft, means 
for moving said tool: carrier toward the work, 
and means for arresting the tool carrier When 
the tap is at a predetermined distance from the 
work to permit said screw shaft to feed said tap 
during its operation upon the work. 

22. A machine of the class described having a 
Work support, tapping mechanism comprising a 
reciprocable tool carrier having an electric motor 
mounted thereupon, a tap slide movable rela 
tively to said tool carrier, a tap rotatably mounted 
in Said tap slide, a shaft mounted in said tool 
carrier having a screw engaging a nut on said 
tap slide, means operable by said motor for rotat 
ing said screw shaft to move the tap slide rela 
tively to the tool carrier, means for rotating said 
tap from said Screw shaft, means for moving 
said tool carrier toward the work, and means 
operable when the tap has entered the work to a 
predetermined distance to reverse the direction 
of rotation of Said motor. 

23. A machine of the class described having a 
work support, tapping mechanism comprising a 
reciprocable tool carrier having an electric motor 
mounted thereupon, a tap slide movable rela 
tively to said tool carrier, a tap rotatably mounted 
in said tap slide, a shaft mounted in said tool 
carrier having a screw engaging a nut on Said 
tap slide, means operable by said motor for rotat 
ing said screw shaft to move, the tap slide rela 
tively to the tool carrier, means for rotating 
said tap from said screw shaft, fluid pressure 
operated means for moving said tool carrier 
toward the work, and means for arresting Said 
tool carrier with the tap at a predetermined dis 
tance from the work to permit the screw shaft to 
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feed the tap slide toward the work during the 
Operation of the tap. 

24. A machine of the class described having a 
work support, tapping mechanism comprising a 
reciprocable tool carrier having an electric motor 
mounted thereupon, a tap slide movable rela 
tively to said tool carrier, a tap rotatably mounted 
in said tap slide, a shaft mounted in Said tool 
carrier having a screw engaging a nut on Said 
tap slide, means operable by Said motor for rotat 
ing said screw shaft to move the tap Slide rela 
tively to the tool carrier, means for rotating said 
tap from said screw shaft, means operable when 
the tap has entered the work to a predetermined 
distance to reverse the direction of rotation of Said 
motor and thereby withdraw the tap from the 
work, means for releasing fluid pressure upon the 
tool carrier feeding means when the tap has 
been withdrawn from the work, and means oper 
able upon release of said fluid pressure to with 
draw the tool carrier from the Work. 

25. A machine of the class described having a 
work support, tapping mechanism comprising a 
reciprocable tool carrier having an electric mo 
tor mounted thereupon, a tap slide movable rela 
tively to said tool carrier, a tap rotatably mount 
ed in said tap slide, a shaft mounted in said tool 
carrier having a Screw engaging a nut on said tap 
slide, means operable by said motor for rotating 
said screw shaft to move the tap slide relatively 
to the tool carrier, means for rotating said tap 
from said screw shaft, means for moving said tool 
carrier toward the work, means for arresting the 
tool carrier when the tap is at a predetermined 
distance from the Work to permit said Screw 
shaft to feed Said tap during itS Operation upon 
the work, means for supplying an electric current 
to said motor including a circuit having a re 
versing Switch therein, and means operable by the 
movement of the tap slide when the tap has 
entered the Work to a predetermined distance to 
actuate said reversing Switch and thereby reverse 
the direction of rotation of the motor to cause a 
withdrawal of the tap from the work. 

26. A machine of the class described compris 
ing a base, a work Support, columns rising there 
from, a tool carrier slidably mounted upon said 
columns, an electric motor mounted On Said tool 
carrier, an adjustable stop for said tool carrier 
upon one of Said columns, a Screw rotatably 
mounted in said tool carrier and means operable 
by said motor for rotating the same, a tap slide 
reciprocably mounted on Said Columns having a 
nut engaging said screw, a pinion on the shaft of 
said screw, a tap rotatably mounted in said tap 
slide having a pinion engaging the pinion on said 
screw shaft, means for moving said tool carrier 
into and maintaining the same in engagement 
with said stop to present the tap to the work 
whereby a short downward movement of the tap 
slide caused by the rotation of said Screw will 
cause the tap to engage the work and continued 
movement thereof will cause the tap to screw 
thread the work. 

27. A machine of the class described Compris 
ing a base, a work Support, Columns rising there 
from, a tool carrier slidably mounted upon said 
columns, an electric motor mounted on said tool 
carrier, an adjustable stop for said tool carrier 
upon one of Said columns, a Screw rotatably 
mounted in said tool carrier and means operable 
by said motor for rotating the same, a tap slide 
reciprocably mounted on said columns having a 
nut engaging said Screw, a pinion. On the shaft 
of said screw, a tap rotatably mounted in Said 
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tap slide having a pinion engaging the pinion on 
said screw shaft, means for moving said tool 
carrier into and maintaining the same in en 
gagement with Said stop to present the tap to the 
Work whereby a short downward movement of the 
tap slide caused by the rotation of Said Screw 
will cause the tap to engage the Work and con 
tinued movement thereof will cause the tap to 
Screw thread the work, an electric circuit for 
Supplying a current to Said notor, a reversing 
switch in said electric circuit and means oper 
able when the tap has entered the work to a 
predetermined distance to actuate said revers 
ing Switch and thereby reverse the direction of 
rotation of the motor to withdraw the tap from 
the Work, and simultaneously move the tap slide 
toward the tool carrier. 

28. A machine of the class described compris 
ing a tool carrier, an electric motor mounted 
thereupon, a tap sliding means for actuating said 
tool carrier to present the tap to the Work, means 
operable by Said motor to move tap slide rela 
tively to said tool carrier and to rotate the tap, 
means for Supplying an electric current to said 
motor, comprising a main circuit and a revers 
ing circuit, a reversing Switch for said circuits, 
means operable by the means for actuating said 
tool carrier to complete the main circuit and 
means operable by the movement of the tap slide, 
when the tap has entered the work a predeter 
mined distance, to break said main circuit and 
complete said reversing circuit and thereby cause 
Withdrawal of the tap from the work. 

29. A machine of the class described compris 
ing a tool carrier, an electric motor mounted 
thereupon, a tap sliding means for actuating said 
tool carrier to present the tap to the work, means 
operable by said motor to move tap slide rela 
tively to said tool carrier and to rotate the tap, 
means for Supplying an electric current to said 
motor, comprising a main circuit and a reversing 
circuit, a reversing switch for said circuits, means 
operable by the means for actuating said tool 
Carrier to complete the main circuit and means 
Operable by the movement of the tap slide, when 
the tap has entered the work a predetermined dis 
tance, to break Said main circuit and complete 
said reversing circuit and thereby cause with 
drawal of the tap from the work, a circuit break 
ing Switch in said reversing circuit and means 
Operable by the tap slide during its movement 
toward the work to close said circuit breaking 
Switch and at the end of the withdrawal move 
ment thereof to open said switch and thereby 
stop Said motor. 

30. A machine of the class described compris 
ing a reciprocable tool carrier, an electric motor 
mounted thereupon, a tap slide, a shaft journalled 
in said tool carrier having a screw engaging a 
nut on Said tap slide, means for actuating said : 
Screw shaft from Said notor to move the tap slide 
relatively to said tool carrier, means for rotat 
ing the tap from said screw shaft, means for sup 
plying an electric circuit to said motor compris 
ing a main circuit, a reversing circuit, a reversing . 
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switch in said circuits, means for advancing said 
tool carrier to present the tap to the work, means 
simultaneously operable to actuate said reversing 
switch to complete the main circuit to said motor 
and means Operable, when the tap has reached a 
predetermined distance, to actuate said reversing 
switch to break said main circuit and complete 
said reversing circuit and thereby withdraw the 
tap slide from the work. 

31. A machine of the class described compris 

145 

50 



10 

15 

20 

25 

30 

35 

1988,107 
ing a reciprocable tool carrier, an electric motor 
mounted thereupon, a tap slide, a shaft journalled 
in said tool carrier having a screw engaging a 
nut on said tap slide, means for actuating, said 
screw shaft from said motor to move the tap Side 
relatively to said tool carrier, means for rotating 
the tap from said screw shaft, means for Sup 
plying an electric circuit to said motor compris 
ing a main circuit, a reversing circuit, a reversing 
switch in said circuits, means for advancing said 
tool carrier to present the tap to the work, means 
simultaneously operable to actuate said reversing 
switch to complete the main circuit to said motor, 
means operable, when the tap has reached a pre 
determined distance, to actuate said reversing 
switch to break said main circuit and complete 
said reversing circuit and thereby withdraw the 
tap slide from the work, a circuit breaking Switch 
in said reversing circuit and means Operable by 
the movement of the tap slide away from the work 
to break said reversing circuit and thereby stop 
Said motor. 

32. A machine of the class described comprising 
a base, work support columns rising therefrom 
and having a top plate thereupon, a tool carrier 
reciprocably mounted on said columns, an elec 
tric motor mounted on said tool carrier, a tap 
slide mounted on said columns, a counter shaft 
mounted in said tool carrier having a brake drum 
a screw shaft mounted in said tap slide, and driven 
from said counter shaft, having a Screw engaging 
a nut on said tap slide operable to move Said 
slide relatively to said tool carrier and means Op 
erable by said screw shaft to actuate Said tap, 
a break mounted on said tap slide, means for sup 
plying an electric current to said motor including 
a main circuit and a reversing circuit, a reversing 
switch in said circuit, means for actuating said 
tool carrier to present the tap to the work, means 
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operable by said carrier actuated means to cause 
said reversing switch to complete the main cir 
cuit, means operable, when the tap has reached a 
predetermined distance in the work, to cause said 
reversing switch to break the main circuit and 
complete the reversing circuit, a circuit breaking 
switch in said reversing circuit and means for 
closing said switch upon movement of the tap 
slide away from the tool carrier and consequent 
release of said brake from said brake drum and 
means operable by said brake, upon re-engage 
ment with the brake drum at the end of the draw 
ing movement, to open said circuit breaking 
switch and thereby stop the motor. 

33. A machine of the class described comprise 
ing a base, work support columns rising there 
from and having a top plate thereupon, a tool 
carrier reciprocably mounted on said Columns, an 
electric motor mounted on said tool carrier, a tap 
slide mounted on said columns, a counter shaft 
mounted in said tool carrier having a brake drum, 
a screw shaft mounted in said tap slide, and 
driven from said counter Shaft, having a Screw 
engaging a nut on said tap slide operable to move 
said slide relatively to said tool carrier and means 
operable by said screw shaft to actuate said tap, 
a brake carried by a spring actuated arm pivotally 
mounted on said tap slide, means for supplying an 
electric current to said motor including a main 
circuit and a reversing circuit, a reversing Switch 
in said circuits, fluid pressure operable means 
interposed between said tool carrier and said 
plate and actuating said tool carrier to present 
the tap to the work, means operable by fluid pres 
Sure when Supplied to Said tool carrier actuating 
means to cause said Switch to complete the main 
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circuit, means operable, when the tap has reached 
a predetermined distance in the Work, to cause 
said reversing Switch to break the main circuit 
and complete the reversing circuit, a circuitbreak 
ing switch in Said reversing circuit, means for 
closing said switch upon movement of said tap 
slide away from Said tool carrier and Consequent 
release of said brake from Said brake drum and 
means operable by said brake arm, upon re-enre 
gagement of the brake with the brake drum at 
the end of the tap withdrawing movement, to open 
said circuit breaking switch and thereby stop the 
motor. 

34. A machine of the class described compris 
ing a base, a work Support, columns rising from 90 
said base having a top plate thereupon, a tool 
carrier respectively mounted. On Said Columns, an 
electric motor mounted on said tool carrier, a 
tap slide mounted on said columns, a shaft jour 
nalled in said carrier having a screw engaging a 
nut on Said tap slide, a tap rotatably mounted in 
Said tap slide, means for transmitting rotation 
to Said tap from said screw shaft, a gear on said 
Screw shaft, a counter shaft having a pinion en 
gaging Said gear and a pulley on said counter 
shaft driven from a pulley on the motor shaft, 
a brake drum. On Said counter shaft, a cooperating 
brake carried by the yieldable arm pivotally 
mounted. On Said tap slide, means for actuating 
said tool carrier to advance the tap to the work, 
Ineans for Supplying an electric circuit to said 
motor comprising a main circuit and a reversing 
circuit, a reversing Switch for said circuits, means 
for completing said main circuit to drive the tap 
into the work, means for actuating said reversing 110 
circuit, when the tap has reached a predeter 
mined distance in the work, to break the main 
circuit and complete the reversing circuit and 
thereby withdraw the tap from the work, a circuit 
breaking Switch in said reversing circuit, means 
for closing said Switch upon downward movement 
of the tap slide away from the tool carrier in 
cluding a rod connected to said yieldable brake 
arm and operable by the engagement of the brake 
and brake drum when the tap slide is raised to 
open said Switch and stop the motor, and to main 
tain Said Switch open so long as the brake remains 
in engagement with said brake drum. 

35. A machine of the class described compris 
ing a base, a work Support, columns rising from 
Said base, a tool carrier reciprocably mounted on 
Said Columns, a tap slide mounted on said 
columns, a shaft journalled in said tool carrier 
having a Screw engaging a nut on said tap slide, 
a tap shaft rotatably mounted in said tap slide, 
complementary gears detachably secured respec 
tively to said screw shaft and said tap shaft co 
Ordinated to the pitch of said screw and to the 
pitch of the tap cutting members of the screw 
shaft, means for actuating the tool carrier to pre 
Sent the tap to the work and means for actuating 
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a Screw shaft to cause relative movement be 
tween the tap slide and the tap properly to ad 
vance the tap to the work and means for re 
versing the direction of rotation of the screw 
shaft to withdraw the tap from the work. 

36. A machine of the class described compris 
ing a plurality of tool stations, a travelling car 
rier, fluid pressure actuated means for locking 
said carrier with the work positioned at said tool 145 
stations, means Operable by fluid under pressure 
for controlling the Supply of fluid to the indexing 
and locking means, including a master. valve 
operable by the fluid under pressure Supplied to 
said carrier locking mechanism to control the 150 
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sequence of operation of said indexing and lock 
ing means. 

37. A machine of the class described compris 
ing a plurality of tool stations, a travelling car 
rier, fluid pressure actuated means for locking 
said carrier with the work positioned at Said tool 
stations, means operable by fluid under pressure 
for controlling the Supply of fluid to the indexing 
and locking means, including a master valve oper 
able by the fluid under pressure supplied to said 
carrier locking mechanism to control the Se 
quence of operation of Said indexing and locking 
means, and a manually controlled starting valve 
operable to effect the initiation of the operation 
of the means for unlocking the travelling carrier 
and subsequent indexing of the Same. 

38. A machine of the class described compris 
ing a plurality of tool stations, a travelling car 
rier, fluid pressure actuated means for indexing 
said carrier, fluid pressure actuated means nor 
mally locking said carrier with the work posi 
tioned at said tool stations, Valve mechanisms 
operable by fluid under pressure for controlling 
the supply of fluid to the indexing and locking 
means, a master valve operable by the fluid under 
pressure supplied to said carrier locking mecha 
nism to control the supply of fluid under pressure 
to said valve mechanism and thereby to control 
the sequence of operation of said indexing and 
locking means. 

39. A machine of the class described compris 
ing a plurality of tool stations, a travelling Work 
carrier, fluid pressure actuated means for index 
ing said carrier, fluid pressure actuated means 
normally locking said carrier with the work po 
sitioned at said tool stations, fluid pressure actu 
ated means for feeding the tools to the work, a 
fluid pressure operated system for controlling the 
supply of fluid under pressure respectively to the 
carrier indexing means, to the carrier locking 
means, and to the tool feeding means, including 
a rapid traverse valve for controlling the Supply 
of fluid under pressure to the tool feeding means 
and a master valve for controlling the Sequence 
of operation of said indexing and locking means, 
and means operable by the fluid under pressure 
supplied to said locking means for actuating Said 
master valve and said rapid traverse valve in 
synchronism. 

40. A machine of the class described compris 
ing a plurality of tool stations, a travelling work 
carrier, fluid pressure actuated means for index 
ing said carrier, fluid pressure actuated means 
normally locking said carrier with the work po 
sitioned at Said tool stations, fluid pressure actu 
ated means for feeding the tools to the work, a 
fluid pressure operated system for controlling the 
supply of fluid under pressure respectively to the 
carrier indexing means, to the carrier locking 
means, and to the tool feeding means, including 
a rapid traverse valve for controlling the Supply 
of fluid under pressure to the tool feeding means, 
and a master valve for controlling the sequence 
of Operation of said indexing and locking means, 
and a starting valve normally positioned to pre 
vent release of said locking means but manually 
operable to initiate the operation of means for 
unlocking said carrier. 

41. A machine of the class described comprising 
a plurality of tool stations, a travelling work 
carrier, fluid pressure actuated means for index 
ing said carrier, fluid pressure actuated means 
for locking said carrier with the work positioned 
at said tool stations, fluid pressure actuated tool 
feeding means, conduit Systems for Supplying 
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fluid under pressure to said fluid pressure actu 
ated mechanisms, valves in said conduit systems, 
a fluid pressure System for controlling said valves, 
including a rapid traverse valve in the conduit 
Systems for Supplying fluid under pressure to the 
tool feeding means, and a master Valve for con 
trolling the flow of fluid under pressure in the 
conduit Systems of Said indexing means to said 
carrier locking means, and means operable by the 
fluid under pressure of said locking means to 
actuate Said master valve and said rapid traverse 
valve in synchronism, and a manually operable 
starting valve in said fluid operated controlling 
System operable to initiate the release of said 
carrier locking mechanism. 

42. A machine of the class described comprising 
a plurality of tool stations, a travelling work 
carrier, fluid pressure actuated means for index 
ing said carrier, fluid pressure actuated means 
for locking said carrier with the work positioned 
at Said tool stations, fluid pressure actuated tool 
feeding means, conduit systems for supplying 
fluid under pressure to said fluid pressure actu 
ated mechanisms, valves in said conduit systems, 
a fluid pressure system for controlling said valves, 
including a rapid traverse valve in the conduit 
Systems for Supplying fluid under pressure to the 
tool feeding means, and a master valve for con 
trolling the flow of fluid under pressure in the 
conduit Systems of said indexing means to said 
carrier locking means, and means operable by 
the fluid under pressure of said locking means 
to actuate said master valve and said rapid trav 
erse valve in Synchronism, a manually operable 
starting valve in said fluid operated controlling 
System operable to initiate the release of said 
carrier locking mechanism, and a fluid pressure 
Operated valve controlled by said master valve 
operable to prevent the supply of fluid under 
pressure to the mechanism for actuating said 
master valve and said rapid traverse valve dur 
ing the indexing of the carrier. 

43. A machine of the class described comprising 
a work Support, a reciprocable tool carrier, fiuid 
pressure Operated means for feeding the tool car 
rier toward the work, a conduit for Supplying 
fluid under pressure to said tool feeding means, 
a rapid traverse valve and a Supplementary tool 
feed controlling valve in said conduit, means for 
actuating Said valves concurrently to cause said 
fluid pressure operated feeding means to ad 
vance the tool rapidly to the work, means for 
controlling said supplemental valve to regulate 
the rate of feed of the tool during its engage 
ment with the work, including means for in 
creasing the rate of feed of said tool during its 
passage through a recess or aperture in the work, 
and for restoring the normal rate of the feed 
of the tool upon re-engagement with the work. 135 

44. A machine of the class described comprising s 
a Work Support, a reciprocable tool carrier, fluid 
pressure actuated means for feeding the tool 
carrier toward the work, a conduit for Supply 
ing fluid under pressure to said tool feeding 40 
means, a rapid traverse valve and a supplemental 
tool feed controlling valve in said conduit, means 
for actuating respectively valves to cause said 
fluid pressure operated feeding means to ad 
vance the tool rapidly to the work and to regulate 145 
the rate of feed during the operation of the tool 
upon the Work, comprising a valve actuating le 
ver pivotally mounted at one end upon said tool 
carrier, means intermediate of the length of said 
lever connecting it to said supplemental valve, a 150 
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cam shaft having a cam for operating said rapid 
traverse valve and a harmonic feed controlling 
cam, a rock shaft having thereupon a cam with 
an irregular profiled face, means for actuating 
said rock shaft upon said harmonic cam, and 
means operable by the cam upon said rock shaft 
engaging said valve actuating lever for control 

ling said Supplemental valve to cause a predeter 
mined rate of feed of the tool through a por 
tion of the work and increase the rate of feed 
through an aperture or recess in the work and 
to restore said predetermined rate of feed upon 
re-engagement of the tool with the work. 
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