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8 Claims.
1

The present invention relates to the heat treat-
ment art, and has particular reference to a
novel work conveyor arrangement for a heat
treatment furnace.

The principal object of the invention is to
provide a movable hearth which conveys work
to be heat treated through the heat treatment
furnace in a series of forward steps.

Another object of the invention is to progres-
sively convey work to be heat treated through
a heat treatment furnace in a series of controlled
intermittent movements.

Still another object is to provide an intermit-
tent propulsion system for work to be conveyed
through a heat treatment furnace, utilizing hy-
draulic actuating motors.

With the above and other objects and ad-
vantageous features in view, the invention con-
sists of a novel arrangement of parts more fully
disclosed in the detailed description following,
in conjunction with the accompanying drawings,
and more specifically defined in the claims ap-
pended thereto. .

In the drawings:

Fig. 1 is a perspective view of a conveyor type
heat treatment furnace, disclosing a reciprocable
work carrier hearth and its actuating mecha-
nism;

Fig. 2 is a left side view of the actuating
mechanism;

Fig. 3 is a right side view of the actuating
mechanism;

PFig. 4 is a front elevation of the actuating
mechanism; and

Pig. 5 is a diagrammatic view disclosing the

relative arrangement of the actuating and con-

trol parts.

It has been found desirable to provide a regu-
latable intermiftent actuation for the work
carrying hearth of a heat treatment furnace
for periodically advancing the work through the
furnace. To this end, I position two hydraulic
devices, such as air pressure diaphragm motors,
which move the hearth forwardly at predeter-
mined time intervals, and then quickly return
the hearth rearwardly at high speed, whereby
- the work is periodically advanced by its forward
momentum and inertia. I have found it ad-
visable to apply pressure fluid to the forward
actuation motor to obtain an accelerated forward
stroke, and then to apply high pressure fluid to
the return actuation motor to abruptly decelerate
and return the hearth to its initial position; and
I have found it preferable to set up a back pres-
sure in the forward actuation motor to operate
as a cushion or damper, while relieving excess
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pressure in this motor to prevent an excessive
back pressure. )

Referring to the drawings, the heat treatment
furnace 18 may be of any desired type, electric
heating being preferred, and has a heat treat-
ment chamber | { mounted on a supporting frame
12, the heat treatment chamber il having an
entrance opening 13 through which the work
to be heat treated is received; the heat treated
work passes through an exit chute {4 from the
rear ahd into an air cooling or fluid quenching
compartment of standard type.

The lower portion of the heat treatment cham-
ber has a movable hearth 15 which projects .
rearwardly through the entrance i3 and extends
forwardly to the exit openihg of the chute 14.
It is preferred to provide the entrance opening
with a curtain of protective gases, such as com-
busted gases, and thus exclude atmospheric air
from the heat treatment chamber, in the man-
ner shown in Hayes Patents Nos. 1,724,583 and
1,808,721; the exit opening may bé sealed by
having the work exit below the surface of the
quenching medium, or the work may be passed
into a suitable cooling compartment for slow
cooling.

The movable hearth {5 is slidably mounted
at each end on roller bearings 16, see Fig. 2,
which are rotatably set in supports |71 or the
like forming part of the frame i2; an angle
iron base 18 is secured to the under side of the
hearth and carries an end member (8 which
is secured for swivel movement on the upper
end 20 of an actuator bar 2i. The actuator
bar is pivotally mounted at its lower end 22 to
the frame (2, and has two aligned blocks 23,
24 on its sides intermediate its ends, as shown
in Fig. 2, pivot pins 25, 26 being rotatably
mounted in the blocks and being respectively
connected to the piston rods 27, 28 of -two fluid
actuated motors 29, 30, which are preferably of
the diaphragm type and which form a coupled
hydraulic reciprocating device, the motor 30
being a high pressure motor and the motor 29
a low pressure motor.

Actuating fluid, preferably high pressure air,
is conveyed through conduit 3if to the motors
28, 30, to periodically reciprccate the actuator
bar 21 and the hearth 15. The actuating fluid
for the high pressure motor 30 passes through
a reducing valve 82 and a check valve 33 to a
storage or accumulator tank 34, and then through
a three-way valve 85 of the diaphragm type,
and a high pressure connection 36 to the high
pressure motor 38. The valve 35 is preferably
controlled by a solenoid pilot valve 87 of stand-
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ard type which has a high pressure connection
38. Exhaust is through the valve 85 to atmos-
phere, preferably through s maufiler, not shown.

The actuating fluid for the low pressure motor
29 passes from the conduit 3i through the re-
ducing valve 32, which may be a separate reduc-
ing valve if desired, as designated by the refer-
ence numeral 8% in Fig. 5, a three-way dia-
phragm valve 48, and a regulatable safety relief
valve 41 to the low pressure motor 29; the valve
48 is controlled by a solencid pilot valve 42
through a connection 42q¢, and has an exhaust
outlet connection 43 with a regulatable opening
44, to obtain a desired back pressure in the low
pressure motor. The exhaust from the low pres-
sure valve is alsoc preferably through a mufiler to
atmosphere,

Referring to Fig. 5, the diaphragm valves 35
and 48 are conftrolled from a main switch 4§,
which closes an electric operating circuit through
a timer 4% of standard type which operates the
soiencid valves 37, 42 in conjunction with the
limit switches £7, 48. These switches are opened
and closed by means of a rod 49 secured to and
movable with the actuating bar 24, the rod hav-
ing contact disks 50, &1, and the movable parts
of the switch being spaced to provide a lag be-
tween the closing of one switch and the opening
of the other.

When the main switch 45 is closed, the timer
46 functions to cause operation of the solenoid
valve 42 and thus open the valve 48 to admit low
pressure fluid, for example up to thirty pounds,
to the low pressure motor 29. This causes the

diaphragm therein to move the actuating bar 21 -

at an accelerating low or medium speed, thus
moving the work carrying hearth and the work
thereon forwardly into the heat treatment cham-
ber.

The forward movement of the actuating bar
moves the rod 48 forwardly and first opens the
limit switch 48 and then closes the limit switch
47, whereby the timer shifts the solenoid valve 42
to open the valve 4§ to exhaust and shifts the
solenoid valve 37 to open the valve 85 to intake.

‘When the limit switch 48 is open and the valve
40 is opened to exhaust, the lower pressure air
begins to exhaust from the low pressure motor,
but the momentum of the hearth and the re-
maining fluid pressure in the motor still carries
the hearth forwardly for a shori distance. The
later closing of the limit switch 47 now operates
the high pressure solenoid valve 37 to actuate the
valve 38 and open if to intake before the hearth
has stopped moving forwardly, and the admis-
sion of high pressure fluid to the high pressure
motor causes a quick deceleration and a quick
rearward movement of the actuating bar and the
hearth, whereby the hearth is jerked back but
the work stays in its ferwardly moved position
due to its momentum and inertia, to be again
moved forwardly on the next forward movement
of the hearth.

Since the sudden rearward movement of the
actuating bar tends to produce a compression in
the low pressure motor, the relief valve &1 vents
any excess pressure while allowing enough air to
remain and to function as a dashpot which cush-
ions the end of the high pressure return, the size
of the exhaust outlet opening 44 heing regulated
to provide a desired amount of cushioning.

The return movement of the actuating bar 2i
first opens the limit switch 47 which deenergizes
solenoid valve 2T and then closes the limit switch
48 which initiates a new cycle, thus causing high
pressure exhaust and then low pressure intake
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4
after a predetermined interval, in accordance
with the setting of the timer.

Summarizing the operation, the advance of
work upon the hearth is brought about as fol-
lows: The hearth is normally at rest befween cy-
cles in its extreme rear or ocut-stroke position.
Each cycle consists of a rapidly accelerating for-
ward in-stroke, with acceleration less than that
which would cause the work to slip backwards on
the hearth; and a very sharp change of direc-
tion at the end of the forward in-stroke, such
that the work cannot follow the change and slips
forward; the completion of the rear out-stroke
follows, with deceleration such that the hearth
comes to rest with no tendency for the work to
slip backwards. The complete cycle is factory
adjusted to move average work 2 to 3 inches per
cycle, and the frequeney of recurrence of the cy-
cles is controlled by the dial setting of the cycle
timer, and may be varied from 2 to 60 seconds of
rest between cycles. This will provide an oper-
ating work travel of from 2 to 60 inches per min-
ute for average work; extremely light work will
move at slower speeds, and work that has a tend-
ency to roll requires special handling for the tail
end of the load. A suitable capacity for normal
operation is in the order of 15 lbs. per linear ft.
for furnace hearths up to 10 ft. long.

When the control power is turned on, or when
the timer times out rest period, the circuit is
closed to the forward stroke solenoid air valve.
This admits air to the forward stroke actuator,
which moves the hearth toward the furnace.
The air pressure to this actuator is controlled
by the individual regulating valve, which has
been factory pre-set to a secondary pressure that
will give the correct forward stroke acceleration.
Air continues to enter the forward stroke actu-
ator through a fixed portion of the forward
stroke travel, at which point the first limit
switch opens to reset the timer, which in turn
opens the circuit to the forward stroke solenoid
valve., This solenoid valve transfers the forward
stroke actuator from regulated pressure to pre-
adjusted exhaust, but there is sufficient expand-
ing air in the forward stroke actuator to com-
plete the forward stroke. At a further point of
forward stroke travel, the second limit switch
closes, energizing the solenoid valve that trans-
fers the rear stroke actuator from exhaust to
regulated pressure. The air pressure to this
actuator is also controlled by the regulating
valve which has been factory pre-set to the cor-
rect pressure to give the desired rapid change of
direction of the hearth. The hearth forward
stroke is now rapidly decelerated and a rapidly
accelerating rear stroke is immediately started.
As the rear stroke progresses, the rear stroke
limit switch opens, de-energizing the rear stroke
solenoid valve and transferring the rear stroke
actuator from regulated pressure to full exhaust.
Before this actuator can exhaust completely, the
expanding air gives the hearth sufficient momen-
tum to complete the rear stroke. As the rear
stroke progresses, the forward stroke limit switch
closes, starting the timer for the timed period
of hearth-at-rest. The deceleration of the
hearth to rest at the completion of the rear stroke
is controlled by allowing a certain portion of the
air in the forward stroke actuator exhaust line
to blow off through the pre-set safety valve, and
the balance to escape through the factory set
orifice to cushion the hearth to a smooth stop at
the end of the rear stroke. The hearth remains
in the rear stroke position until the timer times
out and another cycle is started.
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The improved intermittent actuation thus pro-
vides a step by step forward movement of work
to be heat treated through the heat treatment
chamber, the timing of the forward movement
being controlled by the timer to provide the
most desirable total duration for the heat treat-
ment.

Although I have described a specific construc-
tional embodiment of the invention, it is obvious
that changes in the size, shape, arrangement and
operation of the parts may be made to suit the
requirements for different intermittent work con-
veying movements, without departing from the
spirit and the scope of the invention as defined
in the appended claims.

1 claim:

1. In a heat treatment furnace, a reciprecable
hearth, an actuator device operatively connected
to said hearth, coupled high and low pressure hy-
draulic motors connected to said actuator device
for reciprocating said hearth to obtain an ac-
celerating forward movement and a quick de-
celerating and return movement, means for ad-
mitting pressure fluid to said motors in alterna-

tive timed relation, means for exhausting the low 2

pressure motor fluid and admitting high pressure
fluid to the high pressure motor just prior to the
end of forward movement of the hearth, said low
pressure motor fluid being exhausted through a

regulatable outlet, and said low pressure motor :

having a relief valve to prevent excess pressures
therein during the return movement.

2. In combination, a reciprocable hearth for
the heat treatment chamber of a heat treatment
furnace, an actuator for reciprocating said
hearth, a low pressure motor and a high pressure
motor connected to said actuator, a diaphragm
valve for controlling inflow and outflow of hy-
draulic fluid to said low pressure motor, a solenoid
pilot valve for said valve, a diaphragm valve for
controlling inflow and outflow of hydraulic fluid
to said high pressure motor, a solenoid pilet valve
for said second valve, and electric timer means
for periodically actuating said solenoid pilot
valves to admit low pressure fluid to the low pres-
sure motor for moving the actuator and hearth
forward, to exhaust the low pressure fluid from
the low pressure motor, and admit high pressure
fluid to the high pressure motor for moving the

actuator and hearth on a return stroke, and to ;

exhaust the high pressure fluid from the high
pressure motor and admit low pressure fluid to
the low pressure motor to repeat the cycle of
reciprocation of the hearth.

3. In combination, a reciprocable hearth for the

heat treatment chamber of a heat treatment fur-
nace, an actuator for reciprocating said hearth,
a low pressure motor and & high pressure motor
connected to said actuator, a valve for control-
ling inflow and outfiow of hydraulic fluid to said
low pressure motor, a valve for controlling inflow
and outflow of hydraulic fluid to said high pres-
sure motor, solenoid pilot valves for controlling
said valves, and means for periodically actuating
said solenoid pilot valves to admit low pressure
fluid to the low pressure motor for moving the
actuator and hearth forwardly at an accelerated
speed, to exhaust the low pressure fluid from the
low pressure motor, and admit high pressure fluid
to the high pressure motor for decelerating the
actuator and hearth and moving the actuator and
hearth rearwardly, and to exhaust the high pres-
sure fluid from the high pressure motor and ad-
mit low pressure fluid to the low pressure motor
to repeat the cycle of reciprocation of the hearth.
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4. In combination, a reciprocable hearth for
the heat treatment chamber of a heat treatment
furnace, an actuator for reciprocating said hiearth,
a low pressure motor and a high pressure motor
connected to said actuator, a valve for controliing
inflow and outflow of hydraulic fluid to said low
pressure motor, a valve for controlling inflow
and outflow of hydraulic fiuid to said high pres-
sure motor, and means for periodically actuating
said valves to admit low pressure fluid to the low
pressure motor for moving the actuator and
hearth forwardly at an accelerating speed, to
exhaust the low pressure fluid from the low pres-
sure motor, and admit high pressure fluid to the
high pressure motor for decelerating the actuator
and the hearth and moving the actuator and
hearth on a return stroke, and to exhaust the
high pressure fluid from the high pressure motor
and admit low pressure fluid to the low pressure
motor to repeat the cycle of reciprocation of the
hearth, said valve actuation being adjusted to
initiate the return movement just before com-
pletion of the forward movement, said low pres-
sure motor having a relief valve to prevent ex-
cessive pressure rise therein.

5. In combination, a reciprocable hearth for
the heat treatment chamber of a heat treatment
furnace, an actuator for reciprocating said
hearth, a low pressure motor and a high pres-
sure motor connected to said actuator, valves for
controlling inflow and outflow of hydraulic fluid
to said low and high pressure motors, solencid
pilot valves for said valves, and electric timer
means for periodically actuating said solenoid
pilot valves to admit low pressure fluid to the
low pressure motor for moving the actuator and
hearth forwardly at an accelerating speed, to ex-
haust the low pressure fluid from the low pres-
sure motor, and admit high pressure fluid to the
high pressure motor for decelerating the actu-
ator and hearth and moving the actuator and
hearth rearwardly, and to exhaust the high pres-
sure fluid from- the high pressure motor and
admit low pressure fluid to the low pressure mo-
tor to repeat the cycle of reciprocation of the
hearth, said low pressure motor having a relief
valve to prevent excessive pressure rise therein.

6. In combination, a reciprocable hearth for
the heat treatment chamber of a heat treat-
ment furnace, an actuator for reciprocating said
hearth, a low pressure motor and a high pres-
sure motor connected to said actuator, a sole-
noid actuated valve for controlling inflow and
outflow of hydraulic fluid to said low pressure
motor, a solenoid actuated valve for controlling
inflow and outflow of hydraulic fluid to said high
pbressure motor, and eleciric timer means for
periodically operating said valves to admit low
pressure fluid to the low pressure motor for mov-
ing the actuator and hearth forwardly at an
accelerating speed, to exhaust the low pressure
fluid from the low pressure motor, and admit
high pressure fluid to the high pressure motor

‘for decelerating the actuator and hearth and

moving the actuator and hearth rearwardly, and
to exhaust the high pressure fluid from the high
Ppressure motor and admit low pressure fluid to
the low pressure motor to repeat the cycle of
reciprocation of the hearth, said low pressure
valve having a controlled exhaust outlet connec-
tion.

7.-In combination, a reciprocable hearth for the
heat treatment chamber of a heat treatment fur-
nace, an actuator for reciprocating said hearth,
a low pressure motor and a high pressure motor
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connected to said actuator, a valve for controlling
inflow and outflow of hydraulic fluid to said low
pressure motor, a valve for controlling inflow and
outflow of hydraulic fluid to said high pressure
motor, and means for periodically actuating said
valves to admit low pressure fluid o the low pres-
sure motor for moving the actuator and hearth
forwardly at an accelerating speed, fo exhaust the
low pressure fluid from the low pressure motor,
and admit high pressure fluid to the high pres-
sure motor for decelerating the actuator and
hearth and moving the actuator and hearth rear-
wardly, and to exhaust the high pressure fiuid
from the high pressure motor and admit low
pressure fluid to the low pressure motor to re-
peat the cycle of reciprocation of the hearth,
said valve actuation being adjusted to initiate
the return movement just before completion of
the forward movement, said low pressure raotor
having a relief valve to prevent excessive pres-
sure rise therein, and said low pressure valve
having a confrolled exhaust outlet connection.

8. In combination, a reciprocable hearth for
the heat treatment chamber of a heat treatment
furnace, an actuator for reciprocating said
hearth, a low pressure motor and a high pres-
sure motor connected to said actuator, a solenoid
actuated valve for controlling inflow and outflow
of hydraulic fluid to said low pressure motor, &
solenoid actuated valve for controlling inflow
and outflow of hydraulic fluid to said high pres-
sure motor, and electric timer means for periodi-
cally operating said valves to admit low pressure

10

15

20

25

30

8

fluid to the low pressure motor for moving the
actuator and hearth forwardly at an accelerating
speed, to exhaust the low pressure fluid from the
low pressure motor, and admit high pressure fluid
to the high pressure motor for decelerating the
actuator and hearth and moving the actuator
and hearth rearwardly, and to exhaust the high
pressure fluid from the high pressure motor and
admit low pressure filuid fo the low pressure mo-
tor to repeat the cycle of reciprocation of the
hearth, said low pressure motor having a relief
valve to prevent excessive pressure rise therein,
and said low pressure valve having a controlled
exhaust outlet connection.

WESLEY R. GILBERT.
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