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1

This invention - relates to pattern ‘controlied
reproducing machines and has particular refer-
ence to an improved hydraulic operating mecha<
nism for such machines.

One of -the principal objects of the present -

invention is the provision of an improved pat-
tern ‘actuable control mechanism for automatic
determination of the relative rates of movement
of a pair of machine tool slides for determining
the resultant contour path followed by a repro-
ducing ‘tool.

A further cbject of the invention is the pro~
vision of an improved automatic control mecha-
nism for .contouring machines for effecting an
Improved sensitivity in determintion of the rela-
tionship between the relative slide movements ir-
respective of the feed rates being employed for
the particular contouring: operation which will
be ‘particularly effective in maintaining a . sub-
stantially constant cutting rate.irrespective of
the directional path. and prevent possible rate
fluctuations in the movement of individual slides
due to unequal resistance to movement, as respects
the parts being actuated.

An additional object of the present invention
is the provision of a tracer actuable control valve
mechanism embodying variable resistance means
capable of utilization, not only to determine the
selective -or proportional distribution of hydran-
lic actuating'medium to a plurality of members
but. which has the additional capacity of adjust~
ment-to vary the rate of ‘power. transmittal
effected by corresponding movements of the con-
trol valve mechanism.

Other objects ‘and advantages of the preseng
invention should be readily apparent by reference
to the following specification,. considered in con-
junction with the accompanying drawings form-
ing a part thereof, and it is to be understood that
any modifications may be made in the exact struc-
tural details there shown and described, within

the scope of the appended claims, without depart-

ing from.or exceeding the spirit of the invention.

Figure 1 is-a plan view of a lathe structure
embodying the present invention.

Figure 2 is a diagrammatic:vertical sectional
view on the line 2-2 of PFigure 1.

Figure 3 is a sectlonal view on the line 3-—3 of
Figure. 2.

" Figure4is a vertlcal sectlon of the tracer body:

on line 44 of Figure 2. ‘

Figure 5 is a vertical section on the line 55
of Figure 2;

Figure 6 is a fragmentary perspective view: of
a, portion of the tracer valve mechanism.
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Figure 7 is a view in elevation of the tracer
valve and bushing with the tracer housing shown
in section, and ‘

Figure 8 is a longitudinal sectional view of the
tracer bushing with sliding valve removed.

In the drawings, the numeral 10 designates the
bed. of a lathe, supporting the headstock 13 and
tailstock 14 between which are mounted the work
plece {§, and having ways i{ for the longitudinal-
ly movable tool carriage §2. Transversely mova-<
ble on the carriage 12 is a cross slide 16 provided
with ‘e toolhead IT suitably ‘supporting tool {8
for operaticn on the work piece i5. An adjust-
ing screw i9 'is provided intervening the cross
slide and the toolhead I7 for effecting feeding
or other adjusting movement of the tool with
respect to the work.  For effecting longitudinal
movement of the carriage, the bed-is provided
with a rack 28 engaged by pinionh 2! actuable by
the reversible hydraulic motor 22 secured to the
underside of the carriage.

Mounted on the carriage 12 is 4 hydraulic eylin-
der 28 containing a. piston 24 provided with piston
rod 25 secured to the slide 8.  This structure pro-
vides a-différential’ area piston structure in that
the rod side of the piston possesses a smaller
effective ‘ares than the free or opposite side of
the piston.” Consequently; a lesser pressure react-
ing:on the large end-of the piston will overcome
3, higher unit pressure reacting on the rod side
or face ‘of the piston, a feature which is advan-
tageously utilized in connection with the spec1ﬁc
form' of invention here shown.

The bed 10 of the lathe is provided with rear-
wardly extending brackets 28 adjustably suppors-
ing-a pattern member 271 for ehigagement with
the. tracer finger contact such as the roller 28
carried: by. the sliding: tracer finger 29 mounted
in extension. 30 of the:tracer body or: housmf'
31. .This housing is suitably mounted on the crosg
slide 16 in any conventional:manner, the attach-
ment here shown comprising a ‘bolt 32.

Disposed. within:the tracer body 3{ is a valve
bushing designated as an entirety by the numeral
33 having a bore 34 to receive the slidable tracer
valve 35, Peripherally, the bushing hag a fluid
tight fit with the interior of-the housing and-is
held against rotation with respect-thereto by pin
36." The bushing is turned or reduced-in diameter
as at the points 37,:38, and 39 and, additionally,
transversely slotted -to produce the diametrically
opposite: pairs-of fingers or webs 40, 41, and 42,
intervening the-full diameter portions 43, 44, 45,
and 46 of the bushmg “The’ structure thus de-’

55 seribed therefore prov1des a complete circumscrib-
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ing guide for the sliding valve 35 but interrupted
at the areas 37, 38, and 39, the upper and lower
interrupted areas being placed in communication
with each other as by the arcuate grooves or
spaces 471 intervening the reduced portions &8,
41, and 42 of the bushing and the interior of the
tracer body 3!. If additional space is desired for
free annular flow of the hydraulic medium within
the valye passages, supplemental aligned grooves
48, 49, and 58 may be formed in the inner face
of the tracer body as shown in Figure 2.

The specific structure of the fracer valve 33 is
particularly illustrated in Figures 2 and 6. By
reference to these figures, it will be seen that the

valve is provided at one end with a terminal head |

51 engaging the contact 52 on the inner end of
the sliding tracer finger 29, being urged outwardly
in the housing 31 and against said finger by
spring 53 interposed between the head 5{ and
the shoulder 54 of the bushing 33. The valve
is further formed with the c¢ylindrical portions
54’, 55, and 58 separated by the reduced portions
57 and 58 which when the valve is in position
within the bushing are substantially aligned with
the portions 45 and 44 of the bushing.

It -will be noted that the inner or right hand
shoulder .of the portion 56 as shown in Figures 2
and 4 has a pair of relieved or recessed portions
formed by the beveled or tapered segmental faces
59 which, when the valve is in the intermediate
or neutral position shown in Figure 2, form out-
wardly tapering throats or throttle portions pro-
viding passages intervening the area around the
reduced portion 58 of the valve and the circum-~
ferential space 31, permitting flow by way of this
passage and. space 37 to conduit 88, leading to
the motor 22. Similarly, the cylindrical portion
55, as. at one .side adjacent the reduced portion
58, the segmental beveled areas 8f and at its
ppposite face similar segmental beveled areas §2
disposed in cooperative relation respectively with
the edges or shoulders bounding the adjacent
bushing portions 44 and 45, while the portion 54’
is provided with the segmental beveled -faces €3

disposed in opposition to the opposite or forward

shouldered face.of the bushing portion 45.

The tracer finger 29 is supported for free axial
or-longitudinal movement in the forward portion
of the tracer housing by the balls or antifriction
members 64 but is held against rotative move-

-ment by -the pin -or key 68 to preserve proper
tracking - relation between the roller or contact
28 on the finger and. pattern 27. -The valve 35,
is supported in the bushing for free axial and
rotative movements, It is, however, provided on
the end opposite.to-the head 5 with a gear 86
meshing with pinion 67 on shaft 88 which bsars
the indexing ‘knob 69 provided with an index at

18 to denote the rotational adjusted position of.

the knob and thus.of the valve. A pointer or
- index finger Ti carried by the extension of the

tracer head or housing in which shaft 88 is rotat-
ably " mounted, -or .other  suitably -designating
means, ‘ cooperates ‘with the index indicia for
determination of the amount of rotative adjust-
_-ment imparted to'the valve 35. . . -

It will-be evident that if the several tapered
segmental portions. of the valve stem are posi-
tioned fo lie completely within the ‘slotted por-
“tions .of fthe bushing and between the webs or
fingers A1, there will be. minimum restricticn as

respects fluid flow within the tracer.valve struc-~

ture. . -However, ‘as- the valve 35 is rotatably

“adjusted to a midposition, for- example; ag illus--
trated in Flgure 5, portion of the several tapered,
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portions will lie within and be blanked off by the
portions 41, thus throttling or reducing the poten-
tial flow by way of the said tapered portions.
For effecting hydraulic operation of the piston
and cylinder motor mechanism 23—24 for posi-
tioning of cross slide 16 and the actuation of the
reversible hydraulic motor 22, there is provided
a tank or sump 72 containing suitable hydraulic
actuating medium which is drawn from the tank
by pump 13 for discharge into the pressure line
14.  Excess of fluid over the operating require-
ments is returned from the pressure side of the
pump through -variable relief valve 15 to the
sump. Pressure line T4 has a branch 76 directly
connected to the piston rod end of cylinder £3,
continuously reacting when the pump is in opera-
tion to urge the tool slide {8 in & direction toward
the work piece {5. The main line 74 terminates
at the port area 38 between the portions 44 and
45 of the tracer valve bushing, thus introducing
pressure into this general area so that in the
neutral position of the -tracer valve shown, a
portion of the introduced pressure will flow by

way of 6! around reduced valve portion 58 and .
. spool relief §§ through conduit §8 to operate the

motor 22 while at the same time the intermediate
rib 17 acts as a flow divider so that a portion of
the available. fluid may pass by way of €2, the

.- space surrounding &7, port 78 and conduit 79 to
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the larger piston area or right hand end of cyl-
inder 23, building. up a pressure adeguate to
counterbalance - the existing ~pressure
smaller area or piston rod end of the cylinder so
that the carriage {€ is held in a stationary posi-
tion. - “This pressure balancing is made possible
by the fact that a portion of the pressure fluid or
a partial relief condition is effected by way of
the taper valve portion 83 through the area 38
and - reservoir conduit 8¢, In other words, when
the tracer finger is deflected or moved either to
the left or the right from the effective neutral,
an -unbalanced. pressure. condition -is created
within the cylinder 23 causing a follow-up re-
adjustment of the slide 18 until a hydraulically
effective neutral is automatically established. It

.-will be evident to those conversant with the art

50

of ‘hydraulic tracing that any such displacement
of tracer valve 35 by finger 28, normally quite
minute in amount, while determining the forward
or back movement of the slide {§ will at the same
time move either the taper throttle 81 toward the
shoulder of valve bushing 44 or alternatively the

- taper portion 58 toward the opposite porting edze

55

60

of 44, in either event restricting the circuit flow
from 14 to 68 and slowing down or stopping the

traverse movement during the accelerated in or -

out movement of thetool and tool slide,

.During. such’ sliding movement of the valve,
gear 86 will move axially with the valve and rela-
tive to gear 87, the amount of possible movement,

however, being insufficient: to move these gears -

- out-of mesh one with the other, and as there is

70

5

no-tendency toward rotation of valve 25 during
its axial movement the frictional resistance
eﬁ"ected_by gear §7 will be insufficient to interfere
with proper operation of the valve 35. Tt isto be
noted that, as-distinguished from known prior
art tracer controlled structures in which it has
been necessary to provide speecial balanecing valve,
rate valve, and other mechanisms -intervening
the pump or pressure source and the tracer valve
to insure constant pressure conditions for rate
operating purposes,: that the present: invention

provides in the-tracer control structure itself g
first throttling means determining the potential

in the -
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maximum rate of operation of one of the direc~
tional control motors and -a second independent
throttle -means for determining - the maximum
potential rate of actuation of the motive mesns
for - effecting -an angularly related - directional
movement: of the machine parts. - Additionally,
attention is invited 'to the fact that: whereas
known  prior. art structures: having tracer valve
mechanisms constructed to take care of a certain
maximum:rate of flow to one or the other of ‘the
controlled parts were. subject. to. certain opera-
tional - difficulties and inaccuracies.-in control
when reductionwas made in the amount of avail-
able actuating fluid by decrease in its potential
rate: of supply, that the present invention .in-
volves no decrease-in the rate of supply. or avail-
ability of volume of actuating fluid, but independ-
ently .. throttles. . and controls- separately the
amount-available to the individual motor control
valve systems; thus insuring the correct controlled
functioning of each of said motors for both fast
and slow feed rate operations: ‘

It.is well' understood in connection with tracer
valve. mechanisms that the matter of neutral,
maximum opening, ‘and intermediate -relation-
ships .of the control elements of tracing valve
mechanisms are determined primarily by the hy-
draulic reaction through the valve mechanisms
rather than:by strict consideration of physical
relationship of the parts, and that such valves are
So constructed. that a.thousandth of an.inch or
less of ‘axial movement of a tracer valve will
cause appreciable variation in the flow and pres-
sure. effects. of ‘the hydraulic system' controlled
thereby. It will, therefore,.be understood. that
the principles of the present invention and the
physica] relationship of the parts have of neces~
sity been diagrammatically exaggerated for clar-
ity .of understanding but:
actual use will ordinarily be:much less than those
physically.indicated in the drawings. Attention,
however, is invited to the fact that the taper angle
of the control portions 62 and 63 in the form illus-

trated is of the nature of about 30 degrees while

the taper angle of the faces 59 and 61 have been
shown-with' a. steeper taper in the nature of 50
degrees; ‘ ‘
.-In praetice, valves of the present invention are
constructed as .indicated and’ described so that
when the tracer valve 35 is'in its hydraulic neutral
position as respects in and out or cross feed move-
ment of the tool slide or rotatively adjusted to
effect maximium delivery by way of the valve por-
tions 59 and 61 that a maximum traverse or feed
rate actuation of the motor 22 will be effected.
This relationship having been determined, 62

that the clearances in .
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and 63 can then be changed or modified to the'ex~
tent desired, as by varying their angularity, so

that when 59 or 61, depending on the direction
of axial movement. of the valve 85, blocks off or
stops:flow to motor 22 .and the feed of the car-
riage; ‘these portions will pass eriough fluid into
or-permit-its exhaust fromthe large end of eylin~
der:23:so-that the ‘cross slide 1§ will-move at:its
maximum rate: @ el :

‘This’' rate is- preferably, ‘although not neces-
sarily, equivalent to the selected maximiim lon-
gitudinal rate of movementof the carriage. These
maximum:-potential rateshaving been determined
by proper formation or adjustment of the rela-
tionship of ‘the vdlve configurations, the respec-
tive: rates: can then be correspondingly: reduced
by rotation of member-85 which serves to throttle
down:correspondingly: the respective flows, thus
determining the particular rate to be:utilized. for

longitudinal feed:atid for:cross movement or the .

60

65

70

T8 resistance effects as ‘respects adjacent ‘arcuate’

ratein any particular contouring or angularly res
lated direction of movement of tool and work re-
sultant from combined utilization of- the:two
flows. - Due, - however, to the provision-of the rate
control means within the tracer valve and indi-
vidual to: the respective motors as distinguished
from employment of a rate control valve in the
input line ‘determining the’ general flow only.to
the tracer mechanism, there is no drop in pres-
sure.at-the shoulder 17 effective as respects the
flow dividing faces 6i-and 62, and, therefore, no
loss of ‘tracer valve ‘sensitivity: or: acecuracy: of
control attendant upon appreciable reduction in
feed rates employed. :
From the foregoing description it will be evi-
dent that the spaces 48, 49, and 50 in communica-
tion'with and forming continuations of the re-
spective conduits 88,74, and 80 form the terminal
ports for these conduits, each of which ports ‘is
individually. bounded by a pair of walls formed by
radial planes intersecting ‘the axis of the valve
and 'the hore in which the valve slides to provide
the arcuate or peripheral edges or shoulders
bounding the bore for cooperation -as respects
each port with the shouldérs on the valve mem-~
ber. :
It will also be:-evident that the major measure-
ment of each of the spools on the valve member,
is such as to.physically overlap its associated port
but that the double taper on the central or inter-
mediate valve.spool, as respects the relieved or.;re-
cessed portion of this valve spool and the relieved
or tapered portions of the other spools facing the
intermediate spool provide arcuate or peripheral
shoulders on the valve spools which cooperate
with the shoulders cf the port areas. It will fur-
ther be . evident that these vaive shoulders,
whether of physically overlap or underlap char~
acteristic, are so arranged as to have s hydraulic:
underlap so that there may be flow from one port
to another by way of the recessed or reduced in-
termediate portions of the valve while the Coop~
erative relation of these annular or peripheral
shoulders provide variable hydraulic resistances
depending upon axial movement of the valve to
control the proportioning of the fiow from the
port area 49 to the port areas 48 and 50, Also,
it. will be evident that the central or intermedi-
ate. spool 55 is positionable either to divide the
flow or completely to shut off the flow in one di-
rection or the other, while the end spools 54’ and
56.in this respect are equally inversely effective’
to provide: a resistance cutting down or shutting’
off flow into the port areas 50 and 48. At the
same time the bounding shoulders of the several
relieved portions on the valve member 85, suchas
81—82--83—24, which are disposed. in -axial
planes cooperative with the axial plane bounding.
shoulders 85—-86—87 of the webs 40-—4[—42
variably limit or restrict the effective pressure or
fluid transmitting areas or resistancesunder con-
trol of the first set of shoulders, dependent upon-
the relative rotative adjustment of the valve 35
and- its support. This latter variation is; of;
course, dependent upon the particular positional

_relationship of the various relieved portions such

as 58 of the valve spools as respects the positional
location of the corresponding axial web shoulders. t
Consequently, different’ relationships may be
established and different types of variation- ef-:
fected upon rotation of the valve, dependent upon.
such - structural ‘relationships, although. in. the:
present instance the parts have beén shown so:
dimensionally. constructed and ‘arranged that
axial movement produces inverse variations in’
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port sheulders, while rotative adjustment effects
corresponding modmcatlons or throtthngs of: the
effective resistance areas.
-~ Tt .will be understood that while for simplicity
_of'manufacture and assembly the tracer body or
housing ‘has been shown as a two-part member
embodying the outer shell or housing 31 with a
contained bushing 33, the parts -being’ tightly
fitted and pinned together, that when so assem-
bled these constitute a unitary or one piece struc-
ture, the prime essence of the invention therefore
being the configuration and relationship between
the outer member having the described shoulders
and ports and the sliding inner membeyx or valve
with its cooperatmg configurations.
The tracer valve-structure shown in Figure 2
ig indicated ‘in what may be termed ifs. static
position, that is, a position in:which balanced
pressure conditions ‘lock the piston 24 and thus
the tool slide 18 against in and out movement,
and. the entire: flow of motion producing fluid is
to the motor 22 to-effect traverse of the carriage.
Thig is the ‘condition existing when the movable
valve member is held by the tracer finger in its
neutral- position-as when following -a straight or
plane surface.  In the relationship here illiis-
trated it-will be noted that the inner valve mem-

ber is provided: with the grooved or relieved por--

tions-at- 57 -and 58 disposed in staggered rela~
tion - with  respect. to ‘the -cooperating relieved or
port areas such as 31, 38, and 39 of the bushing,
thus providing by means of these staggered re-
lieved portions fluid receiving spaces with inter-
vening shoulders or cooperating portions  pro-
viding resistance to flow in a-tortuous path of
the “hydraulic actuating medium -from inlet to
outlet-by ‘way -of ‘such resistances. .In this rela-
_ tionship “the relative rotation of the inner and

“outer-valve elements-serves to vary the efiective -

area of the resistances and thus the static flow
conditions in the absence of tracer finger con-
trolled relative movement of the partsin an axial
direction and. eotabl*sh the max1mum flow avaﬂ—
able,
' “Additionally, however, -when the valve is in

10

15

8
tioh will vary the volumetric flow past the shouI—
‘dérs for any relative axial positioning.

‘9. A tracer valve structure: including a. sup-
porting housing having -a_central hore formed
with a plurality of internal grooves providing
axially spaced annular areas circumscribing - the
bore -and radially extending surfaces bounding
said areas to provide throttling shoulders, said
bore - having sdditional axially - exténding por-
tions -intervening said surfaces: to provide addi~
tional throttling shoulders, ‘and a.control valve
slidably mounted within the bore, said control
valve having g flow dividing portion positionable
intermediate a pair of  said radially  extending
pounding - surfaces “having segmental lateral
shoulders ‘disposable in cooperative relation with
the radially extending surfaces and axially ex-

- tending ‘shoulder “portions for’ cooperation with
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a live ‘or dynamic condition caused by-tracer
'ﬁnger determined . relative axial adjustment or

variance in the position of the parts, the arcuate

© “gooperating shoulders in their varying positional

arrangements as effected by deviations of the
controlling pattern from a straight line traverse
" path: cause automatic variations in the dynamic
‘flow resistances-for determination. of - the rela-
tionship of the. carriage and slide ‘movements.

.-What is claimed is:

1. A tracer valve siructure. including a sup-
- porting - housing having & central bore forimed
‘with a plurality of internal grooves providing ax-
ially ‘spaced annular -areas circumscribing - ‘the
bore - and . radially extending surfaces hounding
said :areas to provide throttling. shoulders, se,ld
bore having: sdditional axiallly extendmg por-
tions intervening said surfaces to provide addi-

the axially extending throttling shoulders of-the
bore, “whereby . relative axial movement of the
housing and valve will vary the proportional flow
by way of the radial shoulders and relative rota-
tion will vary the volumetric flow past the shoul-
ders for any relative axial positioning, the-sup-
Dortmg housing having additional -similarly ar-
ranged shouldered portions axially spaced from

‘the first set of shoulders and the ‘valve having

additional axially spaced: corresponding shoul-
ders for cooperation with the additional shoul-
ders of “the supporting housing. and .connected
with the first shouldered portion of the valve by
reduced portions providing circumscribing pas-.
sages, the additional radially - shouldered por-
tions of the valve being disposed in opposed rela-
tion to ‘the sdjacent central radial shoulders of
the valve and the axially -extending shoulders
being disposed in corresponding relation to the
axially disposed shoulders on the central portion
of the valve whereby relative axial movement of

_the-housing and valve will .inversely vary the

resistarice effects of the opposed radial sets of
shoulders while rotation of the valve will corre-
spondingly vary the resistance effects.of the ax—
ially extending shoulder -portions of the yalve. .

3. A tracer valve structure including a support-»
ing Housing having a central bore formed with a

" plurality of internal grooves providing -axially

spaced annular areas circumseribing the bore and

 radially extending surfaces bounding said areas

50
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60

tional throttlidg shoulders, and a.- control valve '

slidably mounted within  the bore, . said: control,‘

valve having o flow-dividing portion posmonaLle
‘intermediate a pair of: said radially -extending
--hounding - surfaces  having - segmental - lateral
. shoulders disposable in cooreratlve relation with
. the radially. extending surfaces and axially ex-
" terniding shoulder porticns for cooperation with
the axially extending throttling shoulders-of the
‘bore, whereby ralative axial movement. of the

‘housing and-valve will vary the proportional flow:

by way.of.the rad:gl shoulders and relative rota~

65

to provide throttling shoulders, said bore having
additional axially extending portions intervening
said surfaces to provide additional - throttling
shoulders, a control valve shdably mounted with-

~in the pore, said control valve having.a flow di-

viding portion pos itiohable intermediate a pair -
of said radially extending bounding surfaces hav-
ing segmental lateral shoulders dzsposable in co- .

Vopezahve rélation with ‘the radially extendmg o
surfaces and- axially extending shoulder portions

for cooperation with the axially extending, throte.
tling shoulders of the bore, whereby. relative axial
movement of the housing and .valve will'vary:the
proporticnal flow by way of the radial shoulders .
and relative rotation will vary the volumetric flow
past the shoulders for -any Telative -axial posi-

- tioning, the support*ng housing having additional-

70

similarly . arranged. shouldered: portions axially:
gpaced from-the first ‘set..of shoulders-and the.
valve having additional -axially :spaced. corre-
sponding shoulders for cooperation with the ad-

ditional shoulders of the supporting housing-and: - -

connected with thefirst shouldered portion-of thé-

valve by reduced portions providing eirecumserib-: - i

e mg_passages the additional radially ‘shouldered-

portions of the valve being:disposed in: opposed: -
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relation to the adjacent central radial shoulders
of the valve and the axially extending shoul-
ders being disposed in corresponding relation to
the axially disposed shoulders on ‘the central por-
tion of the valve whereby relative axial movement
of the housing and valve will inversely vary the
resistance effects of the opposed radial sets of
shoulders. while rotation of. the valve will corre-
spondingly vary the resistance effects of the ax-
ially extending shoulder portions of the ‘valve,
means for effecting g resilient axisl urge of the
valve in one direction, and a tracer actusble fin-
ger slidable within the supporting housing and
opposing ‘the resilient actuation of the valve to
dictate the axial position thereof.

4, A tracer valve structure including a ‘sup-
porting housing having a centrai. bore formed
with a plurality of internal grooves providing ax-
ially spaced annular areas circumscribing the bore
and radially extending surfaces bounding said
areas to provide throtiling shoulders, said bore
having additional axially extending portions in-
terveriing said surfaces to provide additional
throttling. - shoulders, a  control valve slidably
mounted within the bore, said control valve hay-
ing a flow dividing portion positionable inter-
mediate a pair of said radially extending bound-
ing surfaces having segmental lateral shoulders
disposable in cooperative relation with the o~
dially extending stuirfaces and axially extending
shoulder portions for cooperation with the ax-
ially extending throttling shoulders of the bore,
whereby relative axisl movement of the housing
and valve will vary. the proportional flow by way
of the radial shoulders and relative rotation will
vary the volumetric flow past the shoulders for
any relative axial positioning, the supporting
housing . having - additional similatly arranged
shouldered portions axially spaced from the first
set of shoulders and. the valve having additional
axially spaced corresponding shoulders. for. co-
operation with.the additional shoulders of .the
supporting housing and connected with the first
shouldered portion of the valve by reduced por-
tions providing circumseribing passages, the ad-
ditional radially shouldered portions of the valve
being disposed in opposed: relation to the adja-
cent. central radial shoulders of the valve and
the axially extending shoulders being disposed in
corresponding’ relation. to the-axially disposed
shoulders on the central portion of the valve
whereby relative axial movement of the housing
and valve will inversely vary the resistance ef-
fects of the opposed radial sets of shoulders
while rotation of the valve will correspondingly
vary the resistance effects of the axially extend-
ing shoulder portions of the valve, means for ef-
fecting a resilient axial urge of the valve in one
direction, a tracer actuable finger slidable with-
in the supporting housing and opposing the re-
silient actuation of the valve to dictate the axial
position thereof, a rotary adjuster for the valve
carried by the housing, and a positive drive ax-
ially -sliding connection between the adjuster
and the valve for effecting rotary adjustment of
the valve while permitting independent axial
movement thereof.

5. A tracer valve structure including a sup-
porting housing, a valve bushing contained with-
in the housing having a central bore and having
formed therein a plurality of transverse axially
spaced slots providing segmental spaces each
bounded by a first set of shoulders, each formed
by the intersection of a plane normal to its axis
with the bushing and a second series of shoul-
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ders formed by the intersection of a plane paral-
lel with its axis with the bushing, input and out-
put distribution conduits communicating with re-
spective slotted areas of the bushing, and a con-
trol valve member slidable and rotatably mount-
ed. within the bushing and formed with a plu-
rality of axially spaced segmental tapered por-
tions providing as to each segment a peripheral
shoulder for cooperation with one of the radial
plane shoulders of the slotted bushing and ad-
ditional bounding end shoulders for cooperation
with the axial plane shoulders of the bushing,
the spacing between the peripheral shoulders on
the valve being greater than the spacing hetween
adjacent radial plane shoulders of the bushing
and the tapers of the tapered portions extend-
ing in the direction of the cooperating shoulders
on the-bushing, a tracer finger: carried by the
housing and disposed in coeperative engagement
with the valve for dictating the axial position-
ing thereof to vary the relationship between the
radial plane shoulders and the valve to vary. the
resistance effecting spacing of said shoulders,
and additional means for rotating the valve to
vary the relationship between the axial plane
shoulders of the valve and the bushing to vary
the effective arcuate length of the radial plane
shoulders.

6. A tracer control valve structure for machine
tools or the like including a. supporting housing,
bushing means within the housing having a cen-
tral tracer valve receiving bore and a plurality
of gxially spaced internal annular spaces com-
municating with the bore: connected by inter-
mediate shouldered portions; the bushing hav-
ing arcuate: shoulder portions bounding the an-
nular areas, -and a tracer valve mounted in the
bore of the bushing for rotative and axial slid-

‘ing movements relative thereto, said valve hav-

ing ;central-and terminal:spool portions spaced
in correspondence with the spacing intervening
the annular areas of the bushing and. reduced
passage- providing portions . intervening said
spools,-the central of said spools having segmen-
tal relieved portions on both faces thereof pro-
viding circumferentially - disposed shoulders for
cooperation with the internal shoulders of -the
bushing .adjacent the annular recesses and hav-
ing -additional axially - extending shoulders. for
cooperation with the axially extending shoulders
on " the:connecting portions of -the. bushing in- ‘

- termediate said spaces, and the terminal spools
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of the valve having corresponding segmental re-
lieved portions providing peripheral shoulders
for. cooperation with spaced annular shoulders
of the bushing and axially extending shoulders
for cooperation with the axially extending shoul-~
ders of the connecting portions of the bushing,
means for rotating the valve with respect to the
bushing to vary the length of effective resistance
area between the axially extending shoulders of
the bushing and valve, and additional means for
axially relatively shifting the bushing and valve
inversely to vary the resistance effects of the re-
spective cooperating peripheral shoulders of the
valve spools and the bushing.

7. A hydraulic tracer control mechanism for
machine tools, said control mechanism including
a tracer housing having a pressure inlet port, a
first axially spaced outlet port, a second outlet
vort, and a third outlet port axially remote as re-
spects the inlet and second outlet port, said ports
having - bounding faces providing resistance
shoulders, the housing member having g ceniral
bore infersecting said. shoulders, and a control
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valve mounted within said bore having a cen-
tral spool portion overlying the inlet port and
terminal spool portions overlying the remote out-
let ports, the spool overlying the inlet port hav-
ing arcuate relieved portions on its opposite faces
providing - hydraulically underlapped shoulders
positionable intermediate the bounding shoul-
ders of the inlet port, and the other spools each
having an arcuate relieved portion opposing the

central spool and providing a resistance sheulder !

for cooperation with an outlet port shoulder, the
spacings between the opposing spool shoulders
being -greater than the spaeing between their
confronting port shoulders whereby relative
shifting of the speols and ports will increase the
hydraunlic - resistance effect between one set of
the shoulders while decreasing said effect as re-
spects the confronting set of shoulders, radially
extending bounding shoulders determining the
arcuate extent of the ports, shoulders on the
spools bounding the arcuate relieved portions of
the spools; and means to effect relative adjust-

ment of the last-mentioned shoulders of the ports -

and spools to vary the arcuately effective length
of the relieved portions of the spools.

- 8. A hydraulic tracer control mechanism fer
machine tools; said control mechanism including
a tracer housing having a pressure inlet port, a
first axially spaced outlet port, a second outlet
port, and a third outlet port axially remote as
respects the inlet and second ouflet port, said
ports having bounding faces providing resist-
ance shoulders, the housing member having 2
central bore intersecting said shoulders, and a
control valve mounted within said bore having
a central spool portion overlying the inlet port
and terminal spool portions overlying the re-
mote outlet ports;, the spool overlying the inlet
port having arcuabe relieved portions on its op-
posite faces providing hydraulically underiapped
shoulders positionable intermediate the bound-

ing shoulders of the inlet port, and the other

spools each. having an arcuate relieved portion
opposing: the central spool and providing a - re-
sistance shoulder for cooperation with an outlet
port shoulder, the spacings between the oppos-
ing spool shoulders being greater than the spac-
ing between - their confronting port shoulders
whereby relative shifting of the spools and ports
will increase the hydraulic resistance effect. be-
tween one set of the shoulders while decreasing

said effect as respects the confronting set of
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shoulders, radially extending bounding shoulders.
determining the arcuate extent of the ports,
shoulders on the spools bounding the arcuate re-
lieved, portions of the spools, and means to ef-
fect relative adjustment of the last-mentioned
shoulders of the ports and spools to vary the
arcuately effective length of the releived portions
of the spools, the valve portions intermediate
the spools having reduced areas providing pas-
sages interconnecting the respective opposed re-
lieved faces of the spools.

9. A tracer valve mechanism for control of
the relative movements of a plurality of repro-
ducing machine tool slides, said valve mecha-
nism including a pair of telescoping valve ele-
ments, a pattern actuable tracer finger carried
by one of said valve elements and movable rela~
tive thereto for reaction on the other of said
valve elements to. control the relative positions
of the valve elements, one of said valve elements
having formed therein an inlet port and pres-
sure inlet areas and spaced outlet ports and
pressure outlet areas, and the pair of valve ele-
ments having relieved portions with bounding
shoulders forming resistance areas, said relieved
portions and resistance areas providing tortu-
ous passages from inlet to outlet ports by way of
the shoulders and relieved portions, whereby
relative tracer finger determined adjustment of
the parts will vary the resistance effects of the
areas between said shoulders, and means to vary
the extent of such areas available for tracer
controlled flow within the valve.
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