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2% Claims, (C1, 148—131)

The present invention relates to a method and appa-
ratus for quench hardening ring gears and like parts.

In comventional gquench hardening apparatus of this
kind, the past is quenched while heid clamped between
dies which hold it agoinst distortion. One serious diffi-
culty has been that the quenched parts tend to be distorted
in the way that a resilient disc is flexed by pressure ap-
plied to its center when its periphery is held. In the
case of a ring gear the plane back face thereof may distort
to either internal or external conical shape, the latter
bsing more usual. Increase of the clamping pressure
does not overcome this difficuity and in some casss even
increases the amount of distortion. - The present method
and one aspect of the present apparatus is based upon
& discovery that this distortion is substantially reduced
by periodically releasing and then reapplying the clamp-
ing pressure as the quenching operaticn procesds.

Other features of the new apparatus represent improve-
meats on the machine disclosed in co-pending applica-
tion Serial No. 554,857, filed December 22, 1955, by
R. V. Adair and E. D. Dammert, now Patent No. 2,860,-
077.

The foregoing and other objects and advantages of
the invention will appear from the following detailed
description made with reference to the accempanying
drawings, wherein:

FIG. 1is a front view of the machine which constitutes
the preferred embodiment of the apparatus;

FIG. 2 is a vertical sectional view through the sup-
poriing and actuating mechanism for the upper dies of
the machine, a portion of the view being in the planes
indicated by section line 2—2 of FIG. 4;

FIG. 3 is a detail sectional view in vertical plane
3—3 of FIG, 2;

FIG. 4 is a horizontal sectional view in plane 4—4
of FIG, 2;

FIG. 5 is a view in the horizontal planes indicated by
section line 5-—-5 of FiG. 2;

FIGS. 6 and 7 are isometric views each showing one
of the two positions of a locking device appearing in
FIGS. 2 and 5;

FIG. 8 is a vertical sectional view, in the planes in-
dicated by section line 8—8 in FIG. 9, through the lower
die parts and their supporting and actvating mechanism;

FIG. 9 is a fragmentary plan view of parts shown in
FIG. g;

FIG. 10 is a detail side view illustrating an adjustable
stop device included in the structure shown in FIG, 8;

FIG. 11 is a diagram illustrating the distortion of ring
gears oceurring during a quenching operation; and,

FIGS. 12 and 13 are diagrams respectively of the hy-
draulic system and of the electrical system of the machine.

The machine includes a base 23 comprising a quench-
ing tank aand three upright rods 22, 23 and 24 connected
at their upper ends by a head 25. A press frame 25 is
slidable on rods 22 and 23, such ‘moticn of the frame
being effected by a motor 27 which through reduction
gearing rotates two cranks 28 in unison. = The cranks
are journaled for rotation in the base about aligned hori-
zontal axes 29 and their crank pins 31 are journaled in
the upper ends of connecting rods 32. The lower ends
of these rods journal crank pins 33 carried by the press
frame 2§. Journaled for rotation in the press frame
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on horizontal axis 34 are two motor driven cranks 35
whose crank pins are journaled in the upper ends of con-
necting 1ods 36, The lower ends of the connecting rods
are pivotally connected by crank pins 37, FIGS. 2 and 3,
to a wertical slide 38 on rods 22 and 23. The siide is
connected to aum upper die carrier 32 by an adjusting
screw 41, The arrangement is such that when the cranks
35 are rotated one-half turn from the position shown,
about axis 34, the slide 38, screw 41 and die carrier 39
are lowered to closs the upper dies upon a workpiece,
in this case ring gear G, supported on lower dies on the
press frame 26; and upon rotation of cranks 28 by one-
half turn about axis 29, from the position shown, the
press frame will be lowered to carry the workpiece below
the level of quenching liguid in the tank. Upon a further
half turn of cranks 35 about axis 34 the upper die
carrier will be raised to release the workpiece, and upon
a further half turn of the cranks 23 the press frame will
be returned upwardly to the position shown.

Referring to FIGS. 2 and 4, the upper die carrier has
a central cylinder chamber 42 aligned with screw 41,
Slidable in the cylinder is a piston 43 whose rod 44 has a
conical expander 45 for a mauli-past, radiaily expansible
centering device 46 adapted to £it in the central bore of
the workpiece G. The centering device comprises a plu-
rality of segments which are compressed radially by a
ring-shaped coiled spring 47. The segments rest on a
piate 48 carried by the rod 44,

Arranged in a circle around cylinder 42 are six cylinder
chambers 48 in which pistons 42 are reciprocable. The
rods 53 of these pistons are all connected at 51, at their
lower ends, to an inner die assembly comprising an an-
nular die member 52 that is adapied to bear upon the
Inner portion of the upper face of the workpiece, which
is upon the flange of the gear G in tie particular case
illustrated. Yo prevent excessive heat from being con-
ducted to the cylinder and piston assembly 58, 48, 39,
43, 58, an anmular chamber 83 for coolant is provide
in the die assembly, and suitable conduits mot shown
extzud from this chamber to a coolant cireulating system.
Conceniric with member $2 is the annular die member
54 of an cuter die assembly having a coolant chamber
355 connected to the circulating system. Dbember 54 is
adapied 6 bear on the outer portion of the upper face
of the workpicce, in this case upon the top surfaces of
the outer ends of the gear teeth. The outer die assembly
is connected at 56 to the lower ends of six pisten rods 57
whose pistons 58 are reciprocable in cylinder chambers
59 in the carrier 39, As shown the ccanections 21, 38
between the piston rods 58, 57 and the related die meni-
bers 52, 54 are adapted to allow slight lateral move-
ment of the latter so that they may slide freely relative
to each other and to the tubular part 58" of carrier 39
which guides them. The device 45 is ezpanded by the
application of hydraulic pressure to cylinder chamber

42 through port 1. Hydraulic pressure may be : ed
respectively to the upper ends of chambers 4 582
through poris §2 znd 63 to press the die me 52
and 84 downwardly against the worksiece.

The upward reaction of such pressurs is transmitted by

transmits it to
The screw is secvred to the die carrier

the screw 41 to the slide 38 which in tnrm
the frame 24.

39 and is screw-threaded te a nut 64 rotatable in the
slide. For adjusting the height of the carrier in the down
position of the slide the nui is turned by means of aa
adjusting worm 65 which meshes with 2 worm wheel 66
integral with the nut. The means wh reby the upward
reaction is tramsmitted from the slide to the frame are
duplicated ca both sides of the machine, but only the
means on the right side are shown, io FIGS. 2 and 5 to 7
inclusive. ‘They inchide a plurality of tongues &7 provided
on the slide and on hardened steel bars 68 secured to it
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These tongues are adapted to abut a stop 69 on frame
26 in the down limit position of the slide. Tongues 7@
on the frame 26, and on a hardensd steel bar 71 secured
to it, are aligned with the spaces between tongues 67 so
that the latter may pass by as the slide is raised or low-
ered. Slidable horizontally in the frame is a lock bar 72
having tongues 73 which in the locking position of the
bar shown in FIG. 6 are aligned with the tongues 67 and
7¢ whereby they may transmit upward load from the
slide 38 directly to the frame, and in the unlocking limit
position of the bar, shown in FIG. 7, are misaligned from
tongues 67 to permit vertical motion of the member 38.

For shifting the lock bar 72 between its locking and
uniocking limit positions a piston 74 is connected to the
bar by blecks 75. In these limit positions the respective
blocks about related siops 76 on the frame. The piston
is reciprocable in a cylinder 77 ca the frame, reciproca-
tion being effectsd by hydraulic pressure applied to the
ends of the cylinder chamber through ports 78 and 79,
FIG. 5.

To assure seating of bars 68 on stops 6% despite slight
overtravel or undertravel of the cranks 35 relative to their
intended bottom dead center positions as they lower the
upper die carrier assembly, the stops 69 are positioned
slightly higher than they theoretically should be in rela-
tion to the throw of the crank pins and the length of
connecting rods 35. To accommodate this positional dis-
crepancy and alse to prevent the heavy hydraulically
applied pressure against the workpiece from reacting
against the crank and connecting rod means 35, 36,
resilient means are associated with the connecting rods.
For this purpose each connecting rod 36 has a slot 81
slidably receiving a block 82 which is urged downwardly
relative to the rod by compression springs 83 backed by
a slot bridging member &4. Plates 85 secured to the
block held it against lateral displacement. Confined be-
tween the boticm of the biock and the rod is a rolier
bearing 86 which journals the connecting rod pin 37 se-
cured to slide 38. The arrangement is such that when the
carrier and slide assembly is urged upwardly by the
reaction from the pressure applied to the workpiece, the
springs §3 yield sufficiently to allow the tongues 67 of
upper bar 68§ to bear against the tongues 73 of the lock
bar which in turn bear upon the tongues 78 of bar 71
and frame 26. Thus the crank and connecting rod strac-
ture does mnot bear this load and hence can be much
lighter than would otherwise be possible.

eferring to FIG. 8, the base of press frame 2§ carries
an articulated die for supporting the workpiece. This die
comprises concentric outer and inner annular members
87 and 88 supporting a plurality of radially disposed
segmental bars 8% which are adapted to engage the plane
bottom face of the workpiece. For holding the bars in
place their end portions of reduced thickness are received
in annular grooves in a ring 98 seated on the frame and
in a ring 91 keyed to a tubular part $3; and the reduced
ends of the bars are provided with recesses receiving
positioning pins 92 carried by rings 98 and 51. Annuvlar
member 87 is seated on the frame while member 88 is
supported by the part 93 which in turn is supported by a
piston rod $4. To this rod are screw-threaded, by threads
95 of opposite hand, upper and lower piston sections 26
and 87. The piston is disposed in a cylinder chamber in
a member 98 whose upper and lower ends are closed by
heads 99 and 181. The paris 98, % and %81 are all
secured to the frame.

The piston sections are held against rotation by keys
162 and 163, whereas the piston rod is rotatable by a
wrench applied to iis socket 184. By such rotation the
piston sections may be adjusted toward or away from
each other to thereby adjust the stroke of the piston be-
tween cylinder heads %9 and 161. In the limit position
of adjustment shown in FIG. 8 this stroke is zero, but
when the flexing feature is in use with automobile ring
gear workpieces the stroke will ordinarily be in a range
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of about twenty-to forty-thousandths of an inch. After
a stroke adjustment is made the piston rod is locked to
part 83 by means of nut 165 and set screw 186, Part
93 is held against rotation in the frame by a key 107 se-
cured to cylinder head 99. When the adjustment is such
that the piston has some stroke, the assembly including the
piston, rod 94, and annular member 83, may be recipro-
cated by alternate application of hydraulic pressure
through a passage 18% to the lower chamber of the cylin-
der 93 and through ports 62 to the cylinders 48. This
rocks the bars 8% upon the annular member 87 which
serves as a fulcrum, so that the workpiece is flexed in a
way which causes its lower plane surface to alternately
assume an exiernal and an internal conical shape. This
of course requires the exertion of a sufficient downward
pressure to the anmular die members 54 to hold the gear
in full engagement with the bars 88. Springs 111 are ar-
ranged to act between the piston sections and the cylin-
der heads to eliminate backlash between the sections and
the piston rod.

The above-described flexure is preferably concluded
before quenching is begun, and during the quenching, or
at least during a part thereof, the workpiece is held in
one position by the dies. Whether it is held perfectly
flat, or slightly dished either concavely or convexly, is
determined by an auxiliary stop means which limits the
downward motion of the assembly 26, 97, 94, 88 toward
the cylinder head 191. This auxiliary stop means, FIGS.
8, 9, and 10, comprises a ring 112 rotatable around part
93 and resting on cylinder head 99. The ring has a plu-
rality of inclined surfaces 113 in contact with comple-
mentary surfaces 114 on a ring 115 secured to part ¥3.
Preferably these surfaces are of helicoidal or screw shape
so as tc have subsiantial contact area. By turning the
ring 112 in one direction or the other the downward Hmit
position of ring 115, and of the assembly @8, 93, %4,
86, 97 secured to it, is raised or lowered. Thus move-
ment of 112 to the left in FIG. 10, to the broken line
position, would allow further downward motion of ring
155 through the distance D.

The ring 1312 is moved by a piston 116 whose rod 117
is pivotally connected at 118 to a pitman 139 which is
pivoted at 121 to the ring. Such movement is effected
by application of hydraulic pressure through port 122 or
123 to the opposite ends of the cylinder chamber 124 in
which the piston is reciprocable. When the piston is in
its limit position to the left, the auxiliary stop means
112, 115 are entirely ineffective, irrespective of the stroke
adjustment of piston 86, 97. The limit position of the
piston to the right, which determines the auxiliary stop
position, is controlled by abutment of piston rod 117 with
an eccentric 125. This eccentric is integral with a shaft
126 rotatable in the frame to adjust this limit position.
Such adjustment may be made by means of a wrench ap-
plied to socket 127 after a clamp ring 128 held by screws
129 is first released. A calibrated plate 131 secured to
shaft 126 shows the position of adjustment of the eccen-
tric,

When the upper and lower dies are closed on the
workpiece and the press frame is Jowered into the quench
tank, quenching liquid is circulated under pressure by a
suitable pump, not shown, through a system including
stationary pipes 132, FIG. 8, which in the lower posi-
tion of the press frame extend through openings 133 in
cylinder member 98. The pipes have openings 134
through which the fluid discharges tangentially into an
annular chamber 135 in the frame. From this chamber
it flows upwardly through openings %36 in the frame
and aligned openings 137 in a ring 138 seated in an an-
nular groove 139 in the frame. The rate of flow may be
adjusted by rotating the ring in the groove, after which
the ring is locked by a screw 141, FIG. 9. From the
groove 139 some of the fluid, confined by shroud 142,
FIG. 2, flows across the bottom face of the workpiece
through grooves 143 in bars 89, FIGS. 8 and 9. Leakage
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around the bars returns through passages 144 to the
quench tank. The remainder of the liquid flows from
groove 138 through the tooth spaces of the workpiece, the
space between die members 54 and 52, openings 145 in
member 52, chamber 146, and returns to the tank through
openings 147.

The hydraulic system of the machine, diagrammed in
FIG. 12, comprises a sump 148 located in base 2%, a
motor driven pump 149 receiving hydrautic fivid from the
sump and discharging it into a high pressure line 15%, and
a return line 152 leading back to the sump. There are
five solenoid operated reversing valves designated 153 to
156 and 158 and a solenoid cperated selector valve 157,
each of these valves being actuated by two solenoids, a
and b, The lines 152 and 152 are connected by reversing
valve 153 to the passages 78 and 79 which lead to op-
posite ends of cylinder 77; and are connected by reversing
valve 154 to passages 122 and 123 leading into the op-
posite ends of cylinder 124, Selector valve 157 connects
pressure line 151 either to line 159 or 161, The lines 151
and 152 are alsc connectsd by reversing valve 155 to
lines 262 and 163 leading to the lower and upper ends
respectively of a cylinder 164 for a valve-operating piston
165; and are connected by reversing valve 156 to lines 166
and 167 leading to the lower and upper ends of a cylinder
168 for valve-operated piston 169. Reversing valve 15§
connects line 163, which joins lne 161, either to passage
159 Jeading to the lower end of cylinder 98 or to line 173
leading to a selector valve 172 operated by pision 159.

The selector valve 173 operated by piston 1$5 connects
either line 374 or line 175 to the passage 61 which leads
into the operating .cylinder 42, FIG. 2, of the centering
device. Line 174 is a low pressure line, being connected
to line 159 by a pressure reducing valve 176 which is
adjusted for a pressure on the order of five pounds per
square inch. Line 175 is a high pressure line, being con-
nected to Iine 161 by a reducing valve 177 which is ad-
justed for a pressure in the range of twenty-five to two
hundred fifty pounds per square inch. Lines 16% angd

171 may also be subjected to high pressure, since a re- =

ducing valve 178 interposed in line 160 betwesn line
181 and reversing valve 153 is adjusted for a pressure
in the range of twenty-five to onc thousand pounds per
square inch. Another pressure reducing vaive 172 ad-
justed for a high pressure of between twenty-five and
one thousand pounds per square inch is interposed be-
tween line 161 and a line 181, Selector valve 172 op-
erated by piston 169 connects ejther low pressure line
174 or high pressure line 171 to passage 62 into cylinders
48 for the inner die member 52, Another selector valve
182 operated by piston 169 alternately connects low pres-
sure line 174 and high pressure Line 181 to passage 63
leading into cylinders 58 for the outer die member 54.
Referring primarily to FIG. 13, the electrical system
of the machine includes start and stop switches %183 and
184 for a controller IM for the motor for circulating
quenching liquid, the controller when energized closing
holding contacts IM-1; and start and stop switches 185§
and 186 for a controller 2M for the motor for hydraulic
pump 149, this controller having holding contacts 2M—1.
Momentary closing of switches 183 and 183 will connect
the controllers across power leads L1 and L-2 and thus
cause their motors to run. It will also connect lead 11
to wire 187. The system includes a two-position push
button quenching cycle start switch 188; a conirolier 3M
for the motor which drives cranks 35 to raise and lower
the die carrier 39, this controller when energized closing
holding contacts 3M-1; and a comtrolier 4M for the
motor 27 which raises and lowers the press frame 26.
For effecting the flexing of the workpiece there is a
cam 189 operaied through speed reduction gearing by a
small variable speed motor 5M, whose speed control
circuit is not shown. The cam compriges a pair of plates
which are angularly adjustable to vary the effective length
of its Iobe. 'As the cam rotates it causes a snap-action
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switch arm 199 to alternately close against contacts 191
and 192. For effecting the alternate application and re-
lease of pressure to the dies, referred to as “pulsing,”
a similarly adiustable cam 183 is operated through speed
reduction gearing by a small variable speed motor 6M,
the cam causing 2 switch 194 to alternately open and
close,

A counter for the number of flexures is provided, It
comprises a reset coil 1C which when energized closes
four sets of contacts 1C-i to 10-4 and opens five sets
of contacts 1C-5 t0 -1C-9. It further comprises a coil
2C which is energized momentarily upon each flexure,
and at the conclusion of a number of energizations, which
is adjustable, it causes comtacts 1C-1 to 1C-4 to open
and contacts 1C-5 to 1C-9 to close. . A similar adjust-
able counter for the number of pulsing cycles comprizes
a reset coil 3C which when energized closes five sets of
contacts 3C-1 to 3C-5 and opens two sets of contacts
3C-6 and 3C-7; and a coil 4C momentarily energized
upon each pulsing cycle and which, upon being ener-
gized the number of times for which the counter is set,
opens - contacts 3C-1 to 3C-5 and closes contacts 3C-6
and 3C-7.

The svystem also includes 2n automatic cycle control re-
lay IR having five sets of contacts IR—3 1o iR-5 which are
closed only when the relay is emergized; a relay 2R,
which stops the press frame in up position, and having
four sets of contacts 2R—~1 to 2R-4 closed only when
the relay is energized and contacts ZR—8 closed only
when the rzlay is deenergized; and a relay 3R, which
stops the press frame in down position, comprising con-
tacts 3R~1 to 3R-3 closed only when the relay is ener-
gized. A leck control relay 4R has contacts 4R-1 and
4¥~2 which are closed and contacts 4R-3 which are
opened only when the relay is energized. There is also
a valve control relay &R having contacts SR-1 to 5R-3
which are closed, and contacts 5R-4 to 5R~6 which are
opened, only when the relay is energized; a flexing con-
trol relay 8R having contacts 6R—1 and 6R-2 which are
respectively closed and open only when the relay is ener-
gized; and ancther valve control relay 7R whose contacts
7R~1 and 7R-2 are closed only when the relay is eper-
gized and whose contacts TR-3 and 7R~4 are open only
when it is deenergized,

The electrical system further ingludes a manually
operable switch 185 which when opened eliminates
flexing; a manually operable switch 186 which may be
opened to eliminate the pulsing operation; and machine
operated limit switches designated S—2 to S-8. Switch
S-1 closes its upper contact a only when the slide 38
isin its uppermost position in frame 26, and at all other
times closes its contact b; and switch S—2 normally closes
its coutact b, shifiing to ‘close contact a only when the
stide reaches its lowermost position in the frame.
Switches $-3 and S—4 are normally open and are re-
spectively closed omly when the lock bars 72 on the
right and left sides of the machine are in unlocking posi-
tion as in FIG. 7. Switches -8 and S-6, also normally
open, are closed only when the respective right and left
lock bars are in locking position, as in FIG. 6.  As in-
dicated in FIGS. 2 and 5, switches 8-3 and S-5 are con-
tained in a single switch housing and are operated by
the same switch lever 180. The same is true of switches
S-4 and S-6. Switches 87 and -8 are normally closed
and are respectively opened only momentarily when the
press frame reaches its upper and lower limit positions
relative to the base 21.

Operation

The machine will end its quenching cycle with both
the press frame and the die carrier 39 in their upper
positicns.  Assuming that the switches 183 and 185 have
previously been clossd, the quench liquid pump and the
hydraulic pump are operating, and lead 187 is conrnected
to lead 1-1 sp that solenoids 1535, 154a, 1554, 1564,
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157b, and 1584 are energized. Accordingly the lock
bar 72 is in unlocking position, the auxiliary stop 112
is in stop position, valve 173 causes low pressure to be
applied to centering device 46, valves 172 and 182 apply
low pressure to the inmer and outer die members 52 and
54, and valve 157 connects line 159 to pressure line 152
Valve 158 is ineffective since line 161 is disconnected.

To operate the machine through a normal cycle a
hot workpicce G is placed on die bars 89 and switch
188 is momentarily depressed to position 188'. This
momentarily energizes relay 1R, which results in ener-
gization of counter reset coil 1C (assuming swiich 193
is closed), counter reset coil 3C, relay 2R and relay
SR. Relay contacts 2R-4 and 2R-§ are respectively
elosed and opened, operating valve 157 to connect line
161 to pressure line 151; counter contacts 1C-3 and
1C-8 are respeciively closed and opened, operating valve
155 to apply high pressure to centering device 46; and
counter comtacts 1C—-4 and 1C-9 are respectively closed
and opened to reverse valve 154 fo retract auxiliary stop
112 The motor controller 3M is energized, to cause
the upper die carrier 39 to be lowered by cranks 35, by
a circuit established through comtact b of switch S-2
and relay contacts 3C—2 and 1R-3, the circuit being heid
after deenergization of relay IR by contacts 3M-1.

When the die carrier 39 reaches its lower limit position
switch arm $-2 closes against its contact a, thereby de-
energizing controller 3M and stopping rotation of cranks
35 and energizing relay 4R with the result that contacts
4R—2 and 4R-3 respectively close and open to reverse
valve 153, causing the lock bars 72 to be shifted to lock-
ing position. As this is accomplished switches S-3 and
$-4 open and limit switches S-£ and 8-6 close, energizing
relay 5R and flexing motor 5M. Contacts 5BR-3 and
5R—6 respectively close and open to cause reversal of
valve 156 which in turn causes shifting of valves 172
and 182 to apply high pressure to the upper outer die
member 54, so that the outer peripheral portion of the
workpiece is clamped, and the cylinders 48 of the upper
inner dic member are connected to line 171. At the
same time the contacis 5R—2 and 5R-5 are respectively
closed and opened to energize solencid 185a and deener-
gize solenoid 155b to thereby reverse valve 135, and in
tfurn vaive 173, so that the centering device 46 is subjected
to the lower pressure of line 174. As the motor SM ro-
tates cam 189 to alternately energize relay 6R by closing
and opening switch arm and contact 199, 192, the relay
contacts 6R—1 and 6R-2 are thereby alternately closed and
opened to cause reversal of valve 158. This alternately
applies downward pressure against the upper inner die
member 52 and, through piston 97, 96, upward pressure
against the lower inner annular member 88, thereby
flexing the workpiece at a frequency which depends upon
the speed for which the motor is adjusted. This is
preferably within a range of about twenty to one hundred
twenty workpiece flexures per minute for automobile
ring gears of various sizes.

On each flexure the counter coil 2C is energized and
upon reaching the number of energizations for which the
counter is set, which ordinarily will be in the range of
one to ten, the counter contacts 1C—1 to 1C~4 open, and
contacts 1C—5 to 1C-9 close. This occurs while upward
pressure is being applied to annular member 88. Open-
ing of 1C-1 deenergizes counter reset coil 1C. Open-
ing of iC-4 and closing of 1C-9 reverses valve 154 so
that the auxiliary stop ring 112 is moved info its stop
position.  Although comtacts 1C-2 are now open the
motor 5M continues to operate, as a result of closing of
1C-5, uatil cam 189 causes switch arm 196 to snap away
from contact 192 and against contact 191. This causes
the last Teversal of valve 158 so that pressure is applied
to upper die member 52, flexing the inner peripheral por-
tion of the workpiece downwardly as far as is permitted
by the auxiliary stop 3112.

Closing of contacts 1C—6 establishes a circuit through
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controller 4M for motor 27 which operates to lower the
press frame into the quench tank, the 'motor stopping
when limit switch $-7 opens and thereby deenergizes
relay 3R so that contacts 3R-2 open. Quenching fluid
from pipes 132, FIG. 8, now circulates over the work-
piece in the paths previcusly described. Closing of con-
tacts 1IC-6 also energizes pulsing motor 6M, causing
alternate energization and deenergization of relay 7R and
counter coil 4C by cam operated switch 194. The result-
ing alternate closing and opening of contacts TR~2 and
7R.-4 periodically reverses valve 156 which in turn causes
reversal of valves 172 and 182. Similarly the alternate
closing and opening of contacts 7R-1 and 7R-3 reverses
valve 135 which in turn causes reversal of valve 173.
Thus periodically the high pressure exerted by the die
members 52 and 54 and the centering device 46 is re-
leased and re-applied as the quenching operation pro-
ceeds. The frequency of this pulsing is dependent upon
the speed for which the motor 6M has been adjusted.
For automotive ring gears it is preferably within a range
of twenty to two hundred pulses per minute. At the
conclusion of the number of energizations of coil 4C for
which the pulsing counter has been set, the contacts 3C-1
to 3C-5 open and contacts 3C-6 and 3C-7 close. Usu-
ally the number wiil be set such that the pulsing will
extend over the desired period, which for automobile
ring gears will be about ten to fifteen seconds. Upon
opening of contacis 3C—4 the relay SR is deenergized,
and its contacts 5R—6 and 5R—4 closed, so that low pres-
sure only is applied to die members 82 and 54 and to the
centering device 46.

Singce contacts 3R-1 are now open, the opening of
3C-3 results in deenergization of relay 4R, this causing
reversal of valve 353 and shifting of lock bars 72 fo
uniocking position. This opens switches S-5 and S-6,
and closes switches $-3 and S-4, causing energization of
motor controller 3M through the circuit including con-
tact b of switch S-1 and contacts 3C-6. The upper die
carrier assembly 38, 39 will therefore be raised. Prefer-
ably there are suitable work handling means, not shown
and forming no part of the present invention, to remove
the workpiece from the lower dies for further cooling in
the quench tank. When the slide 38 reaches its upper-
most position switch S-1 will be opened from its con-
tact b and clossd egainst its contact a, deenergizing the
controller 3M and establishing a circuit through switch
188, contacts 1C—7 and controller 4M of motor 27. As
a result the press frame will be raised to its upper limit
position in which switch -8 is opened. This deenergizes
relay 2R, reestablishing the conditions that existed prior
to depression of the quenching cycle start button 188.
Thus the machine is ready to repeat the quenching cycle
when another workpiece is placed on the lower die bars
89,

With the switch 195 opened the machine operates
through' the same cycle described above except that the
flexing of the workpiece prior to quenching is omitted.
The counter reset coil 1C is not energized and accord-
ingly contacts 2C—2 remain open so that motor 5M does
not operate. Consequently as soon as the upper die
carrier 39 reaches its lower limit position and the lock-
ing bars 72 are shifted to their locking position, closing
switches S—5 and $-6, the controller 4M of motor 27 is
energized through a circuit from lead 187 to lead 1-2
through switches $-5 and S-§, switch arm and contact
199, 191, and contacts 3C—6 and 3R-2. Thus the motor
27 is operated to lower the press frame 26 and the cycle
continues on as described before.

With the switch 126 opened the machine also oper-
ates through the same complete cycle previously described
except that pulsing is omitted. The pulsing motor 6M
and the pulse counter comprising coils 3C and 4C oper-
ate as before to determine the length of the quenching
phase of the cycle, but the relay 7R is not energized so
that the contacts 7R~1 and 7R-2 remain open and con-
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tacts 7R~3 and 7R~4 remain closed, with the result that
valves 155 and 156 are not reversed to cause pulsing,
Solenoids 155 and 135b remain energized, so that valves
155 and 156 maintain pressure in lines 163 and 167, with
the. result that valves 273, 172 and 182 direct high pres-
sures into the cylinder 42 for centering device 46 and
into the cylinders 48 and 52 for jnner die members 52
and 54 throughout the quenching cycle:

In FIG. 11 is shown a ring gear & being quenched
while held clamped to a lower dic 29 by upper die mem-
bers 52 and 54 and held centered by @ centering device
46. Without the pulsing of the present invention gears
frequently distort in the sense of dishing upwardly as
shown, greaily exaggerated, by the dash-dot cutline of
the gear.. One theory is that such distortion occurs be-
cause as the gear cools, and hence attempts to shrink
with resulting displacement of the ceater of mass 187 in
the inward radial direction indicated by arrow 1%8, it is
held against such contraction by the clamping pressure
at 3%% and 231 on the flange of the gear whose center is
at 292, As a result the center 127 can move in direc-
tion. 188 only by rotation about point 242, producing the
distorifon in direction 283. In other cases, where the
point at which the workpicce is held is located above its

erter of mass 197, the dishing distortion has been ob-

served to be in the opposite direction, to impart a con-
cave shape to the sriginally plane bottom surface of the
workpiece. ‘When the pulsing is used the clamping pres-
sure is periodically released, allowing the shrinking gear
to readjust itself between the dies, with the result that
the forces acting to produce the dishing distortion are
released. The clamping of the workpiece between the
dies, before and after each relesse of pressure, is suffi-
clent to hold the gear against other kinds of distortion.
It will be understood that the foregoing explanation is a
theory only, and that there may be other factors, not
preseutly understood, which aceount for the dishing dis-
tortion effect. Whatever the complete explanation, it has
been found that the pulsing action described herein greatly
improves the quality of the quenching workpieces by either
eliminating or by greatly reducing the magnitude of the
dishing effect.

in the illusirated apparatus the workpiece rests on the
bars 89 rather than on the annular members 87 and 88,
this arrangement being preferred because it presenis a
contact aren extending across the full width of the bot-
tom face of the workpiece, However, in some cases the
bars may be cmitted and the members 87, 88 made of
suitabie greater height to directly engage the bottom of
the workpiece. Thus the members 87 and 88 may be
regarded as themselves being the lower die members and
the bars 89 as being merely Aller or pressure distributing
parts interposed between the dies and the workpiece.
{n some cases, where the shape of the workpiece permits,
pressure distributing parts similar to barg 89 may be as-
sociated with the upper die assembly 52, 54, It will be
understood that the foregoing and varicus other changses
may be made in the apparatus without departing from
the spirit of the invention or from the scope of the ap-
pended claims.

Having now described the improved method and ap-
patatus, what is claimed as our invention is:

1. The method of quench hardening a ring gear or like
past, in which a quenching medium is applied to the
heated part while it is held between clamping dies, the
improvement comprising periodically releasing the clamp-
ing pressure exerted on the part by the dies as the part is
being cooled by said mecium, to thereby enable the part
to periodically shift relative to the dies in response to its
thermal contraction.

2. The method of quench hardening 2 ring gear or like
part, in which a liquid quenching medium is applied to
the heated part while it is held between clamping dies,
the improvement comprising releasing and reapplying the
clamping pressure exerted on the part by the dies as the
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part is being cocled by said medium, to thereby allow the
part to shift relative to the dies in response to its thermal
coniraction.

3. The method of quench hardeniug a ring gear or like
part, in which a liquid quenching medium is applied to
the heated part while it is held clamped between dies,
such application of quenching medium being subsequent
to any flexing of the part by refative motion between parts
of the dies, the improvement comprising releasing and
reapplying the clamping pressure exerted on the part by
the dies as the part is being cooled by said medivm, to
thereby allow the part to shift relative to the dies in re-
sponse to its thermal contraction.

4. The process of treatin g a ring gear or like part which
comprises flexing the part while hot by relative move-
meit of die members between which the part is clamped,
then applying a liquid quenching medium to the part
while ii is being held clamped by the dies, and during
the course of such quenching releasing and reapplying
the clamping pressure exerted on the part by the dies as
the part is cooled to thereby allow the part to shift rela-
tive to the dies in response to its thermal contraction.

5. Apparaius for quench hardening a ring gear or like
pert, comprising a pair of dies between which the part
may be clamped while being quenched, a system for
effecting flow of a quenching medium over the part while
the latter is so clamped, means for applying clamping
pressure to the dies, and coordinated control means for
said system and said pressure applying means, said con-
trol means being operable to cause release and reapplica-
tion of clamping pressure to occur during and in prede-
termined time relation to the period of quenching fiow,
while the part is undergoing thermal contraction.

6. Apparatus according to claim 5 in which the means
applying clamping pressure is operated by hydraulic
5 and said control means include valve means
actuated pericdically to reduce the pressure appiied to the
part.

7. Apparatus according to claim 6 in which there is a
motor and a cam driven thereby. which is arranged to
actuate said vaive means for effecting the periodic reduc-
tion in pressure, said motor being of the variable speed
type whereby the frequency of said pressure reductions
may be varied. -

8. Apparatus for quench hardening a ring gear or like
part, comprising two sets of concentric members through
which pressure may be applied against the opposite faces
of the part, means for applying pressure to a member of
one set for clamping the part between the member and
the opposing member of the other set, separate hydrau-
lically operated means for respectively applying pressure
againsi the other members of said sets, and means for
singly applying differential pressures {0 said separate
hydraulically opsrated means to thereby flex the part
back and forth.

9. Apparatus according to claim 8 in which there is a
means to adjust the stroke of one member of said other
memoers resulting from reversals of the pressure differ-
ential.

10. Apparatu according to claim 9 in which the hy-
draulically operated means comprises a piston and a pis-
ton rod connecting the piston to said one member, and
the stroke adjusting means comprises two sections of the
diston- having screw-threaded conitections of opposite
hand to the piston rod and means whereby the rod may
be rotated relative to said sections to thereby adjust the
effective length of the piston.

11. Apparatus according to claim $ in which the means
for reversing the pressure differential comprises a motor
and a cam driven thereby, and valve means operated by
the cam, the motor being of the variable speed type
whereby the frequency of flexure of the part may be
varied.

12. Apparatus according to claim 8 in which the stroke
of one member of said other members is limited, and
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there is an auxiliary stop movable to and from a position
in which it further restricts the stroke of said one mem-
ber away from its opposing member.

13. Apparatus according to claim 12 in which there is
an actuator for said movable stop, and means effective
after. a predetermined number of flexures of the part o
cause the actuator to shift the stop to said position and to
discontinue said reversing of the pressure differential
while the latter is in a direction to hold said one member
against the stop.

14. Apparatus according to claim 12 in which there
is an adjusting means for varying said position of the
auxiliary stop.

15. Apparatus according to claim 14 in which said
auxiliary stop comprises a rotatable ring having a plu-
rality of inclined surfaces engaging similarly inclined sur-
faces on = part rigid with said one member, and said ad-
justing means comprises an adjustable stop to limit the
rotation of the ring in one direction.

16. Apparatus for quench hardening a ring gear or like
part having a sapponiing structure for such part compris-
ing a pair of concentric annular members which are
adapted for relative motion in the direction of their axis,
a plurality of bars for contacting a face of the part, said
bars being substantially radial of said axis and being sup-
ported by said members for rocking action thereon upon
such relative motion of the members.

17. Apparatus for quench hardening a ring gear or
like part having a supporting structure for such part com-
prising a pair of coaxial outer and inper annular mem-
bers, means for effecting relative adjustment between
said members in the direction of their axis, a plurality of
bars for contacting a face of the part, said bars being
substantially radial of said axis and being supported by
said members for rocking action thereon upon such ad-
justment.

18. Apparatus for quench hardening a ring gear or
ike part, comprising a pair of concentric annular die
members for eugaging a face of the part, a die carrier
having two sets of cylinders parallel to the axis of said
die members, there being a plurality of cylinders in each
set, pistons reciprocable in the cylinders, and the pistons
in the cylinders of one set being connecied to one die
member and those in the other set being connected to
the other die member.

19. Apparatus according to claim 18 in which said
two sets of cylinders are arranged in concentric circles
about said axis and said carrier has another cylinder
aligned with said axis, a piston in said cylinder, and a
workpiece centering device carried by said piston.

20. Apparatus for quench hardening a ring gear or like
part, comprising a press frame adapted to support a lower
die, a carrier for an upper die slidable vertically on the
frame, means for maising and lowering the carrier rela-
tive to the frame, means for exerting clamping pressure
between the upper and lower dies after the carrier has
been lowered whereby upward force is applied to the
carrier; and means for locking the carrier to the frame
against upward motion from its lower position prior to
application of such clamping pressures.

21. Apparatus according to claim 20 in which the lock-
ing means comprises tongues on the frame, tongues on
a part secured to the carrier, the latter tongues being so
aligned with the inter-tongue spaces on the frame that
they will pass through them as the carrier is raised and
lowered, and a lock bar horizontally slidable on the
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frame and having tongues so disposed that in one posi-
tion of the bar they may abut the tongues of both said
pert and the frame, and that in another position of the
bar they are so aligned with the inter-tongue space of
said vart that the latter part may pass them.

22. Apparatus according to claim 20 in which the car-
rier is resiliently connected to said means for raising and
lowering the carrier.

23. Apparatus according to claim 20 having a slide
movable vertically on the frame, and means for connect-
ing the carrier and for adjusting it vertically with respect
to the slide, the means for raising and lowering the car-
rier relative to the frame being effective between the
frame and the slide, and the locking means also being
effective between the frame and the slide.

24. Apparatus according to claim 22 in which the rais-
ing and lowering means comprise a pair of cranks ro-
tatable on the frame and said resilient connsction corm-
prises two conmecting rods respectively conecting the
cranks to the carrier, each rod having two parts connected
to each other for limited relative sliding motion to there-
by change the effective length of the rod, and resilient
means acting between said parts to yieldably hoid them
in one limit position relative to each other.

25. Apparatus for quench hardening a ring gear or
like part, comprising dies between which the part may
be confined while being quenched, a quenching system for
applying a fluid quenching medium to the part while it is
between said dies, means for exerting pressure on the dies
for clamping the part between them, and a control sys-
tem for said quenching system and for applying and re-
leasing said pressure exerting means, said control sys-
tem comprising means for causing the release and re-

_application of said pressure exerting means to occur dur-

ing and in predetermined time relationship to the quench-
ing of the part by the quenching system, io thereby en-
able the part to shift relative to the dies in response to
its thermal coatraction resulting from such quenching.

26. Apparatus according to claim 25 in which said
control system includes an adjustable means for control-
ling the time interval between the initiation of quench-
ing of the part by the quenching system and said releas-
ing of the pressure exerting means during the course of
quenching.

27. Apparatus according to claim 25 in which said
control system includes means to effect repeated release
and reapplication of pressure on the dies during the
course of quenching of the part.

28, Apparatus according to claim 27 in which said
control system includes a means which is adjustable to
change the frequency of such repetitions.

29, Apparatus according to claim 27 in. which said
control system includes a means which is adjustable to
change the number of such repetitions occurring during
the course of said quenching of the part.
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