Feb. 23, 1937. ~ W..FERRIS ET AL © 2,071,786

LATHE
Filed March 22, 1929 " 7 Sheets-Sheet 1.
|
) Q
1 ¢ b
. . 1
. @ \
A ' AN »
m— .
Y ‘
wn = )
a3 | aXIREl L 5 35S
NN | S ‘
\ N“z — (8
;';} S‘)) n . 2 ~
P 5‘ N .
o]
< EEL S N
o} o & )
w ORI e 2
~ o~ 5
sl | (erile |
o v
0 [ -\
¢ NN %. | 3 g
9 ~ -
BN\E '
n
LN ]
@ ; SN N=
B<JN \ | 2 )
N N a0
: sig ol &
R ™
. ~9
E 2' .,’ N \F‘- 2
"" R “x/l ’“". \\a
S PR Bt
0 L\ =9 ® H
Oy 0 - é - 4 -+ x:_l:l‘
38R NG 3
] R
. e I} o LT
L3 ™
ats ° R
LAY ) .
s 3 !
h —
§ gg = © 7
< \| 2] h
1 ., |
b2} !
e i ey EBCI T
9 - '%'SQ N ~N '
Q ]
1 tL]. .
N‘ %‘ N
§ N
[ll ‘ \
N K § INDENTOR. |
= - 3 Wiirex fé'zz/.ii

GEORGE H. Fo8”N

N 2Ll

ATTORNEY,




, 786

2,071

Feb. 23, 1937.

W. FERRIS ET AL

LATHE
Filed March 22, 13922

7 Sheets-Sheet 2

I

R

.

R AL

LT
Aiminis
Yy Y W 7.

., FM//W,M|

N

2%

IR
i

)

SU

AN

,I\ Vi
RN

= 27 14
oy

]
=T
ce? %€

asl

INDENTOR.
- Wearcr ([E€RIS
Crrorse M Fo8/~v

WM

BY

bl

) 06T -
bt m.w €87

ATTORNEY.




2,071,786

7 Shedts-Sheet 3

LATHE

W. FERRIS ET AL
Filed March 22, 1923

Feb. 23, 1937.

ATTORNEU.

wl® . 2}
.\\\f ~\,{ T =T w88
% \ A / /\ ), .
el ,g<l g W/\AW%/% /W////%/N\\W\M\\\\\M =
M.Mm_. L] 991, ‘sl BIE & Il
_ ,\,\ gLl
LLI
= . _ . - aLl <z
o sl |
oLl N%? e 2Z 511
al ]
4 \m

9a¢

M“ litin
. = ”\\qﬁ’ " _._A.A,
T

G T




W. FERRIS ET AL

Feb. 23, 1937.

2,071,786

LATHE - _
Filed March 22, 1323

7 Sheets~Sheet 4

ol S6! el CEUE . .

HAMRAANYT--002 " :
===l _.._r 261 9@l LBLIGL -
TNt /A S I Y 28! o
" - < = 5= o + 8
Yol oS 5

< i (P } = | eex oal N

( 47 Y — &8 el - Z

vot €61 el % a6t e / séi g 181 ™ 58 =

TIe =9

81— aat

C
]

4

sal 19l

cal’’ gl
ol
&bl

9

SPl
Ly

24!
avl

6

ZreET

o =4

I=1a1 N A

vel -

1 3]

-gs!

el

Wk reR FErRRIS
GEORGE /1, FOBIAN .

By

- ATTORNEY,



w. FERRIS ET AL - 2,071,786

Feb. 23, 1937.

LATHE
Filed March 22, 1322

7 Sh@ets—Sheet 5

;

! -

| ( Lt 617y 8IY _

_ ﬂm«w

| are? !

i 7 pe=m|

_ Sl il 2810 9

| Bl mm_ el

| o8 i ~FE

_ Ry et

~ . o i

' S o L9

| N&h 191 (.68 i esl g2\ o LYE

. = o \\u .

| zS! a1 T e
168 ] <l XY apz | |92 _
e <l &yl Gl 7
I =11 ol g bl SYTj 92 99 vTer |
sve) . e bl i D 2

! __ [E]] 1t .._a.w“ : ﬂ .me M9 (S9 €9

. Ral vt R : or:

_ vel avi J ,?n_l_ Il o8

! %6 | : i

_ ot Gesl o851 et 1 _ _ i m_uo Ve

N v 20 ,

. 4] Ve vt - =

_ : 2 Z€} _ mww il e

' 71 i R 1 -

| L &l ol K £

i = == ‘ i

| - | R SRR = ¥

_ 22 o _ e

| or gel . b M e

r. . P, J p "z H ﬁW¢m
[ e s —— i [ (R
e ettt e ttn LrenT
el e .

2}
.R.xw
Ty XK
: ._mi
=¥y
iER
. ﬁa
e8] XY
i&_
N
0
= =4
Le

ATTORNEY.




W. FERRIS ET AL 2,071,786

Feb. 23, 1937.

LATHE

N el st ST — e iy A
_.«N g ﬂ vz “_H!l_ ve”’ cogl ' .m“ &8 MM :
© _ — et =% _ _ £X Yy
v mnoa | nm_. ) ,J .mn*_ ez _ _ mMrm
s - | e Rleesi=i™ I T S N
g8 0 \ o v 1 1 lee 1s2g e ] 7 ot ™ NN
su m\ m M [ lsve ¢ oce | sot ,_ Se
b}
a @.\k&n& T e =r AN N L RIN C V(7. s SER
b o e | I L—e e —— — _H 1 AT 3 :
- VA A . . 1 H Q
7k jex; L Pl
~ r—SX ool .
e L) g6 ool Nﬂh il e an Z sil __ _
e | mmm i |
T - S i _ _
e e . —— . ——— —
o™ oLY _. | .
o X724 : .
B ! A.\l..lw ............... JMNV 52 YSZ/asy _. _ «a
; ik Ly
% L.I.M_..vw.l/ 8eT { /.’. ‘I.,I.hﬁmm. .
S T L g ) o 2 V\\\\\\\\Wmu ¢ LeY N
! A XA
5 59 - | é il 7 _ m\\\N\\\\:\N —_ 257 . -sve
= {68 | AT \ WW'“ os 169 462
o - & /v o7 cez
3 \ ¢g7 7 ;s8z
Y ’ 7 n..mm.
! 4
i 4 9¢
ey
5 12
667 roe \\\\mhn‘
(1% 10¢
) Bl L =4 A
o \ «HI&..v;u
.......... S A Y -
A3 mNm_L

f

ATTORNEY.




w. FERRIS ET AL 2,071,786
LATHE

Feb. 23, 1937.
A 7 Sheets-Sheet 7

Filed March 22, 1223

25 926
ha = M oo ng
7
Ip [
IR o o dovingeylutmionguispmpionts w 12} BN I R Hg
/
27
, :g’e; 59 94 110 e L '7;‘7_, b
105~ o {123 )&— |346"
109 : L2 18
| s
,/f’."»,,,,,,gg 4
=M1 =] 7

SITIIIIIILIIA. =
vrrrrits

P Gse7

11)4 7 ;
(C D
A : of .o 4 ]
106 /10 : ! 128
105~ (o7 vt e R
Lot 29 A TN ,;'}_-;ze_z,] 346)
109 - J
528 327
Frz 2= &
258 270 264 e, vocd
25k 265 26>259 329 325
25% o7
—2.71
Q\‘Qi“ 259
‘.""‘ = W1
231 =
NS

INVENTOR.

Worer FERRIS
Crores H. OBV

BY | Ww%/ww

.. ATTORNEY.




ot

10

30

35

40

Patented Feb. 23, 1937

'UNITED STATES

2,071,786

PATENT OFFICE

2,071,786
. LATHE

. Walter Ferris and George H. Fobian,
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‘54 Claims,

This invention relates to machine “tools and
particularly to improved feed and control mecha-
nisms therefor, . oo

For purposes of illustration and explanation the
Invention will be described as embodied in a
multiple turret lathe although the novel features
thereof may be applied: to. advantage inbva,rious .
other types of machine tools and the Liké.

One object of the present invention is the pro-
visiont of a wholly automatic machine tool in-
volving a plurality of carriers capable of execut-
ing different movements during successive stages
of a complete operating cycle as predetermined by
or during a preceding stage, -

- Another object is the provision of improved
means for accurately regulating and controlling
the rate, direction, and extent of movement of

_each carrier. '

Another” object is the provision in 3 machine
involving a plurality of hydraulic motors driven
from one hydraulic circuit of means for auto-
matically controlling and accurately -regulating
the operation of each motor. - .

Another object is the provision of improved tur- *
ret indexing mechanism for effecting intermit-
tent rotation -of the turret through successive
predetermined angles and for automatically se-
curing the same in each indexed position.

Another object is the provision in a machine
involving a plurality of carriers of turret con-
trolled means for predetermining and controlling
the movement of the carriers.

Numerous other objects and advantages will
appear from the following description of an il-
lustrative embodiment of the present invention.

In the drawings:— . SRS

Figure 1 is a plan view of a multiple turret
lathe equipped with automatic control and feed
mechanisms embodying the novel features of the
present invention. o :

Fig. 2 is a view in elevation of the front side

of the lathe.

Fig. 3 Is a similar view of the rear side of the.
e . Lo

- lathe.

45

-Fig. 4 is a view in elevation of the right end of
the lathe. . : - ]

Fig. 5 is a longitudinal sectional view of the
main carriage showing the main turret and index-
ing mechanism therefor. ) L

Fig. 6 is a horizontal sectionzl view on the line
6—6 of Fig. 5. . i - ‘

Fig. 7 is'a transverse sectional view of the

‘main carriage.

* Fig. 8 1s a.sectional view.of an auxiliary turret
on one of the cross-slides, C :

" nism shown in Fig. 10.

(CL. 29—42)

Fig. 9 is a horizontal sectional view on the line
9—9 of Fig. 8. !

Fig.-10"1s & plan view of the control mecha-
nism for the main carriage.

Fig. 11 is a side elevational view of the mecha- §

Fig. 12 is a sectional view on the line {2—i2 of
Fig. 11, . : ‘

Fig. 13 is a sectional view on the line 13—13

" of Fig. 11. »

- Fig. 14 is a sectional view on the line i4-—14 of
Fig. 10. . -

Fig. 15 is a detail view showing the control
mechanism for the cross-slides. . .
;. Figs. 16, 17, and 18 are detail views of one of | 15

“the valves and its coacting cam shown in Fig.
.15, and illustrating the action thereof.

Figs. 19 and 19A together constitute a dia-
grammatic illustration of the hydraulic feeding
and control circuit and parts connected there-
with. '

Figs. 20 and 21" are sectional views on a larger
scale of the main control valve and associated
parts shown in Fig. 19A and illustrating two other
characteristic positions thereof. . ‘o5

Figs. 22, 23, 24 and 25 are detail sectional views
of different marginal portions of a control disk,
shown in Figs. 1 and 10, together with coacting

20

. parts associated therewith.

The lathe shown is of the multiple turret type 30
and comprises a bed 20 of conventional design sup-
porting the usual headstock 21 and provided with
the usual longitudinal ways 22 upon which the

-main carriage 23 is mounted for lengthwise travel
toward and from the headstock.- A re- - carriage 35

24 and front carriage. 24’ are independently
mounted on the ways 22 for movement lengthwise
of the bed between the main carriage and the head
stock. Each of the rear and front carriages 24
and 24’ carries a cross-slide 26—326’, of a well 40
known type, movable thereon toward and froin
the longitudinal ‘axis of the bed. Rotatably
mounted on the main carriage 23 is a five-position
tool-carrying turret 28, and auxiliary two-posi-
tion tool-carrying turrets 29 and 29’ are carried
by the cross-slides 26 and 26’, respectively. The
headstock supports the usual chuck 3{ driven in
a wéll known manner for receiving and rotating
the work a. '

'The main turret 28, shown in detail in Figs. 5,
6 and 7, comprises a hollow casting having a sub-
stantially -cylindrical base 32, fitted for rotation
in a circular opening 33 formed in the main car-
riage 23, and a five sided head 34 formed integral
with the base and having appropriate tool receiv.

45
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* gleeve - 31 rotatable thereon. The upper end of -
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ing sockets 35 therein. A stud
lower end in the carriage,
through the center of

36, anchored at its
projects upwardly
the turret and carries a

the sleeve 37 is threaded upon the upper reduced
end 38 of the stud so that vertical motion is im-
parted to the sleeve when rotated upon the stud.
The upper end of the sleeve 31 also carries a clamp
collar 39 which, when the sleeve is screwed down-
wardly, presses the turret downwardly upon its
seat and thereby holds the same against rotation.
In this instance the collar 39 is in the form ' of a
nut screwed onto the sleeve and locked in place
by & lock nut 40, an anti-friction bearing 41 being
interposed between the collar 39 and turret head
34 to prevent a cramping action between the collar
and head. . .

The sleeve 37T carries an actuating flange 42 ab
the lower end
the flange having ratchet teeth 43 formed thereon
for coaction with mating teeth 44 formed upon the
lower face of a ratchet element 45 loosely mount-
ed on the sleeve and splined within an inner hub
46 of the turret. The ratchet element 45 is ver-
tically. movable with respect to
and sleeve 37 but is held in coacting relation with
the collar 42 by a spring 41. -The collar 42 also
carries a segmental gear 48 which meshes with a
rack 49 constituting a part of a double acting hy-
‘draulic plunger 50 to be later described. The
stroke of the plunger 80 is such as to impart a
hinety degree rotation to the flange 42 and sleeve
31, but as indicated in Fig. 7 the ratchet teeth 43
and 44 are so set as to provide a definite amount
of lost motion therebetween so that the ratchet
element is rotated through an angle of only sev-
enty two degrees.for each stroke of the plunger.
This eighteen degree idle motion of the sleeve Is

sufficient to release the clamping pressure of the .

collar 39 upon the turret so as to permit free rota-
tion of the turret under
element 45 throughout the final seventy two de-
gree rotation of the sleeve.:
stroke of the plunger the sleeve is returned
through the full ninety degree angle and the
clamping pressure between collar 39 and twrret
is reestablished. ~

In order to accurately center and securely lock

. the main turret 28 in each indexed position the

jengthwise reciprocation

56

60

cylindrical base 32 thereof is provided with a
series of five holes 51 adapted to receive the ta-
pered end 52 of an indexing pin 53 mounted for
in the main carriage.
This pin is automatically advanced and with-
drawn by a hydraulic plunger 54 to be hereinafter
described.’ :

The main carriage 23 is hydraulically advanced -

and retracted along the ways 22 by a piston 55,
reciprocable in a cylinder 56 disposed lengthwise
of and secured to the bed 20 below the carriage.

. _'The piston 55 is connected to the carriage through

65

70

s

a rod 57 the forward end of which is anchored
to a lug 58 depending from the carriage.

The two auxiliary turrets 29 and 29’ are sub-
stantially identical so that a description of one
will suffice for both. As indicated in Figs. 8 and 9
each comprises a flanged base 59 rotatably seated
in & circular recess 60 formed in its. supporting
cross-slide 26 or 26", Each rotates about a ver-
tical stud 61 anchored in an internal hub 62 in

the cross-slide and extending upwardly through -

the base 59. A worm wheel 63 fixed on the lower
end of the base 59 meshes with a Wgrm Sl-ﬁ:;ed
to a shaft 65 journalled horizontally in the cross-

dlide. The shaft 65 is driven by @ small hydraulic

or the other of two pipes

thereof the upper annular face of.

both the hub 46 -

the action of the ratchet

Upon each return

" 2,071,786

motor of a well known type comprising a pair of
intermeshing
within a housing 68 fixed to the side of the cross-
slide. 'This motor is actuated in one direction or
the other by liquid supplied thereto through one
69 and 10 (or 69’ or 10"
connected to the housing above and below the
gears, respectively. Each turret is oscillatable,
under the action of the motor driven worm 64,
through an angle which is limited to exactly nine-
ty degrees or to any other desired angle by & pair
of segmental lugs T{ on the worm wheel which
coact with a pair of segmental stops 12 fixed in
the base of the recess 60. The worm .also coacts
with the worm wheel to securely lock the turret
in either of its ninety degree positions. The fur-
ret carries an appropriate top plate 13 spaced
therefrom and carrying a plurality of clamp
screws 14 for clamping appropriate tools to the
turret. o

Each cross-slide 26—26’
bore 16—178’ which coacts with a stationary
piston 11—17’ connected through a rod 18—18’
with a lug 19—19’ on the supporting carriage
24—24’ to effect horizontal movement of the
cross-slide toward and from the longitudinal
axis of the work. Each rod 78—18’ confains a
liquid conducting passage 80—80’, which com-
municates with the forward end of the hore
16—16’, and a second passage g1—81”, which
communicates with the rear end of the hore,
through which each cross-slide is hydraulically
actuated. A stop collar 82-—82’ 'on each rod
18-—18’ limits the rearward movement of the

contains a -cylinder

cross-slide (see Pig. 1) and an adjustable stop °

screw 83-—83’ on each cross-slide coacts with
a lug 84—84’ on the supporting carriage to limit
the forward movement thereof. Each cross-slide
is also movable with its supporting carriage
24—24’ along the ways 22 in a direction parailel
to the axis of the work. Adjustable stops 85—85’
on the ways limit the movement of the carriages
24—24’. in a direction away from the headstock
and hydraulically urged plungers 86—86’ in the
headstock yieldably
against these stops. In this instance each plunger
86—86’ ‘is ‘closely fitted in a horizontal bore
871—87’ in the headstock, each bore being main-
tained flooded with liquid under pressure through
a pipe 88—88’ from & source to be later de-
secribed.’ ‘ ’

The feed cylinder 56 of the main carriage 23
and the feed cylinders 16 and 716’ of the cross-
slides 26 and 26’ are supplied with driving liquid
from an appropriate variable displacement pump
89. The pump shown in Figs. 1, 2, and 19A. is of
the type described and claimed in Patent No.
1,854,127 issued April 12, 1932 to Walter Ferris.

"1t is driven at constant speed from any apprpprl-

ate power source through a drive shaft 99, and
delivers liquid under pressure and at varlable

gears 66 and 67, closely confined:

maintain the cafriages.

20
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rates_into either of the two-main circuit pipes .

91 and 82. The rate and direction of pump dis-
charge is controlled by the application’ of fluid

. pressure to the several control pipes 93, 94, 85
_and 96. When no pressure exists in any of these

65

pipes pum;') displacement is zero and there is no -

flow in pipes 91 and 92. 'When pressure is estab-
iished in pipe 93'the pump discharges at a high
rate into pipe 91; when pressure’is established in
pipe 94 the pump discharges at a high rate into
92; when pressure is established in pipe
95 the pump discharges into pipe 91 at a rela-
tively low rate determined by the setting of a
Jongitudinally adjustable stem 97; and when

75
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pressure Is established in pipe 96 the pump dis-
charges into pipe 91 at a relatively low rate de-
termined by the setting of a similar stem 98.
The pump also maintains a predetermined pres-
sure in a pipe 99 leading therefrom irrespective
of the conditions i the ecircuit ‘pipes 91 and
92 or in the control pipes 93, 94, 95 and 96.
Since the various instrumentalities for effecting

the above functions are fully described in the-

patent hereinabove identified a further detailed
description thereof is deemed unnecessary.

In this instance however the adjustment of the
stems 87 and 98 is effected in a new manner.
Each is shown thounted for vertical adjustment
in hollow bosses 100 provided on the top of the
pump housing, and each is penetrated by a hori-
zontal wedge bar 101—102 which rides upon the
associated boss and  projects through a slot
103—104 in each stem. The stems may thus be
independently raised or lowered by longitudinal
adjustment of the wedge bars therein, -

The several control pipes 93, 94, 95 and 96"

are controlled by an appropriate valve i85 which
in this instance is mounted in the side of the
pump casing as indicated in Figs. 1 and 2.
This valve, which is shown in section in Figs. 19A,
20 and 21, is substantially identical with the main
control valve described in detail in the patent
hereinabove identified. It comprises a housing
having & cylindrical bore containing five spaced
annular grooves 106, {07, 108, 109 and fio.
Grooves 106, 107, 108, and 110 are permanently

connected to control pipes 93, 95, 96 and 94, )

respectively, and groove 109 is connected to the
pressure pipe 99. - A hollow piston valve having
two spaced heads 11f and 112 connected by a
reduced portion 113 is closely fitted for length-
wise movement in the bore, the space surround-

* ing the reduced portion being always exposed to

40

GO

" and 122,

75

the pressure in the pipe 99 and groove 109. The
two énds of the bore communicate through the
hollow valve and both are thus open to an exhaust
pipe 114 at one end ‘of the bore., Thus in the
position shown in Fig, 19A the control pipes 93.
95 and 96 are exposed to the pressure in pipe
99 and the control pipe 94 is open to the exhaust
pipe 114. By shifting the valve toward the right
from this position the pipes 98, 95 and 96 are
opened successively to the drain pipe ti4-and
when the valve reaches its right extreme position
the pipe 94 is exposed to the pressure in pipe 99.

The valve is provided at one end with an op-
erating stem 115 actuated by mechanism to be
later described under the control of the main car-
riage, In this instance it is also equipped with
a hydraulic attachment automatically operable to
shift the valve element from right extreme posi-
tion into the left extreme position of Pig. 19A

and to check or retard the return movement ’

thereof into the right extreme position. This
attachment comprises a plunger 116 attached to
the right énd of the valve element and closely,
fitted for reciprocation in a bore formed in an
extension housing (17. This plunger is provided

5 with a reduced portion 118 and an end head 119,

The bore contains three annular grooves 120, 121
A pipe 123 connects grooves 120 and
122, This pipe is also connected tc a pipe 124
which is exposed either to pressure or exhaust
under control of a valve (25 to be later described.

A pipe 126 connects groove 121 with 3 port 27 in

the rear end of the bore. A pipe 128, controlled
by a cut-off valve 128, connects pipes 126 and
123, and a pipe 130, controlled by a needle valve

131, connects pipes 128 and 123. The pipe 128
also contains a normally open piston valve 325
to be later described. Valve 129 is controlled by
a lever arm 129’ by mechanism to be ldter de-
scribed to-open or close communication through
pipe 128, and the needle valve provides a variable
choke for controlling the rate of flow through pipe
130. The arrangement is such that when the
piston of the main valve and the plunger 116 are
in the right extreme position of Fig, 21, and the
bipe 124 is exposed to pressure, this pressure is
transmitted through grooves 120, and 121, pipe 126
and port 127 to the end of the plunger to shift
the plunger (16 and the piston of valve 185 toward
the left. As the head (19 of the plunger in its
movement toward the:left passes beyond the

- groove {22, this pressure is transmitted to the end

of the plunger directly through this groove. This
movement therefore continues until the main
valve assumes the position shown in Fig. 19A,
Movement of the piston of valve {05 toward the
right is effected by the stem 115. When there is
no pressure in the pipe 124 and when the valve
129 is in the open position of Figs. 19A and 21,

. the plunget 116 offers no resistance to movement.

in this direction since in all positions thereof the

. end of the bore communicates with pipe 124
' through the port 127, pipe 128 and groove 120,

When the valve 129 is closed, however, as indi-
cated in Fig. 20, movement of the piston 116 to-
ward the right is checked when it reaches the
bosition shown in Fig. 20, since grooves 121 and

122 are then covered by the head 19 and the

liquid in the end of the bore can escape only
through pipe 130 and at a slow rate, as determined
by the setting of the needle valve | 31. The piston
and valve then moves very slowly until the groove
121 is uncovered after which the liquid ‘may es-
cape from the end of the bore throuzh pipe 126
and grooves 121 and 120. The delay thus effected
is for a purpose which will later appear.

As indicated in Figs. 19 and 19A the main cir-
cuit pipe 94 leading from the pump is connected
to the rear end of the feed cylinder 56 of the main
carriage, and a pipe 132 from the forward end of
this cylinder leads to a switch valve 133 which
controls the operation of the rear cross-slide 26.
A pipe {34 from the switch valve {33 leads to a
second switch valve 133’ which controls the op-
eration of ‘the front cross-slide 26’. ' The other
main circuit pipe 92 leads from the switch valve
138’ back to the pump: A by-pass connection 135
between pipes 91 and 132, controlled by a two-way
bressure relief valve 136, permits a flow of liquid

between these pipes whenever the piston 55 be--

comes stalled; a similar by-pass connection 137
between pipes 132 and | 34, controlled by 3 two-
way relief valve 138, permits a flow of liquid be-
tween these pipes whenever the flow through
valve 133 is blocked; and a similar by-pass con-
nection 189 between pipes 134 and 92, controlled
by a two-wfay relief valve 140, permits a flow of
liquid between these pipes whenever the flow

through the valve 133 is blocked:

The two switch valves 133 and 133’ are substan-

tially similar, Each comprises a casing having a

¢ylindrical bore with three annular grooves 181,
142, and, 148 formed therein. Pipe 132 communi-

cates with the middle groove 142 of valve 133, and .

pipe 134, leading from the upper end of the bore
of this 'valve, communicates with the middle
groove 142 of valve 133’. Pipe 92 communicates
with the upper end of the hore-of valve | 33, 'A
pipe 144 leading from groove 141 of valve 133 com-
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" municates with the rear end of cylinder 16

[

10

20

30

(=)
[

40

45

55

60

65

70

{]

through the passage 81 in the piston rod 18, and
a pipe 145 leading from the groove 143 communi-
cates with the forward end of cylinder 16 through
the passage 80. Similarly a pipe 144’ leading
from groove {41 of valve 133’ communicates with
the rear end of cylinder 16’ through passage 8l
and s pipe 145’ leading from the groove {43 of
valve 133’ communicates with the forward end of
cylinder 76’ through passage 80’. A piston valve
having four spaced heads 146, 147, 148 and 149 is
mounted for lengthwise ‘movement in each ‘bore.
This valve contains a longitudinal passage 150
through which communication is maintained be-
tween .the ends of the bore. Passage 150 also
communicates with the space between the central
heads (47 and 148 of the valve through a port
{51 therein. It will be noted that the upper end
of the piston is of greater area than' the lower
end thereof so that
pipe 92 urges: the piston downwardly.

With the piston valve of each in the
ate position’shown in Fig. 19 grooves
are open to the dead spaces between heads 146
and 141 and heads (48 and 149, respectively, so
that the pipes leading therefrom to the cylinders
16 and 16’ are effectively blocked, but the inter-
mediate groove 142 is open to the upper end of
the bore, so that pipe 132 communicates with pipe
134 and pipe 134 with pipe 92. Thus with both
valves in i_n)termediate position the piston 55 of
the main carriage may be operated in either di-
rection while both cross-slides remain at rest.
When the piston of valve 133’ is elevated into the
position shown in Fig. 16 pipe 134 communicates
with pipe 145’ so that liquid is fed into the for-
ward end of cylinder 16’ to advance the front
cross slide 26’, and pipe 144’ communicates with
pipe 92 through the port 151 and passage 150, so

intermedi-

that liquid discharged from the rear end of cylin- -
Similarly’

der 16’ may flow back to the pump.
when the piston of this valve is lowered into the
position shown in Fig. 17, pipe 134 is opened to
pipe 144’ and pipe 145’ is opened to pipe 92 so
that the cross-slide 28’ is retracted. In a similar
manner the rear cross-slide 26 may be advanced
or retracted by elevating or lowering the piston of
valve 133. The piston of each valve is actuated

and controlled by a stem {52—I152’ connected,

therewith and placed, under the control of mech-~
anism. to be hereinafter described.

From the foregoing it will be noted that by ad-
justment of the switch valves 133 and 133’ in the
manner described either or both of the cylinders
16 and 16’ may be connected in series with the
eylinder 56 for operation at a definite rate de-
pendent upon the rate of flow in the pipes 914
and 92. It will also be remembered that the rate

- and direction of this flow is determined by ad-

justment of the pump 89. .

In the machine shown the two switch valves 133
and 138’ are fixed to an appropriate bracket 183
projecting from thé rear side of the bed 20, as

indicated in Fig. 4, and are placed under the con-

trol of mechanism carried by and movabie with -

the main carriage 23. This mechanism comprises
a drum 1854 fixed to and rotatable with a shaft
155 horizontally journalled in appropriate brack-
ets 156 projecting
carriage. The forward portion 51 of the drum
-is substantially cylindrical and so positioned that
when the main carriage is in retracted position,

the outer ends of the stems 152 and 152’ of the
rest thereon with the valves

valves 133 and 133"

the pressure supplied through-

i41 and 143 .

' the gate to thereby return
‘neutral position. :

"spective valve stems 152 and 152"

from the rear side of the main_
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in the intermediate position shown in Fig. 19.-
(See Figs. 3, 4 and 19.) The rear portion 158 of
this drum is fashioned to receive five longitudinal
cam rails 159, symmetrically disposed about the
periphery of the drum for coaction with the stem
152 of valve 133, and five longitudinal cam rails
(59’ intermediate the rails 159 for coaction with
the stem 152’ of valve 133’. By intermittent rota-
tion of the shaft 155 the drum is indexed to bring
the rails 159 and 159, successively, into coacting
relation with their respective valve stems. The
outer or active edge of each rail is given any de-
sired contour to effect elevation or depression of
the coacting valve stem and valve at any point
or points desired in the advance of the main car-
riage. For instance the rail {59 shown in Fig. 19
has an elevated portion 160 which, as the rail ad-
vances, elevates the-valve so as to open communi-
cation between pipe 132 and the forward end of
cylinder 16 to effect advance of the cross-slide
26; although any of the rails may have a de-
pressed portion 161 such as is provided in the rail
{59’ shown in Fig. 19, which will permit the co-
acting valve to assume a depressed position. In
this latter instance the depressed portion is
actually covered by an automatic gate 162 which
is shown in detail in Figs. 16, 17, and 18.

This gate is in the form of a horizontal lever
162 rockably supported on a horizontal pivot pin
163 and having a forward inclined end 164 which
rests upon the edge of the rail in advance of the
depressed portion. A spring {65 acting on the
other end of the lever yieldably retains the same
in the position shown so that, as the rail ad-
vances, the valve stem 152’ is elevated thereby.
In this instance the rail coacts with a laterally
bent portion (66 on the end of the stem. This
portion 166 rides on the lever
an opening 167 provided therein, at which point
it drops through this opening onto the depressed
portion 161 to thereby reverse the valve 133’, as
indicated in Fig. 17. This occurs substantially as
the main carriage 23 reaches the forward limit
of an advance movement. Upon reversal of the
main carriage the rail 159’ moves toward the
right and the stem 152’ climbs out of the de-
pressed portion and passes beneath the end 164 of
the valve 133’ into its

The shaft 165 carrying drum 164 is inter-
mittently rotated through successive angles of
seventy-two degrees to thereby index the drum
and bring the several cam rails 159 and 159’
successively into coacting relation with their re-

\ This rota-
tion occurs whilé the main carriage 23 is re-
tracted and while the valve stems are resting
upon the forward cylindrical portion 157 of the
drum where they do not interfere with this ro-
tation. This rotation is imparted to the shaft

I§§ from the turret 28 on the main carriage 23

‘through appropriate gearing shown particular-
.1y in Pig. 7. This gearing includes a ring gear

168 fixed to the base 32 of the main turret and
meshing with a pinion 168 fixed to the upper
end of a vertical shaft 1710 ' journalled in the

_main carriage. The lower end of shaft ITd car-

ries a large spiral gear {71 which meshes with

.3 small spiral gear 112 keyed or otherwise fixed

to the shaft. {55. The gear ratios are such that
each seventy-two degree rotation of the main
furret imparts a seventy-two degree rotation to-
the shaft 165 and drum. A second gear train
including & pinion 113, meshing with ring gear
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168 on 2 vertical shaft 178, and a spiral gear
175 on vertical shaft 174, meshing with a spiral
gear 176 on a horizontal shaft 171, imparts in-
termittent rotation through successive seventy-

. two ‘degree angles to the shaft 177 in a similar

manner. Shaft {17 is jourhnalled in appropriate
brackets {18 on the front side of the main car-
riage 23, and.carries a drum (19 which coacts

with mechanism such as will be later described -

for overating and controlling the pump control
valve 185 hereinabove described.

The drum {19 is five sided and is provided
with five longitudinal flanges or rails 180 which
extend along the lower margin of each face (see
particularly Figs, 10 to 13). A cam plate . 181
of appropriate form is fixed to each_ face of
the drum above and spaced from the lower rail
180 thereof, the upper edge (82 of each plate
being of stepped form to provide a cam surface

for coaction with a roller or pin 83 which. pro-

Jects horizontally from the conical end 183’ of
the head 184 of a lever mechanism to be later
described. A plate {85 mounted upon the brack-
ets 178 in advance of the drum {19 carries a
fixed lower rail 186 positioned to register with

.one -of the drum rails 180 in each rotative po- .

sition of the drum. This plate also carries a

cam plate 187 fixed against.the rail (86 and

having an inclined edge 188 sloping toward the
drum and to the rail 186. A disappearing upper

© rail 188, rockably supported on upright arms (90

40

45

50

pivotally mounted behind the plate, normally .

projects through a longitudinal slot 19! in the
blate above the cam plate 187." In its normal
bosition the upper edge of this rail 189 registers.
with the upper edge of one. of the cam plates
{81 on the drum. The plate 185 is so positioned

as to receive and. support the cam roller or pin

183 when the main carriage 23 is in retracted

position so that the drum 179 may then be ro-

tated without interference with this roller.

The roller carrying head 184 is mounted on
the end of an extension 192 of a lever (93 which
is rockably  supported upon; & horizontal pivot
pin 184 anchored in the outer end of an appro-

priate bracket 195 projecting from the front of

the bed 20 of the machine. “The extension 192
is connected to the lever 193 through an up-
right pivot pin 196 and is vieldingly urged by
a spring 197 toward the drum 179 and plate §85.

- The lever 193 carries a depending arm (98

65

60

whose lower end is connected to the stem (5
of the main control valve 105 through an ap-

. bropriate link {99, The lever 193 is urged down-

wardly by a tension spring 200 between the arm
198 and bracket 195. The head (88 also car-
ries an appropriate handle in the form of a
knob 201 by which the lever 193 and extension
182 may be manipulated by the attendant. It
will be noted that by swinging the extension 192

outwardly about the pivot pin 196 the cam roller

. 183 may be made to clear the drum (78 and
" plate 185 and, when so withdrawn, it may be

85

70

75

raised or lowered at will to thereby adjust the
Valve 105 to any position desired to change the
rate or direction of table movement.

The arrangement Is such that during the re-
turn movement of the main carriage 23 the cam
foller 183 normally rides from right to lefi
(Figs. 10 and 11) upon one of the lower rails
180 of the drum and onto- the lower rail 186 of

the plate until it reaches and climbs upwardly -

upon the inclined edge 188 of the cag: plate 187,
During its travel along the rails | 0 and ‘186

~onto a depressed portion 182’

5

the lever 193 assumes a lower extreme position
and the piston of the pump control valve {06

assumes a right extreme position of. Fig, 21, in :

which position the pump control pipe 94 is ex-
posed to-the pressure in pipe 99 and the pump
discharges at a high rate into the main circuit

‘pipe 92. As the cam roller 183 climbs upwardly

upon the inclined edge 188, the lever 193 rises
and the piston of valve 105 moves toward the
left until it reaches an intermediate position
wherein no pressure exists in any of the con-
trol pipes 83, 94, 95 or 96, so that pump dis-
charge is reduced to zero and the main carriage
comes to rest. The drum (79 is then rotated,

‘under the action of the gear train hereinabove

described, through an angle of seventy-two de-
grees to thereby align the next cam plate 8!
thereof with the plate 185. The main carriage

23 is then ready to start an advance movement:

which is initiated by elevating the Iever {93
until the cam roller 183 has passed upwardly
to a point above the upper rail 189 on the plate
185. - As the roller 183 is thus elevated it en-
gages. the rail 189 upon -the bevelled face 202
thereof, forces it backward thiough the. slot
191 in the plate 185 and passes above it. The

io
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rail 189 .then swings forward into its normal

position beneath the roller,
In this upper position of
193, the piston of valve 105 assumes the left
extreme position shown in Fig. 194 in which
position the three control pipes 93, 95 and 96
are exposed to the pressure in pipe 99 so that
the pump then discharges at g high rate into
the main circuit pipe 94 causing the piston 55
and the main carriage 23 to advance rapidly.
During the advance the cam roller 183 travels
toward the right along the rail 189 and onto
the upper edge 182 of the cam plate {81 until
it reaches the first shoulder 203 thereof. The
roller then passes over this shoulder and drops
of the cam plate
causing the piston of valve 105 to shift slightly
toward the right, so that the pressure in con-
trol pipe 93 is destroyed and the pump adjusted

as shown in Fig, 12.

to discharge liquid into the pipe 9! at a lower .

rate determined by the setting of the stem 97.

- The rate of advance of the carriage is thus re-

duced and the carriage continues to advance at
this new rate until the cam roller passes over
the second shoulder 204 of the:cam plate onto
a furthgr depressed portion thereof, ‘When 'this

- oceurs the piston of valve 105 is shifted further
of Fig, 20, destroy- .

to the right to the position
ing the pressure ‘in control pipe 95 and thereby
adjusting the pump so that it -discharges at.a
lower rate into pipe 91, this rate being deter-
mined by the setting of stem 98, The carriage
continues to advance at this further ‘reduced
rate until the cam roller passes over the end
of the cam plate i81 and drops onto the lower
rail 180. When this oceurs the piston of valve

pipe 896 and establish pressure In pipe 94 so

- that the pump then delivers liquid into the pipe

92 at a rapid rate and the carriage starts s rapid

return movement. : )
The roller carrying head 184 also carries a

diagonally disposed guard fingef 205 for the cam

. roller {83. This finger lies’ against the conical

end 183’ of the head and is formed with g ta-

" pered end 206 disposed adjacent and in advance
and 204 gs "6

of the roller. The shoulders 203

roller 183 and lever

is returned into its right extreme position " .
of Fig. 21 to thereby _destroy the pressure in
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-advance of the auxiliary carriage 24.)

6

well as the end of each of the several cam plates
181 are bevelled off, as indicated in Fig. 10, so
as to coact with the outer edge of the finger
205 to force the finger and roller outwardly from
the cam plate to thereby clear the same, should
the finger strike such shoulder or end during
the return stroke of the carriage. This finger
also coacts with the upper edge 182 of the cam
plate, during the forward advance of the car-
riage, to support. the lever 193 after the roller
has passed one of the shoulders and until the
finger has actually cleared that shoulder, to
thereby effect a more abrupt lowering of the
lever than would ordinarily result by a normal
rolling action of the roller over the upper corner
of that shoulder. - ‘

The advance of the main carriage 23 is limited
by a stop 207 adjustably fixed on one of the ways
22.- The length of each of the several cam plates
{81 is such that the cam roller 183 and finger
205 clear the end thereof an- instant prior to
impingement of the carriage against this stop,
provision being made ‘for delaying the return
of the piston of valve 105 to its extreme right
position, so that actual reversal of carriage move-
ment is delayed. The carriage is thus held in
advanced position against the stop 207 for a pe-
riod of sufficient length to permit the tool, then
operating on the work, to finish and smooth up
the cut. This delay is effected in the manner
hereinabove described by moving the valve 129

_into the closed position shown in Fig. 20. To

accomplish this automatically the stop 207 car-
ries 5 depending lever 208 rockably supported
thereon and connected through a link 209 with
the arm 129’ of the valve 129, This link ex-
tends through a lug 210 on the bed of the ma-

chine. A spring. 211 between this lug and a

- collar 211’ on the link cooperates with a stop

collar 212-on the link to yieldably retain the
valve in open position. A disk 213, fixed to the
forward end of the'shaft 171, carries one or
more removable push pins 214 which, upon ro-
tation of the shaft 171, may be so aligned as to

strike and rock the lever as the. carriage ap- a

proaches the stop 207. This action of the Tever,
transmitted through the link 209 and drm 129’

closes the valve. 129, the valve remaining closed

until the return movement of the carriage has
withdrawn the pin 2i4 from contact with the
lever, when the valve automstically returns to
open position under the action of spring: 211,
If on the next advance of the carriage and cor-
responding rotation of the shaft ‘1711 there is no
push pin aligned with the lever 208, then the
valve 128 remains open and the carriage is
promptly reversed. - ) N

Provision is made in the machine shown for
advancing either or both of the auxiliary car-
riages 24 and 24’ along the ways 22 toward the
head stock 21. ‘This movement is effected by the
advance of the main carriage through mecha-
nism which will iow be described. For this pur-.
pose heads 215 and 215’ are fixed to the forward
ends of the shafts 155and 177 respectively, each
head being- fashioned to removably recelve one
or more push pins, such as shown at 216’ in Figs.
1, 2 and 19. .(There are no corresponding pins
actually shown ‘in the head 215 because the par-
ticular work piece a does not actually require an
The ar-
rangement is such that upon rotation of the shaft
{65 or IT1 any one of the pins.may be alighed
with one of the push plungers 217 or 21T’ pro-
jecting :earwardly from the auxiliary carriages,

N

ing pressure in the forward end

“when control pipes

‘mitted to the bores 222 and the rods
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respectively. Each plunger 217—211’ is mount-
ed within a bore
riage, each bore communicating through a pas-

 sage 219—219’ with the passage 80—80’ leading

to the forward end of the cylinder 16—176’ of the
associated cross-slide. (See Figs. 2, 3, and 19.)
Each bore 2i8—218’ is thus maintained fiooded
with liquid from passage 80—80" and the work-
of cylinder 16—
16’, thus transmitted to this bore, is sufficient to
normally maintain the plunger 211—21T" in the
projected position shown.

Thus for example if one of the pins 216’ is
aligned with plunger 2171’ during an advance of
the main carriage 23 it will strike the plunger
and force the auxiliary carriage 24’ away from
its stop 85’ and against the yielding resistance
of the plunger 86’ in the headstock. A sleeve
220’ of appropriate length on the headstock and
surrounding the plunger 86° serves to positively
limit the advance of auxiliary carriage 24’ in that
direction. When further advance of the auxil-
iary carriage is thus arrested by engagement with
the stop sleeve 220’,
main carriage 23 is permitted since the plunger
217’ may recede into its bore 218’ squeezing lig-
uid therefrom against the working pressure in the
passage 219’. Then when the main carriage ex-
ecutes
returned to its normal
auxiliary carriage

projected position and the
24’ is returned into position
against its stop 85’ under the thrust of the plung-
er 86’. A similar movement may be imparted
the rear carriage 24 whenever & properly po-
sitioned . pin is inserted in the head 215.
, As hereinabove pointed
the pump 88 discharges into the circuit pipe 91,
[ 95 and 96 are exposed to pres-
sure, is determined by the setting of the stems
97 and 98, these stems being adjusted by length-
wise movement of the wedge bars 101 and 102
respectively. These bars are automatically ac-
tuated and reset by the return movements of the
carriage 23 through means which will now be
described. Each bar is provided with a tail rod
22( closely fitted for lengthwise movement in a
pore 222 formed in a block 223 carried by the
housing of the pump. Both bores are connected
through a pipe 224 and branch pipes 225 with
one of the pump control pipes 94 (see Fig. 194),
so that, when pipe 94 is exposed to pressure to
thereby cause the pump to discharge mto’ the
circuit pipe 92 and thereby cause the carriage

a return movement the plunger 217 is.

out the rate at which

218—218’ in its auxiliary car-
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continued advance of the
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fo begin a return stroke, this pressure is trans-

221 and

bars 101 and 102 are thrust forwardly. A guide

. bracket 226 for the bars coacts with shoulders

227 on the bars to limit this forward movement
thereof.
Fig. 19A, a spring loaded check valve 228 within
each branch pipe 2285 yleldably resists the esca)

of liquid from the _
bars are yieldably retained in this advanced po-
sition. A reversely arranged check valve 229
contained within each valve 228 permits a Iree
flow of liquid therethrough from pipe 224 to the
bores in the manner just described. --With the
bars 101 and 102 in fully advanced position the
stems 97 and 98 are fully elevated and as the
bars are retracted from this position the stems

" are lowered.

“Provision is made for forcing' each of the bars
10§ and 102 rearwardly a predetermined distance

"upon each return stroke of the main carriage

(See Figs. 1 and 2.) - As indicated in.

bores so that the rods 221 and:
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way is of such width as to permit rotation of the

predetermine the rates of pump delivery and the
rates of feed motion for the main carriage during

- the next advance thereof.” Mechanism for this

(%]

10

15

20

25

30

35

40

45

purpose comprises five pairs of push pins 230 of
various lengths removably mounted in & head 281
carried by the end of shaft 117 and so arranged
as to be successively aligned with the forward
ends 232 of the bars by rotation of the shaft (71.
Thus upon each return movement of the car-
riage one of the several pairs of push pins 230
impinge upon and force the bars 101 and 102
rearwardly through distances dependent upon
the lengths of those pins, the tail rods 221 forc-
ing liquid from the bores 222 against the re-
sistance of the spring loaded valves 228 and the
pressure in pipe 224. Then when the piston of
the main valve (05 is shifted to effect an ad-
vance of the main carriage the pressure in con-
trol pipe 94, and pipe 224, is destroyed so that
the bars {01 and 102 retain these adjusted posi-

‘tions throughout the advance of the carriage.

The indexing of fhe two auxiliary turrets 29
and 29’ is also effected, when required, by mech-
anism under the control of the main carriage 23
during the return stroke thereof. Mechanism for
this purpose comprises 2 head 233 fixed to the
rear end of shaft (55 and carrying removable
push pins 234, which, upon rotation of the shaft
1585, may be so aligned as to engage one side or
the other of a cam head 235 on a lever 236, during
the return of the carriage, to thereby rock this
lever in either of two directions.
rockably supported in an appropriate bracket 237

on the bed of the machine, and is connected to.

the stem 238 of a valve 239. This valve is shown
in section in Fig. 19A. It comprises a housing
having a cylindrical bore containing a piston hav-
ing two spaced heads 240 and 24{ connected by
a reduced portion 242. A pipe 243 connected with
pressure pipe 99 maintains liquid under pressure
in the space surrounding the reduced portion 242,
An exhaust pipe 244, connected to the opposite
ends of the bore, leads to the casing of the pump
89. Two pipes 245 and 246 leading from the valve
housing are controlled by the heads 240 and 241
respectively. Pipe 245 communicates with pipes
69 and 69’ leading to one side of the hydraulic

' ‘driving motors 68 of the auxiliary turrets; and

50

. turrets 29 and 29’ in one direction, the motors °
discharging through pipes 10, 70’ and 246 into -
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pipe 246 communicates with pipes 70 and 710’
leading to the other sides of these motors. With
the piston of the valve 239 in the upper position
of Fig. 19A pressure pipe 243 communicates with
pipe 245 and pipes 69 and 69’ to thereby rotate the

the exhaust pipe 244. When the piston of this
valve is shifted into its lower. extreme position,
by the action of one of the pins 234 upon the head
235 of the lever, pressure pipe 243 is connected
to pipes 246, 70 and 710’ to thereby ro}:ate the
turrets in the other direction, the motors thereof
discharging through pipes 69, 69’, 245 and 244.
Appropriate cut off valves 68’ provided within the

pipe line 69 and 69’ makes it possible to index -

either turret 29 or 29’ to the exclusion of the
other, )

Indexing of the main turret 28 is also controlled
by the main carriage 23 and is effected upon each
return stroke of the carriage. Mechanism for this
purpose includes a disk 247 formed as an integral
part of the head 231 and having an extended hub
248 on the rear end of shaft 171, shown particu-
larly in Fig. 10. As indicated in Fig. 14 the hub
248 contains a wide keyway 249 for cooperation
with a long key 250 fixed in the shaft. This key-

This lever is

7

hub through an angle of seventy-two degrees, with
respect to the shaft. A stop washer 25{ fixed to
the end of the shaft retains the hub thereon. A
coil spring 252 is connected at one end to the hub
and at its other end to one of the brackets 178,

The spring 252 is under torsional stress and co-

acts with the key 250 to yieldably retain the hub
and disk 247 in a definite rotative position on the
shaft, and it is also under compressive stress so as
to yieldably retain the hub against the stop
washer 251. The disk 247 contains five perfora-
tions 253 adjacent the periphery thereof for re-
ceiving any of the four types of flanged bushings
siiown in Figs. 22, 23, 24 and 25. A hollow plunger
254 mounted within a bore 255 in the main car-
riage 23, has a reduced end 256 which normally
projects rearwardly into alignment with and ad-
jacent one of the perforations 253. A collar 257
fixed to the carriage limits the outward move-
ment of this plunger. The plunger 254 contains
a filler rod 258 of any desired length.

A stop rod 259 adjustably fixed by a set serew
260 in a bracket 26/ on the machine is always
aligned with the plunger 258. The stop rod 259
is formed with a longitudinal channel 262 which
contains a rack bar 263 lengthwise movable
therein. The forward end 264 of the rack bar is
normally flush with the forward end 265 of the
rod. The rack bar meshes with a broad faced
binion 266 journalled in an appropriate bracket
267 on the bed. The valve 125 hereinabove re-
ferred to is provided with an operating stem 268
having rack teeth which mesh with the pinion
266. When de-meshed from the pinion the rack
bar 263 and the stop rod 259 may be adjusted lon-
gitudinally, as a unit, without disturbing the
position of the valve stem 268. 'The rack bar 263
carries a rack dog 269 removably fixed thereto
and capable of attachment at various points along
the length thereof. '

The bushing 210, shown in Fig. 22, contains a
socket 271 adapted to receive the end 265 of the
stop rod 259 only. When so engaged the rack
bar 263 is forced rearwardly along the rod by con-
tact of the end 264 .thereof with the face of the
bushing. The bushing 272, shown in Pig. 23,
contains a socket 213 which is shaped to receive
the end 264 of the rack bar as well as ‘the end
265 of the stop rod, and when so engaged the

+ rack bar retains its normal position with its ends

264 flush with the end 265 of the rod. The bush-
ing 274, shown in Fig, 24, contains a keyhole slot
275 which permits free passage of the stop rod
and rack bar therethrough, so that the rack bar
is not moved until the dog 269 strikes the face
of the bushing. The bushing 216, shown in Fig.
25 is provided-with a similar keyhole slot 277 and
the flange thereof is cut away as at 278 to avoid
contact with the dog 269. '

As the disk 247 is intermittently rotated by ro-
tation of shaft 177 and spring 252 the five bush-
ings are advanced successively into alignment
with and between the plunger 254 and the stop rod
259. Whenever a bushing of the type shown at
216 is so-aligned, the return movement of the car-

- riage 23 continues until the stop rod 259 has pro-

jected through the bushing into the hollow plung-
er 254, and until the rod has engaged the filler
rod 258 and thereby forced the plunger 254 in-
wardly. Just before the plunger actually reaches
the end of the bore 255 the cam roller 183 has
climbed upwardly on the edge 188 of the cam plate
187 so as to bring the carriage to rest in the man-
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parts the dog 268 has entered the cut-away por-

tion 218 of the bushing flange and.-the rack bar
263 has not been actuated. The inward move-
ment of the plunger 254 however has set Into
action mechanism, to be later described, which
automatically effects indexing of the main tur-
ret. . Whenever a bushing of the type shown at
214 in Fig. 24 is aligned with the rod 259 the re-
turn movement of the carriage continues in a
similar manner. but- just before it comes to rest
the dog 269 strikes the bushing and the rack bar
263 is forced rearwardly to thereby operate the
stem 268 of the valve 125. This action of the valve
125 energizes the plunger- 116 in a manner to be
shortly described, to thereby shift the main con-
trol valve 105 and restart the carriage on an ad-
vance stroke. The turret indexing mechanism
is of course again energized by the inward move-
ment of the plunger 254 under the thrust of rod
259. S .

Whenever a bushing of the type shown at 270
in Fig. 22 is aligned with the rod 258 the return
movement of the carriage continues until the rod,
engaged in the bushing has forced the entire disk
247 forwardly along the shaft 177 and thereby
forced the plunger 254 inwardly against the end
of its bore 255, the rack bar 263 having been
forced rearwardly by the engagement of the end

' 964 thereof with the face of the bushing. The

main turret is again indexed due to this inward
movement of plunger 254, and the carriage is
again started on its next advance by the shifting

of the rack bar. The functioning is thus much’

the same as when the bushing 274 is aligned with
the rod, except that the carriage does not return
A similar effect is pro-
duced when a bushing of the type shown at 272
in Fig. 23 is aligned with the rod, the carriage
making a short return stroke and the turret 28
being indexed, but the carriage is not automati-
cally restarted on an advance stroke because the
rack bar does not move, since the end 264 thereof
enters the socket 213 with the rod.

- The mechanism shown for effecting the auto-
matic indexing of the main turret 28 will now be
described. This mechanism includes the actu-
ating plunger 54 for the index pin 53 and the rack
plunger 50 hereinabove mentioned and shown in
Figs. 5 and 19A. The plunger 54 is provided with
four spaced heads 219, 280, 281 and 282 and is
closely fitted for lengthwise reciprocation in a
bore 283 formed in the carriage. A longitudinal
passage 284 in the plunger connects the opposite
ends of the bore, a check valve 285 therein permit-
ting liquid to flow only from right to left there-

‘through. A duct 286 connects the right end of

this bore with the enlarged portion 287 of a long
bore 288 in the carriage. A pipe 289 fixed at one
end 290 to the bed of the machine has a close
sliding fit in the bore 288 in the carriage and is

provided with a port 291 which is always open to

the enlarged.portion 287 of the'bore in all posi-
tions of the ¢arriage. A pipei292 connects pipe
289 with pressure pipe 98 so that the duct 286 and
both ends of the bore 283 are always flooded with
liquid under pressure. . Since the effective area
of the left end head 279 of the plunger is reduced
by the area of the index pin 53, connected there-
with, the effective area of the other end head 282
is the greater, so that the plunger is normally

“urged toward the left by the hydraulic pressure

in the bore 283. 'The index pin 53 is thus yleld-
ably urged and held in th= locking position shown.
A duct 288 connects the left end of bore 283 with
the bore 255 of plunger 254 so that this bore is
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also normally flooded with liquid under pressure

- and the plunger 254 is yieldably retained in the

projected position shown..

The bore 283 contains five annular grooves 294,
295, 296, 297.and 298 which are controlled by the
intermediate heads 280 and 281 of the plunger.
A duct 299 connects groove 298 with the enlarged

.- portion 300 of s second bore 3081 containing a

slide pipe 302 similsr to pipe 289. Pipe 302 is con-
nected to an exhaust pipe 303. Groove 298 is al-
ways open to the space between the plunger heads

" 28f and 282. Groove 294 which is always open to

the space between the plunger heads 279 and 280
is also connected to the enlarged portion 300 of
bore 301 through a duct 304. Groove 286 which

10

is always open to the space between the interme- -

_diate plunger heads 280 and 281 is maintained

flooded with lquid under pressure supplied
through a duct 305 connected with duct 286. -A
duct 308 connects groove 298 with one end 307 of

a bore containing the end head 308 of plunger 58,

and a duct 309 connects groove 297 with the other
end 310 of the bore containing the other end head
311 of plunger §0. s

. The arrangementis such that with the piunger
54 in the position shown the end head 308 of
plunger 50 is exposed to pressure transmitted
through ducts 305 and 806 to the bore 307, while
the other end bore 310 is open to exhaust through
the ducts 309 and 299. When the plunger 254
is forced inwardly under the thrust of the stop

-rod 259, in the manner above explained, liquid

is forced from the bore 255 through duct 293
into the left end of the bore 283. 8ince the
check valve 285 prevents escape of this liquid
through passage 288 the plunger 84 is forced
toward the right, so that the index pin 83 is with-
drawn and the duct 309 is connected with the
pressure carrying duct 308.. This pressure trans-
mitted to the end head 311 of plunger 50, shifts
this plunger into its other extreme position to
thereby unclamp the turret and rotate the same

~ through an angle of seventy-two degrees in the

manner hereinbefore explained. With the plung-
er 54 in this position duct 306 is connected with
the exhaust duct 304 and the liquid from end

"bore 3071 is free to escape therethrough. Then

as the pressure in the bore 265 and duct 293 Is
relieved by ordinary leakage or by the subse-
quent advance of the carriage, the sustained
pressure in the duct 286 and the right end of
the bore 283 returns the plunger 84 into the
position shown, thereby advancing the index pin
53 into the next hole 5t in the turret, and also
reconnecting duct 306 with pressure duct 305
and duct 309 with exhaust duct 298 so that the
plunger 50 is again returned to the position
shown. This action of plunger 50 effects re-
clamping of the turret in the manner hereinbe-
fore described and places the parts in position
for the next indexing operation. )

It will be noted that the main turret 28 is in-
dexed while the main carriage 23 is retracted
and while the stop rod 259 is engaged with one
of the bushings in the disk 247. It will also be
remembered that the shaft 177, carrying this
disk, is rotated with and by the main turret.
The wide keyway 249 in the hub 248 to the disk
permits the shaft 177 to rotate within this hub,

.against the torsional resistance in the spripg

252, while the disk is thus. interlocked with the
stop rod. When the disk is freed from the stop
rod by the next advance of the carriage 23, it
rotates under the. action of spring 252 into its
normal rotative position on the shaft 171. and
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the next bushing is thus aligned with and be-

. tween the plunger 254 and stop rod.

As hereinabove mentioned, automatic re-start-
Ing of the main carriage 23 after it has reached
the end of a return movement is effected by the

rearward shifting of the rack bar 263 and the

- conséquent operation of the stem 268 of the valve

10

125, whereby the piston 1 {6 connected with valve
105, is energized. 'The valve 125 will now be de-
scribed. This valve, as shown in section in Fig,

~ 189A, comprises a casing having a bore provided

15

' containing piston {16. 'The

20

with three annular grooves 312, 813, and 318.'
A plunger having two spaced heads 815 and 316
Is closely fitted for lengthwise movement in the
hore and is connected to the stem 268, The in-
termediate groove 313 is always open to the space
between the heads and is connected with the pipe -
24 which leads to the groove §20 in the bore
.  pipe 124 is divided
into two branch pipes 124’ one of which contains
.8 check valve 317 which permits free flow of
liquid' toward the groove 813, and the other of
which contains -a needle valve 318 which provides

. a variable choke for retarding the flow of lquid

35

40

- 105 toward the left 1
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‘from the groove 818. ' The groove 312 is con-

nected through a pipe 319 with the pressure pipe
99, and the groove 3(4 is connected through a
pipe 820 with the exhaust gipe 244, g '
" The arrangement is such that when the plung-
er of valve 128 is in the lower position shown in
Fig. 19A, pipe 124 is connected with exhaust pipe
-284' through pipe 820 and no pressure exists
therein, en the plunger is elevated by the
action of the rack bar 263, pinion 266, and stem
268, pipe 320 is blocked from pipe 124 by the
lower head 316 and pipe {24 is connecteéd through
pipe 319 with the pressure pipe 89.. Liquid then
flows at a slow rate past the. needle valve 318
‘and into the bore containing piston 116, to there-
by shift -the plunger of the main control valve
the manner hereinabove
described.. The carriage 23 15 thus restarted on
an advance stroke. By regulation of the needie
valve 818 the time required’ to thus shift thé
velve 105 into carriage advancing position may
be varied at will to thereby allow ample ‘time.
to complete the indexing of the main turret 28,
As previously . pointed out the switch valves
133 and 183" are shiftable to connect either or
both feed cylinders 76 and 16’ of the cross-slides .
in series with the feed cylindér 58 of the main
carriage. 28 and, when so connected, either or
both cross-slides as well as the main carriage
are simultaneoysly reversed whenever the pump
89 is reversed. “Since the pump is controlled by
the main carriage, reversal of the cross-slides
may cccur prematurely, should the main carriage
complete its advance stroke before the cross-
slides have reached the limits of their advance,
To avoid this undesirable condition provision is
made for making pump reversal contingent upon
the cross-slides completing their movements, Al-
though this may be accomplished in various ways -
a hydraulic system well adapted for the purpose.-

- will now be described.” This system comprises a

valve 325 interposed within the pipe line 128 be-
tween pipes 126 and 180, This valve 1}s normally
in the open position shown in Figs. 19A and 21,
but, when in the closed position of Fig. 20, it
.prevents flow of liquid through pipe 128. In this
instance this valve comprises a plunger, having
two spaced heads 326 and 327 connected by a re-
duced portion 328, closely fitted for lengthwise
reciprocation within a cylindrical bore 328 of the

5. valve housing. When in the right extreme posi-

" valve 381 to the left

9

. tion of Figs. 19A and 21 the space surrounding
the reduced portion 328 permits a free flow of
liquid through pipe 128, but when shifted into

. the left extreme position of Fig. 20 the head 321
blocks this flow. '

toward the left by a rod 330 one end of which is

slidably engaged within the stem 331 of the valve.-

The rod 380 contains a notch 332 for engagement
with an appropriate spring loaded detent 333 in
‘the stem. The other end of the rod 330 is con-
nected to a lever 334 rockably supported on and
depending from the stop 85, as indicated in Figs. 1
and 3. This.rod extends through an appropriate
lug 335 on the bed of the machine, and a spring
336 between lug 385 and a collar 337 on the rod

The plunger of valve 325 is mechanically shifted

b

10

15

coacts with a stop collar 338 to yieldably retain -

" the lever and rod in the position shown in Fig. 3.
A disk 339 carried by the shaft 165, and indexed
therewith, is adapted to receive one or more push

- pins 340, which may be so aligned with the lever
334 as to.engage and rock the same as the main
‘carriage 28 approaches the end of its advance.

* When so actuated the rod 330 is shifted longitudi-
nally and this movement, transmitted to the valve

stem 331 through the notch 332 and detent 333,

causes the valve 825 to assume the closed position
of Fig. 20. When thus closed the fiow through

26

pipe 128 is blocked and the main control valve 105 )

Js effectively held agsinst shifting beyond - the
bosition shown'in Fig. 20 by reason of the body of.
liquid thus trapped ahead of the piston 19.
€ valve 325 remains in this closed condition
until both cross-slides as well as the main car-
" riage have reached the ends of thelr advance
movements, at which time the vaive 325 is re-
opened by hydraulic means now to be described.
This means comprises three pressure -responsive
valves 341, 342, and 842’ connected with the cylin-
ders 56, 76 and 76’, respectively. (See Figs. 19
and 19A.) A pipe 343 connected with the pres-
sure pipe 88’ leads to valve 342’; a pipe 344 leads
- from valve 342 to valve 342; s pipe 345 leads from
valve 342 to valye 341; and & pipe 346 leads from
end of the bore of valve 325.
Each valve 341, 342 .and- 342’ includes o piston
347 which is yieldably held by a spring 348 in the’
advanced position shown-so as-to normally block
the flow through pipes 343, 344, 345, and 346. A
blunger 349, projecting from one face of the pis-
ton 347, is exposed to the hydraulic pressure in
that end of the cylinder 86, 76, or 76’ to which
the valve is attached. This plunger tends to re-
tract the piston against the pressure of spring 348.

A second smaller plunger; projecting .from the

opposite face of the piston 347 of each of the
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' valves 342 and 342’, is exposed to the hydraulic

pressure in the opposite end of the cylinder 76 or
16° and functions to oppose the thrust of plunger
349, so that the piston in each instance is made
to respond to the difference in pressures in the
opposite €nds of the cylinder to which the valve i
connected. The ratio of the cross. sectional areas
of plungers on opposite ends of the piston of each
of the valves 342 and 342’ is preferably equal to
the ratio of the effective areas of the two faces of

the piston 77 or 11’ with which the valve is asso- '
ciated. The piston 347 in each of the valves 342

and 382’ is provided with a peripheral groove
which, when the piston 347 is retracted, opens

communication between the pipes 343—3&4 or.

344—345, or so that, when the pistons of all three
valves: are retracted, pressure is transmitted
through the pipes from pipe 88’ to the valve 825

60

85

70

(]




which s thereby shifted into the open position of
PFigures 19A and 21. . , ,

It will be remembered that the advance of the
main carriage 23 and each of the cross-slides 26
-and 26’ are limited by positive stops. As each of
these members stalls against its stop the pressure
in the working end of its feed cylinder immedi-
ately increases over the pressure in the discharge
end of that- cylinder, the difference in pressure
thus established in the opposite ends of each
cylinder being sufficiént to retract the piston 341
against the pressure of spring 348; so that ‘when
all three have stalled against their respective
stops, the three valves 341, 342, and 342’ have been
opened and the piston 327 of valve 328 is returned
to the open position of Figures 19A and 21.
When this occurs liquid may then escape from
the rear end of the housing 117 through pipe 128,
or pipes 128 and 130, to thereby permit the main
control valve 105 to assume the position of Fig, 21
and thus reverse the pump and cause the cross-
dlides and main carriage to begin their return
strokes.

It will thus be noted that when a pin 340 is

10

15

20

25
matically closed by the advance of the main car-
riage to thereby prevent reversal of the pump
-until this valve is again recpened, and this valve
remains closed until the main carriage and the
cross-slides have all reached the limits of their
advance. . :
From the foregoing description it will be noted
the main tool carriage 23 is advanced and re-
tracted toward and from the work at accurately
controlled rates dependent upon the rate and
direction of flow of liguid from the pump 89
through the main cireuit, which comprises pipes
91, 132, 134 and 92, the direction and rate of flow
being determined at all times by the position of

30

35 .

40 the primary control valve 106. During each ad-

vance this valve is controlled by the main car-
riage, through the lever 183, roller {838 and one
of the cam plates 181 carried thereby and ad-

vancing therewith. The first portion of each ad-

vance (which is an idle motion by which the tool
is carried to the work) is executed at a rapid rate
with the valve in the left'extreme position of Fig.
194, after which the rate is reduced to a feed rate
appropriate for the particular work in hand by
automatically shifting the valve toward the right
into an intermediate position. A further reduc-
tion in the rate of advance is effected automati-
cally by further shifting of the valve toward the
right into a second intermediate position shown
55 in Fig.'20. This second intermediate position is
ordinarily utilized only when the latter portion of
the cut is heavier than the first portion and thus
. requires a slower feed motion, as for instance
when s cut runs into a heavy fillet. .
60 The two different rates of feed available in the
two intermediate positions of the valve, just
mentioned, are predetermined by suitable adjust-
}nent of the control stems 97 and 98 effected in the
manner hereinabove  described. The" points at

- 45

50
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65 which these changes in rates of advance occur -

depend of course upon the shape of the particu-
lar cam plate i81 employed, and in the absence
of & cam plate the valve 105 shifts from the left
extreme position of Fig. 19A info the right ex-

70 treme position of Fig. 21, as the roller 183 passes .
over the right hand end of the upper rail 189
onto the left hand end of one. of the lower rails

180 of the drum 179, to thereby reverse the mo-
tion of the carriage. Automatic reversal also
.76 takes place in a similar manner when the roller

aligned with the lever 334 the valve 325 is auto--
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({83 passes over the end of a cam plate {8( and
drops onto a lower rail 180 of {the drum i19.. This
type of cycle is employed to repeat the indexing
and bring the turret around past an idle position.

.. It will also be noted that provision is made for -

~ gutomatically delaying this reversal, when de-
sired, in order that the tool may be held against
the work for an interval of time sufficient to per-
mit it to finish and smooth up 2 facing cut. In

‘the machine shown mechanism for this purpose

includes the positive stop 207 (Figs. 1 and 2)

which accurately limits the advance of the car- &

riage to thereby accurately gauge the extent or
depth of cut.and which also supports the lever
208, connected to the operating arm 129’ of the
valve 129 (Figs. 19A to-21); and depending into

* the path of advance of the push pin 2i4 carried .

by the carriage.” As the carriage approaches the.
stop 207 the lever 208 is engaged by the advanc-

ing pin 2t4 and swung toward the left to thereby.

rock the valve (29 into the closed position shown
in Fig. 20. The carriage continues to advance
until arrested by engagement with the stop at
which: time the cam roller.183 has cleared the
“ end of the cam plate 181 and is ready to fall onto
" the rail 180 to thereby shift the valve 105 toward
the right. ‘
the control valve 105 and piston 116 have reached

the position shown in Fig. 20 the liquid ahead of

the piston {16 can escape only through the needle
valve 131, the grooves 121 and 122 being closed by
the head 119, so that further movement of the
valve and piston foward the right’is effectively
‘delayed for a time interval dependent upon the
setting of the needle valve. During this time in-
terval the pump 89 continues to deliver lquid
through the pipe 9t to the rear end of cylinder 56
thereby forcibly holding the carriage against the
stop 207, the relief valve 136 permitting liquid to
escape through pipes 132, 134 and 92 back to the
pump but maintaining a predetermined pressure
within the pipe 91 and cylinder. When the valve
105 and piston 116 have finally moved toward the
right from the position of Fig..20 to uncover the
groove 121, the liquid ahead of the head 119 is
free to escape therethrough into the pipe 124,
.and the movement of the valve 105 is thereafter
promptly completed and the carriage begins-a
return stroke, '

In the machine éhown the cafriage 23 may ex--

ecute €ither a long return stroke, when such is
necessary to clear the tool from the work, or a
short return stroke, and in either case it may
_remain at rest when it reaches the end of the re-
“turn stroke or it may be automatically re-started
on the next advance stroke, A long return stroke
is effected whenever a hollow bushing of the type

-

20

When valve 129 is closed however and
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shown at 274 in Fig. 24 or at 276 in Fig. 25 is .

aligned with the stop rod 288, since the rod may
then' enter the hollow plunger 254 through such
_a bushing. In the case of a long’ return stroke

80

the carriage is automatically broug'hi:.to rest by -

i

the return of the valve 105 into neutral position
under the action of the cam 183 as it rides up-
wardly along the edge (88 of the cam plate 181.
" This action being timed to stop the carriage 2s
the re-starting dog 269 enters the notch in the
bushing (Fig. 25). If re-starting is required &
bushing without & notch is used, as shown in Fig.
24, thus causing dog 269 to operate valve 125 as
already explained. A short return stroke is
effected whenever a blind bushing of the type
shown at 210 in Fig. 22 or at 212 in Fig. 23 is
aligned with the stop rod 259 and prevents entry
of the rod into the plunger 254. - In the case of

4
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& short stroke .the ‘carriage comes to rest by

stalling against the stop rod 269 when the

plunger 264 strikes the end of the bore 255. Auto-

matic re-starting is effected whenever the rack

bar 263 is actuated and the valve (25 thereby
shifted in such direction as to transmit liquid
under pressure through pipe 124 to the end of the

-piston 116 to thereby return the valve 105 into the

left extreme position of Fig, 19A in the manner
hereinabove described. This occurs whenever a
bushing of the type shown at 210 is aligned with
therod 259. - - s ‘ ’ o
" It will also be noted thgt the main turret 28 is

automatically indexed as the carriage 28 com-

pletes each return stroke.. This action is initi-

ated by the Inward movement of the plunger 254
in its bore 268 under the thrust of the stop

rod 268 and by which liquid is forced from the

bore 255 into- the 1éft end of the-bore 283-to
effect withdrawal of the index pin §3 from
locking engagement with the turret. When
the pin 88 is thus withdrawn the actuating
plunger .64 thereof, acting as a valve, admits
liquid under pressure to the end 31§ of the rack
plunger 50 to operate thé same and the sleeve
81 in such direction as to rotate the turret
into the next position. -The index pin 53 is then
returned into interlocking engagement with the
turret under the action of its plunger 54 and this
plunger, again acting as & valve, admits liquid
under pressure to the head 308 of the rack
plunger 50 whereby the plunger 50 and sleeve 37

are returned into position in readiness. for the i

. next indexing operation.

35

. It will' be further noted that either or both of

“.the auxillary carriages 24 and 24’ may be ad-

40
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50-

vanced and retracted along the ways-22, so as to
effect o feed meotion thereof parallel to the axis
of the work. This is effected when desired by
the bo advance and refraction of the main
carriage 23., For instance the carriage 24’ is ad-
vanced whenever a push pin 216’, (Figs. 1, 2 and
19) carried by the main carrlage 23, is aligned
with & push plunger 2{1" carried by the carriage
24’, so as to engage the same and thereby force
the carriage 24’ to travel with the main carriage.
Upon the next return stroke of the main car-

riage, carriage 24’ is returned against its stop 85 -

under the yielding thrust of plunger 86’. The

carriage 24’ is imited in its advance by the stop -

. collar 220, the hydraulic pressure on the plunger

60
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217’ permitting the main carriage to continue its
advance after the advance of carriage 24’ has
thus been positively arrested. o :
Either or both cross-slides 28 and 26’ may be
fed either toward or from the. axis of the work
during either the advanced or return motion of
the main carriage, by shifting either of the
switch valves £33 or {33’ in either direction from
the ‘neutral position shown in Fig. 19. 'This is
accomplished automatically by the cam rails 159
and §69’ carried by and movable with the main
carriage. When either is elevated during the ad~

vance of the main carriage the cylinder 16 or 76’ :
of the corresponding cross slide is connécted in

series with the cylinder 58 of the main carriage
23 and advances at a rate corresponding to the
rate of advance of the main carriage. Whenever
either of these valves is elevated during the re-
turn movement of the main carriage 23 the cor-
responding cross-slide is retracted in a similar
manner,
is lowered during the advance of the main car-
riage the corresponding cross-slide is retracted,
and during the return movement of the main,

Similarly when either of these valves'

11

carriage the corresponding cross-slide ‘is ad-
vanced. The advance of each cross-slide is lim-
ited by an adjustable stop in the form of a screw
83—83’ and coacting stop lug 84—84’, and the
return stroke of each is limited by a replaceable
collar 82—82’ of appropriate length. * The stroke
of each is short as compared with the stroke of
the main carriage and each ordinarily -stalls at

. both ends of its stroke before the correspond-

ing stroke of the main carriage is completed.

The main carriage is permitted to complete its -
‘stroke in every instance by virtue of the relief

valves 138 and 139 which bridge across the valves

138 and 183, respectively: These valves are set p
1

to open at pressures less than those required to
open the two-way relief valye 136 bridged across
the cylinder §6 of the main carriage; .

The cam rail 188 shown in Fig. 19 is designed
to effect an advance of the ‘cross-slide 26 to-

"ward the axis of the work when the main car-

- the low portion of cam 15§ valve (33
neutral position and the cross-slide is inactive, .

riage 23 is advancing and to retract that cross-
slide during the return of the main carriage. So
long as the stem 162 of the valve 133 is riding on
remains in

but as this cam advances with the main car-
riage, the stem 152 climbs up onto the high por-
tion 160 of the cam and the cross-slide starts to
advance.- This advance continues until arrested
by engagement of screw 83 with stop 84 on the
carriage 24 (Fig, 1). Then when the main
carriage reverses the cross-slide starts back,. by
reason of the reversal of flow in the main circuit,
this return. stroke continuing until the cross—
slide is arrested by the collar 82, T

The cam rail 189’ is designed to impart a back

- and forth cross movement to the cross-slide 26’

in addition to the movement imparted to it by
the movement of its carriage 24’ back and forth
along the ways 22. In this instance the advance
of cross-slide 26’ toward the axis of the work is
initiated by the action of the stem 152’ of valve
138’, as the laterally bent end (66 thereof climbs
up the inclined end 184 of the gate 162, during
the advance of the rail 159’ with the main car-
riage. (See Figs. 16, 17, 18 and 19.) 'This cross-

‘slide then advances until arrested by the engage-

ment of screw 83’ with stop 84’. - Thereafter the
main carriage continues to advance, the push pin
216’ striking plunger 217 of the carriage 24’ and
advancing the carriage 24’ and cross-slide 26’
with'it along the ways 22. This condition con-
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tinues until the end 166 of the stem 152’ drops

through the opening 167 in the gate 162 thereby

-shifting valve 133’ into the lower position: of

Fig, 17 and cause’ the cross-slide to begin a re-
turn. stroke, away from the work. This occurs
as the main carriage 23 reaches the forward limit

.of -its advance. 'The return stroke of main car-

riage is then delayed by valve 128 which is closed
by lever 208 and push pin 208 as already ex-
plained.) This delay is timed by adjustment of
needle valve 181 to be sufficient to permit com-
pletion of out-stroke cross-slide before the re-
turn stroke of the main carriage begins. When
the carriage 23 begins its return stroke the end
166 of the stem 52’ rides upwardly from the
depressed portion {61 of the cam 169’ and passes

_under the end 164 of the gate onto the inter-

mediate portion of the cam to thereby return.the

_Valve, 133" into the neutral position .of Fig. 19.
The cross-slide then remains in its retracted po-
‘sition’ while the carriage 24’ on which it is
. mounted ret)

_ ns Into position againmst the stop
85’. The cross-slide 26’ has thus been made to
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- .. g from the head stock. ., :

12 _
execute a “plcture frame” movement, first to-
ward the axis of the work, then barallel thereto

and toward the head stock, then away from the
work, and finally. parallel to the work and away

It will also be noted tHat in the machine shown

. both auxiliary turrets 29 and 29’ may be simulta- .

neously indexed by rotating them  through "an
angle of ninety degrees in one direction or the

10 other under the control of valve 239, which may

18 shifted into the upper: position of Fig. 19A this.

be automatically shifted into either of two posi-
tions during the return stroke of the main car-
riage 23 by the action of a push pin 234 upon the
cam end 235 of the control lever 236. When

valve admits liquid under pressure from pipe 243
to pipe 245 and pipes 69 and 68’ to thereby ener-
gize .the hydraulic. motors 68 and €8’ and effect
rotation of both turrets in one direction. through

20 their respective worm and worm wheels §4“and

§3. The rotation of each is limited by the coact-
ing- lugs' 11 and stops 12 (Fig. 9) and’each is
locked in this position by the worm and worm

wheel ‘and by the pressure in pipes 69—869'upon

25 the hydraulic motor 68-—68’. This new position

of each is retained until the valve 239 is returned

into the lower position of Fig. 1 by the action of
another of the push pins 234, when the pressure .

pipe 243 is thereby connected to the pipes 246,

30 79 and 70’ and both turrets are reversely rotated

4

through the same angle and in & similar manner..

In cases where only one of the auxiliary turrets
is to be indexed, appropriate shut off valves 68—
68’ may be employed in the pipes leading to that
indexing motor which it is not desired to oper-
ate. N ) - S

It will be further noted that the machine
shown is capable of carrying out several succes-
sive stages of a complete cycle wholly automati-

cally. -That is,—the main carriage 23 may.be¢:

made to automatically exectite five advance
strokes and five return strokes, the first' advance
stroke being. initiated by the attendant by lifting
_ the knob. 201 and elevating the roller 183 onto

' the top rail 189 of the plate 185. Thereafter the

main carriage may be automatically reversed in
the manner previously' described at the end of
eaclh advance stroké and also automatically re-
started at the end of each return stroke except
the last. At the end of the last stroke it ordi-
narily remains at test. Also the main turret 28

'is automatically indexed at the ebd of each" re-

turn stroke. o .
“* Also the operating characteristi¢s of the main

% carriage 23, the auxiliary carriages 24 and 24,

70

and the cross-slides 26 and 26’ are predetermined
_ for each stage by mechanism whick is automati-
“cally reset during the return stroke of the mext

. preceding stage: This mechanism  includes the:

' two, shafts 155 and 1717 which are carried by and
“with the main carriage and which are indexed by

.,and with the main turret 28.- Thus when it is’
“desired to delay the reversal of the main car-

S

riage at the end of its advance & push pin 214 is¢

so positioned in the flange ‘213 as to be shifted
into alignment with the lever 208 by the index-
ing of shaft 177 at.the end of the preceding stage.
Similarly the length of the return stroke of the
main carriage is predetermined by the arrange-
ment and type of bushings 210, 272, 274 and 216
in the disk 247, automatic restarting at the end
of a return stroke being effected whenever a
bushing 270 or 214 has been previously aligned

g6 with the stop rod 258, and the carriage remaining

s, 071,7”86_“ .

“the forward end of cylinder 7§’.

at rest whenever bﬁsmng 212 or 276 fs so aligned.
Also points at which the motion of the main car-
riage 23 is changed during any advance stroke

thereof is predetermined by the shape of the par-
ticular cam plate (81 which has been brought

into coacting relation with roller 183 by the in- -

dexing of drum 1719 during the previous feturn
stroke, Also the actual feed rate during any ad-
vance 713 predetermined by the lengths of the par-
ticular ‘pair of push pins 230 which have been
aligned with the ends 232 of the wedge bars 101

231. .

Similarly either or, both auxiliary carriages 24
and 24’ may be advanced and retracted during
any stage whenever the previous indexing of-the
head 218 or 215’ has aligned a push pin with one
or both of the plungers 21T or 217’; and either
of the cross-slides 26 and 28’ may be either ad-
vanced or retracted toward or froni the axis of

-the work dependent upon the particular cam (58

or i59’ which has been brought into coacting re-
lation with the stems of valves 133 and 133’ by

10

and 102, by the previous indexing of the head a

15

20

the previous indexing of the drum {64. “ Also the

auxiliary turrets 289 and 29’ may cr may not be
indexed in preparation for the next stage de-

25

pending upon the positioning of the pins 234 in -

the head 233. o

When the cross-slide 28 is not functioning as
a tool holder the piston 11 and cylinder 16 there-
of may be used in the following ‘manner to effect
feed motion of the cross-slide 26’ at any of three
different rates for' each rate of discharge by
the pump 89. For purposes of explanation let
it be assumed that the internal bores of the main
cylinder 66 and auxiliary cylinders 76 and 76’
are of equal diameters and that the diameter of
each piston rod 57, 718 and 18’ is equal to one

30

35

half the diameter of the cylinder bore. - Then -

the resultant cross sectional ares, of that end of
each bore containing the rod is only thrée quar-
ters of the area of the other end thereof. 'When
the valve 133 is in the intermediate position
shown in Fig. 19 so that the cross-slide 26 is in-
active, and the valve 138’ is raised the cross-slide-
26’ is advanced at a definite rate dependent upon
the rate of flow of liquid through pipes 132, 134 °
and 82. When the valve 133 is elevated (the
valve 133’ remaining in elevated position) liquid,
flowing at the same rate through pipe (32, enters

the large end ‘of cylinder 16 through pipe {48

and passage §&, and, as the cross-slide 26 ad-

_ vances, liquid discharged from the rod end of”

cylinder 76 passes through passage 81, pipes 144
and 134, valve 13¥’, pipe 148’, and passage 80
to the large end of cylinder 16’. Since the area

40

45

650

56

of the rod end of cylinder 716 is only three quar-

ters the area of the large end thereof, the rate
of liquid discharged from the rod end is only
three quarters of the rate of admission to the
Jarge end, so that when valve 133 is thus ele-
vated the rate of flow through pipe 134 is only
three quarters of what it was when the valve
{33 was in neutral position. The cross-slide 26°.
thus advances at a rate only three quarters as
fast as when valve 133 is in neutral position.
When valve 133 is lowered the condition is re=
versed, liquid being admitted to the small end
of cylinder 76 from pipe 32 and discharging
from the large end thereof through pipe 134 into
Under this con-
dition the rate of discharge from the large end.

, of cylinder 16 is’'greater than the rate of admis-

sion to the small end and the rate of flow in
pipe 134 is correspondingly increased to 'thereby

80

65

70
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increase the rate of- advance of the cross-slide motors in series in said circuit to thereby effect

" 26’, Thus for a given rate of flow of liquid in
pipe 132, the cross-slide 28’ will advance at one
rate when valve (33 is in neutral position, at a

8 slower rate when the valve 133 is elevated, and
at a higher rate when the valve (33 is lowered.
Various changes may be made in the embodi-.

ment of the' invention hereinabove specifically v
described without departing from or sacrificing

10 any of the advantages of the invention as de-/
fined in the appendedclaims.

We claim:

1. In a machine tool or the like the combina-
tion of & support, a carriage movable lengthwise

15 thereof, hydraulically actuated means for driv-
ing sald carriage, means including a pump-fed
hydraulic circuit for driving said hydraulically
actuated means, & cross-slide ‘movable trans-
versely of said support, a separate hydraullcally

20 gctuated means for driving said cross-slide, and’
means automatically operable to hydraulically
cénnect said last named hydraulically actuated
means in series in said circuit to thereby effect
movement of sald cross-slide at & rate corre-

26 sponding to the rate of flow in said circuit.

2. In a machine tool or the like the combina-
tion of a support, a carriage ngovable lengthwise
thereof, a hydraulic motor for’driving said car-
riage, means including ‘s - pump-fed hydraulic

30 circuit for driving said motor, means automati-
cally operable to regulate the rate of flow in said
‘¢ireuit to thereby regulate the rate of movement
of -sald carriage, a cross-slide movable trans-
“versely of said support, a Separate hydraulic

.35 motor for driving sald cross-slide, and means au-
tomatically operable to hydraulically connect sald
last named motor in.-series in said circuit to
thereby effect movement of said cross-slide at a
rate corresponding to the rate of flow in sald

40 circuit.

3. In a machine tool or the like the combination -

of a support, a carriage movable lengthwise
thereof, a hydraulic motor for driving said car-
riage, means including a pump-fed hydraulic
45 circuit for driving said carriage, means controlled
by said carriage for automatically varying the
rate of flow in said circuit during movement of
said carriage to thereby vary .the rate of move-
ment thereof, a cross-slide movable trgnsversely
00 of said support, a second hydraulic motor for
driving said cross-slide, and means controlled by
said carriage for automatically connecting and
. «disconnecting said'la.st named motor in series in
said circuit. -
4. In'a machine tool of the like the combina.-
tion of a support, a carriage movable lengthwise
of said support, a.hydraulic motor for, driving

[+
L5

said carriage, means including a pump-fed hy- -

draulic circuit for driving said motor, means
G0 automatically aperable to vary the rate of flow in
said circuit to thereby vary the rate of move-
ment of said carriage, a cross-slide -movable
.transversely of said support, a hydraulic. motor

for driving said cross-slide, and means for con--

65 necting said last named motor in series in said .

it

- slide at a'rate corresponding to the rate of flow
in said circuit.

- 5. In a machine tool or the like the combina-

70 tion of & plurality of movable carriers, separate

hydraulic motors for driving-the same, means.

including a hydraulic cireuit for driving one of
said motors to effect movement of<one of said
carriers at a regulated rate, and means auto-
\75 matically opera.ble to connect other -of sai.d

circuit to thereby effect movement of said cross- .

movement of other of said carriers at a regulated
rate.

6. The combination of a plurality of hydra.ulic
motors, means including a hydraulic’ cifcuit for &
driving one of said motors, means controlled by
said last mentioned motor for regulating the rate
of flow ‘in said circuit to thereby. automatically

-regulate the rate of operation of said motor, and

means for connecting the other of said motors 10
in series in said circuit to effect operation there-
of at rates corresponding to the rates of flow
therein.

7. The combination of a hydraulic motor a8’

-member driven thereby, a hydraulic circuit for 15

driving said motor, means controlled by -said
member for automatically regulating the rate of
flow in said circuit to thereby automatically reg-
ulate the rate of movement of said member, a
second member, a second hydraulic motor for 20
driving the same, and means for connecting said <
second motor in series in said circuit to effect
operation of said second member at rates corre-
sponding to the rates of flow in said circuit.

.« 8. The combination of a hydraulic motor, a 26

member griven thereby, a hydraulic circuit for
driving said motor, means controlled by said
member for aitomatically regulating the rate of
flow in said circuit, a second member, a second
hydraulic motor for driving the same, means for 30

_connecting said second motor in series in.said

circuit to effect movement of said second mem-

ber at rates corresponding to the rates of flow in

sald circuit, and a positive stop for limiting the

movement of sald second member. 35
9. The combination of a hydraulic motor, a

" member driven thereby, a hydraulic circuit for

. driving said motor, means automatically oper-

able to regulate the rate of flow in said circuit,
a second member, a second hydraulic motor for 40
driving the same, means for connecting said sec-
ond motor in series in said circuit, means for ar-
resting the movement of said second member,
and pressure responsive mechanism operable to

-permit a continued flow in said circuit upon ar- 45

resting the movement of said second member.

10. The combination of a member, a hydraulic
motor for driving the same, a hydraulic circuit
for driving said motor, a cylinder, a differential
piston therein, and means operable to connect 50
and disconnect said cylinder in series in°said
circuit in advance of said motor to thereby vary
the rate of operation of said motor. - -

‘11. The combination of a member, a\hydra.ulic

‘motor for driving said member, a hydraulic cir- 556

cuit for driving said motor, a cylinder, a differen-~
tial piston therein, and means operable to con-~
nect and disconnect sald cylinder in series in said
circuit in advance of said motor tq thereby vary
the rate -of operation of said motor, said means 80
comprising & valve operable to reverse the con-

' nections between said circuit and cylinder to .

thege%y further vary the rate of operation of
said motor.

! 12. The combination of & member, a hydraulic 65
m‘otor for driving said member, a hydraulic cir-

‘cult for driving said motor at definite rates, a
‘plurality of additional members, separate motors

for driving said last named members, respective-
ly, and mearis for connecting satd last named mo- 70
tors in series in said circuit to thereby effect oper-
-ation of said last named motors at definite rates.

13. The combination of a support a carrler

" movable lengthwise thereof, a hydraulic ‘motor

for driving said carrier, a hydraulic circuit for 75

S
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driving said motor, additional carriers movable
. transversely of said support, separate hydraulic

--motors for driving said additional carriers, re-

spectively, and means operable to connect one or
more of said last named motors in series in said -
circuit. ‘

14, The combination of a support, a carriage
movyable lengthwise thereof, a hydraulic motor
for driving said carriage, a hydraulic circuit for
driving said motor, an auxiliary carriage movable
lengthwise of said’support, a cross-slide movable

“on said auxiliary carriage transversely of said:

support, & -second auxiliary carriage, a Cross-

slide movable on said last named carriage trans-
versely of said support, separate hydraulic, mo- -
tors for driving said cross-slides, respectively, and
means for connecting said last named motors in
series in said circuit. )

15, The combination of a support, a carriage
movable lengthwise thereof, a hydraulic motor
for driving said carriage,-a hydraulic circuit lor
driving said motor, an auxiliary carriage movable
lengthwise of said support, a cross-slide movable
on said auxiliary carriage transversely of said
support, & hydraulic metor for driving said cross-
slide, means operable to connect said last named
motor in series in said circuit to thereby operate
sald cross-slide, and automatic means for regu-
lating the rate of flow in sald circuit ahd for
30 operating said last named means. :

* ' 16, The combination of a support, a carriage
movable lengthwise thereof, a hydraulic motor

for driving.said carriage, an auxiliary'carriage
movable lengthwise of sald support, coacting
means through which motion is imparted to said
auxiliary carriage-by the advance of -said first
named carriage, a cross-slide movable on said

auxiliary -carriage transversely of said support, a
hydraulic motor for driving sald cross-slide,

40 means for supplying driving liquid to said mo-

_tors, and means automatically operable to regu-

late the rate and directsion of operation of said

" motors. o . .
17. In a machine tool or the like the combina--

10

20

25

35
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for rendering said coacting means active or in-
active. .

20. In a machine tool or the like the combina-
tion of a support, & main carriage movable there-

" on, means for advancing and retracting sald main_ 5

carriage, an auxiliary carriage movable on said
support, means for advancing said auxiliary car-
riage by the advance of said main carriage, a.
cross-slide movable on said auxiliary carriage,
means operable independently of said advancing 10
means for moving said cross-slide in a direction
transversely of the direction of motion of said
main carriage, means controlled by said main
carriage for controlling theé movement -of sald
auxiliary carriage and said cross-slide, and means 15
controlled by sald main carriage for adjusting
said control means to thereby predetermine the
motion of said auxiliary carriage and cross-slide
for each advance of sald main carriage.

21, In a machine tool or the like the combina-
tion of a support, & main carrier movable thereon,
means for advancing and retracting said carrier,
an suxillary carrier movable in a direction trans-
versely of said main carrier, hydraulicly actuated .
means for advancing and retracting sald aux- 25
iliary carrier, means controlled by said main car-
rier for controlling the movement of said aux-
iliary carrier, and means controlled by said main
carrier for adjusting said control means to there-.
by predetermine the motion of sald auxiliary car- 30
rier for each advance of sald main carrier.

22. In a machine tool or the like the combina-
tion of a malin carrier, a hydraulic motor for ad-
vancing and retracting the same, an auxiliary
carrier, a separate hydraulic motor for advancing 35
and retracting said auxillary carrier, automatic
means for controlling said second motor, and
means controlled by said main carrier for adjust-
ing said control means to vary the operating
characteristics of said auxiliary carrier. 40

23. In a machine tool or the like the combina-
tion of a main carrier, a hydraulic motor for ad-

20

‘vancing and retracéting the same, hydraulic cir-

cuit for driving said motor, means for-regulating

45 tion of a support, a carriage movable lengthwise ~the rate of flow ih said circuit to thereby regulate 45

thereof, means for driving said carriage, an aux-
illary carriage }novab]e lengthwise of said sup-
port, coacting ‘means between said carriages
through which motion.is imparted to said aux-
50 iliary carriage by the advance of said first named
carriage, and means for limiting the movement
‘of said auxiliary carriage, said coacting means
-including a fluid cushion yieldable to permit the
continued advance of said main carriage after
said auxiliary carriage has stopped. . C
18. In & machine tool or the like the combina~
tion of a support, a carriage movable lengthwise
_ thereof, means for driving said carriage, an auxil-
fary carriage, hydraulic’ thrust transmitting
means between said carriages for advancing said
auxiliary carriage by the advance of said first
named carriage, and means automatically oper~
able to render said thrust transmitting means
active or inactive to thereby rehder the said aux-
5 iliary carriage movable or immovable during the
advance of said main carriage. '

19. In a machine tool or the

>

GO

.

, 4 like the combina-

- tion of ‘a support, a carriage movablé thereon,
_means for advancing and refracting said carriage,
70 an auxiliary carriage movable on said support,
_ _coacting means including a fluid sustained plung-
er between said carriages for advancing sald aux-
iliary carriage by the advance of said first name?
carriage, and means controlled by said first

%5 named carriage during the return stroke thereof

R . ~

" vancing and rétracting the

the rate of movemen? of said carrier, an aux-
iliary carrier; a separate hydraulic motor for ad-

e, means auto-
matically operable to connect and disconnect said
second motor in series in said circuit, and means 50
controlled by said main carrier for adjusting said
last named means to thereby vary the operatn

" characteristics of sald auxiliary carrier.

24. In a machine tool or the like the combina- :
tion of & main carrier, a hydraulic motor for ad- 55
vancing and retracting the same; & hydraulic cir-
cult for driving said motor, means for regulating
the rate of flow in said circult, an auxiliary car-
rier, a separate hydraulic motor . for advancing.
and retracting said auxiliary carrier, a valve for 60
connecting and disconnecting said second motor
in series in said circuit; control mechanism ind
cluding a plurality of means movable with said
.main carrier and selectively active to control said
valve, and means controlled by said main carrier. 85
for rendering any of said last named means active
to thereby predetermine the operating character-
istics of said suxiliary carrier.” -

. 25. In a machine tool or the like the combina-' .
tion of a movable member, a hydraulic motor for 70
advencing said member, & hydraulic circuit in-’
cluding & variable delivery pump for driving sald
motor, means for modifying the mechanical ac-.
tion of said pump, control mesns for effecting -.
operation of said last named means at any point 75,

-

5,

.



. varying-means to thereby regulate the extent of -
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in the path of travel of sald member, and '
automatically operable to adjust said delivery

variation in pump delivery.

26. In a machine tool or the like the combina-

tion of .a work holder, a tool holder, means for
advancing. and retracting one of said holders
toward and from the other, means for automat-
ically reversing the motion of said last mentioned

holder at the end of each advance stroke, means

for delaying such reversal to permit the tool to
finish its cuf, and means automatically operable

" to render said. last named means. active or in-

15

20

25

30

active. N o . :
27. In a machine tool or the like the combina-
tion of a work holder, a tool holder, hydraulic

means for advancing and retracting one of said-

holders toward and from the other, means con-
trolled by movement of said last mentioned hold-
er for regulating the rate of movement thereof
and for reversing the movement thereof at the

end of each advance, hydraulic means for retard-.

ing such reversal, and means responsive to the
retraction of said last mentioned holder for
rendering said retarding means active or inactive
during the next advance. o

- 28. In a machine tool or the like the combina-~
tion of a work holder, a tool holder, means in-
cluding a ‘variable delivery pump for advancing

and retracting one of said holders toward and

from the other, means controlled by movement
of said last mentioned holder for regulating pump

.delivery, means for retarding reversal of move-

ment of said last mentioned holder, and means

5 -automatically operable to render said retarding

. means active or inactive.

4

4

i}

[

G

=y

St

=]

5

<

St

0

29. In a machine tool «or the like the combi-
nation of a carriage, means for advancing and
retracting said carriage, a turret rotatable on
said carriage, fluid actuated means for indexing
said turret, an index pin for locking said turret
in each indexed position, means responsive to
movement of said carriage for operating said pin,
and means controlled by the position of said pin
for controlling said fluid actuated means.

30. In a machine tool having a reciprocable ’

carriage and means for advancing and retract-
ing said carriage, the combination of a turret
carried by said carriage to rotate thereon. inter-
mittently from station to station, a hydraulic
motor for indexing said turret from station to
station, an index pin for locking said turret at

each station, and fluid actuated means for oper-.
ating said index pin and for controlling said.

hydraulic motor. .

31. In a machine tool or the like the combina-
tion of a support, a turret rotatable thereon,
clamping means for said turret, reciprocating
mechanism for releasing and .applying said
clamping means, and means including ratchet
mechanism actuated by said reciprocating mech-

anism for intermittently rotating said turret, said

last named means containing a lost motion con-
nection to permit a release of said clamping
means prior to rotation of said turret.

'32. In a machine tool or the like the combina- -

tion of separate tool and work supports, means
for advancing and retracting one of said supports
toward and from the other, a turret rotatable on
one of said supports, separate means for index-
ing said turret, means automatically operable to
regulate the extent of advance of the movable
support, and means responsive to the rotative
position of said turret for regulating the extent
of retraction of the movable support.

means -

15

~33. In a machine tool or the like the combina-
tion of separate tool and work supports, means
for advanding and retracting one of said sup-
ports toward and “from the other, means for
automatically reversing the movement of said
movable support. at the end of each advance
stroke, a turret on one of said supports, separate
means for indexing said turret, means responsive
to the rotative position of said turret for stop-
ping said movable support at predetermined
points in the return movement thereof, means
automatically operable to re-start said movable
support on the next advance stroke, and means
controlled by the rotative position of said turret
for rendering said re-starting means active or
inactive. - » '

34. In a machine tool or the like the combina-

" tion of a main carrier, a turret thereon, means

for indexing said turret, an auxiliary carrier,
means for moving said auxiliary carrier, means
for moving said main carrier, means controlled
by said main carrier for controlling the move-
ment of said auxiliary carrier, and means con-
trolled by said turret for varying the action of
said last named means. ’

35. In a machine tool or the like the combi-
nation of a main turret, indexing means there-
for, an auxiliary turret, separate means for in-
dexing said auxiliary turret, and means con-
trolled by-the rotative position of said main tur-
ret for controlling the action of said last named
indexing means. . ]

36. In a machine tool or the like the combina-
tlon of a main carrier, a turret thereon, means
for advancing and retracting said carrier, means
for indexing said turret, an auxiliary carrier,
means for moving said auxiliary carrier, an aux-
iliary turret on said auxiliary-carrier, means for
indexing said auxiliary turret, means controlled
by said main carrier for controlling the motion
of said auxiliary carrier and the indexing of said
auxiliary turret, and means controlled by the ro-
tative position of said main turret for controlling
the action of said last named means. .

. 37. In a machine tool or the like the combina-
tion of a carriage, a turret thereon, a cross-slide.
a turret on said cross-slide, means for advancing

and retracting said carriage, means controlled -

by the movement of said carriage for indexing
said first named turret, means controlled by the
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movement of said carriage for advancing and -

retracting said cross-slide, means controlled by
the movement of said carriage for indexing said
last named turret, and means- controlled by. the
rotative position of said first named turret for
controlling the aétion of said two last named
means. ) =

38. In a machine tool or the like the combina-
tion of a movable carriage, means for. driving

-said carriage, a control element for controlling

said driving means, a cam carrier movable rela-
tive to said element in response to movement of

- said carriage, said control element being movable

across the face of said cam carrier, a plurality
of cams on said carrier for coaction with said

element selectively, means for indexing said cam

carrier to selectively position said cams for co-
action w'th said element, and . means for sus-
taining said element in g predetermined. position
during -indexing ‘of said cam carrier.

39. In a machine tool or the like the combina-
t'on of a movable carriage, means for driving

55

60

70

said carriage, a member movable on said carriage, .

‘& member fixed on said carriage adjacent said

movable member, a.control element, a plurality

75
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of means on said movable member for coaction
selectively with said control element, said con-
trol element being arranged to pass from said
movable member to said fixed member during
movement of said carriage, and means for mov-

ing said movable member to position one of said -

plurality of means in coacting relation with said
control element while said element is on said
fixed member. : .
40. A control mechanism for machine tools or
the like comprising a rotary drum having 2 sub-
stantially cylindrical portion, a series of longl-
tudinally extending ¢ams on another portion of
said drum, a control element for coaction” with
said cams, selectively, said element being ar-

ranged to travel from said cam carrying portion

to the cylindrical portion of said drum, and
means for rotating said drum while said element
is on the cylindrical portion thereof to shift any
of said cams into coacting relation with said
element. ’

41. Tn a machine tool or the like the combina-
tion of a support, a turret rotatable thereon,
means for limiting the rotation of said turret, a

worm and worm wheel for rotating said turret,

and a fluid motor for rotating said worm to there-
by index said turret, said worm and worm wheel
coacting to lock said turret in indexed position.
42, In a machine tool or the like the combina-
tion of a support, & turret rotatable thereon,

fluid actudted means for rotating said turret, -

means for positively limiting the rotation there-
of in both directions, to thereby accurately posi-
tion said turret in each indexed position, and a
valve for controlling said fluid actuated means.

43. In a machine tool or the like the combina-
tion of a plurality of turrets, a fluid pressure
source, separate means actuated from said source
for indexing said turrets, control means for

40 normally effecting the simultaneous operation of

said separate means, and valves adjustable to ef-

fect indexing of one of said turrets to the exclu~

sion of another. ’ )
44. In a machine tool or the like the combina-

45 tion of a plurality of translatable carriers, sep-

arate hydraulically actuated means for driving
the same, a pump fed hydraulic circuit connect-~
ing said separate means in series to thereby effect
simultaneous motion of said carriers at predeter-

50 mined rates, reversing means for said circuit, and

55 tion of a plurality of fluid actuated members, .
means including a fluid pressure source and fluid -

60

means for preventing operation of said reversing

means until all of said carriers have completed:

their respective strokes.

45. In a machine tool or the like the combina-

connections for simultaneously driving said mem-
bers, a stop for limiting the movement of each
member, means for simultaneously reversing the
movement of said members, and means for pre-
venting operation of said reversing means until
all of said members have reached their respec-
tive stops. . .

46. In a machine tool or the like the combina-

5 tibp of a plurality of fluid actuated members,

mehns including a fluid pressure source and fluid

~ connections for simultaneously driving said mem-

75

bers, a stop for limiting the movement of each
member, means for simultaneously reversing the
movement of sald members, and means including
a pressure responsive valve assoclated with each
member for preventing operation of said revers-
ing means until all of said members have reached
their respective stops. o

‘47. In a machine tool or the like the combina-

‘8,071,786

tion of a plurality of fluid actuated translatable
members, means for simultaneously reversing
the movement of said members, means for pre-
venting operation of sald reversing means until
all of said members have completed their respec-
tive strokes, and means adjustable to- render said

Jast named means active or inactive. -

48. In a machine tool or the like the combina-

‘tion of a hydraulically actuated member, a pump

for supplying driving liquid to said member, &
control element translatable in a plane for regu-

‘lating the movement of said member, a second

element normally projecting into said plane for
coaction with said control element, and a support
for said second element permitting free with~
drawal thereof from said plane under the action

- of said control element in one direction.

" 49 A control mechanism for the purpose men-
tioned comprising a control element, a rail co-

- geting therewith to normally restrain the move-

ment of said element in-one direction, and a sup-

port for said rail permitting free withdrawal

thereof under the action'of said element upon

movement of said element in the opposite direc-
tion. - o
50. In a control mechanism for the purpose de-

" seribed the combination of a control element, &

cam having relatively high and low portions for

coaction with said element, said element being

arranged to follow said high and low portions in
the order named during relative movement be-
tween said cam and element in one direction, a
shoulder on said cam between said portions, said
shoulder having a bevelled face to force said ele-
ment clear of said cam upon relative movement
between said cam and element in the opposite
direction. '

51, In a control mechanism for the purpose
described the combination of a cam having rela-
tively high and low portions and an abrupt
shoulder therebetween, a cam roller arranged to
follow said high and low portions in the order

- named during relative movement between said

cam and roller in one direction, and a guard ele-
ment mounted adjacent said roller, said guard
element having a bevelled face for coaction with
said shoulder to force sald roller clear of said

‘cam upon relative movement between said cam

and roller in the opposite direction.
52, In a control mechanism for the purpose

described the combination of a cam having rela-

tively high and low portions, a cam roller ar-
ranged to follow sald high and low portions in
the order named during relative movement be-
tween said cam and roller, and an element adja-
cent said roller for coaction with said high por=-
tion during passage of sald roller from said high
to said low portion, said element being arranged
to sustain said roller until said element has
cleared said high portion to thereby effect an
abrupt movement of said roller onto said low
portion. : ' v ' ‘
53. In an automatic lathe the combination of
a plurality of tool carriers, separate hydraulic
motors for actuating the same and arranged to
be connected in series, a variable delivery pump,
hydraulic connections through which said mo-
tors are driven by said pump, and means con-
trolled by one of said carriers for automatically
regulating the rate and direction of movement of

Vsaid plurality of carriers.

54. In a hydraulic system of control, a plurali-
ty of fluid operated actuators, means for supply-
ing fluid under pressure, a valve mechanism con-
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necled with sald fluig supplying means, said
valve mechanism having a plurality of ports and
" shiftable to at least three positions, ducts con-
hecting said valve with said actuators, said valve
in one shifted position being adapted to direct
fluid from said supplying means to one actuator

2,071,786
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and to receive fluid from another actuator, and
connecting means for rendering said last men-
tioned actuator operable in response to the actu-
ation of said first mentionedq actuator,
WALTER FERRIS,
GEORGE H. FOBIAN




