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This invention relates to means for treating metal ar-
ticles, and more particularly to furnace and press quench
mechanism for automatically heating and press quench-
ing steel articles such as rings, gears, and the like.

It is known to heat steel articles in a controlled at-
mosphere furnace, and to individually press quench the
articles from the furnace to provide desired dimensional

stability in the articles during quenching. The various -

human factors involved in transferring work from the

furnace to the press, and in operating the press, taken’

with the excessive and variable exposure of the articles
to the atmosphere, results in non-uniform articles and a
relatively high proportion of rejected articles. This in-
vention provides for virtual elimination of the human
factor in this operation, and for many improvements as
will hereinafter appear.

In the drawings forming a part of this disclosure,

Fig. 1 is an clevation of a steel heating (hardening)
furnace, quench press, and associated mechanism ac-
cording to this invention. )

Fig. 2is a longitudinal vertical section of the furnace
showing article conveymg apparatus therein.

Fig. 3 is a section in plan of the furnace taken along
the line 3—3 of Fig. 2.

Fig. 4 is an elevational cross-section of the furnace.

Fig. 5 is a front elevation of the furnace chargmg
mechamsm

Fig. 6 is a side elevation of the furnace charging
mechanism,

Fig, 7 shows the furnace charging mechanism in plan.

Fig. 8 is a front elevation of the quench press.

Fig. 9 is a side elevation of the press.

Fig. 10 is a partial sectional view in plan of the press

Fig. 11 is a partial rear elevation of the press.

Fig. 12 is a partial section of the press quench mech-
anism.

Fig. 13 is a partial section of mechanism for moving
the quench ring and plunger.

Fig. 14 is a side elevation of press loading mechanism.

Fig. 15 is an end elevation of mechanism of Fig. 14.

Fig. 16 is a plan view of the press quench ring.

Fig. 17 is an elevation of the quench ring.

Fig. 18 shows an elevational section of a plunger strip-
per mechanism along the line 18—18 of Fig. 16.

Fig. 19 is an elevational section of the press quench
chute.

Fig. 20 shows a detail of the press cross-head.

Figs. 21 through 25 illustrate safety mechanism for
the press.

Fig. 26 is a hydraulic schematic diagram for the mech-
anism of Flg 1.

Fig. 27 is an electrical schematic dxagram for appara-
tus illustrated.

Fig. 28 is a graphic illustration of the time cycle of
operations.

Fig. 29 is a graphic illustration of the cam demgns on
the timing cam shaft.
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This invention provides a furnace and guench press
for producing press quenched articles which comprises
means for delivering a succession of substantially iden-
tical and identically aligned articles to each of several
channel-like conveyors through the furnace, the articles
in one conveyor not necessarily being identical to the
articles in another conveyor, although for purposes of
this illustration they may all be presumed equal in size,
shape and alignment; means for delivering articles in-
dividually to each of several quench press loaders, pref-
erably through a duct containing a protective gas. at-
mosphere, ]oadmg each article onto one of several press
quench stations in a position corresponding to its posi-
tion as it was delivered to the furnace conveyor, simul-
taneously press quenching each of the articles while ap-
plying individually controlled pressure to each ‘article,
and subsequently discharging the articles from the press.

_ The press itself provides a compounded hydraulic cyl-
inder means for moving a plurality of quench plugs or
dies rapidly each into engaging position with an article,
and under low press pressure, and means for applying
high pressure individually to each of the quench plugs.

Quench oil valves are provided for rapidly supplying
large volumes of quench oil simultaneously with the ap-
plication of high pressure to the articles quenched and

-the valves. are constructed to reduce to a minimum

dripping of oil onto hot articles as they are being posi-
tioned for quenching. Provision is made for forcing the
press to balk and reverse, eliminating the press quench
part of the normal automatic cycle, if the quench plug,
or die, fails to properly seat on any one of the articles
to be press quenched, thus safeguarding the quench plug
or die as well as avoiding mutilation of the misplaced
article or quenching without proper pressure of other si-
multaneously quenched articles. All such articles leav-
ing the press unquenched are automatically segregated
from normally quenched articles, and the automatic op-
eration of the apparatus is not otherwise interrupted.

Many other specially desirable features are provided
as will appear.

Referring to Fig. 1, the preferred apparatus embody-
ing the present invention comprises a heating furnace 35
and a quench press 36 for press quenching articles de-
livered thereto from the furnace. A furnace charging
mechanism is generally indicated at 37 for charging ar-
ticles delivered thereto by a delivery hopper 38. A fur-
nace discharge chute 39, shown in Fig. 3, delivers ar-
ticles heated in the furnace to the press 36 for quench-
ing. Quenched articles are discharged from the press
through a chute 41 to a belt conveyor 42 in a quench

tank 43 by which the articles are discharged from the

quench tank and delivered to other mechanism for such
further processing as may be required. Hydraulic and
control mechanism are contained in a housing 44 from
which suitable electrical and hydraulic conduits run un-
der a catwalk 45 to the furnace and press mechanism
for operating the latter.

‘Referring more particularly to Figs. 2, 3, and 4, the
furnace comprises a steel shell or binding 46 lined with
suitable insulation 47 and refractory 48. Heat is supplied
to the furnace by radiant tubes 51 which are internally
heated, by combustion of fuel therein by burners not
shown., The radiant tubes are of the return bend, or U,
type. They are supported at the bend on tube support
brackets 52, and at the firing and exhaust ends in a re-

-movable bung 53 by means of which the tubes may be re-

moved from the furnace or: access to the interior of the
furnace may be had. It will thus appear that the furnace
is heated by radiant means ‘so that it is possible to main-
tain in the furnace a protective-gaseous. atmosphere for
the work therein. Such an atmosphere may. consist of a -
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zas containing primarily about 20% carbon monoxide,
40% hydrogen and 40% nitrogen, with relatively small,
but uwsually carefully controlled, amounts of carbon di-
oxide, hydrocarbons and. water.vapor .as.is well. known.

Inlets 54 in the furnace wall are provided for.admission:

of atmosphere gas into the-furnace.

Articles W, to be heated and press.quenched, such as
gears, rings and the like, hereinaftér referred to-as rings,
are conveyed through the furnace in.a manner which al-
lows exact conirol’ of the number, frequency, and posi-
tion “of rings discharged from the furnace. In this case
the rings. W to be heated-and subsequently press quencheéd
are conveyed' through the furpace.in .channel shapéd
work: support rails 55 which are éach an assembly of a

back -piece ' 56; top and-bottom _center pieces 57 and 58"

and ‘top-and -bottom front pieces 61 and 62 forming-be-
tween them ‘the’desired open sided duct or channel'through
which the rings may be pushed. " The clearances between
the tings"W- and-the rdils’ 55_are suth:as .to-allow the

rings to be-pushed without bidding; yet not so excessive’

as to invite ‘displacing a ring from'a line straight through
the tail. “Inasmuch “as:a-pusher ‘mechanism ‘37 is pro-
vided to:advance the rings in -adjacent rails alternately,
adjacent -rails are"paired and-‘discharge -into .a- common

funnel-piece;’the chute39.: All rings entering each-pair-
of rails-should be"of the same-size,~but sizes -discharged

from.‘different -chutes“39~may vary; as will ‘appear. ‘At
the-end of each rail; a built-up-lip*64is provided-to. pre-
vent rings from discharging into the- chute-except -when

positively pushéd over the lip by the pusher mechanism.
Rings: enter the-rdils-on’ edge and-properly aligned; each-
with -itsinternal ‘taperorother characteristic ofshape-

similarly aligned; and:are conveyed to the chute in that
manner. “A-turning‘device for turning‘the tings or ‘their
side- as ‘they leave ‘the furnace is provided in the form of
a tubular-screw'65." The: rails* 55 are supported ‘in-the
furnace-on cross-supports 66, and at the charge endon a
water-cooled bracketi67, and are free to-expand towards
the discharge-erid-on the supports:66: +The chute-39-com-
prises’ two :tongues: 68, eachof- which'lies between:ithe
vertical sides 56 and 62 of a rail to maintain-lateral align-
ment- therewith, butis-axially spaced: from: the-bottom
piece: 58 of ‘the rail to provide for longitudinal expansion
of the rail in the furnace.
ment of the chute with-respect to-the rails is maintained
by proper-location -of ‘the chirte -onits support-on ‘the-fur-
nace shell 46,

Referring more: particuldrly’ to:Figs.5, 6:and’ 7, the:

furnace .charging :mechanism 37 -comprises: pusher-heads

71:in each: of the rails:55+for pushing: against rings ‘in:

the rails. “"Rings are:delivered:to.the-rdils in: advance:of
the head 71 when. the head s in-asback-position; by way

The relative vertical- align- -

4

_furnace without reducing the time the individual rings

10

each remain in the furnace.

The means for moving the cross-pieces 75 comprises a
hydraulic cylinder 81 which actuates a rack 82 between
pinion 83 and idler roller 84, the pinion 83 in turn moving
on a shaft 85 supported on bearings 89, and which moves
a similar pinion 83 on the-otherend of the shaft 85, and
the pinions 83 turn ‘pinions 86 .on shafts- 87, which: are
supported in bearings 88, and pinions 91 on the other ends
ofshafts 87 turn:in-racks+92:on-cross-pieces 75: - As the-
pinions-91 -move racks™92,’ thus-nmoving cross-pieces:75;
the cross-pieces move in opposite directions in ‘their re-

-spectiveslide~ways: 93.. ; Thus-as: the-hydraulic- cylinder

moves the rack 82 upward, the lower group of pusher
heads 71 move back to-allow an additional ring to enter
the respective rails, and simultaneously the upper pusher
heads 71 move forward to advance the rings in the corre-

- sponding. rails: one position..therein.and to ‘move. the Jast

ring. in..those rails over. the lips. 64 therein. and into.the
discharge chutes:39.

Referring now..more particularly. to. Figs.:8,-9, 10:and
11, the .press comprises-a; base. 101, two vertical columns

-102 and 103, and a top.104-forming the.structural frame

25

for the press. “The. base; columns.and.top are maintained
in alignment. by _siiitable. keys: 105 .at the. joints. by ‘bolts
106 passing ‘through. the columns. . A slide rail member
107 is. bolted to.each.of the vertical columns to.serve. as

~a'way for a cross head 108 .of the press. The cross head

30

comprises. upper and lower cross: elements or. bars.111
and-112.supportéd ‘on.side. bars.113_and 114. which are
adapted "to. be_moved on.the rail. members 107. The
cross head is moved up and down.on. the slide: rails 107

by a‘main cross"head hydraulic cylinder.115 and its ram

35

116, the cylinder being supplied =with Jhydraulic fluid
through -upper and lower . conduits 117 and . 118. Align-
ment of the-cross head with respect to. the slide rails may
be- adjusted-by-adjustment of siitable. wedge blocks 121

~movable by boits 122 to adjust. the cross :head in.any

40

Iateral-‘dir;étion, -or, to some small degree, to.adjust the
angular alignment of ‘the cross-head -with stationary parts
of the-press.-

The quench press is designed to simultaneously quench

< four rings which’ may;.bat need .not, be identical. Each.of

ﬂ}’é-rings*is ‘om-an-individual base and secured under indi-
vidually applied hydraulic pressure. There are therefore
provided-four-quenching " stations or positions, .and .the
cross-head is provided with meaps for delivering hydraulic

vpressure:-from--a-single- sonrce of ‘pressure, .and without

50

flexi‘b_le connections,to’ four- individual movable dies or,
in this case, plugs: “The upper-cross bar 111, which as.a
part:of the cross-head 108 is ‘moved by the main. hydraulic
cylinder 115iis'secured to-the tam-116 thereof as by bolts

~123vinsattaching-plate: 124-shown i’ ‘Fig."20. “The ram

of: .a chute 72 from :the’delivery hopper 38; and-as the-.

head 71 moves ‘tora: forward-position+and/pushes :rings
before it, rings in the.chute 72 ride-on:the:head 71. :When
the -head’71. returns to-a-back position, -a-:new ring; W
falls .in front of the head imthe:rail:ready-for the next
push.

-The pusher head 71 s actuated:by.a rod-and-yoke:mem-

ber- 73 which is:in turn secured:to:a slideable:bracket: 74"

which is securely held to a slide wayson:a crossshead 75
by.a hinged gate 76 which is:securely: held:in: place :by
fast-threaded.screw’77. " Thusthe: pusher: heads:are:nor-

mally actuated by the mdtion of the: cross-piece:75: *An.
upper:cross piece:is-secured:to- alternate ‘pushér-hedds,-one”

55

116. is axially drilled to pass hydraulic fluid .from the
main~cylinder 1354 through a-central ram passage 125,
(Fig. 20), through pipe 126 through'the hollow portion of
the-fabricated:upper:cross: bar 111 to a-quench plug-hy-

zdraulic cylinder manifeld 127 'through a needle type flow

60

control valve: 128:<which'-adjustably controls ‘the rate of
flow of hydraulic: fluid-theréthrough to the manifold: 127.
A~:paral'l‘elz:ﬂuide.;paithr'ifrem pipe- 126 to-manifold 127 is
provided.through combination swing-gate type check valve

randmeedle:valve 131 which: allows-flow- of hydraulic-fluid

65

in‘ each: pair -of rails, and a-lower cross-piece is-secured:

to- pusher-heads in the remaining rails -in~the -pairs. “By:

moving-one cross-pece forward.as’the other moves back;
four rings -are advanced ‘to -and discharge 'through. the

only from the pipe 126 to the manifold 127. ‘Hydraulic
fluid fronz:thesmanifold 127 s delivered by pipes 132 to
each of :four:quenchplug hydraulic cylinders 133.. The
combined area of the four quench plug cylinders 133 is

:less;.preferably about 10%: less; than the area-of the main

K : ) } 2 K it
respective chiites'39.  Upon reversal of ‘the motion..of

each cross-piece .each of ‘the.other rails. in "the. respective .
pairs of rails will discharge.a ring through:the.respective:
chutes 39. _ By. so..tilizing . 8..rails to. discharge.tings in.

cylinder 115 so that the force exerted by the main-cylin-
der-exceedsithatvofiithe individual ‘cylinders. “When the
individual quench plug cylinders are engaged; ‘their re-
spectiverams134:will: float dn the: cylinders 133 and-thus

swexert equal pressures, or pressures corresponding-to- the -

areas-of:the respective:cylinders:133, ~the .cross-head: re-

groups of four, Jdt.is.possible to seduce theslength.iof the:rs maining in a fully down position.
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-Referring more particularly to Figs. 12 and 13, the press -

base 101 comprises a spherically seated adjustable anvil
135 for each quenching station, each such anvil being pro-
vided with a ring member 136 for centering the article,
or ring, to be quenched on the anvil. A quench oil releas-
ing valve 137 is provided for each anvil, and upon opera-
tion discharges quench oil upwards through a central pas-
sage 138 in the anvil. The quench oil valve 137 com-
prises a hollow body 141 secured to the anvil by bolts 142
and adapted to receive quench oil from a conduit 143
through an aperture in the valve body 141. A verlically
movable fluted valve plunger 144 disposed in the valve
body 141 and having an end extending upwards through
the anvil closes off quench oil when it is in its raised
position, the upper shoulders of the flutes 145 resting
against the underside of the anvil and serving as a stop
for upward motion of the valve plunger. In its upward
position, the top of the plunger 144 is below the level of
the surface of the anvil so that rings may be slid onto
and off from the anvil with the quench oil turned off.
The valve 137 is opened by a valve operating rod 146
which moves the valve plunger 144 downward against
a spring 147 to start the oil quench cycle, opening the
fluted passages in the plunger to flow of quench oil from
the conduit 143. The bottom of the spring 147 is seated
on an apertured spring retainer 148 in the valve body.

A quench plug 151 for each quenching station is sup-
ported on the lower end of a floating rod 152, the floating
rod being vertically movably supported on the lower cross
bar 112 of the cross-head 168. Each quench plug will be
adapted to press quench the particular size of ring being
positioned thereunder. The valve operating rod 146 is
supported in a center passage through the plug 151 and
the floating rod 152, and it is prevented from dropping
out of that passage by a shoulder on the operating rod
which rests on the upper surface of the quench plug 151.
The floating rod 152 is slotted at about the upper end of
the operating rod 146, and an operating rod stop member
153 supported from the lower cross bar 112 by brackets
154 extends through the slot in the floating rod with clear-
ance to allow the floating rod to move vertically up or
down freely with respect to the stop member 153, and the
stop member 153 acts as a stop for relative upward mo-
tion of the operating rod with respect to the lower cross
bar 112. As the cross head 108 moves downward, the
floating rod 152 is in a downward position, and so also
is.the valve operating rod 146. When the valve operating
rod comes to rest on the valve plunger, it moves upwards
within the floating rod until it rests on the operating rod
stop member 153, then it is forced downward with fur-
ther downward motion of the cross-head and its lower
cross bar, this further downward motion serving to move
the valve plunger 144 downward and releasing the quench
oil for upward flow through the oil passage 138 in the anvil
and for outward and upward flow through grooves in the
surface of the quench plug 151.

A second source of quench oil for the ring W to be
quenched in the quench station on the anvil is provided by
a quench ring 155. Four quench rings, one for each
quenching station, are mounted in a quench ring frame 156
in such a manner as to provide a quench oil manifold
157 for each ring in a passage formed by an annular
groove in the quench ring frame next adjacent the outer
surface of the quench ring 155. Quench oil is supplied to
the quench oil manifold 157 by a flexible, or flexibly
jointed, conduit 158 and an internal oil passage 161 in
the quench ring frame communicating with each of the
four quench oil manifolds 157 therein. An access plate
159 is provided for each quench oil manifold.

The quench fing 155 is annular in shape and is pro-
vided with a circular series of valve thimble holes 162
adapted to receive vertically movable annularly grooved
valve thimbles 163. The annular grooves 164 in the thim-
bles 163 serve as passages for quench oil from the mani-
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fowa 157 tarough inlet and outlet holes 165 and 166 pro-.
vided in the quench ring. These holes are so aligned with
the thimbles that when all thimbles in a quench ring are in
a down position, as shown in Fig, 12, a passage for quench
oil is opened. from the manifold 157 to the interior of the
quench ring through each annular groove in each thimble,
thus rapidly flooding the interior of the quench ring with
quench oil.. The thimbles are each normally suspended in
the holes 162 in the quench ring by springs 167 in such
a position as to prevent flow of quench oil through inlet
and outlet holes 165 and 166 in the quench ring. The
springs force the thimbles 163 up against a valve operat-
ing ring 168 which in turn normally rests against retainers
169 which are bolted to the frame 156. It may be said
that the valve operating ring rests on the several thimbles
of a quench ring. During a quench period the valve op-
erating ring is moved downward to move the thimbles and
thus open the valves of the quench ring to admit quench
oil to the quenching station. Valve ring operating bolts
171 carried on structure forming an extension of the op-
erating rod stop member 153 depress the valve operating
ring simultaneously with the movement of the valve
plunger 144 by its operating rod 146, both being operated
by downward movement of the cross head.

As the cross head is raised the oil quench valves are
closed by their respective springs. The quench valves
(thimbles) in the quench ring are so close to the outlet
holes that very little quench oil remains in the quench
ring to drain away. The floating rod 152 falls by grav-
ity until the top wall of its internal slot rests on the
top of the operating rod stop member 153, and the oper-
ating rod also falls by gravity until its shoulder comes
to rest on the shoulder of the quench plug. The up-
ward movement of the cross head also allows the rams
for the quench plug hydraulic cylinders to fall to the
bottom of the cylinders, this leaving a clearance of a
substantial fraction of an inch between the rams 134 and
the floating rods 152. When the cross head reaches its
raised position, sufficient clearance is provided between
the quench ring frame 156 and the rod 146 to permit
the frame to be moved horizontally to slide the 4 now
quenched rings W off the anvil and its centering ring
136,

As the floating rods 152 move upwards, the quenched
rings W may be “frozen” onto the quench plugs 151,
as illustrated in Fig. 18, a view taken on line 18—18 of
Fig. 16. Provision is made for mechanically stripping the
rings from the quench plugs by adjustable stripper stops
179 which are hingedly secured by bolts 180 to a por-
tion of the frame 156. Bolts 188 passing through slots
in the stops 179 are used to adjust the position of the
stops to allow the rods 152 to pass upwards and re-
tain and strip from those rods the rings W.

The horizontal motion of the quench rings is obtained
by a hydraulic cylinder 172, more clearly shown in Figs.
8 and 17, having hydraulic conduits 173 and 174 thereto.
The ram 175 of this cylinder moves a rack 176 between
an idler roll 177 and a pinion 178 on a shaft 181 which
is secured to the press base 101, the shaft in turn moving
pinions 182 on either end of the shaft 181 which in
turn mesh with racks 183 under rollers 184 at either
side of the quench ring frame 156 to move the same
laterally, or horizontally, from over the quench station.
As the quench ring frame is moved by the cylinder 172
'and its rack and pinion apparatus the quench ring frame
is supported by a shoe 185 on a slide 186 to provide
clo_se.clearance between the quench ring and the anvil,
This is primarily to guide the rings W as they are pulled
off the anvil and dropped over the side thereof into
the press §ischarge chute 41. The clearance is prefer-
a}aly sufficiently close between the anvil and the quench
ring to force most of the quench oil to flow over the
top of the quench ring and down the chute 41 into
th_e c_>i1 quench taqk 43. When the quench ring frame
156 is moved to its discharge Dosition, the racks 183
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extend- over” the-catwalk 44;-so-a guatd: pipe-187 is-pro~
vidéd ons a-~yoke-198“tar ‘enclosef‘thosel racks“m“thelr'

exteuded posmon

The quench ring frame sis’ raised; -before" -returning-to-
its:starting position-over the 'anvils; to ‘clear-new:wdrk -

that was positioned on'the anvils while-the just:quenched
rings W-were being-moved ‘to' the 'chute-41. "To-raise

the - quenich ring: -frame ‘156~ a hydraulic’:cylinder 191
moves.a rack 192 which: torns: a~pinion* 193" on" shaft‘*
194, ‘supported “on~bedrings. 195. *“Ciank “arms*196 on*

the ‘shaft 194" turn . with-the “shaft “to-raise a yoke 198

by ‘extension: rods’ 197; thus raising “the “tracks'’186.-on

the yoke upon whick'the quench‘ring frame slides..
“'The .rinigs ‘"W areJoadéd onto therquench press anvil

by ‘a press loader mechanism’* 78" which- comprisesa

loader head:261 shown in:planin ‘Fig. 16 and-in ‘eleva-
tion in Figs.’ 14 and’"15. *As the rings 'slide down ‘the
furnace’ discharge ‘chute' 39, throngh its 'screw outlet 65,
they drop onto a'“loader table 202*and-slide -up to-the
quench ring frame 156 which, in its normal,” or- quench,
position -dcts as a stop for rings“from: the- furnace *dis-
charge chute, The rings may rebound-from the:quench
ring frame, but” will"'be confined “by*'the ‘sides of -the
table 202 and the loader head 201. "1t will be understood
that .as rings are pushed ‘one at a“time by the furnace
loader into the rails 55;'they discharge one ‘at-a ‘time
through edch’ individual discharge chute:39. * The rings

are discharged onto. the loader table at about ‘the end

of the quench cycle, and-after.the ring has been stopped

by the quench ring frame, the frame is‘moved by hy~-

draulic cylinder!'172 to'discharge the: now:quenched ring
W within its guench ting 155. - As.the “frame “reaches
the end of its'discharge-travel, a loader hydraulic cylin-
der 263 maves a rack’ 2§54 which moves between a ‘guide

roller and ‘a pinion 206 to turn a'shaft 207 in bearings ~°*

209 which in turn‘moves arms 208 on. either end of
the. shaft and’thus moves a pusher bar 211 linked there-
to and guided on rail§’ 212. ' The four loader heads: 201
in" loader tables.202 are. moved by bolts’ 213 secured
to'the pusher bar 211; the bolts moving in slots provided
in the loader tables. Thé limit of moction for'the loader

heads which stops them when thé rings are properly:

centered on the anvils 135 is provided by am adjustable
stop 214 against which.an arm.orn the pinion 206. comes
to rest. The stop comprises. a screw 214 which is ad-
justable. through.a handlé 2%5. on the front of the press
through sprockets 216 ‘and 217 and chain 218. " Residual
oil -on the -anvil after-'the:quench operation is drained

through a passage’ 219 in .the. anvil, o that the anvil is |

substantially dry Wwhen the next succeéding .ring is. moved
in position thereon.

The furnace. and press. just described in some. detail
will ordinarily operate on an automatic. cycle which is
electrically” controlled. and "hydraulically. operated.  The
electrical and hydraulic elements. of the apparatus which
are a mechanical part of the furnace or.press-are.shown
thereon in "their normal operating reldtionships, and are
also shown, or represented, on the hydraulic. and. electri-
cal'diagrams constituting, Figs.”26 and ‘27 .respectively.
Such'. electrical and™ hydraulic. apparatus : as. hydraulic
pumps, motors therefor and contrels thereon, together
with the usual control-pane! type of .apparatus.is.repre-
sented in Figs. 26" and 27, but.will be located.in.the hy-
draulic- and -electrical housing 44 as: shown. on. Fig. 1,
with -the- necessary conduits running under the. catwalk
45 to the furnace and press.

“To operate the: apparatus just. described,..an electric
pump” motor’ 221 drives a high pressure ram;:pump.222
and a low pressure.ram pump. 223..whichtogether -form
the pumping source for hydraulic.oil to-operate.the:main
ram.hydraulic cylinder $15.and the quench:plug-hydrau-
lic .cylinders..133. . The..motor 221 also:.drives, on a
commen.shaft:224;: a hydraulic: controls: pump:228: which
furnishes..oil under;pressure: toioperate. varicus-control
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motions=and: pilot-valve cylinders-of ‘the-apparatus; -and
also'a hydraulic: motor‘ 231-foraitiming-cam shaft 232.
Thedpreferred Joperatmg -pressures for - the- three -pumps
are~’about 400 p:- s: i."for*the -controls ;pump 228, 300

* pits [iifor thé lew:pressure ‘pump 223-and ‘1000 ‘pesil

forithe high’ pressures-pump 222. 'Of ‘course -any other
pressure: which will‘properly -and safely-operate the neces-
sary-hydraulic 'equipment- and-provide -suifable: pressures
during: quenchmg will' suffice.

Hydraulic-oil is'drawn’ from-a sump-tank- 225 through
a strainer’ 226 and a conduit 227'by the-controls pump-
228 and: is “delivered through: a":controls -6il “manifold
233"'tovarious  cam:*operated- ‘valves; :pilot oil" operated
hydraulic’ valves and ‘to“the-hydraulic ‘motor: 231 whose
speed: is contrélled: by a suitable:needle valve type -speed
contrel’ valve 235, “An-“electrically - operated - solenoid
valve 236-is provided -for automatically ‘starting -and stop-
pingithe: hydraulic: motor 231, and a manual value 237 is
also-provided:to manually stop the hydraulic motor. " The
hydraulic: ¢il' discharge fromithe hydraulic ‘motor: runs
through-a conduit:238 back to-the sump ‘tank 225. “The
hydraulic ~metor,  through'~a:speed - reducer ‘234, ' drives
a-timing -cam :shaft 232-%hose cams operate - hydraulic
valves and: electrical ‘‘controls «and- thereby: -control ‘the

‘sequential operation- of ‘ the"furnace*and press-mecha-

nism;

-Hydraulic: 01l for eperating’the ‘main- hydraulic-cylinder
115:is drawn from-the.sump-tank’ 225 through'a ‘strainer
242vand  a conduit 243 by -low pressure pump 223- and-

‘highipressure ‘pump222, both: of--which are -of the:posi-

tive-displacement:-type.’

‘Rofation: of ithe -cam- ‘shaft, through a’‘réeducer 234,
controls ‘movements under normal operation’to™ follow
the:followirig: preferred: sequence, as- ~ilustrated inFig. 28,

‘by suitable'cam positions as'illustratéd in-Fig/ 29t being

understoed that-some robvieus?changeéfin timing, sequence,
or: overlapping of movements" may be tolerated:

" (1) ‘'The. cross head is held in fully raised position-by"
ram 116.

(2) :The furnace: pusher heads 7¥ deliver: new:work
into ‘thefurnace under the:control ‘off hydraulic pusher
cylinder: 81..and"eject -hot'work “through! chute 39:to ithe
quench: machiné 36; ontits press:lcader 78.

(3) The.quench ring frame’ 156 slides-to- unloadmg-
position:moved. by hydraulic cylinder 172, dropping rings -
W into:the. quench:tanki43 through chute 41.

© (4) "The :quench’ ring - frame :is":lifted - by hydraulic
cylinder 7191.

(5) The quenth press-loader 78 ‘delivers-hot ‘rings ‘W

“-to . thei: press1hydrauho ‘cylinder '203, locating ‘them on

the anvils .in: the ‘quench-position: or ‘station.

{(6) : The: quench: press: loader returns.

(7) The quenchiring frame returnsto its-normat posi-
tion:under;the: quench plugs.

-(8). The-quench ring frame drops:to-its position above
the anvils.

(9) ! The: crossthead ‘cylinder’ 115 lowers ‘the cross
head; and:the: quench: plugs ‘seat-on -the -anvils, - Further
movement causesthe quench:plug cylinders: 133 to back
up and:increases the pressure-therein, as-weéll-as-operating
the quench valves-to'flood-the work W with: quench oil.

(10)-As the cross head -reaches the lower end of its -
stroke. the: hydrauhc ‘motor~231 is stopped-and-a:quench -
timer.252:ds started.:.

(11) ~At the .end-of the quench. period, which- may’ be
varied: by: ad]ustment -0f the .quench timer, the hydraulic
motor-231-again begins-to: rotate the cam shaft. 232, and
the .cross.head and -the. quench- plugs .are’ raised. . This
stops flow of queuch oil and-strips .the rings. from: the

‘quench. - plugs, . the: rmgs then -falling:back on.-the anvil

within the quench: ring..
{12) The cross. head.is held: in. fully. .raised. posmon;
by ram’116. and "the automatic. operation cycle.: is re- -

_ peated.

5

“The - automyatic “cycle™ above "described 'preferably re-
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quires about 20 seconds, of which 12Y4 seconds are used
for the various motions and the quench time is set to
7% seconds.

As is observed from a study of the hydraulic diagram
of Fig. 26, all movements by hydraulic cylinders except
those involving the cross head cylinder 115 are performed
on oil delivered from controls pump 228, while the oil
volume for ram cylinder 115, and quench plug cylinders
133, is furnished by ram pumps 222 and 223.

In automatic operation the hydraulic system performs
as follows:

Operation 1.—A cross head lift solenoid valve 248 is
energized by a solenoid 253 and the hydraulic motor
solenoid valve 236 is energized by a solenoid 254 to
start the hydraulic motor 231, thus starting the auto-
matic cycle. The hydraulic motor rotates the cam shaft
through the speed reducer 234 on oil volume from the
hydraulic controls pump 228, the speed of rotation being
controlied by speed control valve 235. The oil delivery
from ram pumps 222 and 223 through the hydraulic valve
246 is to the lower, or rod, end of the ram cylinder 115
through conduit 255 and check valve 256 therein to con-
duit 118 and through a check valve portion of valve 251,
to raise the ram 116 and the attached cross head 108.
Solenoid 253 moves solenoid valve 248 to the right thus
delivering oil from manifold conduit 233 through con-
duit 247, through the solenoid valve 248, through a con-
duit 258 to hydraulic pilot cylinder 261 which moves
the hydraulic cross head valve 246 to the left, exhausting
hydraulic oil from hydraulic pilot cylinder 262 through
conduit 263, solenoid valve 248, and conduit 264 to the
sump tank 225, diagrammatically indicated by T.

As the main ram 116 moves up, hydraulic oil dis-
charges from the upper or head end of the cross head
cylinder 115 through the central ram passage 125 and
speed control needle valve 128 and the combined needle
and check valve 131 to the head ends of the quench plug
cylinders 133 as they are extended by gravity, and through
the cross head valve 246 and conduits 117 and 265 to
sump tank 225.

Operation 2, or 2a—The furnace pusher pushes one
set of four rings on the extension stroke of the furnace
loader hydraulic cylinder 81, or another set of four rings
on the withdrawal stroke of cylinder 81 as already de-
scribed. This is provided by cam 266 on a 50% speed
reduction gear 259 driven by gear 269 on shaft 232, the
cam moving valve 267 to one of its two positions to
shift valve 268 to one of two positions by pilot cylinders
269 and 2706. To move valve 267 one way each revolu-
tion of the cam shaft, a reduction gear is shown, but an
indexing type of valve may be used. In one position of
valve 268, when pilot oil pressure is applied to pilot
cylinder 269, oil under pressure is directed through con-
duit 271 to the rod end of cylinder 81 with conduit
272 discharging oil from the head end thereof through a
cooler 280 to the tank 225, and in the other position valve
268 shifts the porting and reverses flow through conduits
271 and 272. Cam 273 on the cam shaft 232 moves hy-
draulic valve 274 to direct oil delivery from the mani-
fold 233 to the furnace pusher hydraulic cylinder 81
through valves 268 and 275. Valve 275 is held open by
a cam 276 on the cross head only when the cross head
is fully raised, so the furnace pusher cylinder is thus
allowed to operate only when the cross head is raised.
A needle valve 277 and a shut-off valve 278 are pro-
vided respectively in conduit 279 between valves 274
and 275 to control the speed at which the pusher cylinder
81 may operate, and to provide for preventing motion
of the cylinder 81 during manual operation of the quench
press as may be required for adjustment of dies, motions
and the like. The shut-off valve is provided primarily
so that the adjustment of the needle valve need not be
disturbed during manual operations. A check valve
281 is provided in conduit 279 to prevent leakage from
causing premature movement of the furnace pusher when
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valve 275 has been shifted to its off, of alteiniaté, positiosi, -
Operation 3.—A cam 282 on the cam shaft operates a -
hydraulic valve 283 on valve 288 to open.a pilot oil
line 284 from a pilot cylinder 287 to the sump tank
225. When the cross head cylinder 115 is in fully raised
position, valve 285 is depressed to open a pilot oil con-
duit to a pilot cylinder on valve 288 to oil pressure.
This shifts valve 288 to a second position directing flow
of oil from manifold 233 through conduit 173 to the
head end of the quench ring frame slide cylinder 172 for
its extension stroke, sliding the quench ring frame from
over the quench positions. As the cylinder 172 extends,
valve 291 is operated -by a cam 292 on rack 176 biock- -
ing flow of pilot oil through conduit 272 to solenoid

-valve 248 to prevent any further movement of the cross

head while the quench rings are out of position. The
speed of the extension and return strokes of cylinder 172
is controlled by a needle valve 293 in conduit 295, a
shut-off valve 294 also being provided for purposes of
manual operation for set-up and the like.

Operation 4—When -the quench ring frame cylinder
172 is fully extended, valve 296 is shifted by cam 297
on tack 176 to direct pilot oil to pilot cylinder 298 to
shift valve 301 to its second position. Valve 302 is de-
pressed by a cam 383 on the cam shaft to direct de-
livery of oil through valve 361 and freely through the
check valves 304 and 305 to the head end of quench
frame lift hydraulic cylinder 191. The rod end of cylin-
der 191 is open to drain to the sump tank 225 through
valve 301. Rate of travel during extension and return
strokes of cylinder 191 is determined by the setting of
needle valve 306 in conduit 397, a shut-off valve 308
also being provided. A check valve 311 prevents reverse
flow in conduit 397 from cylinder 191 through valve
302 (Figs. 14 and 17).

Operation. 5.—A cam 312 on the cam shaft depresses
a valve 313 to direct oil delivery through valve 314 and
normally closed valve 315 (which has been opened by
the extension of cylinder 203) to the rod end of the
quench press loader cylinder 203 to begin its delivery,
or extension, stroke. Maximum speed of cylinder 203
during delivery and return strokes is governed by the
setting of a needle valve 316 in conduit 317, a shut-off
valve 318 also being provided. As valve 313 is held -
depressed by the cam 312 on the camshaft, the quench
press loader cylinder 203 continues its delivery stroke.
A cam 321 moved by loader cylinder 203 begins to.de-
press the plunger of valve 315 to start restricting dis~
charge of oil from the head end of cylinder 263 to pro-
vide a deceleration action for the ring loader for the
press, constituting the valve 315 a deceleration valve for
the loader. As cylinder 203 approaches the end of its
delivery stroke deceleration valve 3i5 is closed com-
pletely, and final movement to complete the stroke and
positioning of the rings W on the anvils is controlled by
discharge of oil from the head end of cylinder 203 through
a needle valve 322, which thus provides a minimum speed
for the delivery stroke of the loader cylinder 203.

Operation 6.—The cam shaft releases valve 313 to
direct pump delivery of oil freely through check valve
323 to the head end of the press loader cylinder 263 and
to open the rod end thereof to the sump tank 225 to
begin the return stroke of the loader heads 201 (Figs. 14
and 17).

Operation 7.—The camshaft releases valve 283 to open
pilot cylinder 287 to pressure from manifold 233. The
area of pilot cylinder 287 is approximately four times
that of pilot cylinder 286 at the other end of valve 283
hence valve 288 is shifted by differential pressure, port-
ing delivery of the pump 228 to the rod end of quench
ring frame slide cylinder 172 for its return stroke.

Operation 8.—When the quench ring frame slide .cylin- -

er 172 is fully returned at the end of operation 7, valve
296 is shifted by cam 297 to direct oil. to pilot cylinder
298 to move valve 301 to its first position as shown,
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The -camishaft holds valve™302 * déﬁressed “todirectoil *
throughvalve~301 to ‘the -rod~end -of “thie- gquenchring .
framelift cylinder 191. However, discharge of oil-from:

the head end of cylinder 191 is blocked at-valve*326
until -quench ‘press loader- cylinder 203 has ‘completed -

approximately. one-halfof -its"‘return ‘stroke, - at-which -

point ‘its cam' 327 releases "the-plunger%bf"v%uve‘326 “to
open discharge from:quench ring frame'lift cylinder 191

to tank 225 through' valves' 326, 328 (a Telief" pressure

type valve) and:361-with valve' 328 furnishing back pres-'
sure for-the control of ‘the cylinder 191 for this stroke.
Operation 9—The -cam ‘shaft’ 232 operates-electrical
limit switch 332'to energize solenoid 334 of cross head
solenoid valve 248 to begin the press stroke. ~ This'opera~
tion will be further explained under Press Operation.
Operation 10.—When operation 9-has been completed,
the cam- shaft operates-limit-switch’-333,- a-limit ‘switch
having a normally-open and a normally closed contact; to
de-energize the-solenoid 235 of ‘the hydraulic - motor sole-

noid valve 236, thus stopping rotation’ of ‘the: camshaft

232 and conneeting acircuit 336 (Fig. 27) ‘through-a

quench timer 252, closing contact: 337 and initiating ‘the -

quench period. . During this ‘period ‘the cross head sole-
noid 334: of valve 248:is kept energized to keep the
rings W under ram pressure-during quenching,

Operation 11.—At ‘the end of ‘the’ quenching -period,-

contact:337 of the quench timer 252 opens and contact
338 closes to-energize the:solenoid’ 235 of the hydraulic
motor solenoid valve 236. 'This starts camshaft 232 turn-
ing and first releases limit switch‘333 and second Teleases

normally closed contacts -in this: switch ‘will -energize a
solenoid 341 of a cross head decompression solenoid
spring loaded: valve 342:to bleed pressure from the -head
end of cross head cylinder 115 to ‘the- sump tank .225
through' conduit T, the rate of flow -being controllied by
aspeed control needle valve 343. Continued movement
of the camshaft-will operate limit switch 331, a normally
open switch; to energize solenoid 253 -of cross-head sole-
noid-valve 1248, causing' the cross -head to- rise-and 1ift
the quench plugs.. Cam 266-on the camshaft rotates valve
267.:to. shift it to its alternate position. Valve 267 :te-
mainsin.one position during an-entire cycle, then is-moved
by cam:266 to its other position; thus causing the furnace

pusher to- extend -only during one cycle-and:-to: return-

only -during the- next cycle. "The- valve::267 ‘is- thus:«in
position for. operation: 2 of -the 'next succeeding ‘cycle.-
-Press:.operation—In: operation 9,-with: solencid 334

of -cross-head solenoid valve 248 energized;:combined:de--

livery of pumps: 222: and: 223 is-to the head:end-of cross-
head cylinder 115.
cylinder is through valves 251, check ‘valve:344 and:cross

head hydraulic valve: 246 back:to the head-end to-ex--

tend-the: cylinder regeneratively. . Valve 25%:assures back
pressure:to:hold:the cross head-cylinder in the up position

and also: provides. controlof the: cylinder: during ‘the - ex- -

tension, -or press; stroke. . As.the cross head cylinder-115
approaches’ fully_extended: position, -cam- 345~ depresses
valve. 346. to: direct -pilot:.pressure: through conduit- 348
to:open hydraulicly operated: valve 347. Discharge. from -6
the rod end of the cross head cylinder 115 is then.through
valves 347 and 248 :to. the sump tank, through stand.pipe
T, and 'the cylinder continues:to-extend at-about one-
half speed. Cam 289 releases valve 285 with the: first
downward movement. of the cross. head, blocking the. pilot
oil connection te pilot cylinder: 286 of valve 288 :to pre-
vent accidental movement of the quench ring slide cylin-
der 172 during the quenching operation. 'When the. plug
cylinders. 133 through -their rods-134: contact :the: anvil,

Discharge from the rod:--end -of-‘the -
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valve 351 opens at about 300 p.s. i: to unload the’ delwery-
of -pump*223-to the ‘sumptank'225; and" pump: 222 con- .
tinues to deliver its volume until its discharge pressure

~ excedds'the setting of arélief valve 352, also a hydrauticly

opera—ted‘ valve, itssetting -preferably” being ‘about 1000~
prs.i. - Discharge from’'the-head ends of the plug cylinders

133 permits 'the-cross+head cylinder to continue its 'stroke

to"fully extended -position-wiere it will-be held ‘by ‘high

_pressure delivery from pump’ 1222 as controlled by valve

1352, durmg ‘the “quenching operation. -A pressure gage

353 is provided to indicate the pressure existing in the-
manifold- conduit: 244.

“The pressure’delivered by the-controls pump-228 is con-
trolled by-a relief valve which-is-preferably set to-main-
-tain*dbout 460p: s. i.,- discharging’ excess - oil ‘throtigh-a
cooler 280, or-a check valve' 356, to the sump tank 225.
A-pressure gage 355 is ‘provided-to‘indicate ‘the: pressure -
maiitained by relief- valve 354 in‘the controls''mani-
fold'233.

“For purposes of adjustment; certain-manwal operations
are’ provided for.-*Manual hydraulic motor shut-off valve
237 thay 'be closed to” prevent automatically cycling ‘the
apparatus, ‘valve 237 ‘then making -pilot “oil - available ‘to
operate- valve’ 246.- A manual control lever:357 is used
‘to*depress- valve’ 283 to ‘extend: quench ring frame -slide
cylinder 172 shlftmg’the quernch ting frame to-unloading.
pusition.  The ‘main cylinder 115-must of course be raised
at‘thistime. ‘Releasing the'manual control lever 357 will
then-teturn the frame-slide cylinder- automatically to-its

130" pesition‘under the quench plugs:
limit switch 332. When limit switch 332 is released; the-

“Valve :314 ‘may be'depressed’ by  manual control lever
358 to cause the’ quench:press loader cylinder 203 to make
a délivery stroke, and releasing the lever 358 will cause
the-eylinder 293 to return automatically. -Solenoids 253

‘and 334 -on cross:head: solenoid valve 248 may be ener-

gized by :pushbuttons 36F and 362; respectively, to raise
and‘lower-the cross-head. - Valve'245 is fully open-during
automatic cycle, but may be -used to control the rates-of
extension and- return -of ‘the -cross head cylinder- 115.
-Shut-off valves 318, 308, 294 and 278 are provided for
use: during manual operations of the press to avoid up-
setting ‘the -adjustment -of ‘speed -control valves 316, 306,
293:and-277.

-Several-safety features are incorporated-in the apparatus
as:shown: ‘the quench ring frame cannot slide forward
unless -the -cross *head is-in"the fully raised position and -
thie valve: 285 is fully depressed; the cross head cannot
drop -while ‘the. quench ring frame -is -in ‘the "‘unio'ading”
position, and> valve. 291 s depressed the quench ring
“frame cannot :lift: unless::the- frame-is in the unloadlng
position;. cylinder 172 fully extended-and valve 296 is de-
pressed;:‘the. quench ring. frame cannot: drop unless' it
has returned to-the:position under the quench plugs and
valve:296:is released,~and: the quench press Ieader has

‘55 oreturned pastaany: point of possiblevinterference and valve

326:is depressed;- the furnace-pusher-operates only-when
the.crosszhead:is:in fully:raised: position-and valvé 275:is
depressedyand. the quench.press: Io-ader, ‘cylinder 203, may-
operate -only: after ithe::quench: ring :frame has+moved

60 -sufficieritly\toward. the.-unloading position to ‘avoid - pos-

sible interference, for example about: 614 inches;-at which
point:a: hydrauhc valve 363 iis:operated: by the rack 176
to-opema fhiid:conduif 364 tortheirodiend: of cylinder 203.

.Electrical:safety interlocks for thecross:head. are.also

¢5 - provided.: Ifthe cross:head:remains.at its upper or:lower

position:for: a-:peried exceeding: the::setting. of: a -timer
372¢ (Fig. .27}, asi actuated - by. Hmit: switches 365 and
366 (Fig.: 26) whendepressed : by respective cams 367
and:368, :the ‘hydraulicimotor driving the -cam shaft -will

discharge from their head ends.is. metered through: valve 70 3be’stoppéd by the timer breaking a -normally closed -con-

128 to the head:end of the cross head. cylinder; it:being
recalled that .the sum. of -the. effective: areas of :the plug

cylinders' 133 :is:about: 90% :of the:area of: the cross. head -

cylinder 115... Due. to increased -pressure during.this:part

tact 371%in the-circuit-to-the solenoid 254 for ‘the valve
236. “A sigmal-light “424 -indicates ‘when-contact’ 371" is
closéd. The-time setting-of ‘the timer 372 is preferably
aboirt ones-second- ‘Tonger than thesetting of the ‘quench

of:the:nperation;a-hydravlic lToaded-and-operated relief : 75vitimier’ 2521505 that if 'the cross “head“does- not move: up -
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promptly after a quench, the opening by the timer stops
the hydraulic motor 231 and thus the entire automatic
cycle cperation. The timer 372 also closes a normally
open contact 373, closing a circuit to a red signal light
374.

The cross head 108 (Figs. 21-25) cannot reach the
lower limit of travel unless the quench ring frame has
dropped to the quench position. A limit switch 375 is
provided on the press which is operated when the quench
ring frame is in its quench position, its cylinder 172 fully
returned, and the frame lift cylinder 191 is also in its
returned positicn. A limit switch 376 is provided which
is operated by a cam 377 on the cross head before any
part of it or the quench plug assembly could strike the
quench ring frame in the raised position. Thus if limit
switch 375 is made before limit switch 376 is broken, a
latch coil 378 (Fig. 27) of a relay 379 will be energized
through limit switches 375 and 378, breaking normally
closed contact 381 of the relay 379, thus breaking the
electrical circuit to solenoid 334 of valve 248, preventing
lowering of the cross head further; breaking normally
closed contact 382 of relay 379, breaking the electrical
circuit to the solenoid 254 of the hydraulic motor valve
236 and thus stopping further hydraulic cycle operations
controlled by the cam shaft 232. A signal light 383 is
also energized by the relay as it closes a normally open
contact 384 in the circuit to the light 383. The furnace
and press operator may, after correcting the indicated
trouble, reset the relay 379 by a reset push buatton 385.

Another safety provision is illustrated by Figs. 21, 22,
23, 24 and 25. On each of the floating rods 152 for each
of the four quench plugs there is a ring type cam 386
which actuates a limit switch 387 on the lower bar 112
of the cross head 108 as the floating rod 152 rises with
respect thereto. When the cross head 108 reaches very
nearly the end of its downward stroke, it trips the limit
switch 368, breaking the normally closed circuit to the
cross head stoppage timer 372 as hereinbefore described
and also closing a normally open contact to line 388
forming a series circuit through the four limit switches
387 in parallel with each other, and thence through the
latch coil of a relay 389. If any of the normally open
limit switches 387 is closed before limit switch 366 breaks
the circuit 388 through a limit switch 387 to the latch coil
of relay 389, as illustrated in Fig. 25, then a normally
closed contact 391 in the circuit to solenocid 334 of valve
248 is broken, a normally open contact 392 is closed to
energize solenoid 253 of valve 248, causing the ram 116
to balk and reverse and raise the cross head 108, and a
normally open contact 393 in a circuit to a deflector sole-
noid 394 is closed.

Closing of the circuit to the solenoid 394 energizes it
and causes it to move a deflector 395, illustrated in Fig.
19, from the position shown in full lines to the position
shown in broken lines. The deflector 395 is loaded by
a spring 396 and counter balanced by a weight 397 to
return it to its first position when the solenoid 394 is de-
energized.

With the compounded hydraulic cylinders 115 and 134
where cylinder 133 is mounted on the rod, or ram, of
cylinder 115, the rod 134 of the lower cylinder is in its
extended position as the cross head is moved downward.
By properly locating limit switch 366 to be actuated by
the cross head before the individual quench rods are
seated correctly, but so that if any of the rods do not
seat properly (due to a misplaced ring W) one of the
limit switches 387 will be depressed by relative move-
ment of a quench rod with respect to the cross head, it is
possible to cause the main ram to balk and reverse if
any one of the several quench plugs does not properly
seat on the ring W under it while yet under low pres-
sure of the ram, about 300 p. s. i.
the rings are not quenched, but are automatically dis-
charged from the press in the usual way and moved into
ths chute 41 where the deflector 395 is now in position to

In case of a balk,
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deflect all the unquenched rings into a pan 398 where
they may be inspected, and if desirable re-charged into
the furnace 35 in the usual way. When the quench ring
frame again seats in its normal position under the quench
plugs, limit switch 375 is depressed, closing the trip coil
circuit to relay 389 which in turn de-energizes the de-
flector solenoid and allows the deflector 395 to return to
its nermal position, thus re-opening the chute 41 to the
quench tank 43,

In. Fig. 19 the quench ring frame 156 is shown in its
unloading position in full lines, and the pusher head 75
is shown loading a new ring W on the anvil 135 within
the centering ring 136. The quench ring frame is also
shown in broken lines in its raised position as it is re-
turped to its normal quench position.

The electrical circuit diagram of Fig. 27 has been in
part described as its functional elements entered into con-
trol of motions hereinbefore described. A few details
to be filled include the three 220 volt lines L1, 1.2 and
L3 which feed through a cutoff switch 399 and contacts
401, 402 and 403 and fuses 464 and 405 to the motor
221, A 220 v. to 110 v. transformer 406 provides cur-
rent for the various electrical safety and operating con-
trols described. A magnetic starter of the usual type for
the motor 221 is provided, with start and stop buttons
497 and 408, and a solenoid 449 to operate a holding
contact 411 and the contacts 401, 402 and 403 in the
motor circuit. The usual overloads and fuses 412, 413,
414, 415, 416, 417 and 418 are provided in each solenoid
circuit,

Push buttons 421 and 422, respectively, are provided to
raise and lower the cross head manually, either of which
closes one circuit and opens the other to the respective
solenoids 253 and 334 which control manual and auto-
matic operation of valve 248, An off and on main con-~
trol switch 423, is provided in the circuit through the
normally closed contact 371 of timer 372 and through
solenoid 254 of hydraulic motor valve 236 to effectively
stop all automatic operations. The switch 423 also
closed the circuit to the solenoid 341 of the decompres-
sion valve 342 when the switch is in the on position,

A push button 425 is also provided to operate the sole-
noid 254 of the hydraulic motor valve 236 when the cross
head timer 372 normally closed contact 371 is opened,
and the main switch 423 is in its on position, provided
that limit switch 333 has closed the circuit thereto.

When the furnace and press apparatus has been operat-
ing automatically and it is desired to shut down, it would
appear that a considerable number of rings would ordi-
narily be left in the furnace in the rails 55. It is not
practical to try to manually empty the work onto the
press to complete the quenching operation for all such
work, so the furnace is preferably emptied of work by
turning fast threaded screws 77 and opening the hinged
gate 76, sliding the pusher heads 71 and associated ele-
ments out of the rails, and inserting into each rail a long
hand hook, not shown, which may be easily slid along the
open face of the channeled rails 55, then turned to en-
gage the last ring W next adjacent the lip 64. The hook
is then withdrawn, and the rings are discharged from the

“rails 55 through a slot 69 therein provided, falling into

an oil filled quench tank 70. This quenching of the rings
is for the purpose of reducing surface oxidation, and any
distortion due to this free quench is eliminated by subse-
quent normal press quenching. ‘

The apparatus described has for the first time made
practical automatic multiple quench press operation in
conjunction with a heating furnace. The human ele-
ment is eliminated and the product resulting from the
automatic operation is unusually uniform and clean. The

~rings W are hooded under atmosphere almost up to the

instant the quench oil floods them, thus being exposed to
In

but it is obviously possible to extend the time of protective
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atmosphere covering by -further shielding press-motions
under a hood.

""The ‘apparatus ‘shown produces quenchéd work barely
discolored by oxidation, hence"further atmosphere gas

protection was not found to warrant the trouble of pro- 5

v'idi.ng' the additional shield required. Such.a shield could
easily take the form of a flexible .or telescoping, joint
between the quench ring frame ‘and the chuté 39 and the
hot rings would then never be exposed to.air. The ap-

paratus shown and the method. of operation which is 10

illustrated is believed well adapted to produce the desired
superior Tesults,

* T-claim:

" 1. The “combination" which comprises a furnace for

heating metal articles to be press quenched,. the. articles 15

each-having a first surface with a_given configuration
and a second surface having a configuration' differing
frem -the first, a.press for press quenching 'the.articles
after heating in_the furnace, a first article engaging ele-

ment on said press for engaging. the first surface.of an 20

aritcle and generally conforming thereto, a second .article
engaging element on said press.and movable with respect
to said- first element for engaging the second strface of
the article and generally conforming thereto, an inter-

mittently operated furnace loader for loading articles into 25

the - furnace, a-furnace conveyor for conveying. articles
through the furnace and maintaining the orientation ‘'of
the-articles as ‘introduced into the furnace, means trans-
ferring -articles from said furnace conveyor ‘to -a' press

loader station with a fixed orientation with respect to-the” 30"

orientation ‘in :said furnace conveyor, an intermittently
operated press loader for loading work onto the press in
position ‘to be press quenched with & fixed orientation
with-respect to that.in said transfer means to:engage said

first article engaging element with said first surface and 35

sdid second article engaging element with said “second
surface, ' discharge mechanism for discharging. aiticles
from the press, ram.means in 'said press -for -applying
pressure ‘to_said elements. and an article engaged thereby,

quench fluid supply means:for supplying quench fluid ‘to- 40

the articles ‘while under: pressure -from ‘the Tam.means,
and control means for automatically and cyclicly ;operat-
ing-with predetermined ‘timing and -in predetermined :se-
quence; fitst, the furnace:loader :to advance articles. into -

and through the furnace and individually .onto “the press:; 45

loader,- second; ‘the-press loader to-individually-load “arti-
cles-onto-the press~to -be *press-quenched;’ third; the ram .
means and“the quench fluid -supply means-to-individual-
ly-quernich the articles under pressure; and-fourth; the-dis-

charge’ mechanism’ to*-discharge -the—articles’-from.-the 5q

press,-said furnace loader, furnace conveyor, press toader,
ram-means, ' quench fluid- supply mreans -and -discharge -
mechanism’ thus ‘mutually -cooperating“to process_a-series
of ‘uniformly-heat-treatéd -press- quenchéd -artictes.:

* 2. The method of -producing -press, quenched- aiticles,- 55

the articles: each having d-first surface with a ‘given ton-
figuration tobe-engaged-by a"first press. ‘clement gen-
eraly conforming thereto -and ‘a second surfacé having a
configuration’ difféering-from“the first t6 be engaged by-a:

second press element generally conforming' thereto, which™ ¢

comprises-moving ‘the: drticles substantially continnously

through a furnace to heat-tfreat“the -articlesto the' desired .
temperature, -simultaneously -loading a- plurality “of :said

- articles each-in a querching-station-of-a miultiple station

quench press with an orientation-in-the station presenting

said-first-surface  to the' first-press element ‘and -the second

surface to-the second-preéss cleément; and:simultaneousiy:
press quenching -the -atticles at-each “of 'the queriching

stations.

65

* 3. In -apparatus-for producing press quenched articles, 70

the articles having & first surface with a_given configura-
tion and a second surfacé having a configuration différing
from the first, the comibination with a substantially con-
tingous furnace for heating’the. articles, of a plurality of

channeleéd vonveyors for advancing a plurality of rows of 75

, 16

articles step by step -at regular intervals along said chan-
neled conveyors through the furnace and for maintaining
a'given orientation of said -articles, a quench press having
a plurality ‘of quench stations each adapted to receive
articles from only a corresponding row of articles in the
furnace, a first article engaging element on said press for
engaging and 'generally’ conforming to the first surface
of an article; a second article engaging element on said
press:movable with respect to said first element for engag-
ing and generally-conforming to the second surface of an
atticle, press loading ‘means for “transferring articles in
step with the advance ‘of articles through the furnace from
said Tows to.each of said quench stations in an orientation
on the .stations ‘corresponding to the prior. position of
the articles in_the furnace. enabling said first .element to
engage the first. surface of the article and the second ele-
ment to engage the second surface of. the ‘article, means
responsive to.the loading of the work on. the guenching
stations for individually. and.simultancously press quench-
ing the work. transferred, and means for automatically
unloading the press, said.channeled conveyors, said
quench press loading means, said means for press quench-
ing the work and sdaid means for automatically unloading
the press. thus mutually cooperating in the automatic heat
treating, .quenching and discharge of a series of uniformly
processed _articles.

4. The .combination ‘of a furnace and a quench press
the furnace.having inlets for admitting protective atmos-
phere, a plurality. of channel-like conveyors extending
through said -furnace, means for delivering a succession
of -substantially identical- and identically ‘aligned articles
to -each..of .the channel-like. conveyors, a plurality of
quench press-loaders, means.including ducts containing
a. protective..gas atmosphere. for. delivering. articles in-
dividually from .said. conveyors to each .of the quench
press loaders with a fixed orientation with respect to their
crientation in.said.conveyors, the press quenching station
corresponding to.each .of said loaders, means for. simul-
taneously loading.each article onto.one. -of the press
quenching stations .in. a position correspending . to. its
position as .it was. delivered to the furnace..conveyor,
means :for. simultaneously press quenching the several
articles.in the quench- stations .and applying pressure to
each article independently .of - each other. article being
simultanecusly press quenched, and means for discharg-
ing the articles from.the press.

5. A quench press comprising a frame, a base, a main
ram, a main hydraulic cylinder on the.frame for moving
the: main ram toward the base, a plurality of secondary
hydraulic cylinders carried by the main ram, a-fluid ccn-
duit - from the main cylinder through the:main ram to
each secondary hydraulic cylinder, a secondary ram for
each 'secondary cylinder -and an axially:movable floating
rod for each.secondary cylinder, the rods being guided.on
the main -ram.and each being adapted ‘to press -articles
to be- pressiquenched: while-they are supported by the
base, said secondary cylinders being interconnected where-
by the:pressure -onithe secondary rams is equalized not-
withstanding variations in the extent of movement of the
several :secondary rams.

6.~ A-quench.press:comprising a frame, a base, a main
ram, a:main hydraulic cylinder on the frame for moving
the - main. ram ;toward ihe: base, a plurality of .secondary
cylinders:carried: by the main ram; a fluid conduit from
the main cylinder to: each secondary cylinder, a second-
ary -ram .in- each’ secondary cylinder, and an’ axially
movable floating rod -for each secondary. cylinder, the
rods -being guided on the main ram and.each adapted to

.. press.articles. on the base to be press quenched, the area

of the main cylinder. being larger than the.total effective
area of. the secondary «cylinders, said secondary cylinders
being.interconnected whereby. the pressure on the second-
ary rems is equalized notwithstanding variations in the ex-
tent of -movement of the several secendary rams.

7. In a ‘guench press comprising a frame for press
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quenching articles, in combination, a first hydraulic cyl-
inder on the frame, a first ram for the cylinder, a second
hydraulic cylinder carried by the first ram, a second ram
for the second cylinder, the second ram being adapted to
engage articles to be press quenched, a first cam operated
switch on the frame, a cam on the first ram for operat-
ing the switch, a second cam operated switch on the first
ram, a cam on the second ram for operating the second
switch, and control means for operating the quench press
to press quench articles when on the extending stroke of
the first cylinder, the first switch normally being operated
befere the second switch and the second switch being op-
erated before the first switch to reverse the direction of
the first ram if the second ram does not properly engage
an article.

8. In a quench press for simultaneously press quench-
ing a plurality of articles, in combination, a base whereon
the several articles are placed for press quenching, a
plurality of secondary hydraulic cylinders, a secondary
ram for each secondary cylinder, a cross head for sup-
porting said secondary hydraulic cylinders, an axially
movable floating rod for each secondary ram, a primary
hydraulic cylinder, and a ram for the primary cylinder for
moving the cross head, the rods being guided by the cross
head and each being adapted to press an article on the
base to be press quenched, the total force exerted by the
secondary cylinders being less than the force exerted by
the primary cylinder and the secondary cylinders being
interconnected whereby the pressure on the secondary
rams is equalized notwithstanding variations in the extent
of movement of the several secondary rams.

9. In a quench press for quenching heated articles, in
combination, a frame comprising a base whereon an
article is placed for press quenching, a cross head, a hy-
draulic cylinder on the frame for moving the cross head
toward and away from the base, an axially niovable rod
carried on said cross head into and out of engagement
with an article placed on said base for press quenching,
the rod moving relative to the cross head when the rod
engages an article to be press quenched, first means re-
sponsive to relative movement of the cross head and the
base, second means respousive to relative movement of
the rod and the cross head, and control means for revers-
ing the direction of motion of the cross head when upon
moving the cross head toward the base the second re-
sponsive means is actuated before the first responsive
means is actuated.

10. In a quench press for simultaneously and indi-
vidually press quenching a plurality of articles, in com-
bination, a frame comprising 2 base whereon the several
articles to be press quenched are placed, a cross head
comprising an upper bar and a lower bar, a first hydraulic
cylinder on the frame for moving the cross head toward
and from the base, a plurality of second hydraulic cyl-
inders on the upper bar, a plurality of axially movable
rods carried on the lower bar and each adapted to engage
at one end an article to be press quenched and at the
other end a second hydraulic cylinder, first means respon-
sive to relative movement of the cross head and the base,
a plurality of second means each responsive to relative
movement of one of said rods and the cross head, and
control means actuated by any one of the second respon-
sive means for reversing the direction of motion of the
cross head when upon moving toward the base one of
the second responsive means is actuated before the first
responsive means is actuated.

11. In a quench press according to claim 19, a chute
for discharging articles from the press, discharge means
for discharging articles from the base into the chute de-
flector means for deflecting articles in the chute, and
means for actuating the deflector means when upon
moving the cross head toward the base one of the second
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responsive means is actuated before the first responsive
means is actuated,

12. In a quench press for press quenching articles, in
combination, a base whereon articles are placed for press
quenching, a quench ring surrounding the base for supply-
ing quench fluid to an article thereon, a ram for apply-
ing pressure to an article on the base while surrounded
by the quench ring, means for raising the ram from an
article on the base, means for discharging the article
from the base comprising means for slideably moving
the quench ring and the article therein from the base,
loader means for placing articles on the base when the
quench ring is displaced therefrom, and means for rais-
ing the quench ring and returning it to its position sur-
rounding the base while an article is on the base.

13. The combination according to claim 1 wherein said
control means comprises means preventing the advance
of work by the furnace loader when the ram means is not
in a retracted position whereat work may freely be
loaded thereunder.

14, The combination with a press for press quenching
circular work with its axis aligned with the axis of the
press ram, of a furnace for heating the work, a furnace
cenveyor comprising a bottom rail, a top rail and side
guards for rolling the work through the furnace on the
bottom rail with its axis generally horizontal, a furnace
loader for advancing the work step by step into the fur-
hace conveyor on its rim, and furnace delivery means
for discharging the work from the conveyor at each step
of its advance and positioning it under the press ram with
its axis aligning with the generally vertical axis of the
ram.

15. The combination with a press for press quenching
circular work with its axis aligned with the axis of the
press ram, of a furnace for heating the work, a furpace
conveyor of a C cross-sectional shape for rolling the
work through the furnace on its rim with -its axis gen-
erally horizontal, a furnace loader for charging work into
the conveyor on its rim, delivery means for discharging
the work from the conveyor and positioning it under the
ram with its axis aligned with the generally vertical axis
of the ram and means for coordinating the functions and
timing of the furnace loader and the delivery and posi-
tioning means.
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