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UNITED STATES 
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PATENT OFFICE. 
JOHN W. WHITE, of DETROIT, MICHIGAN, ASSIGNOR TO GENERAL MOTOR'S CORPORA 

TION, OF DETROIT, MICHIGAN, A CORPORATION OF DELAWARE. 

HEAT TREATMENT OF GEARS OR THE KE. 

Application fied December 1, 1920. Serial No. 427,600. 

To all chon it may concern: 
Be it known that I, Joni N. W. WHITE, a 

citizen of the United States, and a resident 
of Detroit, county of Wayne, and State of 
Michigan, have invented certain new and 
useful Improvements in Heat. Treatment of 
Gears or the like, of which the following 
is a full, clear, concise, and exact descrip 
tion, such as will enable others skilled in the 
art to which the invention relates, to make 
and use the same, reference being made 
therein to the accompanying drawings, 
which form a part of this specification. 
The invention relates to a process and 

apparatus for the treatment of articles, such 
as gears, with a fluid material, as for ex 
ample for the purpose of hardening the 
gear or a portion thereof. 
The principal object of the invention is 

to provide a method and apparatus whereby 
articles may be subjected to a heat treatment 
of a high degree of uniformity by the ap 
plication of a fluid medium thereto. 
A further object is to provide for the 

treatment of articles or portions therof by 
the passage of a fluid medium thereover as 
distinguished from the insertion of or sub 
mersion of the article in the treating fluid. 
A further object is to provide for the 

treatment of predetermined portions only 
of the articles by suitable limitation of the 
surfaces to which the fluid medium is ap 
plied. 
A further object is to provide for the 

control, preferably by automatic means, of 
the amount of treating fluid to be utilized 
in each operation, thereby contributing to 
the accuracy and uniformity of the results. 
A further object is to provide means 

whereby the article under treatment may be 
securely clamped during the application of 
fluid medium thereto, whereby warping 
while under treatment may be minimized. 
A further object is to provide clamping 

means for articles, such as ring gears, where 
by minor variations in dimensions, such as 
inaccuracies in machining, may be accommo 
dated. - 

With the above and other objects in view, 
as will appear more fully from the follow 
ing description, the invention comprises the 
features of novelty herein described and 

55 

such modifications and variations thereof 
as fall within the scope of the concluding 
claims, - 

heated article in a bath of the cooling 

In the heat treatment of metal articles 
for the purpose of imparting thereto certain 
properties of hardness or temper, as, for ex 
ample, in the treatment of gears by heating 
the same and then cooling by means of a 
fluid medium such as oil or water, it has been customary to dip or submerge the 

Ol 

quenching medium. As a result the medi 
um employed has access to all portions of 
the article although it may be desirable in 
Some instances, as in the hardening of gear 
teeth, to confine the action to a portion 
only of the article. Furthermore, the treat 
ment is quite likely to produce distortion 
of the articles by reason of unequal heating 
or cooling or variations in the character 
of the material. A further defect in the 
usual treatment is that the bath of treating 
medium changes in temperature during the 
operation and uniformity in the temperature 
to which the articles are submitted cannot 
be maintained. 
In order to overcome these defects I pro 

pose, 1st, to clamp the article firmly so as 
to prevent warping and, if desired to limit 
the area treated, to expose only the portion 
to which the treatment is to be applied; 2nd, to cause a predetermined quantity of 
medium of a predetermined temperature to 
flow over the said portions during a definite, 
regulable period of time. By thus placing 
under control the primary factors determin 
ing the character and effect of the treat 
ment practical uniformity may be obtained 
together with almost any desired variation 
in the details of the treatment. 
In the accompanying Ey, in which 

is illustrated one embodiment of means for 
carrying out the process outlined above, 

Figure 1 is an elevation, for the most part 
in vertical section, showing a machine adapt 
ed especially for the treatment of ring 
gears. 

Fig. 2 is a fragmentary vertical section 
on an enlarged scale; 

Fig. 3 is a perspective view of a portion 
of the clamping means; 

Fig. 4 is a fragmentary elevation, partly 
in section showing a modified form of 
clamping mechanism, and 

Fig. 5 is a vertical sectional view showing 
the clamping mechanism of Fig. 4 removed 
from the machine. 

In the drawings 5 indicates a frame 
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which may be of any character suitable to 
Support the machine parts. In the upper 
portion of the frame is a chamber 6 of an 
nular form within which is a second cham 
ber 7 having an outlet 8 leading to a cooler 
or to any suitable point of storage or dis 
posal of used treating fluid. The fluid is 
supplied to annular chamber 6 by a pipe 
connection 9, the flow of fluid through the 
connection being controlled by a valve 10, 
which is arranged to be closed by a spring 
11 and opened by a solenoid 12. Treating 
fluid may be supplied through a pipe 13 
having a connection 14 leading from tank 
15. A butterfly valve 16 mounted in the 
connection 14 and adjustable to any desired 
position by the handle 17 provides a means 
for varying at will the rate of flow of the 
fluid from the tank and to the treating 
chamber. 
Within the chamber 7 is a spider 18 hav 

ing a socket 19 for the reception of a spring 
20, and an aperture in the base of said socket 
serving as a guide for the pin 21. Above 
the spider 18 is a perforated base plate 22 
supported upon a shoulder or ledge in the 
wall of the chamber 7. In an upwardly ex 
tending flange 23, on plate 22 are formed 
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concave seats in which are mounted slippers 
or equalizers 24. Rings 25, 26, mounted re 
spectively upon the inner and outer ends of 
the equalizers 24 are appropriately formed 
to support the article to be treated, as in this 
case, the ring gear A, a space being left be 
tween the rings through which the treating 
fluid may flow. Another pair of rings 27, 
28, are arranged to rest upon the upper sur 
face of the article and may be pressed down 
wardly to clamp the article by means of an 
other set of slippers or equalizers 29 fitting 
within concave seats in the ram 30. It will 
be noted that the rings 27, 28, and the ring 
25 are adapted to prevent to any desired 
extent the contact of the treating medium 
with the portions of the gear other than the 
teeth. In treating articles of other shapes it 
will be understood that similar provision 
may be made by suitably varying the con 
tour of the supporting and clamping means 
whereby the cooling or treating fluid may be 
permitted to contact with the desired por 
tions onlv. 

In O. to apply clamping pressure to 
the internal surface of the ring gear and 
assist in preventing distortion thereof I have 
provided an expansible member comprising 
a plate 31 resting upon the base plate 22 and 
having an upwardly extending flange fitting 
within the ring gear and slotted at frequent 
intervals about its periphery, two opposite 
slots being shown in Figure 1, and one, des 
ignated by the numeral 32, being shown in 
Figures 2 and 3 whereby a large number of 
narrow up-standing resilient fingers are pro 
vided, and the disc as a whole is rendered 
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sufficiently resilient so that it can be forced 
outwardly against the gear. To apply such 
expanding force I utilize a disk 33 having 
a bevelled periphery adapted to engage the 
similarly bevelled interior of the slotted 
flange of plate 31. The under side of this 
disk is engaged by the spring 20, and a 
spring 34 is seated in a recess in the upper 
surface. The pin 21, which passes, freely 
through an aperture in the center of disk 33, 
is provided with a head 35 against which 
the spring 34 abuts at its upper end. The 
rod 36, which carries the ram 30 is arranged 
to engage in its downward movement the 
head 35 forcing the pin downwardly against 
the resistance of springs 20 and 34. The 
spring 34, which is much stiffer than spring 
20, thereupon causes the bevelled disk 33 to 
be forced downwardly and the internal 
clamping member to be thereby applied to 
the ring gear. Upon the upward movement 
of the ram the spring 20 will lift the disk 
33 and permit the release of the clamping 
member. 

In order to seal the annular chamber 6 
against escape of treating fluid a resilient 
flange 137 may be mounted at the upper end 
of the chamber and arranged to be engaged 
by a leather or similar packing hood 138 
which may be reinforced by springs 139. 
The rod 36 is secured at its upper end to 

the piston 37 operating in cylinder 38 and 
adapted to be actuated by a fluid pressure 
medium, preferably water, supplied through 
the pipe 39 and the four-way valve 40. If 
the medium employed for treating the gears 
or other articles is the same as that used in 
actuating the piston and ram then the ex 
haust from cylinder 38 may lead to the tank 
15, as indicated, through the pipe 41. 
The tank 15 is arranged to be filled with 

liquid from any suitable source of supply 
through pipe 42, a valve 43 being interposed 
which valve is adapted to be actuated by a 
spring 44 and solenoid 45 in a manner simi 
lar to that already described with reference 
to valve 10. The temperature of the liquid 
will be regulated and maintained uniform by 
any usual or desired form of heating or cool ing apparatus. 

In order to provide for automatic control 
of the filling and emptying valves in proper 
sequence I have devised the electric control 
system shown diagrammatically in Figure 
1, it being understood that the invention is 
in no way concerned with the specific details 
of the electrical elements, per se. Electric 
conductors 46, adapted to be connected to 
any suitable source of current supply, are 
arranged to join in series the winding of 
solenoid 45 and the pairs of contacts 47 and 
48. Other conductors 52 are similarly ar 
ranged to join in series the winding of so 
lenoid 12 and the pairs of contacts49 and 50. 
A circuit closing device 51 carried by the 
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i’a a 3G is adapted to ciose the circuit, through 
conductors 46 at contacts 4 when the ram is 
in its upper position and to close the circuit, 
through conductor's 52 at contacts 49 wher. 
in its lower position. Another circuit clos 
ing device 53 is arranged to be actuated is 
any convenient manner in response to the 
level of liquid in tank 15 and to bridge the 
contacts 50 when the tank has bee: coin 
pietely fillied or fillied to the desired level, 

the contacts 48 when the tank has beer. 
en) tied to the predetermined extent, desired 

..s one means for operating the circ 
cose: 53 have shown the circuit closer as 
ca'!"ied by an arm. 54. arranged to be acili 
ated by the two-armed iever 53. This ever 
is so mounted as to be actuated to the ex 
treme positions in whici il wii calise king 
bridging of contacts 50 or 48 respectively 357 
tappets or buttons 56 and 57 adjustably 
mounted upon the flexibie member 58, the 
iatier being connected at one end to a foat, 

at the other end to a weight 60, and 
Cai CaseS 

t 59 arc 
passing over suitabic guides 61. 
cent lamps 62, 63, may be piaced in circuit, 
witi conductor's 52 and 46 respectively to 
indicate to the operator when the tank has 
been emptied or filled. 
The operation of the control systelli is as 

follows:-Assuming that the tank 15 has 
been filled and that a gear to be hardened, 
which has previously been heated to the de 
sired temperature, has been placed in posi 
tion with reference to the clamping devices, 
the attendant will operate valve 40 to a po 
sition to admit pressure medium above the 
piston 37 and thereby cause the ran 30 to be 
lowered and the gear to be clamped. The 
lowering of the ram will bring the circuit 
closer 51 in position to bridge the contacts 
49. The circuit being already closed through 
contacts 50, current will flow through the 
winding of solenoid 12 and open valve 10, 
thus permitting the cooling liquid to flow 
from tank 15 at such rate as is fixed by the 
previous adjustment of valve 16. When now 
a definite amount of liquid has flowed from 
the tank, as determined by the position of 
button 57, the lever 55 will be actuated to 
break the circuit at contacts 50, thereby per 
mitting the valve 10 to be closed by spring 
11. The lamp 62 will also be extinguished, 
thus indicating to the attendant that the 
hardening operation has been completed. 
The valve 40 may now be reversed to permit 
pressure medium to enter under the piston 
37, thereby lifting the ram 30 to its upper 
position, which will result in the bridging 
of contacts 47. Contacts 48 having already 
been connected by the movement of lever 55, 
the valve 43 will be actuated to permit the 
flow of liquid into the tank which flow will 
be interrupted by the closing of the valve 
when the circuit is broken at contacts 48 
due to the action of button 56 as the float 

rises. The lamp 63 wit: give an indication 
to the attendant that the supply of treating 
liquid has been replenisihed. 
The liouid supplied through the waive 10 

will rise in the annuitar chambér 6 and over 
fow through the spaces between the gear 
teeth, and, escaping therefrom between the 
rings 25 and 26 and the perforations in base 
piate 22, wiki fiew away through chanier . 

will be seen therefore that a ciefinite 
amount of treating fitid of a predetermine: 
and substantially constant temperature may 
be caused to contact for a predetermined 
time with the desired area of the articie un 
der treatment, thereby assuring practical 
unifornity in and control of the effects pro 
duced. 

it will be noted further that the method. 
herein described offers the advantage of per 
initting tie rapidity of the cooing or 
Guenching operation to be greatly acceler 
atted because of tine rapid movement of the 
cooling medium, and aiso obviates the ine. 
cessity for any agitation of the articies is: 
the quencining ioath or of the bati; itself. 
Furtherhore, the entire body of treating 
medium may be caused to pass in heat-ex 
changing relation to the article undergoing 
treatment. 

In Figs. 4 and 5 I have shown in detail 
a form of clamping mechanism slightly dif 
ferent from that already described. In this 
form the rod 36', corresponding to rod 36, is 
provided with a flanged head secured to 
ram 70 by bolts 71, the ram having tapped 
holes 72 to receive the bolts. The ram is 
formed at 73 with a conical or beveled pc 
ripheral portion provided with a packing 
material at 74 and adapted to fill the cor 
respondingly shaped interior flange 5 of 
the base plate 76. The base plate is also pro 
vided with an upstanding annular flange 77 
adapted to guide and position the lower ex 
ternal clamping ring 7S. This ring and the 
lower internal clamping. ring 79 are sup 
ported upon the equalizel's 80 which rest in 
concave seats in the fulcrum ring 81 secured 
to the base plate as by screw's 82. 
To the inner face of the ran 70 is secured 

the upper fulcruni ring 83 upon which are 
seated the equalizers 84. The upper clamp 
ing rings 85, S6, are held against the equal 
izers and the latter in their seats by bolts 
87 slidably mounted in apertures in the ram 
and with their heads located in recesses 88, 
89, formed respectively in the adjacent edges 
of rings 85,86. Springs 90 acting upon nuts 
91 act to retain the upper clamping elements 
yieldably in position. 
To the lower face of the ram is secured 

centrally the impact plate 92 adapted to en 
gage the head of pin 93 and force the same 
downwardly as is done with pin 21 in the 
form first described, thereby causing the ex 
pansion of the slotted flange 94 to clamp the 
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inner edge of the ring gear, the beveled disk 
95 being forced downwardly by the spring 
96 as the pin descends. Upon the upward 
movement of the pin the spring 97 will lift 
the disk and release the internal clamp as 
previously described. 
The cooling or quenching medium which 

enters the base of the clamp through aper 
tures 98, 98 flows upwardly around the an 
nular flange 77, and over the exposed sur 
face of the article, for example, the teeth of 
the ring gear, thence downwardly between 
the lower clamping rings and away through 
the perforated base. Passages 99 are pro 
vided through which a small portion of the 
medium may flow upwardly, over the upper 
clamping rings, and downwardly through 
passages 100, thus cooling the upper clamp 
elements. 

It will be noted that the surfaces 73,74, 
and packing 75, provide an efficient sealing 
means for preventing escape of the quench 
ing medium upwardly around the ram. 
Whatever leakage may occur at this point, 
however, or around the bolts 87, may be car 
ried away by an annular channel 101, which 
drains to the exit side of the treating 
chamber. 
The seats for both the upper and lower 

sets of equalizers 24, 29, or 80, 84, are pref 
erably so situated with reference to the 
clamping rings which are engaged thereby 
that the pressure on the rings is distributed 
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proportionally to the area of the clamped 
article engaged by the ring, or to the pres 
sure that it is desired to exert upon the 
portions of the article engaged by the re 
spective rings. The larger ring 78, for ex 
ample, may be supported by the equalizer 
at a less distance from the seat or fulcrum 
than the smaller ring 79. Thus it will be 
possible to distribute the clamping pressure 
uniformly over the area of the article, or, 
if desired, to vary the distribution in accord 
ance with the requirements for exertion of 
greater pressure on some portions than on 
others. 
In the head of the pin 93 is a screw-thread 

ed socket 101 adapted to receive a threaded 
rod 102. A hole 103 is provided in the ram 
through which the rod may extend and the 
upper end of the rod is screw-threaded to 
receive a nut 104. A transverse aperture 
105 is drilled in the upper end of the rod 
and a corresponding aperture 106 is drilled 
in the piston rod 36. A socket 107 is also 
provided in the lower end of rod 36 in alignment with aperture 103 and adapted to 
receive the upper end of rod 102. 
When it is desired to remove the clamp 

ing mechanism as a whole from the machine, 
either for storage or for substitution of 
mechanism adapted to fit articles of differ 
ent character, the bolts 71 are removed and 
the rod 36 raised, the clamping mechanism 
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being left in its lowermost position. The 
rod 102 is then inserted through aperture 
103 and threaded into socket 101. The rod 
36' may now be lowered and a key or pin 
inserted in apertures 105, 106. If now the 
piston rod be again raised the whole clamp 
ing mechanism will be lifted from the treat 
ing chamber. By lowering the mechanism 
upon some support, removing the pin from 
apertures 105, 106, raising the piston rod, 
and applying nut 104, the clamping mem 
bers are all secured together in a compact 
unit convenient for shipping or storage. 

It will be understood that the structural 
details may be varied widely without de 
parting from the spirit of the invention and 
the scope thereof, as set forth in the claims, 
and therefore I do not desire to be limited 
to the specific mechanism described. 

claim :- 
1. The process of treating toothed gears by 

the application of a quenching fluid thereto 
comprising the confining of the gear in a 
fixed clamping structure adapted to prevent 
warping and exposing only the toothed por 
tions of the gear, and causing a definite and 
predetermined quantity of fluid to flow over 
the exposed portions. 

2. The process of treating portions of a 
toothed gear which comprises supporting 
the gear in a clamping means adapted to ex 
pose only the toothed portions to be treated 
and causing a predetermined quantity of 
cooling fluid to flow over the said toothed 
portions. 

3. In gear-hardening apparatus the conn 
bination of means for clamping a toothed 
gear, said means arranged to expose substan 
tially the toothed portion only of the gear, a 
source of supply for a treating fluid, and 
means for directing a definite and predeter 
mined amount of the fluid to the gear so as 
to cause the fluid to flow uniformly over the 
exposed portion. 

4. In combination, a treating chamber, 
means for supporting therein an article to 
be treated, means for directing to said cham 
ber a treating liquid to cause the same to 
flow uniformly over the surface of said arti 
cle, a reservoir for treating liquid, and 
means for automatically interrupting the 
flow of liquid from said reservoir when a 
predetermined quantity has passed through 
the chamber. 

5. In heat-treating apparatus the combi 
nation of means for supporting an article 
to be treated, a reservoir adapted to deliver 
measured quantities of treating fluid means 
for automatically interrupting the flow of 
said fluid when a predetermined quantity 
has been delivered, and means for directing 
the fluid from said reservoir and arranged 
to cause all of the fluid coming from said 
reservoir to pass in close proximity to the 
surface of said article, 

70 

5 

80 

90 

OO 

().5 

O 

20 

25 

30 



1,561,041 

6. In combination, a treating chamber, 
means for supporting therein an article to 
be treated, a reservoir for treating liquid, 
means for causing liquid to flow from said 
reservoir over the surface of said article, 
and means responsive to the level of liquid 
in said reservoir and adapted to deliver 
measured charges of liquid to said chamber'. 

7. In a heat-treating apparatus, a treal 
ing chamber, a clamping means therein 
comprising a pair of annular devices fol' 
engaging an article, equalizing means en 
gaging and adapted to distribute pressure 
to said annular devices, and reciprocating 
means for applying pressure to sail equaliz 
ling means. 

S. in clamping mechanish for heat 
treating apparatus, the coniinati i} (if a. 
pair of annular devices for engagility at a 'i. 
cie, equalizers for supporting sai. 
(i.evices, fuicruri me for sli: ) ' 
(::::::izers, one of the civices tes, . . . . 

-------alisabilitishanaimaanaanas 

ed upon the equalizers at a distance from the 
fulcrum points less than the distance at 
which the other is supported, and means for 
applying pressure to said annular devices. 

9. In clamping mechanism for heat-treat 
ment of ring gears, or the like, the combina 
tion of a plurality of clamping rings adapt 
ed to engage the sides of the ring gear, a 
clamping device adapted to engage the in 
terior of the gear, and means for applying 
pressure to said rings and for expanding 
said device to clamp the gear. 

10. In clamping mechanism for heat 
treatment of ring gears, or the like, the com 
bination of a plurality of clamping rings 
for each side of the gear, one of said rings 
engaging the faces of the gear teeth, equaliz 
ing devices for distributing the pressure be 
tween the rings, and means for applying 
ressure thereto. in testimony whereof ailix my signature. 

JOHN W. WHITE. 

  


